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ABSTRACT 

The effectiveness of the electrical resistivity methods 

has been studied using various configurations over the Filwoha 

Faul t. It has been opserved that the del inea tionof the faul t 

was possible under differential weathering. Geoelectric 

sections across the fault has been prepared on the basis of 

Schlumberger sounding results. In profiling three diffllrent 

electrode configurations namely Wenner, two-electrode and 

half-Schlumberger, were used along profile AA' and Wenner only 

in Profile BB'. 

On,the basis of data obtained from profiles AA' and BB' 

it was possible to delineate the strike and extent of the fault 

\d thin Addis Ababa. Furthermore, the interpretation of the 

resul ts in AA' su!!/!ests that the two-electrode configuration 

posses a certain diagnostic feature which heln in mapping latte-

ral contact of this type. 

The age of the fault is es timated to be between 5. O~la and 

6.4 M.yrs. and the down thrown side is to the south. 



INTRODUCT ION 

By definition, geophysics is the scientific study of the 

Earth us ing methods of phys lcs, and its domain involves many 

fields: Geoelectricity, which utilizes the electrical proper

ties of rocks, constitutes a very easy procedure for obtaining 

subsurface information from surface measurements. 

The main property concerning the auulication of electrical 

methods is the ability of rocks to conduct an electric current 

(conductivity). The electrical conductivity of Earth materials 

can be studied by measuring the electrical potential distribu

tion produced at the Earth's surface by an electric current 

that is passed throurh the Earth. 

There are a number of ways in which electric current can 

be made to flow, but in the most commonly used method direct 

or low frequency current is passed into the ground usinf a pair 

of electrodes, and the resulting distribution of the potential 

in the ground is measured by using another pair of electrodes 

connected to a sensitive voltmeter. From the magnitude of the 

current applied and from the knowledge of the current electrode 

separation it is possible to calculate the potential distribu

tion and the path of the current flow, assuminf the sub-surface 

medillTIl to be homogeneous. However, the presence of a zone wi th 

anomalous resistivity nerturbs the distribution of the current/ 

potential lines, compared to their pattern in a homogeneous 

medium. Thus from the measurement of potentials/poten"tial gradi

ent/curvature of potential on the surface, it is possible to know 
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something about the nature of subsurface layers. Tile el 

res is ti vi ty method Ilas been success fully applied in the study of 

different ?eological problems. 

The usefulness of the resistivity method in geological mapp

ing depends to a considerable extent on the resistivity contrast. 

The contrast may exist due to discontinuity of a rock formation 

or change in its physical condition. Several theoretical dnd 

model studies pertaining to resistivity prosnecting have been 

carried over vertical contacts and dyke like bodies (AI-Chalabi, 

1969; Keller and Frischknesch, 1970; Van Nostrand and Cook, 1966; 

Kumar, 1973 a,b,c,; Telford, Geldart, Sheriff and Keys, 1976; 

Apparao, 1979). However, the effectiveness of different configu

rations should be studied adequately over the relevant geological 

structures under the actual field conditions. Apparao and Roy 

(1973) have shown that the two electrode confifuration is superior 

to the Wenner configuration and other configurations in detecting 

a sulfide ore body. Recently, Verma, Bhuin and Bandyopadhyay 

(1979) and Verma, Bhuin and Rao (1980) have reported results of 

resistivity surveys over faults 1n the Jharia Coalfield, India. 

And Verma and Bandyopadhyay (1983) had renorted that the Wenner 

and two-electrode confi?urations possess certain diagnostic 
I 

features, which help in mapping a single Lithologic contact, 

provided sufficient resistivity contrast exists; from their work 

in Rani ganj Coal field India. 
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However, there is a need for stud in? further the usefulness of 

various configurations for such a problem, because the nature 

and physical environment of faults vary considerably from place 

to place. Keeping this vielO[, three normal configurations, 

namely Wenner, two-electrode, and half-Schlumbetger were used 

to study a prominent fault known as Filwoha Fault. 

The Filwoha Fault havinc! a trend of NSS O
[ is thought to be 

a maj or N E faul t that continuous upto Debreberhane, changing 

its orientation from NI to NS in the Borkana graben Mohr, (1964). 

The Fault in Addis Ababa is assumed to act as a barrier to the 

later basaltic flow (Mohr, 1964), U40rton, et.al., 1979) ranginp: 

in age between 7.3 - 6.4 My. (Morton, 1974). 

The fault appears to serve as a channel for the hot springs 

at places, as is evidenced in Filwoha, therefore, it is important 

to determine the strike and extent of the fault atleast within 

Addis Ab ab a . 



DFFINITION OF RISISTIVITY 

It is well known that the resistance R, in ohms, of a wire 

is directly proportional to its length 1 and is inversely propor-

tional to its cross-sectional area A. That is 

or 

R a L/ A 

R "' p L/ A 
(10 1) 

Where p , the constant of proportionality, is known as the electri-

cal resistivity, a characteristic of the material. According to 

Ohm's law, the resistance is given by 

R - 6V -1 (1. 2) 

where 6V is the potential difference across the resistance and I 

is the electric current through the resistance, substituting 

(1.2) in (1.1) and rearranging, we get 

(1. 3) 

Which may be used to determine the resistivity p of homogeneous 

and isotropic materials in the form of simple geometric shapes. 

In a semi-infinite material the resistivity at every point 

must be defined. Now, if the cross-sectional area and length of 

an element \·,ithin the semi-infinite material are shrunk to infini-

tesimal size, then the resistivity may be defined as: 

lim IW ..,. 
~ 

1+0 T E (1.4) p lim I = + 
A-+o A J 
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.~ + 
Where E is the electric field and J is the current density 

(1. 4) is ohm I s law in its di. fferenti al form). 

The unit of resistivity in the m{s system is the ohm-meter. 

The resistivity p of rocks or soils displays a wide range 

of values and is highly v<'TiabIe amonpst all the physical 

properties of minerals and rOCKS. For example, graphite has a 
06 

resistivity of the order of 10 g-m where as some dry quartzite 

rocks have resistivity mOTe than 1012 Q-m. 

In most rocks, electricity is conducted electrolytically 

by the interstitial fluid, and resistivity is controlled more by 

porossity, water content and water Quality than by the resistivi-

ties of the rock matrix. 

Resistivity is, therefore, an extremely variable parameter, 

not only from formation to formation but even within a particular 

formation. Thus there is no general correlation of the lirl1010ry 

with resistivity. Nevertheless, resistivity methods allow to 

determine the structure of the subsurface layers of soil and 

rock, dIe location of ground water table, the location of fault 

zones or other similar features. 
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2. THE CONCEPT OF AFPARENT RESISTIVITY 

In the interpretation of D-C potential field measurement, 

the notion of " apparent resistivity" is frequently used. 

If the ground was homogeneous elec trically, a single meas ure·" 

ment of the potential difference and current flol'l would determine 

its resistivity. Nol'I let us consider an infinite conducting 

layer of uniform resistivity p and let a current of strength I 

enter at point PI (Fig. 1). 

Fi g. 1: Infinite Conducting Layer. 

+ 
The current dens i ty J is gi ven as: 

.... 

.1(1') ~ 
I ... 

---er 
liTIr Z 

Then the electric field at a distance r from point PI will be 

.... .... 
E=pJ(r) 

and the potential at this point is 

v = -



Now if we consider the potential difference between P2 and P3 

due to a current source at PI we get 

r 2 Ip 
r2 

dr f 
,)+ + 

f 6"32 = - po dr .- - 4II t 
" l' r -1 1 

assuming a semi-infinite solid the above expression reducos to: 

_ Ip 1 1 
6V 32 ,. ZII [:t- - r-l 

1 2 

In the same way the potential difference between Pz and P3 due 

to a current I introduced Via P4 will be 

6 V = Ip [ 1 
Z3 ZIT 1'3 

Now if we consider a current of intensi t.y I entering 

through PI and comes out. t.hrough 1)4 the Jlotential difference 

6V, in between P2 and P3 is: 

Therefore, 

p = 2 II (6J) !( (2.1) 

Where [L_--"L_-:L 1 -1 
K - + -J 

1'1 1: Z 1'4 1'3 

is a characteristic of the array, and is called the geometric 

fact.or of an electrode configuration. If the ground is inhomo

geneous equation (Z.l) define an apparent resistivity, the 
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resistivity which the ground would have if it was homogeneous. 

To illustrate this concept, let liS consider the case of R layer 

having a thickness h and resistivity PI overlying a second homo

geneous and isotropic layer of infinite thickness and of res is-

tivity P2 where PZ-P r is high. In this case the curront will 

no longer flow along aDDroximai:oly circuLH arc as it did in 

homogeneous Earth. Rather, the lines of flow are moved down as 

shown in Fip. 2, because the lower resistivity below the inter-

face results in an easier path for the current within the deeper 

zone. 

Fig. 2: Lines of current flow between CI and 
Cz in two layered Earth 

It is evident that, as the distance between electrodes Cl 
and Cz is changed the value of P chanpes and can be calculated 

by (2.1). Specifically, when the distance CI-Cz is small with 

respect to h, the thickness of the first layer, the resistivity 

approxima tes PI of this layer. However, if the dis tanee CI - Cz 
is very large with respect to h the resistivity approaches PZ' 

The value of p in the intermediate case is comprised of PI and 

PZ" Thus we call p the apparent resistivity. 



.), PI, ECT£{ ICAL SOUND ING AND HOR lZONTAL PROPILING 

In actual practice a number of different surface configura" 

tiODS are used for tile current and potential electrodes. Pir. 3 

shows the general i zed configuration for a four elect rode array 

and Fig. 4, the conventional array. The ycometric factor K, of 

(2.1) can be written 8S: 

r·· as shown 
1J 

1 I 1 1-1 K = [. __ .- -- + -- - -] 
1'11 1'12 1'21 1'22 

(3.1) 

Fig. 3: The Generalized four electrode array 

with potential electrodes P1,Pz and 
current electrodes C1 , CZ' (0<8 ,<p~n). 

For the generalized array Fig. 3, the inter-electrode distances 

interms of the generalized spacing parameters are given by 

222 R +L +2 +2R(!Cos.-L Cos8)-2L1Cos(<j>-B) 

R2+1. 2+&2_ 2R(!CoS.+L Cose)+2L !Cos(<j>-B) 

R2+LZ*!2+ZR(lCos.+L CosB)+ZL1Cos(<j>-B) 

R2+L 2+!2_ZR(!Cos<j>_L Cos8)-2L!Cos(<j>-e) 

(3.Z) 
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Since the conventional arrays Fig. 4 are specific cases 

of the generalized array, the above equations also apply to these 

arrays. It is necessary only to express the generalized spacing 

parameters interms of the conventional array parameters. Table 

1, summarizes these relationship. 

a) Schlumberr,er 

b) Wenner 

C, G:l o g 
.n P2_ .-/:";A .. -,. 

c) Dipole-Dipole 

d) Azimuthal 
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Fig. 4: Conventional electrode array from 

the peneralized array. 

