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McPHAR GEOPHYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

Many geéphysical methodg have been tried in the exploration forA :
geothermally "hot" afeas in the uppér ’regioﬁs of the earth's cfust. ﬂe S
only method that haé been consistently found to Ee successful has .be'en the:.
reéistivity techniquel. In’thiAs gedphysical méthod, the specific reéistivity.
(or its reciprocal,. the specific coﬁductivity) of the éarth-'s suﬁéurfacé 1s :
rﬁgasured"du;ing traverses over the surface.

The principle of the technique is bas ed on the fact that the resistivi't.y -
of solution-satt-lrajted rocks -willAdec:ease.as‘the saliz;it);..of the sqluti;:ns is  |
jncreased and/or .th‘e ter'n‘perature of the éysterr; is increas=ad (s_:ee-Figu.re i). _
Tliereforhe, volumes of the earth's crust that coptain _abnorma'llyl.hbt a.r;d saline :
solutions can often be detected as r.egiohs- of low résisti'vi'ty'.“.b |

The ;-esistivity. measurements are uéualiy made using gfouﬁded current
apd potential electrodés, but some useful data Ean somefirr;es bé obtainevd using
eléctror_hagnetic teéhni&;ues. The »fiield data shown on élan maps m Figu.rze.Z *é.r‘-e' '
from the Broadlands Areé in Ne\;v Zealand; in this ;irea there z;re"sﬁbvéta.n_tia.l, |
flows of hot v;rater ‘a.nd- s_team‘ é.t the surface.

The rgsﬁlts show xesis;ﬁvity lows méasurea with é We-l.'mer Cpﬁiiguratioh '
Resistivity Su?vey'r and amlovop‘-loob el-ect.:romagnetbricl éur\;ey. " The a;lomalo;s
pattern‘ifs much the same in ;bofh c'a;xes and the régidns 'of low res.is.ﬁvity C(.)I;f'

relate well with the areas of increased rock tempei‘ature.
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If the rock volume saturated w.ith hot soiutions does f'xcgt exteﬂd to
the surfacé it will be necessary to use large ele.ctrc;de ‘intervals to.detectA
the resistivity.lows. The resiétiﬁty data shown in "pseudo-seétion" form
in Figure 3 is from'JayaL. Aiong timis line there are th deep reg.ions.of‘ low
resistivity detected for the.larger electrode intérvals uS'ea; ' Zone .A is
ass oc;iated with surface manifeététions of geo.’chefmé.l acfivity. The source -
of the resistivity low at Zone B is unknown.

If the abnormélly hot regiori occurs in a sedinlenta;-y Ba‘shin, the

general r'esistivity‘ level can be quite low, due to the high_pbrosity in normal -

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

vities shown in Fig'ur‘e 4 are frbfn an area near El Ce-ax-ltr'o, .Cal'ifor'nia.. V»The
largest electrode separation p.—sed was(lZ; bOO feet. |

They results show a two-;layer geometry with the ﬁpper layer_having;'
a..thicknes‘s of approximately one-half elécijodé ilnterva;l (i. e. l, 000 feet); ’ ) |
The r-e.sistivity in the ‘ﬁbf‘)er layer is 3.0 ohn;;fmétersj"ti—xé resisti\}it;y '(.)f the |
lower layer is 1. 5 ohm-meters., Due t-o. the small Aresistiv—it‘y .c\on’vcrast,
additional meas_urefhents would be n.ece_ssa-ry to determine the possible !
geothermal iniporté.nce, of the lower resistivity layer at aepth. -

The r-esults shown in Figure 4 are nfl_"om a.‘dipole-.d’ipolel: él’ec&ode con;
ﬁguratior; survey. Our dipole-dipole daté is plotted as a "pseu'do—-sv;e.ct;on” fdr :
several values of n; the separation between £he current electrodes and .Po-t.c‘entia.l

ele'ctrodes.,' as well as the location of the electrodes along the survey line,

determine the position of the plotting point. The t\&o;dimensiohél a.rr'ay‘of .
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data is then contoured (see beléw). The contour plots are not sections of the

