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ABSTRACT 

Basic theoretical foundations are discussed a s a preliminary , 

fOllowed by a description of t he various electrooe spreaos 

together with the relevant mathematical and physical conside ­

rations . 

Inte rpretation t e chniques , olf and r ecent a r e ~resented . 

In the second part, pr actica l work of analysis and interpre­

tation of VES da ta fro~ Dire Dawa and Tendaho a re c lscussed , 

fol l owerl by re~arks and conc l us ion . 
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I INTRODUCTION" 

Arr.ong the various t echnique s of Geophysical Prospecting, 

the e l ectrica l ~ethods have branched out from a broader 

and more basic discipline : Geo l ectricity. 

Geolectricity deal s with the e l e c trical s tate of the earth 

includ i ng aspec ts r e lated to the e l ectrical propertie s o f 

rock s and mine rals unde r .d i f f e r ent geologica l e nvironments. 

It also discusse s the influe.nce s of s uch e l ectrical pro­

pertie s upon various geophys ical phenomena. 

The ultimate goa l i n e lectrical exploration is to make use 

of princ iple s of geo! ectricity and obtain geological maps 

of conce a l e d structure s, prospect for or e s , mine rals and 

o il , and solve ~any hydrogeologi ca l and engineering geology 

proble ms 4 

In the pioneering days of e l ec trica l me thods insufficient 

advance s in t e chnology had r es tricted the ir applicability 

only to ve r y ~ dp.pths . Today , howove r r ecent develop­

ments and ref ine d t echnique s of inte r pr e t ation have incr ea-· 

s ed t he depth of investigation t o the or d(, r of !l:-lO kms . 

The (! l ectr i cal we thods of explor at ion consist of various 

principlc~ and t e chnique s and make use of stat i onary as 

we ll as variabl e currents produced ar ti ficially by 

natura l ways . 
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Among the s e d1 v erse t echniqu::- s , the 0:':10 IllOSt: cor~lIT~nl:y 

us~d and the o ne with which t his :;-a..o;:! r ' i s lTl(:l.1:i1J-y . (!'Jncern£'d .. 
1s known as the r e si s t i v ity method . In t his , a ~ircct or 

low fre q uency alte rnati nn curre n t is intro~UC~0 into the 

ground by t wo or mor e e l ectrodes and the pot en tial dlffe -

r e nee be t wee n two suitably chos en points measured . The 

pote ntial diff e r e nce per unit curre nt s €nt through th e 

~round i s a m€~sure o f t he e l e c trical r Gsistance of the 

~round betwe e n the pOints o r probes, and the r es istance in 

turn depe nds or. the qeome tr ica l con f i guration nf the e l ec-

troc.e s ana t he e l ectrica l ~arameters of the gr ound . 

Re sis tivity measurements a r e classified into two catego-

rie s . In the first , k nown as geo l ectri c profi ling or mapp-

ing , the f?- lectr oc es a nd pr obes are shi f t ed without changi1lCJ 

the ir r e lative confi gura t i on . Thi s crive s an idea of the 

sur face variation of the r e sistanc e / wor c prccisce ly r e sis-

tivity/ within a qiven dept h. In t he s econd , known as 

geole c tri c sounding , the pos itions of the e l ectrodes are 

changed with respect to a f. i xe d point. In thi s manner the 

me asured r es i s tance values at t he s urface r e flect the 

ve rtica l d i stribution of the r e sistivitie s 1n geological 

section . 
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BASI C FOUNDATIONS 

, " . . ~ . 

A. CURRENT FLOW I N HOHOGENECUS EAPTH 

. ; 

. , . . . . 

The physi cal pr inciple of conse rvation of c harge 1s thp. 

basi s for the f l ow of curr~nt i n a ~edlum , mathemati-

cally t hi s p r inc i p l e i s expr e ssed a s 

cUv j = 2.S!. (1 ) at 

"her e j i s c u r r e n": (le n s ! t y 

q is t he char ge density 

Oh~ : s law r e l ate s the curr e nt densj t y J a nd t~e e l ectr ic 

f i e ld int e nsity F 

by 1 
p 9'rad V 

Wher e p i s the r e si s tivity of the medium and V i s the 

e l e c tric potential . Since for an i sot ropic medium p is 

a sca l ar fun ction of the point of obse rvation , t he 

above oh~i c r e l ati on r e nder s j to be in the s aIDe direc­

tion as E but t h i s 1s not t r ue for an a nisotropic 

medium: for then j wi ll assume a di r ective pr opprty a nd 

it is not a lways i n the cir e cti on o f E. 
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For the anisotropi c c~s~ Ohm's l aw 1 s ~odlfic~, and 

for a r ectan9'ular coor dinate ~yster'f' it be comes : 

J = a . E- + a ' E"'" 0xzEz x xxX xy y 

J = 0 [' +OyyPy + cr F. y yx x yz z 

J z + 0 Ey+o F zy 7. Z Z 

The s i x - co~ponent t e nsor (J i k /conductlvlty/ is he r e 

defi ned as the curre nt dens ity 1n th0 d irection of 1 

per unit e l ec tric fie ld i n the Qirection of kJ the 

(2 ) 

conse rvation princ i p l e dic tates that 0lk = ok! I he nce 

i n an ani sotropic rnedil11'l cond uc tivity i s a symme tric 

tensor . 

Now , the e 0uation e xpressing the princio l p. of charge 

conse ;:vation , also known as the f.!quat i on of continuity , 

r educes t o the fo rm div. j = 0 for a stationary cur r ent 

(ie. ~ = 0 ) • 

Repl aci ng j by its equivalent f r om Ohm ' s law we obtain : 

div (! g r ad V) = 0 (3) 
p 

or e xpandi ng , we have 

1 o rad (- ) . p t]rac1 V + 1 - d iv p g r ad v = 0 (4 ) 

Thi s i s the bas i c r e lation of rllrec t - curre nt e l ectrica l 

prospe ct ing . 
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For a homogeneous med ium p doe s not depend on the 

coor dinates, and the abo v e equation reduc~s to 

d i v g r a d V = 0 (5) 

or 

V2 V = 0 which i s Laolace ' s e q . saying 

that the e l ectr ic pot e ntial di s tribution for a di r ect 

current flow in a homegenlJolls isotrooic medium satisfi es 

Laplace ' s equation • 

Ne x t we sha l l consider how the r es isttvlty i s r e l a t ed to 

pr act.i cally me a s ured pote ntial (or pot e nt ia l diffe r e nce 

t o b e e xact) whe n curr e nt I i s intro~uced i n t o th~ 

gro und . 

Cas e (1 ) Infinite Homoge neous Med iUlTl 

D~cause of s~etry for this case the potential 

at a dista nc('! r from the point of intr oducti on 

of t he curre nt , P l wi l l be only a function of r, 

and Laplace's equation r educes to 
, 

d v 
d r z + 2/r 

whose solution i s 

(6) 

(6 ' ) 

Fr om the boundary condition that the pote nti al 

at infinite dista nce i s ze ro we \d 1 1 have Cl = o. 
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For thi s ca se, the eoulpotential surfaces given by 

v - C2/ r • constant (7) 

or r - constnat, are c l early seen to be spherical; and 

the e lectric f i e l d line a and current lines aa well 

be ing t he gradient of the potential, point in the 

radial dir ection. 

The current density J at a distance r 1s by 

1 . - . -p 

The t otal current flowing out of a s r.harical surface of 

r adi us r (of surf ace a r ea 4w r') 1s given by 

J . s urface area = 4nr 2 J = 4ttr ' (1 
p 

(9 ) 

But this tot a l current 1s equal to the or19inal current, 

I , introduced a t point p . 

Hence 

Case di) 

4. 
P 

+ 
+ (10) 

For a s emi- infinite medluro (all other conditions 

1n case (1) r emaining unchanaed) . 

Total current flowing out of a heml~pherlcal 

surfa ce of radius r(of surface area 2wrl) 1a 

given by 



( f) 

1111 .J "tt" 'i J"!£" 1(1 e ..... f> 't;.I 

1'1 

1- J 

[ j . w a et'l('[l [ 1 .. " 'Xl'''' ! ' 

rl:t til "nle..,. !5 " !J 1·, r4J' 

• (Fly--. u .• 
U ~. I • 

...... 1· 'f~" _ " ... rt • 10 re "'n'" J 
! (t oo ,!,'" '59:u: ""'I,,\':h ',a I , t!J 

~ • 

, 

, , 

, 

- r! 

- 7 .-

J . surface a rea = 2 ~r2J 

whe r e C2 = I P/2w (11) 

He nce the potential at any point due to a current 

source at the surface of a homogeneous earth becomes 

Ip 
5/r 

=!2 ! '2Tr • r (12) 

In practice , howe ve r, c urre nt is introduced into the 

ground h y two e lectorde s ; not by one : 

the source and the sink. Conv~ntlonally the source 

g ives rise to a positive pote ntial ~nd the sink give s 

rise to a negative pote ntial . 

He nce we will have the pote ntial at a polnt ~ 

VI = IP/ '- w(l / r 1 ) 

V2 = Ip/2w(l/r2 ) 

cue to source 

c ue to sink 

Whe r e r 1 and r 2 are the distance s fro~ point of 

obse rvation , 0 , of Vl and V2 r e spective ly. 

\,Je have for the r e sultant potential 

I p 
=5 

(13) 

(14 ) 
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III FIELD PRACTICE 

A. Ideallse~ case (Ifonogeneous and Isotropic Earth) a 

direct curront I is ( 'rJ 
f""\\~\ 

,.... i \ ,. .... "" , , 

introducpd into the 

earth through two , , 
point e l e ctrode s , , 

, , , 
A and B 

the pote ntial diffe r e nce betwe~n any two points 

1 
BM' 

1 
(AN 

1 
irn' 

\ 

7l. e .. 
1.-1 and N 

(15' 

Thus , it can be s een that the r e sistivity is de t e rmined 

from measur ements of the potential a t the surface and 

the geome try of the e l ectrode l a yout which is also me as -

ured a t the s urface. 

Various "-'a ys of arranqing .~,B , ~ and M have be en used but 

the mQ.':~t. r -=:r'llnon arrangement s are 

1. Symme trical arrangement 

2. Dipole arrangement. 

In the symme trical arra ngement , the points A,M,N , B are 

aligned on a straight 11ne and the points ,., and N are 
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symme trically nlace about the ce nte r of the straight 

line forme d by l\. and B, for this symmetrical array we 

have 

J'---- t ~, 

" '" .- 0 , I ,13 

I~_- L. - .. . .. 
I V = !..e. ( l /L-£ l/LH ) , 2. --r --r 

-' (l/LH -
--r 

l /L- £) 
--r 

(16) 

a nd from he r e 

(17 ) 

Th F:! Sch lurnberger a rray, one of the t\V'O synunetrical 

arrange me nts, has its R. much l e ss than L(L> 51) and so 

we can approximate L2 _ 12 by L2 with an error l e ss 

tha n 4% ; i),nd 1n this case the r e sistivity becomes 

rrL 6V nr...2 6V 
',p = 4L T = -r T (18) 

6V Be cause of this (le . E = lr) this arr angement is called 

a gradient arrangrnent . For we nne r array, the second of 

the symme trical ones, whe r e L = 31 anc here t 1s conven-

t10nally take n as "a " (and L = 3 a) the r es istivity is 

= 2na bV P I (19) 

and. this configura tion is known as a pote ntial vonflgu­

r ation (be cause of the pre s ence of hIV in the expression). 
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The possible dipole configurations a r c i ndica t e d be low : 

Max Nax 

Mx Nx 

My Ny 

Nr 

Mo No 

M 
Axial c..,. 