Table 1: Relationship between the parameters of the 
generalized array and the conventional array 

STANDARD ARRAYS GIN ERAL JZ ED ARRAY PARAMETfRS 

(CONV INT IONALPARMI ET [RS) R L R e q, 

a) Schlumberger 0 L 9. IT 11 

b) Wenner (A) 0 3!yZ !yz IT IT 

c) Di-pole." di- Fole (N ,A) NA A;z A/2 IT IT 

d) Asimuthal (R,L,9.,G) R L ~ e IT 

e) Ferpendicular (R,L,~,8) R L ~ 8 8+ 11; - z 
f) Radial (R, L, ~, e) R L 9- e 11 

g) Parallel (R,L,~,e) R L 9- e e 

In vertical electrical sounding (V[S) the electrode con-

figuration most commonly used is the Schlumberp:er configura-

tion Fig. 4 (a). To chaniCe the de)}th ranpe of the measurements 

the current electrodes are displaced out ward after every measure

ment, the potential electrodes are occassionally displaced when 

the ratio Cl CZ: PI Pz is too large, otherwise, the potential 

difference becomes too small to be measured. The distance between 
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th 
Pl~P2 must be less than 1;5 of the current electrode separation. 

T1~0 readings are necessa-cy wh(~n PI-P2 is chanl'ed. 

Another important electrode configuration, used less fre--

quently in sounding is the Wonner confipuration Fig. 4(b). Recently, 

a new system of electrode configuration has come into use, referred 

to as th!? "dipole" configuration (c- g). All have the following 

in common, the distance between the two current and potential 

electrodes is very short, the distance from the pair of potential 

electrodes to the pair of current electrodes is considerably larl'er. 

The basis for making VES irrespective of the electrode array 

used, is that the farther away from a current source the measure-

ment of the potential difference, or the curvature of the noten-

tial, or the electric field is made, the deener the probinl' will 

be. 

Any of the electrode array used in sounding may be used in 

horizontal profiling, but the data obtained with some types of 

arrays are more readily interpretable than data obtained with 

other arrays. 

In profiling half-Schlumberger Fig. 5 (a), where one current 

electrode is placed at infinite, and the two-electrode (single 

pole) array Fig. S(b) in which one current and one measuring 

electrode are are placed at infinite, conventionally the infinite 

electrodes are kept atleast 10 times as far away as the near 

current electrodes and equally in~ortant along distance from each 
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other, are used. Since the infinite electrodes are at long 

distance from the moving elect-.codes, it need not necessarily be 

in line with them. 

<- - - - DO - - -- --> <- - 0, - - - 00 - --> 
<-- b > 

C <-- a--> C2 I\] <> <> \] \] \] <> <> 

PI P2 C2 Cl 111 P2 

Fig. Sea) Half-Schlunberger Fig. s(b) ~~o-electrode 

The apparent resistivity can be calculated from (3.1) and 

(2.1), we get 

P = 411a~ and a I 

Half 
schlumberr,er 

v P ~ 211a-
I a 

Two 
electrode 

In VES wi th Wenner, SchluJTIberger or dipole-dipole, the 

respective electrode spacing A,L,NA, is increased at constant 

logarithmic intervals and the value of the apparent resistivity 

IV Sch. D. 1 dE· f I d . P , P 'Pa IS p ote as a : unctIon 0 tIe electro ~ spaCIng a a c 

on logarithmic coordinate paper. The curve of P = f(A, L INA) a 

is called an electrical sounding curve. 

In horizontal profiling, a fixed electrode spacing is chosen 

on the basis of VES results or other informations, and the whole 

array is moved along a profile after each measurement is made. 

The value of apparent resistivity is plotted, generally, at the 

geometric center of the electrode array. ~1aximum apparent resis-
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tivity anomalies are obtained at right angles to the strike of 

the geological structure. In making horizontal profiling it is 

recommended that at least two different electrode spacings be 

used, in orcler to aid in distinguishinf the effects of shallow , 

geologic structures from the effect of deeper ones. It is also 

useful to use more thnn one array, as the response and ease of 

interpretation of different arrays for the same geologic struc

ture may not be the same. 
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4. TB E TWO LAY rR PROBUM 

The simplest conEr-uration for which thenretical solutions 

can be eenerated is the two Jayered rarth shown in Fig. 6. 

Fi!!. 6: Two layer earth 

There is one superficial strata with a resistivity PI and 

thickness h overlyill? a second strata of r0sistivity Pz and 

infinite thickness. 

There are a number of mathematical approaches which have 

been used in calculatinr: potential fields in a layered media. 

The simplest approach to this problem is the method of images. 

Method of Images: This is based on the analogy between 

the mode of current flow throufh the Earth and the path taken 

by light rays in passing through olltically different mediums. 

Consider now a current source at point CI Fig. 
I 

have an image Cl I" a" units below the interface. 
CI'~~ p 

0.] '3 ,f 

~F, ____ ~ __ ~~ ________ Tnterface 
f2 

7 it will 

a 
1 .P' 

I r 
(I'i , 

Fip. ,7 : Image in a sinple interface 
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Nol'l, the potential developed atnoint p in the first medium 

is due to the current I in medium 1 and the fictitious current I' 

in mediun 2. 

The potential at the second medium is created by current I" 

situated in the T)oint C1 (position of I). 

v = p' 

I" p 2 
2IIr 3 

Boundary conditions: 1) The potential must be continuous at the 

boundary of the two media, Le. 

v = V 
r/z =0 p 'Iz ~o 

= 
I" P2 
2IIr

3 
-

at the boundary r = r ~ r 
1·23 

Thus, 1'Ie get 
9(4.1) 

2) The normal comnonent of the current density must be 

continuous, i.e. 

as 1 ClV 
P az 



therefore, 

at the boundary 

thus, we get 

-, 17 .. 

pI" 
1 {2 z} 

Pz 211r., 
J 

I I' 

2 rrri - 2 Jfr~ 

I - I' - I" 

p I' I - -z} 
211r ~ 

~ 

, 
(4.2) 

e1ivdnatinf I" from (4.1) ane: (4.2) and solving for Ii" we get 

I' = PZ- Pl 
PZ+P1 

I =KI (4. 3) 

Therefore, the intensity of the fictitious current decreases by 

a factor of K, called reflection coefficient. 

Now, if we locate C1 and P on a surface, above a horizontal 

boundary: separating two media, that means there are three media 

separated by two interfaces Fig. 8. As a result there will be 

an infinite set of images above and below the current electrode. 

The potential dUB to 

f, 

f~ 
£. 

given by 

Fig. 8: 
( 

Images res u1 tin? from two in te rfaces 
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V' 
PI (2 I' PI I K _. 
2Jl + ~. --) = 2i'f (y- + -I l' 1 1'1 

V" 
IP 1 K Vi +V" ~.l(L }K) = ZIT .. = 1 l' I I 2Jl l' 1'1 1 

as Ka, k of air, is 1, the intensity of the nth image is riven 

as: 

th th therefore, the potential C~U<3 to the nand (n-l) ima[!e is 

"

n-leVn IPI n 
c = 2i'[ (21: ) 

thus, the resultant potential at P can thus be expressed as an 

infinite series of the form 

+ •• " } 

where, 

this series can be written in the compact form as 

v = ~ 
2lTr (4 .4) 

In this -~eries the first term is the notential function 

for a homogeneous isotropic half-space called primary or normal 

potential, and the second tern] is called a distrubing potential 
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5. THE N-LAYFR PROBLEM 

This problem can be solved by finding the solution of the 

Laplace equation that satisfies a certain boundary condition.-

In solving the LaDJ.ace equation both the method of separation 

of variables and Hankel transform method are discussed for the 

following specification. 

1) The subsurface cons is ts of a fini te number of layers 

sensrated from each other by horizontal boundary planes, the 

deepest layer extends to infinite depth, the other layers have 

finite thickness. 

2) Each of the layers is electrically homogeneous as well 

as electrically isotropic and the field is generated by a point 

of direct current that is located. at the surface of the Earth. 

From Ohm I slaw 
... ... 
E = PJ 

... 
E, electric 

... 
field; .J, current density and p, resistivity, but 

. di vj = 0 from the 
... ~ + 

:. divI' = pdivJ = 0, but F = - 'VV 

hence 

this can be transformed to cylinderical coordinates (rA, Z) 

and is written as 
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(S .1) 

To solve this by the method of separation of variables, 

let 

v ~ R(r) <H1»Z(z), (5.1) reduces to 

putting 
CZ and 

C and D constant (S.2) reduces to 

d2R IdR 
(D 2 + rar + + rd;Z 

if we put C ~ P 
2 and D 

2 then, ~ ~n 

aud 

whose solutions are 

Cr 2)R ~ 0 

- PZ e 

Z -n cjJ 

and cjJ = AZ Cos ncjJ + BZ Sin ncjJ 

then (5.3) reduces to 

(S. 2) 

(5.3) . 



wi th v ~ Pr , this becomes 
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dR 
dv 

(S. 4 ) 

which is Bessel's differential equation of order n and its solu-

tion are known as cylinderic91 functions or Bessel's function of 

orcler n. 

Hence if J (v) be a Bessel function of order 11, then solu
n 

tion of the Laplace's equation is 

(5.5) 

However, in the case consi.,1ere<l in this problem, the condi-

tioDS are such that the potential field must have cylinderical 

symmetry with respect to Z"axis, and (5.5) is symmetrical about 

Z-axis if 11=0, therefore (5.4) and (5.S) can be rewritten as 

and +PZ 
V = J (Pr)e- ,respectively o 

(5.4a) 

(5.Sa) 

where Jo(Pr) is Bessel's function of orcler zero, from the last 

equation, (5. Sa), we get 

(5. Sb) 

in this equation both C and Pare arbitrary constants. However, 

any linear combination of solutions is also solution of the 
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differential equation. Thus by makinp P po through a1:[ possible 

values from zero to infinity and allowing the two constant C to 

vary independence of P, we obtain the general solution for V as 

v = J 
o 

[A(P)e- PZ .,. B(P)e PZ J J (Pr)dr 
o 

A (P) and B (P) are arbitrary functions of P. 

(5.7) 

If we introduce the potential generated by 8 single point 

source of current of intensity I, located at tIle surface of a 

homogeneous Earth into (5.7) where the potential is 

from Weber-Lipschitz identity 

00 _ PZ I 
~ e J o (Pr)dp = /r2+zZ 

therefore V takes the form: 

PI I 00 

V = -- - PZ 
ZIT fe Jo(Pr)dp (5.8) 

o 

this is the primary or normal potential. Therefore, the general 

solution of (5.48) can now be written as 

00 

- PZ - PZ PZ f[e +0 (P)e +X (P)e 1 J (Pr)dp 
o 0 

(5. 9) 

where e(p) and X(P) are arbitrary functions of P. This solution 
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is valid in all the layers in the subsurface, but the functions 

!) (p) and Yep) are not necessarily the same in the different layers 

of the subsurface. Thus, 

PI I 00 _ PZ _ PZ PZ 
Vi = Z-I1 f [e +8. (P)e +X. (P)e 1 J (Pr)dp 

o 1 1 0 
(S.lO) 

This is the solution of the different layers, the subscript 

i referring to the several layers. 

