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ABSTRACT 

The e f f ec tivene ss of the el ectr i cal res i s tivi t y methods 

ha s been stud i ed us in g various confipurations over the Filwoha 

Fault. It ha s bee n oDse r ved th at th e de lineation of the fault 

wa s poss i ble under dif f erential weather ing . Geoelectric 

sect ions ac r oss t he faul t has bee n pr epa red on th~ bas i s of 

Sch l umberge r sound i n~ results. In profiling th ree di ffp. rent 

elect rode confi pu rati ons nal'lely "~te nne r , two- e l ec trode and 

hal f - Schlumberger, were used alon g profil e AA ' and We nne r onl y 

in Profile BB '. 

On th e basis of da ta obtained from profil es AA' and Bn' 

it was pos s i bl e to delineate the stri ke and extent of t he f ault 

withi n Add i s Ababa . Furthermore, the i nt e r pre t ation of t he 

r es ul ts in AA ' sur~ests th at the two -e l ec trode con f i gurat ion 

posses a cer t ain d ia 1!nos tic fea t ure wh i ch hell' i n ma pring latte­

ral c ontact of th i s t ype. 

The 3fe of the fa ult I S estimated to be be twee n S.m·fa and 

6.4 M.yrs. and t h e down thrown s i de is t o t he south . 



(rr 

.'. '- .. ., . 
<. t , . ' • 

• 

• 

INTRODUCT JON 

By de f i nition, geo physics is the sci entific study of the 

Earth us ing methods of physics . and its domain involves ma ny 

fields : Geoelectrici!y, which utilizes t he electrical proper­

ti es of rocks, const itu t es a very easy proc edure for obtaining 

s ubsurface inforwation from s urface meas ure ments . 

The ma in prope rty conce r ning th e aonli cat ion of e l ec t r ical 

me t hods is th e ab i lity of r ocks to conduc t an el ec tri c current 

(conductivi ty) . The e l ec t ric a l conduc tivity of Ea rth mate ri als 

can be studied by measurine th e e l ec tr ica l pote ntial dis tribu­

tion p r oduced at th e Eartn I 5 surface by an e lect r ic current 

that is passed throu ph t he Earth . 

There are a number of \vays in which electric cur l"en t can 

be made to flow, but in th e most commonl y used meth od di r ec t 

or low freq uency curr e nt is pa ssed into th e ground usin r a pair 

o f e lec trodes , and the r es ulting di st ri bu tion of th e po tential 

1n t he gr ound is rr.e as ured by usi ng ano th e r pp. ir of e l ec trodes 

connected t o a s e nsitive vo l tmete r . From th e magnitude of the 

current appl i ed and from t he know l e d ge of the current e l ec trode 

separation it i s possi b l e to calcul ate th e vo t e n tia l dis trib u­

tion and t he path of th e curr ent flow , assuminf th e sub-s urface 

medium to be homoven e ous . Howeve r, t~1e pre s ence of a zone wi th 

anomal ous r es i s ti vi t y nc rturbs th e di s tribution of th e curr ent / 

potential lines , compa r e d to t heir pa ttern in a homogeneous 

medium . Th us f r om th e me asur eme nt of potent ial s/ potentia l gr ad i ­

e nt/curvatur e of po t e nt i al on t he surfa ce , it is pos sib l e to knOi 
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someth ing about th e nature of s ubsu r face l aye r s . The e l ec tri ca l 

r esistivi ty method ha s bee n successfull y a pp lied in th e study of 

diffe rent peo l ogical prob l ems. 

Th ~ usefulness of th e r e sis ti vity me t hod in geologica l mapp-

1ng de pends to a conside r able ex tent on t he resis t i vity c ontrast . 

Th e contras t may exist due to disconti nui t y o f a roc k fo r n,<1 ti on 

or ch Emge in i t s phys i ca l co ndi t ion . Seve ral theore ti ca l and 

mode l studi es pe r taininr to r es ist ivity prosnecting ha ve bee n 

carr ied over ver t i cal contacts and dyk e like bodies (AI-Cha l abi, 

1 969; Ke ller and Fri schk nesch , 1970 ; Van Nos tr and and Cook, 196 6 ; 

Kuma r, 197 3 3 , b,c ,; Te l f ord , Geldar t. Sher i ff a nd Keys , 1976; 

AODarao , 1979) . How e ver , t he effec tiveness of different confi pu-

r a t ions should be stud i ed aclequa t e l y Ove r the r elevant gcol opi ca l 

s truc t ure s under th e actual fie ld conditions . Aopa r 3o and Roy 

(1 973 ) have shown th a t th e two e l ec trode confifuration is s uperior 

to t}le Wenne r configura tion ane other configurat ions in de tectin p, 

a sulfide ore body . Recently, Ve rma , Bh uin and Bandyopadhyay 

(197 9 ) 3nd Verma, Bhuin and Rao (1980) have revorted r es ul ts of 

res i s tivity surveys ove r fau lts In the Jhari a Coalfi eld, India . 

And Ve rma and Bandyopadhvay (1983) had r eported th at t he Wenner 

and two- e l ectrode confi purations Dossess ce rt ain diagnosti c 
, 

features , which help in mapping a s ingl e Li t hologi c contac t , 

pr ovided suff icient res i stivity con trast exi s t s; from the i r wo r k 

in Raniganj Coa l f i e l d Ind ia. 
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Howeve r , t here is a need for stucti np f u r the r the us e f ulness o f 

va r ious confi gu r ations for such ;) proble m, because t he na t ure 

a nd phy s i ca l e nv i ronment of faults va r y c onsiderab l y from pl ace 

t o plac e. Keepi n g this view ] th r ee no r ma l confi gura ti on s , 

name l y Wenne r. t wo- e l ec t rode, and hal f-Sch l umb e r gc r we r e us e d 

to st udy a pr omi ne n t fa ul t known as Filwoha Fa u l t. 

The Fi lwoha Fault hav in~ a t rend of NS SO[ i s thoU~lt t o be 

a ma j or NE fau l t th at continuous upto Deb r cbe r hane, changin g 

its orien tat i on f r om NI t o NS in t he Bo r ka n a g r abe n Mo h r, (J 96 4) . 

The Fau l t in Addis Ababa is <! ssllmed t o ac t as a bar r i er t o the 

late r basal ti c f l ow (f1oh r . 1964 ), ("'o r ton , e t.al., 1979 ) Ta o pi n ? 

in age between 7.3 - 6. 4 rA.y . (MoTton, 1974) . 

The fa u! t appea rs t o serve as a channe l for t he hot sn r in ps 

at places, as i s evide nced in Fi lw oha , th e r efor e , it i s i mpo rt an t 

t o dete r mi ne the s tr i ke and exten t o f the f~ u l t a t l east wi t hi n 

Addi s Ababa . 

= 
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D FF I N IT lOX OF R [S 1ST IV ITY 

It is we ll known that the re s i s t ance R, In ohms, of a .... ' ire 

i s directly pro portion]l to it s 1enrth L and i s inve r se l y pr opor ­

tional to it s cross - sec tional a rea A. That i s 

R a L/ II 

or (1. 1 ) 

Where p , the cons tan t of propor tiona l i ty, is known as the c lee t ri-

ca l resistivity, a c'larac ter istic o f the mater ial . Accordin g to 

Ohm's l aw, th e r es i stan ce i s r iven by 

R = ¥ (1. 2) 

wh e re IIV is the not e nti a l di ffcr~ nc e across t he r e sistance and I 

is th e elec tri c cu rren t through th e r es i s tance , subs tituti!l ,lY 

(1.2) in (1 . 1) and r CJrran gi ng, we ret 

A ~v 
[T (1. 3 ) 

Whi c h may b e used to dete r mine th e r e sistivity p of homogeneous 

and isot r opic ma t er ial s in th e fo r m of simp l e peometri c sha pes. 

In 2. sePli-infinit e material t he resistivity at e very point 

must be defi ned . No\-!, if t ile c r oss - sectional area and l enpth of 

an eleme nt withi n th e semi - infin ite materia l are shrunk to infini-

t e simal size , then the resistivity may be de f ined as : 

lim 6V + 
L+o T E p = 
l im I = -

J A+o A 
(1.4 ) 
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+ + 
Whe r e E is th e electric fi e ld ~nd J i s t he cu r r ent density 

(1.4) i s ohm ' s law in its dif fe r en tial fo rm). 

Th e un i t of r es i s tivity i n th e t-IKS sys t em i s the ohm-me t e r . 

The resis t ivity p of roc ks or so i l s dis pl ays ~ wide Tanre 

of values and i s hi ghly vpri ab l c amon pst al l til e physical 

proper ties of mi nc T31s and roc ~s . Fo r example , graphite has 0 

resistivi ty of t h e order of ]O~ fI n- m where as some dr y quartzite 

12 rocks have resi s tivity mor~ th~n 10 Q-m . 

In most rocks, el ect rici ty is conduc ted electrolytically 

by th e inte rstiti al fluid, ~nd re s i stivi ty is con t rolled more by 

pO Tassity , water conte nt an d wa t er nual ity than by the resistivi­

t i es of the roc k matrix . 

Resisti vi t y is, therefore, a n e x tremely variable DaT3mete r . 

not only fTom f ormation t o fo rma tion but eve n within a particu l a r 

format i on . Thus t here i s no gene r al c orrela t ion of th e lipho l opy 

with reSistivi ty. Neverthe les s, r es istivi t y JTIethods a llow to 

determine the structure of t h.; s ubsurface l ayers of so j I and 

r ock, th e location of r-round wate r tabl e , the l ocation of fau l t 

zones or other s i milar fC3 tures. 
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2 . THf CONCfPT OF ArPA RENT RES IST IVITY 

In the i nte r pre t a tion of D-C potentia l fi e ld measur eme nt , 

th e no tion of " a nnorent r es i st i vity " is f requent ly used . 

If the ground was homoF('neou5 e l ec tri. c ally, a. s in gl e meas ur e -

went of the potentinl dif fe renc e an d cu r r en t f l ow would dete rmin e 

its re s i st i vi ty. Now let us conside r an infinite conduct i ng 

' layer of uniform r e s i stivity p and let a c ur rent of stren p, th I 

en t er at po i n t PI ( F i ~ . 1) • 

~ / • 
'f / 

I 
,. f. /-~Ii 
~ 

( , -r~ ,. .' 

/ 
f
c
\ 

Fip . 1: 111 f i nite Conducti ng Laye r. 

~ 

The CU Tr e n t density .r i s fiven as : 

+ I + 
.J (r) • :-:zer 

4f! r 

Ilt 

Then t he e le c tric fi e l d at a d i s t ance r f rom po i n t PI will be 

+ + 
E = pJ (r) 

a nd th e potential a t t his po int i s 

+ + 
V • - IE' dr 
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Now if we con 9ide r th e notenti a l difference be t ween Pz and Tl3 

due to a current source a t PI \~~ pet 

r 2 I p 
T1 

dT ~ ~ 

11 732 = . f r ·d r " 4TI f , 
r 1 Tl T 

ass uming a semi-i nfin ite solid th e above exp ression reduc es to: 

In th e same way t h e ~ot entia l <ii ffcrenc e he t\\'cen Tl Z a nd D3 due 

to a curren t I introduced Via P4 will be 

6 V I p [ 1 
23 = TIl r

3
-

Now if we cons i de r <t CUTTen t of intensi ty I ente r inp. 

through PI and comes out through 1)4 the pot ential d i ffe r e nce 

6V, i n between "2 and P3 is : 

Th e rcfo rc ~ 

p = 

Where 1 -1 
+ - J T . 

o 

(2. 1 ) 

is a charac t erist i c of the 3r ruy , and is cal led tIle geomet ri c 

f acto r of an e l ectrode confinurat i on . If the r r ound is inh omo-

pencaus equation (2 .1 ) define an appa r en t resistivity , the 
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r es istlvity wh i ch th e f Tound would ha ve i f it was homogeneous . 

To i llustra te th i s concept, let \IS cOHsider the ens £. of p layer 

having a thickness II and r es istivity PI overlying a spco nd homo ­

peneo us a nd isotropic layer of i n f inite thic knes s and of r es i s-

In t h i s case the current wi l l 

no l on ger f l ow alan " Doo roxi nlat 2] y c irc tJ l 1 r a rc as i t did in 

homopeneous farth. Ra t he r , the lin es of flow a r e mo ved down Il S 

shown in Fi p. 2, bec;lUs e the l owe r r esis t ivi t y below th e i nt e r -

fac e res ul ts I n an c3s i er pa th fO T the curren t within t he deepe r 

zone . 

Fi r . 2: Lin es of cu rren t f!m.; between C1 ann 

C2 in t wo layered larth 

It i s e vi dent th a t , as t he di s t anc e betwee n ele ctrodes C1 

and C2 i s cllan ge d th e value of p chanpcs and can be ca l cul a t ed 

by (2 . 1). Specifi cally, when th e di s t a nce CI -C2 is sma l l with 

res pect to h , the thickness of tl,e first layer. the res i s tivi t y 

anD Toximates PI of thi s layer. However , if t hE' dis t an ce CI - Cz 
is very l arfe with r espect t o h the re s i s t i vity approaches PZ' 

The va lue of P i n th e inte rmedi a t e case i s comoTi sed of PI and 

P2. Thus we ca ll D th e appa r ent r es i s ti vity . 
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S . [L KTR ICAL SOliND ING AND HOR IZONTAL PROF I LIN G 

In actual pra cti ce a number of diffe r en t surface conf i Fur ~-

t i ons a r e used for th e c ur r~nt end pote ntial e l ec trodes . Fi p. 3 

shows t he fe ncT~ li ze~ confi gur ation for a f ou r elect rode a rray 

an d Fig . 4" the conven t iona l l1 TTay . The ~fc o mc tri c fa c tor 1<, o f 

(2 . 1) can be writ ten ~s : 

1 1 1 1-1 
K = [ - " -+---J 

TI l T1Z TZI TZZ 
(3. 1 ) 

r·. as s hown i n Fi f . 3. 
1 1 

Fi g . 3 : TIle Gene r a li zed fou r e lectrode ar r ay 

with poten t ia l elec trodes P1,Pz and 

c urr e nt e lectrodes c1 ,e2 , (o<e,.~n ) . 

Fo r the generalized arr ay Fiy . 3, the inter - electrode dis t ances 

interms of th e gene r alized sDaci nr oa rame t crs a r e gi ven by 

2 
TU = R2 +L Z+22 + ZR(~C05 ¢ _L C05 0)-Z L2Cos ($ - 9) 

Z RZ+L Z+, 2_ZR (IC05$+L C059) +ZL 2COS(.-9) T 1Z = 

Z RZ+LZ· tZ +ZR(ICOS.+L 
(3. Z) 

T2l = Cos9)+ZL2Cos($-9) 
Z 

T 22 = RZ+LZ+,Z-ZR(' CoS$ _L Cos9)-Z LtC os (¢ - 9) 
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Since th e conventional arrays Fif . 4 arc s?ecifi c cas es 

of the gene r al i zed a r r ay, the above eq uations a l so app l y to t hese 

a Tr3ys . I t i s necessary only to expr ess the re nernlized spac i nr 

pa r a me t ers i ntc rms o f the conv~ ntiona l a rray r aramete rs. Tab l e 

1 , s ummarizes th ese re l a t i onsh i p . 

