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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 fovind to be 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 face . 

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 r o c k s 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 lhe t e m p e r a t u r e of the sys t em is i nc reased (see F i g u r e 1). 

i 

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 a s 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 grovinded c u r r e n t 

and potential e l e c t r o d e s , but some useful 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 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 subs tant ia l 

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

The res t i 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 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 a m e in both cases and the reg ions of low re s i s t i v i ty c o 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 voltome sa tu ra t ed with hot solutions does not extend to 

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

' in F igu re 3 is fromi Java . Along this line t he re a r e two deep regions of low 

re s i s t i v 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 surface inanifestat ions of geo the rmal 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 s ed imen ta ry bas in , the 

genera l r e s i s t i v i ty 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 ­

v i 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 ifornia . The 

l a r g e s 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 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 iv i ty in the upper l ayer is 3 .0 o h m - m e t e r s ; lhe r e s i s t i v 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 iv i ty con t ra s t , 

additional 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 poss ible 

geo the rmal impor t ance 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 dipole-dipole e lec t rode con­

figuration su rvey . Our dipole-dipole data is plotted as a "pseudo-sec t ion" for 

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

e l ec t rodes , as well as the location 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 contotir plots a r e not sect ions of the 

DIPOLE-DIPOLE PLOTTING METHOD 
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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 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 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 rva l s , a hor izonta l ly l ayered . 

geomet ry is indicated. In ihis sitt iation, 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 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 e a r t h . 
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CHEVRON OIL COMPANY 

1. I N T R O D U C T I O N 

At the request of Mr. WiUUm Mero, geologist for Chevron Oil 

Company, Minerals IXvision* McPhar Geophysics has completed a 

Reconnaissance Resistivity Surrey in the Beowawe Area, Landers and 

Eureka Counties, Nevada. The survey a r ^ is located in T .SIN, , T.S2N. 

a n d R . 4 7 £ . . R.48E. and R.49E. 

The Beowawe a rea appears to he a down-drdpped fault block 

underlain by Ter t iary andesitic basalt flows udiich overlie Paleoaoic 

silicious sediments. Faulting is evident in ttie a rea , the most prmiounced 

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

wells have been drilled by Magma Power Concqpany in the a rea . The 

maximxun recorded depth is 2052 feet with a msKimum well temperature «f 

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

currently three ci Magma's wells a re blowing steam. This area has been 

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

low resistivity aenes that might indicate Mreas of concentrated tikermal 

activity. Kieasurements were made with 2000 foot dipoles at one-threimh-

five dipole separations along reconnaissance Unes spaced apprertmately 

one mile apar t . A frequency of 0.129 Hx was used in order to minimise 

attenuation of the electric field due to eddy current dissipation of energy 

and at the same time avoid telluric noise. 

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

geophysicist. 

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 en the foUowing data plots 

in the manner described in the n ^ e s u4iieh acconapany this report* 

Line Electrode Intervals Dwg. No. 

1 2000 feet I P 6180-1 

2 2000 feet I P &180-1 

3 2000 feet IP 6180*1 

4 2000 feet I P 6180-2 

5 2000 feet IP 6180-2 

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

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

true resistivity along Mich survey line, at a scale of 1** » 2000 feet. The 

definite, {vobable and possible Resistivity low anomaUes a r e indicated by 

ba r s , in a manner shown in the legend, en HM ^ a map as on tiie data plots. 

These bars represent tiie surface proJeetLen wt &e anomalous aones as 
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interpreted froncx the location of the transmitter aad receiver electrodes 

u^en the anomalous values were measured. The interpreted true resistivity 

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

dinaenslonal theoretical curves aad three dimensional aaodel studies. 

J . 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 ntopt a reas McPhar has previously surveyed for Chevron 

Oil Company. In a reas of high resisttvity, geothermal reservoirs a re 

xnorm easily identined due to the high conductivity of tite reservoirs compared 

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

i s in areas having resistivities less than 10 crfun m e t e r s . 

This survey has located some a reas of resistivity less than 10 ohm 

me te r s . A discussioa of the resul ts along each survey line fellowst 

Line 1 

The anomaly interpreted on this line between lOON and HON is ^obab ly 

a definite anomaly hvt since one crit ical set of dipole r i d i n g s could not be 

obtained, the pattern is aot complete and the anomaly is shown as probable 

A cliff exists between lOON and 120N so it is aUnost impossible to 

obtain the essential data at this locatioa* But from the readings obtained 

on each side of the cliff it af^pears that a shaUow anomaly with possible 

continuity with depth is associated with the Malpais fault. 

