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McPHAR CEO,PHYSICS 

: :t.~~~~~]~~~0.; .' ", , ,':: 
NOTES ON GEOTHERMAL EXPLORATION 

Many geophysical methods have been tried in the exploration for 

.. '--
geothermally ''hot'' areas in the upper Tegion'~ of the earth's crust. The 

• 
only method that has been consistently found to be successful has been the 

resistivity technique. In this geophysical method, the specific resistivity 

(or its reciprocal, the specific conductivity) of the earth's subsurface is 

measured during traverses over the surface. 

'The principle of the technique is based on the fact that the resistivity 

(~\ of solution-saturated rocks will decrease as the salinity of the solutions is 

increased and/or the temperature of the system is increased (see Figure 1). 

, ' . ' , 

Therefore, volurn.es of the earth's crust that contain abnormally hot and saline 

solutions can often be detected as r,egions of low resistivity. 

The resistivity measurements are usually made usiIlg grounded 'current 

and potential electrodes, but some useful data can sometimes be obtained using 
~ " .. ' , , 

electromagnetic techniques. The field data shown on plan maps in Figure 2. are 

from the Broadlands Area in New Zealand; in this area there are substantial 

flows of hot water and steam at the suTface. 

The results show resistivity lows measured with a Weimer Configuration 
" 

Resistivity Survey and a loop-loop electromagnetic survey. the anomalous 
J 

pattern is much the same in both cases and the regions of low resistivity cor-
I 

relate well with the areas of increased rock ternperature. 

/ 
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If the rock volume saturated with hot solutions does not extend to 

the surface it will be neces sary to use large electrode intervals to detect 

the resistivity lows. The resistivity data shown in "pseudo-secti,ontf form 

in Figure 3 is from Java. Along this line there are two deep regions of low 

resistivity detected for the larger electrode intervals used. Zone A is . . 
associated with surface II?-anifestations of geothermal activity. "The source 

of the resistivity low at Zone B is unknown. 

If the abnormally hot region occurs in a sedimentary basin, the 

general resistivity level can be quite low, due to the high porosity in normal 

sediments. This is. the case in the Imperial Valley of California. The resisti-

vities shown in Figure 4 are from an area nearEI Centro, California. The 

largest electrode separation used was 12,000 feet. 

The results show a two-layer geometry. with the upper layer having 

. . 
a thickness of approximately one-half electrode interval (i. e. 1,000 feet). 

The resistivity in the upper layer is 3. ° ohm-meters; the resistivity of the 

lower layer is 1.5 ohm-meters. Due to the small resistivity contrast, 
'\ 

additional measurements would be necessary to determine the possible 

geothermal importance. of the lower resistivity layer at depth. 

The results shown in Figure 4 are from a dipole-:dipole electrode con-

figuration survey. Our dipole-dipole data is plotted as a IIps eudo-sectionll .for 

several values of n; the separation between the current electrodes and potential 

electrodes, as well as the location of the electrodes along the survey line, 

determine the position of the plotting point. The two-dimensional array of 
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F"", data is then contoured (see below). The contour plotsare~ sections of the 
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electrical properties of the earth; they a're convenient graphical representations 

of the measurements made. However, with experience the contour patterns can 

be interpreted to give some information about the source of the anomaly. 

If the contour patterns indicate ver.y simple geometries, more quantitative 

interpretations can often b~ made. For instance, if the contours are horizontal 

for a lateral distance of four to six electrode uitervals ,a horizontally layered: 

geometry is indicate4. In this situation, theoretical type-curves for dipole-

dipole measurements in a layered geometry can be used in "curve fitting" 

techniques to give the true resiStivities and depths for the earth. 
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1. INTRODUCTION 

At the reque.t of Mr. William l\.iero, 18010lbt for Chevron on 

Company. ~lner&l. Divl.lon. McPbar Geophydc. hal completed a 

Reeonnaia.ance Re.iltivlty Survey in the Beowawe Area. Lander. &Dd 

Eureka Countie., Nen.da.· The aurvey area ,. located la T. 'IN •• T. 'ZN. 

and R. 47E •• R.4SE. aDd R •• 9F. 