C, e , i·~ P; • 12 ( . .-. 

" ...- IN-I )/\ -->A 

c) Di po l e-Di po le 

• 
d ) Azimuthal 
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Fir . 4: Conventional clcc trock o. rro.v [ rom 

th e pe~cT3 1iz crl array . 

TobIe 1: Relat i onship bo twe en th e narumet e rs of the 

ge nc rali zecl " Tray and th e conventiorull aTTay 

STAPDARD ARRI,YS G IN mAL IZ ED t .RRAY PARAMETlRS 

(Cm:VlNT JONAL P,\ RA \j IT [RS) R L t a ~ 

a) Sch l umbc r gc r 0 L ? TI TI 

b) Wenner (A ) 0 3'YZ 'YZ TI TI 

c ) Di-pole. - di- fole (,J ,I<) N~ 'Yz 1\/1. TI TI 

d) As imutha l (R , L,t,O) R L t a TI 

eJ Fe rne ndi c:u lar CR,L,t,El ) H L t a a+ TIl - z 
f) Rad i al (R,L, t,a) R L t a IT 

g) Paralle l (R , L,t,a) R L t a a 

In ve rt i ca l e l ec tr ica l soundin r (Vr S ) th e e l ectrode con­

f i gura t i on mos t crrmon ] y us ed i s t he $chluwbc r pe r confi ~ u ra­

t i on Fi r. 4 (a ) . To c hanrc th ~ de T) th r 31l fC o f th e mcaSU TC;: mcn t s 

the cu rrent e l ectrodes are displaced out ward aft er eve ry meas ure -

me nt, t he potential e l ec t rodes are occas s i ona lly displaced wh en 

the rat i o ( 1(2: P
1

r2 i s too l ar,e , o t herwise, t he potent ial 

diffe rence bec omes too sma l l to be me as ure d. Th e di s tance be t ween 
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Pl-nZ must be l ess than ~th of the current e l ect rode senaration. 

Two reaelinrs are necessary wh..:n P] -P2 is chanped. 

Ano t he r ifllportant e l ectrodt confi~u r atjon , use d l ess f r e­

Quently in sound i nr is th e Wc nrH:: r confipu r a ti on Fi r. 4 (b) . Recently, 

n new system of e l ec t rod e configura t ion has co~e i nto use , refe rred 

to as t h e IT dipo l e " confipuration (c-~) . All h ave th e fo ll owinp 

i n comrron, the: distance between the two curren t and potent i a l 

e l ect rodes lS very ShOTt, the distance from t he ? a i r of potenti a l 

e lectrodes to t he pair of CU rTE:n t elec trodes i s cons i de r ab l y l ar per . 

The basis fOT making VFS i rre sp(;c ti ve of th e e l ect r ode ar r ay 

used, is t ha t t he farther aw ay fro~ a CUTren t sou r ce th e ~casu re ­

went of the potential difference . or t he cu r vat ure of the no t en­

tial , or t he e l ectric field is made , th e deencr the proh in p will 

be . 

Any of th e elec trode 'uray used in so und i ng r.!ay be used i n 

horizon t a l rrofi l inp, but the data ob t a ined wi th some t ypes of 

an:ays are more read i ly in te r pre tab l e than da t a obta ined wi th 

other a rr ays , 

In pr ofiling half- Schlur.lberpe r Fi ~ , Sea ), ,",,'he re one cu rrent 

e lectrode is placed at i nfinite, and the two - electrode (~ i n~le 

pole) a r ray Fi r . s(b ) in which onl! cu r rent and one measu r inp 

e lectrode arc are nlaced ot infini t e, conventionally the infini te 

e l ec t rodes are kep t atl east 10 t j mes as far away as the nea r 

cu r rent electrodes and equally important a lonp distance f r om each 
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o t bCT, 'lre us ed . Sinc e the infin ite e l ec trode s are at lonl' 

distance f roJ'!l the movinr. elocteodes , it need not necessar ily be 

in l in e with them . 

<- - -- ~ --- -> <_ - DO - - - ~ - -> 
<- b > 

C1<- a - - > C2 
V 0 0 V V V 0 0 

"1 P2 C2 C1 
~ P2 1 

Fig . 5 (a) Ha lf -Schl unbcr ger Fi g . S(b ) Two-elec trode 

The apna re nt res i s t ivity can be ca lculat ed from (3 . 1 ) and 

(2.1) , we Fet 

p : 
a 

anrj 

Half 
s chlutrber re r 

p • 
a 

Two 
elec trode 

In VES with We nn er , Sdl l umbe r per or dinol e -di pol e , th e 

resncct i vc e l ec tro de snacing A,L , NA, i s i ncreased at cons t ant 

lo gar ithmic interval s and th e va l ue of th e aora rent res i s t i vity 

Pw Sch. D. 1 I ,P • P I S P otc( as 11 a a a func ti on o f t he e l ect rode s Qacin p 

on lo garith~ic coordinate pc c r. Th e c urve of p = f(A, L ,NA ) a 

is called an e l ectr i cal sound in r curve . 

In horizontal PTo fil ing, 2 f i xed e lectrode SpaClfi[ i s chose n 

on the b3s i s of VIS re 3ults or othe r informations, and the who l e 

aTray i s moved a l onr a nrofile aft e r each mer!.s urement is r.l3de . 

The va l ue of apparent resistivity i s r l o tt ed , reneral l y, at the 

geometri c center o f th e e l ectrode array . Hax imum a"parent res i s -
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tivity anoIT.a li es aTC obt a in~d at rirht anrles to t he str ik e of 

the geological s truc turc. In mak inp horizontal profi linr i t is 

r ccommended tha t at l east tWo diffe r ent e l ec trode s pacinps b ~ 

us ed, in order to ai e:! in dis t i ngtlish in r th e effect s of shall ow 

reo logic st ructu r es from t he effec t of deene T ones . It i s a ls o 

usei"ul to use mOTe t h:tn ont) arY;ly . as th e re spons e and Ease of 

inte r pr eta ti on of different arrays for t he saMe geo l ogic s truc­

ture may not be t he same . 
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4 . Tlo E HIO LA Yl R PRO B LFJ.! 

'rot;! s i mp l es t confi puration for which thci"" r etical SOlutions 

can be genera ted i s the two laye r ed rtlr th shown i n Fig. 6 . 

1" 
PI 

P2 

Fi~ . 6 : Two J ave r CJ'fth 

There i s one s upe rfi cial st r ata with a r esistivity Pl and 

t hi ckness h over l yinp a second s trata of r rs ist ivity Pz 3nd 

infinitE th ickness . 

There a r e a n umbe r of rll t he mati ca l app roaches .... 'n ich have 

been used In ca lculati nf"" potential fie l ds in a l ayered T"cd i a . 

The simrlest app ro ach t o tn is prob l e m is the me t hod of imapes . 

I~e thod of Ima pes : This is based on th e an a lo gy be tween 

t he mode of current flow t hrou fh t he [arth Cl'l d th e path taken 

by light rays in pass ing throu gh oDt i cally different med iu J"'s . 

Consider now a CUTr ent source a t poin t C1 Fi e. 7 it will , 
have an image C} uni ts beloh' the i nte rface. 

G 
' "' a " 

