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Topographic effects in resistivity and induced-polarization 
surveys 

Richard C. Fox', Gerald W. Hohmannl, Terry J. Killpack" and 
Luiz Rijo** 

We htlvc mlldc ~ systcmatic study of dipole-dipole t1pparcllt rc_,i~[ivily anonmlic, duc 10 topography lind of 
th~ effect of irregular terrain on induced-pularization (lP) llnO!lllllies, u, .. ing a two-di!llcnsional C:!,Dl. linitc­
element computcr program, 

A vallcy produccs a celltrallipparcnt resistivity low in the resbtivity pseurio,ection, flanked by zones of 
higher apparent rc~i'livity. A ridge producc~ ju,t thc oppmite anomaly pattern- -[I central high flanked by 
luws, A slopc gcncrate, an llpparcnt rc~htivity low at it, bll~C and a high at its top, Topographic effect<; arc 
impoflanl ['01' slope angles of 10 dcglee_, or morc :lnd 1'01' ~lopc Icngth~ of one dipole-length or grcater The [P 

IC'p0!l,e of a homogeneous e~nh is not llffcetcd by topography. ]Iowcvcr, irrcgullir tCITllin doe, affect thc 
observed II' rbponsc of II pO[lIrilable body due to variations in the distanec bet\veen the electrodcs :lnd the 
body, 
Th~se terrain·indllced ~nomalies can le~d to erroneOll, interpretations unless !Opography is included in 

nlirncricalll\od~ling A field L~se demon,trates the impOilance or including topography, where it is .,ignifi­
cant, in interplctation Illodel'> A tcchniljlle 1'01' correding appal'ent resbtivity for topographic e!Te~ts,y..~e, 
thc finite-element program to compute correction factor.> 

INTRODUCTION 

Re,istil'ity and induced-po[mizlllion (lP1 surv~ys 
play an importanl mlc in geoth~rm~1 and Illill~rnl 

CXpll)f,ltioll Re,i,tivity \lIrvey~ of gcothermal arca~ 
u>ually are carried out to dcline:lte lOIV-lc,i,tivity 
LOne> related to a hydrothermal system In Illincrul 
explonltioll, IP lllea,lIrelllenb flrc made in conjunc­
tion with resi~tivity m~aSllrC:lllent~ to dcline,lte I_oncs 
of ~lIlfidc ll1ill~l,lli/ation_ Much of thi\ work i~ donc 
in l1lountainou, t~lIain wher~ topogr;lphic cffcch Gill 

prodLl[~ Illi,lcllding anomalies Hence, It is impol1ant 
\I) lInder,tand the\e effects and to includ~ th~1ll in 
intellln~tCltioll mod~ls 

TopogrClphic ctf~cts in re,i,tivity ,utveys ba,ic,llly 
Jr~ c~u~cd by tile l"e of 11llt-e~rlh gco;l1Clrie facwr, 
in tile cOlnput:otioll ot' apparent resi~ti\'ity when th~ 

IIlCa_"lIr~ll1cnl, lire madc over an irregulm kITain 
Figul-e I illustratcs the gencwl dlech of topography 
on current lines and eqllipotcnti~iI slirface" in a homo­
geneous eanh lor II distant currenl sourcc_ Currcnl 
lille~ diverge h~lIeath a hill arid converg~ ben,-,ath a 
volley, Thcrdole, the u"~oeiat~d cquipotelltial sur­
face" which nrc IlOrillal to clilTentline<;, a]<;o divergc 
undcr a hill; they produce lower potential difference, 
relative to a Ilat carth, and hence low apparent resi~­
tivities. [n a valley, thc <:ollvclging equipotential ,LI[­

face\ rc\ult in high appJrellt re,i,ti\,itie~ Of COllr,c, 
the current lillc, Jild equipotcntial SlirraCe~ lll-e morc 
complex 1'01' thc dipole-dipole array Whell a hill 
OCCUI-S b~twcell th~ Iran"lllitting and receiving 
dipok\, (,llrlent fOClI_'lIlg cause, :In apparent re,i.,­
til'ity high, \\'!h~n thL'I-e i~ a "Jlley hct\\ ~~Il the tr,IIlS-

