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McPHAR GEOPHYSICS 

NOTES ON GEOTHERMAL EXPLOR.A TION 

USING THE RESISTIVITY METHOD 

Many geophysical methods have been tried in the exploration for 

geothermally "hot" areas in the upper regions of the 'earth's crust. The 

only method that has been consistently found to be succes sfu! has been the 

resistivity technique. In this geophysical method, the specific resistivity 

(or its reciprocal, the specific conductivity) of the earth's subsurface is 

measured during traverses over the surface. 

The principle of the, technique is based on the fact that the resistivity 
. 

of solution-saturated rocks wUl decrease as the salinity of the solutions is 

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

• 
Therefore, vc;»lumes of the earth's crust that contain abnormally hot and sal;ne 

solutions can often be detected as r,egions of low resistivity. 

The resistivity measurements are usually made using grounded current 

and potential electrodes, but some useful data can sometiInes be obtained using 

electromagnetic techniques. ' The field data shown on plan maps in Figure Z are 

from the Broadlands Area in New Zealand; in this area there are substantial 

£lows of hot water and steam at the sudace. 

The results ' show resistivity 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 resistivity cor-

relate well with the areas of increased rock tenlperature. 
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If the rock volume saturated with hot solutions does not extend to 

the surface it will be necessary to use large electrode intervals to detect 

the resistivity lows. The resistivity data shown in "pseudo-section" form 

in Figure 3 is from Java. Along this line there are two deep regions of low 

resistivity detected for the larger electrode interva:t. used. Z one A is 

associated with surface J!?anifestations of geothermal activity. The source 

of the resistivity low at Zone B is unknown. 

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

general resistivity level can be quite low, due to the high porosity in normal 

sediments. .This is the case in the Imperial Valley of California. The resisti­

vities shown in Figure 4 are from an area near EI Centro, California. The 

la;rgest electrode separation used was 1 Z, 000 feet. 

The results show a two-layer geometry with the upper layer having 

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

The resistivity in the upper layer is 3.0 ohm-meters; the resistivity of the 

lower layer is 1.5 ohm-meters. Due to the small resistivity contrast, 

additional measurements woUld be necessary to determine the possible 

geothermal importance of the lower resistivity layer at depth. 

The results shown in Figure 4 are from a dipole-dipole electrode con­

figuration survey. 0 Our' dipole-dipole data is plotted as a "pseudo-section" for 

several values of n; the separation between the current electrodes and potential 

electrodes, as well as the location of the electrodes along the survey line, 

determine the position of the plotting point. The two-dimensional array of 
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data is then contoured (see below). The contour plots are.!l2! sections of the 

DIPOLE-DIPOLE PLOTTING METHOD 
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electrical properties of the earth: they are convenient graphical representations 

of the measurements made. However. with experience the contour patterns can 

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

If the contour patterns indicate very sim.ple geometries, more quantitative 

interpretations can often be made. For instance, if the contours are horizontal 

for a lateral distance of four to six 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 true resistivities and depths for the earth. 
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1. 1~1-RC.'J,)UCTlv~: 

At the requeat of Chevron 0il Cams-ny, ":lc?bar (:'eophyaic. 

baa campleted a RecoDD&iaaance Reai8t1Yity Sur.ey in th~ : ·an fn · tdi~ 

area, Waahoe County, Nevada. 'Ihe luneyarea h located in '!.ZSN., 

T.30N. and R.ZZF •• R.Z3!. 

The SaD Ezr.ldlo area b an arid, allU'\'l1ml-fWed valley, bounded 

OD the eaat and .. at by mountain, fora-.ed by aaaumed FUoceDe volcanic •• 

'I he valley h probably fault controUed and the Dorth-treDding faulu: 

could be conduiu for .eothermal fiutcla. Several welle '-r~ shown on 

th~ topography D,ap of tb. area, but there i. DO iDdication of hot wale r • 

'Ine purpoae of the ReCODD&haance Suney was to locate- and 

delineate low-r.aiativity &ODel that J%.laht indicate area. of concentrated 

thern)al activity. l\" eaaurementl were maae with lOOu foot dipole. at 

one-through-four dipole leparationa along reconnaissance line.:. 8 ?ace:: 



approx!Dlately OD. mU. apart. A freq"ellcy of 0.125 tis ..... u.ed in 

oreier to miDlml •• aUeDution of the electric Rei Ii d~e to eddy cur :en~ 

dlaalpatioll of eDerl' &Del at the aarr.e time avold telluric DOl.e. 

The .~e, ... caaductael ~y All'. Robert AIl\ier.oD •• eopby.lcia~. 

uc4er the aupervbkna 01 Iw.r. WUlIam ). •• 1'0 of Chnroll OU COU.paDY. 

!. PR~ SFNTATI0N OJ' llFSULTf· 

In. re.laUnt, aurvey reau1u are ahown on the fOU090-iz:al cia:.. 

plota lD the ma •• r cl.acriliecl ba the lIo&ea wblcb accaa:apany Ihu report. 

~ l :lec:lrocle lAtervala .)wI_ 1\c.. 

2000 f.et R-6139 -1 

!OOO fee: R·6139·1 

(" 2000 feet fc.·6139-1 

~ 1000 feet i, -6139·~ 

!" 2000 f.et ~,-6139-2 

Alao e.closed with &hia report ,le Owl. No. RP 4956. at a acale of 1" • 

lOOt'. 'r fl. deflD1te, probable Uld po.sille resistivity low aftOZT.abel 

ar~ iDcUcated l:y bars, 1n an,azmer ahown in the legenu, Or:! thb plaD n .ap 

a .... 11 a. on the data plota. 1 ne •• bar. represent the surfac. projection 

(,;' tr· ~nomalou •• OD.a a. interpreted frOll. th~ locatio~ of thf' transmitter 

an ~ f'e~etV.f .1.ctro«.a QeD the&Donaloua nl\1e. were mea-.ur'e ';;;' . 

