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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 

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 consis tent ly found to b e successful has been fhe 

r e s i s t i v i t y technique. In this geophysical znethod, the specific 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 specific conductivity) of fhe 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 face . 

The pr incip 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 rocks will d e c r e a s e as the sal ini ty of the solutions 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 sys t em i s i n c r e a s e d ( see F i g u r e 1). 

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

solutions can often be detected a s 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 m e a s u r e m e n t s a r e usual ly 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 , but some usefvil 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 Uiere a r e subs tan t 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 re s i s t i v i t y lows m e a s u r e d with a Wenner Configuration 

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

pa t te rn is much the s a m e in both cases and fhe 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 nc r ea sed rock t e m p e r a t u r e . 
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If the rock volume sa tu ra ted with hot solutions does not extend to 

the sur face i t will be n e c e s s a r y to use l a rge e lec t rode in te rva l s to de tec t 

the r e s i s t i v i ty lows . The r e s i s t i v i ty data shown in "pseudo-sec t ion" f o r m 

in F i g u r e 3 is from J a v a . Along this l ine t he re a r e two deep reg ions of low 

res i s t iv i ty detected 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 rrianifestations of geo the rmal act ivi ty . The source 

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

If the abnornnally hot region occu r s in a s ed imen ta ry bas in , the 

genera l r e s i s t i v i t y level 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 ca se in the I m p e r i a l Valley of Cal ifornia . The r e s i s t i ­

vi t ies shown in F igu re 4 a r e f rom an a r e a nea r E l Cen t ro , Cal i fornia . The 

l a rges t e lec 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 t e 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 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 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 iv i ty con t r a s t , 

additional m e a s u r e m e n t s wo\ild 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 t ance of the lower r e s i s t i v i t y l ayer 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 s u r v e y . Our dipole-dipole data i s plotted a s a "pseudo-sec t ion" for 

s e v e r a l va lues of n; the s epa ra t ion between the c u r r e n t e lec t rodes and potential 

e l e c t r o d e s , a s wel l a s the locat ion of the e lec t rodes along the survey l ine , 

de te rmine the position of the plotting point. The two-dimens ional a r r a y of 
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data is then contoured (see below). The contour plots a r e not sect ions of the 

DIPOLE-DIPOLE PLOTTING METHOD 

7777777Z^A?^^ 
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yiy., 

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 e p r e s e n t a t i o n s 

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 t e rp re t ed to give some information about the sou rce of the anomaly . 

If the contour pa t te 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 ter pr eta tdons can often be m a d e . F o r ins t ance , if the contours a r e hor izon ta l 

for a l a t e r a l d is 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, t heo re t i ca l t ype -cu rves for d ipo le -

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 "cu rve 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 r eques t of M r . Williaxn M«ro of Chvvroa Oil Company 

McPh&r Geophysict has completed a Reconzudssaace dipole-dipole 

Res is t iv i ty Survey In tibe Soda Lake A r e a , Churchi l l Cotuty , Nevada. 

Init ial ly, the r e s i s t i v i t y a u r r e y ef tixo Soda Lake , Known 

Geothermal Resource Aroa , was to cons i s t of fivo nor th -sou th l ines 

a c r o s s an a r e a of high t e m p e r a t u r e g rad ien t . I t was apparen t , upon 

completion of Line A through Line E , that a xone of low res i s t iT i ty 

•x tended beyond the a r e a surveyed and addit ional l ines were proposed 

to de te rmine the extent of this sone . Mcasturements were m a d e with 

2000 foot dipoles a t one- through-four dipole separa t ions along oight 

r econna i s sance l ines spaced approximate ly one m i l e a p a r t . A froquency 

({ of 0 .125 Hs was u s e d in o rde r to mininnixe at tenuation of ^ e o lec t r ic 
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field due to eddy current dissipation of energy and at the fame time 

avoid telluric noise. 

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 en the following data 

plots in the manner described in the notes «diich accompany this report . 

Line Electrode Intervals Dwg.No. 