Manu'c'lir1 Iccci",:d hy lh~ EJitlll ~t,,('h 19. t979; fe\'i~".J nl:!11l""nrl rn'el\cu July ~O, 197') 
'"kiijl 1~""H"ct enn,ul"",l" Bounllful, tiT R40tO, 
: DCI"tl111l<'l1l of (j.::ol"gy arid Gcophy"~,, Un;\'c"ity ot Ul:ln, S~II Lake City, lIT H4112_ 
~F"nh S,'i~fll'" L,bm,tlui'Y. Un]\cc"ty 01 Utith Rc,~,uch In,ltIUlc. S,lil Lake Ctl)', UT H--IIL' 
•• UIlI\~"it"'dL Fe'tkr.tl Do P,,,,,. Bekm, 1'",,,, BIMil, 
1J()lh-8Il.\,l"~()/I)IOt -0075"1)\ Oil, © I'IHO Socidy of Exptor.tI,m, Gcoph)'\lci'I'_ All fight> r~'cl"tci 

75 

- -' . 



76 

Curren! source 
at Infinity 

Eart h 

Fox el at 

___________ Equipotential Surfaces ,.­
I 

Air 

Current Lines 

Triangular 
Elements 

f- - f+l­
H-I l-

-- I _ j-' 

1-
-++1 

I 

Fir;. 2 hllilc-l'iclllcnt me,,!! ,hOIVill!,- lerr"ill Iliodelillf' technique'. 



Topographic Effects 77 

tr--"I--1f--~- -i'---\ __ ~ -i--L _-1- -----!- -"I,--"r'--~r 

"CA£< !.IODEL_.
50 '" ", FINITE 1OU'!.IIONT __ .28 ,w '" '" ., '" ~, '" ," 

'" ,,' '" ,~ '" '" '00 '" 
cam) 

u. '" Pa '" ~45 

'" '" 

Model 

4 

~ ___ -"v 

'" = 
'"' 

,,, 
,M '" "' ~, 

,<> ,,' 
'" ." 

00' '" .' '" ", '00 ' .. "" 

'"' ," 
'" '" '" M' 

'" ." 

'" '" 

1-,­
". 

,M 
'" 

00' ,", 

, 

250um 

'" '" ,~ '" ,,, 
"' ," '" '" '" ~ 

'" '" ". 
'" ," 
1'.4 ,~ 

?63 " ,M '" 

3 

4 , 
6 

--'---
FIG 3. Comparboll between linlte element ~Illd ~cale-TIlllllei rc_,llih 

mitl!ng ~nd recciving dipole~, curren! di~per~ion 

produce~ an appar~llt resistivity low_ 
Becau,c IP i~ 11 normalized mea~urcmellt, currcllt 

f[)cu~ing and di~persion prodllced by [Ill irregul~r tef­

raill s\lrf~ce do Ilot ~ignilican!ly affcct IP dat'l. How­
evcr, topographic effcl"ls ill !P 'iurvcys arc introduced 
by vuriations in the di'ituncc betwecn the surfacc 
elc<:lrodc~ and n poiarilable hody relative to a flat 
e~llh 

While many computer algorith!l1~ and modcl 
studi~\ for inhomogcneitic~ bcneiuh a flat ,urfaee 

h~vc becn repmted in the literature. ther~ ha\ becrl 
n() syqematie ~llldy of topographic cffeeb_ Coggon 
(1971), Halioi" (1970), and Rijo (1977) each illu,­
tr~ted topogmphic effect'; for a few simple 1ll0tJeb. 

Bccall~e topographic effects can be so important in 
geotherl11JI and mineral explor~!i()n, we have lIs~d 

RI io', (t 'U I) two-dimen.,ionnl (2- iJ), linit~-elell1ellt 

progr;un to eOlililict a systematic ~llIdy as an aid to 
interpretatlOIl The ~ame program is w,ed for inter­
preting datil in tcrms of complex model<; with the 
tOI'0gr,lphi,. '"rracc included, if It is ,ignificant_ 

the thrce ha~ic tcnain fealure~_ Then we de,cribe a 
mcan~ of corrccting app~l"enr resi~tivity data for 
topographic effects and uelllol\,tl"atc thi, techniyue 
with examples The dlcct of topography 011 I!' re­
,pon~~ i~ del1lnn~tmteJ hy eOlnp.1ring thc anoll1aly of 
J dike withlll a flat eill1h to anolllalie~ of a dlk~ bcneath 
a valley and a ridgc_ Qur thcoretical Jnd nelll exam­
ples ,how lhilt IOpog[-dphy Illilst be included in 
nUlllerical models u~~J to illterpret I"c~i~tivity ,1I1d II' 
dma taken over irregulilr terrain to ensurc the validity 
or' Ihe intclplct:ltioll. We have _'>ludied onl y the ill-linc, 
dipole-dipule clectrudc array bee,l(I:'c of its I-CSOIIl­

tion. Held et'licielll"Y, ~nd COTllmOIl usage. 