,)1~' C t; E oS ION C F a E S tJ LT ~, 

-'::'lP. i, eCOIlD&haaDc. dipole.cl1pole aurvey of tho ~an F. n ' ldio are,. 
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e __ lau ."OUI' paraUel DOrth-loath lbe. aDd ODe .It-welt Uae ttlroUf ~ 

6. C ••• I" of the ftlley. Anarra.&!oal re.pouel of varying zr,.,nitud.t" 

r.n1U al __ ell u.. follo ...... 

Two broad, aacmaloal re.pou •• have bHa located aloll~ ti'..i. 

1lu ~.tw •• D ~ON to 300N aDd SZON to 660%'\. J., defiDlt(:. .haUo .... aDoll.AI ;. .,. 

occv. '.tweeD ION CO 160N aDel a mod.rat. depth. defiDl~ &Damaly 

Ocevl at 230N to 270N. Th.le relpoal.' are cOIlIlected by a prob:r.ll ~: 

aaOlr.aly bon' 160N to Z30N aDei • probable aDamalv est.nd. frc:T. Z7C ~' 

'0 lOON. The Ihallow, Wildte relpoal" %rut b. a Dear-sunace 

pheDOn:euoa; the r •• IIUTity exhi1:iu ~ mer ..... on 11 = 3 anJ r, = 4. 1'tu 

aDemal, t,.CW •• n Z30N aAil 270~ lu&,e.ts .ome continuity with depth an.: 

appearl to be a better drUl tarlet than the prmoul anon.aly. 

appear. a. a deIlIdte, cle.p aeamaly betwe_ SION ud 620N aAd ext.ada 

a. pro\;&t.le &nOInaU •• fran'. 5&01'\ to 580!-\ aDd 6Z0N to 66C!\ and a po.lible 

anomaly from S20N to 560: . 

lne r •• 1sdvity n .• alured ))etw •• n 3.0~ aae -4~O1' . ia pro\.;ak.! ', 

reprelentative of the alluvial s.elm.ent. that .:10 not conta.in 'Chere: c l 

andi 01' aa.line n\11~. 

Lill~ T 

Thi. Une waa luZ"Veyed alon, the eaatern e~e of tbe vliUe,·. .t. 
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The lu"e, r.lu1ta aloq tbia l.l.Dc.. throulb the c •• er of the 

~.y •••• located a broad allQlr,alou zo •• pellae tram ZOON to ..aN that 

la iDterpr.ted aa a =od.rat. to d •• p d.f1n1tc &DOIr.aly {ron& 260N to 3.0N 
, 

aDd probable anoc.aU •• frcm. ZOO!-: to Z60~ an.:! 340N to .uO!'of. 

Tb. data mealured t..IlUth the cleflDlte allOlnaly approzlzr.at. 

a two-layer.d .arth alld provide a "~rve.matchln," fie with a Dear· 

t.et and 1000 f •• t, -tth Cb. l.otton·, layer havlni a redatinty 01 .9 ohm 

f .. t. 

Lia. jj 

A ... k, mod.rat. to <1.ep, po. aible &aon,aly h .. been located 

~etweea 0 .ad 1 ZOS.. Th. remalader of tbl. line lndicate. a r.lati.el, 

'I!1e aDGDlal_. l'e.pon ••• localea em the more e •• terly UD •• do 

aot eateDei far .aoulh .... t to be located Oft thla I1Dt·. 

The deliAUe aJlOlr.aly locatcc:l between 60 : anJ J ;0 ..:" on trJ. •• aat-

.... t liD. 40 •• aot appear to corre.pond to the deflnite aDamalou. reapoll ••• 

Oil LlAe A alld LtDe C. The attacheJ rellativity .cale 1%'.04e1 ca.e provide. 



a poIIA1 •• plaaesoa for th. apparent cllIcrepaDcy. 

Th. Z' •• ladnty .eale model ca •• lndicatea th&t the u •• a.ureQ 

Z'.llldnty patteI'D coalel be obtainecl froe two parallel cli;>pin( CoucNctorl 

a"r01dmacely OM &Del a halluDlta apart. I bb inter precation it .hown 

_ tile p1aa map a. two putane1 SOil •• cooeeliD, the aDOD,alou. r •• poDa.a 

.. til. _I'dl-I ... * u..e. 

4. CON C L U SIC N SAN;) R l' C \' ;,.. ,1 r N .) ,. T r c ~ :' 

Tb. Recoaaal.a&Dc. LJipol.-~pole ~ed.Uvtty ~ur.ey of the 

Su b1.ldlo area hal out1lDect two parallel SO'C" or 101£' r •• lath-ity wldch 
, 

ma, r.pr ••• nt an ar •• ollDcrea.ed them.al activit), _ -rheae sonee 

appear to ce relati~.ly urrow. "!hey coul.:f poIIll.ly Le fa,.lt zone. 

Ttle treDd of the ZODel .ppear! to cut aero •• the .uapected re,lo_l 

aeDd of the area. Ceololical brl'eltlgation. 1D the San En ".t410 aru 

Ihould b. eOBciuctecl to determine the nUdity ol Chia lDwrpt'etadon. 

A .ellDite. deep aDClln&ly hal been locatect lD the ub'em. BOl'til 

eDd of the aurvey "area ...... ;lciitional wOFk n.a11~ requlrecl to determine 

the extent of thi. ADomal y. 

u.ay Dot ce large enough for econcn:,ic; cievelopmen: o~ gt'ot:,e:, .... l eoel'iY. 

Dated; FebrUAry 11, J 97" 
." 
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