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NOTES ON GEOTHERMAL EXPLORATION 

USING THE RESISTIVITY METHOD 

Many geophys ica l me thods have been t r i ed in the explora t ion for 

g e o t h e r m a l l y "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 tha t h a s b e e n cons i s t en t ly fovind to b e success fu l h a s b e e n the 

r e s i s t i v i t y t echn ique . In this geophys ica l me thod , the specif ic r e s i s t i v i t y 

(or i t s r e c i p r o c a l , the specif ic conductivity) of the e a r t h ' s subsu r f ace i s 

r hpasu red dur ing t r a v e r s e s over the s u r f a c e . 

The p r inc ip le of the technique i s b a s e d on the fact tha t the r e s i s t i v i t y 

w ^ of s o l u t i o n - s a t u r a t e d r o c k s wil l d e c r e a s e a s the sa l in i ty of the solut ions i s 

i n c r e a s e d a n d / o r the t e m p e r a t u r e of the s y s t e m i s i n c r e a s e d ( see F i g u r e 1) . 

T h e r e f o r e , vo lumes of the e a r t h ' s c r u s t tha t contain abno rma l ly hot and s a l i n e 

solutions can often b e de tec ted a s r eg ions 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 m e a s u r e m e n t s a r e usua l ly m a d e using grounded c u r r e n t 

and potent ia l e l e c t r o d e s , bu t s o m e useful da ta can s o m e t i m e s be obtained us ing 

e l e c t r o m a g n e t i c t e chn iques . The field da ta shown on plan m a p s in F i g u r e 2 a r e 

f rom the B r o a d l a n d s A r e a in New Zea land; in th i s a r e a t h e r e a r e subs t an t i a l 

flows of ho t 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 Conf igura t ion 

R e s i s t i v i t y Survey and a loop- loop e l ec t romagne t i c s u r v e y . The anoma lous 

pa t te rn i s m u c h the s a m e in both c a s e s and the reg ions of low r e 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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If the r o c k vo lume s a t u r a t e d with hot solut ions does not extend to 

the su r f ace i t wil l be n e c e s s a r y to u s e l a r g e e l ec t rode i n t e r v a l s to de t ec 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 " p s e u d o - s e c t i o n " f o r m 

' i n F i g u r e 3 i s f rom J a v a . Along th is l ine t h e r e a r e two deep r eg ions of low 

r e s i s t i v i t y de tec ted for the l a r g e r e l ec t rode in t e rva l s u sed . Zone A is 

a s s o c i a t e d with su r face man i fes ta t ions of g e o t h e r m a l ac t iv i ty . The s o u r c e 

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

If the abno rma l ly hot r eg ion o c c u r s in a s e d i m e n t a r y b a s i n , the 

g e n e r a l r e s i s t i v i t y leve l can b e qui te low, due to the high poros i ty in n o r m a l 

s e d i m e n t s . This i s the c a s e in the I m p e r i a l Val ley of Cal i forn ia . The r e s i s t i -

I v i t i e s shoviTi in F i g u r e 4 a r e f r o m an a r e a n e a r E l C e n t r o , Ca l i fo rn ia , The 

l a r g e s t e l e c t r o d e s epa ra t i on used was 12 ,000 fee t . 

The r e s u l t s show a t w o - l a y e r g e o m e t r y with the upper l aye r having 

a th ickness of app rox ima te ly one-hal f e l ec t rode i n t e rva l ( i . e . 1,000 fee t ) . 

The r e s i s t i v i t y in the upper l a y e r i s 3 . 0 o h m - m e t e r s ; the r e s i s t i v i t y of the 

lower l aye r i s 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 c o n t r a s t , 

addi t ional m e a s u r e m e n t s would b e n e c e s s a r y to determ.ine the poss ib le 

g e o t h e r m a l i m p o r t a n c e of the lower r e s i s t i v i t y l aye r 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 d ipole-d ipole e l e c t r o d e c o n 

f igurat ion s u r v e y . Our d ipo le -d ipo le data is plotted as a " p s e u d o - s e c t i o n " for 

s e v e r a l va lues of n; the s e p a r a t i o n between the c u r r e n t e l ec t rodes and potent ia l 

L 
e l e c t r o d e s , a s wel l as the locat ion of the e l ec t rodes along the s u r v e y l i n e , 

d e t e r m i n e the posi t ion of the plotting point. The two-dinaensional a r r a y of 
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da t a i s then contoured ( s ee be low) . The contour plots a r e not sec t ions of t he 

DIPOLE-DIPOLE PLOTTING METHOD 

> < — X H 

7/////////}///////}////////////////)'//7r///}//////////. 