- Parall e l 

- - - - - - - ~. - - - Pe rpe ndicular 

- - - - - - - - - - - radial 

-- ----- - - azimuthal 

Meq Neq -- - - --. - •. - equatorial 

N ... 

Tho r e l ations f o r the ~radlent of the potent ial given 

above indicate that the r esistivity p can be de t e rmined 

if one only knows how t o me asure the e l ectric fie ld 

inte ns i t y E; and this can be accomp lished by noting t hat 

E ';It !ltV if the separat i on b e tween l-1 and N is small enough . 

It is to be noted that the eq uatorial a rrangement (9=900) 

i s a special case of the par a lle l ar r a ngement and it 

s implifies t o E _I pL 3cos' ge - 1_ I PL(-1) _ ~ (20) 
eq ----,.;r. r :I "JTf rr .,-nr 1 

a nd for e = 0 , we obtain the e l ectric fi e ld for the 

axia l arrangment I pL 
Eax = nrl (21 ) 
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IV THE CONCEPT OF APPARENT RESI STIVITY 

The f ormula s give n so fa r e nable us to determine t he true 

r e s istivi t y of a s emi-infinite homogene ous earth . 

For an in ho~ogeneous medium , a quanti ty known a s the 

appar(E:nt r e sistivity (P a ) 1s de fine d suc h that it is equal 

to the t r ue r es istivity of a f l ct icl(' u ~ t:oIl"ogenenl.l s and 

i sotr opi c med ium wh ich gives the sa~e potential difference 

V a s in t he case of the in homoge neous medium for the same 

current I a nd the same e lectrod~ orran~ement . 

So the appar e nt r esistivity of a geoloqic med ium depends 

upon the geome try and the r e s i stivitie s of the va rious 

e l ements cons ti tuting the given forffla t i on. 

We can wri te (22) 

Whe r e K i s the geometrica l coe ff ici e nt with the dimention 

of l ength . 

From the r e lations for the r es i stivities i n the differe nt 

arr ays , one can see that 
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V FI ELD PRACT I CES FOR RESIST I VITY SUPVEYS 

The ma in componen t s i n ca rrying out r es istivity me asure -

ments include a power source , meters for measuring current 

a nd voltage (or a l ternative ly a combine~ syst em t o measur e 

the r e sistance), e lectrodes , cabl es ano r ee ls. The power 

supply can e ithe r be DC or a low freque ncy (less then 6CEi',) 1\c. 

In cases whe r e portability is give n p r e cedence a set of B 

batte ries may be connected in ser ies to give several hundlEd 

vo l t s i othe r wise , a motor qener ator having- a capacity of 

seve ra l hund r e d watts is p r eferab l e f or large s cale work. It 

i s customary to periodically r e verse the pol arity of th e 

direct c urre nt in· ·orde r to av01d e ffects of e l ectrolytic 

polarization caused by the f l ow of curre nt in only one 

direct i on . 

The dc source , i n addition to e nab ling me asureme nt of de 

r e s i stivity, p roduces undesirable e ffec t s due to sponte-

ne ous pote nti a ls . This r equires that por o us pots be used 

as J)ote ntia l e l ec trodes, and the spont.aneous pot ential 

ef f ec t must be not e d befor e t he sou r ce is t urned on , and 

the n subtracted from the pote ntial measur ed when curre nt 

is f l owing . 

In add i t i on to the use of a , c . or r apidly inte r rup t ed d . c. 

to e liminate the spontaneous 90tp.n t i a l effect, narrow- band 
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amplifie rs to ned to t he s ourc e f r e que ncy are cm910yed t o 

incre ase the siann l- to noise r at io j hONcve r l this will 

give a r e s i stivi ty l m ... e r than the true n :sisti vity va l ue. 

Othe r s e rious problems that ma y be e ncounter eo are induc­

t ive coupling between curr ent a nd potential cab l es , 

c urre nt l e akage especia lly on tho ground ; and the se e ffects 

incre ase wi t h freque ncy • 
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VI SURVEYING PROCEDURES 

a. El ectr i c Dr illing 

we h a ve s een e a rlie r t ha t t he dept h o f curre nt pene t ­

r a t ion va rie s wi t h t he c urr e nt - e l ectr ooe se~aration : 

so t he proced ure in t he f i e l d i s t o us e a f i xe d ce nte r 

wi t h an e xpand ing s pr e ad . This t e chnique is particula rly 

s ui t ed to de t e c t the pr e s ence o f horizontal or gently 

slopi ng red s o f d i f.fe r e nt r esi s tivi tie s ; and 1n this 

r e spect i t i s ofte n use d to de t e r f'l i n€! . 

1) de p th of ove r bur de n 

i i) dep t h, s truc t ur e a nd r esistivity o f fla t 

seciMentar y beds 

i i i ) de p t h, s tructur e a nd r e s i s1:! v l t y o f bas e me nt 

Eve n whe n t he ma in int e r e s t may be in l ateral explora­

tion , i t i s ofte n necessa r y to ca rry out , e l ectric 

dr ill ing a t seve r a l l ocati ons i n or der t o e s t ablish 

pr ope r e l ectrode s pacings for t he l a t e r a l s e arch . 

h . Electr i c Happing 

Thi s me t hod is ~ain l y us e d in mine r a l exp l or a tion in 

o r de r t o de t ec t i sol a t ed bod i e"s of varying r e s istivities . 
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In a l l a r r ays t ha t ~ay be used e xce pt in those whe re 

one of the e l ectrode s is l o ca t ed a t infinity, t he 

appar e nt r e sistivity is p l o tte d at the mid -'po lnt of 

the pot e ntial e l ec troce s . 

If the pote nt i a l e l ectrodes are closely spaced (as i n 

the s ch l umbe rge r ) , the me asureme n t becomes of potenti a l 

gradi e nt at the midnoint a s can be s ee n f r om the fo l low-

t ". 
l ng conside r a tions : 

Putting 2l = M in the r e lation 

Pa 
nL' (Q~ ) we wi ll have = -rr I , 

P 
nL' ( ~V ) (24 ) = - I-a ~ r 

II Ne xt we s ha ll show tha t when the current e l ectrode s are 

c lose toge the r and re~ot0 f rom the potentia l e l ectr odes, 

the me asurement is that of the second de rivative (or the 

curvature ) of t he pote ntial fi e ld . For the doubl e dipol e: 

+ + + + 

(25 ) 

I 
I .1 ' "," ,", .}.J. • ~ 
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whe rE: 6V1 = V at P, -. V .t PI c
1 

c 1 

and 6V
2 

= V at 
c? P2 - V c 2 

a t " 1 

in the 1.1ITlit as r ~ 0 

6V = (av ) (av ) 
6r o r Or . c

1 '~ 2 

= 6 ( a v) a (av ) a'v 
= - 6r = 6r (a rT ) o r r ar 

or 

6V = {t. r )2 ~ or 

Out , from the usual e xpre ss ion fo r the potential . 

6V = Ipa 
2i! 

and in the following notat i o n 

:<------ ---.-J '(,. 
~ "--. -- _. -...:.:..-, -, G, 

~-- .-

<----~- y. 
.- - -- , 

> 

, -
" 

y. 

- ) 

1. 
~l 
~ 

~ 

r 1 = r 4 = r 

r 2 = r - 6r 

r3 = r + 6r 

(25 ' ) 

(26 ) 

(27) 
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Then , 

6V = 1 pa (.! 1 1 +.!) 2Tf r - r-fl r . . r+.6 rR r 

I pa (r2. - (lIr) l - r 2. · ·r 6r -r 2+r6 r +r 2- ( llr) 2 
= 2'Tr r (r- 6r) (r+f1r ) 

= Ipa 
2iT 

2 ( 6 r) , 
r 1-r( l1r) 

2 ( 6 r)' -1pa (6r) ' ( 28) 
r3 :::. -.- <T 

~ 

The two e xpressions for V must the n be e qual and we will 

have ~ 

( 6 r) , a ' v 
arr 

which g ives 

. -

a'v 
ar' = nr' 

- -1-

The late r a l e xp lor ation is be st suited to detect 

(29 ) 

d i pping contacts and dyke s of contrasting res istivity. 
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VII INTERPRETATION TECHNI QUES OF RESI STIVITY SURVFYS 

a. Schl umber ger 

WE:;; ha vE s een earli e r that mas t e r cur ves p r e!)a r ec with 

a compute r on the basis of the re lation ~ 

P = PI (1+ 2 r 
n= 1 

(30 ) 

are ava ilab l e as an ~id to inte r pr eta tion the details of 

whi ch will be d iscusse~ 1n this s ect ion. T~e above 

f orMul a a ener ate s mas t e r curve s for a two l~yer earth . 

TwO s e t s of t heoretical two ' l a yer . • astpr curves are 

avai labl~ for (P2/Pl) g r ea t e r than unity, i E . asc e ndirg 

type a nd f or (P2/ Pl ) l e ss than unitv. For the firs t se t 

the valuEs of (P2/ P1 ) for which curve s have bae n p l otted 

are~ 

P2/Pl = 11/9 , 3/2, 13/7 , " 7/3 , 3, ~ , 5 , 17/3 , 7 , 9, 

1 9 , 3 9 , 99. 

and for the s(~cond s e t 

(P 2/P l)~ 9/11 , 2/3, 7/13 , 1/7 , 3/7 . 1/3 , 1/4, 1/5 , 3/17 , 

1/7, 1/ 9 , 1/19, 1/19 , 1/ 09 , O. 

Apa r t f r om the f>0s s ibility tha t three l aye r , f our--l a ye r 

or in ge ne r al ~utti laycr mas t e r curve s could be d r awn 

wi th a co~puter uslnq the ir corre s po nding for~ulae , t te 
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available two- layer curve s coul e" be l' s fld to plot thr e e 

l aye r or four l ayer cu rve s for c e r tain soec i a l ca s es, 

as we s hal l s~c be low i n a s c l e c t crl e xample : 

P = 100 n m 1 

'{'he n i n the t.hree-·l ayer formul a f o r the coef i cient 

whe re 

K oPl + 1i.
2

,;cr
o 2 

12",? 

Q = 
1 P1 -2Jl"YO 
2. ' " = e 

P2 -'P 
~ 1 2 

1 
K = = P2 +P1 

, 2 3 

H1 , P1 = 
AD 

P2 = 
H2 

liD 

P3 - P2 

"3 
+ 

"2 

( 31 ) 

( 32) 

(33 ) 

(34) 
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For the spe cial values selected ~ 

= 

'l'his g ives = 

q 

E 
n= l 

(l+k)a(l+a) + (l--k) ( - g ) (1 -0) = ~ a n 
r. hn '" 

2 (1-g ' ) n=l 

denote 

and we wil l have 

a -"- + l -g c - -0 
l+g 

= a and 

and on expans i on i nto a series 

Thi s gives 

= C 

n 
~ b a n -
E 

n= 1 

(35) 

(36) 

(37) 
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wi th the se va l ues for bn the expr~ss ion fo r p/P l 

become s ~ 

1+2 E 
n=1 

= . 2 

l-K12 
+ 2 • 2 

( 38 ) 

The value of PIP l can be computec, from the above 

e xpress i on for cer tain value of K12 ( P2/ Pl) for d 1ffe ­

r e nt values of 6 = rlh l = AB//.h l 

For a h i ghly convergent series f ive to t e n t e r ms can 

give suff icient accur acy : however f or some un favour·· 

abl e condit i o ns it may be ne cessary to conside r a 

much l a r ger number of terms (50 or ~ore) . 