The missing data is across the area where Magma Power Company 

driUed their weUs. 
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Line 2 

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

as a probable anomaly from 140N to 1 ION and a possible anomaly 1 SON to 

180N. 

The true resistivity section across the anomalous area indicates a 

eonductlve sone of less than 10 ^ u n meters underlying 2000 feet of high 

resistivity mater ia l . The conductive none appears te increase la depth 

to tiie north. 

Line > 

A probable deep aaomcaly exists betweea HON and 170N. 

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

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

approadmates a layered earth but the aear-surfaee layer south of the 

Malpais fault has a lower resistivity tium the surface layer to the north. 

The underlying layer, approadaoately 2000 feet deep, has a uniform 

resistivity above IS ohm aaeters, for tiie eattre survey Uae, 

Line 4 

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

open to tiie south. 

The true resistivity sections indicate a conductive source having a 

resistivity between 1S to 20 ohmi naeters at aj^roxlmately 1000 feet deep 

beneath 40N to 80N and increasing In deptii to tiie aortic. 

14ne 5 

A shaUow defleite anomaly of less fhaa 10 ohm meters occurs betwe«i 
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12 ON and 140N and does aot exhibit any continuity with depth. 

Possibly a low resistivity sons exists beneatii 60N to SON but the 

present data does not extend far enough south to aUow 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 Recoxmaissance Resistivity survey of the fieowawe area has 

located anomaloos responses along each survey line that appear to coincide 

with the Malpais Faxilt. The most interestlag anomaly occurs on Line 2 

between lOON aad 140N at depth. This Is the appradmatc location ci a 

weU which has Just been completed by Chevron OU Company. 

This survey confirms that the test weU was required aad properly 

located. However, tiie data does aot provide an alternative weU site within 

tiie depth penetration limits of this survey. 

A correlaticm of the resistivity data with the available weU-hole data 

may ass is t in dcternaining the locatioa for another weU. 

McPHAR OEOPHYSICS INCORPORATED 

Bruee,S«.£e^, 

p G. Hauio I 
B%hy»ieis t /^V 
yy^i^7"c2> A 

^>, -.. - - . .y 

Dated: July 18, 1974 
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McPHAR GEOPHYSICS 

NOTES ON GEOTHERMAL EXPLORATION 

USING THE RESISTIVITY METHOD -

Many geophysical methods have been tr ied in the exploration for 

geothermaUy "hot" a r e a s in the upper regions of tiie eartii 's c rus t . The 

only method that Has been consistently fotmd to be successful has been the 

resis t ivi ty technique. In this geophysical method, the specific resisldvity 

(or its reciprocal , the specific conductivity) of the ear th ' s subsurface i s 

xnpastired during t r ave r ses over the surface. 

The principle of the technique is ba-sed on the fact that the res is t iv i ty 

of solution-saturated rocks vrill decrease as the salinity of the solutions i s 

increased and/or the tempera ture of the system is increased (see Figure 1). 
4 

Therefore, volumes of the ear th ' s c rus t that contain abnormaUy hot and saUne 

solutions can often be detected as regions of low resis t ivi ty . 

The resistivity, xneasurements a r e ustiaUy made using grounded cu r r en t 

and potential e lect rodes , but some usefxil data can sometimes be obtained using 

electromagnetic techniques. The field data shown on plan maps in F igure 2 a r e 

from tiie Broadlands Area in New Zealand; in this arefa there a r e substantial 

flows of hot water and s team a t the surface . 

The resu l t s show resis t ivi ty lows zneasured with a Wenner Configuration 

Resist ivi ty Survey and a loop-loop electromagnetic survey. The anomalous 

pattern is much the same in both cases and the regions of low res is t iv i ty c o r ­

relate weU with the a reas of increased rock tempera ture . 
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If the rock volume saturated with hot solutions does not extend to 

the surface it will be necessa ry to use large electrode intervals to detect 

the resis t ivi ty lows. The resis t ivi ty data shown in "pseudo-section" form 

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

resis t ivi ty detected for the la rger electrode intervals used. Zone A is 

associated with surface manifestations of geothermal activity. The source 

of the resis t ivi ty low at Zone B is unknown. 

If the abnormally hot region occurs in a sedimentary basin, the 

general resis t ivi ty level can be quite low, due to the high porosity in normal 

sediments . This is the case in the Imperial Valley of California. The r e s i s t i -

C vities shown in Figure 4 a r e from an a rea near El Centro, California. The 

la rges t electrode separation used was 12,000 feet. 
r 

The resul ts show a two-layer geometry with the upper layer having 

a thickness of approximately one-half electrode interval (i. e . 1,000 feet). 

