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Abstract. The stratigraphic sequence in an area southwest of Qena, Egypt, has been mapped by earlier
investigators and the recognized structural features seem to be simple. The distribution of the Quaternary
sediments in the area is structurally controlled. Thirty (30) vertical electrical soundings (VES) were made
to obtain information about the subsurface in this dry area of the country. These soundings were inter-
preted using a computer program. The results of the interpretation indicate the presence of two possible
aquifers. The first possible aquifer is at a depth ranging between 2 and 23 m and its thickness varies from
9 10 65 m. The second possible aquifer is at a depth ranging between 80 and 276 m and of uncertain thick-
ness. The distribution of the two assumed aquifers may be controlled by either a variation in thickness or
a fault system. Layers at shallow depths (< 10 m) lying above the first assumed aquifer are considered as
non-water-bearing layers.

Introduction

Geophysical methods play an increasingly important role in the search for suitable
and productive groundwater reservoirs. The direct current resistivity method has
been used routinely in exploration for groundwater.

The studied area lies on the western bank of the River Nile (Fig. 1) southwest
of Qena city. It lies between longitudes 32° 8'-32° 22’ E and latitudes 25° 50'-26° 21’
N.

We used the resistivity method and made Schiumberger vertical electrical
sounding measurements using the ABEM Terrameter SAS system (SAS 300 and
SAS 2000 Booster). We made the resistivity survey only in a small selected area (Fig.
2) suitable for laying out the electrode array. We studied the surface geological fea-
tures on a larger scale to recognize the common drainage system of the area using
aerial photographs. 265
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Fig.1. Geological map of the study area showing the different rock types.

The study of the groundwater possibilities in this arid part of the southwestern
desert adjoining the Nile Valley is of great importance because the water resources
are rare and thus constitute a major problem obstacle to both living and industrial
projects. The groundwater resources originate mainly from occasional rainfall or
from the River Nile. Therefore, the objective of this study was to investigate the
prospects for additional groundwater supplies for domestic and possible industrial
use.

Surface Geology

The studied area (Fig. 1) covers approximately 510 km? south of the cultivated
land of the Nile Valley, south of the Hiw village. The area is bounded on its northern
flank by the Rannan canal and on its southern side by a dissected and irregular limes-
tone escarpment which represents the geographical continuation of the western
plateau of Lower Eocene limestone. The maximum elevation on the scarp reaches



Geological & Surface Geoelectrical Investigations 267
25 3215 3246 3247
sé] o
T ] S 4 3 2
4 ’ A A A A A
|
lil I
|
12 i 10 9 8
. c-*—s—-————-‘-—————A—————L—-——-—-A——c‘ A
2 . _
55 |
|
[
| kg [ s 4
+" . A A A A
|
|
|
|
c 23 22 2! 20
g?- 0}2-5————:-‘."——-—-—--&——-——4-—----&-——-—-—-‘-ﬂ' -
d|
d
! s
! 29 28 27 26
A —_———— e e o A —————— —A-a
Jd D
2
<3 T R N 0 " 1km
AVES stahton = . ___~A Profile C A -l
Fig.2.  Distribution of the VES-stations on the study area.

393 m above sca level, whereas the average elevation of the plain is about 150 m
above sea level with a very small gradient towards the north.

The surface of the studied area is drained by a system of dry channels which
catch their water every several years from rain and torrents collected from the higher
limestone plateau located a few kilometers to the south. The drainage channels
exhibit a diverse pattern, density, and order (Fig. 3). Yet, most of the channels show
a general flow towards the northwest and north-northwest directions into the plain.
The channels discharge in the flood plain of the Nile Valley which stretches in an
cast-west direction at the extreme north of the area.

The exposed Eocene rocks (about 80 m thick) in the mapped area (Fig. 3) are
Said’s Thebes Formation [1]. They are composed mainly of alternating medium to
thin bedded limestone and chalky limestone. Flint bands and nodules are also abun-
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dant. Petrographically, these rocks can be differentiated into, Nummulitic biomic-
rite; Echinoidal bioclastic; Algal biomicrite and Pelecypodal biomicrite (coquina)
microfacies reflecting environments ranging between tidal flat/lagoonal and outer
shelf. These rocks were deposited in the Early Eocene time (Early Ypresian) [2;3].

Recent and subrecent covers are widespread over most of the low-lying plain in

~ the mapped area [4]. They are mainly represented by unconsolidated sediments of

the recent fanglomerates and wadi fillings. These deposits include the alluvium sedi-

ments which are composed of gravels of different sizes embedded in a sandy, silty,

and clayey matrix. All are derived from the adjacent limestone plateau. Sand drifts

and sand sheets are plastered on the foot of the Lower Eocene scarp. The Nile flood
plain sediments are composed of mud and silt with fine sand grains.

Structures

The structural map (Fig. 3) constructed from areal photographs shows that faults
are the main structural features affecting the Eocene plateau. They are mostly high-
angle normal faults with various extensions and relatively small throws. The NW-SE
Faults (Erythrean) are very remarkable features that deform the Eocene rocks. This
trend seems to have controlled the path of the Nile Valley to the north of Idfu [5].
Faults with the same trend are also known to dissect the Paleozoic or even Precamb-
rian rocks in the Eastern Desert [6]. Most of the drainage lines (Fig. 3) debouching
in the main plain of the area are controlled by this faulting trend.

