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rock saturated with flui ds o f I h(' rlllal conriu ctivit v 
rnnp;ing from hi gh 10 10IV, Ivl :III Y nil ('mpl s hit I:" 
been made to obtain I h('se V:tillf's by IllcnSlII'e
men t and by compuln l ion, Ivluch of th e da ta in 
th e li terature is in consisle nL in that a math('
mati cal 01' physi l'a l Ill odel df'vl' loped by on(' 
author to explain Lhe I'('sul Is of n part icular sp l. 
of experilllents docs not fit (h e resull s found by 
another author, 

It is shown that Illuch o f th is inl'onsislf'nC'y eall 
be removed if )1l'Opf' r :11'1'01 1111 is la k('n of '80111(' 
eITors whi ch arc fr eq ucnLl,v, anri rcaso llably , 
ignored for wntcr-snLlII'nL('d !'Ocks but become in
creasingly imporlflnl for roeks sa llll'ntf'd with 101V
conductivity fluid s sucll as oil , ni l' , 01' s icalll, 

The expcrilll f' nial J'('sllll s arC' in reasonable 
ngrec ll1 en t with fI, lllodifi('d MnxlV{'1I mod,,1 for 
the rlll ni conduct il'i t,l' , 

Electrical E xplora tioll of C eo th el' lIlfil Sys t ems ill 
North Celltra l N evada 

HARRY BEYER , H, FRANK MORm SON, 
AN D ABHIJIT DEY 

A p rogram of gc()lop;il'a l. P;( 'o l'ilf'llli('al , and gf'O 
physicnl explora t ion of (0111' p;('ol h('J'mal arf'as in 
norlh cenlr:ti NCI'l Ida h:ls 1)('('11 IllId('rtnkf'1I hy III " 
Lawrence Bcrkelf'v Lnl JO ral or\' and Ihe Uni,' ~ rs i t \' 
of California nt Berk f'l c,Y , Or' prill1f1ry importfl n ~c 
Lo this program nrc elcclri cfl i nwl horl s of rxplora
Lion, whi ch have dpmonstrntl' ri I heir usefll ln css in 
delin en ling geoth ermal rrse l'l'oirs e l ~ewlH'rc in (h e 
world, Collinear i.ellmi(: profil in i; and bipole-dipolc 
res istivity hnve been co mpared nnd evn lll nt('d wilh 
I'cgn l'cl Lo ense of clflta I'oll e('lion nnd nhi lil y 10 
resolve arens worth y of more concentmt('d stud y, 
Over 65 lin e km of I.c llllJ'i c Ill cnsllJ'cmenl s (wi th 
dipole lengths of 250 or 500 Ill) hnv e bcell mnd(' 
in one of I.he nrefls alonf' , I\'hil(' t he iarl;f'sL hipol('
dipole smvey hfls eOI' (' r('d fin :11'(':\ o f 250 sq kill 
",ilh rovin g dipoles for two lransmit l.e r bipol f' 
locn lions, Arens of in I ('I'!'sl. have been df'lailpd 
with collin ear dipole-dipole profil es usin l-!: dipol(' 
lcngths belween 250 flnrl 1000 m nnc! dipol e sepn
rations up (0 1(,1l km , Two-di mf'nsionnl modelin l-!: 
prop;rams have I)('('n lIS"r! 1,0 inl,Npr!'!. thl'sf' rlal:t. 
The Le llurie profilf's :lppI'ar 10 hI ' li S II sdlti ns 1111 ' 
bipol e-dipole bllt all 011' l'onsi rll ' r:ti)le s:\\-ing of 
fi eld lime, 

l1f eihods of M'icrocm/ hf/ llo ke [ ,n r. rrl,inn rrlld ll{rr(l-
11,iLlIrie DeLerllli}({(/'io /l : JI eOlll/lfll'rtl1:ve ,')/Ildy fill' 
Use 1:/1 Geut,hermal Ex/Jio ra/.ion 