:r-
~~~ __ ~ __ ~~ _________ rnlerfQ ce 
fz 

.1" 

Fip. I ma~e in a sinp l e inte rface 
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NOlo/, the po t en t i a l cl c vpl opcc at no int r in the first med.ium 

is due to t he c urrent I in j l"~dium I ,'\nd th e fictitioL'S CUTrent I' 

in mcdi Ul 2 . 
r PI I'P I 

• 1r'1 ."Zlfi2 

The po t ent ial at th e second mcd i ufTl i s c reat ed by c urre nt Til 

s i tuated in ti le Do i nt C1 (position of T) . 

I II P 
V = 2 
n' 2ftr 3 

Bounrlu ry conditions: 1) Tht.:: Dotcnt ial rrust be continuou s at the 

boundary of th e two med ia , i.e . 

at the bcundary 

Thus, we ge t 

V 
rYz=o 

[ PI 

ZIT'I 

' I = 

[ PI • 

= V l)' 
I /z=-o 

I ' P r " 0 

• 1 = 
~ In'3 

r 2 = '3 

I ' P • 1 
I II P 

2 

Z 

9(4 .1) 

2) The no rmal c orrnonent of the current density must be 

continuous, i . e. 

as 

p p ' 
J = J,y 

ryz=o Z""O 

= - I 3 V 
P 3z 



• 

there f o r e, 

at t he b ounda ry 

t h us, we get 

. -

- 1 7 -

p I " 1 Z ( - Zl Oz ZIT r . 

I I' - -::-::-z = 
ZITri 21l r Z 

J - I I = I" 

p I' 
~ l 
2nr ., 

In 

Zll r~ 

• 

(4 . Z ) 

e liminat in p I I! from (4 . 1 ) anc. (4 . 2) a nd so l vin g fo r I ! J we get 

PZ ' OJ 
I ' ''' 1 :: 1<1 

PZ+P1 
(4 . 3 ) 

Th e r~ fo re . the intensity o f th e f ictitio us current de creases by 

a f ac t or o f K, c ~ ll(!d r e fl ec t i on co(~ ffi c icnt . 

No''', if: we loc ate C1 awl_ P on a 5urf"lce , above a horizon t al 

boun dray: separating two medi a, that me ans there are t hre e me dia 

se parate d by two in t e r f aces Fi g. 8 . As a r es ult t he r e wi ll be 

an i~ finite s e t of i ma p.c s above and below th e cur rent e l ectrode. 

The po t enti al du e t o 

Fi p . 8: 
, 

Ima pps resul t i np fr om two inte rfaces 
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V' PI (~ , ' PI 
(! + ~ = TIl + - ) • I , 

'I IJr , '] 

IPI K Ip 
V" • V ' +V" = ] (! + ~ ) 1 TIl"l J J 2IT , ' 1 

as Ka, k of a i r, th 1S 1 , th e irt te ns ity of t he n 11:lage is rive n 

as: 

ther~fore, th e po t e ntial ci t"., to the n th and (n _l)th imap-c is 

thus, th e re s ultant po t e nti a l ":t P can thus be eXf' r es sed 3S an 

infinite se rie s of the form 

I P 2 n 
V • ~ (!+~r.+!!L+ .. . +~ + . .. ) 

t; J[ r r 1 Pz r n 

wh e r o, r " 2 

thi s series can be writt en in the compac t form 3S 

v = .!b 
2ll T (4 .4 ) 

In this se ri es th e first te r m .i s the notential funct i on 

for a homope neous isot ro;J ic half-space cal l ed primary or no r ma l 

~o t enti al , and the second t e rm is ca l led a dist rubing pot ent i al 
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s. Tli E N-L~Y[R FROBLfll 

This problem can be solv,d by findinr the so l ution of the 

Lap l ace eq uation tllat sAti5fies a ce rt ain boundary cond ition. 

In s olving th e Lan l.1 CC equation both the me thod of se"larat ion 

of vari ables and Ilanke l transform method ar c discusse d fo r the 

fol lowin g s pec ifi cat i on . 

1) The subs urfa ce consi$ts of ~ f inite nu~be r of layers 

scoarat ed f rom each ot he r hy horizontal oouf1oary planes. th e 

deepest laye r extends to infinite depth, the o t he r JaY'Ts have 

fini t e tnickncss . 

2) Each of the layc l' s is electrica lly horro genco us :1S we ll 

35 e lectrical l y i sotrop i c 1nd t he f i eld i s penerated by ~ po i nt 

of direct cu r rent th at i s locat~cl 3t the surface of th e Ear th . 

FTom Ohm ' 5 la w 
+ + 
1 = PJ 

+ + 
[, ulectric field; J, current density a nd p, r es i stivi ty . but 

di vj = 0 fro m t he 

: . d i vi :: pdivj '" 0, but F "" - Vv 

hence 

this can be transformed t o cy li nde ri cal coo r dinates (r ,$, Z) 

and i s written as 

- -- ---
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(5.1 ) 

To so l ve thi s by the method of separ at ion of va ri ab l e s. 

l e t 
.. 

V ' A(r ) f($)Z (I ) , (5 . 1) r ed uces to 

(5.2) 

nut t i n g 
• CZ and 0$ , 

C and D cons tant (S.2) Teduces to 

Z 
Zd R + lc!R + (D + CrZ) R • 0 r;;;Z r ar (5.3) 

if we put C '" p2 and D .. _n
2 

t hen . 

d ZZ Z 
'" l' Z ;;ZZ 

<' Z • Z 
elld -.-:-z = - n ¢' 

d$ 

whos e solutions arc 

PZ - PZ Z = Al e + BI C 

and ¢ '" A2 Cos n~ + B2 Sin n. 

then (S. 3 ) re duces to 

• 



• 

, I 

I! 
.q 
ttll 

.• 2 

wi th v.,. fir J th is becomes 

(5.4) 

which i s Bessel ' s diffe r entia l couation of or der n ~nd i t s 501u-

t i on a r e known as cy l inderic!l functions or Bessel's funct ion of 

order n . 

Hence if I n (v) L~ :l Be ssel fun c tion of o rc! (H" fl, t hen so lu­

tion of the Laplace's cqu:tion is 

+in¢l+fZ 
v: .In(Pr) c - e - (5 . 5 ) 

How e ve r, in the case consl 'ered in this p roblem) the condi-

tions a r e such that th e 90tenti al field must have cyl inde r ical 

symMetry wi th respect to Z-axis, and (5 . S) is sY~ffi~ t Ti cal about 

Z-axis i f 11 =0 , therefore ( . 4 ) nnd (5.5) can b~ rewri tt e ll as 

2 d2R d R+ 2 R 0 v -:-2. +v ~- v = 
dv 'v 

(5.4.) 

and + PZ 
V = J

o 
(Pr)c - respective ly (5 . Sa) 

where J (Pr) i s Bessel's function of or der ze r o , f r om t he l as t 
o 

f'qua tion, (5. SaL we get 

(5. 5b) 

III th i s equation both C and P arc a r bit r a r y constants. Howeve r, 

any linear combination of solutions is also solution of the 
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differential equa ti on . Thus by maki n r r po thTOUg~ all possib l e 

values from zer o to inf i nity and nllow in p t he two constant C to 

vary inde!",end encc o f P, w(' obtain the renora] solution for V as 

v = f 
o 

A(P) an~ Bc r) are arbitr ary f un c t ions of P. 

(5.7) 

If we introduce th e rotcntial ~ene rn tcd by ~ sinsle po int 

so urc~ of cu r rent of in tensity 1, l ocated a t t Ile surFace of a 

homofcneous lar th i nto (5.7) where th e po t e ntial is 

p I 

V fir . -( z.~) 
2n r " 

from Webe r -Li psch itz identity 

co _ PZ 
f e J o (Pr)Jr 
o 

there fore V takes th e f orm ' 

PI I m 

V = -rrr f C- PZJo(Pr )jp 
o 

(5.8) 

th i s is th e primJry aT norma l pot entia l . The r efo re, the gene r a l 

s olution of (5 . 4a) can now be wr itten rlS 

(5 . 9) 

,..-here:: e (P) and X(P) a r c a r bi t r ary functions of P. Th i s solu ti on 
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i s val i d in a l l the l nye rs in the subsu r face , but the func ti ons 

0(1') and X( P) ar c no t necessaril y the same in the ehffc rent l ayers 

of t he s ubs urfac e . Thus, 

J o (Pr )dn (S.lO) 

Th is i s the s o lut ion of the (Ii ff e re nt la ye rs, t he s ubs c ri nt 

i re f e rr inr to th e se veral laye rs . 

We ca n arrive at (S. lO ) by us in r t he Hank e l t r ansform t ech-

ni que. 

Si nce th e l'ote nt i a l is symme tri c ab out Z, Y E Ve T,Z ) t hc rc-

fo r~ th e diffe renti al c~ uation, fo r nRO , i s 

• 0 , o < r~ lXI, Z > 0 

Ta ki ng th e Hanke l transfo rm of the given equ3 tion we have 

1 , V 
+ - = ) r J ( Pr )t!r r CI T a 

~ 2, 
= - [ .L.:: r J (Pr ) d r 

o az' 0 

or 

p2v ,2y '" 
~ 

= - az-r whe re V = 1 V (r) .J (Pr )dr 
0 

0 

I . e. 
rl2 \; 

d? - p2~ • 0 , whose so luti on i s 

'" P2 - PZ 
Y (P, Z) = A c + B e 

AnplyinR the inve rs i on for mula, 

~ PZ 
V( r, Z) = 10 (A(r)cPZ+B(P)C - ) r Jo(Pr ) dp 
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as P is arbi trary inderendent va riable and A a nd B arc arb itrary 

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

th en th e ab ove equa tion c~n be written ana lo rou~ to (5.9) after 

introducinr t he nor ma l o r nTlma r y ~otent i al , from (5.S) . 

then, we get 

w 

I e -P2Jo(l'r) d~ 
o 

I[C- Pz+e(p)e - P2+X(P)ePz] Jo(Pr)dp 

o 

Rnd considerin r the potentia l fo r different layers Vi' pa t c lltisl 

. t tl of t~e 1 laye r is ~iven by 

V. = 
1 

whi ch is (5 .10 ) . 

Now usinv (5 . 10), let us so l ve for ai and Xi usin g th e 

boundary conditions . 

1 ) At each of the boundD-TY plnnes in the subsur face the 

po t e n tial must be c ont in uous. Thi.s means 

Th i s leads to 

v. = V. 1 at 2 • h ,' 
1 1 + 

w Ph . Pb. Ph. 
I[ e- '. e. (P)e- . ' .X. (P)e '] J (Pr)dp 

11 0 
o 
0) Ph. 
I [e- '+ Vi+l( p)e 
o 

--- - ----
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This i s sa tisfi ed , i f t he interrands on both side~ a rc C.,U:1]. 

Thus, we obtain , 

e . ( P) e , 
Ph. Pr,. 

'+x. (P)p. ' 9 (P) 1 • ;+ 1 c 
Ph. Ph. 

'+X. (P) 1 1+1 e (5 . 11) 

2) At each of the boun ('l:l ry r l anes jn the subsu r face the 

ve rt ic31 cownone nt of th e cur ren t densi ty mus t be conti nuolls . 

I 'V i 
Si nce, J ni : p. ~ , vSlnr the ex press ion for Vi i n (S . lO) , 

we ge t. 

~ 

f [{I+9·+1 (V)) e 
o 1 

t hi s eq uat ion can be satisfjcd for a ll va1ues of r i f the i ntc-

~ .. ands on b otr. s i des of the eq u:l ti on aro' cflua l. 

I Ph . Ph . J Ph . I'M . 
- [11 +9. (P)}e- I_X. ( P) o ·' 1. _ _ [(1+9. I) c- ,-X. (P)c 'J 
p. l 1 'Pi +11+ . 1+1 

, (5 .1 2) 

3) At th e s urfa ce I
n 

",0 therefore (5 . 10) reduces t o 
1 

f f-j - 9
1 

(P) +Xl (r) JJ o (rr )dp = 0 
o 

As the nor ma l ro te nt i~l automa ti cal l y satisfies the bound1 ry 

condition, we dono t bo t her for t~(' fi r st t e r r . From t:\ i5 we ret 

9 (P) = XI(P) (5.13) 

(5.13) c an be pot also by the c~n di ti on th at the potential 
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app r oaches infinity nca r the curren t SOliTc e. 

4 ) At infinit e dep t h th ..: patenti,)] must anproach to zero . 

Then Xi (P) for the subst r a t um, r cr rcscntcd a s Xn for n laye r ed 

IJTth, reus t be zero 

x = 0 n ( 5. 1 4) 

There rema ins on l y 20 funct i ons 9
j 

~nd Xi t o be determined 

f r om a set of 2n boundary conditi ons, as can be se~n from tile 

set of equat i ons (5 . 1]- 5.14). 

To obtain the so l u t i ')n '.ri C can nut th e 2n cqu3tion5 in a 

form of a ma tri x, t a kin !, into account that Xl (F) '" 8
1 

( p) a nd X
n

, 

fOT the s ubstratuJT', i s zero . 

The sys t em of equati olls then becomes , aft e r th e f ol]owin f" 

ch;:mees, 

U - Phi 
= c 

= 0 

. . . ... . .... .... .. . ...... . .. .... ........ .. 

u e +v X -U e = 0 n-l "-1 n-l n-l n- l n 

U 0 +v X + 0 U ·e "" (l-Q 1) u J - n-1 0-1 n- 1 n-1 n- 1 n-. , n- n-
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As the ma trix i s lnX 2n, t he so l u ti o n for 61 caT' be ohta ined by 

cramer's rulc . Wh i ch i s given by 

'" 
'" 

~ °1 . ~ 

Hhe r e:, 0 is the de t e r mi nant of the coeffic i ent mat:r l x and 

P is the de t e r Minant ob t ained by silbstituti nr th e riph t hand 

'" column vec t o r f OT th e first ccluJ1'In of D. By (S.4 a) fond ( 5.10) 

t he ro t ent i a l a t t h e s urf1.ce' o f the carth in th e r:rnd i tions 

snecificd in (1-4) i s 

f[ 1 +201 ( F)]J (Pr)d n 

o 0 
(5.15.) 

K(F ) :: 1 ... 28
1 
(P), Sl i ch t e r Kernel function 

PI I 00 

V = IT f K(P)J
o 

(Pr ) d (S.lSb) 
0 

'" '" '" 
K( P) 1 2 P 0+2 P 

= +"" = 
'" D D 

We can f ind e
l

, usi n g Pek<:;> r is rec urre nce r ela ti on, from (Al.S) 

Th i s can be used t o rle t e rIJline Slichter' 5 Kernel f unction 

I n the surface layer when th e parameter's of the iayer dis tri bu-

tio~ are known . 

Usin )~ (A l . 2) f El for t he s ubs tra tum (i.e., nth l aye r ) . 
n • 

using th e value of K we can find the value of K in any other 
n 
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layeTs by r ec urren t anpli cat ion of (5 . ] 6 ) . 

Koe f oed (1 970) i r.t r oduced th e "re s i s tivity transfo r,., " 

deno t ed by 1' i ' which is 1efined by t he eq uat i on 

T. : p.r. (5.17) 
1 1 1 

The subseT j p t bas t he same fTl ea nin p <15 be fo r e. Exp r essed 

fo r t he r esis ti vi t y t ransform , t he Pckeris recurrence r e l a t i on 

aTC : 

[T·+ 1 +p· tanh(Pt. ) ]/ 
1 1 1 [ 1 + T. 

T . = 1+ } 
1 

(5.1 B) 

Using (S . 18) and (5 . 1Sb) t he po t~ n t ial due t o a po i nt 

so urc e , is give n as 

v ( r ) : fn 7 T ( P)J (Pr)dn 
o 0 

(5 . 19) 

whe r e T( P) i s thn res j s t i vity t r a ns f o r r: , cl'J ua ti on (C::.19) may be 

\<" r i. ttc n as a copvo l u t ion interTa l by mak i nr the f o l l owinp- c ha n pes 

of var i abl es . 

r : exp(x) r • exn(-y) 

thi s i s i n o r de r to have the sa~c dimen s ion f o r X and Y as r ' s 

dimens i on i s a recip roca l of l enrth . 

00 

VC r ) = 2iT :'00 T(y)exr(x- y) J o(exn (x- y))dy 

f T(y)£(x-y)dy (5.20) 
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Th us, th e po t enti al is given bv t he convoluti on of the 

t r ansfo r m function with a so-called filter fu nct i on which has 

th e £01'11' 