The resis t ivi ty in the upper layer is 3. 0 ohm-meters ; the resis t ivi ty of the 

lower layer is 1. 5 ohm-mete r s . Due to the small resis t ivi ty contrast , 

additional measurements would be necessary to determine the possible 

geothermal importance of the lower resist ivi ty layer at depth. 

The resul ts 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 

e lectrodes , as well as the location of the electrodes along the survey l ine , 

determine the position of the plotting point. The two-dimensional a r r a y of 
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data is then contoured (see below). The contotir plots a r e not sections of the 

DIPOLE-DIPOLE PLOTTING METHOD 
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electr ical propert ies of the earth; they a r e convenient graphical representa t ions 

of the measurements made . However, with experience the contour pat terns can 

be interpreted to give some information about the source of the anomaly. 

If the contour patterns indicate very simple geometr ies , m o r e q\iantitative 

interpretations can often be made . F o r instance, if the contours a r e horizontal 

for a l a te ra l distance of four to s ix electrode intervals , a horizontally layered 

geometry is indicated. In this situation, theoretical type-curves for dipole-

dipole measurements in a layered geometry can be used in "curve fitting" 

techniques to give the t rue resis t ivi t ies and depths for the ear th . 
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I . I N T R O D U C T I O N 

At tibe request of Mr. William Uoro* f eolofist for CbeTron 

Oil Company, Minerals Division, MePhar Qoophyslcs has conducted an 

additional Reconnaissance ResistlTlty Survuy line in the Beowawe aroa* 

Landers and Eureka Countios* Meirada. 

The orlf ional s u r w y nf the Beowawe a rea was conducted tn 

June 1974, and eonsisted of Arc turirey Unes which located seme possible 

to definite anomalies adjacent to tiM Malpais £sult (see report on Beowawe 

area for ChoTron OU Conyany dated July I t* 1974). 

The additional line Ascusted in this roport was •urreyed ono 

mile oast of ttie original survey a rea In an attempt to locate a low raslstivity 

sone that may Indicate an nztenslon nf the anomalous response nf the previous 



sur rey . Measurements were made udtb 2000 foot dipoles a t one-through" 

five dipole separatien. A frequency of 0.12S Hs was used la order to 

minimise attenuation of Ae electric field due to oddy current dissipation mt 

energy and at the same time avoid telluric noise. 

The survey was eonducted by Mr. Daniel Merchant* geophysical 

technician. 

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

The resistivity survey results a re shown on the following data 

plots in the oaaaner described la the notes whlc:h accompany tills report . 

lAnf Electrode Intervals Pwi . Wo. 

B.6 2000 feet R 4244 - I 

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

plan m ^ of &e survey a rea showing &e locatten of al l tte survey lines 

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

I** • 2000 feet. The definite, probable and possible Resistivity low anomalies 

a re Indicated by bars* In a manner shewn In fbe legend, «n ttie plan map na 

• a the data plots. These bars represent ttie surface projection of ttM anomalous 

nones as Interpreted from the location t^ €bm transmitter and receiver electrodes 

when the anomalous values were measured. The Interpreted true resistivity 

•eetlons along each survey Una have been eon^Ued with the aid of two^dimen-
ii 

•Ional theoretical curves and three dimensional model studies. 
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2. D I S C U S S I O N o r R E S U L T S 

The previous resistivity survey of ttie Beowawe area located 

anomalous responses ttiat appear to coincide with the Malpais Fault along 

Mich survey l ine. The most interesting anomaly* na Line 2* nt depth between 

lOON and 140N* has been driUed by Chevron OU Company. 

The apparent resistivity measured during this survey Is generaUy 

oonslstent with ttie previous survey sncept between HON and 220N. The 

Malpais Fault crosses^Llne 4 at approximately 21 ON; station 200N Is wn ttM 

i^ ' t t i rus t side of the fault and station 220N on ttie down>dropped s ide. It i s 

beUeved that the elevation chaage across this dipole has produced ttM high 

resistivity between ItON and 200N and ttie low resistivity centered at 200N 

to 220N. The attached theoretical resistivity scale model study* case T-VYO -

250-1 shows the resistivity pattern across a vaUey which Is s imilar to tt* 

results obtained on Line 4. 

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

but ttds lew resistivity may be due solely to t epogr^hy . 

The results nf ttw resistivity survey sa ttds line a re iaconclusive. 

McPHAR OEOPHYSICS, INC. 

Bruce 8 . BeU 
ogis*^ 

PhiUp'O. Kallef 
Ooophysiaiat J v ; 

i 

Oatedi November 29* 1974 V ' ' V 
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