
Qatar Univ. Sci. J. (1993), 13(1): 129- 133 

EARTH RESISTIVITY AND SELF-POTENTIAL STUDY ON THE AREA EAST 
OF SO HAG CITY AND THEIR GROUNDWATER IMPLICATIONS 

By 

H. A. IBRAHIM*, A. A. BAKHEIT* and S.M. FAHEEM** 
*Department of Geology, Faculty of Science, Assiut University 
**Department of Geology, Faculty of Science, Sohag Branch 

" ~I..L.;..7,.1__, ~LUI ¥.-b ~..>~I ~_,WILl.;~ 
~~I~ Ul 4.>--'~ ~~I~ 

~. (~~ ~.M J~ Wl)l 4Q1.;tl ~ 

~JWI~~y.l J ~l.r.l~~"~ 
~~~j 

dl.J_, (LA_,......, ~..~....o J_,...!. WI_,JI UUI ~ ~i_, ~~~ ~ \\ ..,..~ ~ 

olA ~ o4J.I _;J~ ~ ~~ ~ b~l ~l.o_,.WI 0-o ..1:!}.1 u-k ~I ..J~ 
~~-':' oJIJt.! ~ ~.:JI ~G~I ti..G...:;..,..,~ ~~~ olA 0-o \A~~ ..W_,. ~~ 

~I J:..li ~-?..:,I~ J~_, ~!~WI L.ui_,Jll ~l:i; ~_,W.i ..W_,. ('-:'\\A\) ~.uj 
~ . -=. "II t....:..G • 1· :.11 ll.A ·- • L...u..., L.....l .111 U1w. · -~-'I.,· -'L .) • lJ ~ . - u ~ ~ -· .) U"' ':F~ ~ . 

Lul.).lll ~ ;ro ~ ~L.i ~ ~~ J~J 0-o ~)~ .wi Lui.)Jll olA ~b) ... !.~ I 
~~ ~j ~~ ol.....J1liob. d.i.J.. l.~j II " L...o ~L .<q 1.~ · li.a · · --• - . ~ ':!• ~ - .~ '-6-'-"J ~ ~ 

..u1 .. LA ti..J...a - :. ~ ~~~ I • . ':<~ -:11 lli...!:JI • ~li....J. I .~j I~ lJ ( lJ-'-'-1 - ~ • ( -to;' ~ ':!""' U"' • """~!-" c.r-
~ _;;-... \ • • , ~ o ~ ~ u,..:; ~I) ~~~ ~Lilt, ~:?I.:JI ~I ~L....4-i ~ 

. Lui .111 ~ ~ -:11 ~ · .!~II ..1.o (..t..li · ~~ .) ··-'->"' c.r~I.S ~. 

Key Words: Earth resistivity, self-potential, groundwater. 

ABSTRACT 

Nineteen field vertical electrical soundings have been made in the area east of Sohag to provide hydrogeologic information for 
groundwater exploration. These sounding are interpreted using programs for the automatic processing and interpretation of 
Schlumberger sounding curves prepared by Zohdy (19898). Results of the interpretation indicate the presence of shallow 
water-bearing layer especially in the southern part of the study area. This aquifer is missing towards the east. In certain p~rts, the 
low-resistivity material cannot be explained as a water-bearing bed but it is possibly related to a dominated shale bed. The SP and 
horizontal resistivity profiling measurements taken in certain directions show lateral variation of sedimentary facies. 

INTRODUCTION 

The application of geophysical methods to study 
groundwater problems is gaining support in the 
hydrogeological community. Of these methods, earth 
resistivity (ER) method has a wide application to problems of 
groundwater exploration. The self-potential (SP) method 
comes second in groundwater exploration, but it is useful 
when aligned with the ER method. 
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The region investigated lies east of Sohag city (Fig. 1 ). Its 
major problem is its lack of a sufficient and safe water supply 
necessary for the present land reclamation plans for domestic 
and livestock uses when new communities set up in the future. 
Therefore, the authors of this work carried out an ER and SP 
study in the area concerned to find some solutions for 
groundwater exploration. 

Few geological studies have been carried out by Abdel 
Kireem (1972) and Abdel Rahman (1990), to investigate the 
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drainage system, stratigraphy and structural setting of the area. 
