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The impact of geologic setting on the groundwaterazurrence in the Eocene
limestone of El Minia-East Nile-Egypt, using geoetgrical technique
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ABSTRACT

The investigated area is a part of the Nile Vabeyl the surrounding Eocene limestone plateau ofrakBgypt. It
is defined by Latitudes 28° 1528° 33’ N and Longitudes 30° 45- 31° B0 and has a surface area of about 790
Kn(Figure 1). The geoelectrical resistivity measuratsawithin the present study have been carried usihg the
Schlumberger array, to identify the resistivitiesdahicknesses of the different subsurface layetsta determine
their groundwater occurrences. For that reason, 2thlumberger Vertical Electrical Soundings were camted
with a maximum half current electrode spacing o0 #8. Results from the quantitative interpretationtioe
sounding data indicate that the land area is getigranderlain by four main geoelectrical units. Tieain
characteristics of these geoelectrical units, adl &g the main geologicalfeatures of the constrdcigeoelectrical
cross sections have been interpreted for determitie groundwater occurrences. Based on the resbitsined,
three water-bearing layers were detected in thestigated area. The Quaternary deposits, whichesgnted by
Pleistocene Neonile sediments of sands and gravithsclay and shale lenses (A3) act as the firatifgg. The
second one (C4) corresponds to water-bearing lioresof Samalut Formation, which leads to the seaandfer,
that represents a wide distribution in the investegl area. The third one (D) corresponds to wateafing
limestone of El-Minia Formation, which leads to ttlérd aquifer and represents a wide distributiom the
investigated area. In order to make the geophysiesililts more useful for the decision maker, tworjiy maps for
groundwater exploitation in the investigated areavé been presented for each of El-Minia and Sareduifers.
According to the priority maps, it can be concluddwat, the priority of groundwater occurrences aitd
exploitations in the study area are generally iragimg toward the southern parts, especially at We&ldBaririia
area, where El-Minia aquifer occupies the firstagary and at Wadi El Sheikh Hasan, where the twim mguifers
of Samalut and El-Minia faces are well represented.

Keywords: Schlumberger, Vertical Electrical Sounding (VESJppty maps and Groundwater Occurrences.

INTRODUCTION

The Nile Valley extends between the eastern highfyned and the western slightly drained Eocentels. The
River Nile gets very close to the eastern ridgthefvalley. The easternplateau extends from Wadidtiriia at the
southern part up to Wadi Al Nasria at the northgart of the study area. Several wades, which dtenplateau
dissect it, in part, into elongated northwest ountswest trends. In the Western Desert, a relativélye plain
separates the undulated uniform surfaced westettegqu from the valley. The eastern and westerregulist are
formed of massive yellow limestones, chalky limest®, marls and shales of Middle Eocene Samaluthitta
and Qarara Formations.

257
Pelagia Research Library



Ahmed N. EIl Sayed Adv. Appl. Sci. Res., 2016, 7(4):257-273

The eastern zone of Nile Valley in the investigadeeh, with a part of the eastern plateau represeetfuture urban
extension of the crowded population sits on thet@resside of the Nile River and this area playsnaportant role
for reclamation purposes, where the reclamatioeseasentially depending on groundwater. Hence ptesent
study deals with the application of vertical el@gtt resistivity technique for delineating groundersaquifers in the
investigated area and introducing the suitabilftg@me recommended sites for drilling water wellbnstructing
the priority maps for water exploitation in the @stigated area.
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Figure 1: Location map of the investigated area

1.1.Geologic setting:

1.1.1Geomorphologic features:

Egypt can be divided into two main geomorphologicagions, which are low plains and elevated stmattu
plateaus[8]. These landscape types play a significae in determining the hydrogeological framekvof Egypt.
The structural plateaus are considered as thewataishedareas, while the low plains contain thim iQaiaternary
aquifer. The area of study lies across the tramsitizone between the Nile flood plain and thecstmal limestone
plateaus to the east.

The following geomorphologic features can be recph(Figure 2) in the study area and its vicisitié]:
1.Young alluvial plains of the Nile Valley.

2.0Id alluvial plains of the Nile Valley.

3.Fanglomerate.
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4.Calcareous structural limestone plateau and thairey boundaries.
5.Sand dunes.
6.Hydrographic patterns.

(]

29

Legend:

Old Alluvial Plain.
Fanglomerate.
E Calcareous Plateau.

\ The drainage lines,

e
Sand Dunes.