The Beowawe area appear. to be a dowa-drOpped faalt b1oc:k 

1U1derlaln by T ertiarJ ande.itie ))a.alt no ... 1I'hlch o.erlle Paleo.ole 

.UiciouB sedimenta. J"ault1D.a iI evident m the ar_. the mo.t proJlO'Wlced 

1I the Malpaia fault which produced •• carp oyer ZOO feet hiah. Eleyen 

wen, have been drWed by 1I~~ma Power CompaDJ In the area. The 

maximum recorded depth la, %052 feet wlth a maximum. well temperata.re of 

414-F. Numeroue fumarole. IUld hot .prin,. are located lD the area &ad 

,;' ('\ curl' enUy, three of Magma', weU. are blowiq .team. Thil area hal been 

delignate<! a KORA. 
i 

I 
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The purpo.e of the llec:oJm&b-'&Jlce Sune, 1ft. to locate aDd delineate 

low reslativlty aODe. that might bl4icate area. of collcentrateel thermal 

activity. ~ea.u.remellu were made with 1000 loot dipole. at cme-thr01ll11-

five dipole .eparatlon. aloDi recoDn&iI.allCe Uae •• paced approximately 

. one mne apart. A frequeDCy of 0.125 Hs wa ... eellll oreler to mhalml •• 

attenuatioD of the electric fieldodue to eddy C1lJ'rent .u..lpatlOll of eDer,y 

a.nd at the .ame time avoid. telluric: .o1.e • 
. 

The Rl'Vey .va •• vpeniled aDd conducted by .Mr. Robert ADder.on. 

geophysicist • 

. z. PRESENTATION or R£SULTS 

The rell.tint-, .urvey re.u1ts are .hOWB OIl the foUowi zag data plotl 

in the m&BJ1er de .cribed in the Dote' whlch aecompaDy thiareport. 

Line Electrode lntern.1a Dwi. No. 

t 2000 feet '.' IP 6180-1 

2 2000 feet IP 6180-1 

, 2000 feet IP 6180-1 

.. 2000 feet IP 6180-% 

5 1000 fe.t IP6180-1 

Alao .nelo.ed with thiI report b Dwg. No. RP-49S3. a p1.a.n map of 

the .urvey area .howlq the location of the .urrey Une. and aD lmerpreted 

true resbtivlty a10Bl eaeh 'Ul'Ve, liae. at a .eal. of t" • 2000 f •• t. The 

cleflnite. probable and. po.albleReal.tlvlty low uomaU •• are melieateelltr 

I ,.. ..... . 

II bare,in a. In&Dl'ler .hoWD bl the le,ocl, en the pia_ map a. Oil the data plot •• 

Thee. bar. repr .... the nrf&ee proJedloa ." tile aaomalO1U so ••• a. 
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interpreted from the location of the trall.mitter &ad receiver electrode. 

when the anomalous valu •• were muaure4.. ~he mterpreted true l'e.l.at1~ty 

'.CtiOD' along each .urvey Une have been compUed with the aid til two-

c!imenslona.l theoretical curvell and thr •• cl1meJ1JloD&l moc:lel .tu4ie •• 

1. PISCOSSION OF RESU LTS 

The apparent r •• lItivlty mea.ured 4ll1"iAg thll 'Ul'Ve, b r.lativel, 

high compareci to mo~t areal McPh&r ba.. previou.ly .urveyet! for Cnenol1 

Oil Company. In area. of higb r.dsUvUy. leothermal re.e"01r. are 

more ..... ily identUled fte to the high Condllettvtty of the re.ervoir. compared 

to the .urrOUDclin, I'ock. World-wide production olJeothermal re.ource. 