PA UL LARRY BROW N, KE N CARLSON, 
AN D DAVID m r rLE H 

The uLility of mi.:rof'n rlltqu:tk e det('('l.ioll III 
geothermal exploml ion hns been established by 
others, This pnper addrcss{'s I he probl em of loca
tion of Lh ese very s lIl :tll eVI)n ls when I,hc\' nrc 
detec ted on 1 1,0 8 seismi c; s laL ions in III'! ' a ~ lI'il.lt 
pOOl' velocity control. A (:ompnrativc s l.ud ~' of 
boLh the accurH CY anri ]lrl' l' is ioll of vario ll s 10(:11-

(ion nwlhods is I-!:ivcn lISin l-!: ('x:lIllpl('s frOll1 :t 

Nel'n da p;('o lh(' rm:ti SIII'I' ("V (1Ind ('d h,l' NSF, 
A mdhod of IIJ:1 ~~ lIillid e d('ll'I'mill :l l. io ll IHISCr! oil 

ampliLude and dllrali on II' ns uSf'd 1.0 assf'~S the 
seis llli f:ity of I he nren SllJ' l'c\'{'c l. The sf'i s micil.y 
of nn a r~n r:lIl be ('stah lish('d 'if n In rp;r: nllmbel' of 
evenl s arc l'cco rd ed and if maglli tu des arf' nssil-!:nl'd 
to Lh e ew'nl s (if' lecle c! , Wh en n co mnlf'rcial geo
thel'mn l rese rl'oir is fo und , Cflrdu l moni to rin g of 
seismi city is nec;rssfl !'\' 10 estnh lish lite ('rff'ct of 
flilid wiilldl':lw:tI HIlI I ('(' inj f'('linn on Ih l' a('l il'!' 
tec:to ni('s of SllI'h rep; ions, 

8e is1II.o/II(I!I (lilri (; cot.ilC l'Il/.(d E~:)I/o)'(//illll 

DAVID BlJTLER , KEN C ARLSON , AN }) 
PA U L LA TIll Y BROW N 

Economic p;('ol hf'l'm nl rf'SO UIT('S 0('1 '111' ill regions 
of clII'renl 1f' (' lollism, One illdi cnl,or of sllch ~f'0-
logiea !l,v ncl.i 1'0. areas is n h ip; h rf' la I i 1'(' 11'1'1'1 of 
seismi city whi ch Illnllifcsls its('if ns fI l:1r~r IIUIII
bel' of ;111 all carl hqllnkcs , All arrn;l' of ~ rolllld
mol ion senso rs opr.rnLr:d lit vr: ry hip;h gnill s (1 -
10 X 10") nnd wilh lim e rrsoluti oll of milli
sr.(:ollds I'all hI' lI s('d 1,0 dcll'l'l. alld 101:fll (' sl' ism ic 
evenLs o f illlrl'l 's i. in I-!:I 'o llll'rlll:d ('Xl' lor:lli on, 
Di l; il.:t1 t:ll'l' rrl'n rdill l-!: of 1111' d:tl.a :t1loll's ('roSS
corr"':ttioll of l ' I ' ( ' IlI ~ :llld I hl,ir prl 'I'is!' lo(':1i iOIl 
virt :l g(,IH 'l':lli7.(:d illl'c rse If' ast-sqll :II'('s IIlc ' l hod , 
F llnds pl'Ol'ided b;l' NS F hal'(, alloll'f'd Ihe rrcord
in p; of mi cl'O!'arl hqllakl: dnl.a 1I (':! r I hf' Blark n oek 
D('sell rL a rc:! of NC I'flda, Hesl til s nf I Ill' SIII'l'I' I' ('fill 

be inl erpr('lf'd 1.0 indi cate r:lI'or:t1'} e flr(, : l ~ ror 
developlIH'1I1 of ~f'oth('l'ma l re80lll'l'(,S, 

InVCS /.1:U(IL-IOIlS of / he Geol,hel'llllli l'mhlc ill h1l 
Geo)ll'Obe EM R-l," flilri Di))lJle-Di))o le l? es-ls lil ,il l/ 
kf eflS 'I,rcmc li/ s 
i\llTlT N AL K CnOSH, PIl1UP c: , ITALLOF, 
AN D BH UC E S, BELL 