NlJMERICAL :\IODELING TECW\IQUE 

T[)po~r<lphy can be ,imu1ated c,,,,ily with the lillite­
element method due to the flexibility of thc triangular 
elemellt> ii,.:d The Dther Ilwin 1ll!l11eric:d techniql[l's. 
tinite-ditkr~IlCc <llld intl'gl<lI-~qu~ltioll. ,IIC lIot ~a,il)" 

adapted to topographic '1ll,lIy,i, In the former 
Tllclhod. r~~t<lngillar grid, arc u,cd, and III Ih.: latkr, 
the lllath~lllatieS bccuille dlftindt. 

w~ pr~sent a SUIllIll,uy of our '>tml)' of a ~erics of In th~ tjni(t'-clcrlll'llt Ille(hml. Ihe ~ar1h i~ divided 
lililey. ridge. ,lilt! ,lope Illodcls. illlL'>tr.lte the dfcets inlo a llle,h of (riClllglllar ekillelih ill c<lch uf \,,..hich 
111 electmdc positioning. alld give <cxamplc~ 01' (hc thc unknown pOlcllllal i~ npl ... ·",·d in (erlm of a 
cilaractc;li,lk Ic;,hti\'it, <llHlIlliilil" a'911'iated with ,illll'k lilll'.Ir function dctlllt'd hy Ih~ unknowll potell-
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tial at cirTlll'n! CllIIllT,. c{)ordinak\ of the clemeJlt IIOIlS i~ w"embleu and solved lor each particular A 

~erticn, -.lnd o:icctrlcai !,lllpcI1ie<; of th~ clemeJ]t. (Follrler tl":l!l,forlll parameter for the y-d'lredlOn) 

Since the -',Ollr-C(' is (hrel'-dil11en~lonal (J-D), It is Tile final pu!entinl j, obtained by r<!IJ)illg out the 

nel:c"al) 10 rclllOI .... it" variation III Ihe y-dlJCClion invcr,~ fourier tr,m,funn lI~illl' til(' <'olu(joTi of Ihe 
Irne;\r sy.,teJll fOJ each ,,_ The apparcnt J~,isti\'ity i, 

calculated frolll Ihe_w POll'rltia],: calculating the IP 
!c,pom,e n~quirc" a ,culJId \llluliol1 ]()I" peI1I1rbed 

re,i.,liviIHc\. 

(,trike dircclionj h> r()lIrier tl-an,i"onnaliol1 in order 

lu ,(JIve (he <,lmp!er 2-D problem. 
Suh,IHlIlIrlf! (he linear fllllc(ioJlO inlo Ih[: FOllricr­

(r~ll,f()[mtd f!cllllil()ltz equalion, \\:t obtain an erl"()1-

OJ' Je',idual h~call,e the,e linea) fllnc-lioJlO ar~ only ,Hl 

appmximatioll of the true -',Olll(ioll at e~ch cicmrnt. 
Applying the G!ilcrkin techniquc which ~t"te, that 

tht re,idu,il Il1W,t be O!lilllgonal tn tile ha,i~ fllJKlioll<; 

(function, ddined in ICJJll5 of tlie roordina(l'~ of ver-

Figure 1. ilIll,1ra1e, the fini1c-element mc,]]. The 

tllpllt',ravhic <;uriace I, ddmcd by a"ignillf .J hig) 

resistivity to Ihe "all," portioJl of the nll",h Hcsis 

tidty clllllr,!'.;b 0] 10"!O ]0" betwcen ,Iif and c;utl 

yield ,!(clIrale r~_,ulb, H'lgller COl1tra'i\, re,ult ir 

ll('e~ of the element,,) at ench element. 0)](' obtain, a l111meriea) in~tability, while lower (Dntrm,ls allo\' 
,ci of Imcilf eqllalion>. hom which the l'OUJicf-(ran;- ,ignifica)]t electrical condllction in lhe air. 
fOllllCd pot~lltial i, dctnmincd. 'fhi, ,y~tCIll of cqlla- F]ccll"(){ks ilr~ ]oc[!ted at their corro:ct po,itioTlS 0;, 

_0\';_' _--



Topographic Effects 79 

the terrain surface, with di~tallees measllred either 
horizontally (Figure 2) or along the slopes a~ ill the 
usual field procedure. Slope di~tanees arc LJ~ed for 
compming all of the model resulls given here. 

