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Abstract: Utilizing an integrated work of geomorphological, lithological, paleohydrology, structural, hydrogeological and 
hydrochemical as well as isotope hydrology are indicated that North West (NW) fault system is most active system in 
Nile Valley. It has significant impact on the hydrogeologic setting and accordingly on the aquifer storage as well as 
future development which is based on the groundwater. This appears in Wadi El Assuity as a case study as follows: a) 
The arrangement of geomorphologic and lithologic features westward from the oldest to the youngest. The wider 
widths of the NW paleo-drainages (about 2 km) especially in the alluvial sediments in compare the other fault systems 
b) The approximate similarity of the water level of the Quaternary water bearing formations and the low values of 
cations and anions as well as hypothetical salts are remarked mainly around the NW fault plains c) The presence of 
low isotope values of the groundwater samples in the down block of NW fault plains that reflect the Quaternary 
Aquifer recharge from the deep Nubian Sandstone Aquifer through NW active fault system d) The rate of recharge 
from the Nubian Sandstone Aquifer through NW active faults is 77.13%, while from the eastern watershed area is 
16.16% and from the irrigation system (River Nile and irrigation canals) is 6.71%. This type of study can be useful as 
a tool on the basis of geological and hydrogeological as well as hydrological conditions for the proper identifications 
of the active faults that increase the recharge to the shallower aquifers and consequently the groundwater storage as a 
tool for future groundwater planning. This plan can also able applicable to other similar terrains, provided the scheme 
is computed dependant upon the local and regional variations. 

Keywords: Nile Valley, Wadi El Assuity, active fault, geomorophologic, paleohydrology, hydrogeology, hydrogeochemistry, 
isotope hydrology. 

1. INTRODUCTION 

From Aswan to the Mediterranean Sea, the Nile drains a broad floodplain, whose fertile soil has 
sustained Egyptian civilization for more than 5000 years. This segment, known as the Egyptian 
Nile, is underlain by a buried canyon that was carved during the late-Miocene desiccation of the 
Mediterranean and has subsequently been filled with sediments (Said, 1981). The buried canyon 
disappears south of Aswan, where the Cataract segment of the Nile has a limited floodplain 
localized along short stretches of the river (Thurmond et al., 2004). Here the Nile is a youthful 
stream, following narrow, structurally controlled channels that restricted by faults and shear zones 
and frequently bifurcate as the river tumbles over rocky cataracts. The first Cataract at Aswan 
marks the boundary between the Egyptian Nile to the north and the less fertile Nile immediately to 
the south. This is the traditional boundary between Egypt and the interior of Africa.  

Earthquakes have been documented in the southern part of Egypt since Pharaonic times. The 
toppled head and torso of one of the four Ramses statues at Abu Simbel resulted from seismic 
activity about 1210 BC (Kebeasy, 1990). On November 1981, a 5.6-magnitude earthquake occurred 
45 km south - west of Aswan High Dam. Up to 40 micro-earthquake events were recorded per day 
since then.  

Most of the information about surface of the Nile Valley comes from orbital remote sensing 
imagery, especially thematic mapper (TM) and imaging radar, which is uniquely suited for defining 
major structural and morphological features in this broad and poorly studied region. This 
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technology provides an overview of the active faults and permits identification of important features 
that were the focus of field studies. In this regard, the remote sensing field studies of the active 
faults demonstrate how this approach can be applied to study other regional geological problems in 
Africa. The subsurface sequence gains from the available data sets of geophysics and drilled wells, 
while the hydrochemical and hydrological properties comes form measurements and analyses of the 
collected water samples. 

To nominate the fault is active and their hydrogeological impact, some of geomorphic, 
paleohydrological, structural, lithological, hydrogeological, hydrochemical and stable isotope 
hydrological evidences must be occur. For the purpose of this paper, an integrated work of 
geomorphological, geological, hydrogeological and hydrological setting have been used to further 
define the occurrence and the extent of the activity of north – west (NW) fault system as well as 
their impacts on the recharge the Quaternary Aquifer system around the Nile Valley. Wadi El 
Assuity which is one of the largest wadi in the Nile Valley to is situated between latitudes 27° 00΄ - 
27° 40΄ and longitudes 31° 15΄ - 32° 30΄ (Fig. 1), has been selected as an ideal case for application 
of this technique, due to the presence of all the available data sets. Furthermore, detects the 
proposed areas for groundwater to exploration that may change the face of the future development 
of the area.  
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Figure 1. Location map of Wadi El Assuity. 

2. EVIDENCES FOR THE ACTIVE NORTH-WEST FAULT SYSTEM 

2.1 Geomorphological evidence 

Based on satellite images (Fig. 2), geologic map (Fig. 3), topographic maps, filed observations 
and measurements as well as literature, geomorphologic map of the study area is made (Fig. 4). It is 
divided into five geomorphic units as follows: 

1. Table land bounded the eastern part of the study area and constitutes a part of great Maaza 
Plateau. It is made up of hard limestone belonging to Eocene Period. 

2. Old alluvial plain that belongs to Pleistocene, occupies most of the downstream portion of 
the wadi at various heights. It is classified into alluvial fan (made up of coarse and medium 
sand interbeded with clays), early terraces (composed of travertine, conglomerates 
interbeded with clays, sands and gravels) and late terraces (composed of debris, loose 
deposits, limestone cobbles and flint boulders).  
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3. Young alluvial plain lies on the east and west of the River Nile forming the flat alluvial floor 
of the cultivated land. It is built up of silty clay layer belonging to Holocene that caps the 
Pleistocene sandy and gravely deposits. 

4. Piedmont plain occupies the foot slope of the limestone plateaux that is composed mainly of 
cobbles, boulders and gravels with sands and clays.  

5. Dry wadis are dissected the surface of the limestone plateau and debouch their water into the 
River Nile. 
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     Figure 2. Thematic Mapper (TM) satellite image of                     Figure 3. Geological map of the study area  
                                the study area.                                                                            (Said, 1981). 
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Figure 4. Geomorphogical map of the study area. 

