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I\1cPI-IAH GEOPHYSICS 

(, 
NOTES ON GEOTHERMAL EXPLORATION 

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 luethod that has been consistently found to be succes sful 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 bas ed 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 Figure 1). 

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

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

The resistivity measurements are usually made using grounded current 

and pot~ntial electrodes, but some useful data can sometimes be obtained using 

electromagnetic techniques. The field data shown on plan maps in Figure 2 are 

from.. the Broadlands Area in New Zealand; in this area ther e are substantial 

flows of hot water and stearn at the surface. 

The results show resistivity lows measured with a Wenner Configuration 

Resistivity Survey and a loop-loop electron~agnetic 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 temperature. 
'. 
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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" forrn 

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 n: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 cas e in the Imperial Valley of California. The resisti-

vities shown in Figure 4 are from an area near El 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. 1,000 feet). 

The resistivity in the upper layer is 3.0 olun-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 "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-dhnensional array of 
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(I 
\ data is then contoured (s ee below). The contour plots ar e not sections of the 

DIPOLE-DIPOLE PLOTTI~~G fVlETHOD 
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,electricalyroperties of the earth; they are convenient graphical r epr es entations 

of the lUeasurelUents lUade. However, with experience the contour patterns can 

be inte:cpreted to give SOlUe inforlUation about the source of the anolUaly. 

If the contour patterns indicate very siIUple geolUetries, lUor e quantitative 

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

for a lateral distance of four to six electrode intervals, a horizontally layered 

~ ) geolUetry ~s 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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l\1cPHAR GEOPHYSICS 

SUPPLEMENTAL REPORT ON THE 

RECONNAISSANCE RESISTIVITY AN D 

SCHLUMBERGER DEPTH SOUNDING SURVEYS 

OF THE 

BACA PROPERTY 

VALLES CALDERA AREA 

SAN.ooVAL COUNTY, NEW MEXICO 

FOR 

UNION OIL COMPANY 

1. INTRODUCTION 

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

Oil Company of California, i.V.icPhar Geophysics Inc., has continued and 

completed a reconnaissance resistivity and 5 Schlurnberger depth sounding 

surveys in Valles Caldera Area, Sandoval C0Ui."l.i:y, 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 [rom intense thunderstorm activity in the area. The survey 

was resumed and completed following the end of the active thunderstorm 

period. 

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

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

delineate zones of low resistivity that might indicate areaa of concentrated 

thermal activity. The SchlurrJbcrger depm sour...ding surveys were 

made to provide additional information on the thicknes sand. resistivity 

of tha geoelectric column in selected anomal..:>us zones defined by the 

!?revious survey. In both cascs, a frequency of 0.125 Hz wa3 used in 

order to minimize attenuation of the elcctric field due to eddy current 

dissipa.tion of energy and at the same time avoid telluric nois e. The 

reconnaissance survey was made with 2000 foot dipoles along 2 r econ-

naissance lines. The Schlumberger depth soundings were made with 

!:he expanding Schlurnberger electrode array with spacings expanding from 

500 feet to as much as 15,000 feet wher e required by survey specifications. 

The survey was conducted by .l\;r. Arlo Furniss, geophy3icist, 

under the supervision of Mr. DonnanvUle. 

2; PRESENTATION OF RESULTS 

The reuistivity l3urvey results are shown on the following data 

plots in the manner described in the notes which accompany this report. 

Line Elcctrode Intervaxls Dwg-. No. 

7 2000 feet R 6126-1 

8 2.000 feet R 6126-1 

A Schlumberger Depth S~lUnding Figure 1 

B Schlumberger Depth Sounding Figure 2 

C Schlum.berger Depth Sounding Figure 3 
I ) Y D Schillmberger Depth Sounding Figure 4 

E Schlureberger Depth Sounding Figure 5 
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,\lso enclosed with thi;; report is Dwg. No. RP 4909~K, .:l.t <I. scale 

of }" = 2000'. The definite, 'probable and possible resi3tivity low 

anon'lalies are indicated by bars. in a Inanner shown in t..he legend, on 

this plan map as well a.s on the data plote. These bars represent the 

surface projection of the anon~alous zones as inter pr eted from t;'le location 

of the tra.nsmitter and receiver dedrodeu when the anornalou8 -.;alues 

were meaaured. 

The thickness and !'esistivHy of the v.arious layers are illustrated 

graphically on each depth sounding curve and tabulated in Table 1. The 

geoelectric section has been derived by standard curve matching techniques. 