f(x-y) 0 exp(x-y) Jo (exr(x- y) (I 21 ) 

lh i s convolution may be expr essed in disc rete form os Pij o, 

" t.ol. (1977). 

V (r) 
I 

o 
lli 

j o n2 
• T(LnT-n .)C(n .) 

j o n
1 

J J 
(1.22) 

OJ - aTe fi lt e r coe f f i cient abscissa 

C(Oj) - are the di yital filt er coeffi cients 

n1 
- i s the numb~ T of coeff i ci en t to the left 

of th e fil t o r orir in 

n 2 - i s the n u~bcr of coe ffi c i e nt to the rirh t 

of the fil t e T o ri pi n . 

Now let us co nsider the app l i ca ti on of (5 . 22) t o the ge ne ra­

lized fo ur-electrode arr ay shown in Fi r · 3 . r1 and }'2 nr c 

po t ent ial electrode s and C
1 

and C2 nre th e current elect r odes . 

The po t e ntial di ffe r ence be tw ee n r1 and Pz is given by 

Using (5 . 22) t h i s b ecomes, for any confi pll r ation (or mC3s urr 

In p poi nt) 1 , 

(5.2 3) 
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- . 0 

where T .. = 
T (Ln ril . 

, 
nj ) T(Lnr~,I-nj) _ 

1 

and 

1) 1 r
11 

C. = C (n.) 
) ) 

T .. is r e f e rre d t o as 
1) 

r 12 

corr.poscd r csis ti vi y transfo r m, O' Neill 

and t·!c rrick (1 98 .1) . It is a function of the fa r th model nar:l-

mc 1:e r s and of t he intc r- el ectrodp d i s t ances . 

For the a rray 5ho\o,'n in Fig. 3, th e (ll)l"a r c nt re s isti vity is 

pi v t!n by 

p = a 
¥ bV 

T 

Substi t u t inr fOT Vas given i n (5 . 23) , we pct 

j -0 

p. = [_1 __ rl __ l_ +-.Lyl r 2 T . . C . (5.24) 
r 11 12 r 21 r 22 j'n

l 
1)) 

fou a ti on (5 . 24) s hows th a t , for a r ive n ea rth mociel, the appa rent 

r es i s t Ivi t y wca5ur cd by a genera l ized a rray i s gi ven by the 

product of a rcomet r ic facto r and a disc TPte convol utirn sum. 

TI le con voluti on series nToduct ar e fo rmed from a s e t of ., compos ite 

resist ivity transform" values and an apor op ri ate set o f digital 

filter coeff ici en t s . 

The valLJ~s of th e dLzi t a l filters Cj for sam. lin g r ates of 

three , six and tw e l ve oo ints pe r decade , arc piven by O'Nc ill & 

Me rri ck (1984 ) . 

This i s one exawol e of direct intc rnre ation of s ounrlin r 

curVES, other t echni ques ar E' kn o .... 'n si nce 197] after Gosh . 
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Now os an e Xilmn] c of (So 5) l o t work fOT us 3 tw o ]nycr 
cas e. For a two layer th e 

'\0 '\0 case, matrices D and F Ar e ,'i vcn 

'\0 
U1 +vl -u 0 -u 

D 
1 '\0 1 = and r • v1- U

1 ql U1 (l-qj )U1 q1 U, 

• (1+. )-(l-q )U 2 
1 1 1 

and i' = (1-q 1 lui 
p _ p e- 2 Ph l 

= Z 1 
---oz 

Thus 0 ] = 
JS.e-Zl'll l 

(2.25) 
]-K e- ZPh ] 

] 

The potenti a l a t th e su rfac e of th e earth i s given by 

PI J oc 

V = 2iI! [1-29 (P) Jo(Pr)dp 
o 

fr orr ( 5. 1 5a) s ubs ti t utip. 1! ( 5. 25) fo r 6
1 

He ret 

as 

uSin r the Webe r -L i nsch i t z in t erTal . the fi. rs intC:I' Tlll reduces t 

1 
No,",' , l et us conside r th e second inter- ral. rn this art -

T 
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K[ e- ZPh [ 

[ _ ~ e-2 P!l 1 

mus t be expanded in nowe r series takinp 

we ge t 

x • ~ e - 2Ph I < 1 

x 
l-X 

t here fare , the second in t err al wil l be 

~ ~ 

f r K;' e- 2n 

o n"1 

te rm by t e rm i ntegrati on of t his express i on yi e lds 

Kn 

= 2 'E 1 

n=1 IT 2+ (Z nh j / 

i p ~ L n 
1 [1 + 2 • J 1 

:nr r n = I ~+(2nhl )2 
th us 

v • 

which i s t he same as (4 . 4) ob t ai ned by th e wcthod o f ireapes . 

As an appl i ca t i on of (4.4) l e t us cons i de r the gene ral­

l iz ed f our e l ect rode confi guration . 
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PI Pz V = V - V 

1°1 
= 2Jf 

1 (- -
r

11 
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1 1 -)-(­
r lZ rn 

m ....". ... 1 ............. _ 
-L)+ Z [ K" (, 2+4 2

Z
2 

TZ 2 n=1 VT n 

- ~ 1 Z Z + Z 1 Z' ) 
,£ 4 Z ' +4 Zz v T Z1 + n Y T

Z2 
n ( 5 . Z6) 

l:xampl e : Wenner array ; from t ab l e 1 and (3 . 2), we ge 

r 11 - r ZZ - A and ' ZI • T1Z - ZA 

therefo re J 

(5.Z7) 
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6. STAN DARD CURVrS 

From (5.26) we can see that when th e snacing is ve r y 

s mall , i. e . r «Z , the se r i e s terms t end to ze ro, t hus we measur e 

the r esistivity in the uppe r fo r mation . On the othe r hand, 

s in c e th e refl ec ti on coeffic i ent i s l ess than unity wh e n the C- P 

el e c trode s!,ac in p i s very l ar ge comp a r ed to Z, t he dep t h of t he b 

bed , t he seri es term will be 

t hus m 
Pa .. i (1 + 2 E Kn) 

n - l 

2 
PI (P2fp ) Po = PI (1 +r:l/) = 

J 

There fo re~ 

Th a t is to say , a t ve ry l arpe soacine , th e appa r ent resis­

tivity i s practi ca ll y equal t o t he resis t ivity in t he l owe r 

formation . 

The mas t e r c u r ves a r e prepa r ed wi th di mens i onl ess coo r di­

nat p.s. eq ua ti ons of P
a 

fo r al l soundin p confirura t i ons , ob t a in ­

ab l e f r om (5.2 6 ) as we di d f or Wenn er, can be put in this form 

by dividing P by a 

A/Z , yz i.e . th e 

Pl' The ratios P~l ' a re 

elec trode sp nc in p divided 

thus c l ot t ed aga in s t 

by t he dept hs o f the 

uppe r bed fo r what eve r el ectrode sys t em is us ed. The curves a re 

in lo ga rithmi c sca l es , i . e. we a r e pl o ttin p (lo g Pa- l og PI) 
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a~a i nst ( l og a . l op, z) . If we make PI C 11"2 - m a nd Z- l m, £1 11 

th e c har acteri s ti c c urve s a r e prese r ved i n shape , no mat t e r 

wha t t he mu ltipl i er i s for the coor di nat es (Pa ,L). The se t s of 

curves a r e cons truc t e d ei t he r fo r va r iolls val ues o f I( be t wee n 

:1 or for vari ous r a ti o of P zt Pl be t wee n ~ GIl . 
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7 . INTER PRETATION OF YES DATA 

Since in the field a Soundinr is normall y done first , i t 

IS necess a ry t o have a r e lative l y a ui ck and e.q sy method of 

ob t a ining a rough o r preliminary int cr nr etati on of the a ta 

so t ha t a depth of investi ga tion for rrofilinp can be de t e r ­

mined . The one that is used commonl y i s t he two- laye r s plus 

auxili a ry curve me thod. which is based on the ass ump ti on that 

any thr ee - l ayer r es ist ivi ty section ca n be ana l ytical l y expr essed 

as a n equival ent two- l aye r section . 

I n the final ana lysis, howe ver. the best a nproach i s t o 

directly calcu l ate theore ti ca l sound in p curves and c ompa re them 

with t he obse rved soundi ng cu rves , which i s done f o r eX3r.1.p l e by 

uSin£ (5 . 24) . 

The complete i nterp r e t a t at i on pr ocedure fo r soundinF data, 

therefo re ~ is firs t to us e the t wo- l ayer pl us auxiliary curve 

meth od to ,get .1. semi - quantitat i vp es timate of th e vert ica l 

electric~ l variation then input th a t r es istivity secti on, and 

compute its theo r e t i cal soundin g curve. This nroccdure i s 

repea ted until an acceptab l e fit is ob t ained , of cours ~. a t 

thi s s t age of th e interpre t a t i on it i s necess a ry t o incor~o ra te 

into th e r es ist i vity sec ti on an i nformati on obt a ined f rom se i sm ic 

and geol og ical i nvesti ga ti ons or oth e r s . 

• 
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7 . 1 TNO-LAYfR PLUS AUX ILARY CURVr HETllOD 

Th is me th od may be briefly described as f o llows . lach 

of the appa rent r es i s tivi ty curve i s app r oxi mated by a t wo- l aye r 

a ppa rent resistivity c ur ve . Th e coo rdi nates of th e cross of 

this t wo- l ayer cur ve are cons i dered to represent the thick ness 

and the r esistivity of a ficiti oU5 l ayer that r ep l aces the 

sequence of shallowe r l aye r s. The nroced ure i s presented as 

fo l lows : 

Pl ot apoa r e nt r es i stivity p Vs e l ec trode spaei n !! L on a 

semi-tra nsra r ent l op-lop pape r of t he same senlc 3 S the "stan 

ard curve" and ' a uxili a r y curve " plots , pl ate 1, 2,3 , 

]) Over l ay t he obs e rved curve nl ot ( pVsLJ on the standa r d 

curves p. l a nd move it parallel to its own axes down a nd s ide 

ways until the a-b porti on of th e obse r ved curve is bes t matched 

by a sec t ion of th e observed cu rve ( 1 Fi F. 9) . Mark th e loca t ion 

of the standard curve or i gin on to th e obse r ved curve pl ot (°
1

) , 

The va lue L and p of thi s ro int , as r ead off the obse rved cu r ve 

plot , are t he resistivity PI 2nd depth dl o f th e first laye r . The 

resi s tivity of th e second l ayer is calcu l a t ed fr om th e ratio 

p~~ , of t he ma t ch inp standa r d cur ve and PI' 

2) Place the observed cu r ve pl ot to the auxi l i a r y cu rve 

pl ot r.2 , keepin g axes paTalle l and matchinp t he 01 ma rk on th e 
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cI­l' 

f 

Fir · ~ : Four- lay~ r exampl e for two-l aye r 

rraphi cal anal ys i s . 

formt r .. l ith th e or i ei n of H e l atte r. Trace t he auxi l iary c urve 

I in Fig. 9 , onto t he observed curve plot I I Fi fl . 9. 

3) Ava in p lace t he obse rved cu r ve n i o t ont o t he s t and ard 

Curve p l o t and shift it as befor e to obtain a bes t ma t ch of 8- C 

Fig . 9. with a sec ti on of a standa rd curve III . At thi s s t en , 

hm'ie ver» th e or i pi n of th e s t anda r d curve !)lo t 1"lus t ah.'s vs be 

on c urve II. Th e ori p- i n of the standa r d cu r ve ol o t is apa in 

marked on the obse rve d c urve p l ot , and t his ro int a s read on th e 

l a t te r ; gives th e apparent Tesist iii t y P2 of the ~quiv8 ]ent 
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singl e l aye r compos ed of th~ f i rs t and seco nd laye r s, ~nd d
Z 

of 

t he second laye r. 
Si nce P d h . / 

of t r.e matche d 

a nel p I 
2 

~I ,now co r resPon 5 t o t e rati o 02 PI 
P2 

s t a ndard curve, "3 can be ca l cu l ate (1 fTorr p l(l' 
3 2 

4) Now supe rimpose t he a uxiliary cur ve a ~3in in the H-type 

curve and note, f rom th e pos iti on of c r oss 02 wi th resrec t t o th e 

paramete r lines f OT constan t thickn es s r a ti o t3 / t ], and JPtllt i pl­

i ng t hi s ra t i o by tl r ives t
z

' 

5) Trace a curve IV uS Ing t he a uxilary c ur v.) p l o t ilS 

described in 2) above , th e c r ipi n be in p 0Z " 

6 ) 03 i s obt a ined i n the same way as desc r ibed in 3) , 03 

p-ives ",3 a nd d 3 of th e th i r d l ayer. Si nce "4/P3 now cOTresnonds 

to th e P2/ Pl o f the standa rd c ur ves P4 can be ca l cu .. a tcd fr om 

P4/ P3 and P3' 

7 .2 AUTOMAT IC PROCESS ING OF VES DATA BY COMPUTfR 

To in t e r pre t e l ec tri cal soundi np data , th e peophy s i cist 

must t r y s eve r al hypoth eses and t es t th e soluti ons a painst the 

field da t a . The ma n ua J pr ocedure, ca rri ed ou t b y t he he l p of 

maste r- curves is t im~ consumin g and not re liabl e . 

On the con trary th e geophysi c i s t can dprive ce rrect s olu­

tions from V[S curves in very sh ort time by usin r a c or.tpu t e r. 

Since 1973 various auth or s ha ve oub1lsh ed me th ods of 
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auto~atic inte r pr e tati on j i n which th e comp utat i on o f the layer 

pa r ame t e r s are made by the computer . At f) TC5t!nt the intera tive 

me th ods a re the most wi de l y 1ppli erl t ool i n t he int~ rp re t a ti on 
o f res istivitv soundinS? measure men t s . 

In th e inte rative inter pr e tati on meth ods the 3p~ lo r e nt r es i s ­

tivity values a r e computed f r om th e mo~e l and compa l"t;d ""jth th ose 

obta i ned from the fi e ld meas urements. I f th e 3~ ree men t b tween 

the t wo se t s of data is uns at is fa c to r y , th en th e pa r amete r s of 

t he laye rs are adjusted. This procedure i s rene at ~d unt il a 

sufficient agre e ment between the mede l dat a an d th e fiel d (lntn is 

obta i ned . 

The pro gram used for our purpose is based upon an aut oma tic 

int e r a tive inte r!,retati on by the me t hod o f STr[PfST DJ-£ CrNT . 

This me th od has be en described by Househo l de r (1953) and t he firs t 

publicat i on of t his me th od for the inte r pr e t at i on o f r eS i s ti vity 

so unding da t a is due to Vozo f f (1958) . A c omr utc r r r of r om of 

thi s method is writt e n by OTTO KOfFOrv (1979) in Fo rt r an . 

In o rde r to adapt th is prog ram t o a Hewlett -pac ka r d des k 

ca lculator (Hp-8SL pr ovi ded by th e Mi ni s try o f Hines and rn e r rv , 

it has bee n modified ,::md r eliritten in Bas i c by t he a uth o r of th e 

p res ent wor k. The cO IT. J1 ute r progr am i s desi r ned to adjust both 

