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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 

geothermally "hot" a r ea s in the upper regions of the earth 's c rus t . The 

only method that has been consistently found to be successful has been the 

resis t ivi ty technique. In this geophysical method, the specific res is t iv i ty 

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

mpas\ired during t r averses over the surface. 

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

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

increased and/or the temperature of the system is Increased (see Figure 1). 

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

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

The resistivity, measurements a r e usTxally made using grounded cur ren t 

and potential e lectrodes , but some useful data can sometimes be obtained using 

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

from the Broadlands Area in New Zealand; in this area there a r e substantial 

flows of hot water and steam at the surface. 

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

Resistivity Survey and a loop-loop electromagnetic survey. The anomalous 

pattern is much the same in both cases and the regions of low resis t ivi ty c o r 

relate well 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 res is t ivi ty lows. The resis t ivi ty data shown in "pseudo-section" form 

in Figure 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 rnanifestations 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 

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. 

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 resist ivi ty contrast , 

additional measurements would be necessa ry to determine the possible 

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

The resul ts shown in Figure 4 a r e from a dipole-dipole electrode con

figuration survey. Our dipole-dipole data is plotted as a "pseudo-section" for 

several values of n; Hie 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-dinnensional a r r a y of 
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data is then contoured (see below). The contour 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 representat ions 

of the measurements znade. 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 geonnetries, m o r e quantitative 

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

for a la tera l distance of four to s ix electrode intervals , a horizontally layered 

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

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

At th« r»4a«ft of Mr. WllUam llmrot f•ologitt for Cberron 

Oil Coxz^any* MinoraU Dirifloa, McPhar Ooopbyiict hat conductod an 

additioaal Rocoaaalisanc* RotUtivltf Sarvoy lino la the Beowawa aroa* 

Laadarf and Earaka Cooatlaa* Navada. 

Tha orif ioaal aorray of tha Baovawa area wai coadactad ia 

June 1974. aad eoat l t tad of five aarvej l iaet which located aome poeelhle 

to definite aaomaliee adjaeeat to iihm Malpalt feolt (aee report ea Beowawe 

area for Cherroa Oil Cozx^aay dated Jvly 1S» 1974). 

The additioaal llae diaeaeeed ia this report waa aarveyed aae 

mile eaat of Uie original aarrey area la an a t t en^ t to locate a lov raeletivtty 

none that may Indicate an axtenaion of the anomaloua raeponae of the prerloua 
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ourrey. Meaturex&enta were tsoado with ZOOO foot dipolee at one>lhroafh« 

fire dipole eeparation. A freqaeney of 0.I2S He was need ia order to 

miaimiae atteaoatloa of &e electric field due to eddy current dleiipatloa af 

eaergy aad at the tame tixne avoid telluric aolee. 

The earve^ waa conducted hy Mr. Daniel M*reheat• geophyeieal 

technician. 

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

The re t ls t i r i ty aurvey reealtf a re ahown oa (he following data 

plot* in the xnanner deacrihed in the aotea which accompany fhia report . 

Ltne Electrode Intervale Dwg. No. 

B.6 iOdb feet £ 6244 . I 

Alao eacloaed with thia report ia Dwg. RP-49B3R, a revieed 

plan map of ^ e eurrey a rea ahowiag &e locatioa of al l &e eanrey tinea 

aad an Interpreted tree reaiatirlty along each aurrey Uam, at a aeala ef 

1** • 2000 feet. The tefialte, prebahle and peaalhle Realativity low anomaliea 

are indicated by hara* In a manner ahown In the legend, oa (he plan eaap ae 

oa the data plota. Theae hare repreaeat &e aurfaee projection of the anomaleaa 

aonea aa laterpreted from the locatioa of Htm traaaoxltter and receiver alectrotea 

when the anomalooa valuea were meaaored. The Interpreted true realativlty 

aectiona along each aurvey tine have been compiled with (he aid of two^diman-

i 
•ioaal theoretical carrea aad three dimeaaional model atudiea. 



J. D I S C U S S I O N o r R E S U L T S 

The previoua reaiativity aurvey of the Beowawe area located 

aaomaloua reaponaea &at appear to coincide with the Malpaia Fault along 

each aurvey l lae. The moat latereating anomaly* on Line 2* at depth between 

lOON and 140N, haa beea drilled by Chevron Oil Conaqpany. 

The apparent reaiativity meaaured during tide aurvey la generally 

eoaalatent with tixe previoua aurvey azcept between ItON and 220N. The 

Malpaia Fault croBaea,Line i at approximately 21 ON; atation 200N la oa (he 

ap-thruat aide of the fault and atation 220N on the down^dropped aide. It ia 

believed that the elevatioa change aeroaa ihia dipole haa produced the high 

reaiativity between 1 SON aad 200N and the low reaiativity ceuUred at 200M 

to 220N. The attached theoretical reaiativity acale model atody* caae T>y$0 • 

2S0-1 ahowa the reaiativity pattern aeroaa a valley which ia aimilar to tha 

reaulta obtained on Line 4. 

A poaaible anomaly haa been interpreted between 200N and 220N« 

but Ihia lew reaiativity may be due aolely to t^ography . 

The reaulta ef the reaiativity aurray on fiila line a re inconcluaive. 

McPHAR OEOPHYSICS. INC. 

Bruce S. Bell 
ogi^*^ -

PlSlp^O. H a l l o f ) / i 
Goophyaieiat J '̂C } 

D.t.4> M o n m b . , I t , 1914 ^- '-
' < - . 
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Theoretical Induced Polarization and Resistivity Studies 

Scale Model Cases 
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