The above e xnress i on can f ur ther be s i mol i f i ed (ie. 

e xpr e ssec1 in t e r ms o f r:: co : p of t wo layer earth with 

-p , p 
o 

of two layer earth with P2 = 0 1 

enabling one to use t he two layer curve f or p lotting 

the three - l aye r c urve. 
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To sec thi s , l et us write the fa~ili ar rela t ion for 

a two laye r carth ~ 

for P2 = K12 
P2 P1 

1 ~ , = = P1 
+ ° 2 

~ 

~ = ° 1 11+2 E 6' 
~ 

n=1 ,'62 +1 2n) , : J/I {39) 

for P2 = 0 K1 2 = ° 2" ° 1 
1 = . , 

° 1+P2 

-
Po = ° 1 11+2 E 6' 1 ·1)n 

n= 1 [ 6' + (h),)'" (40) 

In t e rms of thes e ° 
~ and Po the ey.ore ssion for 

;;/P 1 be cor.tes : 

1 l{ 12 1 + Kl ? 
P = Po + o~ (41) 

2 ? 

This me ans if two- layer mas t e r curves for 02 = 0 a nd 

0 2 = 00 are available, with the he lp of the above formula 

we c an p lot the three laye r master c urves for the glv~n 

case . 
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The whol e s e t of three-layer soundin~ curves are 

divi ded into fou r g roups , depe nding on the re l at ive 

, . 

l. Mi ni mum t ype or Il type P1> P7 < P3 

P 

~'-
IIB/2 

? , Doubl e ascendi ng typP. (A-· type) , P1 
< P2 < P3 

P 

IIB/2 
3 tJlaxl.rPl.lm type (K-tyne) P1 < P2 > P3 

P !~ 
I..... ~-. 
I 
1_ .. ____ 

AE/2 

4 , Double c"'e scen~ i ng type ( O- type ) . P1 > P2> P3 

P 

.. 
~-------------.oAP7? 
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From a comb i nation o f the t ype s H, A,K and () there can 

~e only e ight t ype s 

C(. 
of four~layer covc rRO 

I~-~ 
I 

-- ----- --- --- Ae 

--- ----- --- A. ---------- . ~ 
-=< 

;L 
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Asymp totic Values 

The appare nt r es istivity for a two·· laye r earth : 

can be writte n as : 

1+2 " n=l 

Knl.2(AB/2h1), 

[ (AB/2h1 )' +( 2n )'] ''" 

Seve r a l limiting cases which can be de rived from this 

equation are : 

a) = 0 

i q . The apparent resistivity of a seroi intinite 

medium is equal to its true t... ..... istlvlty. 

b ) Small value s of e l ectrode separation 

AB (2 " "" 0) .... p = 

l e . For small electrode s eparation the apparent 

(42) 

( 4 3) 

( 44 ) 

r es i stivity of a two laye r earth is equal to the true 

r esistlvlting of the firs t laye r . 
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AB 
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i e. The apparent resistivity 1s equal to the true 

r e s i stivity of the second layer for large values of 

e l e ctrode separation. 

(45) 

If we assume K1 2 = constant (or P2/ Pl is constant) 1 

the e xpr e ssion for p/P l can be written in the form : 

(46) 

I f P is plotted against AD/2hl from this equation 

on an arithmatic scale , di ffere nt curve s are obtained 

for diffe rent values of PI e ven for a fixed value 

of hI anc similarly for ~ach value of hI with PI 

fixed . 

To avoid the influence of PI and hI on the form of 

the curve plotted we take the l09arithm of the 

re lation : 

log P - log P 1 = f' (log AR/2 - l og h 1 ) 

(47) 

( 48 ) 
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~fuere f t is the new function into which f has evo l ve d 

after taklnq logarithms 

or 

where log F = f' 

l og F (log ~ ) 
1 

The equation in the box shows that a plottin~ of 

ordinate and 
AB 
"2 as ahasica will gene ra t e curves 

e xactly t he same form_for any Pl and hl' 

p as 

o f 

( ~ 9 ) 

The only e ffect o f var y ing PI ann h I would be the 

ve r t i cal a nd late ral shifting of t he curve r e spectively . 

The conclus ion is thus that the form of the VES curves, 

p l otted on a double logarithmi c scal e 1s independent of 

the r e s i stivity and thickness of t he first layer in a 

two l aye r section i f P2/Pl is constant . I t can he shown 

that this is a l so valie for a multi - layer geolect r i c 

s ec tion . 
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Correlation of Field Curves with Master Curves 

We have see n that fie l d measurements give us the apparent 

resistivity as a fUnction of the ele ctrode separation : 

p = f (AB/2) ; and using logarithn ic scale we 

obtain ~ 

log p = F (log AF/2) ( 50) 

This equation and the master curve e quation 

-l og p - log Pl = F (log AE 
2 '. loa h ) , 1 

are of t he form % Y - b = f (x - a) 

and y = f (x), which are simila r to each other except 

that the first curve (y -, b) = f (x - a) 15 shifted 

paralle l to the coordinates with respect to the second 

curve plotted on logarithmic scale . This shows that the 

~ use of logarithmic scale enab l e s the interpretati on of 

field curves by matching with the theoretical curves . 

Furthe rmore I \ole need not have diffe r e nt curves for e ach 

value of Pl and hI as sing l e maste r c urve can be used 

for any value of 91 and hI as l ong a s °2/°1 i s constant . 
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The met hod of findin~ PI and h l 1s described with 

r e f e r e nce to the figure be l ow : 

f ' 
I 

~/f 
I ' /~ 

10 1 
10 , 

I .. 
! ,/ 
I ./ 
/ ~ , __ _____ _ ___ _ _ A f3 f;J. , 

, , '- .---. - • __ ___ .. - - All/l' 
'"0 .. 

The f i e ld c urve is plotte d on a transp arent double 

loqarit hm g r aph paper with a medulus the same as that 

for the the ore tical master curve. It is then sUger 

imposed on the mas t e r curve and moved naralle l t o the 

coordinates until a match i s obtained as indicated in 

the f i gur e . The point on the tr.ansparent sheet coincid·~ 

lng with the origin of the maste r c urve 

Ml 
= I , 2n1 = 1) 

gives a long t he abscisa , log AB/2 = log hI i e. hI = 
AB 
T 

and along the o r dina t e it g ive s log p = l og PI or P= P1 

Next we shall show that the assymp totic nature o f the 

schluwbe rge r curve s are s til l r e tained · and we will find 

the asympt o tic value of the appare nt resistivity , whe n 
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the s econd layer is o f infinite r esistivity. 

At sufficiently l a r ge distances fro~ the source, the 

current lines will be all par al l e l to the s ur face , and 

the equipot ential surfaces will be cylindrical , with 

axis pass ing vert i cal l y through the source. 

Conside r an equipotential sur f ace at a large distance 

r the n, 

since J = E/P I 

for sch lumbe rger : 

on taking logarithms we obtain 

This i s the equation of a straight line inclined at an 

angle of 45° to t he opsci s a , cutting it at a distance 

(51) 

(52) 

(53) 
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Thus } the as symptotic valu e of the appa r e n t resistivity 

when the s e cond layer is of infinite r es istivity is a 

s traight line inclined at an angle of 4 5 0, 

Reduction of Two- layer~ 

I n a unit~'cross s e ct ional prism of r esistivity p and 

t h i ckne ss h . 

The r e s istance normal to the f a c e of the pri sM is ~ 

T = hp and the conductance par al l el to the face is : 

S = hip f r om which \.,.e obtain ~ 

h = 1ST (5 4 ) 

p = I T/S (55 ) 

Thus . e ach value o f Sand T is assoc iate d with a section 

which has definite values of hand p give n by the above 

equations f or hand p 
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from the e auations T = hp or p = 'l'/h 

we have l og p = - log h+log T, a nd this eauat ion de fines 

a straight line inclinec at an angle of 135 0 to the 

h-axis and cutting the h-axis at a distance T from the 

origin if p is plottec. against h on a doubl e loqarith-

mlc sca l e . 

Similarly the equation S = hip 9 ives 109 P = log h - logS 

wh i ch de fines a straight line Incllne~ at an angle of 

45° with t he h '~axis and interceptin~ it a t a distance of 

S from t he origin . 

Thus ; the point of inte r section of the two str aight 

lines de fined by the equat i ons : 

log . p = - log + · h 

log . p = 

then uniq ue l y defines the r esistivity and thickness for 

a particular combination o f T and S . 

( 56 ) 

(57) 
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If now we cons i de r t he pr ism t o co ns i st of n paralle l 

homo g e ne o us a nd i sot r op i c l ayer s o f res i s tivitie s 

Pn a nd t h i c kne s s es h I h 2 . . .. h
n 

r e s pect i -

v c ly a s i nd i cate d be l ow : 

~--'--- /, 
/ ' , . :'- -'- _.... ------~ 

,- ... ------------- r I 
; 'i , J 
I ~! 

~!hen the c urre nt 1s 

f l o\'1in9 no rma l t o the 

base, the tota l r e s i s -

t anc e o f the prism i s : 
-: --,-------.-~ , I 

n 
T=T1+T2 + .,' Tn= 1~ lT1 

, 
-' -

= 
n 
r 

1=1 

'-!he n the c u r r e nt i s f l owi ng para lle l t o t he base , the 

tota l c o nductanc e is ~ 

n 
r 

1=1 

n 
r 

1=1 

(S R) 

(59) 
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T a nd S a r e knot>l n a s t he t ransve r s e r e s i stance a nd 

l o ngitud i nal c ond uc t ance . I f Ps a nd P
t 

a r e r e specti­

ve l Yi t he longitudinal and t r ans ve rse r es i s tivitie s 

of t he h lock , 

Thus .. t he coefici en t o f anisotropy (A) and the we an 

r e sisti v i ty (pm) as def ine d e a r lie r be cOIl'le: 

A -, 

and 
h 1P1 + h 2P2 
h 1/P1+ h/P2 

I f \ 'le now aSSUJTle t hat the t wo- l aye r a n isot rop i c 9 r i s m 

i s r epl a ced by a hOIl'logene ou5 and isotrop i c pri sm o f 

t hic kne s s he a nd r es i sti v ity Pe ; e ff ective thic k ne ss 

and e ffect ive r esistivity . 

( 60) 

(61) 

( 6 2) 

( 0) 

(6 4 ) 
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from ~hlch we obtain : 

h 2P2 . ) = 

Thus , it is possible to r e duce an isolated two-laye r 

b lock i n to a s ingle homogene ous and isotropic me dium . 

An ~xam~ le of a complete isolati on of this kind i s an 

A- type curve with the third laye r highly r es istive and 

the s e cond layer more res istive than the first , and fo r 

thi s c as e we can wr ite : 

h = ). H 
e 

Since A is a lways great e r , the e f fec tive thicknes s of 

the composite layer is greate r than the t o tal t h ickne ss 

of the two l aye rs . 

Ne xt "'-e s hal l conside r the case of a three -layer earth. 