The distribution of the geomorphical units of Wadi El Assuity are much controlled by the north – 
west (NW) fault system that are arranged the units mostly westward from the oldest to the youngest. 
The main tributaries have mainly NW and north-south (N-S) trends with long extension, while the 
other trends are short. This means that the NW and N-S fault systems are active. 

2.2 Lithological evidence 

Stratigraphically, the study area is completely covered with sedimentary rocks (Fig. 3). 
According to Said (1981 and 1990), Mansour and Philobbos (1983), and Klitzsch and Pohlmann 
(1987), the lithostratigraphic units in descending order could be summarized as follows: 
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1. Recent to subrecent alluvial cover comprises wadi filling and sand deposits. 
2. Neonile sediments consist of silts and clays. 
3. Prenile sediments (Qena Formation) are made up mainly of sands. 
4. Paleonile / Protonile sediments are divisible into the Armant Formation consisting of 

alternating beds of gravels and fine grained clastics and Issawia Formation consisting of 
bedded travertine with minor conglomerate lenses. 

5. Paleonile sediments consist of a thick series of interbeded red-brown clays and thin fine 
grained sand and silt lamina. 

6. The Lower Eocene Sequence is composed of limestones and dolomites that are represented 
by Drunka and Minia Formations. 

 
The NW fault system is arranged the rock units mostly westward from the oldest to the youngest, 

where the Eocene rocks are recorded in the eastern part followed by Early Pleistocene, Late 
Pleistocene and Holocene sediments westward. Also, the active NW and N-S fault systems cause 
the dissection of the Early Pleistocene (Paleonile / Protonile) sediments (Fig. 3).  

2.3 Structural evidence 

The study area is a part of the Nile Valley and lies within the stable shelf of Egypt (Said 1961 
and 1962) where the major surface features are reflection of basement lines and the main fault 
systems are NW, NE and N-S (Youssef, 1968 and El Shemi et al., 1999). Based on thematic mapper 
(TM) satellite map of Wadi El Assuity (Fig. 2), the main fault systems are NW (Clysmic), NE, E-W 
(Tethyian) and N-S in decreasing order (Fig. 5). NW Fault System had occurred in a later stage of 
faulting after the development of the first group of NE fault system. Where the NW fault system 
which is relatively active, this become visible in the high extension and continuity rather than the 
other fault system that may make a connection between the deep and shallow groundwater aquifers. 
They also, highly controlled the present course of the River Nile and the main tributaries of Wadi El 
Assuity.  
 

0 14 km

NW Fault
NE Fault
N-S Fault

31°  20' 31°  30'

31°  20' 31°  30'

27°  
20'

27°  
20'

 
River Nile 0 18 km

31°  20' 31°  30'

31°  20' 31°  30'

27°  
20'

27°  
20'

 
            Figure  5. Main fault systems of the study area.                     Figure 6. SIR-C/X-SAR radar imagery of the area. 

2.4 Paleohydrological evidence 

The buried, fossil rivers were one of the most spectacular discoveries of the SIR-A experiment 
(McCauley et al., 1982; Burke and Wells, 1989; Robinson et al., 2000). Discovery of the Radar 
Rivers, last active during the latest Pleistocene, has resulted in continuing controversy about their 
age and flow direction. Examples of shallowly buried paleochannels and fossil rivers in the study 
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area preserve the history of NW active fault system movements which are remarkably displayed by 
SIR-C/X-SAR radar imagery. Two examples of these drainages are (1) Wadi El Assuity and their 
tributaries and (2) the old River Nile to the west of Assuit town (Fig. 6). Where, the magnitudes of 
the buried channels or rivers have probability of groundwater exploration.  

Figure (6) shows that Wadi El Assuity may be remnants of that older drainage and the main 
channel has NE trend with width vary from about 4 km in the eastern part to about 1.5 km in the 
central part and about 3.5 km in the western part. The majority of tributaries take NW trend with 
width ranges from about 2 km in the eastern part to few hundred meters in the western part 
especially in the alluvial sediments. However, N-S trend has width vary from about one hundred 
meter to more than three hundred meters. The N-S River Nile course south of Assuit town has been 
shifted eastward to take NW trend (Fig. 6) due to the effect of NW active faults. Future advances in 
imaging radar, such as data collected from the Shuttle Topography Radar Mission (SRTM) will 
further improve the understanding of this dynamic region of the River Nile and North Africa. 
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          Figure 7. Buried channels of the study area.                     Figure 8. Location map of selected water samples and  
                                                                                                    pizometers as well as hydrogeological cross sections. 

2.5 Hydrogeologic evidence 

Based on about 90 composite logs of the available drilled wells that are dug by private 
companies and 9 pizometers that are bordered by REGW (2003), hydrogeological data (Fig. 8 and 
Table 1), chemical analyses of the selected water samples (Table 2), hydrogeological cross sections 
(Fig. 9), hydrological parameters, field observations and measurements as well as literature, Wadi 
El Assuity area can be differentiated hydrogeologically into Quaternary and Eocene Aquifer 
systems. They are discussed as follows: 

2.5.1 Quaternary Aquifer System 

It is divided into the following water bearing: 

2.5.1.1. Wadi Deposits  

It is recorded and tapped relatively by most of the drilled wells. It has thickness varied from 
about 5 m in the eastern part to about 15 m in the western part. It is composed mainly of coarse sand 
and sandy loam mixed with gravels and clays. It is overlain by semi-impervious sandy clay layer, 
where the groundwater occurs under semi-confined condition. The depth to the groundwater level 
ranges from +54 m to +42 m with groundwater salinities range from 2710 ppm in the eastern part to 
3070 ppm in the western part. It is recharged mostly from the eastern watershed area and the deep 
energetic NW faults. 
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2.5.1.2 Prenile (Middle Pleistocene) 

It considered being the major aquifer along the whole Nile basin. It is recorded and tapped 
essentially by all drilled wells in the study area. It has thickness changing from about 10 m in the 
eastern part to about 55 m in the western part. It is composed of coarse sand with clay interbedded 
and overlain by a sandy clay cap which acts as an impermeable to semi-permeable layer, where the 
groundwater occurs under semi-confined conditions. The effective porosity of the aquifer has been 
calculated and it varies between 35% (Hefny, 1982), and 34% (El Mahdy, 1982). The depth to the 
groundwater level has wide-ranging from +53.1 m to +43.5 m with groundwater salinities range 
from 2707 ppm in the eastern part to 1734 ppm in the western part. It is recharged from the eastern 
watershed, deep active NW faults and the irrigation system as well as the River Nile. These become 
noticeable in the variation of the aquifer salinities according the domination of the recharge source. 