4,5-9,10 

e l e c t r i c a l p r o p e r t i e s of the ea r th ; tihey a r e convenient g raph ica l r e p r e s e n t a t i o n s 

of t h e m e a s u r e m e n t s m a d e . H o w e v e r , with expe r i ence the contour p a t t e r n s can 

be i n t e r p r e t e d to give s o m e informat ion about the s o u r c e of the a n o m a l y . 

If the contour p a t t e r n s ind ica te v e r y s imple g e o m e t r i e s , m o r e quan t i t a t ive 

i n t e r p r e t a t i o n s can often b e m a d e . F o r i n s t a n c e , if the contours a r e h o r i z o n t a l 

for a l a t e r a l d i s t a n c e of four to s ix e l ec t rode i n t e r v a l s , a ho r i zon ta l ly l a y e r e d 

g e o m e t r y is ind ica ted . In this s i tua t ion , t h e o r e t i c a l t y p e - c u r v e s for d i p o l e -

dipole m e a s u r e m e n t s in a l a y e r e d g e o m e t r y can be used in "cu rve f i t t ing" 

techniques to give the t r u e 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 AM r»qa«ft of Mr. WUliazn Mcro* geologist for Chevron 

Oil Con^aay* Mineral* Division* McPhar Ge<^h7Bics has conducted an 

additional Reconnaissance Resistivitf Sorvejr line in the Beowawe area* 

Landers and Eureka Counties* Nevada* 

The origioaal survey of the Beowawe area was conducted la 

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

to definite anonoalies adjacent to the Malpais i^ult (see report en Beowawe 

area for Chevron Oil Cosqpany dated July 18* 1974). 

The additional line discussed la this report was surveyed one 

mile east' of ttie original survey area in an attexzqtt to locate a low resistivity 

Bone that snay Indicate an extension of the anomalous response of the previous 
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survey. Measuremente were made with 2000 foot dipoles a t one*through-

five dipole separation. A frequency of 0.12S HB was used In order to 

mitdmiBe attenuation of the electric field due to eddy current disslpatloa of 

energy and at the same timie avoid telluric noise. 

The survey was eoaducted by Mr. Daniel Merchant* geophysical 

technician. 

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 re shown on the following data 

plots i s the manner described in the notes which accompany &is report . 

Line Electrode Intervals Dwg. No. 

B.6 ' i 6 ^ feet R ^ 4 4 . I 

Also enclosed with this report is Dwg. RP-4983R* a revised 

plan map of Aie survey a rea shewing &e location of al l the Burr^f lines 

and an interpreted true resistivity along each survey Une* at a scale of 

1" • 2000 feet. The definite, prolteble and possible Resistivity low anomalies 

are Indicated by bars* in a manner shown In tiie legend* on the plan map as 

6a the date plots. These bars represent tike surface projection of the anomalous 

Bones as Interpreted from, the location of tlw tmnsmlt ter and receiver electrodes 

when the anomalous values were naeasured. The interpreted true resistivity 

sections along each survey Une have been compiled with &e aid of two«dimea-

sional tlMoretieal curves and tiaree dimensional model studies. 



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

The previous resistivity survey of the Beowawe area located 

anomalous responses &at appear to coincide with the Malpais Fault along 

each survey line. The most Interesting anomaly* en Line 2* at depth between 

lOON and 140N* has been drlUed bjr Chevron Oil Company. 

The apparent resistivity measured during this survey Is generally 

consistent with &e previous survey except between ISON and 220N. The 

Malpais Fault crosses,Line 6 at approximately 21 ON; station 200N Is on the 

t^-Uvrust side of the fault and station 220N on the down«dropped side. It I* 

believed that the elevation change across this dipole has produced the high 

resistivity between IftON and 200N and the low resistivity centered at 200N 

to 220N. The attached theor<»tici^l resistivity scale model study* case T>V30 > 

250-1 shows the resistivity pattern across a valley which is s imilar to tiui 

resulte obtained on Line i . 

A possible anomaly has been interpreted between 200N and 220N* 

iMt this low resistivity noay be due solely to telegraphy. 

The resalta of the resistivity survey on &i8 line a re inconclusive. 

McPHAR GEOPHYSICS, INC. 

Pffllip(a. Hallof 
QeojiDhirsieUt -̂  • 

Oatedi November 29* 1974 

/ _ 
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McPHAR GEOPHYSICS LIMITED 

Theoretical Induced Polarization and Resistivity Studies 

Scale Model Cases 
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