the va lue o f th e thi c kness of a l aye r and its resis tivit y. 

In o r der t o facilit a t e f OT incorporat i nr re ol cpica l info r~a ­

ti on i n t o t he sol ution , t he comrut e r can be a l so i ns tructed t o 

l eave a spec ifi c laye r un chan ged in thickness an d/or r~s istivity. 

For a . d ooram se e AryDe n~ix 2 . copy of th e above mentl one pr , 
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8 . INT fR PR FfATlON AND THro RY OF HORIZONTAL PRO FILIN G 

The interpr eta t ion of pro fi l j np da ta i s qualitat i ve , and 

th e p ri ma r y va lue of t he da t a is t o loc a te pealcyic struct ures 

such as faul t s, vi e ns , dyke s and buri ed s t ream chnnn e i s. Gaoe 

inte r pre tat i on can be obtained by maki llp s\lffi ci cnt numb er of 

Dr ofiles with di f fe r ent electrode spac i ngs and al ong so t s o f 

t r ave rses of diffe r ent a ziu'ut hs . 

To illus t ra t e t he th eo ry, let us consider th e case of l oca­

tion of concealed fau l t s by half- shlumbe r ver a rray. The se ns i­

tivity of the a rr ay , when s teepl y di pp in g r es i s tivity anoma lies 

o f limi tte d width a r c c r ossed, can be unde r s tood fr om a s iwpli­

f i ed theor~tical t r ea t me nt given be l ow. 

For the Schlumbe r rer array the an~a rent res i s t ivity is 

pi yen by 

Pa • (P:f) K (8 . J) 

~ 

Th e electric field E between MN is ci Yen by 

~ 6V lEI • mr (8 • 2 ) 

I ~JI be tween MN i s 0150 re late Since the current fie nsi ty 

to E by Ohr.l 1 S l o,w: 

( 8 .1) can be expr essed as: 

p • K(J· p. IIN)/ I 
a 

(8.3) 

• 

'. 
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where J anc! P a TC curr ent :1cns,·.ty ,"nd . 
~ resistivity in t llo v i c i -

ni t y of !~N. 

Fo y a ll is ot r op ic media p :.= p 
R. l ' P '" PI ' J E J 

the CUTTent (lens ity i n t he i Sf"I troTlic medium of r es i s t ivity PI ' 

Since 
1 

~ 
= K MN 

I (8. 4 ) 

r ne can f~ rmal l y e X~ Te 5S (8 . 3) in te rms o ~ J an1 J nan ly 
. 0' 'e 

(8 . 5 ) 

Any chanpe In J due t o concea l ed conductance an omalies 

cause therefore s imil a r chanee in Pa , i . e . • an i ncrea s e in 

curren t density benea th Mt-! will r es ult in an inc r ease in :1 ppa re nt 

r esi s tivity Pa • and vi ce vc rs~. 

The challpe of p as t he arr ay cr osses v faul t can be ass essed . a 

by assumin g that t he po t ential f i el d at MN i s caus ed by a sinp l e 

point e l ect rode, l. e . , Al since t he second e lect r ode i s fa r away 

from A. Th e chan ec of Pn ac r oss a steepl y d i pn i n ,!.' fault i s s h own 

in Fi g. 10 . 

Fi r . 10 : 

Po 

Change of Pn 
(s ch ematic) 

ove r vertical faul t 
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In the fo l1 owin p i t is assumed that the medium is iso tTc ric 

with resistivi t y P exec t f ] P or a sm3.11 verti ca l1 y !' t 3n (~i n r l ow 

resisti~ity zone (fa ul t) or r esist i vi ty Pz in the cent e r . 

1 ) If A MN is aw ay from the fault, then p "d" d a-PI as 1n lc a tc 

by th e va lue of Da on th e far l e ft of Fir. 10. 

2) I f A MN aT'lrr oaches th e fa ult fr olJl the l eft hanc1 s i de i n 

Fi g . 10, but both A and MN layinp to t he lert th electric field 

at I-Ij;~ will be distorted , si nce the c urrent will tc nd to be 

"absor bed" by th e fau lt zone , i . e . , the current ,tensit y J beneath 

MN increases and li ke wise Pu' 

3) When elec trode A i s 0n the left hand s i de of the fault ao el 

MN o n the rif:ht hand side, the curTent density will bl. prca lhcr in 

the fault 7.one but J beneath M~ will be reduced , i.e . , Pa will 

decrease. 

4) Wh en bo th A and MN li e to the r i p.ht hand side of the fau l t, 

J will inc r eas~ and like wise Pa until Pa=P l , 

On the o t he rh 3nd, if th e layer to t he ri r ht o f t he fault has 

" "" tl urve of Fi f 10 will t ake a diffe r ent a r esistIvity P2<P l' lC c ' 
fo r m; Fi g. 11, i.e . , when bl)th A and MN lie t o th ... Ti ~h t of the 

fault , the aprare nt r es i stivity measured will not rise il,13in , rather 

decreases and finall y apoToaches PZ' Fi p . II, 

Po. 

g"" , ,., " . . ~ .. ;, ,.d." :' 
,," ,'.' '/" ' ·0 ' I' • • •• • ', ", 0" p. 
," ,'~: ,~ · ·'~ rl'· '·;· ' : :' · · · ··· }2. • 

Fi p . 11 : Chang~! of Pa 
(sch emat.ic) 

over vertica l faul t 
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9 . OrPTH OF INVFSTIGATION IN COLI INLAR ARRAYS 

In the a rtifici a l me t hods o f D- C e l ect r i ca l TJ Tos r ect in p 

th e voltage measured be twe en t he ,a t cn ti a! e l ec t orles i s t ~e 

S Uffi of t he contribut i ons of t he lar th material fr om di ffe r e nt 

de pths . It is obvi ous tha t t h e gr ound l aye r s fro m ~ i f fe re n t 

dept hs do not cont r ibu t e equa l ly t o t he t ot al me as ure d s i r nal . 

t vi jen (1 9 38) introduced t he concent of depth o f inves t i ga ti on 

and de fi ned i t as 'tha t dept h at whi ch a th in h o riz on t ~ l l aYP T 

o f g r ound c ont ri butes th e maxi num t o t he t otal mea sur eo 5 i ~na] 

a t th e gr ound sur fa ce ." 

In t hi s t,'o r k the e l ect r c:lp snec i n ~s f or We nne r . t wo elec t ­

r ode an1 half- Schlumbe r pe r arr ays are ch oosen i n s uch a way 

t hat they r ive a r esult of comra r ablc dep th. The ma t he mati cal 

r e l a t i on can be sh own as f e l l ows : 
y 

Fi p. 12: 

I 
I 
-l­
z 

I 
! (?'J-.-:;0"-' --:P,. 

/ 0,.." 10z,b ) 

/ \l-

The ge ome t r y of pra di ent ~rray 

with l)oint s our ces of current . 
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As sume t wo po i n t sour ces C
1 

and (2 at a d i stance L f r c'll!', 

each othe r , and t he potential di f f e r ence i s measured a l onp 

lines raralle l t o C1(Z across p pair of po t ential e l ect ro~cs 

Pl (alb ) and PZ(aZb) Pi p . lZ. TIl. pot ent i al at P(x,y ,z) of C] 

and C2 is r ive n by 

V(x ,y,z) (9.1 ) 

a t f1P
Z 

fo r a sma ll e l e ment o f value xdydz at Pis pivcn by Roy 

a nd Apparao (1 9 71) , Ko.foe d (1 972), Roy (1978 ) 

( 1 1 
hV t ·Q - ;C) (9. Z) 

r 1PZ = lfj" Z 

Z Z Z I 
R1 = fm , = [ (x-all o(y-b) oz l ' 

• 

R = P"z = [ (X_ " z)ZO(V-b)ZOZZJ 1 
Z 

and V is t h e electri c di pol e JllO men t of the value e l ement r i ve n 

by 
t = in QV clxdy dz 

V in the x-v ry }anc f r om - 0) tC'l CD 1 onc 
Now, i ntegratinr fi P1Pz 

f h' ho riz ontal l aye r of thickness pe t s the cont r ib ut i on 0 a t I II 

h deryth of inves ti ?8tion chaT3cte ristic 
dz at a dep t h Z, i. e . , t . c 

(DIC) . Therefo r e, 

DIe = 



. , 
" . ... 1 

" ,. 

I 
Ie 

..... , 

I 

• 

• 

- 49 -

(9 . 3) 

ln t crnltin p, DIC with Te S]).:;: ct t c Z fr om ze r o t o jnfinity 

one gets the total contri but i on (TC) . The r e f or e, 

, 
TC' ! DIC 

z=o 

p I 
'"Zl! 

1 • 
((i/2+J l )2 +b 2) , 

(9 . 4 ) 

Here it has been assumed that (1 C2 :. L anrl PI Pz .. O. I L . 

Furthe r , 0 and 01 are the mi d- poin t s of ( l C2 an d P1PZ' respec­

tively, Fig . 12, such th a t the r ad i al d i sta nce 00
1

:: Rand 

a zimuth <010(2 :: e , th e n 

a nd 

"I ' R Cos 9 - 0 .0 5L 

a
2 

• R Cos 9 + 0 . 05L 

b :. R Sin e (9.5) 

Substitutinp (9 . 5) i n (9.3) and (9 . 4 ) and then d i viding 

Ole by TC~ one S!ets th e norma li zed t1cn t h of i nvcstir8ti C'n ch'l r ac­

t eristic (ND IC) . The NOles f or diffe rent a rnws ,..l2.cC C ove r a 
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semi-inf init e homoge neous i s otroric Itediun are as fol l ows , (L 

is the array l engt h i . e . , the (l i s t ance be twe e n two cxtrcmf' 

ac t i ve e l ect rodes ) . 

Wenne r array: 

ND IC = 8LZd z 
3 

Schlumbe rger arr~y : (for MN = O.IL) 

(9 . 6) 

NDIC ( 1 " 1 3 }(9 . 7) 
= 9.9L?dz 2 2 "2 -[(0 . 55L)2+ 4Z 2J '12 

[(0 . l 5L) +4 Z J 

T\\-'o - cl ectro.4 c array: 

HD IC = 

Di role- Di po l c a rray: (for L = I, t2 = 13 ·0. 2) 

ND l e -= - O. 66Zdz [ 

PI ' 1 (f o rL =I ,MN=O. I ) o e !hpo e : 

ND le = 36Zdz [ 1 2 3'h - _1,--.. 3" J 
( ]+.\22) " (0.8 1+4Z) 

(9 . 8) 

(9 . 9) 

(9.10 ) 

of t he thin ho rizontal layer a t 
Where dz is the thickness 

a depth Z. 
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Equat i ons (9 .5 - 9 .10) sho"!s that the' nOTJ'laliz cd c ontribu­

tion of a laye r of homofcneous is otropic PTound i s a f unct i on 

of t he ar r ay l enr th rmd dep th Z of th e lay e T, i. e. 'Ole = f(L, Z) 

and it is different for different elec trode ~ rrays. 

The value of Z for which NDIC is maximum i ndicat(.s the 

depth of investi p? ticn of the ar r ay, thus cQ uating f irs t 

de rivat ives of (9.6 ), (9.8), (9 . 9) l~ith r esooct to Z, t o ze r o ; 

we pe t , the ~.epth of in ves ti gation Z in t erms of L. The r efor, 

we get for: 

'enner: Z:: O.IIL 

Two- e l ec trode : Z :: 0 .35L 

Half-Schlumberp,er: Z = O·.Z5L 

The above comparison indicates that the two- electrode sot 

up port r ay ~reater p rob i n g depth and l esS re s olvin g 'Powe r th an 

th e othe r confip urations, for equal spacin!! L. (L has the same 

meaning as before) . 
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10. SEALLOW R!-S ISTlVlTY INVISTIGATJON IN TH[ 

F lLWO HA FAULT , ADD IS /,MBA 

10 . 1 CIOLOGY AND_LCc\T!O'i Of TIl) SURVfY ARm 

The Adc is i\bab.1 ar ea pa rticularly north of the city i s 

Tup,:gec with many t ynica l vo] canie t onop.ra'1hic featur es. Amonr 

these a r e rntot o Rid~e ( 3 . 200m) ~It. Yerer (3, 100m), Mt . Furl 

(2, B3 9m) and Nt . •• chach. (3 ,385.) . 

Physio~naph i ca lly ArB.is Ababa i s on the fthi ofl i Cln rift 

mar gin Zane tti n and Justi n-Vi sen tin (1974), th e rim of the 

Ethiopian plateau be in y marked by th e l-W fault, Tunninp from 

Cassar.'! Ri ver to Ambo . Mohr (1 967), cons i dered thi s t errito ry 

as an embayment of the f thio i an ri ft . 

The stra ti gr aphy of j\rldis Ababa \'Ia5 fiTst n r eposed by 

Kundo (1958) . Accordi np t o him, th e r e a r e seve n dif fe e nt un it s , 

t hese arc fr om youn pes t to ol des t: 

1 . Q'u' a te r n ary basalt b r ecc ias (Colluvi al) , 

2. Trachy t e (di vi ded into four units base d on 

differences in t ext ur e and minerals o r csen t ), 

3. Olivine basalt , 

4. Soda- rhyo li te b r ecci as and trachyte . 

On t h is geological mar the olivine basal t cavers th e north­

ern pa r t of t he c ity, i. e., from finf il e, Fip. 1 3 to foot hill s 

o f Fntoto, a nd the trachyt e the southern pa rt. However, l a tt e r 
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detai l ed ~~npi nr carri ed out since 1971 by sen ior s tuden ts o f 

t he Der:lrtment of GeoIo!.')' , A.A .U ., and compiled by /.lo r ton (197 1), 

s howed s imi lar r es ul t i n th~ nor th 'wt r ev\'a l e d t hat tho southern 

part is c overed by i gn imbrite and :mhani ic basalt Til t hc r than 

trachy t e. 

8ev(.:ra l other a uth or s Mohr (19 64), Za lL ct tin anr Jus tin-Vi s­

entin (1 9 74) , Kazwi n (1 9 79 ) and /lorton, ct . • l. (1 9 7? ) discussed 

the f'co l ofY () f Add i s Abab a J,S ra r t o f theiT r cr i onal studies . 

In th i s wo r k t he st rati rr~phy of the vol canic sucrcss i on 

of Addi s Ab ab a ar ea i s ro~csed. 

The Geo lor ica l map o f t\d~i s Abeb a, fi~. 13, by MCTton (1 97 4) 

and un ~)Ub l i shed s tu~cnt r .)po Tt s <lTe used as '] base for this wo r k . 

Supp l ement e d by two \ .. eeks fi e l d work h" th e wri teT in 1 r cas of 

unccrta inity . 

To estab li sh t he st r a ti gr aphy Ib colunns were cons tructed 

Fi g. 14 (1,2 & 3) . Co rre l a tin g t hese c o l umns has y ie l ded a 

compos ite st r a ti pr aphy of t he a re :'!. . Absolute ones of some rocks 

ha ve be e n taken fr om l iter qturc. 

Lithostratirraphy: 1. Trap " se rie s " 1 

Outc r op o f this unit ex t e nd fro~ the cres t of Ihta t o north 

across the Su lul ta nla in . If" i s COJ'lPosed of oli vinc,·hyric basalt, 

lrrap It se r i es " is r etRined in this paper on hist c rical 
r r ounds as a n i nformal unit , des!? i t e t~ e fact tha t "se ri e s ' 
is not a n appropriate l it host ratl ~ raphl c t e r r . 
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t r achybas alt, rhy olite anti we ld,!(:l t u ff , The are " f a bnsalt nt 

Sulult a i s 22 . S t·1a Ho rt on (1971') ni acin r it in 110ccnc p<' ri od . 

Which i s ~n the :1 ,fle Tanpe o f th e Tran s eri es (23 2n1a) McUou r all 

(1975 ), t hus t his name i s applied . The uni t i s un de rl ain by 

tuff ~mc i pn i mbrite, but its r e lat i on with the fut o t a 5i1i c ic5 

is difficu l t t o determine , as they arc in fau l t cont act , Il owcvcr . 

