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McPHAR GEOPHYSICS 

NOTES ON GEOTHERMAL EXPLORATION 

USING THE RESISTIVITY METHOD 

Many geophysical methods have been t r i ed in the explorat ion for 

geothermal ly "hot" a r e a s in the upper r eg ions of the e a r t h ' s c r u s t . The 

only method that has been consis tent ly found to b e successful has been the 

r e s i s t iv i ty technique. In this geophysical method, the specific r e s i s t i v i ty 

(or i ts r e c i p r o c a l , the specific 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 inciple of the technique is based on the fact that the r e s i s t i v i t y 

A of so lu t ion-sa tu ra ted rocks will d e c r e a s e a s 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 sy s t em is i nc reased (see F i g u r e 1). 

There fore , volumes 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 detected as regions of low r e s i s t i v i t y . 

The r e s i s t i v i t y measurem^ents a r e usual ly m a d e using grovinded c u r r e n t 

and potential e l e c t r o d e s , bu t some usefvil da ta can s o m e t i m e s be obtained using 

e lec t romagnet ic t echniques . 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 substant ia l 

flows of hot wa te r 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 Configuration 

Res is t iv i ty Survey and a loop-loop e lec t romagne t ic s u r v e y . The anomalous 

I ' pa t te rn is rnuch the s a m e in both cases and the reg ions of low re s i s t i v i t y c o r 

r e l a t e wel l 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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f^ESISTMTY, ohm-meters 

VARIATIONS OF SOLUTION RESISTIVITY 

WITH TEMPERATURE AND SALINITY 
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If the rock volume saturated with hot solutions does not extend to 

the surface it will be necessary to use large electrode intervals to detect 

the resistivity lows. The resistivity data shown in "pseudo-section" form 

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

resistivity detected for the larger electrode intervals used. Zone A is 

associated with surface manifestations 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 res i s t i 

vities shown in Figure 4 are from an area near El Centre, 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 3,0 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 resist ivity layer at depth. 

The resvilts shown in Figure 4 a re from a dipole-dipole electrode con

figuration survey. Our dipole-dipole data is plotted as a "pseudo-section" 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 a r r ay of 
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C data is then contoured (see below). The contour plots a r e not sect ions of the 

DIPOLE-DIPOLE PLOTTING METHOD 

TT^^ZW////////////////////////////^^ 

4,5-9,10 

e l ec 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 m a d e . However , with exper ience the contour pa t t e rns can 

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

If the conto\ir pa t t e rns indicate v e r y s imple g e o m e t r i e s , m o r e quanti tat 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 r v a l s , a hor izonta l ly l aye red . 

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

dipole m e a s u r e m e n t s in a l ayered geome t ry csm 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 . 
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1. I N T R O D U C T I O N 

At the request of Mr. WiUiaxa Mero, geologitt for Chevron Oil 

Company, Mineral* Division, McPhar Geophysics h&s cotapleted m. 

Reconnaissance Resistivity Survey in the Beowmwe Area, Landers and 

Eureka Counties, Nevada. The survey area is located in T .SIN. , T.S2N. 

and R .47E. . R.48E. »nd R.49F. 

The Beowawe area appears to be a down-drepped fault block 

underlain by Tert iary andesitic basalt flows which overlie Paleosolc 

sllicious sediments. Faulting is evident in tiie a rea , the most pronounced 

is the Kdalpais fault which produced a scarp over 200 feet high. Eleven 

wells have been drilled by Magsoa Power Company in the a r ea . The 

znaximuzn recorded depth is 2052 feet with a maudmum well temperature of 

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

currently three of Magnoa's wells a re blowing steam. This area has been 

designated a KGRA. 
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The purpose of the Reconnalseance Survey was to locate and delineate 

low r e s i s t i v i t y cones that might Indicate a r e a s of concentra ted t h e r m a l 

ac t iv i ty . 24easurements were made with 2000 foot dipoles at o n e - t h r e i ^ h -

five dipole separa t ions along reconna i s sance l ines spaced apprearlmately 

one m i l e a p a r t . A frequency of 0 .125 Hz was used in o rde r to min imise 

at tenuation of the e l ec t r i c field due to oddy c u r r e n t dissipat ion of energy 

and a t the sazne t ime avoid te l lu r ic a e i s e . 

The survey was superv i sed and cwiducted by M r . Rober t Anderson , 

geophyslc is t . 