U in ar ..... haviDa reai.tivitie. Ie •• tha.n 10 ohm meter •• 

Thb ,.u",e, ha. located. .ome area. of ,. .. l.tlYlty 1 ••• than 10 ohm 

m.ter.. A di.eu •• loa of the result. aloDi each .Ul'Ye,..1in. 'OUoWllI 

Line I 

Th. anomaly Interpreted. OD thb Ulle "etweeD 1 OON aDd 1 SON 11 proba.1:aly 

obtained, the pattern b aot compl.te &ad the aaomaly is .hown a. probable 

A cUff exist. 'betweea lOON and. liON 80 it 1. almo.t lmpo •• l'ble to 

obtain the e •• eDti&1 ciata at thia locatiOA. Eat from the 1'."di.D&. obta!Ded 

on each .ieie of the cUff it appear. that a .hallow &Bomaly with pos.1bl. 

continuity with depth b a •• oclated with the )I~pa.b faw.t. 

The mi •• in, data la aero •• the area ne!'. Ma,ma Power Compa., 

/',~, 4riUec1 their wella. 
\ 

_ •• - •.•• : .• ·.:--.:· •. "':"1'· ....... ~"""'.~,!. ...... ~ .. '"::.'";~ •• .:~:r- .... -:---........... _- . ..-:-- ...... - . '-' .. - ....•.. ~--. --.-•. -.,., -"-", - - '" . 
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Line 2 

A cleflnlte deep "noma1y occur. 1»etween 1 OON and I.ON and euellcla 

a. a probable aDomaly from 140N to 1 SON aDd a po •• ibl. aaomal,. I JON ,to 

180N. 

Th. true re.btlTUy lectioD acroa. the allOmalowu .. rea lDdic;atet a 

conductive SOD. of le •• thu 10 ohm meter. 1Ul4erlylDa 1000 f •• t of high 

realltlvlty materl&l. The conduetlve aOlle appeara to lacrea •• la c1epth 

to the aorth. " 

Line' 

A pro'b&'ble deep &nomaly exilts betweeJl 11 ON &Il4 t'TON. 

One tet of clipo1e readiD&' haa apln aot beea recorded due to the 

Iteep cUff. The reabtlvity mea.sured 011 each .lel. of the miaamg clata 

approximate. a layered earth but the .... r-.u.rlace layer acmth of the 

Malpa.b fault hal a lower re.llthity thaJl the .artac. layer to the DOrth. 

Th. underlyiD,layer, approxi.m&tely 2000 feet d.ep, u. a 1Udfonn 

l'ellatiYlty abOTe 15 ohm meterl. for the .ntlr. ArTey Ilae. 

LiDe" 

A probable aaomaly occura 'between .ON anc! 1 'lON and appurl to be 

open to the lOath. 

The true ,.elbtlvlty .ectlou lDcfic:ate a cOD.ducttve source ha-riq a 

realttivity 'between 15 to 10 ohm meter. at approxlm&telylOOO feet deep 

beneath 40N to SON &Dc! lDcreadDJ b depth to the Borth. 

LineS 
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lZON and J 4-ON and doe. aot exhibit any continuity wUh depth. 

Po.elblya low re.lItlvlty zon. exilt.ball8&th 60N to SON ... t th. 

prelant data doe. Dot extend far en'oulh louth to aUow interpretation • 

... CONCLUSIONS AND RECOMMENDATIONS 

The ReCOnD&UlanCe RellatiTity 11l1"VO' of the 1:.0 ..... area Jaa. 

located anoJn&lou. r •• poue. &1011& each lunreyltD.ethat appear to eolacicle 

with the Malpale Fault. The mo.t lntare.tlDa &Ilomaly ocev. o. Llae I .. 
~etweeD lOON &ad 140N at clepth. Thl, b the approzimate loeatloa of .. 

weU which ha., Ju.t been completed by ChevrOll OU Compaay. 

"rbi. aurvey confirm. $hat the teat Wen "I .. equired &ad properly 

located. How"er ,the uta doel Dot provide aD alterDat1vo well .It. wlth1a 

the .epthpenetrat1oll limit. or thb lurvey. 

A correl&tiOll of the .. e.bUvity data with t1l~ ayaUable .. eU-hole 4ata 

may a.allt in 4etermhdna the location for aDOther w.1l. 

Dated: July 18, 197" 

( '. "" 
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