On the other hand, a few hydrogeological work had been 
carried out by El-Gamili (1975) and Abdel Moneim (1987). 
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Fig. I : Location map of the study area. 
Fig. 2: Geological map of the area east of Sohag (compiled 

after Abdel Rahman, 1990). 

Table 1 
Results of quantitative interpretation of YES curves at the area east of Sohag city 

YES No. of Thickness (t) of layers in m. True resistivity (Ptl of layers in ohm.m. 
Tl T5 No. geoelectric PI p2 p3 p4 P5 p6 T2 T3 T4 

layers 

I 6 9399 2392 88 3 30 1.1 4.0 11.0 35.0 60.0 

2 6 28597 9624 547 78 780 1.1 2.5 7.1 40.0 60.0 

4 5 9976 691 152 400 1.1 6.3 27.0 40.0 

5 5 19433 506 171 301 1.0 3.5 26.0 36.0 

6 6 21649 592 180 474 1270 3.5 7.5 12.8 27.5 59.0 

7 5 3 67 490 2052 1.1 2.2 7.3 62.0 

8 6 47160 2092 510 1750 23880 1.0 3.6 10.0 16.0 68.0 

9 4 5038 303 140 2.3 8.5 63.0 

10 6 22881 910 158 710 4568 00 1.6 3.5 11.0 18.7 75.5 

11 6 23926 380 2997 846 1128 1.5 1.7 18.3 24.7 53.2 

12 5 559 50 0.5 62 1.1 1.3 49.0 49.0 

13 5 18913 3270 178 394 1.0 1.1 44.0 53.2 

14 5 4178 1847 130 2 1.6 2.0 43.0 94.0 

15 5 23102 2333 149 1.5 2.2 2.5 5.5 137.0 

16 5 14371 472 147 0.4 2.2 4.6 3.2 137.0 

17 5 3292 588 192 2.4 1.1 1.3 5.1 103.0 

18 5 606 400 143 3.7 1.0 2.1 3.6 93.0 

19 5 60 220 166 3.3 2.1 2.3 5.1 55.6 
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GENERAL GEOLOGY 

The area under study (Fig. 2) is bounded to the west by the 
River Nile and to the east by the Eocene limestone plateau of 
the eastern desert. It is characterized by low relief of elevation 
ranging between 80-90 m. A major scrap defines the boundary 
between the lower Eocene limestone plateau and the 
post-Eocene sedimentary rocks extending in NW-SE direction 
and more or less parallel to the River Nile (Fig. 2). The lower 
Eocene plateau bounding the study area to the east is dissected 
by numerous wadies (W. Bir El-Ain, W. Abu Gilbana, W. 
El-Kola, and W. El-Ahaywa). Most of these wadies as shown 
in Fig. 2 cross the plateau perpendicular to the direction of the 
Nile Valley. 

Said (I98I) classified the exposed post-Eocene sediments 
in the area east of Sohag which is a sector of the south-eastern 
part of Egypt into; Paleonile clay (Paleonile), Armant and 
Issawiya formations (Paleonile and Protonile), and sands of 
Qena Formation (Prenile). 

HYDROGEOLOGICAL REVIEW 

The surface water hydrogeology of the study area as part of 
Sohag district is principally represented by the regime of water 
in the Nile, the irrigation canals and agriculture drains. 

Generally, the Cenozoic clastic aquifers have a very wide 
geographic distribution in the Nile Valley basin and also in the 
adjacent desert wadies. They are composed mainly of gravels, 
sands, sandstone, and clay which is related to a Pliocene 
sediment overlying the fissured carbonate rocks (Said, I98I ). 

EARTH RESISTIVITY (ER) AND 
SELF-POTENTIAL (SP) METHODS 

A- Earth Resistivity (ER) Method 

Two earth resistivity (ER) survey methods are used in the 
fieldwork. These are vertical electrical sounding and 
horizontal resistivity profiling. The objective of electrical 
sounding as mentioned by different authors (e.g. Zohdy, 
I974), is to deduce the variation of electrical resistivity with 
depth below a given point at the earth's surface, and to 
correlate it with the geological knowledge in order to infer the 
subsurface structure in detail. Several methods have been 
developed by different authors (e.g. Koefoed, I979; Zohdy, 
1989B) for computerized interpretation of vertical electrical 
sounding curves over horizontally stratified media. The 
horizontal resistivity profiling technique is normally aim at the 
detection of lateral variations of electrical resistivity in a 
certain subsurface layer. The technique involves 
measurements at a grid of observation points using an 
electrode array deployed at a fixed spacing. 