 
Table 1. Hydrogeological data of the study area. 

N
o. 

A
quifer 

Water 
bearing 

Location according NW 
faults Well name 

E
levation 

(m
) 

T
otal 

D
epth (m

) 

D
epth to 

w
ater (m

) 

W
ater 

L
evel (m

) 

1 High block of first fault Pizometer 2 for 15 (F3) 109 200 87 22 
2 

Wadi 
deposits High block of second fault Hassan Salem (H. D.) 70 41 18.5 51.5 

3 Prenile Down block of first fault Pizometer 1 for 15 (F3) 108 200 93 15 
4 High block of first fault Saad Mousa (No. 15) 109 174 58.5 50.5 
5 Gamal Abdel Motal (8) 105 200 - - 
6 

Down block of first fault 
Esam El Sherif (33) 120 184 46 74 

7 Governorate (2) 87 200 - - 
8 Governorate (6) 86 200 - - 
9 

High block of second fault 
Ibrahim Abu El Ayun (1) 181 200 -  

10 Hamed El Sebaey 83 130 28 55 
11 Assuit Pump Station 81 200 72.4 8.6 
12 

Mixed 
from wadi 
deposits 

and prenile 
Down block of second 

fault 
Dr. Bosina El Said 79 126 34 45 

13 Ahmed Sarwat 118 206 61 57 
14 Production (14) 108 202 85 23 
15 Production (15) 103 192 - - 
16 Ibrahim Abu El Ayun (2) 106 192 53 53 
17 Ashraf Abdel Rahman 108 180 72.3 35.7 
18 Production (5) 89 180 70 19 
19 

High block of first fault 

Gamal Hassan 89 140 55 34 
20 Wadea Maksemos (18) 110 175 60.2 49.8 
21 Gamal Abdel Motal (9) 107 190 45 62 
22 Magdy Asham (10) 93 173 48 45 
23 

Down block of first fault 

Sameh Kohel 100 190 - - 
24 Wageh El Gohary (35) 109 179 57 52 
25 Kamel Abdel Naser (32) 120 150 50 70 
26 Osman Ahmed 91 195 - - 
27 Production (20) 91 180 - - 
28 Roshdy  92 200 - - 
29 

High block of second fault 

Governorate (13) 88 195 - - 
30 Governorate (10) 85 180 - - 
31 Governorate (12) 81 174 52 29 
32 Assuit 2000 88 190 - - 
33 Governorate (16) 80 240 28 52 
34 Esam El Sherif (34) 115 280 43 72 
35 

Q
uaternary 

Mixing 
between 

wadi 
deposits, 

prenile and 
protonile 

Down Block of second 
fault 

Hag Abdel Wahab 90 186.5 30 60 
36 L. 

Eocene L. Eocene High block of first fault Pizometer 3 for 15 (F3) 109 600 61 48 

2.5.1.3 Protonile (Early Pleistocene) 

It is recorded and tapped by the majority of the drilled wells. It is the third river stage (Said, 
1981). It has thickness varying from about 15 m in the eastern part to the about 36 m in the western 
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part. It is composed mostly of complex well sorted gravel, coarse sand, and loamy material of Idfu 
Formation (Said, 1981). It is overlain by a clay cap ranging from about 20 m to about 50 m thick 
which acts as an impermeable layer, where the groundwater occurs under confined conditions. 
Generally, the groundwater level is greater than that in the prenile water bearing formation, where it 
varies from 53.5 m in the eastern part to 48.7 m in the western part. It is recharged mostly from the 
deep groundwater aquifer through active NW and N-S fault systems, and eastern watershed area. 
Difference of the groundwater salinity becomes visible from the area to another according the 
principal reason of recharge. 

 
Table 2. Chemical analyses and hypothetical salts of the collected water samples.  

Chemical analyses Hypothetical Salts 

N
o. 
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quifer 

W
ater bearing 
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C
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4  
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C
O

3  

M
g(H

C
O

3 )2  

C
a(H

C
O

3 )2  

1 4.33 2771 8.08 70 439 101 280 486 893 659 4.16 27.63 16.56 19.23 7.36 0.0 0.0 25.06 

2 
Wadi 

deposit 4.8 3072 7.74 113 407 113 360 511 1013 750 6.05 24.07 12.89 19.41 11.9 0.0 0.0 25.73 

3 Prenile 4.23 2707 7.94 86 400 92 300 476 830 695 5.23 26.62 14.62 17.94 8.51 0.0 0.0 27.07 

4 9.66 6182 8.34 144 998 220 624 1176 1954 1360 3.83 30.63 14.39 18.77 9.18 0.0 0.0 23.19 

5 3.17 2029 8.34 62 330 61 200 390 540 524 5.14 30.49 15.86 16.21 4.42 0.0 0.00 27.89 

6 3.3 2112 8.05 78 331 61 230 417 600 525 6.08 29.68 14.06 15.24 8.75 0.0 0.0 26.20 

7 3.57 2285 7.95 86 347 67 252 396 790 464 6.23 25.44 17.17 15.56 14.0 0.0 0.0 21.60 

8 2.26 1446 8.60 51 253 38 142 308 355 390 5.80 32.82 16.00 13.87 3.05 0.0 0.0 28.46 

9 3.28 2099 8.05 82 329 63 223 370 653 525 6.42 25.52 18.18 15.83 7.68 0.0 0.0 26.37 

