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McPHAR GEOPHYSICS 

NOTES ON G E O T H E R M A L ' E X P L O R A T I O N 

USING THE;RESISTI^aTY METHOD 

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

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

only method that has been consis tent ly found to be successfu l has been the 

r e s i s t i v i ty technique. In this geophysical method, 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 the ear t i i ' 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 

' 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 fo re , 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 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 romagnet ic t echniques . The field data shown on plan m a p s in Figvire 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 water and s t e a m a t the su r f ace . 

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 witii a Wenner Configuration 

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

f pa t te rn is much the s a m e in both cases and the regions 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 volvime 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 t y lows. The r e s i s t i v i t y data shown in "pseudo-sec t ion" fo rm 

' 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 l ec t rode in te rva l s used . Zone A is 

assoc ia ted with sur face manifes ta t ions of geo the rmal act ivi ty . The source 

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

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

gene ra 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 Impe r i a l Valley of California. The r e s i s t i -

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

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

The r e s u 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 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 ra s t , 

addit ional 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 possible 

geo the rmal impor tance of the lower r e s i s t i v i t y l aye r a t depth. 

The resvilts 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 i s plotted as a "pseudo-sec t ion" for 

^. s e v e r a l va lues 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 rode s , a s wel l as the locat ion of the e l ec t rodes along the survey l ine , 

de t e rmine the position of the plotting point. The two-dimens iona l 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 

* — X — » • « 

r—S> 
nx - « — X 

•<v) 1 

7777777Z^^^y7777777^^ 

N- l 

N-2 

N-3 
4.5-9,10 

f 

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 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 tiie 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 te rpre ta t ions 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 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, t heo re t i c a l t ype -cu rves for d ipole-

dipole m e a s u r e m e n t s in a l aye red 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 r eques t of Xlr. Wil l iam Klero, geologist for Chevron Oil 

Company, 1/inerale IXvition, k lcPhar Geophysics h&s completed a 

Reconnaissance Resis t iv i ty Survey in the Beowawe A r e a , Lande r s and 

Eureka Count ies , Nevada. The sturvey a r e a i s located l a T . l l N , , T .S2N. 

a B d R . 4 7 £ . . R . 4 8 E . a n 4 R . 4 9 F . 

The Beowawe a r e a appea r s to be a dowtt>drepped fault b lock 

under la in b y T e r t i a r y andes i t ic ba sa l t flows wliich over l ie Ps leoxeic 

siliclouB sediznenta. Faul t ing i s evident in ttie a r e a , the m o s t pronounced 

is the Malpais fault which produced a s c a r p over 200 feet high. H e v e n 

wells have been dr i l led by Magzsia Power Company In the a r e a . The 

m a x i m u m reco rded depth i s 2052 feet with a szmxiznum well t empera tu re of 

414*F . Numerous fumaroles and bot sp r ings a r e located in the a r e a and 

c u r r e n t l y t h r e e of l^lagma's wells a r e blowing t t e a m . Th i s a r e a has been 

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

low resistivity cones that might indicate areas of concentrated ti^ermal 

activity. Kleasuremeats were made with 2000 foot dipoles at one-threugh-

five dipole separations along reconnaissance lines spaced approximately 

one mile apar t . A frequency «f 0.125 Hz was used in order to minimise 

attenuation of the electric field.due to oddy current dissipation of energy 

and at the same time avoid telluric noise. 

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

geophyslcist. 

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 following data plots 

in the manner described in the notes u ^ c h accompany this report . 

Line Electrode Intervals DWR. N O . 

1 2000 feet IP 6180-1 

2 2000 feet I P 6180-1 

3 2000 feet I P 6180-1 

4 2000 feet I P 6180-2 

5 2000 feet IP 6180-2 

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

the survey area showing the location of the survey lines and an interpreted 

true resistivity along each survey line, at a scale ef 1" • 2000 feet. The 

definite, probable and possible Resistivity low anomalies a re (Indicated by 

ba r s , in a ooanner shown in the legend, mn. the ^ n map as on the data plots. 