(65 ) 

( 66 ) 

(67) 

( 68) 
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Case I ·H - Type : 

In thi s case the r e sistivity of the i n termediate l aye r 

i s lowe r than that of the t op and the bOttOM l aye r s . I f 

the r e s i stivity of the bottom l aye r i s l arge enouqh , for 

large val ue s of AB, the flow of current in the uppe r 

l aye r s will be approxima t e l y par a lle l to the hor i zonta l 

s trata . He n ce I fo r this cas o the t r a nsve r s e resistance 

(T) can be ne gl ected and the l ong i t udina l conductance is 

the sum of the bm layer s . 

If we r eplace the two upper laye rs by a s inq l e homoge-

neous l ayer with ef f ective thickne ss hi l and e ffe cti ve 

r esistivity PH ' ",e can wr i t e 

hI! = hI + h2 

= hI + "2 
(hI +h 2 ) / (hll p 1 +h 2/P 2) PH = = = Ps Sl + 52 

(59) 

These are known as Hunune l ' s par ame t e r s ',ol otted on . , 

double - logari thm paper the e quation hH = h I + h2 is a 

strai9'ht line par a lle l to the or dinate and the equation 

hI + h 2 
P = 

H Sl + S 2 

i s a str a i ght line incl i ned a t an an9lc of 45° to the 

x- axi s cuttinq it at Sl + $2 ' 

(70) 
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The point of inte rsection o f t he two cur ves is calle d 

the Hummf-" l point H, whose coordinate s give . PH and hH" 

In pr actice the two equations a r e us ed t o plot wha t 

a r e known as au~ilia ry Ii-po int chart s fo r a l a rge 

numb~r of value s of U2 = P2/P l a nd niffe r ent values 

of " 2 = h 2/hl 

with a bscisa 

and or dinate 

h
1

+h
2 

hl 

1 +v2 

= 1 + 

1 + "2/V2 

The s e a uxilia ry point d'arts a r e direc tly us e n to fi nd 

the H point (ie . PH and hH) . Although these charts a r e 

strictl y valid only for P3 = 00 I t hey can be used e ven 

for any P3 sufficie ntly areate r than P,- ' and this i s 

th E"'! bas i s o f a s irflpl e method of construction of empiri-

ca l H- t ype curves . 

Case II : -A- Type : 

In this case the inte r meo i ate laye r 1s mor e r e sist ive 

( 71) 

(72 ) 

than t he fi r st (P2 > PI) ' a nd hence t he tra nsverse r es is ­

t a nce c annot be ne g l ected. 
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In a dc1 i tion , s ince P3 > P2 I the l ongi tud ina l conduc t , 

a nce is cons i de r ed. 

For t he homogeneous l ayer r e duce d f r ow the top two 

laye r s . 

' V("! ha v.e S2en earlie r t hat f o r this case 

o = IT/S = 
A 

(73) 

(7 4 ) 

(75 ) 

(7 6 ) 

These points a r e the coor d i nate s of the i nter sec ,i on of 

the '!' a nd S lines. '!'his point i s calle e the "anisotropy 

point '" . 

As in the case of the H- type , the eoua tions 

a r e us e d to p l ot the auxiliar y po i nt char ts (A) for 
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va rious va lue s of ~ and "7.' But be f or e p l o tting the 

equa tions a r e r ewritten as 

xA/h1 = (1 +" 2/ " 2 ) (1 +v 2/" 2 ) 
~ 

1 +v2~ 2 ; 
YA/P1 = (- .) 

1+("2)/" 2 

(77 ) 

(78) 

The c oorni nate s of the point A(hA and PAl can the directly 

be r ead of f the se auxiliary point charts • 

Case I II : K- Type 

In this , t he r es istivity of the inte rmec i ate laye r is 

highe r tha n that of the top and bottoro layers. The cur-' 

r e nt in the upper t wo layers will be s imilar t o ca se II , 

e spe cia lly a.t sma lle r AB. The r e fore , hoth T and s 

should be conside red . In this case hO\Ole ver, since the 

inte rme diate layer is underlain by a l e ss r esistive 

laye r the current flow lines within the s econd layer 

should ha ve a large vertical componen t than that of 

A- type . Hence, we e xpect the conditions t o be diffe r e nt . 

An e xamina tion of the theore tica l c urve s s hows in this 

case that the r e sistivity of the r educed l a ye r r ema ins 
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the same as 1n the A- type s e c tion where as i ts thick­

ness is found to be greatcr ~ h
k

: ((hI + h
2

) whe r e E 

is a function of A always gre a t e r than unit. 

The re lationsh i p be t ween A and £: 1s p l otte d e rr:p irica l ­

l y as shown be low: 

------
;;1 

'- _ . -----_._- 0_ .. ~_. ___ . 
I l ( ., t ·' (.~ 1.0 ~ 

The v a l ues of A a nd the corre spondlno value s of E m~y 

be tabula t e d as shown be l ow: 

A 1 . 10 1 . 201.301.40 1 . 501 . 7 2 . 00 2. 5C 3.00 

• 1 . 17 1 . 17 1 .29 1. 32 1 . 33 1 . 36 1. 38 1 . 40 1 . 42 

Thus 1 the pa r ame t e r of the r e cllced l aye r i s de t e rmine d 

by the c oord inate s of t he point K, ~iven ~y 

ITS 

Yk = {TIS 

point k i s known as the "d i spla c e d a ni sotropy" point. 

(79) 

( RO) 
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The c~uation for o l ot ting t he a uxilia r y ~oin t char t (k ) 

c an he shown t o be 

~k . = E (1+v 2/ u2 ) (1+v
2
/u

2
) 

1 
( 8 1) 

( ~ 2 ) 

In thi s c a se the r e s i s tivi ty of the inte rwed i a t e l aye r i s 

l e s s tha n t hat o f the top laye r , and hence the i nit i a l 

par t of the soun l ng cur ve i s s i mi l ar t o t ha t o f t he H-

t ype secti ons , hut a uxili a r y H«'point charts ca nnot be 

used s i nce t he Q-type i s underl a in by a l e ss - r es i stive 

l aye r . 

It is empi rically fo und i n t h i s case t ha t the t o t a l 

thi ckne s s o f the r educed l ayer i s l e ss t ha n (h
l

+h
2

) by 

a f actor n. depe ndi ng on the values o f iJ 2 and v2 of 

the e l ectr ica l s ecti on . The va l ue o f n can be r ead f r om 

t he curves s hown ~e low fo r va r i ous va l ue s of iJ ? ~nd v2 * 
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0 , 2 0'" 0'6 1' 0 )0 
The e ffe cti ve r e s i s tivity of the r educed l ayer i s .a l s o 

t ake n as l e s s t han the we an l ong itudi nal re s i s tivit y by 

t he s~rne fac t or n . Then t he coordina t e s of 0 are g ive n 

by 

= 

= 

H/n 

l in!! s 

and t hese e~t1a tions can be rewr i tte n for t he purpos e o f 

plott i na the a.uxiliar y po i nt char t s (0 ) f or var i ous 

vailles o f as 

I 
n 

1 + v2 
1+(V/~, ) 

( R3 ) 

(84 ) 

( · 5 ) 

( R6 ) 
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Use Of the Princ i p l e of Fquiva lenc~ 

For s ections o f the H or A- tYJ?e it i s found that the 

forms of the cur ve s t emain p r actically the same 1f , 

within ce rtain limits t he value s of h 2 a nd f2 a r e multl ­

plie~ by the s ame factor . I n othe r wor ds, H or A- type 

secti ons a r e p r acti ca l ly equiva l e nt with in certa i n 

limi t s if h 2/f2 = 5 2 r CIY'ains constant. 'i'hese sect ions 

ar c calle d equiva l e nt wi th r espect t o S • 

Also for K a nd Q sections, the forw of the cur ves does 

no t cha nge apnr e ciabl y if h 2 is i ncr easer o r de cre ased 

by a ce rta i n fac tor a nd P2 i s corresponding l y decr eas ed 

or incr eased by the s ame factor . Thus, if h2 P2 = T2 

re~a lns ~onstant l any change of h2 and P2 separ ate ly 

does not, produce a ny noticeablf) change i n the f or m of 

the curve . Such s ect i ons may be cal l ee e qu iva l ent with 

r e s pc;ct to T. 

The princip l e of equi valence applies only for small 

va l ue s of v 2 = h2/h1 which may b e diffe r e nt for di ffe-

r e nt value s of "2 = P2 /P1 and ", = P3/P1 . For inte r -

pr e t ation of soundi ng data , it i s the r e fore lmpor t e nt 

to know the maximum value s of h2/hl be yond which the 

princip l G of p.ouivalence does not appl y; a nd it is a lso 
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il'lportant to know t he limi ts wi t hin \-Jhich h2 and P2 

may be' varied. sati sfyinc;r the equivalence o f the 

cur vns. The limits \1 2 or 112 are usually oht ained by 

"Pylrtycv ' s nomoqr ams" . 

The princip l e of equiva l e nce p l ays an important role 

in the gr a ph ica l construction of fie l d curves a~ well 

as i n the i r inte r p r e t ati on . 

Suppose 1 for ('xamp1e, it is ne cessary to find an H- t ype 

curve with par amete rs \12 = 1/30 , \1 2 = t1 a nd P3 = 00 • 

~ theore tica l curv~ with such paramete r s coes no t exist 

in t he s e ts of waste r cur ves oublished . The c l oses t 

th o r e t i ca l curve has the ve.lue lJ 2 = 1/39, Pylae v 's 

nomogram s ho\",s that for t he q iven par amete r s ~2 may be 

changcl3 with i n the limits of equivalence. Thus, the 

co r r cspoo0ing va l ue of \1
2 

i s g ive n by \l2/~ 2 = 120 = 
\l 2 ]/U7. 1 i e . \1 2

1 = 120/39 = 3 . 1. Thus , we can use t he 

CUr V0 ~ 2 ~ 1/39 , \1
2 

= 3 , P3 =00 which is equivale nt to 

the gi ven section with in an e r ror of 5% Q, To get a K-

type curve J equiva l ent with respect to T for the values 

u2 = 30v A = ~ and P3 = 0 w~ can use the r e l a tion \1 2
1

= 
~ 

\J 2 \1:? /~2 1 -'\n r U2 1_ U2v2/v2 the n t he pa rameter s of the new 

cur ve nquiva l e nt t o t he q iven section a r e ~2 = 39 , 

V2 ~ 3 a nd P 0 3 = • For Q and A- type sections the p r o-

cedur~ is e xact ly the sa~e a s for those of K and H- types. 
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~ualitative Inte r pr etati on 

It is s ome time s llse fu l to wake a rap i d c;rua l itative 

study of t he fie l d cur ves be fore ., d~t"!.1 1ed qua ntita·­

tive inte rpretation is under-·taken . Of the seve r a l 

me thodS available we shall discuss be l ow a cOJ!'lITlon 

method. Th is method depends on the de t erminati on of 

t he total longitudina l conductance (5) of t he geo-

e l ectric s e ction f rom the ri ght- hand asymptotic part 

of the s ounding cur ve . 

We have see n earlie r t hat the asympt otic part of the 

sounding curve is a straight line , inclinec at an 

an~le of 1:5 0, when the baseree n t is of i n fin ite r e sis·-

tlvl t y , a nd that the inte r s ection of this str aight 

line with th~ abscissa (ie. AB/2 a t P = 1 gives the 

va l ue of. the total long i t ud i nal conductance o f the 

s ection ' 

H 
s = 

whe r e Os is the l ongitudinal r e sistivity of the who l e 

secti on . 