Geolhf'l'lI1:ti 7.01I(,S nrc clc(' lr i('a!lv "pry ('011-

dllCl.i\'f~ dill' 10 Ihr: Itil-!:h ic 'lIlp!'ra lll(,(: and ~ :'} i llit)' 
of Lh e fluid s alld Ihe high pOl'Osil,l' o f Ihe (,1Ic1osillg 
rOI'b, H('sisl il' ily I'a llirs arr 0,1 In 5 ohlll-nl. The 
IIl1rli ~ llIr1>('d IlII 'diulll hns:1 l'< 's i ~ lil ' ill ' 1>1'111'1 '1' 11 Ii to 
1000 OhlIHlt. (:I 'oprol", 1,:1"111 -1< :1 IIti tili-frl'
qU(! IH ',\' E J'vI indu I' li on S;l'Si.r' IIl . :lllri n dipoll ,-r1ipok 
resisti"il y S,I's ll' m Wf'l'C us('d for el( 'c lril 'a l res is
tivity mCfl surf'm ents Lo de t.ect l-!:('o lhf'l'lllal cnergl' 
sources in I he sO llthw('stern U,S, Thf' IIndis l mbccl 
medium wa s condlll:l. ive ('In;l' l'on iai llilll-!: hrine 
soitl l. ioll, Tllis rl 's l.ril'I.I, r1 lit e d, 'plll o( 1" 'II!' lr :ti,ion, 
plll'licll larly in Ih(' dipolr:-dipoJc ' S ,l'~I.r' Il\, Th(' d!'plh 
and l'! 's is livil,\' infOl'lllfition obla in ed (rom Ihe 
riipnll'-dipol r: ~III'VI'.I' wn s npPl'Oxilll:tI,f' IH'I':l\ISf' Ihl' 
groulld h:l d 1"'1' 11 IIvI' rnl-!:l 'd 0\'1'1' :1 1:lrl-!:" 1,11 'I'lrori l' 
separation, Tlt e Geoprollf' ti,I' ~ I.I ' 1l\ 1I':t ~ fOllnd 10 
be ver,v prac li ca l for in vcs li l-!::t lin l-!: :1 large :11'(':1 

for l-!:eol.hf'l'llln l SOIll'('I 'S , 
/ 

'l'O 'll!(IJ'( ! 8 s/1:-III'(lt iIl0 (L i{. c(Ji()}/o / (;(!II /,hCI'IIiOl 
UCS()' I'!'ce n ose fill' IcC/fllld: II ,')/'ol,/Is "' el){} !' t 

JOHN F, I-IERMANC 
AND AXEL BJOH Nf-' 

Thr. exploilnl ion of 
regional scnle s hould 
ques tion of how smfil'i ; 
thermal nclivil.y sueh 
fields nrc rela Lcd to d. " 
in the crust ant! upper ; 
active regions, This 1'(" 

of ft joint !'(~se nrc h pl'l 
and t.he Naliona l En , 
which is fOGused on H' 

Innd occupies n, l.eclOi 
related to crustn l spr' 
cres ts arc currently :, 
may serve li S a gui d 
elsewhere, 

In pnrti r. lIl nr, wc h" 
strntegy in attacki nl; 
physienl viewpo int : fi ; 
variance of electrica l 
upper mnntle th rOll I-!: I , 
b'ienl sllrveys; secolld , 
sisl.ivity inl erprclnti( )I 
gcoLhel'lna l reso lll'cc I" 
ene rgy s l.oJ'l,d in UlI: • 
gaLe t.h e man)!!:r in wi 
)'('soll rec hose h(,I'onl< 
exploitable hydroth cl" 
in g geom etriclI l co)/. 
bOllnd nries of reprf'S( 
voirs. 

