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l\1cPHAR GEOPHYSICS 

NOTES ON GEOTHERMAL EXPLORA 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 crus t. The 

only luethod that has been consistently found to be succes sful has been the 

resistivity technique. In this geophysical method, the specific resistivity 

(or its recipro cal, 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 will decrease as the salinity of the solutions is 

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

Therefore, volumes of the earth's crust that contain abnormally hot and saline 

solutions can often be detected as regions of low resistivity. 

The resistivity measurements are usually made using grounded current 

and potential electr odes, but some useful data can sometimes be obtained using 

electromagnetic t e chnique s. The fi e ld data shown on pla n m a p s in Fig u re Z are 

from the B r oadlands Area in New Z eal a nd; in this area th ere a r e s ub s t anti al 

flo ws of hot water and s t eam a t th e s u rfa c e. 

The results show resistivity lows measured with a Wenner Configuration 

Resistivity Survey and a loop-loop electrom.agnetic survey. · The anomalous 

pattern -is much the same in both cases and the regions of low resistivity cor 

rela te well w ith th e areas of i nc reased r o ck tempera ture . 
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If the rock vohune 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 intervals us ed. Z one A is 

associated with surface l1:!anifestations of geothermal activity. The source 

of the resistivity low at Zone B is unknown. 

1£ the abnormally ho,t 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 

largest electrode separation used was 12,000 feet. 

The results show a two-layer geom.etry with the upper layer having 

a thickness of approxhnately one-half electrode interval (i. e. I, 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. Our dipole-dipole data is plotted as a Ilpseudo-section" for 

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

electrodes, as well as the location of the f!lcctrodes along the survey line, 
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~: data is then contoured (s ee below). The contour plots ar e not sections of the 

DIPOLE-DIPOLE PLOTTING r\~ETHOD 
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electrical.properties of the earth; they are convenient graphical r epr es entations 

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

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

1£ the contour patterns indicate very simple geometries, mor e 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 ~s indicated. In this situation, theoretical type curves for dipole-

dipole measurernents in a layered georn.etry can be used in "curve fitting" 

techniques to give the true resistivities and depths for the earth. 
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1. INTRODUCTION 

At the request of Mr. Richard Donnanville, Consultant for Union 

Oil Company of California, McPhar Geophysics Inc., has continued and 

completed a reconnaissance resistivity and 5 Schlwnberger depth sounding 

surveys in Valles Caldera Area, Sandoval Comlty, New Mexico. The 

initial survey was terminated in July, 1973, by mutual agreement of 

Union Oil and McPhar. Termination was caused by exces sive telluric 

noise resulting from intense thunderstorm activity in the area. The survey 

was res'UI.-:ned and completed following the end of the active thunderstorm 

period. 

The geology of the area has been sununarized by E ell in the initial 

report. 
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The purpose uf the reconnaisBance survey was to locate and 

delineate zones of low resistivity that might indicate areas of concentrated 

therm.al activity. The Schlumbcrger depth sounding 13urveYB were 

made to provide additional information on the thicknes sand. resistivity 

of the geoelectric column in selected anomalous zones defined by the 

previous survey. In both cases, a frE\quency of 0.125 Hz was used in 

order to minim.ize attenuation of the electric field due to eddy current 

dissipa.tion of enerBY a.nd at the sam.e time avoid telluric nois c. The 

reconna.issance survey was made with 2000 foot dipoles along 2 recon-

naissance lines. The Schlum.berger depth soundings were made with 

!.:he expanding Schlwnberger electrode array with spacings expanding from 

500 feet to as much a.s 15,000 feet wher e required by survey sp:ecificatiol'ls. 

The survey was conducted by .l\~r. Arlo Furuis!'>, geophysicist, 

under the supervision of rvir. DonnanvUle. 

2.' PRESENTATION OF RESULTS 

The resistivity aurvey results are shown on the following data 

plots in the Ulanner des cribcd in the notes which accom.pany this report. 
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;\lso enclosed with this report is Dwg. No. RP 4909~R.. at <I. scale 

( .
. 