We can arrive at (S.IO) by using the Hankel transform tech

nique. 

Since the potential is symmetric about Z, V ~ V(r,Z) there" 

fore the differential equation, for nao, is 

o , o < r ~ 00 , Z > 0 

Taking the Hankel transform of the given equation we have 

or 

p2V 3
2

" '" 
DO 

= -
az2 

where V ; f V (r) Jo(Pr)dr , 
0 

i.eo 
d2y 

p2\i 0, whose solution is 
dZ 2 

~ 

'" PZ - PZ V (P,2) ; A e + B e 

Applying the inversion formula, 
00 

V(r,Z) ~ f~ (A(P)ePZ+B(P)e-PZ)p Jo(Pr)dl' 
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as P is arbitrary independent variable and A and B ar.e 8rbi trary 

constants independent of Z, may be taken as function of Palone, 

then the above equation can be written analopous to (5.9) after 

introducinr the normal or nrimary potential, from (5.8). 

'" - PZ 
/ e Jo(Pr)cJn 
o 

then, we get 
00 

/[e-PZ+8(P)e-Pz+X(P)ePz 1 Jo(Pr)dp 
o 

and considering the potential for different layers V., potential 
1 . 

of the i th layer is given by 

which is (5.10). 

Now using (5.10), let us solve for B. and X. using the 
1 1 

boundary conditions. 

1) At each of the boundary planes in the subsurface the 

potential must be continuous. This means 

This leads to 

at Z :;". h. 
1 

00 Ph. Ph . Ph . 
/ [e" 1+0i+

l
(1')e - l+Xi (i')e 1] J

o o 
(PI' )dp 
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This is satisfied, if the interrands on both sides are equal. 

Thus, we obtain, 

Ph. Ph. Ph. Ph. 
e. (P)e l+X. (P)e 1 = 8. +1 (F)e 

1 1 1 . 

1 1 
+Xi+l (P)e (5.11) 

2) At each of the boundary planes in the subsurface the 

vertical component of the current density must be continuous. 

Since, J . = 
n1 

1 aV i -- 1)sinr the expression for V. in (S.lO) p. dZ ' J. 
1 

we .get 

1 8 ( P) Ph. Ph. 
+ . - 1. 1 1 )}e -X. (P)8 ]J (Pr)dn 

1 0 

00 ~.~. 

{
-I 1 f [ 1+8 i +l (I')} e' -X i + l (P)e )Jo(Pr)d)) 

o 

this equation can be satisfied for all values of r if the inte-

grands on both sides of the equation are equal. 

3) At the surface J ~ a therefore (S.10) reduces to n l 

~ [-1-8 1 (P)+Xl (F)) J o (Pr)dp = a 

As the normal potential automatically satisfies the boundary 

condition, we donot bother for the first terp. From tllis we get 

81 (P) = Xl(p) (50l3) 

(5.13) can be got also by the condition that the potential 
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approaches infinity near the current source. 

4) At infinite depth the potential must anproach to zero. 

Then Xi (P) for the substratum, represented as Xn for n layered 

Farth, must be zero 

X = 0 n (5.14) 

There remains only 2n functions 8. and X. to be determined 
1 J. 

from a set of 2n boundary conditions, as can be seen from the 

set of equations (5.11-5.1-1). 

To obtain the solution we can )Jut the 2n equations in a 

form of a matrix, taking into account that Xl (P) = 8
1 

(p) and Xn ~ 

for the subs tratum, is zero. 

The system of equations then becomes, after the following 

chanees, 

U 
-Phi Phi Pi 

= e v. = e , qi = 
1 Pi+l 

= 0 

lJ e v X u e v X = (l-q?)UZ 2 2+ 2 ztqz 2 3- q 2 2 3 . 

11.0.110<>0000<>0 ••••••••••••••• 0000 oo.~o •• 

u e +v X -U e = 0 n-l n··l n-l n-l n-l n 



~ 27 -

As the matrix is 2nX 2n, the solution for 81 can be obtained by 

cramer's rule. Which is given by 

'" P 
°1 ~. ~ 

'" Where, D is the (leterminant of the coefficient ma 1:rix and 

'" P is the determinant obtained by substituting the right hand 

'" column vector for the first column of D. By (5.48) and (5.10) 

the potential at the surface of the earth in the conditions 

specified in (1-4) is 

PI I 00 

V = 2l'I I[ 1+2Gl U)]J (Pr)dn 
o 0 

(5015a) 

K(P) .- 1 + 28 1 (P), Slichter Kernel function 

PI I 00 

V = 21f' I K(P)Jo (Pr)dp (S,lSb) 
0 

'" '" '" K(P) = 1+2 P D+2P 
= 

'" '" D D 

We can find 81 , using Pekeris recurrence relation, from (AI.5) 

Je 
1 

(5;16) 

This can be used to determine Slichter's Kernel function 

in the· surface layer when the parameter's of the layer distribu-

tion are known. 

Using (A1.2) Kn=l, for the substratum (Leo, nth layer). 

us ing the value of ~ we can find the value of K in any other 
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layers by recurrent application of (5.16). 

Koefoed (1970) introduced the "resistivity transform" 

denoted by Ti , which is defined by the equation 

T. = p.l<. (5.17) 
1 1 1 

The subscript has the same maanin!, as before. Expressed 

for the resistivity transform, the Pekeris recurre~ce relation 

are: 

(5.18) 

Using (S.18) and (S.ISb) the potential due to a point 

source, is gi ven as 

V (1') 
I '" 

= ZIl f T (P)Jo (Pr)clp 
o 

(5.19) 

where T(P) is tho resistivity transform, equation (5.19) may be 

written as a convolution integral by makinr the following: chanpes 

of variables. 

l' = exp (x) r = exn(-y) 

this is in order to have the same dimension for X and Y as pIS 

dimension is a reciprocal of length. 

c I 
00 

V (1') _. 
2ftI' f T(y)exp(x-y)J '(exD(x-y))dy 

_00 0 

I 
00 

= 
21lI' f T(y)f(x-y)dy (S.20) 

_00 
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Thus, the potential is given by the cOllvolution of the 

transform function with a so-called filter function which has, 

the form 

f(x-y) ~ exp(x-y)Jo(exp(x-y) (5 .. 21) 

This convolution may be expressed in discrete form as Rijo, 

ot.aI. (1977). 

where, 

V (1') I 
; 

2]]1' 

j ;n
Z 

E T(Lnr-n.)C(n.) 
j~nl J J 

n. - are filter coefficient abscissa 
J 

(5.2Z) 

C(n j ) - are the digital filter coefficients 

nl - is the number of coefficient to the left 
of the fil tel' o1'i gin 

IlZ - is the number of coefficient to the rirht 
of the fil tel' orir-in . 

Now let us consider the a"plication of (5.22) to the genera" 

lized four-electrode array shown in Fif'. 3. PI and P2 are 

potential electrodes and Cl and C2 are the current electrodes. 

The potential difference between PI and P2 is given by 

Using (5.22) this becomes, for any confif'uration (or measurr 

inl! point) i, 
j ;n 

I 7. 
; 21T E T .. n . 

. j;n
1 

1J J 



where T .. 
1J 

= 

i T (Lnr
U 

n. ) 
) 

.. so -

T (Lnri ~-nj) 
----i-- -

rJ.2 

T .. is referred to a5 composed resistivity transform, O'Neill 
1) 

and t·ierrick (1984). It is a function of the Farth model para-

meters and of the inter-electrode distances. 

For the array shown in Fig. 3, the Bl)]1arent resistivity is 

?iven by 

Substituting for V as given in (5.23), we get 

j =n 
1 1 1 1 -1 2 

Po = [-"- - - - --"'--] L 
rll 1'12 r 21 r 22 j=n

l 

T .. C. 
1J J 

(5.24 ) 

Equation (5.24) shows that, for a given Earth model, the apparent 

resistivity measured by a generalized array is given by the 

product of a geometric factor and a discrete convolution sum. 

The convolution series product are formed from a set of " compos i te 

resistivity transform" values and an appropriate set of digital 

filter coefficients. 

The values of the digital filters C. for sampling rates of 
~ ) 

three, six and twelve points per decade, are given by O'Neill & 

Merrick (1984). 

This is one example of direct interpretation of soundinp 

curves, other techniques are known since 1971 after Gosh. 
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Now as an example of (50 ~) let us work for a two layer 
'\, '\, 

case o For a two layer case, the matrices D and P are given 

Ul+v1 -U 0 -U 
'\, 1 '\, 1 
D = v

l
-U

1 
and r = 

ql ll 1 (1- Ql)U1 <tID]. 

'\, 

D = 

and 1J = (1- q1 )Ui 

-2Ph 
P2-Ple 1 

= '152 

Thus °1 = 

K1 e - 2 PhI 
(2 025 ) 

l-K
1

e- 2Ph1 

The potential at the surface of the Earth is glven by 

v = 

from (5.15a) subs~i tuting (5025) for 81 \'Ie get 

PI I '" 
V-''2ITf[l+ 

o 

2 K -2Phl 
, '1 e 
-----2Ph ] J (Fr)dn 
l-1(

l
e 1 0 

as 

usinp the Weber-Linschitz intepral, the first integral reduces to 

1 Now, let us consider the second integral. In this part 
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must be expanded in power series takinp: 

we get x = X r:x 

therefore, the lKlcond integral will be 

Jo (Pr)dp 
<» en 

= 2 f l: K~ e -2nphl J (Pr)dp 
o n=l 0 

te.rm by term integration of this expression yields 

n 
<» Kl 

= 2 l: t 
n=l /r2+(2nh1 ) 

thus 

which is the same as (4.4) obtained by the method of images. 

As an application of (4.4) let us consider the general

lized four electrode configuration. 



/2 = 

1 

1 1 --)-(-
1'12 1'21 
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1 00 ~=l~~= 
-)+2 E If {, 2+4 2Z2 
1'22 n=l vI' n 

2 1 z::t + 1 -} 
11' +4n Z I 2 +4n 2Z2 (5.26) 

21 1'22 

Example: Wenner array; from table 1 and (3.2), we get 

therefore, 

00 4 Kn 
[1+ E ~---

n = III + (2~Z ) 2 (5.27) 
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6 • STANDARD CD RV IS 

From (5.26) we can see that when the spacing is very 

small, i.e. r«Z, the series terms tend to zero, thus we measure 

the resistivity in the upper formation. On the other hand, 

since the reflection coefficient is less than unity when the C-P 

electrode s!)acing is very large compared to Z, the depth of the b 

bed, the series term will be 

thus 
Pa .. 