We have verified our numerical solution by com· 
parison with scale·model re~ults. Hallor (1970) pub­
lished a limited set of scale-mm.lcl cases ~howing 
the effects of topographic features on in-line, dipole­
dipole resistivity measurement~L A finite-element 
model was designed to approximate one scale-model 
case of lIallol"'s study (ca~e T-h300-250-). The ,calc 
model is eight dipole units in length, while the finite" 
element Illodel ha, infinite slrike-lenglh. However, 
agreement betw<een the numerical and nnalog mode! 

-I 

AIR -2 

-4 -3 

o 

results is good, as shown ill Figure 3 For all cone" 
5ponding points, the mean mtio and standard devia­
tion of computed values to scalc-model vnlue~ lire 
0.99 and 0.15, respectively. 

Internal checks 011 OIiT solution consi~t of com­
parison~ between re~tllts for smooth and sharp inflec­
tions in the terrain slJrface, re~ult~ for different me\h 
~ize5 and textures, and re,ults for different uir-earth 
resi~tivity contfa_"b. Other check-; for Hat topography 
nre di~cussed hy Rijo (1977)_ 

Depending upon mesh size and complexity, resis­
tivityand If' c<J1cul<J!ions for one model require be­
tween J and 4lllinutc~ of complltertinle all the Univac 
1 !OS computer. 
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We hal'[' IIl<Id(' a systcmatie ;ludy 01' lC!Tain effecl 

l'e,iSlivilY ilFHlInaiics by illlalyLillt' thre~ ha,;c lopll 

)CI<lphie rcll1UIC~: Ii I'oliley, a ridge, anil a ~llljJc_ Fllr 

("Iell IOpll!',-aphic k:lI11rc \\:c cOJllpll!ed the <lIlIlJllaly 

for fl ~~II(''> of mockh wilh different ,lllpe length" 
\lope al1!'k_<" and electrode po,ition\. ]-:)..i!l!lples of 

the eh:lTdcrr.l'l,tic illlOllllilic,> a'~Ol'i',ltl'l1 ",ith llie 1)'J"ie 

top()~raphie kalurl",>. a ,Ull1lllilJY of our ,tudy of 

"Y'dcl11atic '-anallOIl'> III ,lop" ;I!lgk <!TId 'lope lenglh, 
alld an l'Xampic of the cflect of eiccTrude po<;itluJling 

arc prc,enled IJl rim -',['ctiol1 

A; "hown in J--igure 4. a valley C;lH~e, a ccnlTa] 

apparent re,j,til 'It) low Ilankcd by /OIlC~ of high 
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apparenT lc,istiviTy in the p._eudowctioJl. The low i-', 
most PlOTlOUJKeU when the tran_,mittiJl,f' and rTcclyil1g 

dlpole~ nre on exlrClllC OppOSiTC ~idcs of the I·alley. 

TI]]'; l"!lTllple shows tilal a Yalley Cilll produce <J l:Jrpc, 
~pUfiOU'. 10w-le-"I~li\'ITY allomaly which could ca'iil) 

h(' illl',lIlrClprcted a~ cyidcnce for a bUrled conductor. 
.J he ~ffecl of a ridge i~ ~hown in l'igllJ(' 5 It<; n~~I~­

lil'il), aJllHllaly i, oppo;ile Ihal of a ,'alley, showing a 

celltral rL'>i,(i\'ity high ll<!nked by lones of low IC,I<;­

II 'Illy. Thc hi)!ll I, rno~t I'J('!)():lnccd when the Iran,­

Jlllltlrl!' and 1l'l'ci\'lnj~ dipole,> mc al rhe extreme 

llanh of Illc Ildl'C. The \\'dJ-rldincrl low re,i,ti"ity 

7one,> on eirher Side of (he hi~h could he IllI"tak~11 a, 
indicative of huried {'ondu('tIW h[)die~_ On the other 

hand. the tCIT;lin effect hi.£h COlild rna"k the e.\pre,-
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sion of an actll~1 conductive zone below the ridge, 
The rc,i,tivity ~noillaly produced by ~ slopc i, 

shown in Figure 6. A re~i"tivity low OCCllrs when the 
tr~nsJl1i!!ing dipole is on the slope (positions - 2, - I) 
and the receiving dipole i~ positioned to the right at 
increa,ing dbW[lce,. 1\ resistivity high occm, when 
the tnm.,mitting dipole i, on the .,Iope and the receiv­
ing dipole is po,itioned to the left ,It incre~"ing dis­
tance,. Again, the terrain-effect low could he errone­
ously interpretetl as due to a conductive zone in the 
earth 