( 87) 

In the case o f a two- l aye r earth with a basement comp l e x 

of a higb r e sis tivity (p = co) , the value of P for 
2 

small AB (ie. AB ~ O) qi ves P 1 and the value of S r ead 
1. 
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rom the assymptotic part g i v s "1 = PI S. I f the 

scct.1or' unde rlain by the baseme: nt 15 a f i ne l y l aye r e d 

thi ck scr i~0ntary sect i on, t e depth o~tained from 

t he S v11uc a nd t he r e sis t ivity of t he s ur face laye r s 

may not g ive the true depth of the basement because 

of the "lnis otropy . I n t h i s c r.-so the depth i s g iven by 

h • Ds f, ~nd it i s nece s sary h e r e t o f i nd Ps from 

SOrt'l(\ inilcp(' ndc nt mp.as urc rre nts of the t ru€> c~ enth (by 

ac ua l we ll l ac:ging o r geophys i cal we ll l ogging) at a 

few pl aces whe r e sound ing curve s a r e ava i la~lc. 

It i s fOlm<'l that Ps does not c hange much i n an ar ea 

with l ab,ra l variat i ons of the r es isti vity an~ thick~ 

nrss of the sec imentar y s e ction . 

IIcnc('. if P i5 known at a f e w contr o l points . it is 
s 

possib l £ t o mao t he basement from the S-pa r t of t he 

Sound ing c urve s onl y . This P oce dur e may be extended 

f or has t mcn t mappin9" i n a multi- l a ye r sec tion i f t he 

assumption o f a s l"lal l variation i n Os is appr oxi ma t e ly 

va li d 

• 
Thus if cond itions are favourable it is oossibl c to 

obtain u r~pid a ua lita tive i de a of the depth of bascwent 

in i\n "'rc~,JI\ throuqh an i nve s tigation of the S-part of 

thQ <":U rVl" 
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In the inte r p r e tation of three- l aye r H and A-type 

fie l d curv€s (p~ = ~ ) t he followi ng procedure that 
" 

requires on l y two-layer mas t e r curves i s used for 

qualita tive interpretat ion : 

a ) PI ~nd h l are obtained by match in~ the left hand 

part of the fie ld curve with the two laye r maste r 

curves . 

b) S i s r e ac fro~ the inte r s e c tion of the tangent to 

the assymptotic ~art of the f i e l d curve with the 

absciss~ a t P = 1 , and f r om this step 

c) If P2 i s known from some i nde pe ndent me asurements 

a t ce r tain par ts of the ar ea, t hen 

h2 ~ S2 P2 ' a nd finally, we ha vE for the total depth 

of the basement 

• 

(88) 

(89 ) 
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using t he same p r ocedure for othe r point s , the basement 

can be mapped f r om a knowledge of 0, and the use of 

two l aye r ~as te r curves only . 

Thi s s (~mi '-quan ti tative method c an he e xtended to a 

mu lt i ~' layer s€('limentar y section un r:lc rl a ln b y a base-

Ment • 

Quantitntive In t e rpre tation 

I n e l ec t rica l ~ounding , the basic prob l em of quantita-

tive ln t~rpre tation i s to de t e r mine the thickness of 

t he di ffe r e nt f or rr.at ions having different resistivitie s 

f rom tho f i e l d soun(Ung curve s . The commonest inte r ­

pr e t ation me thod is b~sed on comparin~ the fie l d curve 

with curves obta ine d theor etica lly or constructed gr a ­

ph i cal l y , ha vinq su itab l y chosen paral'fleters. 

I n t he case of perfect co incidence 0f the theor e tica l 

with t ho f i eld curve (co~p lete matching) , the value s of 

the fi e l d par amete r s a re the same as thos e of the geo­

e l ectri c.).l 3cctlon fo r hI'h i ch th e theor e tica l c urve s ha ve 

been COns t r uc t ed. 
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But in pract i ce a compl e t e set of the or e tical curves 

repr c sentinq al l geo logi ca l conditions ~et in the 

f ie l d i s not availab l e; which makes it necessar y to 

dcvl ac me ans of inte r pr e ting observed fie ld curves with 

the he l p of a limited number of theor e tical curve s 

a va l1abl e in p ublished forM . 

To irte r pre t t wo- l a ye r VE~ (ve rtica l e l ectrical sound-

lng) f i e ld curves b y th i s me t hod , t he fie ld curve is 

first p l ottcQ o n a doub le- logarith~ transpare nt graph 

s hee t ,.,.ith p on the ordinate a nd AB/2 a len?, the abscissa: 

and then it i s superposed on the s e t of two layer maste r 

cur ves to ob tain a crood ma t ch by sh ifting the curve 1 

kecpi~g the axes ~ara lle l to the c oordinate syst~m . 

The coordi na t e s o f the ori9in of the maste r curves as 

re ad on the f i e l d curve g ive the va lues of PI and hI ; 

the va lue of u 
2 r ead from the ~a tching t heor e-

tic a l Curve and 02 calculated. 

For a fin 0 1y lay~ red sedi~entnry section, PI and P2 

r e pr e sent the ~ean reeistivitie s o f the top an~ botom 

l aYLr s . If no e xa ct watch is obtained int e rpolation is 

nece ssary 



:- - I " r 

'- ' r-. .. 

" 

c, 

- 51 -

Inte r pr Lt a tion of three- laye r sound ing curves a r e simi­

l a rly chle v c d with t he h e l p o f availahl c t wo - and 

three l aye r mas t e r curves and complementary curvos 

known as a uxilia ry poi nt cha rts. 

St ep·-wi s.") r e duction of mul t i - l aye r curves to t:""!q uiva l ent 

two o r threc"~ layc r case s r e nde rs poss i ble the ir inte r ·· 

pr ctation using the sa~e methods a s the two and thr ee­

l aye r onc.:s. 

Eff ect of Dip on Inte rpre tation 

Th. di scus sion so fa r was only in connection with a 

hori zont~l ly s t r ati fi e d earth . 

But oftl'n , e l e ctrica l sounding i s c a r rie d out in regiou~ 

wher e t he bo undari e s be t ween di ffe r e nt l ayers a r e i nc­

line d . 

It i s th~ rL for~ n~cG ssary to e xamine the e ff ect of th is 

inclination of be ds on ve rtica l e l ectrica l sounding 

Curve s . 
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Var ious wor ke r s ha ve investigat e d this proble m and 

among t he m AL' pin (19 40) ha s publis hed a s e t of 16 

two- l aye r mast e r curve s f o r s chlumbc rge r configuration 

paral l e l t o the strike dire ction , an e xample of which 

i s s hown be low: 
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In this c urve the appar e nt r e sistivity i s plotte d 

agai nst AB/2hl whe r e hI is the depth pe rpendicular 

(not t he ve rtica l de pth h) to the boundary. The 

curve s are plotte d for diffe r e nt value s of the angle 

Si milar Curve s are availlable f or diffe re nt value s o f 

re s i sti vity contrast . 

--
" 
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Anothe r va r i a nt of maste r curve s for a s i milar situa-

ticn have a l so bep n r ec e ntly ~ubl15hen. One s uch s e t 

If the two- l aye r ~~stcr curve for horizontal boundaries 

ar e used to inte r pr e t the sounding curves for an inc­

lined two l ayer contact , cons i der abl e e rror is involved 

par tic ula rly ~lhcn 9: 1s l a rge . But if the angle of inc ­

lination ( 0 ) is not more than 20 , the ordinary two 

lay~r ma ste r c urve s may be use d without significant 

e rror . 

In r actice 1f it is known be fo r e hand that the boundary 

1s i ncline d, quan t itative inte r p r e tation can be carried 

out i f one of the par ame t e r s (~ or P2/Pl) is known . 

Us ing t he mas t e r curve s for inclined contact , the othe r 

Pa ra mete r a nd de p th o f bottom l aye r can be de t e rmined • 
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Interpre tation of Dipole Sounding 

\'/c have s ,zen earlie r that the apparent r e sistivity 

measured hy any of the d i pol e arrangements, 1s relate d 

to that obtained by the conve ntional schlumberger 

arrangement · 

P x = 6 cos 2 9 , P 
P aT 

3 cos 2 e - 1 

Py = 6/3 
, P 

P n -

This e ntails the possibility of construction of dipole 

e l ec tric sounding curves from conventional sounding 

curve s and nartlcularly for Pe , since it 1s equal 

t o the schl~berger apparent r e sistivity P for the 

same spacing , the mas t e r curve s available for conven-

tiona l s ound ing may be used directly for az imuthal 

dipole 30undln9 : and the wethod of inte r pr e t ation 1s the 

same • 
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In gener a l, d ipo l e e l ectric sounding diff ers fro~ the 

conventiona l s o und i ng i n its poss i bility f or bil a t e r a l 

and mul tila t e ral measurements . This ill e xplained wtth 

the hol p of illustr ati on ~elow : 

1>.-
o -- _._-_.- --. ---~----!-,--.~~-~ 

For a c €r ta in pos i t i o n o f the current dipole AB two 

po t e ntial d i pol e s ~1+ N+ and H- N- can be pl aced on 

e ithe r side a t distance s R + anc. R -. e nabl ing t wo 

value s of r E's i stlvlty p 
+ and corre spond ing to the p 

mi d Daint s of QO+ and 00 

This arrangement i s ca lled a bila t e r a l sounding with 

the sYmbols + and _ i nd i cat i ng whe t her the roov i ng 

c l cctr od 5 a r e IT.voing t owar ds the cont act or away fro~ 

it. 

For a hor i zontal l y stratifi ed e a r th, t he va lue s of 

both r e si s t ivity p + and p \ ... 111 t-e the sarrtc, f o r a n 
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incline d hor i zon t he va l up. s of p+ and p wil l be 

di ffe r e nt and the d i f f e r enc e wil l be a ~easure of t he 

inclina tion o f the .horizontal . The ave r age of p + anc 

p will be t he r e sist i vity cor respond ing t o the conven-

tional sounding . Thi s means , fo r n1ro1e sound inq one 

can const ruct thr e t c urVES : the positive , t he negative 

and the avcrag~ r e sist i vity c urve s. 

Let us conside r the case of a d i pping bed as shown be l ow: 
A , A ~ 

I to +l 

h - I 1- ' 

Q. '-~~~ .' 

--~ ----
The convent i onal sounc ing e ive s t he dept h of the horizon 

only a t its center ~ but if the curre nt di po l e of the 

bilate r al sound i ng set - up 1s p l aced at t he cent e r , it is 

possibl e to a c t three de p t hs fro~ the three constr uc t ed 

curve s : 

h + (up·-c ip) , h - (down- d i p ) and 

h (cente r ) t hus . 

the loca t i on of t he hor izon i s mor e r e liah l e wi t h t he 

bila t e r a l d i pol e soundin~ than the conventi onal me t hod . 
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The l a r.ge numbe r of ~a ster curve s availa~le f or conven-

t i ona l sounc ing can be used di r ectly for azimuthal 

(or equa t oria l) dipole scun~ing . In addition spec i al 

theore tica l curve s have been constructecl for the r adial 

(or a x i a l) (11po l e s ounding of a thre e - laye r earth a long 

with t wo s e t s o f t wo- laye r curve s . 

Theore t i ca l curve s are a lso available for an inclined 

l aye r l y i ng on a n insulating or conductin~ base . Examp­

l es of s uch c urve s f or bilatEr a l equa toria l sounding 

and bila t e r a l axial sound ing are shown . 
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It 1s se en from the first figure that Pvcn for an incli­

na tion of 2° t he separation between the positive and 

nega tive r e s istivity curves is quit€ noticeable, and for 

the axial it 1s seen that an i nclination of as little as 

1° can b~ de tecte d by the separation of the positive and 

negative curves. 