A 2000 feet R 6128-1 

B 2000 feet R 6126-1 

C 2000 feet R 6128-1 

D 2000 feet R 6128-2 

E 2000 feet R 6128-2 

F 2000 feet R 6128-2 

G 2000 feet R 6128-3 

Hq 2000 feet R 6128-3 

J 2000 feet R 6128-3 

Also enclosed with this report is Dwg. No. RP 4948, a plan map of 

the Soda Lake Area grid at a scale of 1" « 2000'. The definite, probable 

and possible Resistivity low anomalies a re indicated by ba r s , in a manner 

•hown in the legend, on this plan map as well as on the data plots. These 

bars represent the surface projection of the anomalous sones as interpreted 

froem the location of the transmitter and receiver electrodes when the 

anomalous values were measured. 
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3 . D I S C U S S I O N O F R E S U L T S 

/ The r econna i s sance r e s i s t i v i t y su rvey of the Soda Lake a r e a has 

outlined a sone of low r e s i s t i v i t y extending for approxinciately 10 m i l e s in 

a no r thea s t e r l y di rect ion and averag ing two m i l e s in width, an a r e a ef 

approximate ly 13,000 a c r e s . A descr ip t ion of the r e s i s t i v i ty r e sponse 

along each su rvey l ine follows. 

Line A 

Definite anomalous r e s p o n s e s ( less than 1.5 ohm feet res i s t iv i ty ) 

occur between 50N to 130N and 150N to 220N. This definite r e s p o n s e ie 

in te r rup ted between 130N and 150N by a alight i n c r e a s e in r e s i s t i v i t y 

which is i n t e rp re t ed a s a probable anonaaly. 

The r e s i s t i v i ty r e sponse south of stat ion 40N appea r s to indicate 

^ a s imple l aye red e a r t h with a n e a r - s u r f a c e r e s i s t i v e l ayer l e s s than 

1000 foot thick overlying a conductive subsur face . Th is v a r i e s f rom the 

r e s p o n s e on the nor th end of the l ine (north of s tat ion 280N), The 

r e s i s t i v i t y r e su l t s of the nor th end of tiie l ine sugges t a uniform e a r t b , 

probably thick a l luvia l fill which does not contain any t h e r m a l fluids 

which produce the conductive anomalous r e s p o n s e . 

L i n e E 

A shal low, definite anoznaly occurs between 80S and 190S and 

extends a s a poss ib le anomaly from 190S to 260S. The definite r e sponse 

exhibits uniform re s i s t i v i t y to depth. 

., ^ '^^ poss ib l s anomaly located between 330S and 370S occurs a t 

,,-,-.̂ ,T yx^-<ry-:.-:n'X^^'9:rf.-}.--iat.i^i'r.?;ii*ii.Tm-:-!^ 
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depth beneath a r e s i s t i v e overburden s i m i l a r to Line A . 

Line C 

A b r o a d , deep, defizdte anomalous r e s p o n s e occurs between 

705 and 130N with the s t ronges t r e sponse between 40 and 60N. This 

r e s p o n s e extends a s a poss ib le anomaly f rom 130N to 210N. 

The n e a r - h o r i s o n t a l contour pa t t e rn of fhe r e s i s t iv i ty data 

be tween 80S and lOON sxiggested a s imple l aye red e a r t h beneath tills 

port ion of the l i ne . Theore t i ca l curve matching indicates a two- layer 

e a r t h with the upper l a y e r having an approximate r e s i s t i v i t y of 40 ohxn 

feet and a th ickness of 1000 feet with the botttnzi l aye r having an 

approx imate r e s i s t i v i t y of 1. 5 ohm fee t . 

The southern port ion of th is l ine was extended a s Line I by 

Chevron Oil, but aince i t was an extension of Line C the data have been 

incorpora ted with this l ine . 

Line D 

The r e s i s t i v i t y r e sponse on this l ine i s v e r y s imi l a r to Line A, 

one m i l e to the wes t . Definite anomal ies occur a t 20S to 20N and SON 

to 160N. The in te rpre ta t ion of a probable anomaly between 20N and SON 

i s due to the i n c r e a s e d res i s t iv i ty a t depth. 

Line E 

A b r o a d , anomalous r e sponse of vary ing magni tude occu r s on 

th i s l i n e . The definite anomaly loca ted a t 20N to 30S i s open on the aooth 

s ide due to Soda Lake . A probable anomaly extends frosn ZON to TON a a d 
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a possible anomaly occurs between TON to 120N. 