. , of 1" = 2000 1• The definite. I probable and possible resistivity low 

anomalies are indicated by bars, in a manner shown in the legend, on 

this plan rnap as well as on the data plote. These bars represent the 

surface projection of the anon~alous zones as interpreted from t~1e location 

of the tra.nsmitter and receiver electrodes whel1. the anornalo'll8 values 

were rneaaured. 

The thickness and resistivity of the various layers are illustrated 

graphically on each depth sounding curve and tabulated in Table r. The 

geoelectric section has been derived by standard curve matching techniques. 

3. DISCUSSIOI:.1 C.F RESULTS - DIPOLE-DIPOLE LINES 

Anomalous resistivity responses are present on each line. The 

complex resis tivities present on Line 1 through Line 6 do not occur in 

the area surveyed by Line 7 and Line 8. A discussion of the results of 

each survey line follows. 

Line 7 

Line 7 was a short traverse across a ZOlle containing 3 geothermal 

wells; E a ca 2., B aca. 8, and:B ond 1. The 1 ength of tnt) line and dear th of 

data points rnakcB interpretation quite difficult. The major feature is a 

sharp resistivity contrast at about 50£ indicating a contact, high n~Bistiyity 

to the east, low resistivity to the west. The low-resistivity zone west of 

the contact is anomalous and coincidently contains the 3 wella mentioned 

earlier. The ano:rl1alons zone iB open to the west. resistivities appear 

to decrease in t..h.at direction. The low-resistivity zone 18 d~\85ified 
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definite, 0 to ZO'N; probabb, 0 to ZOE and pOSBibl'3 20E to 40E. 

Line 8 

Definite anomalies are present at lOOE to 160£ and 20E to 20vV, 

open to the west. The area between both definite unolnaliea is a probable 

anon1.aly zone. Moderate to shallow depths are indicated for all zones. 

Excellent continuity with depth is indicated throughout the zone. 

A contact is indicated near l80E to 200E by ti,le complex resistivity 

contrast. The area west of the contact zone appears to be similar to a 

2-1ayer case. 

3.{A) DISCUSSION OF ;;t.FSULT..!'J .. - SCHLUME ERGER 
DEPTH SOUNDING 

The geoelectric section waIU derived by curve-matching t;~chniques 

'lsing a set of curves calculated for 3. layered earth. As illustrated 

on the dipole-dipole resistivity profile, the area surveyed with the depth-

sounding technique is not la)~ered but complex, with vertical and horizontal 

discontinuities. Therefl:noe, the geoelectric sedion is an estimate that 

ignores all vertic ... l dis continuities, and errors of unkno\'I1l magnitude are 

always present. 

A discussion of each line follows, mindful of the errors in-,-~erent 

to th e to chnig ue. 

Li.ne A 

Line A explores a definite anomaly at ;l.bout 7 5N. expanding along 

Line :3. The dipol.) o=dipole data suggests a. complex 2 -la yer cas e with a 

high surficial refJiativity- Y'ielding to an anoITjalOUB low-resisti-vity- Zione, 
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continues with depth. A strong l"eoistivity contrast indicates a contact 

at or ncar 75N with low-resistivity material to the south and. high reJiativity 

to the north. The presence of the contact has a profo;lnd eif'ect on the depth

sounding data. 

A complex 4-1ayer case i8 indicated by the depth-sounding curve5. 

Layer 1 is 56 feet thick with a resiBtivity of 40 ohm~:feet, indicating soila 

and/or weatbered bedrock. Layer 2 is 200 feet thick with a. resistivity 

of 770 ohIn-f,,~et; probably post-caldera rhyolite. Layer 3 is definitely 

anomalous; the resistivity is 4. Z oo.r.o feet and the thickncu a is 1400 feet. 

Layer 4 is very thick and resi.otive, indicating norn,al basement. 

Alternately, layer 4 could represen.t impeT.l'Leable mater!""l beneath the 

steeply-dipping contact at 7 5N. The contact would account for the dis parity 

between the continuous -with-depth. a.nor.Claly il1dicab~d by the dipole-dipole 

survey and the lilrdted depth derived from the sour..dings. 