Mohr (1964 ) sta t e d that t he Ihtoto trachyte overlies t he has alt. 

2. m tota Si li c i cs : The s e Tocks outcrop in the CTes t of 

fn t 0 t O on the L- W fau l t Tunnin R from Cas S2 m t o Ambo. The y thin 

both towa rds the nl a t cau an e the l' ] <l i n . Th ey are cOl'llpc sec. o f 

wel ~ed tuff, volca ni c braccia , t uffs and 3 ~rl omc rnt e, rhyolite 

and t r achyte , the l ast two being nr ecominant . 

rulyol ite : The tyne loc .1 l i ty <1 nd. s ~ ct i on i s f0 l1n,1 in t h 

s l ope o f E11to t O h i ll Fi r. 14 2b. It out c r ons in th e 5u~m i t an ~ 

foot hil l s of rnt.o to, !') re domin l1 ntly in t he west e r n an ~ e as te rn 

par t o f the c ity. The thi ckne s s i s variab l e as i t fo rms dome 

like struct ures ; howeve r . a thi c kn ess o f 1 5m i s ObSQTVeC s outh 

o f fut o t o ~l a ri am . 

The b as e of th e rhy oli te i s nl a c cd on i pnimb r ite 1nd tuff 

Fi g 14 2b . The i pnimbri t e is we l ded, wit h c o l u"L.,a r j ointin p . 

The Thyo li te is overla in by f e l dsT' a r -;:>hyri c tra chy t e l ackin r 

quart z ph e nocrys t s. The distinction of t r achy t e f rom rh yo li t e 

is not a l ways possib l e in t he f ield, thi s has been so lved i n 

the lab. 



E[- ~~~-~~- ~ 1 ~ - -.. . (~ 

Fi 9· / q · 
An £-w J...oco./ !:Ifra.h"1ftlp h;c. CotU ,.\ltfl J · 

Figurt 14 .1 b d e 
10P@1. Y/ . 

YTu 
_ OTB 
- . 
,OPOB 

'~/ .... -;.? OPO 
/ QL 

OR 

a OPOB " c 

~/: OT -""'/OPFBr' OT _- OR '-_ OT '.' 
OTu OTu ',_ OR ' 

Norlh 

N. Yeca Rogue I Southun General Gullell 
Weserbi Weng ,t 

Figure 14.2 b 

Y/ c e 
, Y u 
, OAB 

, • 9 
0(,01;.1. 

IYT ___ / 

~
/ .<: 

, , 
o ~~_ 
OR 

, (JIF 

- nPFB 
lOR 

, , , ' , " k 
, 

,:' ...... , 
OTu 

, OAB -'_~/ 
\)o;o$=m== = 11F :~': 0 F ' Centrol I 
~ OPQEL ,_ ./ 

Kolebe R/s .A) Yeco M 
church 

Kok?be Ketchene BuildIn g Kolle 
Tseboh sch. stlOOm college police sch. i 

F igure [ 0 

a , , 
b d 

c YT 
YPOB , "'-

, YT 
, Y/ -,_ ~T /_-r;,yT-f --I 

Yf 
YTu 
OAB 

5, Bole 
olrport 

• 

--- --

- YTu 
OAB 
'"' ,....,,..., ..... 

WDomo 
ho le i 

r 

.............. ~ YI ,.... .......... YTu 

... , ..... YTu .:::::::~ OTa 
- .......... 0 .... - ..... p 

Mekonis a Repi 
wine foe tory 

-- , ~",. 

-\ ~ -'-..15& !& -~~ , - , 

• 

Soulh 

~ 

I 
I 
I 

en 

'" 

" 



OR 

OT 

OTu 

OPFB 

OPOB 

OAB 

OlF 

OTB 

YI 

YPOB 

YT 

YTu 

OPFB 

LEGEND FOR THE SYMPOLES USED IN FIG. 14 

- Old rhyolite 

- Old trachyte 

_ Old t uff and agglomerate 

_ Ol d porphyritic feldspare basalt 

_ Ol d porphyritic olivine basalt 

Old aphanitic basalt 

.. Welded g l assy ignimbrite 

_ Ol .,d trachy basa lt 

_ Young ignimbrite 

_ Young porphyritic olivine basalt 

_ Young trachyte 

_ Young tuff 

- POPPB 

• 



,'" , 
'r I, ! 

-

/ f!J15 

* 
Trachyte 

Basalt 

, TU+!G 

S uluflq 

- 57 -

,- ._-
VPOB 

,--- -
Yf YI 

YTU YTU 
-----:;> 

ora 
OPFB 

OPOE 

OT , -----, 
OR 

OTU 

Northern 
section 

- OAB \ 

OfF , 

OPFB 

OT 
OR 

OTU 

Central 
section 

* M ohr, P·A . 7961, 

(' ,f 4. s+r a.f,."ct r o.rz" ic c o lu r"k I1 ' · A N- s Or'k po l ...J 

\ 
\ 
\ 
\ 
\ 
\ 

YPOB 
YT 

Yf 

\ YTU 
OA 

OPFB 

Southern 
sec tion 



,,.. 
• , 

'f j 
I" 

J! I: 
~ 

, J ( ' 

I " 

- 58 -

Th e r hyo li te i s sub1 iv i ~e~ i nt o norphyr i tic rhyo l i t e with 

phe noc r ys t s of anoTth oc l 3.se , s :m i i nc a nd Quart z, mi c r o po r phy­

ritic r hYOlite , nh enOC Tysts, anort hoc13s e and sani di nc and l es s 

commonl y qua rtz , aphy ri c r hyolite and r itchs t one wh ich i s 

d. omin a t e d by pl ass with ve r y s ma l l f c lds ;", a r phe noc r yst. flow ­

b :ln~i n R i n some pa r t kinked and f ol de d wi th jointinp pr e 

c ommonly ot-s erve d in the l ast . The rhy o l ite c ont a ins phenoc r yst s 

of pl agioc l ase (albite - oli goclase) al te r ed r i eb eck i tc . in a 

ma t r i x of pl ass with iron oxi ~e. 

The are of the rhyo l i te has been de t c nr ine rl t o be 22 . 1 Ma 

Just i n- Vis e nti n et .aI . (1974) , pl ac i np it i n ~i ocene. 

Tr achy t e : The t ypc l ocal i ti es and sect i on of th e t r achy t e 

a r e f ound i n t he fo ot hi ll s of l~ to t o Fi r · 14 l a ,b. It ou tc r o1"S 

in t he f oot hill s and s l opes o f Tn t ot o and i s 1
10minant over t he 

rhyoli t e, es pecially t owar r.s t he easte rn fla nk, t he thickness as 

obse r ved nea r Ko t ebe i s gr eat er t han 301!'l . 

The tr achyte t ypical ly lies on th e rhyo li t e as Jl'ent i oned 

pr evi ousl y but it i s al s o ob se rvc ~ th a t i t l i es on t he t Tar 

s e ri es i n th e north Fi r · 15. 
It i s ma inl y ove rl a i n by cl ivi ne-

phyric basalt and fe ldsrar-phy ri c bas alt . 

The t rachy t e ap~ea rs unifor~ excppt f or mi nor pra i n s i ze 

va ri a t i on in the phe noc rysts, but in t he e3 s t e rn s i de near 

Kotebe t he r e ar e tw o va r i e t i es , vi z, ra l e-r r ay trachyte and 

pink t r achy t e . Th e l a tte r i s cu t by hemat i zed opal and t he 
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fe I .:sra r phe nocrys t a T'e often corrri c t e l y o r na r ti al l y al t e rc (' 

wi th fine f r acture fi 11 i n C's of he ma t i t c . Th e- nhcnoc r ys ts a rc 

oli gcc l as~ , san i d ine and rie b ~ck i te the r ro u n ~mlss is dc~in~ted 

by al i gned pl a pi ocl ase l aths, i ron ox i cl o and Min or qun rtz and 

ma fic mine r a l s . 

K/ Ar ape de t e r mi na t i on mare on the trachy t e s hows a Hi occ ne 

a pe of 21. 5 ~" a no r t on (1 974) and Mort on ct. al. (1971')). 

3 . Acd i s Ababa Basal t s: a r C' dorinant i n t he ce nt r a l Rnn 

southe rn ra r t of t he c it y , th e thick ness of t he basalt exceedi np 

~.S01F in Ketch e ne s tream . They a r e unde r l a in by the Entoto 

s i l i cics and ove rl a in by younger i r n i rr.b d tc . 

Th i s un i t i s conposen of ol ivine - T'hy ri c bas a)'C, fe l dspar­

phyric basa l t . we l ded pl ass y i g-.1 i Jl'lb r it c . a pha nit ic baselt a nr! 

t r achy-basa lt. 

Olivine - nhy ri c Basa l t: h'ls an ave r a pe of 10\ oli vine 

phenocryst. I t ou t crcps in t he ce nt r a l pa r t of the c i t y. i nc l unes 

t h e Marka t o , Tc k le Ha i man ot, Sids t Kilo . Th E' t h i ckness as 

n:easur ed in J(e t chene i s gr e a ter than 130J!l t hinninp t o on(' r:'tct e r 

or less in the f oo t hi l l s of Ento t o . Thi s r ock disaorycars sou t h 

of Li de t a a ir f i e l d a n1 Fi l woha which is cxp l ai ne1 by the 

pr esence o f N- I s tr i k inr f a ul t by Moh r (1964) and Mo r t on et. al . 

(1 9 79). 

Th e oli vine-nhyr i c besal t i s ove rl ain by "l1~pioclf.\se-nhYTic 

basalt i n Ketch ene , \J he r e the f OTme r shews a vesicu l ar t on , e ls e -
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whe-.:-e t heir r e l ationshi p i s f :ifficult to de t ermine. 

Petrcr ra, hi c examin ation shows phenocrysts of olnpioc l as ~ 

ave ragin g 1 3brador i t e, ('Ili vine ra Ttl y a l tered t o idci nrs itc , a nd 

rarely augite . The gToundmass is cornrcscd of nl a p, i oc lasc, ny ro­

xe ne , w.agnet ite and ol i vi ne. 

K/ Ar are de t ermin a t i on made on samnl es t aken n C')T Ar at fi l a 

anri few ki l ome t ers f r om Gi or p, i s in th e Mes f in I!nra r Avenue shows 

J. fi ruro o f 6 . 9 anr1 7 . 3 "1::t r e s pec tively . ~Iorton (1 974). 

Pl ~p. i o c l as e- rhy ri c b ~sa lt: outc r c.,s nc rth o f Sidst Kil o , 

1n th e ~rea of Gene r al Wi n£ate . In pene Ta l i ts di st ribution is 

alm~st the same as th a t of ol ivine- nhy ric basalt . 

Its rel a ti on with the we l ded pl assy i pni mbrite i s not 

clear , due t o th e r rcscnce of a fnult contact near the In di an 

1mbass y ; howe ve r , the s ame i gnimbri t e overl ies ol ivine-rhyric 

bas a l t an~ pl agi oc l ase basalt , Fi r . ] 4 2e . 

Thi nsectio ll s tudy of the b ~sa l t shows pl api ocl asc (labra­

do ri te) and aup:ite as nhenoc ry s ts . and <l r roundmass ccmroscd of 

pl agioclase , '!1 yroxene . an(l mag-ne tl te. Th e r ock sh ows vari a tion 

in the amount and size o f pl ap i oclase nhc noc rysts , wh ich a r e 

l arge and abundant a t the base 1nd becc~e finer ~nt fewe r a t th e 

t op . 

An are dete rffii na ti on mude on th~ uppe r rar t of the f l ow 

shows a f iru r e of 6 . 4~l a \ta rtan (1974) . 
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We l deC! Classy l r nimhri Le: s mall d i scontinl1nUS outc Tors of 

this uni t arc foun d in Filw oha, Ginflile and neitT Li.-1ptD a ir 

ficl~. At Li detn niT fi c l ~ the irniwbrit c i s ovc rl nin by anhani­

tic hazal t , Fip . 14 2e . The r oc k s hows col umnar j o i ntinr and th e 

there is abun~ ant f i amme . A samr l e tak en from KrJcn~ s tream 

shows an a~Je of 5 . 0M3 . Th is date i s in th e a pe r anpe of Wa cha cha 

vo l c8n i c rocks , based on a "_a t e o f 4 . SMa ~1illcT and Mohr (19 66 ) . 

It mp.y t hus be a PToduc t 0 f thi s vol cano. 

Aphanitic Bas alt: The t ype l oca li ty and section of this 

hasJlt is i n t he Akaki Rive r , Fip . 14 3b. I t coveTS the southern 

pa rt D f the ci t y , south of I\smar a r oad. esnecially the Bolc Ai T 

Port ~nd Li de ta Air i e l d. It i s unde rl ain by , soi l horizon 

that c~ve rs the r l apioc l ase b3salt and over lain by ~ Sm soil 

hori zon and 3m t uff l aye r th at li es bel ow the young-er i r nimbrit e , 

Fi~ . 14 3a . 

The basa lt consists of pls pioclas e (labrador ite), Rur ite, 

r a rely olivi ne and mag-netit e .:lnd l acks b i~ T"henoc rysts. The 

~lagi o cl :.se c r ysta l s show fl ow ali~n Ment. The basa lt shows 

vertica l , c urved co l u~nar j oi ntin p and s ubh0 riz on t~1 sheet jo int­

i ng. In tllc Akaki River south :>f Bol e . the bas .:1It hfls lar j:'c 

amygdules of ca l c i t e . also obse rved i n thc s;lITe basalt on fI rive l" 

ne ar Legcc1a di . Yaol ini t e l enses are present a t the contact o f 

th e bas~lt wi t h the youn g i rni~b T i t c . Thus , there may have bee n 

IlydrothermaJ a!te r Rtion along a fra c ture svste~ orient e~ [- SW , 

that affect the basalt and t he [n t oto t r achy t e . 
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A';.e dete rmi nati on (lFld.~ ne'H L i dc t ~ air Hel l1 s hows th e 

baselt to be 3 . 6Ma. nca T t he ape of Ye r e r vol canism 3 .5Ma , 

flor t on a nd Rex (1975 ) . Vesc i cules in the basalt i n Ak~k i Rive r 

show an F-W e l on r nti on, sugpestin f' that th e How(s ) c()u l d have 

come fr um Ye Te r. 

Tr achyhasalt : Outcro~s around Rc~i and C,cnera l Wi nra t c 

School and i s ab sen t e l sewhe r e. In Ge ner a l Win gate it is unde r ­

l a i n by olivinc-phyric basal t and ove r la in by th e younr ipni ~b rit c . 

fr om which i s sepa r ate d by t uff and a~pl omc ra te f r om th~ later, 

Fi g. 14 3d. Howeve r, it s r ela tion to the o th e r rocks o f t he 

~rouo i s not clear, probably it i s younre r th an the arhani t ic 

basa lt . 

4 . Yo un pc r Volcani cs : i s th e younpcst of a ll Yolc1ni c 

r ocks of Addi s Ababa , 3 . 2 M.l or les s in arC" . The l ower are 

r efe rs t o th e youn p ipni mb r i t e, whi ch is a pood mark er hori zon, 

b e inp e xte ns i ve ahd follows oft en n tuff , thus i s easy to iden tify . 

Th e r, r oup i s c omposed c f t uff, i rn imhrite, trac hyt1;! . o livi ne­

nhyric basalt and mi no r fe l ~s~ar-phy ri c basa lt and rhY01i te . 

Youn r Ipnihri t e: lhe. ty~c section of thi s rock is in th e 

Akaki Rive r south o f Bol e Air Po r t an d west o f the Dana Ho t e l . 

It outc r ops all over th e sout he rn nart of t he c i ty in ..: udin r 

Bo l e , Nefas Si lk a nd R~ il Way Sta ti on . In it s t y c sect i on the 

thickne ss i s a bout 20m . 

I ts b ase lies on tuff and so i l and is C0ve r e by a noth e r 



\ . '. 

'I • ~.I ., ' .. : 
'" /1 

" 

- 63 -

tuff an~ younver ol ivi nc-nhyri c basa l t in the southeast ~Ar t of 

t he city and by youn R t r1chytc i n tllO southwos t. 

Jt shows horizoTl tal !1'1d colUMna r j ointin r . In ""I11ccs. one 

o r mo r e o f phenoc r ysts , fiJJI'lr!<::, 0 r ,rl<:.ss y r1(l tri x I"\re,1ominate. 

It cont~ins nhe nocrys t s of s1nid ine, ano rthoclase, quartz, iron 

oxide . aepe rine - aur i tc an rl cos sy r ite in a I'rounrlm~ss D rcdo~i n a t crl 

~y r l ass wi th very s ma ll fel(~s pa rs . The pr ese nce of c')!=svri t c 

in ~ icatcs th a t the r ock i s pante ll e riti c . 

K/ Ar a,!c determi flati on m:l~e on '1 s:l.mnl c tilkcn nca r Asmara 

r oad shows an a~e of 3 . 2~a. 

Young Trachyte : i s predominant in th e southwest PU Tt of the 