10 2.71 1734 8.23 74 235 65 192 294 586 397 7.01 23.66 14.09 19.75 11.4 0.0 0.0 24.11 

11 3.12 1997 8.29 82 304 61 216 392 542 531 6.75 28.71 13.74 16.11 6.42 0.0 0.0 27.96 

12 

M
ixed from

 w
adi deposits 

and prenile 

3.85 1125 7.99 94 366 79 272 452 826 512 6.27 26.94 14.48 16.91 13.5 0.0 0.0 21.90 

13 5.64 3610 8.24 86 598 108 384 654 1142 848 3.92 28.93 17.26 15.78 9.34 0.0 0.0 24.77 

14 4.8 3072 8.32 86 478 101 310 530 810 891 4.71 27.46 16.96 17.75 1.65 0.0 0.0 31.47 

15 4.2 2688 8.15 74 428 86 286 507 730 750 4.53 29.61 14.83 16.89 4.60 0.0 0.0 29.36 

16 4.02 2573 8.19 74 389 79 290 434 787 677 4.77 26.01 16.47 16.32 8.48 0.0 0.0 27.94 

17 3.98 2547 8.38 62 419 79 268 448 749 695 4.00 27.85 18.03 16.36 4.99 0.0 0.0 28.76 

18 3.29 2106 8.04 74 331 62 225 430 490 628 5.81 31.32 12.77 15.62 2.91 0.0 0.0 31.56 

19 3.58 2291 8.04 86 350 67 250 476 630 537 6.22 31.72 11.23 15.55 10.4 0.0 0.0 24.91 

20 2.66 1702 8.46 70 290 41 176 329 504 409 6.75 28.25 19.19 12.69 7.79 0.0 0.0 25.33 

21 1.99 1274 8.47 59 216 26 136 226 355 299 7.62 24.46 22.87 10.78 3.63 0.0 0.0 24.70 

22 1.95 1248 8.49 59 216 29 120 231 370 299 7.84 26.20 22.49 12.36 5.47 0.0 0.0 25.64 

23 1.54 986 8.21 51 186 24 80 231 322 128 8.51 33.98 18.64 12.84 12.3 0.0 0.0 13.70 

24 2.53 1619 8.33 62 276 52 140 311 480 372 6.39 28.85 19.41 17.20 3.62 0.0 0.0 24.53 

25 2.43 1555 8.08 66 235 53 160 301 494 329 6.99 28.10 13.84 18.01 10.7 0.0 0.0 22.32 

26 2.79 1786 7.88 98 239 65 192 294 686 317 9.02 20.80 16.51 19.19 15.8 0.0 0.0 18.71 

27 2.58 1651 7.95 70 271 50 160 336 518 329 6.99 29.86 16.01 16.01 9.99 0.0 0.0 20.99 

28 2.24 1434 8.20 82 230 37 144 301 427 299 9.41 28.65 16.10 13.62 10.2 0.0 0.0 22.00 

29 2.76 1766 7.98 78 297 47 176 347 571 354 7.25 28.19 18.63 14.02 10.5 0.0 0.0 21.04 

30 2.23 1427 8.11 62 221 49 140 284 446 299 7.15 28.84 14.39 18.13 9.28 0.0 0.0 22.05 

31 1.72 1101 8.15 47 161 29 132 186 365 256 7.01 23.74 16.98 13.87 13.8 0.0 0.0 24.63 

32 1.8 1152 8.16 55 166 31 135 196 389 252 7.87 23.23 17.03 14.22 14.4 0.0 0.0 23.27 

33 1.83 1171 8.14 62 184 28 127 203 403 250 8.71 22.68 21.17 12.62 12.3 0.0 0.0 22.50 

34 1.74 1114 8.61 43 207 24 100 224 280 293 6.46 30.78 21.93 11.56 0.94 0.0 0.0 28.34 

35 

Q
uaternary  

M
ixing betw

een w
adi deposits, prenile and protonile 

1.23 787 8.05 51 126 29 61 175 259 116 10.68 29.64 15.29 19.48 9.36 0.0 0. 0 15.55 

36 L. Eocene 17.96 11494 10.7 237 2390 260 912 2247 1526 4900 3.44 32.64 18.12 0.00 0.00 8.0 12.08 25.76 

2.5.2 The Pliocene Aquifer (Issawiya Formation) 

The Pliocene deposits are represented by the Issawiya Formation that is extending spatially from 
Esna in the south to Manfalut in the north (Said, 1981). The facies of this formation is mainly 
composed of fluviatile siltstone, sandstone and claystone. This aquifer unit is well represented only 
by deep peizometer (600 m) that reaches to the Eocene Aquifer with no screen in the formation. On 
the other hand, El Miligy (2003) recorded that there are some wells near Assuit town tapping this 
aquifer with brackish water salinity. It is recharged essentially from the deep active NW faults. 
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2.5.3 The Lower Eocene Fractured Limestone Aquifer (Drunka Formation) 

It is recorded only in the deep pizometer (600 m) at depth of -465 m below the sea level. 
However, these fractured rocks have been reported by many authors as aquifers in other localities 
along the Nile Valley such as Tantawy (1992) and El Sayed (1993). It is composed mainly of 
limestone, marl, chalk and shale with thickness reach to 80 m. It is overlain by thick Pliocene clay 
layer which acts as an impervious layer where the groundwater occurs under confined condition. 
The depth to water is about to +48 m with groundwater salinity reaches to 11490 ppm (saline 
water). It is recharged mainly from the limestone plateau surrounding the Nile Valley through faults 
and the deep active NW fault system. This appears in the high groundwater salinity of the aquifer 
due to marine nature of the encountered rocks. Generally, the Lower Eocene aquifer need more 
detailed studied for good evaluation. 
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Figure 9. Hydrogeological cross sections in the study area. 