These bars represent tiie eurface prejectioB ml &e anomalons senes a s 
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i n t e rp re ted f rom the locat ion of the t r a n s m i t t e r and r e c e i v e r e lec t rodes 

when the anomalous va lues were xneasured. T h e in te rp re ted t r u e r e s i s t i v i ty 

sec t ions along each su rvey line have been compiled with the a id ef two-

dimensional theore t i ca l curves and th ree dimensional model s t u d i e s . 

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

The apparen t r e s i s t i v i ty m e a s u r e d during this au rvey i s re la t ive ly 

high compared to mopt a r e a s McPhar has previous ly surveyed for Chevron 

Oil Company. In a r e a s of high r e s i s t i v i ty , geo thermal r e s e r v o i r s a r e 

m o r e eas i ly identified due to the high eoaduetivity of tite r e s e r v o i r s comipared 

to the surrounding r o c k . World-wide production of geotherznal r e s o u r c e s 

i s in a r e a s having r e s i s t i v i t i e s l e s s than 10 ohm m e t e r s . 

Th i s su rvey has located some a r e a s of r e s i s t i v i t y l e s s than 10 ohm 

m e t e r s . A discuss ion of the r e s u l t s along each s u r v e y l ine followst 

Line 1 

The anomaly in te rp re ted on this l ine between lOON and I SON i s probably 

a definite anomaly but s ince one c r i t i c a l s e t of dipole readings could not b e 

obtained, the pa t tern is net conaplete and the anomaly is shown a s probable 

A cliff ex is t s between lOON and 120N ao i t i s a lmos t imposs ib le to 

obtain the e s sen t i a l data a t th is location* But f rom the readings obtained 

on each s ide of the cliff i t appea r s that a shal low anonoaly with possible 

continuity with depth is a s soc ia ted with the blalp&is faul t . 

The mis s ing data i s a c r o s s the a r e a where Ikiagma Power Company 

dr i l l ed thei r w e l l s . 
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Line 2 

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

as a probable anon^ly from 140N to ISON and a possible anomaly 1 SON to 

180N. 

The true resistivity eectioa across the anomalous area indicates a 

conductive sone of less than 10 ohm meters underlylx^ 2000 feet of Ugh 

resistivity mater ial . The conductive aone a{^>ears to increase in depth 

to tite north. 

Line 3 

A probable deep anomaly exists between HON and 170N. 

One set of dipole readings has again not been recorded due to the 

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

approsdmates a layered earth but the near-surface layer eouth of ^ e 

l»lalpals fault has a lower resistivity than the surface layer to the north. 

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

resistivity above 15 ohm noeters, for Uie entire eurrey Une. 

Line 4 

A probable anomaly occurs between 40N and 120N and appears to be 

open to the south. 

The true resistivity sections indicate a conductive source having a 

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

beneath 40N to 80N and increasing In depth to the north. 

Line 5 

A shallow definite anoimaly of less tiian 10 ohm meters occurs between 

i.̂ rp.*-^ Mii-^^^-i-Tt^^.-V'/T-^ij-.-v.-*^ r^-vi-;-*-
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12ON and 140N and does not exhibit any continuity with depth. 

Possibly a low resistivity cone exists beneath 60N to 80N but tiie 

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

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 Reconnaissance Resistivity survey of the Beowawe area has 

located anocoalous responses along each survey line that appear to coincide 

with the Malpais Fault* The most interesting anomaly occurs on I4ae 2 

between lOON and 140N at d e p ^ . This is the apprcudsiatc location of a 

well which has Just been completed by Chevron Oil Company* 

This survey confirms that the test well was required and properly 

located. However, tiie data does not provide an alternative well aite within 

tiie depth penetration limits of this survey. 

A correlation of the resistivity data with the available well-hole data 

may ass is t in determining the location for another well. 

McPHAR GEOPHYSICS INCORPORATED 

Bruce ^«J& oil. 

p G. Halldfo ; 
Bfe |>hys ic is t /^ / 

Dated: luly 18, 1974 