To determine when topographic effect, are signifi­
cant, we s),stemalic,!lly modeled each of the ba,ic 
f~ature, for ,lope length.~ (Sn of 0.5, I 0, 1.5,2.0, 
3.0, ant! 6.0 dipole-lengths and for ,lope angles (SA) 

of 10, 20, 30, and 40 degree;. We computed re,ults 
for dipole separations of I through 6 dipole-length, 

In general. the tefTain-eff~ct <Jnomaly increases 
with inaeasing ,lope length for all three ha,ic fea-

-5 -4 -3 -2 -I 

P,=IOO 

-5 -4 -3 -2 -I 

ture, and reache~ H maximum between 3 and 6 dip()I~­
lengths T~rrain fcaturc; with slope length I"., than 
I dipulc-length produce ncgligihlc ano[l1alie." In all 
c~;c" except for ,ome value, observed at slope 
lengths of 0.5 and 6 dipole-Icngths, the terrain <lnO!l\­
aly inereao;es wilh increasing ,lope angle for any given 
slope Icngth. AJlomalie, gene!'~lIy are uni!nportunt 
for slopc Hnglcs of 10 degrees or Ie,s 

For the valley cases, the maximum ~nd minimum 
computcd terrain effects occur at dipolc separations 
of 6 nnd 5 dipo!c-!cngths, respectively. M,lximum 
value~ greater than 200 percent Hnd minimllm valllc~ 
less than 50 perccnt are ohs~rvcd For the ridge ca,es, 
the maximum and nlinimulll computed value~ occur 
~t dipole ,eparation, uf 4 and 6 dipole-!cngths, 
respectively, with observed values greater than 400 
percent and less lhan 50 percent, respectively The 
maximum computed terruin-effect value for the slope 
cuses ocq!['; at a dipole separation of 6 dipole-lengths 
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intcrval on rsclld(),~cti(ln i" 25 n·m. 
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and the minimum at dipole separatioll' of both') and 
6 dipole Icn.['lhs; they arc gr~;\lcr th,m 150 r~rccnl 

aTld Ic~\ than 60 pcrcent, rc~rl'Clively. 
In order 10 Imlll 1lie number uf C,I'iC~, we kept Ihe 

c~nlcr electrode of [he dipole dipole alTa), at thE axis 

of sYlllll1c(ry for the val Icy and ridl'C models and at 

the base of the ~lol'c for the slope Ill()dcl~. Thl' elT~ct 
of chant'-inl! thi\ c1cchodc po,i!ion is shown in fig­
ures 7 and S. \Vhcn the ciectrode i~ ccnlp.n;d al the top 
of lhe ridge (Figure 7), the m<l:>.illlUIll apparent rc.>i~­
livilY (174) occur, oil a dipole 'icpannioll of :. dipole­
length" <lntl the minimum value (711 occurs at a 
dipole '\cparation of I dipo1c-I~nglh. When the dipolc 
is cenlered al the 101' of the ridge (figure 8), the 
m<l:>.inlll!!l (1_~7) and minllllllTn (59) values OCTllr at 
dipole "cparations of I and Ii dipolc-lengths, rcspec­
tivcly_ Although the aIlOi11ali~\ arc generally ~imilar, 
the differencc, could be Illlportant in tk1iltled inter-

-5 -4 -3 -2 -I 

-5 -4 -3 -2 -I 
1---+-- 1--- c- +-

° ,0 
82 % 0 -I -2 " 

prttatioll_ The~c results -',how thilt accurale dectJode 

pO ... ilioll, relalive to the l(Train fCJtun:, is required for 

dl'lJikd Jllodeling. 