This paper contain, 
field methods el1\])lo ' 
rent electrical rcsis' 
ha ve ft direct hea rin l' 
vurinn ce of the p;r:1 
essenr.e, we review I Ii 
our strHtegy , The sl.n
strntei;,V is sUll1l11ar i 
sen Lcd nt this medi i 
The authors deserib r 
features assoeia Lc' rI II' 
caLio ns, nppenrs 10 h
thermnl reservoir in n 

D eell E/ccll'l:crri-N('si,. 
with "D1"Y" Ceoth l 
1"£ exico 

GEORGE R JlHA 
PAUL R. KINTZf l 

A de!'p (~ I ecl.ric:: ti , 

elucl.ed in lhe J e lll(,Z 
in conj un ction with 
test well drill ed I1\' 1 
tory, Tltl, 1!J:3[;,5-1;1 I' 
volennie nnd sed im , 
cambrian basem r:nt 
733 m, Bo!.toill-hole 
111111.ely 110 · (;, H r~ i ,' 

vieinit.y WH:-i a( :cO lllP ~ 

dipole I.el:hniqlll : wil l 



I'xa nl plrs from n 
d b v NSF. 

:n in;li.ion ba~ed un 
~~d to asseES th e 
t!. The sC' is mieity 
a large numh~ r ~f 

: I.llde~ aI'(' nssign cd 
'1 c·omlllrrc:ial geo
·flll mOllil.orinl-( of 
,Iis h IIII ~ C'lTc 'c:L of 
1I1 on the nct.ivc 

I lom/iou 

II r.SON, AND 

·c's O(' cur in regions 
Ir ator of such geo
·h rf' lali vc Irvr l o f 
·If :t ~ :t I:trl-(I' nUIl1-
, array of grount!
' ." iti l-( h I-(ains (l -
" '{III II I. i Oil () f I1l ill i-
:ltlel 101'a l(' s(· i ~ llIi e 

." I'II1 :t 1 rxp lontlion. 
dal.a a ll oll'~ c:r08S

·ir precise loca t io n 
,s l-S( I" :II'C'S nl( ~ t hod . 
:tlllI\I'I ',] t 111' H'('o ril -

, (': 11' III<' 131:I<:k H ock 
i Is of I he sUI'\' cy ca n 
i':l "orahle nrras for 
·o lll'f'rs. 

' ( ' 1' 11/(/1 PmlJlcln I'll 
',,- f)i),oirJ H e.,is / illi/y 

rLIP G. HALLOF, 

'('Iri('ally ,'('ry con
.J{' r:tlllrr and sa linity 
)s il~' or 1.1l<' (, IH:losi n g 

U. l In !) OhnH11. Th e 
.- isl i,·it .\' beLween 5 to 
\'1 H-I 'j , a Illlllli-fre
' . :1I1 t! a c1ipol C'-c1i po\c 
I for ('11'"lri"al r rs is
·1 g('o lll< ' l'In:t1 (' lI erg " 
[1.S. Thr undis {llI'hc;1 
"." ('onl:tinin g hrine 
,]"p[ h of Pf' II I' [ raI.i()lt, 
,li, ' sysl.cnl. 'I'll< ' c1 rJl[ h 

(l1":t in C'd from lite 
,roxi ll1a l. '~ I )"('au sc~ [h e 
)\'1 ' 1' :t largr 1'\r('l ro cl r 
' .'·SI"lli II':tS fOllnd 10 
I iJ!:11 i ll g: :1 ial'j.!:l ! :t l' f';t 

.1/101 G eo/,hemw{, 
i ."I((/IIS H el)()l'/ 

JOHN F. HERlVIA NCE, RICHARD THAYER, 
AND AXEL BJORNSSON 

Th e exploi taLion of geothermid rrso lll'CCS on r. 
regional sca le s hould hinge on the fundam ental 
quesLio n of how slII'fi cial manifest.ations of hy dro
t.hermal ael.ivily su ch ns hoI. s prings and sLeam 
fie lds arc relaLed Lo deep-seaLed thermal processes 
in the crust nnd uppc~ r manlle b eneath tectonically 
nclivn rp.g ions. ThiH rC'por t sUlllmarizes t.IH~ ~tatus 
of it joint. rcsc:arc h progralll of Brown Univ()\'sity 
and the National E n ergy Aulhority of Icelancl 
which is focused on study in~ t his question. I ce
land occupies iL I.ectonic se tl.ing where processrs 
rein ted t o c ru~lal spreading at mid -ocean ridge 
crests arc cUl'I' enLl y act ive, h ence this resea rch 
may se rve as a g uid e line for s imilar programs 
elsewhere. 