Line B 

Line 4 investigates a definite anomaly at lOOE on Line 4. On 

the dipole-dipole profile, a uniform earth bounded by a higher rcsbtivity 

zone to the east is indicated. A weak horizontal discontinuity is indicated 

on n = 3. 

A 4-layer geoelectric section is indicated from the depth sounding. 

LaY'er 1 is 52 feet thick with a resistivity of 10 ohm-feet. indicating 

COIlductive aoilse Layer 2 is 52 feet thick \vith it reaisti"v'ity of 100 OhI:rl~ 

feet, indicating a thin: v.feaL~ered or altered unit, cor~I1.positio~l1ally" Bill.lilar 

to Layer 2, Line A. LaY''1J: 3 ia definitelyanor..calous. consisting of 1300 
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feet of low-reai/3tivity rnateri:ll of 2. 3 -::hn:-f (~et. Layer 4 1s rec;lstive 

[~ and thick-abglun(~d to be infinite. The horizontal dis contbuity noteci on 
\ -

the dipole-dipole pro:filr~ probably represents the interfac8 at byel" 3 

and layer 4. Tb~ thickness of layer 1 a.nd lay-er 2, about 100 feet, 

would not h2.v~ been apparent on tho ZOOO foot dipole-dipole spread. 

Line C 

Line C prt)bea an unanomalouB zone nea.r 140N on Line 1. The 

dipole-dipole profile indicateB a modera.tely high resls ~ivity zone 

bounded on either side by sharp but poorly-defined resistivity lows. 

Bounding contacts are indicated at lOON and 181'1. The resistivity is 

:t'ather complex, contin.uity with depth i1:: bdicatcd and n:unerOU;3 vertical 

discontinuities are ,Present. 

In contra.3t, a complex 3 -lay(~r ca91~ i3 indicated from th\3 depth-

sounding cur"yea. Layer 1 has a thickne66 of 70 feet yvith 40 olun~feet, 

indicating sQila and! or weat!1.ered bedrock. Layer 2 io definitely 

anoInt'.lou3, 1800 f~et thick with a. resistivity of 4.2 ohrn-feet. Layer 3 

is thick resistive ba.sement~ 

A topographic profile along Line C suggests a. pOtlsible source 

of part of the dis parity between the g~oeJ.ectric s e ction and the di fjole -

dipole data.. The C3 ounding point ill in a Elmall valley and ther e is 500 

feet of vertical relief along lines to the north. T h e r cs i z tivity low n:n.y 

be in part owing to a Btrong topographic effect . However, the topogra~hy 

would not account for the entire low. 
I • 

'-( 
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L.i.ne 1) 

station nOl;:. Resistivitief3 along Line 2. are rnoderately- hi[,h with 0. n;inor 

lo',v at 50E to 90.E. St:i."o:1.g rt:}~;istivTity contt"aGCS indicate. conta.ct;3 at 

thel3e points. No layering to .3ugJest/~d. 

A complex 3-la.yat' caGe is indicat~d by the depth-soundi::.1J curve. 

Layer 1 i13 310 feet thick with a resistivity- of 6.7 ohm-feet. The source is 

probably conductiv"", alluvium.; swam?)' aren.s are comn.on in Valle Gr3,nae. 

Layer Z ha3 a. thil:knel33 of 60 feet with a resistivity of 17 otm-;-r-eei:. 

indicating wea.thereci bedroc~. Lay~r 3 h( thick, !,(J.sistiv\~ basernell.t. 

The com.bin~d thicknelSB of layer 1 ;:\.Lld la.yer 2. woul:l not be apparent on a 

ZOOO-foot dipole-dipole survey except as .'1 alight ':lecrease in n = 1 valu~s. 

, ( .. 
'-

Good corr'31atio~1 between t..:'Hj geoelectric section and the cii;)ole- dipole 

data is present. 

Lille E 

Line E wa., traver /Jed across LinlJ Z as shown on pIc.n map jJ·,vg. No. 

RP 4909 -R crossin.g near sta.tion O. The ar'ea ~nlrvi!yed WaG 3iIr~ilar to 

the area at Line D. 