Therefore, 

00 

P (1 +2 >.: Kn) 
1 n=l 

That is to say, at very larve spacing, the apparent resis

tivity is practically equal to the resistivity in the lower 

formation. 

The master curves are prepared with dimensionless coordi

nates. equations of Pa for all soundinr configurations, obtain

able from (5.26) as we did for Wenner, can be put in this form 

by dividing Pa by 

A/ Z , L/ Z 1. e. th e 

Pl' The ratios P ,are thus plotted against 
apl 

electrode spacinr divided by the depths of the 

uppor bed for what ever electrode system is used. The curves are 

in logarithmic scales, i.e. we are plotting (log Pa-log PI) 



against (log a - log z). If \~e make PI = IQ - m and Z=lm, all 

the characteristic curves are preserved in shape, no matter 

what the multiplier is for the coordinates (Pa,L). The sets of 

curves are constructed either for various values of K between 

~l or for various ratio of P2,!P b t + 1 e ween _ 00. 
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7. INTERPRETATION OF VES DATA 

Since in the field a soundinr is normally done first, it 

is necessary to have a relatively Quick and easy method of 

obtaining a rough or preliminary interpretation of the data 

so that a depth of investigation for profilinp can be deter

mined. The one that is used commonly is the two-layers plus 

auxiliary curve method, which is based on the assumption that 

any three-layer resistivity section can be analytically expressed 

as an equivalent two-layer section. 

In the final analysis, however, the best anproach is to 

directly calculate tlleoretical soundinp curves and compare them 

with the observed sounding curves, which is done for example by 

using (5.24). 

The complete interpretatation procedure for sounding data, 

therefore, is first to use the two-layer plus auxiliary curve 

method to pet a semi-quantitative estimate of the vertical 

electrical variation then input that resistivity section, and 

compute its theoretical sounding curve. This procedure is 

repeated until an acceptable fit is obtained, of course, at 

this stage of the interpretation it is necessary to incorporate 

into the resistivity section an information obtained from seismic 

and geological investigations or others. 
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7.1 TWO··LAYFR PLUS AUX1LARY CURVF METHOD 

This method may be briefly described as follows. tach, 

of the apparent resistivity curve is approximated by a two-layer 

apparent resistivity curve. The coordinates of the cross of 

this two-layer curve are considered to represent the thickness 

and the resistivity of a ficitious layer that replaces the 

sequence of shallower layers. The procedure is presented as 

follows: 

Plot apparent resistivity P Vs electrode spacing L on a 

semi-transparent log-log paper of the same scale as the "stand-

ard curve" and "auxiliary curve" plots, plate 1,2,3, 

1) Overlay the observed curve plot (pV L) on the standard . s 

curves p.l and move i.t parallel to its own axes down and side 

ways until the a-b portion of the observed curve is best matched 

by a section of the observed curve (I Fig. 9). Mark the location 

of the standard curve origin onto the observed curve plot (01), 

The value Land p of this j)oint, as read off the observed curve 

plot, are the resistivity PI and depth dl of the first layer. The 

resistivity of the second layer is calculated from the ratio 

P~~ , of the matching standard curve and Pl' 

2) Place the observed curve plot to the auxiliary curve 

plot p.2, keeping axes parallel and matchinp the 01 mark on the 
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Fig. 9: Four-layer example for two .. layer 

graphical analysis. 

former with the origin of the latter. Trace the auxiliary curve 

I in Fig. 9, onto the observed curve plot II Fig. 9. 

3) Again place the observed curve plot onto the standard 

curve plot and shift it as before to obtain a best match of B-C 

Fig. 9, with a section of a standard curve III. At this step, 

however, the origin of the standard curve plot must always bo 

on curve II. The origin of tho standard curve plot is again 

marked on the observed curve plot, and this point as read on the 

latter; gives the apparent resistiiity P~ of the equivalent 
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single layer composed of the first and second layers, anddZ of 

t.he second layer. Since P3/
p

1

2 
' no\'! corresponds to t.he ratio P2/ PI 

of the matched st.andard curve, P3 can be calculated from P3/r~ 

and pI 
Z 

4) Now superimpose the auxiliary curve again in the H-t.ype 

curve and note, from the position of cross 02 with respect to the 

parameter lines for constant thickness ratio t 3/t1 , and lTIultipl

ing this ratio by tl gives t Z' 

S) Trace a curve IV using the auxilary curve plot as 

described in Z) above, the origin being OZ' 

6) 03 is obt.ained in the same way as described in 3). 03 

gives p; and d3 of the third layer. Since P4/P~ now corresponds 

to the PZ/PI of the standard curves P4 can be calcu:ated from 

P4/P3 and P3' 

7.2 AUTOMATIC PROCESSING OF VI'S DATA BY COMPUTER 

To interpret electrical sounding data, the geophysicist 

must try several hypotheses and test the solutions against t.he 

field data. The manual procedure, carried out by the help of 

master-curves is time consuming and not. reliable. 

On the contrary the geophysicist can derive correct solu-

tions from VIS curves in very short time by usinr- a computer. 

Since 1973 various authors have nublished methods of 
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automatic interpretation; in which the computation of the layer 

parameters are made by the computer. At nresent the interative 

methods are the most widely applied tool in the interpretation 

of resistivity sounding measurements. 

In the interative interpretation methods the apparent resis

ti vi ty values are computed from the model and compared wi th those 

obtained from the field measurements. If the RRreement between 

the two sets of data is unsatisfactory, then the parameters of 

the layers are adjusted. This procedure is reneatud until a 

sufficient agreement between the model data and the field clata is 

obtained. 

The program used for our purpose is based upon an automatic 

interative interpretation by the method of STEFPEST DESCENT. 

This method has been describod by Householdor (1953) and the first 

publication of this method for the interprotation of resistivity 

sounding data is due to Vozoff (1958). A computer j'rogram of 

this method is written by OTTO KOfFOED (1979) in Fortran. 

In order to adapt this program to a Howlett-packard desk 

calculator (Hp··8S), provided by the Ministry of Mines and Inergy, 

it has been modified and r-ewritten in Basic by the author of the 

present work. The computer program is desirned to adjust both 

the value of the thickness of a layer and its resistivity. 

In order to facilitate for incorporating geological informa

tion into the solution, the computer can be also instructed to 

leave a specific layer unchanged in thickness and/or resisti vi ty. 

For a copy of the above mentioned prop-ram see J\npendix 2. 
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8. INTERPRETATION AND THEORY or HORIZONTAL PROFILING 

The interpretation of profili.nl' data is qualitative, and 

the primary value of the (lata is to locate geologic structures 

such as faults, viens, dykes and buried stream channels. Good 

interpretation can be obtained by makinr sufficient number of 

profiles with different electrode spacings and along sets of 

traverses of different azimuths. 

To illustrate the theory, let us consider the case of loca

tion of concealed faults by half-shlumberger array. The sensi

tivity of the array, when steeply dipping resistivity anomalies 

of limitted width are crossed, can be understood from a simpli m 

fied theoretical treatment given below. 

For the Schlumberrer array the anparent resistivity is 

I"iven by 

Pa 
; (1\ V) K 

I 
(8.1 ) 

->-
The electric field E between MN is given by 

~ I::,V lEI ~ 

~1N (8.2) 

.... 
Since the current density IJI between MN is also related 

to E by Ohm's law: 
-+ -. I II ~ IJI p 

(8.1) can be expressed as: 

(8.3) 
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where Jane P are current Jensity and resistivity in the vici·· 

nity of MN, 

For an isotropic media PH ~ PI' P ~ PI' J = J o where J o is 

the current density in the isotronic medium of resistivity PI' 

Since 1 
J

o 
- K MN 

I 
(8,4) 

nne can fermally ex~ress (8. 3) in tern's of J awl J , namely 
o 

(8, S) 

Any chanre in J due to concealed conductance anomalies 

cause therefore similar chanGe in Pa , i.e" an increase in 

current density beneath MNwill result in an increase in apparent 

resistivity Pa , and vice versa, 

The change of Pa as the array crDsses a fault can be assessed 

by assuming that the potential field at MN is caused by a single 

point electrode, Le" As since the second electrode is far away 

from A, The change of Pa across a steeply dipping fault is shown 

in Fig, 10. 

Fig. 10: 

J\ roN 
~~ l.. 

! .f;<<. f/ ~ 

Change of P over vertical fault a 
(s chema tic) 
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In the following it is assumed that the medium is isotropic 

wi th res is ti vi ty PI except for a small vertically ;; taneinp low 

resistivity zone (fault) or resistivity P2 in the center. 

1) If AMN is away from the fault, then Pa~Pl as indicated 

by the value of Pa on the far left of Fig. 10. 

2) If A MN aflproaches the fault frol11 the Ie -f:t hand s ide in 

Fig. 10, but both A and MN layill£, to the left the electric field 

at WI will be distorted, since the current will tend ~o be 

\I absorbed" by the fault zone, i.e., the current density J beneath 

MN increases and like wise Pa . 

3) When electrode A is on the left hand side of the fault and 

MN on the right hand side, tho current density will be llTeather in 

the fault zone but J beneath MN will be reduced, Le., Pa will 

decrease. 

4) When both A and M!'\l lie to the rip.ht hand side of the fault, 

J will increase and like wise Pa until Pa~Pl' 

On the otherhand, if the layer to the ri ph t of 'i:he fault has 

a resistivity PZ<P 1 , the curve of Fip. 10 will take a different 

form) Fig. ll, i.e., when both A and MN lie to the right of the 

fault, the apparent resistivity measun,d will not rise arain, rather 

decreases and finally apuroaches PZ' Fir. 11. 

B· ~ 
Z", ;-;--;/~ I ", I " t',. 1'1.1"":/ 

'" ,"";"/""'A p",,~ ,,~;#.,;' fl P, ~ i , .. , I I ,,' I' ' • ", ,,-, ,". '" 1',.;'.;.''' ...... . <,~. I L. 

Fig. 11: Change of Pa over vertical fault 

(schematic) 
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9. DfPTH OF INVESTIGATION IN COLLINEAR ARRAYS 

In the artificial methods of D-C electrical jlrospecting 

the voltage measured between the potential electrodes is the 

sum of the contributions of the Earth material from different 

depths. It is obvious that the ground layers from different 

dept)ls do not contribute equally to the total measured signal. 

fvijen (1938) introduced the concent of depth of investigation 

and defined it as 'that depth at I~hich a thin horizontal layer 

of ground contributes the maxirnum to the total measured signal 

a t the ground 5 urface. " 

In this work the electrode specings for Wenner, two olect-

rode and half-Sch1umberper arrays are choosen in such a way 

that they give a result of comparable depth. The mathematical 

relation can be shown a.s follows: 

/ 

"4 
I 

/ fi_O' 
/0,/ .• ) 

1---·-----:::-1F-'-l~---·~-- .. .. --- ... '7 X 
(> Cl(-T.) 