3. DISCUSSION O.F RESULTS - DIP0LE-DI:?OLE LINES 

Anomalous resistivity responses are present on each line. The 

( complex resistivities· prese·nt on Line 1 th:::ough 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 Bhort traverse acr06l3 a zone containing 3 geothermal 

wells; Eaca 2, Baca. 8, and Eond 1. The length of the line and dearth of 

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

, 
sharp resistivity contrast a.t about SOE indicating a contact, bigh resistivity 

to the east. low resistivity to the west. The low-r eais tivity zone wes t of 

the contact is anomalous and coincidently contains the 3 wella mentioned 

earlier. The anomalous zone ia open to the west; resistivities appeZ'.r 

( ) 
to decrease in that direction. The low-resistivity zone is classified 
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definite, 0 to 20Vr; prob;;.bl·?, 0 to 20E and ,?ossibb ZOE to 40£. 

Line 8 

Definite anomalies are present a.t IOOE to 160E and ZOE to 20V/, 

open to the west. Th(~ area between hoth definite <lnomalieo is a probable 

anOlnaly 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 lOOE by ti.le complex resistivity 

contrast. The area west of t..'le contact zone appears to be si::nib,r to a 

,2-layer case. 

3.(A) DISC:USSION OF RESUl.TS - SCHLUME ERGER 
DEPTH SOUNDING 

The geoelectric section was derived by curve-matching t~chniques 

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

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

sounding technique is not layered but complex, with vertical and horizontal 

discontinuities. Therefore, the geoelectric sedion is an esti.."l1ate that 

ignores all verticnl din continuities, and ~rror8 of unknovvn magnitude are 

always present. 

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

to tl~e technique. 

Li.ne A 

Line A explores a definite anomaly at about 75N, expanding along 

Line 3. The dipole ... dipole data suggests a complex Z .. layer case with a 

high surficial refJistivHy yielding to an anomaJous low-resistivity zone, 
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continues with depth. A g tronlj reais tivity contrast indicates a c0ntact 

at or ncar 75N with low-r csiativity material to the B outh and hig~ ... ·e .. lis tivity 

to the north. The preB~nce of the contact haa a prnfo'lnd eif'"!ct on the depth

sounding data. 

A complex 4-1ayer case ie indicated by the depth-sounding curves. 

La yex 1 is 56 feet thick with a resintivity of 40 ohrn~feet, indicating S oHa 

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

of 770 ohIn-feet; probably po:3t-caldera rhyolite. Layer 3 is definitely 

anomalous; the re:3istivity is 4.2 ohm feet and the thicknells is 1400 feet. 

Layer 4 is very thick and resi.3tive, indicating nornial basement. 

Alternatel}', layer 4 could represent impcTllieable Dlateri('..l beneath the 

steeply· dipping contact at 7 5N. TIle contact would aCCOuIlt for the dis parity 

between the cCJntinuouSl-with-de ptb. anor.CI.aly indica bed by the dipole-dipole 

survey and the lirrdted depth derbred from the sour..dings. 

Line n 

Line 4 investigates a definita anomaly at lOOE on l.,ine 4. On 

the dipc;>le-dipole profile, a uniform earth bounded by a higher resi:1tivity 

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

on n = 3. 

A 4-1aycr geoelectric section is indica.ted from the depth soundir.g . 

La.yer 1 is 52 feet thick with a resistivity of 10 ohm-feet, indicating 

conductive soils. Layer 2 is 52 feet thick with a reaistivity of 100 ohm

feet, indicating a thin, weathered or altered unit, compositionally similar 

to Layer 2, Line A. Layer 3 is definitely anon:a.lous, consisting of 1300 
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feet 01 low-rcsi.stivity J1:1t::.teri;).1 or 2.3 -::hri:-z,,;,)et. Layer 4 i.e reolstive 

and thick-::.s!.mrned to b0 infir..ite. The horizontal dis contb.uity l~oted on 

the dipole-dipole profilrJ probably represents the interfacB at l<?yer 3 

and layer 4. The thickness of layer 1 d,nei lay·er 2, about 100 feet, 

would not h;."ve been apparent on the 2000 foot dipole-dipole spread. 

Line C 

Line C probes an unanon:alous zone near 140N on Line 1. The 

dit)Ole-dipole profile indicateB a moderately h.igh resis tivity zone 

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

13 ounding contacts are indicated at lOON and l8N. The resistivity is 

rather complex, continuity',vith depth it:: i::1dicatcd and n".h"T.erOU[3 vertical 

discontinuities are present. 

'( 
In contra3t, a complex 3 -layer case ill indicated from tho depth-

Bounding curven. Layer 1 has a thickness of 70 feet \vith 40 ohIn.-feet, 

indicating sQila and/or weathered bedrock. Layer 2 io definitely 

anomalous, 1800 feet thick with a rOl3istivity of 4.2 ohm -feet. Layer 3 

is thick resistive basement. 

A topographic profile a.1ong Line C suggests a. possible source 

of part of the disparity between t;he g~oeJ.ectric section and the di[:>ole-

dipOle data.. The Bounding point io in a small valley a.nd ther e is 500 

feet of vertical relief along lines to the north. The resiztivity low rr.ay 

be in part oWing to a Btrong topographic effect. However, the topogra!)hy 

would not account for the entire low. 