Figure 2: Geomorphologic and drainage features ohie study area and its vicinities (After Said, 1981)

1.1.2 Geologic exposures:

El-Minia district and its vicinities are essentjatiovered by sedimentary rocks ranging in age fidioidle Eocene
to Recent (Figure3). This area was studied by séweorkers: e.g. [1,2,3,4,5,6,7,9,10,12]the studBaancludes
three mappable surface rock units of Middle Eocagef12]. These units are composed mainly of linmestmcks
and described from the oldest to the youngesplasaf:
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Figure 3:Surface geological map of the study aread\{ter EGSMA et al, 2005)

a. Samalut Formation:
Samalut Formation consists of white limestone dmalky limestone with some marls and claystone beds. The
average thickness of Samalut Formation reacheg ai66um.

b. Maghagha Formation:
It consists of limestone and marl, with arenacemasls and shales at the base, intercalated withcBtcareous
sandstones. The average thickness of Maghagha fronmeaches up to 60 m.

c. Qarara Formation:

The Qarara Formation, of Late Lutenian age, overitaghagha Formation. It consists of green andckisad to
brown shale grading upwards into arenaceous maudssidtstone. The average thickness of Qarara Rma
reaches about 170 m.

1.1.3 Structural elements:

The valley was probably eroded on fault lines[1{l @ounded on both sides by steep slopes made &paeEne
limestone, most probably accompanied by normaltggg]l Major normal faults have general NW_SE artel BW

directions. These faults are observable on theaserfas well as they are encountered from the galosuborehole
data, below the Quaternary deposits [9]

MATERIALS AND METHODS

A total of twenty nine Schlumberger-Vertical Elécéi Soundings were conducted along the differesatilable
wades in the investigated area with a maximum baifent electrode spacing (AB/2) of 700 m. Thiscetede
separation is sufficient to reach the required liepthich fulfills the aim of the study. In order teerify the
geoelectrical interpretation results, some of ihensling measurements were carried out beside orsoese of the
existing wells, which the lithologic and hydrologiata are available. These vertical electrical dmgs have been
carried out by ABEM terrameter SAS 1000C, as Swedparatus.
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The apparent resistivity measurements at eaclostatere plotted against the half current electrsukecing (AB/2)
on a bi-logarithmic graph sheets. The curves obthimere matched using master curves and auxilianyes and
were inspected to determine the number and nafugecelectrical layers, as a semi-quantitativerprietation. The
results of curve matching (layer resistivities ahnidknesses) were fed as preliminary models intenative forward
modeling technique, using the IPI2Win computer paag{11]. This is to vindicate the correlation betnehe field
curves and theoretical curves. From the interpred¢adits (layer resistivities and thicknesses);etgairic sections
were drawn using Grapher software.

RESULTS AND DISCUSSION

The measured vertical electrical sounding locatenesillustrated in (Figure4) and the interpretatid the acquired
resistivity sounding data is carried out in quatiite phase. The steps followed in the interpretatif the acquired
data quantitatively are:

3.1. Quantitative interpretation:

The interpretation of vertical electrical soundingves exhibits that, the number of interpretingauisfour which
divided into layers, and the true resistivitiestbése layers range between @9 m and 98982. m Also, the
thicknesses of these layers vary from a soundiatjost to another. The interpretations of some waltelectrical
sounding curves with the true resistivities andkhesses of the study area are selected and shawigure 5).
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Figure 4: VESes locations and cross sections diditition in the study area
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Figure5: Some of the interpreted vertical electrichsounding curves with true resistivities §) and thicknesses (h) of each layer

3.1.1. Geoelectrical cross sections
Based on the results of the interpreted vertigteilcal soundings, seven geoelectrical cross@es{fFigure4) have
been constructed (Figs.Nos.6t012). The aim of tisestions is to show the geoelectric layers andydwenetry of
the aquifers and their extensions in the area. &tsextions reflect both the lateral and verticaiat@ns in

lithologies, according to the resistivities. Thadholes (where these wells drilled by villagerhjch present in
the area, were also used to calibrate the geoelglotieductions.