Since the dipole soundino is very sensitive to lateral 

varla tio ns , the inhomoqenietie s of the surface layers can 

cistort the r e sistivity value s for the ~eeper layers. 

This is avoid00 by using the conventiona l ~thod for 

sQun c.1ing up to a depth of 200 - 300; beyond that depth 

t he sounding may be unde rtaken by the dipole wethod. 

The ~ethod of inte rpretation for azi~uthal or €quatorial 

d i pole sound ing curves is the same as in VES with AB/2 

equiva l e nt to R - (AD) in dipole sounding. 

For the r adial and axial curve s appropriate master curves 

have been prepared. The curves are plotted on double loga -

rithmic scale with P/P l along the ordinate and R/ 2hl 

along t he abscissa . Wher e R is the distance between the 

curre nt and the measurin~ dipole s . 
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As an illustrat i on we pr esent be low the procedure ' 

followe d 1n inte rpre t ing three l ayer r adial d ipole 

sOllijd ing curVES with the he l p of publlshee curves . 

a) The l e ft hanc. part of the fie l d curve is super -

pose d ove r the t~o l ayer r adial mast e r curve se t , 

ke e ping axe s paralle l until a good ~atch is obta-

b) Fro~ t he aSYMptotic part of the cur ve P3 1s gue ssed 

and p )1 p 1 dete rrrdned . 

c) h b i ~ / id t o chose the pr o-"Ti t the 0 ta neH P3 PI as a gu e 

pe r s e t o f thr ee- l ayer maste r curves , the f i e l d curv~ 

as a whole is matched over the selected se t of thr ee 

laye r curves . 

The final ste p o f matchln~ gives \.I = P2/P l I v = h(:/hl 

and 0 3 
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VIII LATEST ACHI EVEHENTS 

I n the followin~ s ection ~e sha l l outline "r ecent inno­

vati ons 1n r esistivity work advanced by several workers : 

1 . The Me t hoo of Fie l d Differ~nces 

I n the discussion of bl hole - dipole fie ld differ ence 

by U. C. Das and R. D. Singh . The differ ent i al apparent 

r esistivi t y (pwD (a » 

obtainEd by the t e chnique o f c i f f c r e ntla l r e sis tivity 

sound i ng f or the wenner array wa s de fined as ' 

6a (90) 

Whe r e pw (a ) is the wenue r appar ent r esistivity a t 

e l e ctr ode s e na ration a , 6 is the snacing i ncrement ; 

anc1 s i mi l a rly for the schhunhf! r ge r array ' 

D ds 
ps(s)= ... 

d L siPs (s)) 

to the SchlmWer ger aopar ent r es i s ­Whe r e ps (s} r e f e rs 

tivity a t the h a l f curre nt e l e c trode s e par a tion S. 

(91) 



... 

I 
B( -[I 

- 61 -

The t r ans ve r se and long i tudinal differential r e s is-

t.i vitie s for t he schlUMbe rger case were also de fined 

as 

and 

D d (s. Ps (s) } 
Ps T (S) = d , s 

D ds 
Ps , 2 un = --=--"1 

M s/p ( 5 ) ,.. s ... 

re spect i ve ly . 

i 1 (s ) be ing de f ine d as : The b i bo l e pot e nt a VB 

I 
= r. 

SF 
f 
SA 

Ps ( 5 ) 

5 
ds 

(92) 

(93) 

( 9~ ) 

i s t he s chlurnberger apparent res i siti vity , Whe r e ps (s) 

Dif f ere ntial 
hibole-dipol e 

.-
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Da~ and Singh de fined the differential re sistivities 

for such a system as 

P
D (S l) = B, T 

P
D (S l) = 
B,L 

d(s . PB(s) 
ds 

ds 

(95 ) 

(96) 

whe r e PB(S) is the hibole - di pole apparent resistivity 

at d istance S = 00. 

r e l ati on to t he given figure the above two equa-

tlons c an be expanced as 

and 

Wher e 

S2 P~2D2 (S 2 ) _SlPEA1Bl(Sl) 

S2 - Sl 

are the two 

(97) 

, point of measurerr.ent due 
appar e nt r e sistivities at t~~ 

and A1El pl aced p1'l ralle l to 
to two b ibole s o urces A2B2 

/ and Sl f rom the point of 
e ach other at d.istance s 52 

shown in t he figure. 52/51 
.<1 . 2 

meas urement, as 
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The appare nt resistivity fie ld equations for the two 

bibole sources are : 

A21l2 6V2 nB (S2) = K2 
12 (99) 

A 
(Sl) = K1 

6V1 
PB Ii"" (100) 

Whe re K is the geometric factor , V 1s the potential 

diffe r e nce and I is the current . Combining these two 

e quations with the equation : 

we ob t a in 
K2B26V 2··K1 Sl 

6V1 
11 I. o 1 nB , l T(S ) = 

52 .• Sl 
(101) 

1(2 S2 6V2-K1S1 12 
6V1 = K2S2 

. -
1 2 (S2-S1) 11 

0 T(Sl) KD 6 (6V) or nil = 
12 T 1 

(102) 

Whe r e KD 
K2S2 

= 
S2-S1 T 

(103) 
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' (6V) = 'V - 'V " u 2 u 1 (104) 

and = (105) 

The l ast two equations suggest that when the current 

in A,B" and A2B2 is SE'nt simultaneously in opposite 

dir e ctions satisfying the last equation, then we can 

dire ctl y mea sure ~ ( 6V) at the measuring point and 

obtain p~, T(S!) through th~ equations 

D 
PD • T(Sl) = KD 6 (6V) 

T 12 

and KD 
K2S2 = 
S2-S1 T 

.s imilarly combining appropriate equations, we obtai n 

6V2 lI\' 1 
• K2 12 Kl I 

D 1 (106) 
(S) (S2-S1) PB = 6V1 

6V2 • L 
5 K21 521'1! - 1 - 2 1 

K2 S2-S1 ~.v2 0 6Vl 

=r; 52 K251 11 ' 
(hVl - KS °I

2
6V2 ) 

1 2 

D (Sl) 
K1D 6Vl ~V2 (107) 

or PB = -r
2
- 6 (6V) , 

L 
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Where 

and = 

Thus I t o measure 0 
PB , L(Sl) one has to separat e ly 

s e nd c urrent s in A2B2 and A1B1 to measure 6V2 and 

re spe ctive ly , and then 6!6'Tl is measured by passing 

c urrent s through both bibole s s imultaneously but in 

opposite dire ction satis fyi ng the equation. 

(lOB) 

(109) 

(110) 

6V1 

We obtain the required P~ I L{Sl) through the equa­

tions 

and 
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2. The Re s istivity Transform 

Slichte r' s (193 3) method of direct inte rpreta tion 

of r es istivity sounding da t a with the help of the 

Kerne l f unction has been the subject of continue d 

inte rest since its proposition . The first step of 

Slichte r's me thod is to de t e rmine the Kernel fun c-

tion f r om the fie ld measure ments and 1n the second 

step the laye r paramete r s a r e de t ected from the Ke ma l 

function . 

Santini a nd Zambrano (19 81) presented a numerical 

me thod of ca lculating the Kerne l function which 1s 

based on a decomposition me thod. The observed appa­

r ent r e s i sti vity data are appr oxi ma t ed by utilizi ng 

a linear combination of s imple fitting functions 

chosen in such a way that they allow the de t e rmina ­

tion of the Ke rne l a nalytically. Th€ fitt i ng opera­

t ion is carried out by the l east squares me thod. 

This numerica l method was developed fo r schlwnber ge r 

Curve s . 

AS an il l ustration we sha ll discuSS be l ow the numeri ­

ca l method developpe~ by Rakesh Kuma r and MV Ram.11l": iah 
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chowdar y to calculate the Kerne l function for 

\"e nne r r es ist! vity curves . 

On t he s urface of horizontally n-Iayered earth 

the we nne r apparent resistivity Paw 1s ~iven by 

t-1he re a is the we nner spacing P
l 

1s the r esistivity 

o f the top laye r , J o 1s the besse l function of the 

f irs t kind and zero order l K()') 1s the Ke rnel fUnc-

ticn which depends on depth and r e fl ection coeffl -

cie nts o f the interfaces i nvolved and can take 

value s be tween - 0 .5 and + Q) and A is the integration 

va r i abl e. 

Putti.ng y = and 

(111) 

( 112) 

multiplying the equation for apparent resistivity by 

J o (ax ) and integrating, we obtain, 

/YJO (ax)da= ; 7 ak(Al l JO(Aa l - J o (2!a d J o(aX)dad! 
o <5 0 f (113) 

On app lying the fourier-Besse l integr a 1 of the f orm 

~ ~ 

f f r AF( A) 
o 0 

J (rA) J (rx) drd! • F(X) ( 116) 

o 0 
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t o t he right hand side , we get 

2k (xl 
x 

k(k/21 
x (lISI 

If Y i s approxi mated by a line ar combination of 

s uitab l e functions f (a, ( 1) chosen in such a way that 

the y al l ow the I(ernel to he d€:! t e rmlned anal ytica lly : 

• y 
m 

= 1: hi f( a , <tl 
i - 1 

(1161 

Kumar and chowdar y found that the best fitting s uch 

functi on was 

a 

< , ' , 
a 

wi t h the se substitutions t he equation 

J yJo (axl da = 
o 

bccoroe s : 

m ~ 

a 
, 1: {, hi 

la 2 + < ' , =1 
i 

= 

2k (xl 
x 

a 

I t1 a 2 + 

2k'(x) 
x 

k(x/21 
x 

J (axlda 
< 2 

0 

i 

• X (x/ 21 
x 

(1171 

(li S) 
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I t i s known frow the theory of besse l functions that 

e xp (-E X ) Jo(ax) d x = _ -,1,-
1£2 + a2 

and application of Hankel transfor~atlon gives 

f 
o 

exp (-x) 
x 

(119) 

(120) 

and wit h the he l p of the l ast re l a tion the equat i on 

m 
7 

1 =1 

be comes 

m 
E 

1 =1 

w -

f h1! a _ 
o la 2 +£ 2. ,_ 1 

bi L (exp 

(121 ) 

• 
Subs ti t ut ing in the last equation we have for k 0, ) 

This 

of a 

• m 
k 0 ) = E b1 exp 

1=1 

me ans that the Kernel 

l inear combination o f 

• m 
k (A) = E bi 

1=1 

(E1 A) (122) 

can be expressed by means 

functions q (A,c!) 

(123) 
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Whe r e 
(1 241 

The a c t ua l ~eterminatlon of y' • and consequently k ( ~) 

depends on the number:"m , on th e constants ( 1 and on 

t he coe fic ients bi . 

* Ne xt we inteno to det~rmine y h th ~: sue at it approx1~-

teo '::l a ccord.ing to the principle of l eas t square s . 