}\ compl-ax 3 ... 1ayer ca.se is indicated b:r the sounding curve. Lay(~:r 1 

h2.0 a thickness of 200 feet with a r'esiatbHy of 25 ohrn.-feet, in,iic:.ting 

thick alluviurn cover. Layer 2 has a thick;:WB 3 of 40 feet with J, resistivity 
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ilr~.!a of int~rcst indicate::J hy LL-w :3 \'..nd LLur; 4: of the ?!'eviouD ;:urV0Y. 

As sugcicsted by .::j e11 i ! l the previoucS report, the anorr..aIo'.ls zon e df;iineu 

by Line 3, Line 4, anc! Li.ne 8 appe~rt3 to be a 1'IW-t;:enJing Ed-we 2: 01l.C. 

The fault zo~e r:rla.y serv~ as the plun~bing f)yBtem i')r ascendin,J geot.hernlal 

fl '.lida • 

A defbite a.nomaly at leE t') ~OW, op.c:n to the \!/e 3t, iG a.lvo of 

interest. This open ar.,on'). aly n ·:a.y be tr.e nt)rthern '~x!;enGir)n of :". :;:;o;:t ,~ 

indkated on Line 7 ,.no. Lbe 4. Ad::iidonal Hnen ar(~ lllJ-:::caaary t.o fully 

cicli:leate and deiirl:~ thio possible~on~. 

The S cb.luml:-.e :rg,~r cl03pth GOl.mdings in.dicate ~xcellent sballo',rf 

conductivit~; on Line A a.nd Line r:, fl...\t,th c.~ establi e hingiliis zon~ ~;3 a 

poten.tial thermal ar ea. 

Cornpads ol1. behvecil the geoelectric section derived from. the , 

depth soundings v-'ith tlH~ dipole-dipole duta. at ~ach ]Joint shows poor to 

good correlation. The lack of correbtion in each iuutance is irollHdiately 

apparent when the geologic cOlTlplexity' or b{~ l"{:g ion Gurv e y e d iIJ cvuaid(!red . 

Schlur:aberger d~ptn soundingr.; "'re desi;;ncd t o delineate th e geo [~lGctr.ic 

sccti·::m in ;:J · l~red e:uti. !b illustr a ted on the dipole-dipolf3 pr oflleEl , 

the V:tllee Caldera itl definitely nota layered eart!1. situation. 

Li.ne 'J) and Line .s indica te the ,~"'l.rne unanol:uaLms cOD.diti vn 

in.d'J. c ate d by Line 2 . 



Li",~ No. L~~ ~~hkkttC!8H ~!.!; tivity I~~~!;~ti ').£!.. 
( [':!ct) p :;./ 21, ( ~tU::J.-ft) 

A -I 
:it) 40 

2 200 770 C2:p ra-:::p:., ? • rhyolite 

3 1400 4.2. a n '"Jm a.llJt1 S 'Z':>n.e 

4 infinite; verT high L.'J,s ement 

B 1 52 10 ~(ji1a 

2 52 100 

3 1300 2.3 ~nornalouB zone 

4 infinite 1,yery high bas.ernent 

C 1 70 40 e oils 

.~ 1800 4.2 anomalouo zon.e /.. -

3 infinih very high bas ement 

D 1 310 6.7 CO:.1ductive GOUIl 

2 60 17 alluviuxll 

3 infinite very h i6'h llaaen"lent 

E 1 2 00 25 Roila - 6w;:.mp 

2 40 10 a lluvium. 

3 iniinit e very Ugh basement 
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T.~in~ C b 'Tlite ?1J.~:~ling in its ;'0~'lJon1"e cotn'):ued to the Line 1 

1"eApOnSe <:I.t the s?.me [,htion. Perh:lps the sit'.l1l.tion c~n he rectHied by 

t3tlldicd and compared tQ the r':~sil3tivU;r ~t-.. Hii;::§ pri.'Jr to :::l.riHin:s. 

Dated: Janu3.ry 11. 1974 

ldcPI-L-\R GECPHYSICS INCORPORAT ED 

;gl u/~~ 
Jo,;; iVilkins, 
Geo9hyni':::igt 