The gquantitative interpretation of the resistiviiyundings led to the detection of four main gedal=d units,
which divided into layers. The ranges of resisidgtand thicknesses of each unit are listed inlgtdh). A
description of these units is given, as the folluyvi

Table 1: Resistivities, thicknesses range s and theelated lithology

Unit | Layer | Resistivity range (Ohm m) | Thickness (m) Lithology
Al 83 — 9898 0.3-11 Gravels, boulders and sands
A2 7-33 1-18 Nile silts and clays.
“A” A3 2-10 Waterbearin¢sands and grave, with clay and shale lens.
A4 119- 268¢ 1-6 Old wadisediment.
Bl 210 - 1500 3-25 Dry limestones of Maghaghart&dion.
“B” B2 11-77 5-30 Marly limestones of Maghagha Fadiom.
B3 0.9-9 8.5-78 Shales of Maghagha Formation.
Cl 200 — 2900 5-38 Dry limestones of Samalut Rdion.
C2 46— 152 1.3-5.7 Chalky limestons of Samalut Formatic.
“c” C3 14-26 4-18 Claystones of Samalut Formation.
C4 30 — 200 19-110 Water-bearing limestones afeiat Formation.
C5 2.8-98 10-33 Shales of Samalut Formation.
‘D" 50 — 190 Water-bearing limestones of El-NéirFormation.

» The first geoelectrical unit (A).
This unit is differentiated into four layers (A1,2AA3 and A4) and their equivalent facies are ofatgtary

deposits.

a) The geoelectrical layer (Al) has resistivity valueaging between 83 and 9898m, correspond to gravels,
boulders and sands of the Quaternary depositsthiticmesses of this layer vary from 0.3 to 11 m.
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b) The geoelectrical layer (A2) is observed along ¢hstern part of the Nile River in the study areaisTayer
displays relatively low resistivity rang varyingofn 7 to 33Q.m, and correspond to nile silts and clays of
Quaternary deposits. The thicknesses of this hegmiing from 1to18m.

¢) The third geoelectrical layer (A3) displays relativlow resistivity values varying from 2 to I m, correspond
to water-bearing neonile deposits, which consisgasfds and gravels with clay and shale lenseseprégents the
first aquifer in the study area.

d) The fourth geoelectrical layer (A4) has resistiwglues ranging from 119 to 26&.m, correspond to dry old
wadi sediments of Quaternary deposits. The thickoéshis layer varies from 1 to 6 m.

» The second geoelectrical unit (B)

This unit is located underlying the first geoelest unit, which differentiated into three layeBl( B2 and B3),and
their equivalent facies of Maghagha Formation efikfiddle Eocene.

a) The geoelectrical layer (B1) covers small parthaf $tudy area. The resistivity values of this laygy from 210

to 1500Q.m, correspond to dry limestone of Maghagha Fomnafi he thickness of this layer varies from 3 to 25
m.

b) The geoelectrical layer (B2) has resistivity valiagies from 11 to 70.m, correspond to marly limestone of
Maghagha Formation.The thickness of this layeresafiom 35 to 30 m 24.

c) The geoelectrical layer (B3) displays a relativiglyw resistivity values vary from 0.9 to @.m, correspond to
shale of Maghagha Formation. The thickness ofl#tyier varies from 8.5 to 78 m.

» The third geoelectrical unit (C):

This unit is located underlying the second geoeiledt unit, which differentiated into five layer€1, C2, C3, C4
and C5), and their equivalent facies are of Santadatnation of Middle Eocene.

a) The geoelectrical layer (C1) displays relativelghiresistivity values ranging between 200 and 2906,
correspond to dry limestones of Samalut Formafitre thickness of this layer varies from 5 to 38 m.

b) The geoelectrical layer (C2) is observed at theélsom part of the study area,which represents stigtibution

in the study area. This layer has resistivity valtenging between 46 and 183mn, correspond to chalky limestones
of Samalut Formation. The thickness of this layaies from 1.3 to 5.7 m.

¢) The geoelectrical layer (C3) has resistivity valuasging between 14 and ZEm, correspond to claystones of
Samalut Formation. The thickness of this layeresafiom 4 to 18 m.

d) The geoelectrical layer (C4) covers most parthefdtudy area. It has resistivity values varimgrfr30 to 200
Q.m, correspond to water-bearing limestones of Sainfarmation, which represents the second aquifeihé
study area. The thickness of this layer varies fii@o 110 m.

e) The geoelectrical layer (C5) is observed at thétsoua part of the study area, which represents|gistibution

in the study area. This layer displays relativedw Iresistivity values varies from 2.8 to €Bm, correspond to
shales of Samalut Formation. The thicknesses sfidlyer varies from 10 to 33 m.