TERRAIN-CORRECTION TECHNIQUE 
FOR API'AHEr.;T RESISTIVITY DATA 

The apparent resi~tivity of a hOlllogene()u~ eanh is 
equal to ih real or intrin~ic rc;iSlivity; terrain effecls 
an' due only to lhe moe of an inappropriale geometry 
f,lctor in computing the apparent re-,i~livitie" ApPilr­

crll rc_,btil'ily p" i, given hy: 

where V i~ the mea~lIred poten1ial difference, I is the 
applied current, and G is the g~omel!ic factor. The 
geometric factor accounts for [he decrea~e in the 
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FIG. 13, IP anomaly of ~ buritd uike for a 11m earth. Respome given as percent of intrin~it: re<;ponsc in thr body. 
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FIG. 14, lP ar]Qmaly of a dike buried beneath a valley 

porenti,ll field with di,tance from the CUlTent elec­
trodes ,md depcl1d~ lIpon thc electrode alTay uscd, 

Apparent re\iqivilic'i arc u,>ually computed il"urning 

a l1at earth whel-c, if thc earth is hllmllgeneou'i, the 

electric (ield is an analytic function I lowe vcr, the 
electric (ield under an irregular sllrfa~e cannot he 

defincd analytically, and thus it would hc IlCCC',(IIY 
to compute the correct gcometric factor>; 1l11l11crically. 
If, for example, the COrTect geometl-ie faC[(lf', were 
knlllvri for Illir hOll1ogCl1eolis-cal1h tCl"rain IlH)(kl" 

then thc computed apparcnt resistivities would cqual 
100 n-I\!, which i, th~ irminsic rcsi~;tlvilY of lhc~c 
l1lodeb SilK'c we assuillcd fiat-earth geoillctric 

I'actllr" our C0l1111lltcd vaillc, can he thollght ot' as 

pcn:cnt corrcction fact(lr~ for p". For examplc, a 
computcd \'~i!\I<: of 125 illdical<~, a 25 p<:rc~lll ilH.:rea,e 

in apparcnt [c,iqjvity due to ming the n~t-earlh 

gcomdric factor, 

For Acid ca,e~ that arc appro~im:tlcly 2-D, numeli· 
cal modeling provides a ~tl-aightfolwan:J mcans to 
COrTect thc app~lIellt rc.,i'olivitic~ for tCITain effect, 
Thc terrain profile along thc -',urvcy linc is modeled 

for ~ I H-m homogencous cnnh, and the ohscrvcd 
apparent rc_,i,tlvltlcs Jrc divided by thcir C{)rTe~p()lI(i­

ing computed vallle~, Th~ adjll',tcd dat~ thcn more 

accurately ,how the dfc~h ot' the aClual c~l1h rc,i," 

tivity ~t[lJctU!C, making qualitative intcrplclati()Il'> 
morc valid. Fw ql"ll1tit"tll\' inleqJrcl>ltioll u.,ing 
nllm~ric,1l modeling, the apparcnt rC"lstivilics alC 
Ii!>! COITCctcd for terrain ctT~ct~ to f~lcilitatl' II good 

initial guc.,., to thc re<,j\tivity qIlJl'(lI!e oj' the eni1h 

To dl'm()lhtrat~ the '.igllilk'lIlLC ot the dPpal~ilt 
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rc\j,tivit) Icrr.un-correctlon .',cherne, we ~ho\\' the the nat-earth :lJlomaly. OI1l'i()lI~ly, the temlin-
nllTlTted r,~udo~ec[iom give a mllch beller indica· 
tion of the rc~i~ti\'ity ,lrllclure of 11l<: c,l)1h llnder lin 

irregular leTTllin surlilce than do the llilcorrccted 

p,cwJosccliom,. 

apparent rC~lStivilY an{lmalic~ <l'.'OCI:UCU wjth a 
huried nmtlm:live dil..c for the valley, ridge. and slope 
ra\cs, unnmcclcd <Jmi corrected, in Figure~ 9, JO, 
;Jnu J J. rc~pcclil'ely_ The rc~]lon~e of the _,aIllC dike 
heneath a nilt e~r1h i., ,hown in figure 12. For the 
\'alley (<I,C (Figure 9), correction f~clOP' arc taken 
from Figure 4, which shows computed apparent 

rc,blivity value~ for a 100 n-m h(l1ll0gencou~ e<lrth 
with the identical lopography. The tcrT~in-corTcctcd 
anomaly compares favorably with the flat-c,uih 
anomaly. The ,mall differences r<:maining are due 10 
the varying di\(ancc, hclwcen Ihe body and lhl.' elec­
tr()dc~_ In like f~shion, lhe ~pparent-re~i'lil'ity al1om· 
~Iic~ for lhe ridge lind slope e~~es (Figure_,> !O ;llld II) 
arc corrected by tile "coTT('clion f<lctor~" for the 
identical, hO!l1ogeneoll~ eil11h, lopogl'nphic Tllodch 
shown in Figllres 5 and 6, re~pec1jve!y. Again, the 
terrain-corrccted ~n(lmlllies eOlllr~re quile well with 