~-( ) 
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Line .L.' inv<!8tiL~ates c.n '.1rJ.ano~r.alo\16 ~;.ortion of Line 2 nc~r 

st:ltion n01;::. ?,csistivitier. along Line 2. a.r,~ moderately- bir,h '.vith <? n:b.or 

lo'.v at 50E to 'JOE. ,'.3t:rO::lg resl.&\ti..,ity CO)'lt't"aGts in.dicate. contact.J at 

theae points. No layering io .:;ugJest0G. 

A ccmplcx 3 -layer caGe is indicated 1::y th.e dept!:l-soun.dbJ curve. 

Layer 1 i3 310 feet thick with a resis tivit;- of 6. 7 ()hm-fe~t. The sour ce is 

probably ccnductiva alluviuzn; swnm?y areas are cornn.on in Valle Gra.ncie. 

Layer 2 haa r,. thicknes:3 of. 60 feet with a resistivity of 17 oruu-r.eet, 

indicating wec.tnerea bedroci<. LaY·3r 3 iu thick, !,(lGi$tbr'~ baSCInent. 

The cotnbin<!d thickneas of lz..yer 1 and layer 2. woul::! not be apparellt ~n :l 

2.000-foot dipole-dipole survey except as :1. alight decrease in n = 1 values. 

,( 
'-

Good corrdatio:'l between be geoelectric aecticn and the cii?ole-cU.polc 

da.ta is present. 

Line E 

Line E Wall traver oed across Line 2 a.s shown on plan map .o·,T/g. No. 

RP 4909-R crossing near station O. The area surveyed waG 3ir.:!ilar to 

the area at Line D. 

1\ compl'ax 3 .. 1ayer case is indicated by the Bounding curve. Layf;~r 1· 

haa a thickneoB of 200 feet with a resieti'<.rity of 25 ohm.-feet, indic:.tbg 

thick alluvium. cover. Layer 2 has a thicknefl3 of 40 feet with ;). resistivity 

of lO obrn-feet, indicating conductive beds, perhapn £aline f.lediInentl3. 

c.. ( 
) 

Layer 3 is thick resistive basement. 
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As 3ugciceted by ,;:lell b, the pn:viou.s report, the al"lon:aIo'.1s Z011l.~ ,kdineJ 

hy Line 3, Line 4, tlnd Line 8 appC2.r:3 to be a. 1'!W-t;:enJ.ing fuwc ~:onc. 

The fault Z0!!e may s"rve as the plun:.bing f3ystem i'.)'!: ascenciin,s geothernlal 

Ibid:J • 

A'defbite anomaly a.t ZCE t'.) 'ZOW, open to t..~e \'leat, iI:; a.l£lo of 

interest. This open ar.on;aly n:ay he t1:-.e nlnthern <~xten3i,?:'l of :1, zan·'! 

indicated on Line 7 <~nd Lbe 4. Addi;;i.:ma.l linen "re nocessary t.o fully 

cicli-::leate and define thin ?ossible ~on{!. 

The f:chlumi:-e:rg.~r d~pth coundings indicate ~xcellent sballo'.,: 

conductivit~ ... on L.L."le A and Line X:. furthc.r c'5tatlilJhingthis zon~ ~3 a 

potential thermal area. 

Cornpadaon between the geoelectric section derived frorn the, 

de pth soundings with the dipole-dipole data. at €-a.cb. point ahowa poor to 

good correlation. The lack of correbtiol1. in each hwtance is inullediately 

apparent when the geologic com,plexity of be region fmrveyed il3 cvn8id(!r~d. 

~~cbJ.ur.aberger d;3ptn sounding£) z..re designed to delineate the geoelectric , 

EJection in a. layere.d earth.. A" illustrated on the dipole-dipole f.J~cfileB, 

the Y:lllee Caldera ill definitely nota layered ea.rt~ situation. 

Line'D and Line E indica te the .!l arne unanoma10us condition 

ind'.l.cated by Line 2. 
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D 1 310 6.7 cO:;lduct{ye Goila 

2 60 17 alluviunl 

3 infinite very high bas>e.lnent 

E 1 200 2S Roila - fJwamp 

2 40 10 alluvium. 

3 infinite vel'Y Ugh basement 
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:reElpons~ at the G?.me ~~htir)n. Perhaps the sit'.mtion r.::ln he rectified by 

!Jtlldicd and cotr.?ared tn th~ r:~si(ltivit:r ::It-..lcii~3 p:ri.'J:t' to drillin·J. 

Dated: Janua.ry 1), 1974 

~dc:?:-L-'l.R GECPHYSICS INCORP8RATED 

Ii£ u/.t#~ 
Jo.e 'NUkins, 
Geophynkif.it 