Line F 

Th i s l ine is located on the south aide of Soda Lake* The definite, 

open-ended anomaly located on Line E does not extend far enough south 

to be observed on this l ine , but may b e in fe r red by the possible anomaly 

between 1 OS and ION. 

The definite anomaly located between 120S and 150S is open-ended 

and extends a s a possible anomaly from 120S to 90S. 

Line G 

A m o d e r a t e to deep definite anomaly occu r s between 60N and SOS. 

This l ine did not extend far enough south to c lose off the anooaaly which 

appea r s to be ahalloweat on the aouth end of the l i n e . 

Theore t i ca l curve matching of the n e a r - p a r a l l e l r es i s t iv i ty pa t t e rn 

between 0 and lOON indicates a two- layered e a r t h . The upper l ayer has 

a th ickness approximate ly 1000 feet and a r e s i s t i v i t y of 20 ohm feet witii 

the lower l aye r having a r e s i s t i v i t y of 1.4 ohm fee t . 

Line H 

The r e s i s t i v i ty m e a s u r e m e n t s along this l ine a r e slightly higher 

than any of the preceding l ines except for the definite anomaly loca ted a t 

240S to 260S. 

This l ine is the aaoat e a a t e r l y l ine of the au rvey . The data auggeat 

a d e c r e a s e in t h e r m a l act ivi ty and m a y r e p r e s e n t the e a s t e r h edge of the 

geo the rma l r e s e r v o i r . 

r̂  wrrr* w«qKW?iwe,,r)3'=»*^^"!rp - iwoc^*?:;* •,VT'-.' \ - - > V > - ^ ' ^ X ^ r ' . i S « XA 
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Line J 

A definite anomaly occurs between 40N and 80S. The resistivity 

pattern for this line also exhibits horisontal contours wfaifh is indicative 
i 

of horizontal layering. Theoretical curve matching indicates a two-layer 

earth very similar to Line G. 

The possible anomaly located between 190S and 21 OS is open-ended 

to the south. The extension of this line should be conaidered. 

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

The Reconnaiasance Resistivity survey of tiie Soda Lake area has 

outlined a sone of low reaiativity approximately two milea Wide aad 

extending for 10 milea in a northeaaterly direction. This sone appears 

to be ending on the eaat; Line H, the moat easterly line surveyed, 

exhibits a weak anoBxalous response which may represent lateral effects 

and suggests that the potential geothermal reservoir does not extend past 

this l ine. The sone is not closed on the aouthweat. Additional work ahould 

be considered to determine the actual length of the anonialous aoae. 

Temperature gradient mieasurements have been obtained over 

par t of the low-resistivity sone. Additional temperature gradient measure* 

menta may be required for cosnplcte correlation with the reaiativity data 

which have located the atrongeat anomaloua reaponses on Line C betweea 

40N and 60N and on Line E beneath 20S. 

The definite, open-ended anomaly between |20S and 140S ea 

Line F warranta further iaveatigation. Thia anomaly znay repreaeat 

».i»aigr.'»'»<yy»MgT.,j;li^^iiarrmm^^af:^v^^-^y.i'i-'F-^^*ryyf•'•#!ra»'^.?i?g7'**T??''p^-^g-^r^- ,ir^i;."':«s^.:. •,' 
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another t h e r m a l sone which para l l e l s the m a i n zone . The poss ible anomaly 

on Line B between 330S and 3T0S m a y r e p r e s e n t the north edge of the 

second none and the definite anomaly on Line H between 240S and 260S 

m a y a lao r e p r e s e n t this s o n e . Severa l t e m p e r a t u r e grad ien t m e a s u r e ­

m e n t s in this a r e a , or the extension of Line A or Line E , would de te rmine 

if this Bone e x i s t s . 

A cosnplete co r re l a t ion of a l l geological , geochemical and 

geophysical data is r e q u i r e d to de te rmine the locat ion of a well to t e s t 

the l a r g e anomalous s o a e . 

McPHAR GEOPHYSICS INCORPORATED 

B r u c e S. Be l l , 
Geologist 

( ( • 

Da tedt J anua ry 1 1 , 19T4 