The r e for e 

K+l m r- a . a i 1 2 • ' ( • bi ' J 
I la ,2+£ 2 -

. y ) • min 
j =l i=l 14a '+E ' I) j 

• J i j 1 

her e Y. 
J 

i s the value of y at a = a j 

after t he number I!1 is fi xed , the above eouation 1s 

so lv('! d f o r the unknown coeflcie nts b i es t ablishing 

the m value s of £. which are chosen t-y first t aking 
i 

(1251 

them in a geometric p r ogression , the desired qua lity 

of f i tting of y be ing d.ependent on the r ati o of til 

pr ogr ess ion . It is suggesteo that one uses t hree or 

f o ur fitt ing functions for e ach logarithmi c eye l of 

the r e s i stivity cur ve : and the extrem values of i 
a 

can b e fixed by choosing E1 = a1 and Em 0 . 5 k 
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whe re a l and ak are the first and last abscissae 

valu(;-~ s of th o:'! observed (or extrapol ated) resistivity 

c urve . 

Continuation o f the l east s quares op~ration then 

l e ads to a symmetric normal linear system of equat .. 

i ons f o r rn unknowns, the mth normal equation being 

\,n,e r e 
k+l 

~ Y = l: f(a
j

, Ex) f (a _. Ey) - x ' j=l 
J -

k+l 

nx = l: f (a j' Ex) Yj 
j=l 

are known as solutions of the normal Onc e t he h i 

* and k ( A) can be determined using * e quati ons y 

• rn 
y = l: b i £(a, E

i
) 

1=1 

a a 
f (a , Ei = 

1 ( 4a'-E i ') l(a' +E ') 1 

and * K (A) 

1'1 exp( - Ei A~ 
= l: b i 

i=l 2 

(126) 

(127) 

(128) 
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af t e r R ( ).. ) is de t e rrnined 1 a r e l a t ed function , the 

r e s i s tivity t r ans f orm T D.) which 1s a use ful ver ­

sion of K ( A) us ed i n t he second ste p of inte rpre­

t a tion may be computed 

(129) 
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IX PART 1 1. PRACTICAL WORK 

As outli ne d in the tl tle of t his project the second 

part o f t h e wo rk consists of analysis and Internreta~ 

tion o f data from selected site s . 

Accor d i ng ly two regions were s e lected : ona around 

01rA Oawa i r. t he Ea stern part of Ethiopia and another 

a r ound Tendaho in the Northern part. Refer to loeation 

mans for p r e c ise location. 

\'le acknowl E" dge the Geophysics Department, Ministry of 

Hint::!s and Ener gy for suppl ying a gre llter portion of 

t he r8sistlvity data . 

The p r oce dur es o f inve stigation , methods of analysis 

~no r e s ults a r e r eporte d i n this paper. 

II. . DIRE DJ:.i~I', 

Geol ogy o f Dire Dawa Area 

d of acidic magnetite 
Be dr ocks are mainl y compose 

~i t sands tone, 
pl:ecamb rj a n ove rlain by Triassic A . qra 

upper sand­
J urassi c Anta lo limestone and cretaceous 

overlain by the lower 
stone. These formations arc 

After being tilted by 
Ter ti ar y Trap s e ries l avas . 
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b l ock f (\ ult lng, they ..... e r e cov r d by • ra t C'ltd tl f'lOd 

b salt wh ich o r r upted a f t e r theso Major Mock ul 

t ng 1 11 Mlrl Te rtiar y. 

Th~ th ickne ss o f th 10 ..... r aandston t . lou h n 

100 mete r s . It passe s upwllrds into "andy 1 t • on 

thro uqh a 8cr 1 5 o f a lt roa ting ca lcar out ,11 • n 

ml\rl , limcston a nd do l omi t e. 

T c ant~ lo 11m stone wh ich i s abou t 115 " ie": h81 

as 1 s lowe r par t a l terna ting ahal a nd ch "l ~ . rr 

] i nx..s t one la er s ar e corrvnon and dr u. I of au r l­

Occur t owa r os the top. Th low r love l l con fl t n hln 

bee s of dolomito . The upper p r t cona l s "' Of 9 Y 

liltV"stone with concretions of che r t and ~ r u •• I ('I 

qua r t z . 

1'h . c'rl: taceous upper sands ton3 11 abou 1 1< 

thin l e nse s of ma r l with sme ll late ra l 0 n 

freo uently. Inte r ca l ated 11 stcn be r l-IS 

hl'lS been fo und in adjacent Il r a.· 

down - thrown blocks P of DirO c n.i. Of 

8",,1 tic l ~ va s in e r bedd d with 
ionl brl .lc 

uf f un its. Rhyolitic l a as 
x ruded ( t r 
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b l ock faulting fol l owe d by t~e e rruption of s tratoid 

f l ood basa l ts a l ong a possible swarm of ?arallel 

fi ssur e s r elated t o the ESE tre nd of faults 1n the 

nor th ern part o f the a r e a . 

ThE: s upGr f icials a re presume d to have heen depos ited 

i n a l acustr ine e nvironment that existed be fore the 

extrucs s i on o f the floor basalts ; and they are clas-

sif i~d as be l onging to the a lluvial rla!n and the 

escar pment zone . 

Thos e of the a lluvial p l a i n c omprise of alluviUM, 

rive r grave l s, fans and travertine , whe r eas those of 

thA esca rpment are mainly colluvials comprising of 

t a lus and f luviate s . 

Bor€:~'Hole Info r mation 

As an aid i t follow , the 
t o the Geophysica l a na lys 5 0 

. closest to 
fo llrn~lno bor e -ho le data from the r eg1 0n 

the a r ec unde r investigation is included . 
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ERE~ GOTA PROJ ECT EXPLO RATORY BOREHOLE (AIR PORT) 

Tot al Depth , 

Hol e Diame t e r , 

Octobe r I , t o Novembe r 10 , 1970 

120 . ~ m 

50.P mm t o 27 rn and 12.7 rnm t o 

9 3. 7 m 

St a t ic fvater level, 16 rn 

18 ITI' /hr draw rlawn : l ess than 1 m 

Spe cific Capacity , 20 + m' / hr/m 

0 ,, 2 . 1 rn 

2 . 1 ·· 8 . ~ 

30-3 2 . 5 

32 . 5·· 70 . 0 

70 -84 . 0 

81 .0 - 67 . 0 

95 . 5--101. 0 

101. 0- 105 . 5 

105 . 5- 112. 0 

112··116 

Uppe r s andy s oil 

Sandstone, wel l cell'lentec1 , brown 

Brown siltstone, shales, limonitic 

sta ined 

Silicious tuff, with so~ concre-

tions of calcite 

Hard, quartizitic snadstone grey 

and greenish 

Brown, brittle li~onlte stained 

shales 

Brownish , very hard, flne-~edium , 

quarti zittc snadstone 

and silt, brown, slightly 
Sandy c l ay 

ca lcareous with brown shales 

Greenish clay and silt calcareous 

• s and, a l ot of fer­
Loose uncemen te~1 

rugiouS grave ls 
medium grained 

Brownish , very hard, 1 
har d sh a e6 . 

quartzitic purpl ish brown, 
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An account o f the r ocks found in the area t ogether 

wi th th~ ir physica l prope rtie s (determined at the 

Geophys i ca l Obse rva t ory from samples ~iven by the 

Mi n istr y of Mines ) is stated be low as a pr e liminary . 

a ) Effus ive Rocks : 

Re p r e s e ntee by trachytes, stratoid basalt, -trap 

s e rie s basalt. The trachyt e s displayed r e lative ly 

l ow mean de nsity (2 . 1S gm/cm') and high mean poro-

s ity (5 . 01% ) with nealigible density variation 

a nd considerable porosity variation (standard 

devi a tion of 2. 46) . The correlation coeflclent 

betwee n t he two parameter s (Rp/ O = 0.6 76) disp~ 

layed a favourable r e lationship . 

A dev iation f roro the general trend in this forma·· 

tiol1 wa s obse rved for the strntoid basalts and 

t rap se r ies basalts with density range for the 

str a toid basalt between 2. 72 ~nd 2. 77 gm/cm' 

(0 = 2 . 58 ) and for the trap ser i p.s basalt 5=2 . ~6 . 

As for por os i tie s the f or me r has PSTR 

-t he latt e r e = 1. 36 % • 
T 
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Th e l ow por os ity devi ations may be accounted for 

by t he fact that c l osed por es may be present , and 

t he s e clo sed por es [flay have a far grea t e r influe-

nee on the densi ty than on the porosity . 

Also the nUITlbe r of por es and their size was obser -

ved to vary with depth which is in conformity with 

t he r e l a tively l ow correlation coeficient for the 

stra t o id basalts (Rp/ D = - 0.4 ~R), On the othe r 

ha nd , the corre l ation coeficient between por osi t y 

a nd oe n s lty for the trap basalt was a bit higher 

( ' 0 . 501) . 

b} ?ed i roentary Rocks : 

Re pr e s e nte d by upoer and l owe r sandstones, and 

lime stones of Jurasic age. 

(D
LST 

= 2.6 7 gm/cm' , = l. OB' ) 

The l i me stones consist Of shell, clay, sand , etc . 

l arge number of cavities . This a nd it contains a 

makes the aver age density of the massive forma-

tions de terwine d fro~ sample s . 
l ower than those 
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The upper and lower sandstones displayed lower 

v a lues o f density (DUSS = 2. 5 g/cm') DASs 2.29 em', 

and highe r values of porosity (Puss = 5.2~' 

PASS = 12.06% with a high value of standard devia­

tion for both parameters . 

The corre l ation coeficie nt for ASS was found to 

he 6 . 77 8 , and that for the llroestone is hlqh where­

as that for the upper sandstone is low. 

c) Intrusive Rocks : 

Repr e sente d by diorite , granite and dyke basalt . 

The d i o rite s displayed high density and por osity 

(Cd = 2.45 gm/km') . 

(P = 6 .62%) with a high correlation coeficient of 
a 

0 . 780. 

The value s obtained for the granite are 2.59 gm/cm' 

f o r density and 1.98% f o r porosity. 

The dyke basalt 
displayed a high density and a low 

poro s ity characteristic of such formations. 
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9€ophys i cal Data 

The da t a s upplie d by the Geophysics Depart~nt , 

rIi n i s try of Mi nes was VES da t a (vertical electrical 

s oundi ng) c a rried out along seven profiles oriented 

as i ndicated in the l ocation map. The sounding was 

done at intervals of 500 m, and the array empl oyed 

was schlUlT'.be r ger wi th a maximum current separation 

of 1 . 5 km . The distance be tween the potential e lect­

r ode s wa s 1/ 3- 1/25 of the current electrode separa~ 

tion . The ori e ntation was mainly along the profiles 

with on ly 3% per pendicular to the profiles. 

It we.s c OJ:!J1unicated to us (l long with the data that 

t he instr uroe nt used wa s a Rus sian Auto Compensa tor, 

A~72 . 

I nde pe nde nt sur veys a l ong some of the same profiles 

wa s a l so conducted by this pr o ject in orde r to ascer­

t a i n amb i g uo us cases and t o co lle ct more data. The 

instrume ntatio n use d for this part was an RAC-direct 

current r e sistivity meter . 
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Met hods o f Dat a Analysis 

To obtain a pre li Il'linary i dea of thicknes 8es & r esis­

tivit i es In the surve y a r e a , use was first made of 

t he c ("Inv e ntio na l p r o cedure of mJ;!. tching the fie l d 

cur ves p lotted on double l oga rithm paper (p versus 
a 

AB/2 ) wi t h a vailable standard master curves and 

auxilliar y curves . 