» The fourth geoelectrical unit (D}

This layer represents a wide distribution in thedgtarea and has resistivity values vary from 5096 Q.m,
correspond to water-bearing limestone of El-Min@ration, which represents the third and last a&quif the
study area.
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Figure 6: Geoelectrical resistivity cross—section A'
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3.1.2. Structuralmap:

The lithologic successions from surface to baseafexted by a group of inferential normal faulEsgurel3),that
have a direct effect on the shape of the surfataiteand groundwater occurrences. The cross sedtA’ has two
normal faults F1 and F2 that act as a graben btbek¢ross section C-C’ has two normal faults R B that act as
a graben block, the cross section F-F' has two abfiawlts F5 and F6that act as a step-like formilenvthe
longitudinal cross section G-G’ has four normallf&F7, F8, F9 and F10) that act as horst, grabvehstep-like
forms.
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Figurel13: Structuralmap

3.1.3 Priority map for groundwater exploitation of Samalut aquifer (C4):

Generally, a priority map has been generated fptoiting the geoelectrical water-bearing layer @4he case of
drilling deep wells. This map defines the zonedglifferent priorities for groundwater exploitatiohhere are not
abrupt changes in the resistivities and thicknes$ésis layer. Since, the depth to water playsgaificant role in
groundwater utilization, consequently the weightiactors of the depth to water, resistivity, andkhess of water-
bearing layer are 60%, 20% and 20%, respectiveélgse factors are essential for the constructiguoh map. The
resistivity, thickness and depth to water have betagrated into three options, as shown in (t&ple

The groundwater priority map for Samalut aquiferi@4the investigated area (Figureld)indicates ttia, most
promising area for drilling water well, locatecthé part between the central and Southern partss&bond site for
drilling well is located at the central part andends along the Nile River. Finally, the third site drilling is
located at the area between the central and nargfeets (Figurel4).

3.1.4. Priority map for groundwater exploitation of EI-Minia aquifer (D):
Generally, a priority map has been generated fptoiting the geoelectrical water-bearing layer Elie case of
drilling deep water wells. This map defines theemof different priorities for groundwater expladitem. The base
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of this water-bearing layer has not been recor8atte, the resistivity and depth to water playigaificant role in
groundwater utilization, consequently the weightfagtors of the depth to water and resistivity Gfter-bearing
layer are 70% and 30% respectively. These facteressential for the construction of such map. rElsestivity and
depth to water have been integrated into threengtias shown in (table 3).

The groundwater priority map for El-Minia aquiferihe investigated area(Figurel5)indicates that, st
promising site for drilling well tapping is located the extremely southern part, where wadi ElrBararea. The
second site for drilling is located at the areaneen the central and southern parts.

Finally, the third area for drilling is locatedtat area between the central and northern pagsi@is).

In the light of this study, it can be concludedtttiae priorities of groundwater occurrences arartexploitations in
the study area generally increase toward the soutparts, especially at wadi El Saririia area, vehiel Minia
aquifer occupies the first category, and at Wadbk¢ikh Hasan, where the two main aquifers of Sanzaid El-
Minia Formations are well represented.

Table 2: Resistivity, thickness and depth to watecategory ranges for Samalut aquifer

Category Rs:r;sgtggt)(/)gp) T?;%Ig;ess(sns)h ) Depth to water (D) ranges (m)
1 30<p<87 105> h>76 1xD<44
2 87<p<144 76> h > 48 44 D77
3 144<p <200 48>h>20 77<D<110

Table 3: Resistivity and depth to water category rages for EI-Minia aquifer

Resistivity (p)
Category ranges Q) Depth to water (D) ranges (m)
1 50<p <97 25<D <75
2 97<p <144 7<D<125
3 144<p<190 125 D<175
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Figurel4: Priority map for Samalutaquifer Figurel5: Priority map for El-Minia aquifer
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CONCLUSION

Based on the obtained geoelectrical results, tiwager-bearing layers (aquifers) (A3, C4 and D) weetected in
the investigated area. The Quaternary depositesepted by the Pleistocene Neonile sediments afssand

gravels with clays and shale lenses (A3) act asfitee aquifer, which represents a limited disttibn in the

considerable area. The second water-bearing &4y ¢orresponds to the water-bearing limestone avh&@ut

Formation, which lead to the second aquifer, whigghresents a wide distribution in the s area. Tirel tone (D)

corresponds to the water-bearing limestones of EiidvFormation, which lead to the third aquifer aegresents a
wide distribution in the concerned area.

According to the priority maps, it can be concludédt, the priorities of groundwater occurrences #meir
exploitations in the study area generally increseard the southern parts, especially at Wadi Eirigaarea,
where El-Minia aquifer occupies the first categand at Wadi El Sheikh Hasan, where the two mainfaguof
Samalut and El-Minia facies are well represented.
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