L. r----·---7, 
I 
I 
~ 
z. 

Fig. 12: The geometry of gradient array 

with jloint sources of current. 
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Assume two point sources (:1 and (:2 at a distance L from 

each other, and the potential difference is measured alonf 

lines parallel to CI C2 across B pair of potential electrodes 

Pl(alb) and PZ(azb) Fif(. 120 The potential at P(x,y,z) of Cl 

and C2 is riven by 

V(x,y,z) ~ 
(9.1) 

at 1'1 Pz for B small element of value dxc1yc1z at P is given by Roy 

and Apparao (1971), Koefoed (1972), Roy (1978) 

l\V 
PlP2 = Ji."9 (~ Rl 

1 - --) (9.2) R
Z 

Z Z 2! 
Rl = rn1 - [(x-all +(y-b) +z ]" 

RZ 
2 Z 2! = pn Z = [(x-az) + (y··b) +z "]2 

and j) is the electric dipole lfloment of the value element ei ven 

by 
-+ l;l;V' 1 
)l " ZTI v uxdy.cz 

Now, integratinr 

gets the contribution 

AV in the x··y YJlane from - 00 to 00, one 
PlP2 

of a thin horizontal layer of thickness 

dz a0 a depth Z, i.e., the depth of investigation characteristic 

(DIC). Therefore, 

D IC .. 
X=Y=oo 

f f I1V 
X=Y=-oo PIP2 



~ 49 -

(9.3) 

lntegratinp; DIC with resvect to Z from zero to infinity 

one gets the total contribution (TC). Therefore, 

00 

= TC·- f D IC 
z"o 

= pI 
ZIT 

1 1 

{(l/z+a
1 

)2+b 2}' 

1 1 

[(!fZ+R z)7.+b Zj 2 
(9.4) 

Here it has been assumed that C1CZ ~ L anrl P1Pz ~ O.lL . 

Further, ° and 01 are the mid-points of CIC z Bnd P1Pz' respec

tively, Fig. 12, such that the radial distance 001 = Rand 

azimuth < 0 1 OC Z = e , then 

a l = R Cos 0- 0.05L 

a 2 = R Cos 0+ 0.05L 

and b = R Sin e (9. 5) 

Substituting (9.5) in (9.3) and (9.4) and then dividing 

DIC by TC; one gets the normalized denth (1f investigation charac

teristic (NDIC). The NDICs for different arrays placed over a 
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semi-infinite homogeneous isotropic medium are as follows, (L 

is the array length i. e., the ('is tance between two extreme 

active electrodes). 

Wenner array: 

Schlumberger array: (for MN .- O.IL) 

NDIC 1 
= 9. 9LZdz { -z---~ "31? 

[(0. ~SL) '<'4Z~l 

Two-electrode array: 

NDIC ~ 

Dipole-Dipole array: (for L = 1, 12 = 13 = 0.2) 

NDIC _. - O. 66Zdz [-_.1-:7 Y: 
(0.64+4Z )'2 

Pole- Dipole: (for L ~ 1, MN ~ 0.1) 

NDIC = 36Zdz 

(9.6) 

(9.8) 

(9.9) 

(9.10) 

Where dz is the thickness of the thin horizontal layer at 

a depth Z. 
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Equations (9,5-9,10) sho'is that the normalized contribu .. 

tion of a layer of homogeneous isotropic ~round is a function 

of the array ler'rth nnd depth Z of tho layer,- i.e. NDIC m feL,Z) 

and it is different for different olectrode nrrays. 

The value of Z for which NDIC is maximum indicat8s the 

depth of investigation of the array. thus equating first 

derivatives of (9.6), (9.8), (9.9) with resnect to Z, to zero; 

we get, the depth of investigation Z in terms of L. Therofore, 

Ive get for: 

Wenner: Z m 0.11L 

Two-electrode: Z m 0.35L 

Half- Schlumberger: Z = 0',2 5L 

The above comparison indicates that the two-electrode set 

up portray l!reater probing depth and less resolving (lower than 

the other configurations, for equal spacing L. (L has the same 

meaning as before), 
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10. SHALLOW RI'SISTIVITY INV1STIGATION IN THE ._-----_ .... -

F ILWOI-l/I FAlJl::G.-1'DD IS AB~\Bl~ 

10.1 CIDLOGY AND LOCATION 01' TIlI SURVIY ARm 

The Ad~is Ababa area l'artic01arly north of the city is 

rugged with many tynical volcRnic tonofra~)hic features. Amonr 

these ar~ Ihtoto Ridge (3.200m) Mt. Yerer (3,IOOm), Mt. Furi 

(2,839m) and Mt. Wachachil (3,385m). 

Physiopraphically Ad'lis Ababa is on the Ethiopian rift 

margin Zanettin and Justin-Visentin (1974), the rim of the 

Ethiopian plateau beinr marked by the F·, IV f(wl t, runninr from 

Cassar:! River to Ambo. Mohr (196'7), considered this territory 

as an embayment of the l'thiopian rift . 
• 

The stratigraphy of Ar1 dis Ababa was first n1'o1'oseo by 

Kundo (1958). According to him, there are seven different units, 

these are from younrest to oldest: 

1. Q'u'aternary basalt breccias (Colluvial), 

2. Trachyte (divided into four units based on 

differences in texture and minerals Dresent), 

3. Olivine basalt, 

4. Soda-rhyolite breccias and trachyte. 

On this geoloRical map the olivine basalt covers the north

ern part of the city, i.e., from Cinfilo, Pip. 13 to foot hills 

of Entoto, and the trachyte the southern part. However, latter 
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detailed manping carried out since 1971 by senior students of 

the Department of Geolory, A.A.n., and cOlllpiled by Morton (1974), 

showed similar result in the north but revealed that the southern 

part is covered by ignimbrite and 3uhanitic basalt rather than 

trachyte. 

Several other authors Mohr (1964), Zancttin and Justin-Vis-

entin (1974), Kazmin (1979) and "iorton, et.al. (1979) discussed 
, 

the geolo"y of Addis Ababa as rart of their repional studies. 

In this work the stratiprp.phy of the volcanic succession 

of Addis Ababa area is proposed. 

The Geolopical map of Addis Abob3, Fig. 13, by Morton (1974) 

and unpublished student reports are used as a base for this work. 

Supplemented by two weeks field work br the writer in areas of 

uncertainity. 

To establish the stratigraphy 16 columns were constructed 

Fig. 14 (1,2 & 3). Correlating these columns has yielded a 

composite stratigraphy of the area. Absolute ages of some rocks 

have been taken from literature. 

Lithostratii'Taphy: L Trap" series" I 

, 

Outcrop of this unit extend from the crest of Ihtoto north 

across the Sululta plain. It is composed of olivinephyric basalt, 

ITrap "series" is retained in this paper on historical 
grounds as an informal uni t, dE,spi te the fact that "s eries " 
is ndt an appropriate lithostrRti~raphic term. 

\ 
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trachybasal t, rhyolite and w()ldl)c1 tuff. The ape of a basalt at 

Su1ulta is 22.5 Ma p·lorton (1971') !'lacillp it in Llocene period. 

Which is in the aRe nlIlpe of the Trap series (23 .. Zn"a) McDourall 

(1975), thus thi.s name is anpli.'3cl. The unit is underlain by 

tuff an (I, ipnimbrite, but its relation with the E'ototo silicics 

is difficult to determine, as they are in fault contact; however, 

Mohr (1964) stated that the Entoto trachyte overlies the basalt. 

2. futoto Silidcs: These rocks outcrop in the crest of 

Entoto on the r.·w faul t Tunning from Cassam to Ambo. They thin 

both towards the plateau and. the plain. They are composed of 

welded tuff, volcanic braccia, tuffs and agplomerate, rhyolite 

ancl trachyte, the last two beinr ~redominant. 

Rhyolite: The ty>..e locality and section is found in the 

slope of [btoto hill Fir. 14 2b. It outcrons in the summit and 

foot hills of fJltoto, ')l'edominantly in the western anc1. (~astern 

part of the city. The thickness is variable as it forms dome 

like structures; however, II thickness of ISm is obsfJrved south 

of Fntoto Mariam. 

The base of the rhyolite is placed on irnimbrite and tuff 

Fig 14 2b. The irnimbrite is welded, with columnar jointing. 

The rhyolite is overlain by feldsnar-phyric trachyte lackinv 

quartz phenocrysts. The distinction of trachyte from rhyolite 

is not always possible in the field, this h::ls been solved in 

the lab. 
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LEGEND FOR TilE SYHPOLES USED IN FIG. 14 

OR - Old rhyolite 

OT - Old trachyte 

OTu 

OPFB 

.. Old tuff and agglomerate 

- Old porphyritic feldspare basalt 

OPOB - Old porphyritic olivine basalt 

DAB Old aphanitio basalt 

OIF - Welded glassy ignimbrite 

OTB - Old trachy basalt 

YI - Young ignimbrite 

YPOB - Young porphyritic olivine basalt 

YT - Young trachyte 

YTu .. Young tuff 

OPFB - POPPB 
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The rhyolite is subciivi(lrorj into porphyritic rhyolite with 

phenocrysts of anorthocl~se, sanidine and Quartz, micro porphy

ritic rhyolite, phenocrysts, anorthoclase and sanidine and less 

commonly quartz, aphyric rhyolite and pitchstone which is 

dominated by plass with very small feldspar nhenocryst. Flow

banding in some part kinked and folded with jointing are 

commonly observed in the last. The rhyolite contains phenocrysts 

of plagioclase (albite-oligoclase) altered riebeckite, in a 

matrix of rlass with iron oxide. 

The are of the rhyolite has been deterwined to be 22.1 Ma 

Justin-Visentin et.aI. (1974), placing it in Miocene. 

Trachyte: The type localities and section of the trachyte 

are found in the foot hills of Entoto Fi):,. 14 la,b. It outcrops 

in the foot hills and slopes of Entoto and is ~ominant over the 

rhyolite, especially towards the eastern flank, the thickness as 

observed near Kotebe is greater than 30m. 

The trachyte typically lies on the rhyoli te as mentioned 

previously but it is also observed that it lies on the trap 

series in the north Fig. 15. It is mainly overlain by olivine

phyric basalt and feldspar-phyric basalt. 

The trachyte appears uniform except for minor grain size 

variation in the phenocrysts, but in the eastern side near 

Kotebe there are two varieties, viz, pale-gray trachyte and 

pink trachyte. The latter is cut by hematized opal and the 



felcspar phenocryst ayC:' often cor'-pletely or partially altered 

with fine fracture fillinss of hematite. The p~onocrysts arc 

oli?ocl~se, sanidine an~ r~Gbeckite the rroundmass is dcwinated 

by aligned plapioclaso laths, iron oxide and minor quartz and 

mafic minernls. 