c i ty, i. e ., from D;t ma Ho t el t owe r cls Furi and Rc ")i, a l oop hills 

a nd f oo t hills o f Hl'lna ~"ari :.!m J nd Tulu Iyoo 12-l 3kms . sC" u th o f 

Addis Abab a. 

It is un de rl ain by t he t uff , that c~vc rs t he younp ipn i mbri t e , 

ane overla i n by a l t e rna t i nf! fl ows of pl ar i oc las c basa lt anrl rhy o-

lite in th e Ren i hill . It s relation with t he no r -hy riti c basa l t 

is not clear as th ey out crop in diffe r ent rar t s of the a rea ; 

howe ver, in a small outc ron nea r Aba Samuel Lake 20kms. southwest 

of AdJ is Ababa th e t rachyt e is unde r o 'ivine- r hy ric basa l t . 

Lls ewhe r e, th ey may be 1,terJl ly eQu i valent . 

The t r achyte i s po rphyri tic with nhenoc rys t s of r J ur i oc l ase 

(al bite- olipoclase) , san i dinc, b i ot ite and t he r roun~ mass i s 

domina t ed by micro l j t es o f f e l ds r ar . 
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¥cunr Olivi ne- nhyri c Basalt: eu c r ors so,·th-war-! from 

Akaki Rive r , wh e r e i t 3ppcars in th e fO TJI'I of houlders, urto 

AkaU town r e ac hi nr a thi ckness of 10m . It is TP-str i cted anrl 

domi nant i n the sout hea s t of ~1.e ci t v ne arly east ...,f A(ldis Ab ab ,l­

Debrezeit Road. 

It is un0erlain by th e t uff that c('ve r s t he yn un g irnimhritc . 

It i s charac t e ri zed by bi p vcsc i cules which arc filleJ in ry 13cCS 

by calcite. It conta ins r hene,c rysts of "' ln r in c l "'sc (labradorite), 

ol i vine , v hi ch i s !, Brt ially or cC'mp l e tely altered t o id~inp'sitc, 

and aupite a nd the froun .!mass is cOIi'f'Qscd o f nlaiioc11sc , TJla r nctitc, 

:,yroxe nc anrl o l i vine . 

Age dete r mi na ti on made cn the bas a 1 t shows Z. 8"1'1. 

From t he ab ove (li scussion i t can be observed that the vol-

canic r o cks o f Addi s Ababa sh 'J'''' youn r i n r t owa r ds th e rift , Fi r . 

16 . .An d a Nr fau lt , that passe.s th r ourh Filwoha, can be assumed 

to se parate th e mo.fi c r ocks o f the nor t h 1.nd sialic r ocks o f th e 

south, in th e eas t ern sec t or of t he city . The c omros itc strati­

graphy is s hown i n Tab JC" to 

It i s i n tllis ~a rt of the nrea th at the resistivity 

" "d t The le'cp tl"on of th e res i st i vity trave rses sur vey I S ca rT le ou . " 

AA' and BB ' a r t" shown in Fi f . 13 . 
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10 . 2 F THD lNV[ST lGAT ION AND INSTPU;·I[NTS USED 

Al l r es i st iv i t y obse r vations were rcrfor~e; with n Scin trex 

RSP- 6 DC r es i s ti vity system, fabr i cated by Scin trcx, OntnTia , 

Ca nada. The 51"- 6 i s ,1 small por table unit. which may be a lte r ­

na t ive l y used to measure di rect current resis ti vity and/o T sclf­

po t ent i als . 

Brass hall ow t ube e l ec trodes were used fOT transmittinp 

CUTrent i nto the r r ound and for t he measuremen t of t he T"otcntial 

difference. Suffic i ent ca r e was t a~cn to ensure pood c~nt?ct wi 

with the pround by add i n ~ substantial amount of wa t e r. 

Res i stiv i ty Survey ~ver th e Fau l t: In ordor t o pc t an idea 

of the gec l or i cal sequences and the ass ociated r es istivity VRJUPS 

a 1torcther 4 an~ 2 s oun d in,s we rc taken on e i the r side of the 

fault apDlyinr Schlum~ ~r ger (C1-r1PZ-C
Z

) confirur ation, alonr 

1\/1. ' and BB ' r esnecti vely . All th ese sound in ps we r e taken <1 10n 

th e trave r ses AA ' a nd BB' kee1)inp th e ar rllY appr oximately narallel 

t o th e str i ke of th e fault . Th e l ocation of the soundinp po int s 

IS shown in FiF . 1 3 . Sounding \~ere take n within a 200-440r.1 s!1read 

AB, subj e c t t o th e l imi t ations of accessibil i ty . 

ProfiIin ." a l onr the trave rses r ives an idea of th e late ral 

variati on of r es i stivity va lues ~own t o a ce rtain denth. The 

confiGurat i ons used across the fault alonp IV' are Wenne r 

(C
I

- F
1

P
2

-C
Z

) with a current e l ect r ode separati on /\B L) f 150m, 

hal f-SchluJ11be r pc r (el-P
I 

Pz) -,lith L = SOm an r! the two- e l ect r ode 
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confi[ur e ti on (el-PI ) wi th L '" SOn i n M ' . Th e above mentioned 

spacings were chosen based on th e Sch lu~b e rFe r soun: lnp res ult s 

a nd (In th.; view th a t the estimated Ilcpth of in vcstipJ.ticn ~ nrc 

about 0 .11 AS [ o r .. ,Icnner. 0.35 ALB f o r two-'e l ectrode nnel 0 2SL 

f or half-Schlumberre r Roy (1 972) . The infini te c1uct rorl. s for 

the twa- e lec t r odp and hnl f-$chlunb0r rc r confi puTlti ons vo r e ken t 

at a dista nce of , bout 500~ i n nearly ~e rncnd i c' 11 3 r 1ircc ti ons, 

due t o lack of srace it was not poss i ble t o inc r ease t he d i s t ance 

of th e i nfini t e e l cc t Torle s. Proper ca r e WAS taken to teen th e 

infinite e l ectro~cs undi stur bed . 

The sou nd in.c d;'l.t fl W)S interr re te~ first by the two-laye r .qnc1 

auxilary cu rve match in~ 3n~ this r esult was used as trial mode l 

f or the compute r prop r am ~ csc rib ec in sec t ion 7.2. 
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10 . 3 RESULTS OF T/![ RfS ISTIVITY SURVIY OV fR THE F ILW'JHA FAULT 

Two pro fil es have beell ta ken ove r th e Caul t hy wh i ch th e 

st r ike o f th e f a ul t was det e rmi ned, t hese a TC des iynated a s AA ' 

an d. BB' for profiles nea r t he Indi an fmbas sy and Filwoha rc snec ­

tive l y, Fi p. 13 . 

Pr ofi) e AA I 

Sch lumb e r ~e r Soundi nes . 

Fo ur Schlumbe r ve r soundi ngs , VTS 1,2,3 and 4 we re t ak n 3t 

di f f e rent poin ts a l ong t hi s pr c fil e, FiR . 13 and t heir i nte r pre t a­

ti on is s hown i n Fi g . 1 7 1 , 2. The purpose of t a kin g t hese s ound­

in gs was t o de t e rmine t he dep t h an d the natu re of r es i s tiv i t i es 

of the dif fer e nt f ormati ons, and fi na l ly to cor r el a t e the res ul t 

with th e dat a obtaine d f r om pr ofilin g . Duri ng the wo rk pr ope r 

ca r e was taken to r r even t in terfe r ence [rom s elf-poltent ial, 

pol a r iz ing e ffects , contac t e r r6 r s and ot he r di s tur bances fo r th c 

po t i'n t ial r radi ent me as urement s in cach so undin r . 

A geoe l ec tri c sect i on pr epa r ed on th e bas i s of re su l t s of 

s ch l umbe r ge r s ound in ps i s shown i n Fi ~ . 18. Th e top mo s t laye r 

th r oughout th e t rave r se i s f oun d to be t h i n , (maxi mum-O . 8m) . 

Th i s 1S cons idered to be a so i l laye r ha vi np r esi s t i vi y fr om 

(lS - 270 -m ) . 

Sounding 4: Fi g . 17 2b , was ta ken a t 25m f r om th e l ast 

obs e r va t i on po int. The r esi s ti vi t y of t he t hi rd J ayo r obt ained 
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at a depth of 3- 8m [ro lr t he surface has a rcsi ~ tivity of 2Sn-n 

and th e r esistivi t y val ue of the second l aver 12n- m may co rres ­

po nd to a laye r of I'l c ath e r cd ~a te rial, the va ri ation in r e sis­

tivity depends on the mo i stur~ and clay content . The fourth 

layer with a r es i sti vity val ue of 6.3S - r -m ma y cor re~pond to a 

clay horizon. The f ivth l ayer ob t ained at 16m , is thi Ck , tha t 

has a r eSisti vity value of 2OQ- m may cO Trcsponc t o a wca t h ~ red 

layer of the pl ilg i oc l ase-phy r ic basal t, as ca n be deduce d (rom t 

the st rat ipraphy of the area , Tab le 2. 

Soundin,s 1, 2 and 3 Fig . 17 lb, a and 17 2a respective l y 

werL taken at a distance of 630 ~ SOOJ230n south f r om soundi nf 4. 

Th e resistivi t y value of t h e second la ye r is l ower ~md is thine r 

than in soundinp 4 . However , this i s mi no r surface var ia ion . 

Instead, the res i s tivity value of th e fourth l aye r i s relative ly 

highe r than th e corres pondiflg laye r in soundin p 4 (74-87n-m) 

obt a ined a t a depth o f about 4 - 44rr, th is fll<ly co r r es pond to the 

hydrated and weathered welded gl assy irnil'llbr ite (S~·h). Whi ch i s 

followed by a h i ghe r res i.stivity laye r 244C'2 -m at a depth of 

>59m, Fig. 17 lb and from the stratipr~phv of th p a re~, Tabl e 2, 

it may cor r espond to th e pl agioclas e - nhyric basalt (6.4MIl) . The 

1m-I r es i st iVIty layer ]2- 24 O-m i s rplated to t he \'lea thc red 

ment l e of the la t e r . Th ... bore ho l e data <It Hilton sho~' s imil a r 

lithological seq uence. Thus, consideri r. p th e li t hOlogi c homo­

gene ity of the are a , the d:tta conf irms the cons tructed J7Iodel 

from the res is t ivity su r vey. 

• 
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No rizontal Resis t ivity Profiles. 

The apparent r es i s t ivity anomal ies obtained throuth Wenner, 

two-e l ectrode a nd half-Schluml>e r re r confipur3tions 'H E shown in 

Fi g 18 (atb , c) a lon p with th e geoelectric section (drawn on the 

basis of th e r esults ob t ained throuph souncinps as well 3S 

profilings ) across the fault. 

Wenne r Pr ofi I e 

The We nn e r fi e l d p r ofil e with L = 150m a lon g A.A' is shown 

in Fig. 1 8 (a) . The observed profile shO\,,' no s iJ'nifican t va ria­

tion of r es i s tivity in the two halves of the tra y r sc AA ' . 

This may be due t o t he deep tropica l wentherinp on diffe ren t 

types of rocks, i . e . • mafic and sia l i c . The profile shows 

i rr egular variations of apparent r esistivity values on the hi~h e r 

resist ivity side . This may be due to th e variation i n thi ckness 

and r es i st ivity values of the shallower layers bes ides its 

nature, i . e ., due to the presence of four active e l ect r odes. 

In the profile t he' eak" and 'trouph' on the highe r r esis ­

tivity side a r e not prominent. ~i owevc r , it shows a peak (1), 

(3) and a trough (2), thus , t he fau l t can be located fairly we ll 

at, near R = 140m at t he middle point of peak (1) a nd trouph (2) 

as sugp.ested by AI-Cha l abi on theore t ica l basis Fi g . 19 and the 

Rradient i s steeve r at t his point . 

The vertical di stance botNeen th e peak and trou gh i s small 

thus the fault may be incl i ned, as incl ined contacts can be di s -
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tineuished f r om vertical ones by the increase of appnren r es is -

tivity va lues ove r t he ' nc~ks' ~n ~ ' trnu r hs ' on • 

s ide with ?0c r" as in r anrl e of di p 0. Fi p. 20(a) V~ r 
Cook C' 966) . 

Two El ec trod e Profile 

1(" r ns i .. Uvity 

tIcs t r and nnd 

The ar'laren t r esistt' Vl'ty ~ ~ noma li cs ob t a ined t h rough thi s 

confi guration ,dth L II: SOM show , 'Fi ~ . 18Ch), r ath e r s mooth 

vari 3 t i on a l o ng th e profile . Thr fau l t C:ln be fai rl y accu r nt l y 

lOC J tLd at , nea r R - 140m at t he mi dd l e of the cons ta nt nnpn rc n 

r esi s tivi ty va lue des i r n:lterl "pla t eau ' KUJr1.T (19 738) s hown on 

theo r etica l bas is fo r ve r tica l cont nct Fi p . lOeb). This has al s o 

bee n show n by Te lfored , c t. .,.]. (1 q78 ) by the methods of irrapcs 

on " si n£le vert i ca l contact. 

Th e smoo th variation of the arpa rc nt r es istivity with two 

elec trod e ar ray may be due to the s maller number 0 octive 

e l ectrode s and its hi ghe r depth o f in vestiga t ion. The a ppa re nt 

res i s tivity va lues on th e highe r resis t ivity s ide ore hipher hon 

that obt'1incd fro m We nner , i n t he r cne r a l se nse . Th is is as 

e xpected, si nce the dep t h of investipation of th two- c lee rode 

setup i s h i gher th an Wen ne r showed i n Ch 1Dt e r 9 . 

Th e fa r e l ect rodes for th e twO elect rode setup ~ust be kcp 

a t sufficientl y lon p distance s o th a t the e r r or is min i mized . 

Ha lf- Schl umb c r re r Profile 

The a pparent resi s ti vity anolT'a l i es ob t ained throu r,h this 

configuT3t ion l.;ith L = SOm s hows, Fi F. 18(e), 3 conside r ilble 
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fluctuation th an the ot her two; since it ,·s 
essentially n pradi -

ent profile , and the r e by ni ghs and lows reflect the lateral 

vari a tion in r es i sti vity va l ues, perphars caused by 11 di ferent 

degree of wea ther in r a long the orofile . Howeve r it shows a 

clear indica ti on of th e fau lt giving rise to ~ prominen t peak 

and t r ough near the fa ult ; thus , th e fault can be located ot 

about R :z: 140m . 

2. Pr ofi l e En I 

Sch lumb e r pe r Soundin gs 

Two $chlumbe r pc r soundi ngs we r e taken on either side of the 

fault. Th€ soundin p cur ves , VES 1 and VFS2, and their inte r prota­

t ion is shown i n Fip. 21a and b. 

The first sou ndinr, YES 1 , was taken in Zcwditu Haspi t al a t 