From above it is conclude that all the groundwater aquifers are hydraulically connected through 
faults and pores. However, the variation of groundwater salinity is due to the difference in the 
salinity of aquifer sediments and the major source of recharge. The main fault systems in the study 
area that were obtained from satellite images, gravity and magnetic, are plotted on the well location 
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map (Fig. 10) to define the impact of these faults on the groundwater aquifers. The interactions of 
all parameters are illustrated by topographic, water table, and groundwater salinity maps. 

The topographic map (Fig. 11) shows that the ground elevation has a relatively gentle westward 
slope ranging from about +190 m in the eastern part to about +40 m in the western part. The water 
level map (Fig. 12) not corresponding with the topography, while the major way of water flow is 
from southeast to the northwest due to the effect of recharge from deep active NW fault system that 
connect between the deep Nubian Sandstone Aquifer and the Quaternary System, and owing to the 
recharge from the southeastern part of the highly fractured limestone plateau. On other hand, the 
presences of low anomalies (water level less than 25 m) in the central part are due to the high 
density of water wells and high rate of pumping.  

The ground water salinity (Fig. 13) shows the limitation of the relatively low groundwater 
salinity (ranged from about 800 ppm to about 1200 ppm) mostly along the NW fault plains that are 
indicated the high rate of recharge from the deep seated dynamic faults from the Nubian Sandstone 
aquifer. The occurrence of relatively moderate rate of recharge from the eastern watershed area that 
characterized by marine nature rocks (limestone and marl) increases the groundwater salinity to 
about 3600 ppm eastward.  

The hydrogeological setting of the study area shows the impact of NW active fault system that 
are bringing the low salinity groundwater from the deep Nubian Sandstone Aquifer to the shallower 
groundwater aquifers. Where, the low salinities were recorded mostly along NW fault plains. 
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  Figure 10. Location of the main faults systems in the               Figure 11. Topographic map of the study area. 
                       collected water samples. 
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          Figure 12. Water level of the study area.                        Figure 13. Groundwater salinity map of the study area. 

2.6 Hydrogeochemical evidence 

Water samples for hydrochemical analyses were collected in April 2006. The electrical 
conductivity, pH, temperature and depth to water table were measured in the field. The major ion 
species (Na+, K+, Ca++, Mg++, Cl-, SO4

-- and HCO3
-) were determined in Desert Research Center, 
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Egypt. From the chemical analyses of the collected groundwater samples and the hydrochemical ion 
contents (Table 1), the distribution of cations and anions as well as the main salts (Figs. 14 and 15) 
in the study area indicate the following: 

1. The salinity of the groundwater in the Quaternary aquifer varies from water bearing to 
another, where in the wadi deposits ranges from 2710 to 3070 ppm with an average of 2870 
ppm. The Prenile water differs from 1734 to 2707 ppm with an average of 2220 ppm, while 
the Protonile water ranges from1100 to 1650 ppm with an average of 1380 ppm. The salinity 
of the mixing groundwater from wadi deposits and Prenile water bearings varies from 1730 
to 2464 ppm with an average of 2100 ppm, while salinity of mixing groundwater from wadi 
deposits, Prenile and Protonile water bearings ranged from 787 to 3610 ppm with an average 
of 1700 ppm. The difference of the salinity owing to the variation of the major source of 
recharge and the groundwater salinity decrease with depth. On other hand, the Lower Eocene 
fracture limestone aquifer is 11490 ppm. 

2. The higher sulfate concentration in the groundwater might be owing to the dissolution of 
naturally occurring gypsum in the aquifer sediments. 

3. The groundwater of the wadi deposits and prenile water bearing belong to MgSO4 and CaSO4 
types, while protonile water bearing belongs to NaCl and Na2SO4 types. The mixed water of 
the Quaternary water bearing formations are mostly of MgSO4 and CaSO4 types in the 
eastern part changed to become essentially NaCl and Na2SO4 type in the western part due to 
the impact of the recharge from the irrigation system.  

4. By using the geochemical trilinear diagram groundwater samples occupy the upper side of 
the diamond shape (Fig. 16). Water in this group is characterized by secondary salinity where 
SO4+CI > Na+K, calcium and magnesium sulpahte, and chloride salts dominate.  

5. The presence of Na2SO4 and MgSO4 reflects the mixed water type in the groundwater 
aquifers. 
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         Figure 14. Sodium map of the study area.                               Figure 15. Chloride map of the study area. 

 
Chemical parameters of the collected water samples illustrate the major source of recharge from 

the deep Nubian Sandstone Aquifers through active NW fault plains, these appear in the low 
percentage of the anion and cations and the main hypothetical salts. The recharge from the eastern 
watershed area that characterized by marine nature is the next source of recharge, this appear in the 
high values of chemical concentrations. On the other hand, the low chemical concentration in 
western part is due to the effect of irrigation system. 

2.7 Stable isotope evidence  

The use of the isotope hydrology is an ideal technique for answering some of the questions about 
the water availability and its recharge. It is used to estimate the contribution of different 
groundwater to the water budget. The isotope composition of the groundwater samples of the study 
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area were collected in 2003 by Sturchio et al. (2004) without detecting the water bearing formations 
and aquifers.  

2- Eocene Aquifer

Wadi Deposits Water Bearing
Pronile Water Bearing
Mixed Sample of Wadi Deposits and 
Pronile Water Bearing Formations
Mixed Sample of Wadi Deposits and 
Pronile and Protonile Water Bearing 
Formations

1- Quaternary Aquifer System

 

Figure 16. Piper Diagram of the study water points. 

It is summarized in Table (3) related to the water bearing and the location of the NW active 
faults. The isotope analyses (δ O18 and δ D) of the study area were done in the laboratory of the 
Department of Earth and Environmental Sciences, University of Illinois at Chicago, USA. The 
global meteoric water line (MWL) according to Craig (1961), (δD=8 δ O18 + 10%) and 
paleometeoric line according to Sonntag et al. (1978), (δ D= 8 δ O18 +5%) were constructed as a 
reference line (Fig. 17). 