In parti cular, we h:1Ve developed the followin g 
strategy in attacking th is problem from the geo
physica l v iewpo in l: lir.~ /., to esLimate the rn~ional 
Vllri:mcc of "I('(·i.ric:d rc's i ~t i ,' il , v in II,, : erust lind 
uppe r nlilnLle throu gh broild-s;::t1c:, rc ~ gionlll (,) cc
tri cn l survnys; SeC()II<i , to empl oy Lhe regional re
sis livil.y inll ' rpI'I ' I:tt.ion for nss('ss ing i.lw regionn l 
gcothel'lnal rl'sotl rce has" (d(,fin( 'd as Lhe tota l 11('''1. 
energy sto rr d in Liw crtlst) ; and lhhrl, 1.0 invesl i
gate the m:tnlwr in whi ch Ih e l·e(jiollfll. gnotherm: t1 
resource bose h ecome's coneen tratC'd in localized, 
exp lo i tahl e hydro l.\ H! rm al reservc)'irs Lhroul-(h plac
ill/': I/('olllr.irir:nl e())Is/.roill l s on I he' s tlhsnrfac:e 
iJotindari es of 1'I'I1I','sc' lIl a Li ve h.\'dro[ll( ~ rmlll 1'( '''' 1'
voirs. 

This paper co nt.ains a. rev iew of reconnaiEsan ce 
field met.hods emp loyed and as pect.s of our cur
rent e lect. ri ca l res is tivity in te rpre lat.ion which 
have i1. direct h earing on C'st. imating thn region a l 
vn rinn en o f Lh(' /,:noLhc:rl1lal rrsourc:e h nse; in 
Css(~nce , we rev ie w Lh e s taLtis of Lhe Fr.,l sta p;e of 
our s Lrategy . The status of th e third sLage of OUl' 
st.rat.egy is summarized in another paper pre
sented at this meeLing (Tha yer and Hermance ). 
The aut.hors d escribe progress in modelin g cl'l1s tal 
featmes a&~ocinLed with what, from s urfi cia l indi
caLions, ilppears 1.0 b e a highl y product ive hydro
Ihermal re~ervo ir in n Ol' I h-ccntral I ce lalld. 

Dee p Elccl.ricol-R c., isl·ivi /ylll vcsL i(jo/iolis Coupleel 
'll'r:/./r. " DrJl" Gc() lhcnl/.u {, EX]Jeriu/.(JlI/s 1.11 Ncw 
Mexico 

GEORCE n.. JIHACEK AN D 
PAUL n. l\JNT;;;fNGER 

A dcc p (,)ecl.l'ical-r<!sistivi[y survI '" WitH co n
ducted in L1ln .f( ' n lcz l"JounL:;ins of N~w Mexi('o 
in c:onjun c:l. ion w ith t.he ho t dry-ro (' k p;colhermal 
lest well drilled by Los Alamos Scientifi c Lahora
lory. The 1!J3S.5-m wr.1l Jl r. nnt.rat,ed a SNjlH'nce of 
vo lc:ani(: and s('dim ,'nlary rock s ovr.riying Prc
c:ulllhrian bas(!llI('nt whic:h was ( ~ Il( ·o llnl.l'red at 
733 Ill . Bol.l.olll -hflll ~ te illpe rature was ilppro xi
Illill.ely 140 °C. H('s is ti vil. y reconnai'sa n('o in Lh(~ 
vicinity was accomplishc~l hy use of Lil e hipol e
dipole tec:hnique with a source loca lcd 5 km from 

