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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 regions of the ea r th ' s c r u s t . The 

only method that has been consis tent ly fovind to be successful has been the 

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

(or i ts r e c ip roca l , the specific conductivity) of the ea r th ' s subsurface is 

m e a s u r e d during t r a v e r s e s over the sur face . 

The principle of the technique is based on the fact that the res i s t iv i ty 

of so lu t ion-sa tura ted rocks will d e c r e a s e as the sal ini ty of the solutions is 

i nc r ea sed and /o r the t e m p e r a t u r e of the sys tem is i nc reased (see F igure 1). 

The re fo re , volumes of the e a r t h ' s c r u s t that contain abnormal ly hot and sal ine 

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

The res i s t iv i ty m e a s u r e m e n t s a r e usual ly m a d e using grounded cu r r en t 

and potential e l ec t rodes , but some useful data can some t imes be obtained using 

e lec t romagnet ic techniques . The field data shown on plan maps in F igu re 2 a r e 

f rom the Broadlands A r e a in New Zealand; in this a r e a t h e r e a r e substant ia l 

flows of hot water and s t eam a t the su r face . 

The r e su l t s show re s i s t i v i ty 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 romagnet ic su rvey . The anomalous 

pa t tern is much the s ame in both cases and the regions of low res i s t iv i ty co r ­

r e l a t e well with the a r e a s of i nc reased rock t e m p e r a t u r e . 
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If the rock volvime sa tura ted with hot solutions does not extend to 

the sur face it 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 detect 

the r e s i s t i v i t y lows. The re s i s t iv i ty data shown in "pseudo-sec t ion" form 

in F i g u r e 3 is from Java . Along this line the re a r e two deep regions of low 

re s i s t i v i t y detected for the l a r g e r e lec t rode in terva ls used . Zone A is 

a ssoc ia ted with surface manifestat ions of geo thermal act ivi ty . The source 

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

If the abnormal ly hot region occurs in a sed imen ta ry bas in , the 

gene ra l r e s i s t i v i ty level can be quite low, due to the high porosi ty in no rma l 

s e d i m e n t s . This is the case in the Imper i a l Valley of California. The r e s i s t i ­

vi t ies shown in F igure 4 a r e f rom an a r e a near El Cen t ro , California. The 

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

The r e su l t s show a two- layer geomet ry with the upper layer 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 ty in the upper layer is 3. 0 o h m - m e t e r s ; the r e s i s t iv i ty of the 

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

addit ional measu re raen t s would be n e c e s s a r y to d e t e r m i n e the possible 

geo the rma l impor tance of the lower r e s i s t i v i ty l ayer a t depth. 

The r e su l t s shown in F igure 4 a r e from a dipole-dipole e lec t rode con­

figurat ion survey . Our dipole-dipole data is plotted as a "pseudo-sec t ion" for 

s e v e r a l values of n; the sepa 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 , as well as the location of the e lec t rodes along the survey l ine, 

de t e 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 
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e l e c t r i c a l p roper t i e s of the ear th; they a r e convenient g raphica l r ep resen ta t ions 

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 te rns can 

be in t e rp re t ed to give some information about the source of the anomaly . 

If the contour pa t te rns indicate ve ry 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 . Fo r ins tance , if the contours a r e hor izonta 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 rva l s , a hor izonta l ly layered 

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

dipole m e a s u r e m e n t s in a layered geomet 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 ea r th . 
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1. I N T R O D U C T I O N 

At the reques t of Chevron Oil Company, vlcPhar Geophysics 

has completed a Reconnaissance Resis t iv i ty Survey in the San Emidio 

a r e a , Washoe County, Nevada. The survey a r e a is located In T . 2 9 N . , 

T .30N. and R . 2 2 E . , R . 2 3 E . 