The point representing the isotope composition of the Nile water and the Nubian Sandstone of 
the Eastern Desert according to Hamza et al. (1999) are include (δ O18= +3.5, δ D= +21.15) and (δ 
O18= -7.5, δ D= -58.0), while the present local precipitation given by Nada et al. (1995) contain (δ 
O18= -2.6, δ D= +11.9) for comparison. 

The δ O18 and δ D of the wadi deposits groundwater in the eastern part are -6.46 and -47.38 
changed westward to -7.35 and -54.15. The delta values fit the MWL or are located just below (Fig. 
17). The lowering of isotopic values in the eastern part is due to the groundwater recharge from the 
precipitated surface runoff from the watershed. 

The isotopic composition of the prenile varies from the down block of the first fault in the 
eastern part are -5.82 and -42.3, while in down block of the second fault in the western part are -
5.26 and -36.64. The delta values fit the MWL or are located just above (Fig. 17). The highest 
isotopic values in the western part are due to the groundwater recharge from the irrigation system. 

The δ O18 and δ D of the groundwater of the protonile are -5.53 and -39.77; while of the mixed 
groundwater of wadi deposits and prenile are -6.64 to -46.81. The delta values are located below the 
MWL. The increase of isotopic values is due to the groundwater recharge from the eastern 
watershed (surface runoff) and irrigation system in the western part. 

The δ O18 and δ D of the mixed groundwater from wadi deposits and prenile as well as protonile 
are mainly more than -5 and -39 in the eastern part changed westward into more than -7.5 and -52. 
The delta values are located below the MWL. The decrease of isotopic values in the western part is 
due to the groundwater recharge are mainly from the Nubian Sandstone Aquifer. 

The δ O18 and δ D isotopic compositions of the Lower Eocene Aquifer in the eastern part are -
6.45 and -43.98. The relatively low isotope values are due to the recharge from the surface runoff 
through faults. 
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Generally, Table 3 and Figure 17 show that the isotopic composition of the study area has a 
different isotopic composition (somewhat less isotopically depleted) than in the Western Desert, 
where the eastern samples similar to the Gulf of Suez area paleo-waters and the others are 
apparently intermediate between the Western Desert paleo-waters and the Gulf of Suez area paleo-
waters. This possibly reflecting a geographic trend in the isotopic composition of paleo-
precipitation stored in the Nubian Aquifer (Sturchio et al., 2004). Also, the water samples near the 
NW faults have more isotopic depletion (low isotopic values) than other parts due to the high rate of 
upward leakage from the Nubian Sandstone Aquifer through faults. 

The rate of recharge to the Quaternary Aquifer System from the eastern watershed area is 
16.16% and from the irrigation system is 6.71%, while is 77.13% from the Nubian Sandstone 
Aquifer. The same phenomena of the upward leakage from Nubian Sandstone Aquifer to the Plio-
Pleistocene aquifer of the Nile Valley in Qena (south Egypt) was recorded by Hamza et al. (1999) 
that vary from 9 to 16%. Yan et al. (2004) estimated the recharge from the Nubian through faults 
reach to 77%, the recharge from the eastern watershed area is about 21% and is about 2% from the 
River Nile in the central of Egypt. On the other hand, the percentage of Nubian Sandstone recharge 
to the Quaternary Aquifer increase northward to 75% near Cairo (Sadek and Abd El-Samie, 2001). 

 
Table 3. Stable isotope ratios of oxygen and deuterium as well as the degree of mixing. 

N
o. Aquifer Water bearing Location according NW 

faults Well name 

T
D

S 

δ O
18 

δ D
 

D
egree of 

m
ixing by 

surface 
w

ater based 
on δ D

 

D
egree of 

m
ixing by 

N
ubia based 

on δ D
 

 River Nile (according Hamza et al. 1999)  +3.5 +21.15   
 Present local precipitation (Nada et al., 1995)  -2.6 +11.9   
 Nubian Sandstone in the Eastern Desert (according Hamza et al. 1999)  -7.5 58.0   

1 High block of first fault Pizometer 2 for 15 (F3) 2771 -6.46 -47.38 18.31 81.69 
 

Wadi deposits 
High block of second fault Governorate PZ-3 shallow  -7.35 -54.15 6.64 93.36 

3 Down block of first fault Pizometer 1 for 15 (F3) 2707 -5.82 -42.30 27.07 72.93 
 

Prenile 
Down block of second fault Governorate PZ-2 medium  -5.26 -36.64 36.83 63.17 

 Protonile Down block of second fault Governorate PZ-1 deep  -5.53 -39.77 31.43 68.57 

9 
Mixed from 

wadi deposits 
and prenile 

High block of second fault Ibrahim Abu El Ayun (1) 1446 -6.64 -46.81 19.29 80.71 

15 High block of first fault Production (15) 2688 -6.78 -48.99 15.53 84.47 
22 Magdy Asham (10) 1248 -4.95 -34.68 40.21 59.79 
33 

Down block of first fault 
Governorate (16) 1171 -4.49 -38.54 33.55 66.45 

32 Assuit 2000 (5) 1152 -7.34 -51.67 10.91 89.09 
 

Q
uaternary Mixing 

between wadi 
deposits, 

prenile and 
protonile Down block of second fault 

Assuit 2000 (1)  -7.42 -51.96 10.41 89.59 
37 L. Eocene L. Eocene High block of first fault Pizometer 3 for 15 (F3) 11494 -6.45 -43.98 24.17 75.83 
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Figure 17. Stable isotope ratios of hydrogen                 Figure 18. Proposed areas for groundwater productivity  

               (δ D vs. oxygen (δ O18) in the study area.    of the study area. 
          Samples from other studies of Western Desert,  
        Gulf of Suez and Qena are shown as open circles.  
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3. SUMMARY AND CONCLUSION 

The main fault systems of the Nile Valley are NW, NE and N-S that are initiated in the basement 
rocks. The crust movement along each fault system depends on the force and the type of structural 
orangey. NW faults system has occurred in a later stage of faulting after the development of the first 
group NE fault system. Thereby, NW fault system is the sensitive system for any earthquakes that 
have been documented in the southern part of Egypt since Pharaonic times. The recent earthquakes 
with their micro-earthquakes south Aswan increase the rejuvenation and the activity of NW fault 
system. The activities create a connection between the deep and the shallower aquifer along the 
fault plains and permit the upward leakage from the artesian deeper aquifer.  