K/Ar afe o.etermilJation ma(1e on the trachyte shows a Hiocene 

arc of 21.~; Ma 110rton (1974) aad Morton et.al. (1979). 

3. Addis Ababa Basalts: arc do~inant in the central Rnd 

southern part ef the city. the thickness of the basalt exceeding 

J.50m in Ketchene stream. They are unGerlain by thR fntoto 

silicics and overlain by younger irnimbrjte. 

This unit is COI"pose~\ of oJ.ivine-phyric basalt, feldspar-

phyrlc basalt, wel'kd glassy ignil~brite, aphanitic basalt anrl 

trachy-basalt. 

Oli vine-nhyric Bas al t: 11'15 an averare of 10% ali vine 

phenocryst. It outcrcps in the central part of the city, includes 

the Markato, Tckle Hairnanot, Sids t Kilo. The thickness as 

l1'easured in Ketchene is greater than 130m thinning to Ol1e meter 

01' less in the foot hills of Entoto. This rock disap'lcars south 

of Lic1eta air field an:i Fihvoha which is eXJllaine~l by the 

presence of N-I striking fault by Mohr (1964) and Morton et.al. 

(1979) • 

The ali vine- phyric bas al t is overlain by nlapioclase-phyric 

basal t in Ketchenc, \'Ihcn~ the former shows a vesicular to]), else-
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where their relatIonship is rifficul t to determine 0 

~tro[rnphic examination shows phenocrysts of plagioclase 

averaging l~bradorite. olivine rartly altered to iddingsite, and 

rarely augite. The groundrnass is comnosed of Dlagioclase, Dyro

xene, magnetite and olivine, 

K/Ar age determination made on samnles tilken near Arat Kilo 

and fel~ kilometers from Giorgis in the MesEn lhrilr t,venue shows 

a figu:ce of 6.9 and 7.3 '4<\ respectively, ~Iorton (l974), 

PlHgioclase-phyric b9.salt: outcn»)s north of Sidst Kilo, 

in the area of General Wingate. In peneral its distribution is 

almost the same as tha,t of olivine"'phyric basalt, 

Its relation with the welded plassy ignimbrite is not 

clear, due to the presence of a fnult contact near the Indian 

FJ11bassy; however, tho same ignimbrite overlies olivine-phyric 

basalt and plagioclase basalt, Fir. 14 2e. 

Thinsection study of the bflsalt shaHS lliarioclase (labra" 

dori te) fwd augite as nhenocrys ts, and a rroundmass composed of 

plagioclase, pyroxene, and magnetite. The rock shaHS variation 

in the amount and size of plarioclase phenocrysts, which are 

large and abundant at the base and beco~e finer an~ fewer at the 

top, 

An age determination ml1.de 011 the upper part of the flow 

shol'ls a firure of 6. HAn Morton (1974). 
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Welded Glassy Ignimbrite; small discontinuous outcrops of 

this unit are found in Filwohi', Ginflile and neal' Lir!.eta air 

field.. At Lideta '1ir field the ipnimhri te is overl;}in by anhani

tic basal·i:, Fig. 14 2e. The rock shows columnar jointinp and the 

there is abundant fiamme. A sample taken from K(-'bena stream 

shows an ape of 5.0Ma. This date is in the ape range of Wachacha 

volcanic rocks, based on a (late of 4. 51.Jfa Miller and Mohr (1966). 

It may thus be a product of this voI"cano. 

ApJDnitic Basalt: The type locality an<1 section of this 

basalt is in the Akaki River, Fip. 14 3b. It covers the southern 

part of the city, south of Asmara road, esnecially the Bole Air 

Port and Lideta Air Field. It is underlain by a soil horizon 

that covers the rlarioclase basalt and overlain by a Sm soil 

horizon and 3m tuff layer that lies below the younger ignimbrite, 

Pip;. 14 3a. 

The basalt consists of plagioclase (labradorite), augite, 

rarely olivine and magnetite and lo.cks big nhenocrysts. The 

plagioclase crystals sho\'l flo\'l alignment. The basalt shows 

vertical, curvedcolulJlnar jointinp and subhorizontal sheet joint':' 

ing. In the Akaki River south of Bole, the basalt has lar?e 

amygdules of calcite, also observed in the same basalt on a rive, 

near Legedadi. Yaolinite lenses are present at the contact of 

the basalt with the young ignimbrite. Thus, there may have been 

hydrothermal alteration along a fracture system orientec NE-SW, 

that affect the basalt and the Il1toto trachvte. 
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Age determination made 112'11' Lidetn air field shows the 

basalt to be 3.6Na, near the are of Yerer volcanism 3.5Ma, 

1·10rtol1 and Rex (19'15). Vesdcnles in the basalt in Ahlki River 

show an &1'1 elongation, su.gpestinp that the flow(s) cou.ld have 
. . 

come from Yerer. 

TrachybBsalt: Outcrons around Repi and General Winpate 

School and is absent elsewhere. In General Wingate it is under-

lain by olivine··phyric basalt and overlain by the youn?, ignimbrite, 

from which is separated by tuff and agglomerate from the later, 

Fig. 14 3d. However, its relation to the other rocks of the 

group is not clear, probably it is younger than the aphanitic 

basalt. 

4. Younper Volcanics: is the youngest of all volcanic 

rocks of Addis Ababa, 3.2 M'1 or less in arc. The lower age 

refers to the younr i rnimbri te, which is a pood marker hori zon, 

being extensive allel follows often fl tuff, thus is easy to identify. 

The group is composed of tuff, irnimbrite, trachy-td, olivine-

phyTic basalt and minor felfl.s!'ar--phyric basalt and rhyolite. 

Youllf Ipnibri te: 1'Jlf; ty;>e section of this rock is in the 

Akaki River south of Bole Air Port and west of the Dama Hotel. 

It outcrops all over the southern 1'art of the city includillf' 

Bole, Nefas Silk flnd Roil Way Station. In its type section the 

thickness is about 20m. 

Its base lies on tuff and soil and is covered by another 
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tuff and younrcr olivinD-nhyric basalt in the southeast "art of 

the city and by younr trachyte in tl18 southwest. 

It shows horizontal 'l'ld coluronar jointinp. In ')l~ces, one 

or more of phenocrysts, fiam,'.>, or .1'18S5Y rlHtrix Dr8(lominat.e. 

It contains TJhenocrys t5 of s ani dine , anorthoclase, quart z, iron 

oxide, aeperine-:llwite and cussyrite in a rrolll1flnnss predominated 

ely ;:class ,,','ith vory smBll felf~sl'ars. The presence of cossyrite 

indicates that the rock is pnntelleritic. 

K/Ar age determinatir:.7l ma.:1" on '1 snnmle taken near Asmara 

road shows an are' of 3. 2~,·jlJ.. 

Young Trachyte: is predominant in the southwest part of the 

ci ty, 1. c;., from Dama Hotel towards Furi and Reni, along hills 

and foot hills of Hana Mariam and Tulu Iyoo 12-13kms. south of 

Addis AbG'.ba. 

It is unrlerlain by the tuff, that covnrs the young ignimbrite, 

and ovorlain oy alternating :flows of plarioclase basalt and rhyo--

lite in the Reni hill. Its relation with the nor~hyritic basalt 

is not clear as they outcrop in different parts of the area; 

however, in a small outcrop near Aba Samuel Lake 20kms. southwest 

cf Addis Ababa the trachyte :is under oJ.ivine-ptW'Y.'ic basalt. 

llsewhere; they m.~y be later':llly equivalent. 

The trachyte is porphyritic with phenocrysts of plagioclase 

(albite-oligoclase), sanidinc, biotito and the groundmass is 

dominated by microlites of feldsrar. 



Young Olivine-Dhyric Basalt: outcrops sOlith-ward from 

Akaki River, where it appears in the form of houlders, urto 

AkaI:i tQWU reaching. 1) thickness of 10m. It is restricted and 

dominant in the southeast of t\e city nearly east of Addis Ababa

Debrezei t Road. 

It is unc1erlain by tho tuff that covers the young irnimbri te. 

It is characterized by bip vescicules which are filled in plaoes 

by calcite. It contains phenocrysts of ',larinclBse (labradorite), 

olivine, which is partially or co~)letely altered to iddinpsite, 

and aurita and the rroundmass is composed of ni.agiocillse, Jnapnetite, 

f'yroxene and olivine. 

Age determination made on the basalt shows 2.8Ma. 

From the above discussion it can be observed that the vol

canic roc],s of Addi 5 Ababa sh'JW younf'inp t()l'Iards the ri ft, Fi ['. 

16. .And a NI fault, that passes through FilllOha, call be assumed 

to separate the mafic rocks of the north nnd sialic rocks of the 

south, in the oastern sector of the city. The composite strati

graDhy is shown in Table ~. 

It is in this nartof the 81'08 that the resistivity 

survey is carried out. The location of the resistivity traverses 

1\A' and BB' arf' shown in F:i_f. 13. 
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10. Z FIELD INVEST lGAT ION AND lNSTRUiotENTS USED 

All resistivity observations were performed with a Scintrex 

RSP-6 DC resistivity system, fabricated by Scintrex, Ontario, 

Canada. The SP- 6 is a small ),ortab Ie uni t, which may be al ter

natively used to measure direct current resistivity and/or sclf

potentials. 

Brass hallow tube electrodes were used for transmitting 

current into the ground and for the measurement of the potential 

difference. Sufficient care was taken to ensure good contact wi 

with the pround by adding substantial amount of water. 

Resistivity Survey over the Fault: In order to get an idea 

of the geological sequences and the associated resistivity values 

altogether 4 and Z soundings were taken on either side of the 

fault applying Schlum~.rger (Cl-PIPZ-CZl configuration, along 

AA' and BB' respectively. All these soundings were taken along 

the traverses AA' and BB' kee~inr the array approximately parallel 

to the strike of the fault. The location of the sounding points 

is shown in Fig. 13. Sounding were taken wi thin a ZOO-440m spread 

AB, subject to the limitations of accessibility. 

Profiling along the traverses gives an idea of the lateral 

variation of resistivity values down to a certain depth. The 

configurations used across the fault along AA' nre Wenner 

(CI-FIPZ-CZl with a current electrode separation AB of 150m, 

half-Schlumberrer (Cl-PIPz) with L • SOm and the two-electrode 
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confifjUratioIl (el-PI ) with L " SOm in AA'. The above mentioned 

spacings were chosen based on the Schlumberper sounding results 

and on the vicw that the estimated ,Iepth of investi)!ations are 

about 0.11 AB for Wenner, 0.35 ALB for two-electrode and 0.25L 

for half-Schlumberrer Roy (1972). The infinite electrodes for 

the two- e lec t rode and ha If~ Schltn')bel' pe l' confi pur a tions l'Ioro kept 

at a distance of about SOOm in nearly pernendicular directions, 
. ,\ 

due to lack of space it was not possible to increase the distance 

of the infinite electrodes. Proper care was taken to keep the 

infinite electrodes undisturbed. 