t Ic(lriTIsiTcJ:-JJtpo'h;::rh]lul-c-:;m·'+eys--\vel'e-al8iG--------l~~IIB--_1 
carri ed oul. along Iwo lraverse lines which inter
sected th e drill site and extended 3 km on eith er 
side of it. S hallow Schlumberger soundings were 
centered at. transmi t. Ler llnd receiver electrode 
10C'aLions 500 111 apart along these lines. D ee]l
resistivity soundings wme modd eel from the sh a l
low m eaSlll'em ents nnd bo re ho le resis t.ivity logs 
obtained from the drillh ole. Final inLerpretaLion 
of t.lI C fi e ld resu lt s was a chi eved by use of gen
era li zed invers ion 1C'(:hniqu es. The sedimentnry 
sec tion of over 650 111 thickness is characterized 
by res ist iv ity avemging less Lhan 20 ohm-m, 
whercfi8 the Preca mbri an se c:! iOIl is highly resis
tive, wilh average va lu es o f abou L 1000 ohm-m. 
Repdition s of Lhe d e:ep-res is t.ivity llleast1l'ements 
were used in an at\C'll1pt to tided the su\)sequ en I. 
formation of watr. r-fi lle rl , hy drnuli cnlly produced 
fractures in Lhe Pre'ca mbrian sC'c l ion . 

Drillill(l 0/. /.h e S'C1II.1II.il oj J( /J(fIl C{( Valcrilln 

GEonCI'; V. J\1~LLEi{ 
A horehole h as Iwrn drill pd 1.0 a d epth of 1262 

III hr"l r.:tl h t.he s umllli t of T\ilau ra. Volcano on the 
is land of J lawaii . Tlt c' purpose's 11"'1'(' I.wo-fold: 1.0 
obLain C'ngineering informal ion rel:1led to the pos
sible oceurren cc~ o f g('o l hermal en r rgy in a basalt ic 
vo lcnno and Lo obta in sc ientific inform at. ion about 
the intcrnal naLure and workin gs of Kilauea 
Vol c:a llo . nr.efIllSC' Ih" IO('ill. io n of Ihe borehole is 
wil.hin Jlawa ii VO\c:1l10C'S Nal iona l Park, I,ll() drill
in g could not have t.he produclion of s tea m as 
ils objecLive. Accord ingly, t he drilling program 
was carri ed out in a mann er inLended to minimi ze 
th e chane:" o f a s lc~a m r. l'llp tion and maximize t he 
chnnc:rs of gathering scientifi c information. The 
faet Ihat. th e h o r" ho l" was drill ed without en
countering nn.\' s ign ifi can t. difTieul LiC's is in il se lf 
i1. Illeasm c of su cc('&~. It was found that th e in
terior of the vo lcan o was no t nearly as inhos
piLable a n e nviro nme nt as some pe~p l e anLici
pated. In fact, Lhe only difficulties m el in drilling 
werC' related 10 I he rc~mo l c ~ness of the locatio ll 
from normal sourcps of supply. Although there 
are nllnwro lls oc:cu r re nces of VCI'\' hoI. s urface rock s 
c lose 1;0 Ihe drill site, L1l n ho reha'ie penet.ra Led onl y 
cool rocks unlil the water table was enLered at 
:\ d e:pth o f 'J!)O nH'le rs . From lh is Ipve l to nearl v 
sen IeI' d, at i\ riC'pl h of 1102 m, a eomplicaLC';1 
tClllperaLure profi\c, was oiJs(' 1'\' c' e1 , wi t h t.e mpr ra
tlll'CS varying iJetwecn GO °C anel !lO°C. The gro und
wllte r in this zone appcars 1.0 have a sa li n ity 
rotlghly ('qua l 1.0 I.hal. o f SPa. walp l'. It is Ih ou~hl. 
Ihal, a ('onvec:liull sys,," m (·xisl.:; o, 'c'r thi s inl"I'\·n l. 
At g rea te r d epl hs, the pCI'II1 C' niJilitr o f Ihe 1'0( ,1; 
is mark edly re 'duc:('d, though I he' poros iLy an d 
watc~ r wnten t l'C'maill high , in Ihe range from 20 
to 25 pere:e nl.. The ],ol.l()lnh()I(~ tcmperature: is 
137°C, an d Lhe I!;racii( ' ll t 0"('1' the Ins\. 100 m of 
hole: is about 'IDO °C I"' r kilo llwtcl'. ]f th e holr 
1V(~ re loc:ated in all are'it II'llI'i'n prod uclion o f 
/,:eotlH ~ rrn a l (, IH~ rg.\' I:ould I,,, und, ' rlaken , it is 
possib le I haL proci uc :t io ll of cO llll1l ercia l-qu al il.Y 