In order to nominate the fault is active and their hydrogeological impact, some of geomorphic, 
paleohydrologic, structural, lithological, hydrogeological, hydrochemical and stable isotope 
hydrologic features must be occurring. For the purposes of this paper, an integrated work of 
geomorphological, geological, hydrogeological and hydrological have been used to further define 
the occurrence and the extent of the activity of NW fault system as well as their impacts on the 
recharge the Quaternary Aquifer system around the Nile Valley. Wadi El Assuity area has been 
selected as an ideal case for application of this technique, due to the presence of all the available 
data sets. Furthermore, detects the proposed areas for groundwater exploration that may change the 
face of the future development of the area.  

Most of the information about the surface comes from orbital remote sensing imagery, especially 
thematic mapper (TM) and imaging radar, which are uniquely suited for defining major structural 
and morphological features in this broad and poorly studied region. The subsurface sequence gains 
from the available data sets of drilled wells (about 90) and 9 pizometers, the hydrochemical 
properties come from measurements and analyses of the collected water samples, while the stable 
isotopes have been obtained from Sturchio et al. (2004) after detection of the accurate water bearing 
formations based on the well logging and well design.  

Based on the above mentioned informations, NW fault system is the most active system in the 
Nile Valley. They have a significant impact on the hydrogeologic setting and accordingly the 
aquifer storage as well as future development based on the groundwater. This appears in the 
following: 

1. The arrangement of geomorphologic and lithologic features westward from the oldest to the 
youngest. 

2. The wider width of the NW paleo-drainages (about 2 km) especially in the alluvial sediments 
compared to NE and N-S paleo-drainages is an indication of their activity. 

3. The approximate similarity of the Quaternary water level of the water bearing formations is a 
significant of the hydraulic connection in-between and the presence of high recharge from 
one source. 

4. The main low values of cations and anions as well as hypothetical salts are remarked mainly 
around the NW fault plains. 

5. The presence of Na2SO4 and MgSO4 reflects the mixed water type in the Quaternary aquifer.  
6. The presence of low isotope values of the groundwater samples in the down block of NW 

fault plains. 
7. The rate of recharge to the Quaternary Aquifer System from the Nubian Sandstone Aquifer 

through NW active faults is 77.13%, while from the eastern watershed area is 16.16% and 
from the irrigation system is 6.71%. 

8. According to Gheith and Sultan (2002), the recharge to the Quaternary Aquifer from the 
eastern watershed area is 5.6 x 106 m3/ year where about 7% of total rainfall is 6 x106 m3 / 
year and the flow to the outlet of Wadi El Assuity. The upward leakage from the Nubian 
Sandstone Aquifers is estimated by Yan et al. (2004) that reach to 25.7 x 106 / year. The 
recharge from the irrigation systems can be calculated according the other recharge rate and 
it is about 2.4 x 106 / year. These mean that the total in-come to the Quaternary Aquifer 
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system reach to about 33.7 x 106 / year that can irrigate only 5400 feddan based on the water 
requirement as 6200 m3/year per feddan.  

 
Although the active NW fault systems and their impact on the groundwater recharge suggested 

here are broad. The plan constitutes an integrated and systematic approach, which provides useful 
information to conduct the detailed survey to select the specific sites for groundwater exploration 
and management. Therefore, this type of study can be useful as a tool on the basis of geological and 
hydrogeological conditions for the proper identifications of the active faults that increase the 
recharge to the shallower aquifers and consequently the groundwater storage as tools for future 
groundwater planning. This plan can also be applicable to other similar terrains, provided the 
scheme is computed dependant upon the local and regional variations. 

 
Based on the above mentioned geomorphologic, lithologic, structural, paleohydrology, 

hydrogeologic, hydrochemical and isotope hydrology as well as literature, it can be classified Wadi 
El Assuity into five proposed areas for future groundwater exploration according to their 
productivity (Fig. 18). Where, the productivity is depended on the aquifer thickness, rate of 
groundwater recharge and water quality. Two test water wells were drilled to this tool. They are 
discussed as follows: 

Highly productive area constitutes the River Nile surrounding area, where it is characterized by 
huge thickness of groundwater aquifers, high rate of recharge from deep aquifers through faults and 
from the River Nile, and good groundwater quality.  

High to moderate productive areas occupy the main stream of Wadi El Assuity and their 
tributaries in the alluvial sediments. They have relatively high aquifer thickness and relatively high 
rate of recharge from the deep Nubian Sandstone Aquifer through faults and from the eastern 
watershed area, and contain relatively good groundwater quality. The discharge of the tested well 
reaches 130 m3/hour with about 800 ppm groundwater salinity. 

Moderate to low productive areas are located mostly in the piedmont plan that dissected by a lot 
of NW tributaries and the presence of high permeable coarse sediments. They are characterized by 
moderate aquifer thickness, moderate to low rate of groundwater recharge and slightly brackish 
water. The groundwater salinity of the tested well is about 1000 ppm with recharge reaches to 70 
m3/hour. On the other hand, the low productive areas are located mainly in eastern part (limestone 
plateau) of the study area that characterized by relatively low aquifer thickness, low rate of recharge 
and brackish to saline groundwater.  

Generally, the study area need more detailed geophysical studies and drilling more test wells for 
accurate evaluation the hydrogeologic and hydrologic setting as well as identification the rate of 
activity of the fault systems. The limestone table land in the eastern part need more detailed 
geological and geophysical studies due to their complexity nature.  