The soundin" data was interpreted first by the two-layer anCl. 

auxilary curve matching and this result was used as trial model 

for the computer rropram described in section 7.2. 
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10.3 RESULTS OF THE RfSlSTIVlTY SUHVI.Y ovm THE FILW'JHA FAULT 

Two profiles have beeH taken over the fault by which the 

strike of the fault was detc,rmined, these are designated as AA' 

and BB' for profiles near t.hl~ Indian Embassy and Filwoha resnec-

tively, Fig. 13. 

Profile AA' 

Schlumberger Soundin~s. 

Four Schlumber~er soundings, VIS 1,2,3 and 4 were takell at 

different points along this prcfile, Fig. 13 and their interpreta

tion is shown in Fig. 17 1,2. The j1urpose of taking these sound-

ings was to determine the depth and the nature of resistivities 

of the different formations, and finally to correlate the result 

with the data obtained from profiling. During the work proper 

care was taken to prevent interference from self-poltential, 

polarizing effects, contact errors and other disturbances for the 

potfJlltial gradient measurements in each soundinf'. 

A geoelectric section prepared on the basis of results of 

5chlumberger soundin?s is shown in rip,. 18. The top most layer 

throughout the traverse is found to be thin, (maximum--O. 8m). 

This is considered to be a soU layer havinv resistivi ty from 

(15- 2 h)-m). 

Sounding 4: Fig. 17 2b, was taken at 25vl from the last 

observation point. The resistivity of the third layer obtained 
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at a depth of 3-Sm from the surface has a resistivity of 2SD-m 

and the resistivity value of the second layer l2D-m may corres

pond to a layer of weathered material, tIle variation in resis

tivity depends on the moisture and clay content. The fourth 

layer wi tll a res is ti vi ty value of 6 < 35-0,-m may correspond to a 

clay horizon. The fivth layer obtained at 16m, is thick, that 

has a resistivity value of 20C-m may correspone to a weathered 

layer of the plagioclase-phyric basalt, as can be deduced from t 

the stratigraphy of the area, Table 2. 

Soundings 1,2 and 3 Fig. 17 lb, a and 17 2a respectively 

wer8 taken at a distance of 630,500,230m south from sounding 4. 

The resistivity value of the second layer is lower and is thiner 

than in soundinp: 4. However, this is minor surface variation. 

Instead, the resistivity value of the fourth layer is relatively 

higher than the correspondirw layer in soundinf 4 (74-87rl-m) 

obtained at a denth of about 4-44m, this may correspond to the 

hydrated and weathered welded glassy irnimbrite (51'1:1). Which is 

followed by it higher resistivity layer 244Q·-m at a depth of 

>59m, Fig. 17 lb and from the stratipraphy of the area, Table 2, 

it may correspond to the plagioclase-phyric basalt (6.4Ma). The 

low res is ti vi ty layer 12- 24 \{ -·m is re la ted to the weathered 

mentle of the later. The, bore hole data at Hilton show similar 

lithological sequence. Thus, considerinp the lithologic homo

geneity of the area, the data confirms the constructed model 

from the resistivity survey. 
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Horizontal Resistivity Profiles. 

The apparent resistivi.ty anomalies ohtained through Wenner, 

two-electrode and half-Schlumoerger configurations are shown in 

Fig 18 (a,b,c) along with the geoelectric section (drawn on the 

basis of the results obtained through soundings as well as 

profilings) across the fault. 

Wenner Profile 

The Wenner field profile with L ~ 150m along AA i is shown 

in Fig. 18 (a). The observed profile show no significant varia-' 

tion of resistivity in the two halves of the traverse AA'. 

This may be due to the deep tropical weathering on different 

types of rocks, i.e., mafic and sialic. The profile shows 

irregular variations of apparent resistivity values on the higher 

resistivity side. This may be due to the variation in thickness 

and resistivity values of the shallower layers besides its 

nature, i.e., due to the presence of four active electrodes. 

In the profile the "peak" and 'troup:h' on the higher resis

tivity side are not prominent. However, it shows a peak (1), 

(3) and a trough (2), thus, the fault can be located fairly well 

at, near R = 140m at the middle point of peak (1) and trough (2) 

as suggested by Al-Chalabi on theoretical basis Fig. 19 and the 

gradient is steeper at this point. 

The vertical distance between the peak and trough is small 

thus the fault may be inclined, as inclined contacts can be dis-
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tillguished from verti-cul ones by the inCT~as.o of apparent 1'esi5-

tivity values over the '·l)E,.",ks".'llJrl 'trollchs' on 1:11' 10\" rC'sistivity 

side with ~ecr0asinr anpJ.0 of dip +, Pip. 20(8) Van Nostrand and 
Cook ('966). 

Two Electrode Profile 

The apparent resistivity anomalies obtained through this 

configuration wi th L ~ 501'1 show, Fi". 18 (b), rathor smooth 

variation along the profile. The fault can be fairly accurately 

located at,·near R ~ 140m 3t the middle of the constant apparent 

resistivity value desipwted nplateau' Kwr.ar (19'/38) shown on 

theoretical basis for vertical contact FiE' 20(b). This has also 

been shown by Telfored, et.{ll. (J978) by tho methods of imapes 

on a single vertical contact. 

The smooth variation of the apparent resistivity with two 

electrode array may be due to the smaller number of active 

electrodes and its Jlighar depth of inVestigation. The apparent 

resistivity values on the higher l'r,sistivity side are hil'l1er than 

that obtained from Wenner, in the peneral sense. This is as 

expected, since the depth of investipation of the two-electrode 

setup is higher than Wenner showed in Ch~)lter 9. 

The far electrodes foX' the two electrode setup must be kept 

at sufficiently lonp distance so thnt the error is minimized. 

Half-Schlumberper Profile 

The apparent resistivity anomalies obtained through this 

configuration lvith L ~ sam shows, Fig. 18(c), a considerable 
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fluctuation than the other two; since it is essentially a rradi

ent profile, and there by highs and lows reflect the lateral 

variation in resistivity values, perphaps caused by a different 

degree of weathering along the profile. However it shows a 

clear indication of the fault giving rise to a prominent ~eak 

and trough near the faul t; thus, the fault can be located at 

about R = 140m. 

2. Profi Ie BB I 

Schlumberger Soundings 

TI'IO Schlumberger soundings were taken on either side of the 

fault. The sounding curves, YES 1 and VES2, and their interpreta-

tion is shown in Fig. 21a and b. 

The first soundin!', VES 1, was taken in Zewditu Hospital at 

Sam from the first observation point. The sounding curve shows 

five layers. The top soil having a thickness of 0.86m has a 

resistivity value of 8,84-86Q-m. and a second layer of 14Q-m at 

a depth (0.86-3.49) and fourth layer that reaches upto 24m in 

depth and resistivity of 20Q-m, which is followed by a l6Q-m 

layer. The observed resistivity values show minor resistivity 

contrast, and this may be controlled by the moisture and clay 

content of each layer; otherwise, all may correspond to a soil 

layer. 

The second sounding, Vl3S 2, was taken at R = 375m (R = dis

tance from VES 1). The sounding curve shows an opposite appear-
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ance to that VI'S 1 and has four layers. The top soil having a 

thickness of 1.38m Bnd resistivity of 12Q-m and the second and 

third layer found at a depth of 1.38-34.l8m are characterized 

by a very low resistivity l-2.SQ-m this may be due to the presence 

of the hot spri.ngs (in the area the hot springs are artesian). 

The last layer shows relatively higher resistivity 2S.4Q-m. 

The results of the above two vertical electrical soundin!' 

curves indicate the presence of resistivity contrast on either 

s ide of the faul t, in particule.r with in 1- 34m depth. This may 

be due the presence of the hot springs in the southern side of 

the fault. 

Horizontal Profiling 

In this traverse, due to the lack of space for the infinite 

electrodes only Wenner configuration was used in profiling. 

The apparent resistivity anomaly for Wenner profile with 

L= gOm and the geoelectric section is shown in Fig. 22. The 

profile doesn't show a prominent "peak" an d " t rou ph " 
" 

in 

the higher resistivity side and also the gradient of the apparent 

resistivity near the fault is gentle and broad. However, the 

fault can be located at near R = 185m. The profiling was oriented 

700 to the strike of the fault and this may be the reason for the 

resistivity peaks and associated troughs to be less prominent and 

the zone of anomalies\' a bi t wider. As can be deduced from the 

theoretical profiles of AI-Chalabi. 
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This profile seems 5 table, than in profile Aft I, for a 

smaller spacinp, i.e., L '~90. Thus, the noise of fluctuation 

of the apparent resistivity in Wenner configuration may be 

controlled by the shallow heterogeneities. 
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SUMMARY AND CONCLUS ION 

The mappinp of the Filwoh~ fault was made 'lossible by 

resistivity method. Basee. on the data obtained in profile AA' 

and BB', the strike of the fault is determined to be N5SoF which 

is in good apreement with what \'IRS suppes ted from geoloFica! 

mapping. 

The fault may not be vertical, anrl its throw can be estimate,'. 

to be about 40m, which is approximately the thickness of the 

welded plassy ipnimbrite. Which implies that the down thrown 

side of the fault is the southern part. And the fault has acted 

as a dam to the welded plassy ifnimbrite but not to the basalt 

as was assumed previously. For this reason we sec quite differ

ent Reology in the south and northern part of the area. Thus, 

the aBe of the fault may be bounded by 5.0Ma Hnd 6.4Ma, the age 

of the welc1ed plassy ipnirnbri te and nlap:ioclase-rhyric basalt 

respectively. 

From traverses AA' and BB' it can be observed that the fault 

is shallow, i.e., covered by very thin soil layer (1-4m). 

The resistivity contrast on either side of the fault in 

profile DB' seems to be controlled by the presence of hot snrinps 

south of the fHult. Thus, it is in accordance with the su,p:es

tion of Kundo (1958), that the hot sprinps are controlled by 

this structure. 
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The results over the fault in profile AA' supgest that the 

two-electrode confiruration is the most suitable for marpinp 

this type of dis continuity in the field, as it shows less noise, 

probably due to its fe\'! active electrodes and hi?her de)'th of 

investipation, and sharp variation of resistivity values over 

the fault. The other confipllrations, i.e., Wenner and half

Schlumberger, are not so suitable as these are very sensitive to 

the presence of near surface inhomopeneities, apart for the fluc

tuation of resistivity values, they rive fair indication of the 

fault. Except for the ease of internretation all the three 

configurations show almost the same location for the fault. 
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!,PPIND IX 

A.I. PEKERIS RECURIUNC!·, RELATION 

It is based on addinu a new layer at the top of the original 

layer sequence and movinp the electrode configuration to the top 

of the newly added layer. 