-I 

AIR -2 

-5 -4 -3 

° 

ANALYSIS OF TERRAIN EFFECTS 
0:\ IP ANOMALIES 

II' is measured a~ percenl frequency effect, rh~se 
~ngle, or charge,lbili1Y In each ca~e, the IP paramcter 
i~ the rMio of pol~u-ilation current to normal CllrlCnt, 

both of which arc affecled in the ~aTlle way by 10· 
rpgraphy Hencc. Ihe geomclric crtcch which caU~C 
topographic re~islivily anollla]ic\ for a homogcllcoW, 
~,u1h are (".lIlcelled ill IP Jllea,\lfclllenl~ by 1h·l~ nor· 

lllaliLing pr()ces~. 
However, an irrcgular lopographic sUlface docs 

affect Ihe ()b~erl'ed IP Ic~pon"e of a finite sourcc 
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FIG_ 15. IP anomaly of a dike llllricd beneath a ridge. 
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FiG. 16. Appar~1l1 r~\iSlivity anunwly due to p,lIalkl ridgc\ on II hOl1logcncow. cJnh CotllOllr interval on 
pselJdoSCdion is 50 nom. 

bccilu,e of variatioTis iTi the dbwTlcc betwet:n the ~lIr­
face ciectrude, and thc 'iQurec. Thi, effect is dcmon­

strated in figure, 13, I..!, <Jnd 15 which ~how the II' 
respoll~e of a dike lInlier a flat emth, 0 valley. anti a 
ridge, re\pectively, It is convenient to plot thc II' 
re,"I)(HL',e as a percentage of thc intrin~ic rc"p()n~e in 
tht: ,ourLC (B~ percent) which then ~pplie" to variOll<; 
II' par~llleH'I" -,.lIL,h ii' pk!":, PCIl:t-,;t freqllc'ICj cfkd. 

Jnd chargeability. The depth to Ihe re"pon,ive body 
frolll tlH~ ll~ro "iectl()d" I, rOI1,tant in ~ll tl1r<~l~ ca-;c\, 

For the tl<Jt·e,lrth case (Figurc lJ) thc Illaximum 
()b~crvcd II' respon.,e is 17 percent Dr the intrin\1C 
rc\p(l!l~l' The II' Jon))lal), 1\ rc-tiul'cd in ~mpll(lIlle for 
the v~lley C,IW (Figllr.: 14) ~IfKe all the t:iectrode~ 

C\<':Cpl th,1I at Il~m are br1h~r frulll tht body t!Jan for 
the tbt canh raw III Figure 15, the elcctrouc\ un tlie 

slopes of th" ridge are clo~cr to th", ~Oll[CC relative to 
the f!~t-eaI1h C<I.'C, thll~ amplifying tlic anomaly, 

If the computed II' and appa!ellt re~i~tivity value,,, 

for the,e thre~ case~ were taken a~ Held data, only the 
tlat·earth valut~ would yield a valid interpretative 
model and true intrin\ic IP alld rc.\i\tivity value,> 
Hat earth inteqJrelation of the valley or ridge thC'o­
,ctic<ll d3t<l w()uld yield illV31id !l1odeb and mi,le:Jd 
ing intrill'.,i( 1P <lnd re'l,tivlly value~. 

