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McPHAR GEOPHYSICS „ 

NOTES ON GEOTHERMAL EXPLORATION 

USING. THE RESISTIVITY METHOD..., 

Many g e o p h y s i c a l m e t h o d s have been t r i ed in the .exploration for 

geo thermal ly "hot" a r e a s in the upper reg ions of the e a r t h ' s c r u s t . The 

only method that has been cons is tent ly found to b e success fu l has been the 

r e s i s t iv i ty technique. In this geophysica l method, the specif ic r e s i s t i v i t y 

(or i ts r e c i p r o c a l , the specif ic conductivity) of the e a r t h ' s subsur face i s 

m e a s u r e d during t r a v e r s e s over the su r f ace . 

The pr inc ip le of the technique is based on the fact that the r e s i s t i v i t y 

of so lu t ion-sa tu ra ted r o c k s will d e c r e a s e as the sal ini ty of the solutions i s 

i nc reased a n d / o r the t e m p e r a t u r e of the sys t em is i nc r ea sed ( see F i g u r e 1). 

The re fo re , vo lumes of the e a r t h ' s c r u s t that contain abnormal ly hot and sa l ine 

solutions can often be detec ted as regions of low r e s i s t i v i t y . 

The resis t ivi ty, m e a s u r e m e n t s a r e usixally m a d e using grounded c u r r e n t 

and potential e l e c t r o d e s , bu t some useful data can s o m e t i m e s be obtained using 

e lec t romagne t ic t echn iques . The field data shown on plan m a p s in F i g u r e 2 a r e 

f rom the Broadlands A r e a in New Zealand; in th is a r e a t h e r e a r e subs tan t ia l 

flows of hot water and s t e a m a t . the s u r f a c e . 

The r e s u l t s show r e s i s t i v i t y lows m e a s u r e d with a Wenner Configurat ion 

Res i s t iv i ty Survey and a loop- loop e lec t romagne t i c su rvey . The anomalous 

pa t tern is much the s a m e in both cases and the regions of low r e s i s t i v i t y c o r 

r e l a t e well with the a r e a s of i n c r e a s e d rock t e m p e r a t u r e . 
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If the rock volume sa tu ra t ed with ho t solutions does not extend to 

the sur face i t wil l be n e c e s s a r y to use l a r g e e lec t rode in t e rva l s to de tec t ' 

the r e s i s t i v i t y lows . The r e s i s t i v i t y data shown in "pseudo-sec t ion" ioxm. 

' in F i g u r e 3 i s f rom J a v a . Along Ihis l ine t he re a r e two deep reg ions of low 

re s i s t i v i ty de tec ted for the l a r g e r e lec t rode in te rva l s used . Zone A is 
« 

assoc ia ted with sur face xnanifestations of geo the rma l act iv i ty . The source 

of the r e s i s t i v i t y low a t Zone B i s unknown. 

If the abnormal ly hot region occi irs in a s ed imen ta ry bas in , the 

gene ra l r e s i s t i v i t y l eve l can be quite low, due to the high poros i ty in n o r m a l 

s ed imen t s . This is the c a s e in the I m p e r i a l Val ley of Cal i fornia . The res is t i . -

C 
vi t ies shown in Figt i re 4 a r e f rom an a r e a n e a r E l Cen t ro , Cal i fornia . The 

l a r g e s t e l ec t rode separa t ion used was 12,000 feet . 

The r e s u l t s show a two- layer geome t ry with the upper l ayer having 

a thickness of approximate ly one-half e lec t rode in te rva l ( i . e . 1,000 feet) . 

The r e s i s t i v i t y in the upper l aye r is 3 . 0 ohm-nae te r s ; the r e s i s t i v i t y Of the 

lower layer is 1. 5 o h m - m e t e r s . Due to the s m a l l r e s i s t i v i t y con t r a s t , 

additional m e a s u r e m e n t s would be n e c e s s a r y to d e t e r m i n e the poss ible 

geo thermal impor tance of the lower r e s i s t i v i t y Ijayer a t depth. 