If we ndd e- Phi to both memhers of (5.11), and then divide 

these members over the correspondinr member of (S .12) 1"e ['et 

1+8. (P)+X. (P)e 2Ph i 
p. 1 1 = P 

1 2PIi-.- i+l 
1+8 i (P)-X

i 
(P)e 1 

1+8 (P)+X. (D) 2Phi . i+1 1+1 " e 
2Ph· 1+8. +1 (P)-X. +1 (P)e 1 

1 1 

Let us introduce a new function for each of the layers, 

denoted by Ki(P) and defined as 

3. +Gi'(p) +Xi (r) e 2 Phi_I 
K. (r) = -- 2Ph 

1 1+8. (P)··X. (P)e i-I 
1 1 

(ALl) 

(AI. 2) 

By definition of K. (P) from (A. I. 2), (Al.l) can be written 
1 

as 

l+G. (P)+X. (P)e 2Ph i 
1 1 

and dividin~ the numerator and "denominator of the right hand 

side of (A1.2) by Xi(F) we get 

(l+Gi(P) 

X. 
1 

2 Ph. (Ki + 1) 
= e J.-1 (K. 1) 

1-
(AI. 3) 



and doing the same multiplication on the left hand side of 

(A1.1) and. subs ti tuting (Al.:5), (Al. 1) becomes 

2Ph. 1 e 1-
[. 2Ph. -]Pi 

e 1··1 

(K.+1\"2Ph i _1 "·(K.-l)e 2Ph i 

(K: +1 )0 2 Fll i -1 ::-CK: -1 )e 2 Phi ~Pi +1 Ki +1 

Then, 

where , q.
. 1 

we know that 

p . 
. 1 

Pi+1 
and t. is the thickness 

1 

2pt. 
(e 1 - 1); 2pti 

(e .... 1) 
~ tanh (pt. ) 

1 

hence (AI.4) becomes 

solving this for Ki' we obtain 

(/\l.4 ) 

(AI. 5) 
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';' . 
10 DIM Rl(19),P(19),PO(19),G(19),T(9),D(4,19) 
20 F=EXP(LOG(10)/6) 
30 Ql=99 e CLEAR 
40 Sl,19,I8=0 
70 E=.02 
82 DISP "NUMBER OF ITERATIONS " ~ 
84 INPUT N9 
90 DISP "NEW FIELD DATA? NOmO , YES~l" 
100 INPUT M 
110 IF MaO THEN 230 
120 DISP "FIRST ABSCISSA" 
130 INPUT X7 
140 DISP "GIVE NUMBER OF SAMPLES" e INPUT J7 
160 DISP "GIVE ";J7;"SAMPLE VALUES" 
170 FOR J=1 TO J7 
180 INPUT R1 (n 
190 NEXT J 
200 DISP "CORRECT? No-O , YES-l" 
210 INPUT 11 
220 IF M~O THEN 160 
230 DISP "GIVE NUI1BER OF LAYERe" 
240 INPUT 14 
250 16"'14-1 
260 12=16+14 
270 DISP "GIVE ";I6;"LAYER THICKNESS" 
280 FOR' 1=1 TO 16 
290 INPUT P <I) 
,300 NEXT I 
3'10 DISP "GIVE" ;14; "LAYER RESISTIVITIES" 
320 FOR 1=14 TO 12 
330 INPUT P (I ) 
335 NEXT I 
340 DISP "CORRECT? No-O , YES-I" 
350 INPUT M 
360 IF M=O THEN 270 
365 CLEAR 
370 DISP "STEP LENGTH R.M,S. ERROR" 
3130 19=19+1 
390 X8=X7 
400 J=1 e (~,Bl=O 
430 FOR 1=1 TO 12 
440 GU)=O 
450 NEXT 1. 
460 X=.0105*X8 
470 L8=t 
480 L=O 
482 L=L+l 
485 IF L)9 THEN 670 
490 X=X,xF*·F " 
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500 B"'P<I2) 
510 IF 100000)B THEN 530 
520 T;I"";B-1 00000 
530 B6=B / 
540 Z=O 
550 Z=Z+1 
560 IF Z)16 THEN 700 
570 D6=P<I4-Z) 
500 R6=f'<I2-Z) 
590 IF 100000)D6 THEN 610 
600 D6"'D6-100000 
610 IF 100000>R6 THEN 630 
620 R6~R6-100000 
630 AO=D6/X 
640 IF A8>1000 THEN 670 
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650 TO=CEXPCA8)-EXPC-A8»/CEXPCA8)+EXPC-AO» 
660 GOTO 600 
670 TO=1 _ 
680 B=CB+TO*R6)/C1+TO*B/R6) 
690 GOTO 550 
700 TCL)'''B 
710 GOTO 470 
720 X:o:,I*X 
730 L=4 
740 IF LO)1 THEN 790 
750 X:;:,l-~X 

760 L=LO-l 
7'70 L=L+l 
780 IF L)4 THEN 1100 
790 DCL,I2)=1 
000 B=B6 
810 FOR K=t TO 16 
020 I=I4-K 
830 IO=12-1( 
840 13=10+1 
850 D6=P CI ) , ,-
060 R6=P(IO) 
870 IF 100000)D6 THEN 090 
080 D6'-"D6-100000 
090 IF 100000)R6 THEN 910 
900 R6-R6-100000 
910 AO=D6/X 
920 IF AO)1000 THEN 950 
930 TO=CEXPCAO)-EXPC-AO»/CEXPCAO)+EXPC-AO» 
940 GOlD 960 
950 TO=l 
960 BO=I+B*TO/R6 
970 PO=Cl-TO*T8)/CBO*BO) 
900 DCL,I)=CR6-B*B/R6)IX 
990 PC Ldlj)ti"TO*cU~tl~BL(~1>~R6):l:g*ljl*J;lLR6)L{JlO*Bll> _" 
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1000 
1010 
1020 
1030 
1040 
1 O~;O 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 

I 1150 
1160 
1170 
'1'180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
'1320 
'1330 
'I :~40 
'I:~5() 

1360 
1370 
DBO 
1390 
'1400 
1410 
1 '120 
'1430 
'1440 
'1450 

''1460 
1470 
1400 

FOR 15"'1 TO 16 
D(l,I5)~P8*D(l,I5) 
NEXT 15 
FOR 15~I3 TO 12 
D(l,15)=P8*D(l,I5) 
NEXT 15 
B=(B+T8*R6)/(1+T8*B/R6) 
NEXT I{ 

X=X'lfF*F 
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GOTO 770 
R8=.0148*T(1)-.0814*T(2)+.4018*T(3)-1.5716*T(4)+1.972*T(5) 
R8-R8+.1854*T(6)+.1064*T(7)-.0499*TC8)+:0225*T(9) 
FOR l=l TO 8 
TCU=T(L+l ) 
NEXT L 
B8=1-R8/Rl (J) 

1=0 
I=l'~l 
IF 1>12 THEN 1260 
IF PCI»=100000 THEN 1170 
B=.402*D(l,l)-i.571*D(2,I)+1.972*D(3,I)+.186*D(4,1) 
FOR l~l TO 3 . 
DCl, I>=D(L+l, Il 
NEXT L ' 
G(I)=G(I)+2*B8*B*PC!)/R8 
GOTO 1170 
Q=Q+B8*B8 
IF ~1*Bl)=B8*B8 THEN 1300 
B1=-;B8 
J8=J' 
J=J+2 @ L=9 @ L8=4 
X8=X8*F'lfF 
X=10 .5,x'X8 
IF J(=J7 THEN 500 
J1=INTCJ/2) 
IF J1*2=J THEN 1390 
X8=X7'lfF 
J'=2 
GOTO 440 
Q=SQRCQ/J7) 
IF Ql>Q THEN 1480 
18=1 
FOR 1=1 TO 12 
P(I)=.67*PO(I)+.33*PCI) 
NEXT I 
Sl=S1/3 
IF .003)S1 THEN 1800 
GOTO 39'0 
IF E)=Q THEN 1860 
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1490 IF I9)=N9 THEN lS60 
1500 DISP USING .1510 I S1,Q 
1510 111AGED; DDE, ax, D, DDE 
1520 B=O 
1530 FOR 1=1 TO 12 
1540 G(1)~GCI)/J7 
1550 B=B+GCI)*GCI) 
1560 NEXT I 
1570 GS=SQR(B) 
1580 IF IS)O THEN 1620 
1590 Sl=(Q*Q-.9*E*E)/GS 
1600 IF .5)=Sl THEN 1620 
1610 Sl=.5 
1620 FOR 1=1 TO 12 
1630 PO C I).P <I) 
1640 P(I.)=P(I)*Cl+S1*GCI)/G8) 
1650 NEXT I 
1660 1=0 
1670 1=1+1 
1680 IF 1)16 THEN 1760 
1690 IF 100000)P(I) THEN 1670 
1700 PCI) ,D6=0 
1710 FOR K=l TO I 
1720 D6=D6+POCK)-PCK) 
1730 NEXT K 
1740 P C 1 ) =D6 
1750 GOTO 1670 
1760 Ql =[4 
1770 BO=81 
1780 J6=J·8 
"1790 GOTO 380 
1800 FOR 1=1 TO 12 
1810 P <I ) "P 0 II ) 
1 B;~O NEXT I 
1B30 Q=Ql 
Hl40 Bl=BO 
1B50 J8=J6 
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1B60 PRINT ., MODEL DATA" 
1870 PRINT 
lB80 PRINT "RESISTIVITY THICKNESS" 
1890 FOR 1=1 TO 16 
FIOO D6=P CI) 
1910 i'<6=P(I+16) 
1920 IF 100000>D6 THEN 1940 
1930 D6=D6-100000 
1940 IF 100000)R6 THEN 1960 
1950 R6=R6-100000 
1960 PRINT USING 1970 I R6,D6 
1970 IMAGE D.DDE,8X,D.DDE 

.. 
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1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
21()0 
2110 
2120 
2130 
2140 
2'1 ~)O 
2160 

I~EXT I 
R6=P (12) 

I i 

IF 100000)R6 THEN 2020 
R6=R6-100000 
PRINT USING 2030 ; R6 
IMAGE D.DnE 
PRINT 
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PRINT USING 2060 "R.M.S RELATIVE ERROR ~ ",Q 
I1iAGE 22A, D. DDE 
PRINT 
PRINT USING 2090 I "MAX ERR -";Bl;" AT SAMPLE ";J8 
IMAGE 9A ,D.DDE,llA,DD 
PRINT 
PRINT "NUMBER OF TRIALS WAS ";19 
CLEAR 
D I sp-" CONT-I NUE--<l )OR STOf''( 0>-" 
INPUT M 
IF 1-1"'1 THEN 20 
END 

-, 