The San Enriidio a r e a is an a r i d , a l luvium-fi l led val ley, bounded 

on the east and west by mountains formed by a s sumed Pliocene volcanics, 

The val ley is probably fault control led and the nor th- t rending faults 

could be conduits for geo thermal f luids. Severa l wells a r e shown on 

the topography m a p of the a r e a , but the re is no indication of hot wate r . 

The purpose of the Reconnaissance Survey was to locate and 

del ineate low-res i s t iv i ty zones that might indicate a r e a s of concentrated 

t he rma l act ivi ty . Jvieasurenr^ents were nnade with 2000 foot dipoles at 

one-through-four dipole separa t ions along reconna issance lines spaced 
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approximate ly one m i l e a p a r t . A frequency of 0 .125 Hs was used i s 

o rde r to m i n i m i s e attenuation of the e lec t r ic field due to eddy cur .'ent 

d iss ipat ion of energy and a t the s a m e tiirte avoid te l lur ic no i se . 

The survey was conducted by ivlr. Robert Anderson , geophysiciet , 

under the auperv l t lon of K'ir. WUlianr Jsaero of Chevron Oil Coir^pany. 

1, P R E S E N T A T I O N O F R E S U L T S 

The res i s t iv i ty survey r e su l t s a r e shown on the following data 

plots in the manner descr ibed in the notes which accon-^pany tihis r e p o r t . 

i,ine Electrode Intervals DWR. No. 

.A 2000 feet R-6139-1 

i 2000 feet R-6139-1 

C 2000 feet R-6139-1 

D 2000 feet F.-6139-2 

E 2000 feet R-6139-2 

Also enclosed with th is r e p o r t is Owg.No. R P 4956, a t a sca le of 1" '̂  

2000 ' . The definite, probable and possible res i s t iv i ty low anonialies 

a r e indicated by b a r s , in a manner shown in the legend^, on this plan m a p 

a{£ well as on the data p lo t s . These ba re r e p r e s e n t the surface projection 

Kit the anomalous isones as in te rp re ted froni the location of the t r ansmi t t e r 

and r ece ive r e lec t rodes when the anomalous values were m e a s u r e d , 

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

The Reconnaissance dipole-dipole survey of the San Emidio a r e s 
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coas i s t s of four para l le l nor th-south l ines and one eas t -wes t l ine throtigh 

the center of the val ley . Anonrialous r e sponses of varying magnitude 

have boen located adong each survey l ine. A discussion of the res i s t iv i ty 

res t i l t s along each Une follows. 

Lioc A 

Two broad* anomailous responses have been located along thi& 

line between SON to 300N and S20N to 660N. A definite, shallow anomaiv 

occu r s between SON to 160N and a mode ra t e depth, definite anomaly 

occu r s a t 230N to 270N. These responses a r e connected by a probable 

anomaly from 160N to 230N and a probable anosnaly extends frosr^ Z70N 

to 300N. The shallow, definite r e sponse m u s t be a n e a r - s u r f a c e 

phenon'.:enon; the res i s t iv i ty exhibits an i nc rease on n == 3 and n = 4 . The 

anomaly between 230N and 27OK suggests some continuity with depth and 

a p p e a r s to be a be t ter d r i l l t a rge t than the previous anomaly . 

The anonialous r e sponse on the north end of the survey lin«; 

a p p e a r s a s a definite, deep anomaly between S80N and 620N and extends 

a s probable anoxnalies trtun. 560N to 530N and 620N to 660N and a possible 

anom^aly from 520N to 560K. 

The res i s t iv i ty n:.easured between 340N and 45?ON is probably 

r ep re sen t a t i ve of the al luvial sedin-ents that do not contain the rmal 

and /o r sal ine fluids, 

Line |> 

This line was surveyed along the ©astern edge of the va l ley . A 
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v e r y weak, shallow, possible anon'>aly with no continuity with depth 

occu r s between 40N and !00N. 