The r e s u l t s shown in F i g u r e 4 a r e f rom a dipole-dipole e lec t rode con

figuration su rvey . Our dipole-dipole data is plotted as a "pseudo-sec t ion" for 

^ s eve ra l values of n; the sepa ra t ion between the c t i r ren t e lec t rodes and potential 

e l ec t rodes , a s wel l as the locat ion of the e l ec t rodes along the su rvey l ine , 

de te rmine the position of the plotting point. The two-dimens ional a r r a y of 



MWKIir lOfTMTr «M«t; OfM KATCMI MU. JMft, 

r 
r-"^^ r-^'^ r - ^ F i l 

_ . I - . a M--^ n^ 
I • 

!* \ i I 

XXI 

s ^ I 

i / 
n a s 

RCSiSTivirr suiNtr .mfvtw. vKuxr-ctunmoA. 
L I N C - * e r , F R e O U C N C r - 0 - l 2 9 H s . 

t f v 2 ^ tqm 

i f i t - t t m m t t t M 

I t t t t ^ M 

• ' « l -» ! • • 

f « 

1 

f MV 

I-4 l-« ••• 

l - l 

!•» t -^ « « » 

!•• H • 

a>«DO*n(T 

f 

XTT" 

r i f t 4 



- 3 -

da ta is then contoured (see below). The contotzr plots a r e not sect ions of the 

DIPOLE-DIPOLE PLOTTING METHOD 

7P7^777/y//////////////////////////^^ 

N-2 

N-3 
4,5-9,10 

c 

e lec t r i ca l p rope r t i e s of the ear th ; they a r e convenient g raphica l r ep re sen t a t i ons 

of the m e a s u r e m e n t s naade. However , with exper ience the contour pa t t e rns can 

be in te rpre ted to give some information about the sou rce of the anomaly . 

If the contour pa t te rns indicate v e r y sixnple g e o m e t r i e s , m o r e quant i ta t ive 

in te rpre ta t ions can often be m a d e . F o r i n s t ance , if the contours a r e hor izon ta l 

for a l a t e r a l d i s tance of four to s ix e lec t rode i n t e rva l s , a hor izonta l ly l ayered 

geomet ry is indicated. In this s i tuat ion, theore t i ca l type-cTirves for d ipole-

dipole m e a s u r e m e n t s in a l aye red geome t ry can be used in "curve f i t t ing" 
\ 

techniques to give the t rue r e s i s t i v i t i e s and depths for the e a r t h . 

i 
.fr* •'t~-<ig3>:r''yjTT*r-r?g?^wff3e«wei ^y<ifc..jn.-j^'Mj«' 



McPHAR GEOPHYSICS 

RirPORT ON A 

RECONNAISSANCE RESISTIVITY SURVEY 

IN THE 

BEOWAWEAREA 

LANDERS AND EUREKA COUNTIES, NEVADA 

roR 
« 

CHEVRON OIL COMPANY 

1. I N T R O D U C T I O N 

At the request of Mr. WillUzn Mere, geologist for Ch«vroa Oil 

Company, Miaerala Division, McPhar Geophyaics has completed a 

RecoBBAissance Resistivity Survey in the Beowaw* Ar«a, Landsrs and 

Eureka Counties, Nevada. The surrey area is locatad in T . 3 i N . , T.32N. 

a a d R . 4 7 E . . R.48E. a3tdR.49E. 

The Beowawa area appears to b« a down-dropped faalt block 

underlain by Tert iary andoaitie basalt flows tHiich ever l is Paleosoie 

silicious sediments. Faulting is evident in tixo ar«a, the most prenooneed 

is the iMialpais fault which prodncod a scarp over 200 feet high. Eleven 

wells have been drilled by Itdagma Power Coxnpany in the a rea . The 

znazimusn recorded depth is 2052 feet with a maximum well temperature of 

414*F. Numerous fttznaroles and hot springs a re located in the area and 

currently three of Magma's wells a re blowing steam. This area has boon 

designated a KGRA, \. 
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The purpose of the Recoanaissance Survey was to locate and delineate 

low resist ivity sones that might indicate areas of concentrated tiiermal 

activity. Measurements were made with 2000 foot dipoles at one-through-

five dipole separations along recoanaissance lines spaced approadsoately 

one mile apar t . A frequency of 0.129 Hx was used in order to adnimiao 

attenttfttion of the electric field due to oddy eurroat dissipatioa of energy 

aad at the same time avoid telluric noise. 

The survey was supervised and eendnctod by Mr. Robert Anderson, 

geophysicist. 

2. P R E S E N T A T I O N O F R E S U L T S 

The resistivity survey results a r e shown on the followiag data {dots 

in the manner described in the notes which accompany this report . 