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

The r e s l s t i y i ty survey r e s u l t s a r e shown on the following data plots 

in the manner desc r ibed in the notes which accompany this r e p o r t . 

Line Elec t rode In te rva l s Dwg. No . 

1 2000 feet I P 6 I S 0 - I 

2 2000 feet XP61S0-1 

3 2000 feet I P 6 1 B 0 - I 

4 2000 feet I P 6180-2 

5 2000 feet I P 6180-2 

Al so enclosed with Gde r e p o r t i s £>wg. No. RP«4983, a plan m a p of 

the su rvey a r e a showing the locat ion of the s u r r e y l ines and an In te rpre ted 

t rue resis t i - r l ty along @ach eunrey l ine , a t a s ca l e of 1** » 2O00 feet . T h e 

definite, probable and possible Res is t iv i ty low anomal ies a r e Indicated by 

b a r s , in a manner shown in tiie legend, on the ^ a m a p a s on the data p lo t s . 

T h e s e b a r s r e p r e s e n t Vtut sur face projectimt of & e anomalous aones a s 
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interpreted from the location of the transmitter and receiver electrodes 

when the anomalous values were measured. The Interpreted true reslstiTity 

sections along each survey line have been compiled with the aid of two-

dimensional theoretical curves and three dixnensional 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 measured during this survey is relatively 

high compared to zsto^t areas McPhar has previously surveyed for Chevron 

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

more easily identified due to the high conductivity of tiie reservoirs compared 

to the surrounding rock. World-wide production of geothermal resources 

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

This survey has located some areas of resistivity less than 10 ohm 

m e t e r s . A discusslMi of the results along each survey line fellowst 

Line 1 

The anomaly Interpreted on this line between lOON and I50N Is probably 

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

obtained, the pattern Is net complete and the anomaly Is shown as probable 

A cliff exists between lOON and 12ON so U Is almost 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 Ikiagma Power Company 

drilled their wells. 
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Line 2 

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

a s a probable anomaly f rom 140N to 150N and a poss ib le anomaly 150N to 

I BON. 

The t r u e r e s i s t i v i t y sect ion a c r o s s the anomalous a r e a Indicates a 

conductive sone of l e s s than 10 ohm m e t e r s underlying 2000 feet of high 

r e s i s t i v i t y m a t e r i a l . The conductive sone a p p e a r s to Inc rease In depth 

to tiie no r th . 

Line 3 

A probable deep anoxnaly ex i s t s between HON and 170N. 

One se t of dipcde reading* has again not been r eco rded due to the 

s t eep cliff. The r e s i s t i v i ty m e a s u r e d on each s ide of the miss ing data 

app rox ima te s a l aye red e a r t h but the n e a r - s u r f a c e l ayer south ef t he 

Ivlalpals fault has a lower r e s i s t i v i t y than the su r face l aye r to the no r th . 

The underlying l a y e r , approxlnoately 2000 feet deep, has a uniform 

re s i s t i v i t y above 15 ohm SMte r s , for the en t i r e su rvey Une . 

Line 4 

A probable anomaly occu r s between 40N and l20N and appea r s to be 

open to the south. 

The t r u e r e s i s t i v i t y sect ions Indicate a emiductive source having a 

r e s i s t i v i ty between 15 to 20 ohm m e t e r s a t approximate ly 1000 feet deep 

beneath 40N to SON and Increas ing In depth to the no r th . 

Line 5 

A shal low definite anomaly ef l e s s than 10 ohm m e t e r s occu r s between 

T ' - ' ^ ^ p : ? - ^ ' * * * " ^ 
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120N and 140N and does not exhibit any continuity with depth. 

Possibly a low resistivity sone exists beneath 60N to 80N but the 

present data does not extend far enough south to allow Interpretation. 

*- C O N C L U S I O N S A N D R E C OMI^EN D A T I O N 6 

The Reconnaissance Resistivity survey of the Beowawe area has 

located anomaloYxs responses along each survey line that appear to coincide 

with the Malpais Fault. The most interestiag anomaly occurs en Idne 2 

between lOON and 140N at depth. This Is the apprcndmate location ef a 

well which has just been completed by Chevron Oil Company, 

This survey confirms that the test well was required and properly 

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

^ e depth penetratloa limits of this survey. 

A correlatlcA of the resistivity data with the available wel l -h^e data 

may ass i s t la determining the location for another ve i l . 
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