B- Self-Potential (SP) Method 

Two SP method, as its name implies, is based on measuring 
the natural potential differences which generally exist between 
any two points on the ground. Different theories have been 
developed by many authors (e.g. Sato and Mooney, I960) to 
explain the origin of different types of self-potential. The 
quantitative interpretation of the SP data measured on the 
surface is more complicated. Therefore, they are only 
interpreted qualitatively in this study. 

FIELD PROCEDURE 

The field work in the area studied has been conducted using 
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the Italian E 85/ A mod controls. The vertical electrical 
sounding involves measuring of I9 stations (Fig. I) following 
the array of Schlumberger and using (AB=600 m) which is 
just sufficient to recognize the shallow aquifer in the area. 
Unfortunately, the authors in this study could not use AB 
greater than 600 m, to recognize the possible occurrence of 
deeper aquifers, because the VES locations and their 
directions are both governed by topographic accessibility 
dominated in the area by terraces distributed anywhere. The 
SP and horizontal resistivity profiling have not been carried 
out in all study profiles due to the topographic unsuitability 
mentioned above. They have been measured in steps of equal 
separation (a=25, IOO m) along the line of measurements. 
They were made only along the profiles AA' (a=25, IOO m) 
and CC' (a=IOO m), of Fig. I. 

RESULTS AND DISCUSSION 

The measured field apparent resistivities in the study area 
are represented in terms of apparent resistivity sections along 
the profiles AA', BB' and CC' (Fig. 3). The investigation of 
these sections reveals the following: 

I. The dry surface zone (sand and gravel) in all sections 
exhibits very high resistivity values (reaching 28,000 
ohm.m). 

2. The middle zone has moderate values in sections AA' and 
BB' (100-500 ohm.m), and very low values in sections CC' 
and DD' (5-10 ohm.m). 

3. The third zone is characterized by very high resistivity 
values in sections AA' and BB' (1000-I2,000 ohm.m) and 
very low values in sections CC' and DD' (10-25 ohm.m). 

4. The middle zone in sections AA' and BB' represents the 
water bearing bed in the study area, while in sections CC, 
and DD, this middle zone together with the third one 
possibly represent the thick shale bed dominated in the 
area east of Sohag. 

The vertical electrical sounding data in the study area are 
interpreted using the software (Schlumberger sounding data 
processing and interpretation) prepared by Zohdy, (1989B ). 
Eighteen vertical electrical sounding stations measured in the 
study area are analyzed in terms of layers of certain true 
resistivities and well defined depths for the upper and lower 
surface of the encountered beds. Results of the interpretation 
of the measured sounding data are given in Table I. 

Two examples, each one showing the digitized curve and 
interpretation of the sounding (Fig. 4), are selected for 
illustration. These are soundings I3, and I9. Electrical 
sounding No. I3 (Fig. 4a) is interpreted in I5 layers grouped 
into 5 layers, while No. I9 is analyzed in I4 layers and 
grouped into 5 layers. 

Four subsurface cross-sections are initially constructed 
(Fig. 5) using the interpreted data presented in Table 1. Along 
two sections (AA' and CC') SP and horizontal resistivity 
profiling are made. The inspection of these section shows the 
following: 

1. Dry surface zone with very high resistivity material 
(>20,000 ohm.m) which is composed mainly of sand and 
gravel. 

2. Wet major zone (140-180 ohm.m) recognized in the area 
includes the cross-sections AA' and BB'. This zone in the 
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sections CC' and DD' may divide into two wet sub-zones; 
the upper (130-192 ohm.m) and the lower one (0.4-3.7 
ohm.m). It is of interest to mention here that the top of the 
major wet zone in the cross-sections AA' and BB' and also 
the top of the upper sub-zone in the cross-sections CC' and 
DD' may represent the top of the water table. The lower 
sub-zone in the sections CC' and DD' possibly corresponds 
to the thick shale bed distributed allover the area. 