REFERENCES 

Burke, K. and Wells, G. L., 1989. Trans-African drainage system of the Sahara: was it the Nile. Journal of Geology 17: 743 – 747. 
Craig, H., 1961. Isotopic variations in meteoric water. Journal of Science, 133: 1702 – 1703. 
El Mahdy, M. F., 1982. Hydrogeological evaluation of the groundwater resources in Cairo. M. Sc. Thesis; Fac. Sci.; Ain Shams 

Univ.; Cairo; Egypt. 
El Miligy, E. M., 2003. Groundwater resources evaluation of Assuit Governorate. Ph. D. Thesis; Fac. Sci.; Assuit Univ.; Egypt.  
El Sayed, E. A., 1993. Hydrogeological studies of the Nile Valley in the northern portion of Upper Egypt. Ph. D. Thesis; Fac. Sci.; El 

Minia Univ; Egypt. 
El Shemi, A. M., Setto, I., Mauritsh, H. I. and Abu Helekia, M. M., 1999. The delineation of surface and subsurface structures in the 

area between El Minia and Assuit, Egypt. Bull. Fac. Sci., Assuit Univ., 28 (2-F): 161-190. 
Hamza, M. S., Aly, A. I. M., Awad, M. A., Nada, A. A., Abdel Samie, S. G., Sadek, M. A., Salem, W. M., Attia, F. A., Hassan, T. 

M., El Arabi, N. E., Froehlich, K. and Geyh, M. A., 1999. Estimation of recharge from Nile Aquifer to the desert fringes at Qena 
area, Egypt. Isotope Techniques in Water Resources Development and Management Symposium 1999, International Atomic 
Energy Agency, Vienna, IAEA-CSP-2/C, session 4: 34-46. 

Hefny, K., 1982. Groundwater studies project for grater Cairo. Internal Report in Arabic, RIGW, Cairo, Egypt, 190 pp. 
Kebeasy, R. M., 1990. Seismicity. In: Said, R. (Ed.), Geology of Egypt. A. Balkema, Rotterdam: 51-59.  



European Water 21/22 (2008)   55 

 

Klitzsch, E., List, F. K. and Pohlmann, G., 1987. Geological Map of Egypt, El Saad El Ali sheet. Scale 1:500,000, in 
Corporation/CONOCO, T.E.G.P., ed.: Assuit, Egypt. 

Mansour, H. H. and Philobbos, I. R., 1983. Lithostratigraphic classification of the surface Eocene carbonate of the Nile valley, Egypt. 
Bull. Fac. Sci., Assuit Univ., 12 (2): 129-153. 

McCauley, J. F., Schaber, G. G., Breed, C. S., Grolier, M. J., Haynes, C. V., Issawi, B., Elachi, C., and Blom, R., 1982. Subsurface 
valleys and geoarcheology of the eastern sahara revealed by Shuttle Radar. Science 218: 1004 – 1019. 

Nada, A. A., Hussein, M. F., Awad, M. A. and Salem, W. M., 1995. Environmental isotopes and geochemistry of groundwater in the 
Red Sea governorate of Egypt. Isotope & Radiation Research Bulletin issued by the Middle Eastern Regional Radioisotope Center 
for the Arab Countries, Cairo, Egypt.  

Piper, A. M., 1945. A graphic procedure in geochemical interpretation of water analysis” Am. Geophys. Union Trans., 6914. 
RIGW, 2003. Review of the groundwater studies in the Eastern Desert. Technical Report, Task 12 b, Research Institute for 

Groundwater, Ministry of Water Resources and Irrigation, Cairo, Egypt. 
Sadek, M. and Abd El-Samie, S., 2001. Pollution vulnerability of the Quaternary aquifer near Cairo, Egypt, as indicated by isotopes 

and hydrochemistry Pollution vulnerability of the Quaternary aquifer near Cairo, Egypt, as indicated by isotopes and 
hydrochemistry. Hydrogeology Journal, 9, 3: 1431-2174.  

Said, R., 1961. Tectonic framework of Egypt and its influence and distribution of foraminifera. Am. Ass. Petrol. Gol. Bull., 45: 198–
218.   

Said, R., 1962. Geology of Egypt. Elsevier Publishing Company, Amsterdam, The Netherlands. 
Said, R., 1981. The geological evolution of the River Nile. Springer Verlag, New York, 151 pp.  
Said, R., 1990. The geology of Egypt: Balkema, Rotterdam, broodfield, 734 pp. 
Sonntag, C., Klitzsch, E., Loehnert, E. P., Muennich, K. O., Junghans, CH., Thorweihe, U., Weistrofferofer, K. and Swailem, F. M., 

1978, Palaeoclimatic information from deuterium and oxygen- 18 and carbon- I4 dated north Saharan groundwater - In: Isotope 
Hydrology: 569-581; IAEA, Vienna. 

Robinson, C., El Baz, F., Ozdogan, M, Ledwith, M., Blanco, D., Oakley, S. and Inzana, J., 2000. Use of radar data to delineate 
paleodrainage flow directions in the Selima Sand Sheet, eastern Sahara. Photogrammetric Engineering and Remote Sensing 66: 
745 – 753. 

Tantawy, M. A., 1992. Isotopic and hydrochemical application to the surface and groundwater assessments in El Minia district. Ph. 
D. Thesis, Fac. Sci., El Minia Univ., Egypt. 

Thurmond, A. K., Stern, R. J., Abdelsalam, M. G., Nielson, K. C., Abdeen, M. M. And Hinz, E., 2004. The Nubia swell. J. Of 
African Earth Science, 39: 401-407.  

Yan, E., Wagdy, A., Sultan, M. and Becker, R., 2004. Assessment of renewable groundwater resources in the Assuity hydrologic 
system of the eastern Desert, Egypt. Second Regional Conference on Arab Water, Action Plans for Integrated Development, 11 
pp. 

Sturchio, N., Wagdy, A., Sultan, M. and Becker, R., 2004. Geochemical and Isotopic Constraints on the Origin of the Eastern Desert 
Groundwater. Second Regional Conference on Arab Water, Action Plans for Integrated Development, 10 pp. 

Youssef, M. I., 1968. Structural pattern of Egypt and its interpretation. Am. Ass. Petol. Geol. Bull., 52(4): 601 – 614. 
   
 
 
 
 