Line Electrode Intervals Dwg. No. 

1 2000 feet IP 6180-1 

2 2000 feet IP 6180-1 

3 2000 foot IP 6180-1 

4 2000 feet IP 6180-2 

5 2000 feet IP 6180-2 

Also enclosed with tiiis report is Dwg. No. RP-4983, a plan map of 

the survey area showixig the location oi the survey lines and an interpreted 

true resistivity along Mtch survey line, at a scale of 1** > 2000 feet. The 

definite, ^obable and possible Resistivity lew anomalies a re indicated by 

ba r s , in a maimer shewn in the legend, on the plan map as on the data plots. 

These bars represeat the surface projectioa of tiie anomalous sonJts as 
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Uiterpreted from the location of the transmitter aad receiver electrodes 

ndiea the aaomalous values were measured. The iaterpreted true resistivity 

sectioBs along each survey line have been compiled with the aid ef two-

dimensional theoretical curves and three dimeasioaal model studies. 

3 . D I S C U S S I O N O F R E S U L T S 

The apparent resistivity measurod during this survey is relatlvaly 

high coznpared to moft a reas MePhar has previously surveyed for Chevron 

Oil Company. In a reas of high resistivity, geothermal reservoirs a re 

more easily ideatiAed due to the high coaduetivity of the reservoirs compared 

to the surreuadiag rock. World-wide prodnctioa of geothermal resources 

is in areas having resistivities less than 10 ohm m s t e r s . 

This survey has located some a reas of resistivity less than 10 ohm 

m e t e r s . A discussion ef the resul ts a lo i^ each survey line followst 

Line 1 ' 

The anomaly interpreted on this line between lOON aad 150N is probably 

a definite anomaly but since one crit ical set of dipole readings could not be 

obtained, the pattern is not complete and the anomaly is shown as probable 

A cliff eadsts between lOON and 120N so it is alaaost impossible to 

obtain the essential data at this location. But from the readings obtained 

on each side of the cliff it appears that a shallow anomaly with possible 

continuity with depth is associated with the Malpais fault. 

The missing data is across the area where Magma Power Company 

drilled their wells. 

\ 
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Line 2 

A definite deep anomaly occurs between lOON and 140N and extends 

as a probable anomaly from 140N to ISON and a possible anoauly 150N to 

180N. 

The true resistiTity section across the anomalous area indicates a 

conductive soae of less than 10 ohm meters underlying 2000 feet ef high 

resist ivity mater ia l . The conductive sone appears to increase in depth 

to the north. 

Line 3 

A probable deep anomaly exists between HON and 170N. 

One set of d ip^e readings has again not been recorded due to the 

steep cliff. The resistivity zneasured on each side of the missing data 

approximates a layered earth but the aoar-surfaco layer south of Hxm 

Malpais fault has a lower resistivity than the surface layer to the north. 

The underlying layer , approximately 2000 feet deep, has a uniform 

resistivity above 15 ohm motors, for the entire survey H I M . 

Line 4 

A probable anomaly occurs between 40N aad 120N aad appears to bo 

open to the south. 

The true resistivity sections indicate a conductive source having a 

resistivity between 15 to 20 ohm meters at approximately 1000 feet deep 

beneath 40N to 8QN and increasing in deptih to tiie north. 

Line 5 

A shallow defiaite anomaly of less ti&aa 10 ohm meters accural betwem 
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120N and 140N and does not exhibit any continuity with depth. 

Possibly a low resistivity sone exists beneath 60N to SON but ^ e 

present data does net extend far enough south to allow interpretation. 

4 . C O N C L U S I O N S AN D R E C OMMEN D A T I O N S 

The Reconziaissance Resistivity survey ef the Eeowawo area has 

located anomalous responses along each survey line that appear to coincide 

with the Malpais Fault . The most iaterestixig anomaly occurs en Line 2 

between lOON and 140N a t depth. This is the approximate location of a 

well which has Just been completed by Chevron Oil Company. 

This survey coafiraas that the tost wall was required and properly 

located. However, the data does not provide an alternative well site within 

the depth penetration limits of this survey. 

A e o r r e l a t i ^ ef the resistivity data with tho available well-hole data 

i j a ss i s t in deteraaiaiag the location for another wall. 