Line C 

The survey r e su l t s along this l ine , through the center of the 

valley* have located a b road ancnxialous r e sponse iraacn 200N to 440N that 

ie i n t e rp re t ed as a m o d e r a t e to deep definite anomaly from 260N to 340N 

and probable a n o n a l i e s froni 200N to 260N and 340N to 440N. 

The data naeasured beneath the definite anomaly approximate 

a two- layered ear th and provide a "cu rve -match ing" fit with a n e a r -

sur face layer having a res i s t iv i ty of 2.7 ohn feet and depth between BOO 

feet and 1000 feet, with the bottom layer having a r e s i s t i v i ty of , 9 ohin 

feet . 

Line D 

A weak, m o d e r a t e to deep, possible anon<aly has been located 

between 0 and 120S. The r ema inde r of this l ine indicates a re la t ive ly 

high apparent r e s i s t i v i t y . 

The anomalous r e s p o n s e s located on the znore ea s t e r l y l ines do 

not extend far enough west to be located on this lin@. 

Line 7 

The definite anomaly located between 60 Iv and I TOE on this e a s t -

west lino does not appear to co r respond to the definite anocnalous resp^onses 

on Line A and Line C . The a t tached res i s t iv i ty sca le m^odel case provides 



a possible explanation for the apparent d i sc repancy . 

The r e s i s t i v i ty sca le nnodel case indicates that the rrxeaeured 

r e s i s t i v i t y pat tern could be obtained fron two para l le l dipping conductors 

approximate ly one and a half units a p a r t . This in terpre ta t ion is shown 

OR the plannvap a s two para l l e l Kones connecting the anoxralous r e sponses 

on the nor th-south l i ne s . 

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

The Reconnaissance Dipole-Dipole ,?ve6istivity Survey of the 

San Fji.idio a r e a has outlined two ^ r a l l e l sones of low res i s t iv i ty which 

m a y r e p r e s e n t an a r e a of inc reased thentjial ac t iv i ty . These zones 

appea r to be re la t ive ly n a r r o w . They could possibly be fault zones 

containing thernaal fluids {razr, & nnuch deeper soxirce. 

The t rend of the zones appears to cut a c r o s s the suspected regional 

t r end of the a r e a . Geological investigations in the San Emidio a r e a 

should be conducted to de te rmine the validity of this in te rpre ta t ion . 

A definite, deep anomaly has been located in the extr«nae nor th 

end of the su rvey a r e a . Additional work m&f he r equ i red to de te rmine 

the extent of this anomaly . 

The smal l a r e a l extent of the anort/alous r e s pone es n^eaeured 

during this survey suggests that if a geothernsal r ege rvo i r does estist, it 

m a y not be la rge enough for economic developarrient of geothermal energy. 

: y NCORPORAT ED 

iv:^ii<^^:T 
Dated: F e b r u a r y 11,1974 ^eophysi^rl^st /%' 



/ ' 

IVlcPHAR GEOPHYSICS LIMITED 
I 

Theoretical Induced Polarization and Resistivity Studies 

Scale Model Cases 

10 t l 12 13 m 15 16 17 18 19 

M 

51 

W 

SI 

57 

Aa . aM 37 m] " ^ v " " " 'J^ 
37V M •/ 33 W / 65 5 J ^ \ HJ »« M j f 50 

{P/Zir)Q 

I 2 3 4 5 6 7 
• I • 

( / ^ / 2 7 r ) | r 5 0 ( / > / 2 7 r ) 2 = 2 0 

t L t C r O O O t C0NF1GUH4TI0M 

yF"7F 
\ / 

\ y 
\ / 

K\ 

15 16 17 18 19 

P L « N VIEW OF 

ANOMALOUS ZONE ANO 

SURVEY L I N E 

WiOTH - O 2 2 U N I T S F - ^ N 0 M A L O U S 2 0 N E 

O t . ' M - 33 UNiUJ / 

7̂. 

.......y7>. 7y7yy^. 

^ m& 

CASE M3-0-5-S?-0-f)O-n 