Northeast-Southwest faults are less abundant. They dislocate and/or terminate
the older “NW-SE” faults in different parts of the area. They represent the predomin-
ant structural direction controlling the path of the Nile Valley between Qena and Nag
Hammadi [4]. Few tributaries that join the main wadies on the plateau are controlled
partially by NE-SW fault lines.

The distribution and accumulation of Quaternary deposits (mainly derived and
deposited by the action of surface water draining from the southern plateau and dis-
charging towards the Nile Valley) are believed to be controlled by a NW - SE fault
system dissecting the underlying Eocene bedrock.

The Direct-current Resistivity Method

The vertical electrical sounding (VES) method was used in this study. Its objec-
tive and importance as stated by many workers [7] is to recognize the variation of
electrical resistivities with depth and to correlate these variations with geological
information. In the 1970’s and 1980’s several methods were developed for com-
puterized interpretation of vertical electrical sounding by different authors such as
Ghosh [8], Zohdy and Bisdorf [9;10] and Zohdy [11]. The maximum Schiumberger
spread (AB) was 1400 m for all VES stations.
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Results and Discussion

Visual inspection of the measured VES curves identified six curve types,
namely; QH, QQH, HKH, QHK, QQQH, and QQHK (Table 1). For a description
of curve types see Bhattacharya and Patra {7]. The first and the third types were not
very common. Most of the measured VES curves are continuous except those at sta-
tions 2,3,4,8 and 18. An example of a strongly discontinuous curve is shown in Fig.
4. According to Parasnis [12] a discontinuity can be caused by a vertical contact
between two different rock units having different electrical resistivities. In the pre-
sent study the abrupt vartions at VES curves 2,3,4,8 and 18 may be caused by vertical
step faults of NW-SE directions, at depth ranging between 10 and 200 m, or they may
be caused by errors resulting from exceeding equipment accuracy, by current leak-
age, or some other man-made cause and not by geologic structures (Fig. 4).

The quantitative interpretation of the measured VES curves in the studied area
was made using the software developed by Zohdy and Bisdorf [10]. An example
showing a field curve and its interpretation is illustrated in Fig. 5. The selected sound-
ing is VES No. 26 which is interpreted in 13 sub-layers and then grouped into 6 layers.

The steeply rising branch on the curve may be caused by geological or non geologic
causes.

Table 1 summarizes the results of the interpreted field data (25 VES curves) in
the area southwest of Qena, and lists the resistivities and depths of the different
geoelectrical layers.

Because of the scarcity of subsurface information in the study area, we assumg¢
that the low resistivity zone of < 250 ohm. m possibly represents a water-bearing
layer. Based on that assumption two water-bearing layers could be identified in the
area.

The interpretation of the sounding curves indicated that the geoelectric section
(Fig. 6) in the studied area is primarily composed of four major geoelectric layers:

1) The first layer has a high resistivity ranging from 1500 chm.m. to greater
than 7000 ohm. m and represents a dry zone composed of sand and gravel.

2) The second layer has a low resistivity (< 250 ohm. m). It probably corres-
ponds to the first assumed water-bearing layer.

3) The third layer has a reltaively high resistivity (about 2400 ohm. m). The
material of this deeper layer is probably composed of buried fragments of
limestone derived from the Eocene limestone plateau.

4) The fourth layer in some localities has a relatively low resistivity that ranges
from about 13 ohm. m. to 200 ohm. m and represents the second assumed
water-bearing layer.
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The depth to the first assumed water-bearing layer varies between 2 m (VES sta-
tion 7) and 23 m (VES station 28) (Fig. 7). Its thickness varies between 8 m (VES sta-

A w30, 29 28 27 26 E
oy - ¥ ¥ A 4 ¥ A

/

100

150

Bepth (m)

200
250

t50

200
250

300

\ Depth (m)

T oW
C 9
¥ VES station and no.

:] High resistivity material

Depth {m),

First assumed aquifer

m Second assumed aquifer

1| l Possible fault

0 800m

Depth (m)

Fig.7. Subsurface sections showing occurrence of the two assumed water-bearing layers in the
studied area,
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tion 7) and 65 m (VES station 9). The depth to the second assumed aquifer ranges
fromf 80 m (VES station 13) to 276 m (VES station 24) and its thickness is uncertain.

It is obvious that the fault system in the studied area is responsible for the present
distribution of the two assumed aquifers and also is responsible for the presence of
the first aquifer beneath VES station 7 as an isolated body (Fig. 7).

Conclusions

In this paper, we have presented the results of interpretation of surface geologi-
cal and VES data acquired in an area lying in a dry district of the country. The study
revealed the presence of two possible water-bearing layers lying at different depths
in the investigated area. The distribution of these two assumed water-bearing layers
ts possibly controlled by the fault system which dominates the area. In some localities
the first aquifer occurs as an isolated body (VES station 7). The fault system is
believed to have caused the discontinuities of some VES curves (VES curves 2, 3, 4,
8 and 18). The feeding of the first aquifer is possibly from the infiltration of the sur-
face water coming from the Eocene plateau. The second aquifer is fed from both the
infiltration of surface water and/or the River Nile across different fractures and
faults.
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