The ma i n steps empl oye d In the procedur e of interpre-

t ation by curve match ing were the following : 

a) The lef t - hand p a r t o f the fie ld curve p l otte d on 

a t r a nsparent double-loga rithm graph sheet Is 

sup0rpOSec. on the s e t o f two- layer mas t e r curves 

and matched keeping axe s pa r a llel t o the coor di ­

na t es. The c oo r d ina t es of the orig1n of the Mster 

curve, a s r e ad on the f i e l d c urve , give ~ and hI ' 

From the c urve on which the watch is obtained , and 

b = P2/Pl can be y i nt e r pol a t i on if necessary, ~2 

.t'eac~ . Since PI is known P2 can be ca lculat ed: 

b) the type of the first portion 
In accordance with 

o f t he f ie l d curve ) a corresponding 
(H , K, Q, or A 

and its origin 
auxilliary set of curves is chosen 

placed , on the f i eld cur ve 
s upe r pos ed on the mark -

i n s tep (a ) . 
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Co rre sponding t o the orig in of the two-layer 

theor e tical master curves . The line on the aUI.H ­

lia r y curve s corresponding to the value of lJ 

obtained in step (a) is then traced on to the 

fie l d curve (keeping axes parallel) up t o the 

mar k (+) mentioned above . 

c) The f ield curve is the n shif ted back to the master 

c urve s and a best coincide nce with one of the 

c urve s found, rraking sure that the auxiliary curve 

tra c e d o n the field curve passes through the 

ori gin . 

The c o rre sponding value of 1J. thus obtained gives 

P = p)/y where y is the ordinate of the position 

of the master-curve origin marked in this second 

match ing . 

d) The fi e ld curve is a gain superposed on the selected 

s et o f auxiliary curve s ensuring tha t the point of 

o rig in o f master curves (+) marked in step (c) 

f the auxiliary curves, 
c o i ncide s with the origin 0 

and the va lue of V , I h2 where x is the 
gives v = x 

abeisa o f the point (+) marke d in step (c). 
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e) I f t he r e a r e still more {>ortlons 1n the field 

c ur ve corre sponding t o more types (H,K,A,Q) and 

hence t o J1'1o r e layers, the steps a-d are repeated 

suc ces ive l y giving rise t o P4 ' Ps '" etc. and 

h 3 , h ...... .. e tc . . The me thod 1s illustrated below 

i n de tail, taking profile 0 picket 50 as an 

example .~ 

Aft e r the i n! tial matching , the coordinates of 

the origin of the two- l ayer master curve give : 

PI = 800- m 

hl = 3. 5 1'\ 

wi t.h 
P2/P1 3/2 ~ 1 = = 

and this gives P2 = 1200"m 

Match ing f i eld curve and. auxiliary curve gives 

frow which we obtain 

llatch ing the the curve after find­second part of 

ing h corresponding the K- p0int we read t e 

/ 1/5 ' Y = 110 U2 = P 3 Yk = • k 

= 1/5 x Yk = 1/5 x 110 = 22 o-m 
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we a lso r e ad V2 = h3/~ = 9 " K xk = 18 

h3 = 9xk = 9x18 = 162 m 

From the final matching of the last part of the 

curve, we have ~ 3 = P 4/YH = 3 ! YH = 30 

P ~ = 3y H = 3x30 = 90 O-m 

Th e mode ls constructed from these first approxi­

mat i o n s we re then incorpor ated into a computer 

p r ogr am which was writte n t o directly calculat e 

the t heore tical curves corresponding- to soecified 

mode ls . The avail l abl e c omputer program was writ ­

t e n o n the ba sis of G.Qsh filter method (1971) a 

b rie f account of which is given below . The curve 

thus o btained is then compared with the field curve 

and modifications made on the Jt'Iode l if a satis­

factory match is no t obtained. The procedur e is 

r epe a ted aqain and again unti 1 a reasonable match 

is attained. 

The Cosh method uses a digital filter procedure t o 

e valuate the Stefanesco integral. The apparent 

d at a series of points 
r e s i s tivity is calculate 

the 109ari th­
separated by one third of a decade on 

mic s cale . Also intermediate points spaced by one 
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third of a decade may be coroputo • b ... ~l V choosing a 

di ffe r ent s tarting point . 

The method consists of : 

1 . To ohtain the resistivity transform function 

by means of a r ecurrence f ormula, which 1s then 

sampl ed at the above - mentioned interval. 

2 . To calculate the convolution of t his resisti -

vity transform with the r esistivity filte r . 

Di~itally s peaking this means calculating the 

c o nvolution o f the i nve rse digital filter 

coefic i e nts with the sampled values of the 

r e s istivity trans form function. 

The pr ogram can handle horizontally - laye red 

e a rth models up to ten layers including the 

substra t ure . The input consists of resistivi­

ties and thicknesses o f the laye rS ; and the 

• 1 ts which 
o utput is a s e ries of plotte~: po n 

5 e l ectrode 
f o r m the apparent r e sistivity versu 

s e para tion curve when joined up • 

Pleas e refer t o a ttached charts, tahles, 

the r esults obtained. 
graphs and figures for 
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DI SCUSS IOI'J lUlD CONC. USSION 

The appar e n t r e s isti vi ty in the investigated area ran­

ges f r ("l]l'l 5 - 150 ohJT1 - re and the values are low on the 

ave r age ve c a use o f the alluvia l overburden. The inte r -

pretat l o n o f t he VES curve s indica tes that there are on 

the a ve r age about four geoelectrical layers . 

The th i c kness of the first layer (top 5011) is not more 

than ? meter s with resistivity ranging from 25 - 350 

ohm- me t e r s . Th e r e lative l y extreme variation of resis­

tivity in t h i s part may be accounte d by the effect of 

per col a ting r a in water . 

The unde rly ing s e c ond laye r varies 1n thickness from 

sever a l meter s t o ahout a hundre d Illet ers . Test boreholes 

need t o be c rilled to asce rtain the exact geo l ogic na-

ture of this l aye r . 

The t h ird l ayer (p r e sume d to be c omposed of alluvial 

sands ) has r es istivity variations from 10 t o -1 0 - m and 

thickne ss r a nges f r om 5 _ 300 m'.. with minimum thick­

nes s on the cente r o f t he survey area 
and maximum on the 

for distinguishing 
edges . A t es t bor e ho l e is necessary 

ition arain size , 
whi h f t S (compos , . 

C o f the s e ve r a l ae or 

degr ee of wat e r s a turation et~ 

in the r es ist i vity of this laye r . 

t he fluctuati on causes 
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The last l ayer (be d rock) pr es umed to be composed of 

sandstones , lime stones and pr ecambrian magnetite shows 

large va r i a tions in e l e ctrica l properties , and hence 

resis t i v i t y s urvey alone is not sufficient t o make 

des irp.~ d i ffe r e ntiations among the various corn.oonents . 

Even f or a finit e be d rock r e sistivity ( 400 - 600 m) 

the porti on s o f the curve s that correspond to the bed 

r ock s how a n inf i nite r e sistivity due to the low r esis-

tivity o f t he a luviurn ove r burden • 

The co r r e spond ing depth of the apparent resistivity 

range ( 70 .~ 150 m), i s that o f the bec1 rock in the 

central pa r t of the survey a r e a and of the alluvium 

deposi t s at t he e dges . The zone of hl9'h r esistivity in 

the ce ntr E'.l pa rt also corre s ponds t o shallow- depth t o 

bed r oc k (no t more than 100 m) . 

B. TENDAHO 

Gene r a l Geo l oaical Aspe cts of the Survey Area 

aAfar, a vast triangu­The a r e a surveyed lies on the 

about 150,00 sq . km area, l a r s h aped de p r e ssion of 

the Ethiopian Rift; The whe r e the three units o f 

Main Ethiopian Rift, 

Red Sea Rift meet. 

The Guld of Aden Rift and The 
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Much of this depression lies b 1 e ow sea-level . On the 

west it 1s bounded. by the N~'S scarp of the Ethiopian 

plat e au , on the south hy the E-oN E - w-s W. Icarp 

of t he Somalian plateau, and on the north east by 

the Danakil Alps horst . 

From the p lains of I\far, the Awash river extends 

through s everal small lakes to the closed baain of 

Lake Abbe in the North • 

The i Rm'lense 8000 sq. km occupied by the salt platn 

with an average elevation of 70 m typifies the gene­

ral l ack of r e lief of internal Afar. 

The r o cks of Afar, as part of the whole rift system, 

have as their basement, the extremely folded and 

foliate d p r e cambrian, covered by mesozoic marine 

strata and tertiary flood basalt. 

Among the dominant formations are to be found Band 

(p rese nt) , lacustrine deposits, recently el'!erged AreA 

d (lover and middle 
(upper Holocene), eolian san s 

(lower to m1ddle 
pl e istocene ), Lacustrine limestones 

per part of 
ho l oce ne BasaltiC fissure floWS of the up 

1 tic lav~ flOWI 
the stratoid s eries (pliestocene) ~ b~5~ 

l ine tendenclel and 
of transitional nature with alka 

the Afar stratoid s cries (Pliopleistoc
enol

. 
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DISCUSSION AND CONCLUSION 

The pa lle t e s of A.M. pylaev we r e used t o interpret tho 

field curve s obtained. 

Twe nty c urve s of VES along the main profUo W'P.re inte r­

pr e t ed . The t ypes obtained wer e HA, HRnA, HKHRH and 

others . 

The p s e udo cross- section of appar ent r esistivity ( pa) 

the graph o f longitudinal conductance (8) 1n siemens 

and the geoe l ectrica l cross - section were plotted . 

The d i agram of sW!lrnarized l ongitudinal conductances (6) 

r e f l ect s the surface r e lief o f the hard r ocks of the 

basement . And the picture of the pseudo cross-section 

of appa r e nt resistivity indicates the presence of some 

fault s 1n the geoelectrical s ection. 

In the geoe l ectrical section we can clearly distinguish 

the conducting stratum with resistivity which varies 

f 6 _ 0 ol..-;-rneters. In general r om 1 - 2 ohm ~eters up to ~ lUI: 

three or f our layers in this geo­one can rea l y observe 

e l ectrical section . 
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An e xamp l e o f the serr.l-quantltatlve interpretation pro­

cedur e e mploye d is g iven below , taking VES 149 (HKH) as 

an e xamp l e ~ 

Match i ng the initia l part of the curve with a two-!e:yer 

maste r c urve g ive s : 

Tt'I.e va l ue o f S ( l ong itudinal conductance) is read from 

the i nt e r s ecti on of the tangent to the 

of the f i e ld curve with the abscisa at 

assymptotlc part 

? = 1. In the • 

wher e 

The value o f 5, 

5 = 520 mhos. 

The three- layer 

5 1 = h/ 1 

52 = h2! 2 

53 = h3! 3 

54 = h 4! 4 

t hus read , for the given example gives 

alSo contain so 
pylayev waster curves 

which enable to determine 
called m

2 
line s (m2 = h l +h2) 

the de p th to the third laye r . For the five-layer 
curve 

of Our e xample we have m4 = h1+h2+h3+h4 · 
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For s uch mul ti- l ayer cases the t hr ee -layer rna iter curve 

is us ed by the me t hod of s ucce6s ive r eduction of over­

l y i n g l aye r s i n t o singl e equiva l ent layers and then pro­

ceedi ng a s i n t he ca se of a t hree layer~·earth t o &atab-

- 1 

he = h 1+h 2 and he' = he+h) - h1+h2+h) 

each succe s ive l y e stablished with the three-layer pylaev 

mas t er curve . 

Appl i c a t i on o f t h is operat.1m fo r t he example at hand qlvel : 

= fl = 2094 .. , 
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