SOm from the f irs t obse r vation poi nt. Th e soundin g cu rve s hows 

fi ve layers . The top s oi l havi np. a thi ckness of O.86m has a 

resistivity va lue of 8 . 84·· 860- m. and a second l ayer of 140-m at 

a depth (0 . 86 - 3. 49) and fourth l ayer t hat reaches up to 24m in 

de p th and resistivi t y of 20Q- m, which is f oll owed by a 160-m 

l ayer. The obse r ve d resistivity va lues show lJ'I ino r r e sistivity 

contrast, and this may be c ontrolled by th e mois ture and clay 

Conten t of each l aye r ; otherwise, a ll may corresnond to a soil 

layer. 

Th e second soun d in ~, VES 2, was taken at R • 375m (R. dis­

tance from V[S 1) . The soundi np curve s how s ;t n opoosite anpca r -
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ance to that vrs I and has 'four l ayers . l 'h 
e ton so i l hav in p. 1 

th i ck ness of I . 38m and r es i s ti vity of 120-m and th e second and 

third l aye r f ound a t a depth of 1 . 38 - 34 .18m arc charac t e ri zed 

by a ve r y 10\.1' r es i st ivity 1·· Z.50- m thi s may be due to t he prese nce 

of t he ho t springs (in t h e a r ea th e hot sprines a r e a rte s i an) . 

The last l ayer s hows r e l at ive l y hi fhe! res i s tivity 25 . 40- m. 

The resul ts of th e abo ve two ve rt i c31 e l ectrica l s oun d in p 

cu rves indicate th e pres ence of resist ivity contrast on e jth e r 

side of the fault , in pa rti c ula r withi n J-34 m depth. Thi s may 

be due the pres~nce of the hot s prin gs in th e south e rn s i de of 

t he faul t . 

Ho rizonta l Profilinq 

In t hi s traverse , dur. to t he lack of space for the inHni t c 

e l ect rodes only Wenne r confi gura tion was used in pr ofiling. 

The apparent resist i v i ty 3n omal v for Wenner profil e with 

L = 90m and t h e r.eoe 1ec tri c sec tion i s shown in Fig. 22 . The 

pro f ile does n I t sho1'l a prominent " peak" .:tnd " trou ph II in 

the highe r r es i s tivi ty side and a l so the pr adi ent of the apparent 

resistivity near t he fau l t i s gentl e and broad . How ever , t he 

fau lt c a n be locat ed at nea r R :: 185m . The pro filio .c: was ori ented 

700 t o the strike of th e fault and th i s may be th e reason for th e 

r es istivity pea ks and associ a t ed trouphs to be l ess pro~incnt and 

th e zone of anomalie s a bit wide r . As can be deduced from th e 

th eo retic a l profiles of AI -Cha l ab i . 
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This profile s eems stab l e, th an in pr ofil e ~. I fO T a 

small e r sNlc in p , i . e . , L = 90 . Thus , t he noise of fluctua tion 

of the apparpnt res istivity in We nne r confi gur a jon may be 

controlled by th e sha ll ow het e rope ne ities . 
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SUMMARY AND CCNCLUS JON 

The ma c pi n,l" o f t he Filwoh 3 faul t wa s made ' le si bl e by 

resist i v ity me th od . Base d. on t he clata nb t a inc cl i n pr of i l e AA ' 

a nd BB', t he s t r i ke of t h e: f 3ul t i s de t e r Mi ned t o be NSSo r whi ch 

i s in good a!" Tc c rr:ent \-1 it h wha t wa s Suppes t ed f ront gc o l oF i cal 

mapp i n p' • 

Th e fa ul t may not be ve r t i ca l, a n~ i t s th row CA n be st imn tc~ 

t o be abou t 40m, which i s a~pro ximatcl y t he thi ckness of the 

we l ded p l assy i r ni ll'b r i t e . Wh i ch imr li es thnt th e r10wn t h r own 

s i Ge of th~ fault is th e sout hern ra r t . An t he fault has ac t erl 

as a clam tc th e \ooTc l de,.l p l as s y i Fni mb ri t e bu t no t to t he basa lt 

as wa s Hs s urne d previ ousl y. For th i s r CRson we s ec Qu i t e rl i ffe r ­

e n t reo l opy in th e s outh .<!nd nor t he r n ra r t o f t he are3 . Thus , 

th e a;-:c o f th e f~u ]t may be bounc!ed by S. OMa nnd C1 . 4Ma , t he 31'e 

o f t h. e we lcled pl assy i pni mb ri te and nla p10c l as e - chy ri c ba s alt 

r espe c t ively . 

t:'rom t r a ve r s e s AA' anc BB' i t can be obsp r ve d t ha t the f a ult 

is s hal l ow, i . e . , covered by very t h i n soi l l aye r ( 1 - 4~ ) . 

The r e Sist ivity c ontrast on e i t he r s i de of the f lu lt in 

~ rofil c BB' s cc~s t o ~ be c ont r o l I e ' by t he r r e senc e o f ho t s~ rinps 

south of th ~ fnul t. Th us , it i s in Rccor dance wi th t he s uppcs ­

ti on o f Kundo (1958) , t hat t h e ho t s l' rin ps a r e contro ll ed by 

this structur e . 
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The results OVe r the f~ul t in ~ rofil e AA' Suppesl th a t th 

tw o-elect r ode c onfiru r ati on is the J:lOSt SU l t 1b l c fo r m.
1

r pin p 

this ty pe of d i scon tinuity in th e field , as it sh ows less nOj s c, 

r r ob nbly d ue t o it s fe:I' ac t i ve e le c trodes a nd h i phe r dCl' th o f 

investipat i on, a nd sharp va ri a ti on of r es i s t ivity value s ove r 

th e f '1 ult. The ot he r conf i ['urat i ons , i. e. , \'Ie nne r 1n~ ha l f­

Schluwbe r g:e r, a r c not s o suitab l e as th ese a r c ve ry s ensit i ve t o 

th e pr e sence of near Sur face inh omorene ities, a pa r t for the f1uc ­

tua ti on of r es i s tivity values, they f ive fair indi ca ti on of th e 
fa ul t . Excert for th e ease of int e r l"'re tation all th o t hree 

conf i purat i ons s how al most t he same 1 0 C3t i 0 11 fo r the fault. 
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AFPfND IX 

A. I. PHillIS RlCURRENCJ RILATION 

It is based on addin p a new laye r at th e top o f t he ori pinal 

l ayer sequence and movinp t he e lectrode confipurat l on t o th e t op 

o f t he ne lV ly added l aye r . 

If we <ldd c - r\ to bo th mcrrhe rs of (5 . 11). and t he n di vide 

t he s e mC!llb ers over the cor re s pond i n; membe r o f (5 .1 2) we re t 

1'8. (P)'X. (r)e 2Ph i 
Pi 1 1 

) () 2Ph. 1 ' 8.( F- X. Fe 1 
1 1 

= p 
i +1 

1 ' 8 i ' l (Pl+X i '
l 

( P) e1. Phi 

1+ 8; '1 (F) - Xi ' 1 ( P) e 2Phi 

Le t us introduce a new func t .i on f or e ach of t he layers . 

d eno t ed by K. (P) and defined as 
1 

1+9 .. (F) +X. (f)e 2Fh i_l 
1 1 

Ki (f) = -]-. 8-'.'-(-P-:-) .-. X-'.'-(~P:-) .:ZllP'hh-:-
j 
--:-1 

1 1 

(A1 . I ) 

(A I . 2 ) 

By de fi ni ti r.m r"; £ 1<.i ( P) from (A . 1. 2 ), (A1.1) can be lHitt e n 

as 

2 Ph · 1+9 i (P),X; ( P) e 1 

p . ZPh- '"' Pi+l Xi+l 
1 1 +8 . ( F) - X. (P) e 1 

1 1 

and denomi nat o r o f th e ri ght hand and ~ivi din ~ the nUlJIPrat or 

side of (AI . 2) by Xi (r) we ge t 

(K . 'I ) 
2 Ph. 1 1 

= e 1 - ('''R-. -;1') ,-
(AI. 3) 
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2nd doi ng th e same mult iplication on t he left hand side of 

(A1 . 1) and s ubs t i t uti ng (A1. 3)~ (Al.l) hecomes 

2Ph . 1 e 1 -
[ · ZPh. Jpi e 1- 1 

Then, 
Y. (e 2pt i +1) - (c 2pt j _ I) 

1 
K·+1 = q1· 

1 (eZPti + 1) - K. (c 2ot i _ J ) 
1 

whe re 
and ti is the th ickness 

we know t ha t 
2pt . 

(e 1 - 1)/ 2pt i = tanh (pt
i

) 
(e + I ) 

hen ce (AI. 4 ) bec omes 

Ki-ta nh pt j 
= qi i .. I<'i tan h pt

i 

solving tflis f or 1
i

, we obtain 

(A I. 4 ) 

(AI. 5) 
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A ppendl K. 

A·2 

J 
10 DIM Rt(1 9 ),P(1 9 ),PO(19),G(1 9 ),T(9 ) D(4 19) 
20 F=EXP(LOG(lO) / b) , I 

30 Ql =99 ~ CL EAR 
4 0 51 , 19 , 18 =0 
70 E= . 02 
82 DI SP "NUMBER OF ITERATIONS " 
84 INPUT N9 
90 DISP "NEW FIELD DATA ? NO- O , YES - I" 
100 INP UT M 
110 I F M- O THEN 230 
120 DISP "FIRST ABSCISSA" 
130 INP UT X7 
140 DISP "GIVE NUMBER OF SAMPLES" e INPUT 17 
160 DI SP "GIVE" ;J7; "SAMPLE VALUES" 
170 FOR J=l TO J7 
180 INP UT Rl(J) 
190 NEXT J 
200 DISP "CORR ECT? NO=O YES=l" 
210 INP UT 11 
220 IF M-O THEN 160 
230 DISP "GI VE NUI1BER OF LAYERS" 
240 INP UT 14 
250 16==14-1 
260 12= 16+14 

270 DISP "GIVE "; 16 j "LAYER THICKNESS" 
280 FOR 1=1 TO 16 
290 INP UT P(I) 
300 NEX T I 
310 DISP "GIVE" ;14; "LAYER RESI STIVITIES" 
320 FOR 1=14 TO 12 
330 INP UT P (I) 

335 I~EX T I 
340 DISf "CORR ECT? NO=O , YES-I" 
350 I NP UT M 
360 IF M=O THW 270 
365 CLEAR 
370 DI SP "STEP LENGTH R.M . S. ERROR" 
3110 19=19+1 
3'70 X8 =X7 
400 J= l e Q, Bl=O 
430 FOR 1=1 TO 12 
440 G( 1)= 0 
45 0 NEXT I 
460 X=. 01 05~' XB 
470 LB= l 
480 L=O 
482 L=l+l 
485 IF L)9 THEN 670 
490 X= X' F"T 
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B~P(I2) 

IF 100000lB THEN 530 
B=B-l00000 
B6=B 
Z=O 
Z=Z+l 
IF ZI I6 THEN 700 
06=P C I4-Z I 
R6=PCI2- Z1 
IF 100000lD6 THEN 610 
06=06- 100000 
IF 100000lR6 THEN 630 
R6=R6-1 0 0000 
AB=D6/X 
IF AO)1000 THEN 670 
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50 0 
51 0 
520 
530 
54 0 
5~ O 

56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 0 
63 0 
64 0 
65 0 
66 0 
67 0 
680 
69 0 
70 0 
7 10 
720 
73 0 
74 0 
75 0 
760 
77 0 
78 0 
79 0 
8 00 
810 
82 0 
830 
840 
85 0 
86 U 
87U 
8&0 
B9 0 
9 00 
9 10 
92 U 
930 
940 
95 0 
96 0 
97 0 
98 0 
990 

TB= C EXP C A8 I -EXP C -AS) I I CEXP C ABH'EXP C- AS I I 
GOTO 6BO 
T8= 1 
B=C B+TO>R6 II C 1 +TBo·B/R6) 
GOTO 550 
TCl) =B 
GOTO 470 
X=. 1 *X 
L=4 
IF L8)t THEN 790 
X=,1<X 
L=LB-l 
L=L+l 
IF LI 4 THEN 1100 
D(L)I2)=1 
B=B6 
FOR K=l TO 16 
I=I4-K 
IO =I2- K 
13=10+1 
06=P C 1) ~ 

R6=PCIOI 
IF 100000lD6 THEN 890 
D6=D6-100000 
IF 10000 0 lR6 THEN 910 
R6=R6- l00000 
A8=D6 /X 
IF AOll000 THEN 950 
T8=CEXPCA81-EXPC-A81)ICEXPCA81+EXPC - AS II 
GOTO 960 
TO=l 
B8= 1+ B<T8/ R 6 
P8=C l-T8'T81/CB8'B8) 
DCL,I)=CR6-BoB/R6) /X 
D (L I 10) =T8* (1 +B*B/ (R6t('R6) +2 tnS.·fj/R6) / (88«·&8) 
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1 000 
1 01 0 
102 0 
1 030 
1 040 
1 050 
l ObO 
1 070 
1 000 
10 90 

FOR 15"1 TO 16 
D (L , I5)=P8~D(L,15) 
NEX T 15 
FOR 15=13 TO 12 
D( L1 IS)=P8 -X DCL,IS) 
NEXT 15 
B= (B+TS*R6) / (1+T8*B/R6) 
NE XT K 
X= X·X-F .x·F 
GOTO 770 
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11 0 0 
1110 
11 20 

Re=. 0 148->:- T (1 )-. 08140)('T (2) +,40 tex T< 3 )-1, :::i71 6*T (4) + 1 . 972-)('T ( ~ ) 
R8~R8+. 1 B54.T(6)+. 1064 .T(7) -, 0499. T(B)+.0225*T( 9) 
FOR L=! TO B 

1130 Te U =Te L+1) 
11 40 NEXT L 
1150 BB=l -RB/Rl eJ) 
11 60 1=0 
11 70 1= 1+1 
1 180 IF 1) 12 THEN 1260 
1 190 IF pel»=100000 THEN 1 170 
12 00 II=, 402 *D( 1, I )-1.571 *D(2, 1 )+1. 972*D(3, 1)+. 186*D(4, I) 
121 0 FOR L= l TO 3 . 
1220 D( L, I)=DC l+l ,I) 
12 30 NEXT L 

Ge l) =GII)+20 BB'BOPII)/RB 
GOTO 1170 

1240 
125 0 
12 60 
1270 
12 80 
1290 
13 00 
1310 
1320 
1330 
1:l40 
1350 
1360 
1370 
1300 
1390 
1400 
1410 
1420 
1430 
14 .1! 0 
1450 

"1 460 
1470 
148 0 

Q=Q+BB<BB 
IF Bl *Bl)=BB'BB THEN 1300 
B l ~- BB 
J8= J 
J=J +2 @ L" 9 @ L8=4 
X8:.:: X8 *F -xF 
X= 10 ,5,x'X8 
IF J I=J7 THEN 500 
Jl=l NT(J/2) 
IF J l<2=J THEN 1390 
X8~X 7' F 
J= 2 
GOTO 440 
Q=5QR 1 QI J7) 

IF Ql ) Q THEN 1480 
18= 1 
FOR 1=1 10 12 
pel) =.6 7oPOel)+ . 33. pel ) 
NEX 1 I 
Sl =5 1/3 
IF .003 ) 51 THW 1800 
GO TO 3 9 0 
I F E)=Q THEN 18b O 
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1490 IF I91=N9 THEN le60 
150 0 DISP USING .151 0 I SI,Q 
151-0- I11AGE- D-.-DDE-, ex, D ,-DDE __ _ 
1520 B=O 
1530 FOR 1=1 TO 12 
1540 G(I) =G(II/J7 
155 0 B=B +GCI)*G( I ) 
1560 NEXT I 
1570 G8=SQR(B) 
1,80 IF 1810 THEN 1620 
1590 SI=( Q<Q-,9<E<E)/G8 
1600 IF , 51=SI THEN 1620 
161 0 51= , 5 
1620 FOR 1=1 TO 12 
163 0 PO ( I ) =P (! ) 
1640 P(I )=P (I).(1+51*G( I I/G81 
1650 NEXT I 
1660 1=0 
1670 1=1+1 
1680 IF 1116 THEN 1760 
1690 IF 10 0000IP(I) THEN 1670 
1700 P(ll ,D6=0 
171 0 FOR K= I TO I 
1720 D6=D6+PO(KI-P(K) 
173 0 NEXT K 
174 0 P(I)=D6 
1750 GOTO 1670 
176 0 Ql =Q 
177 0 BO=B l 
1780 J 6=J8 

, ) 1790 GOTO 380 
18 00 FOR 1=1 TO 12 
1810 P(!) =PO(II 
1820 NEX; I 
1830 Q=Ql 
10 40 &I=B O 
1850 J8=J6 
1860 PRINT" 
1670 PRINT 

~10DEL DATA " 
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l e80 PRINT "RESISTIVITY 
1890 FOR 1= 1 TO 16 

THICKNESS" 

1900 D6=P (I) 
1910 R6=P ( 1+161 
1920 IF 100000lD6 THEN 1940 
1930 D6=D6-100000 
1940 IF 1000001R6 THEN 1960 
1950 R6=R6-100000 
1960 PRINT USI NG 1970 I R6,D6 
1970 I IIAGE D, DDE,eX,D,DDE 



' , 
• 

c' 

CJ 

C; 

r 
u 

C 

G 

C 

( . -
(, 

G 

C 

C 

C 

' .. 

J 

• 

" • 

, 

, 

I 

1980 
199 0 
200 0 
2 010 
2 02 0 
2 030 
2 040 
2 05 0 
2 06 0 
2 07 0 
2 080 
2 09 0 
210 0 
2110 
21 20 
2 130 
214 0 
2 1~O 
2160 

I~ E XT I 
R6=P(12) 
IF 100000 ) R6 THEN 2020 
R6=R6- 100000 
PRINT USING 2030 i R6 
IHAGE D,DDE 
PRINT 
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PRIN T USING 2060 ; "R.H,S RELATIVE ERROR . " , Q 
HIAGE 22A I D. DDE 
PRIIH 
PRINT USING 2090 J "MAX ERR ~ "iBli" AT SAMPLE ";J8 
IMAGE 9A ,D,DDE,11A,DD 
PRIIH 
PR IIH "NUMBER OF TRIALS WAS ";19 
CLEAR 
DISP "CONTINUE (1) OR STOP (0)" 
I NPUT H 
IF 1'1=1 THEN 20 
END 
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