DIPOLE-DIPOLE ‘PLl.‘OTTINGA METHOD
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electrical propertiés of the earth; they ai%e convenient graphical,représgﬁté’cion#
of the measurements ma.-de; | However, with ‘e‘x-p'e'rienc-e the c.o.ntolt'ir.ipa.t‘téfn-s can
‘b.e intefpréted to.gi-ve some info;:x;na.tion a‘boﬁt the source of the é{ﬁo?ﬁa_lf. ih
if the contour pa‘t't.erns- ihélif:ate very Sirnple gver'rnetrieé, more quantitative-
intefpretations can often be made. For ins:tance; if the”con_toursA.a:ré héfiéorital 3
for a.Aia;ter;.I dis‘tanc_e of four to six elecfrode 'intér;rals, a horizt')'n-tally.n‘la:yeréd
( © geometry is indica.ted'.. In thisv situa"cion, "theoreticé.l type-c#fveé for ;li_pcA)_lle-v- |
dipole measurements in ér lé.yer_ecjl-geometry Céirx. be used in "curve ﬁtf;in'g_" |

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

At the request of Mr. William Mero, geologist for Chevron
oil compaﬁy. Minerals Division, McPlur Geophysics has conducted an
tﬁitioul Reconnaissance Ruictiviéf Survey line in the Beowawe area,
Landers and Eureka Counties, Nevada,

The origional survey §£ the Beowawe area was conducted in
June 1974, and consisted of five survey lines which’locato;! some possible
to definite anomalies adjacent to the Malpais fault (uc report on Beowawe
area for Chevron Oil Company dated July 18, 1974).
| The additional line discussed in this report was surveyed one
mile eut} of the oﬂginal survey area in an attempt to locate a low resistivity K

zone that may indicate an extension of the anomalous response of the previous
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survey. Measurements were made with 2000 foot dipoles at one-through-

five dipcle separation. A fregquency of 0.125 Hs was used in order to

minimise httpnuttoi of the electric field due to eddy current dissipation of ;

energy and at the same time avoid telluric noise. |
The survey was conducted by er. Danlel Merchant, geophysical

technician,

2. PRESENTATION OF RESULTS

The resistivity survey results are shown on the following data

plots in the manner described in the notes whick accompany this repert.

Line Electrode Intervels Dwg. No.
B-6 | 050 feet | R 6244 - )

Also enclosed with this répo‘rt is Dwg. RP-4983ﬁ. a revised
plan map of the survey area ahniu the location of 21l the survey lines
snd an interpreted true resistivity along esch survey line, at a scale of
1" = 2000 feet. The definite, probable }ad possible Resistivity low anomalies
sre indicated by bars, {n a manner shown {n the legend, on the plan map as
on the data plots. These bars represent the surface projection of the snomalous
zones as {nterpreted from the location of the tranamitter and receiver electrodes
whea the anomalous values were measured. The interpreted true resistivity
uctlo’nln along each uuMy line have been compiled with the aid of two-dimen-

sional theoretical curves and three dimensional model studies.
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3, DISCUSSION OF RESUL'TS

The previous nalouvity survey of the Beowawa area located
cnomaloul respouses that appear to coincide with tha Malpais Fault along
'each survey }une._ A'-rhe most (nte,ruung anomaly, on Line 2, at depth between
100N and 140N, has been drilled by Chevron Ofl Company,

‘The apparent resistivity measured during this limr is generslly
consistent with the previous survey ax?ept between 180N ﬁd 220N. The
Malpais Fault crosses Line 6 st approximately 210N; station 200N is on the
up-thrust side of the fault and station 220N on the down-dropped side. It i»
believed t}ut. the elevation change u_.:.‘ﬂro-u'u this dipole has produced the high

 resistivity between 180N and 200N and the low resistivity ceantered at 200N
to 220N. The attached tﬁwmﬂcal resistivity scale model study, aie T.v30°-
250-1 shows the resistivity pattern urou. a valley which is similar to the
" results obtained on Line 6. |

A possible anomaly has been 1nterprete§ W;en 200N ;ad 220N,

but this low resistivity may be due solely to eopoguphy.

The results of the ruhtlvity survey oa thio uno are lncoucluivo'.ﬂg

McPHAR GEOPHYSICS INC.

o

Bruce 8. Bsll
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