McPHAR GE0PH7SZCS INCORPORATED 

Bruce ,S..>J^«11, 

»bilip G. HaUdfO ^ 
! l ^ y f i c l s t / j j O / 

^ > — ^ w < ^ ^ 

Dated! July 18, 1974 
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McPHAR GEOPHYSICS 

REPORT ON THE 

SUPPLEMENTAL RECONNAISSANCE 

RESBTIVITY SURVEY 

INTHE 

BEOWAWE AREA 

LANDERS AND EUREKA COUNTIES, NEVADA 

FOR 

CHEVRON OIL COMPANY 

!• I N T R O D U C T I O N 

At the request of Mr. William Mero, geologist for Chevron 

Oil Coxx^any* Minerals Division, McPhar Goophyslcs has conducted an 

additional Reconnaissance Resistivity Survey line la the Beowawe a r e a . 

Landers aad Eureka Couaties, Neva&. 

The origioaal survey of the Beowawe area was conducted ia 

June 1974, and consisted of five survey lines which located some possible 

to definite anomalies adjacent to ttie Malpais fsult (see report on Beowawe 

a rea for Chevron Oil Coxx^aay dated July 18, 1974). 

The additional line discussed in this report was surveyed one 

mils oast of the original survey a rea la aa attenq>t la locate a low resistivity 

•one that may Indicate aa oxteasioa ef the aaomalous response of the previous 
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survey. Measurenoents were aoade with 2000 foot dipoles a t oae-tiirough-

five dipole separat ion. A frequency of 0.125 Hs was used la order to 

mlaimiae atieauatloa of the aleetr ic field doe to oddy curreat dissipatioa of 

energy and at the same time avoid telluric noise. 

The survey was conducted by Mr. Daniel Merchaat, geophysical 

tochaieian. 

2 . P R E S E N T A T I O N O F R E S U L T S 

The resistivity survey results a r e showa on tihe following data 

plots la the maaner described la the notes which accompany tia.ls report . 

Line Electrode Intervals Dwg. Mo. 

B-6 ZOOb feet R 6244 - 1 

Also @nclosed with this report is Dwg. RP*4983R, a rovlsod 

plan xnAf of the survey a rea showing &e locatiea of al l ttie sanrsy linos 

Bad aa interpretod true roslstivity along each survey l ine, at a scale of 

1** • 2<K)0 feet. The dafiaite, pro1»ibIe aad possible Resistivity low anotnalles 

a r e indicated by b a r s , la a maaner shewn in tiie legead, en tiie plan map as 

oa the data plots . These bars represeat the surface projectioa of the aaomalous 

soaes as iaterpreted from tho locatloa of &• t ransmit ter aad recelvar electrodes 

whoa the aaooEialous values were measured. The interpreted true resistivity 

•ect ioas aloag each survey l ias have been cooE^iled with the aid of two-dlmoa-

i 
• loaal theoretical curves aad three dimeasioaal naodel studies. 



3. D I S C U S S I O N O F R E S U L T S 

Hie previous resistivity survey of QM Beowawe area located 

aaomalous responses tixat appear to coincide with the Malpais Fault aloag 

each survoy l l ae . The most iaterestlag anomaly, ea Line X« a t depth betwoea 

lOON and 140N, has boea drilled by Chevroa Oil Con^aay. 

The appareat resistivity measured durlag this survey Is 8*<^*sraUy 

coaslsteat with UM previous survey except betwoea 180N aad S20N. The 

Malpais Fault c rosses JLias 6 at approximately 21 ON; statioa 200N is oa Che 

i^-Oirust side of the fault aad station 220N oa ths dowa-dropped side. It i s 

^ U e v e d that the elovatioa change across this dipole has produced the high 

resistivity betwoea 180N aad 200N aad the low resistivity centered at 200N 

e 
to 220N. The attached thooretlcal resistivity scale model study, cuss T-T30 ' 

250-1 shows ths resistivity pattern across a valley which is s imilar to tho 

reoolts obtained oa U a e 6. 

A posslUe anoaaaly has beea iaterpreted botweea 200N aad 220N, 

but this low resistivity aaay be due solely to topogrs^hy. 

The results ef the resistivity survey oa this lias a r s iaceacluslvo. 

McPHAR GEOPHYSICS, INC. 

Bruce 5 . Boll 
logist-

P m i / a , Hallofl /* i 
Ooophysieist J i } 

Dated! November 29 . 1974 ^vV- ^*\r 
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