The ;igniti(al1ce of :m IP anomaly oftcn depend\ 
llPll~ lh <l\\(Kiated rt,i."tivity atl!l!l1dly. For examplc, 
~n If' anomaly dll~ to ~llilide nlll1er:dilutioll Jlw)' 

huvc ~ c()ne,pol1difli~ re,i~tlvity low :I~~o('iated with 
hyd1'llthenllally aitclt'd ho~t ro~k The re~i~tivity high 
l'all~ed by ~ ridgc cO\lld md~k an :K1Il,d I()\v'roi,tivity 
lonc ;l",ociatc-d with ,In IP <lI1Oll1aly, ,ugge-,ting a 
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,ource in fre,h mther lhan altered hm.t rock. A mod­
erately anornalou, IP re~p()n,e a~,ociated witll the 
re.,istivity low c:.lu'ied by a valley c(luld be inter­
preted as pll,itive ('vidence for ,ignitlcan! sultlde 
Jllinerali/_~Hion, when in realil), the ,lIlolllaly would 
be high-bdckgruund rcspon,e in a high-resbtivity 

rock. 
Both qualit,ltive and 1juahlilativ(' Illterpretations of 

IP until taken over irregular topography can benefit 

from terrain-corrected arpal~ntl~~istivit) anol11:1lie" 

RESISTIVITY INTERPRETATION EXA:-'lI'LES 

Figurc, 16 and 17 illll~(f<llc (hc erruneouS interpre­
(a(ion, (h~( result ifone docs not include topogrilphy, 
where it j, important, in ntllllCI-icallllmlels. The resis­
tivity anomaly of Figure 16 i~ due 10 a hUl1wgeneous 
e~rlh with two ridges. ~'\Ilempling ((J ht thi, ~ppalent 
resistivity data with lin inhomogeneous, flal-e<Jrlh 
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FIG. 17. Earth re~i'livily structure required 10 fit ~Ilomaly of Figure 16 if interpreted with a fiat-earth Hlodcl. 
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model yield, the CIToncml'i sub~urface re.,i~liviry 

di"tlihution ,hown in rigul'~ 17_ ExC\~pt for th~ udal'" 
of rile apparellt resistivity high, at each end of {he 

line, the- ropo[lse of thc illhom()g~rleom modcl i, 

quite similar to that of thc tOl-'ograpily on a homo­

geneous curth The lTIost Impmtdllr feafll1c of this 

err()Il~()II,ly inlcrprered model I~ the large low­
re~i,tivity lOll': at depth wlll(::h could be mi,takcn a, 

cvid~nce COl a hydrothCf[llal feature 
COIllPlil"l,OIl-'> hcrwe':l1 eompLited IT,IlI!<; and field 

data from a rt'si~(i\'ity ,>urvey In all area of 1-L1ggcd rcl'­

rain are ,hOI\1l ill Figurc" IX and 19_ In hgure IS, thc 

field dala arc compared Il'ilh cillcillated "'alue~ I'm lhe 

actual lopo.graphy 011 il hO!llogelll;olls carlh_ General 

agleeilltilt is t'nir, Clfluthe erred ol'th", vdlley i, otJ\'i­

UliS. Illl1vevcr, it i" apparent (ha! all inhonmgenmlls 

model is required for a good fiL rigll!e III "how,; Ollr 
in(elpl-er~d lIIodel afler ,evel-al Iteratiun" The lopu­
graphic elTect\ aIld va!lahIc eanh rc_<,[stivilY combine 

to yteld a enklilakd app,H"\~llr re~i,(ivity paltetTl 

which is ill good aglcement wilh the field dal,l. A, 
figllre, If) and 17 demomtrakd carlin, lll{)ddil1~' 
(hc,e field dala II itilolll an:lJllllllng for topography 

wOlild indicate alt erroneous l(lw-r~'I,tlvily zone 

below the valky 

COL\U.I;SIO:\S 

'J be j~"ltl«, of this .,rlldy "how thllr: 
(I) topogrllphic r~,i_,ti\'ity Hlml1lalic~ ;u-e 'iignlfi­

cant in ar~a, wil,'re slupe angle, are 10 deglce" 

Dr 1Il0W, for ,lope lell!:th, Ilf one dipo!c-Iength 

or Ilmn:-. 

(2) th~ 2-D finile elemcnr COlnp"ter tcehllique 

provides a method for cfl"t:Lliv.:ly {reilting (his 

prnhil'm: and 
(3) topognJphic effect.'> I1Iml Iw accOllnted for 10 

em,lIre valid ItHcrprda{ive []lodeb of re~I'itlvi(y 

and lP >llIl'ey rc"lilh. 
A filII catalog of modcls fmlll 0111- ,y,telll>ltic ,wLly 

and ,1 dOClllll('lltcd ('opy uf the fillitc elenwnr p!Ot'mm 
are available from the tanh Science I ahowtory, 

l)niver . .,ity of Urah Re~.:areh Inslilure, Salt Lake City, 

L'1' r;4112 
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