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Fig. 3: Apparent resistivity section along the study profiles. 
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Fig. 4: Interpretation of YES stations No. 13 and 19. 
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3. Generally, the third zone in the whole area is dominated by 
very high-resistivity material which may represent the 
substratum. 

4. The qualitative interpretation of the SP values measured 
along the profiles AA' and CC' shows variation from part 
to another (-200 to +200 mv). Generally, there is some 
correlation between the SP profiles (a=25 and 100 m) 
measured along the profile AA' (Fig. 5). Such correlation 
possibly reflects some regularity in the distribution of the 
sedimentary facies by depth. 
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Fig. 5: Subsn'l'fttc~:~::a:lcmg~~:swdy:,ptt>file'S with SP 
and horizontal resistivity profiling along AA' and CC'. 
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5. The SP and horizontal resistivity profiling measurements 
made along the profiles AA' and CC' my reflect strong 
lateral variation of sedimentary facies in the area 
investigated. 

SUMMARY AND CONCLUSIONS 

As price of water, being a primary necessity of life, is very 
low compared to those for oil and ore, the cost of geophysical 
surveys for groundwater should be kept low accordingly. This 
economic factor limits the application of geophysical methods. 
Unfortunately the investigated area lacks detailed geophysical 
data. 

In the present study we applied the electrical resistivity 
method (the most commonly applied geophysical tool for 
groundwater explorations) in the area east of Sohag city. 19 
vertical electrical sounding stations have been measured at 
different locations of the area. These sounding data are 
analyzed using the software prepared by Zohdy (1989). The 
results of interpreting the sounding curves provide information 
on the occurrence of a major shallow aquifer occupying the 
southern sector of the area. Low-resistivity material in certain 
parts may not be interpreted as water-bearing material but is 
possibly due to a thick shale bed well represented in the whole 
area east of Sohag. In general, the authors recommend doing 
integrated geophysical surveys to obtain more information on 
the Pliocene clay and the depth to bedrock. 

REFERENCES 

Abdel Kireem, H.H., 1972. Geology of the area east of the 
Nile Valley between Sohag and Girga: M.Sc. Thesis, 
Geol. Dept., Fac. Sci., Assiut Univ., p. 126, Assiut, 
Egypt. 

Abdel Moneim, A.A., 1987. Hydrogeology of the Nile basin 
in Sohag province: M.Sc. Thesis, Geol. Dept., Fac. Sci., 
Assiut Univ., Sohag Branch, p. ~6, Egypt. 

133 

Abdel Rahman, A.M., 1990. Engineering geological 
assessment of the area between Akhmim and Girga, east 
of Sohag: M.Sc. Thesis, Fac. Engin., Assiut Univ., p. 
257. 

El-Gamili, M.M., 1975. Hydrogeology of Wadi Bir El-Ain, 
Eastern Desert, Egypt: Fac. Sci. Bull. , Assiut Univ., 4, p. 
51-70. 

Koefoed, 0., 1979. Geosounding principles, I, resistivity 
sounding measurements, methods in Geochemistry and 
Geophysics: Elseiver, p. 276. 

Parasnis, D.S., 1986. Principals of applied geophysics; 
Chapman and Hall, p. 402. 

Said, R., 1981. The geological evolution of the River Nile: 
Springer Verlag, p. 151. 

Sato, M., and H.M. Mooney, 1960. The electrochemical 
mechanism of sulfied self-potentials: Geophysics, 25, p. 
226-249. 

Zohdy, A.A.R., 1974. Use of Dar Zarrouk curves in the 
interpretation of vertical electrical sounding data: U.S. 
Geol. Surv. Bull. 1313-D41. 

Zohdy, A.A.R., 1989A. A new method for the automatic 
interpretation of Schlumberger and Wenner sounding 
curves: Geophysics, 54, p. 245-253. 

Zohdy, A.A.R., 1989B. Programs for automatic processing 
and interpretation of Schlumberger sounding curves in 
QuickBASIC 4.0: U.S. Geol. Surv. open file rep. 89-137 
A and B, 64 plus disk. 




