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McPHAR GEOPHYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

Many geophysical method; have been tried in the exploration for
geothermally '"hot" areas in thg uppér regiohs of the earth's cfust. Tﬁe :
only method that ha§ been consistently found to be successful has Abe'en the
resistivity technique.. "In this geophysical méthod, the specific reéistivitf
(or its reciprocal; the specific coﬁducﬁﬁw) of the earth's suﬁsurface is :
measured 'during traverses over the sﬁrfaée.

The principle of the tech.n1que is based on the fact that the res1st1v1ty
of solution- saturated rocks will decrease as. the salmzty of the soiuttons is
jincreased and/or .thev temperature of the z-;ystem is 'increa,sed (sge Figure i).
Tlierefor‘e, volumes of the earth's crust that contain abﬁormaﬁy.hot apd saﬁne
solutions can often be detected as riegio.ns. of low resistivity.

The resistivity measurements are usua.liy made usi_ng.grounded 'éurfént
a_nd potential electrodes, but some useful data .ca.n sometimes be o'btain.ed using
electromagneti'c techniques. The _field data shown on ‘plan 'rhabs in Figulie-z a'.r.e |
{rom the Broadlands Areé in New Zealand; in this-a.re‘a ﬂxé:e #re‘sﬁﬁétanﬁal

flows of hot water and- steam ét the surface.

The results show :esiétivity lows measured with ‘a; 'Wei_mer Cgﬂﬁg_uratioﬂ
Resistivity Survesr and amloop-looé eléctromagnetic ';ur\;ey_.  The anomalm;s '
pattern 5ts much the samé in both cases and the regions of low resisﬁvity cor- |

relate well with the areas of increased rock tempei'ature.
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If the rock volume satura';ed w-ith hot soiutions does not extenﬁ to
the surface it will be neces sary to use large electrode intervals 'to-detect '
tﬁe resistivity lows.. The resistiﬁty data shown in "pseudo-section' form
in Figure 3 is from Java. Al.ong ﬂﬁs line there are th deeé regions of I!ow
resistivity detected for thehlarger electrode intervals used-.'. Zone A is
asso?:iated with surface nganifesta;tions of geothermé.l ac.tivity. The source

of the resistivity low at Zone B is unknown.

If the abnormally hot region occurs in a sedimentary basin, 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 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 geometry with the ﬁpper layer havingi
a thicknesg of approximately one-half electl:ode iﬁterva;l (i. e. 1;000 feet).
The résisﬁvity in the ﬁpéer layer is 3,0 o}unf-_méters;'..thc-e .resistix_rit;-y 'b'f the i
lower layer is 1.5 ohm-meters. Due t§ the small 1;esistivity .confra.st,
additional measureﬁents woﬁld be n.ecessa;ry to determine the possible "
geothermal irriporténce. of the lower resistivity layer at depth. ~

The z:esults shown in Figure 4are i'rom a-dipoléfciipolg élecﬁ‘_ode con-
figuratiori survey. Our dipole-dipole dat# is plotted as a "pseﬁao-'s-ect-iorx:" for :
several values of n; the separation between t-he current eléc;trodes and .p-oAt’ential

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 not sections of the
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DIPOLE-DIPOLE PLOTTING METHOD
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electrical properties of the earth; they ai}e convenient graphical,représeﬁté.ﬁonﬁ |
of the measurements rn‘a.ﬁe. However, with e‘xéefieﬁée the conto;'ir- pattéfﬂs can
be interpreted to give some information about thé source of the é.;mr-ha.ly..'

If the contour pa.t't>erns indicate vefy As.imple. geoinetrieé. more q;zé.ntitativel
intei-pretations can often be made. 'Fbr ins_tance; if the-contours' are hﬁfizorital |
for a lateril disAta.nc,e of four to.six electrode inter;ra.ls, a horiz;mtaily 1#jeréd 4
( geometry is indicated’.' In this situa.fion, theoretical type-c\u"ve4s for ;lipéie—
dipole measurements in a lé.yereci geometry ci.r; be used in "curve fitt;i;ng" |

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

At the request of Mr. Wllliam Mero, geologist for Chovrﬁn '
Oil Company, Minersls Division, McPhar Geophysics has éonducud an |
a@dldoul Ro_ccmluneo- Resistivity Survey line lﬁ the Beowawe area,
Landers and Eureks COuntio;. Nevada, |

The origional survey of the Beowawe area was conducted in
June 1974, and consisted of five survey lines which located some possible
to definite anomalies adjacent to the Malpals fault (see report on Boov;ic
area for Chcmn Ot1 dmny dated July 18, 1974).

‘The additional line discussed in this report was surveyed oni
mile east of the original survey ares is an attempt to locate 8 lov resistivity |

sone that may lndicah an extension of the anomalous response of the pravious



survey. Measuremsnts were mde with 2000 foot dipeles nt'ono-throagh-.
five dipole separation. A frequoncy of 0.125 Hs was used in order to
minimise atunutﬁn of the electric field due to eddy current dissipation of |
energy and at the same time avoid telluric noise.

The survey was eonducted by Mr. Daniel 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 Intervals Dwg. No,
B-6 . 1000 fest R 6244 - 1

Also cncloncg! with this report is leil.' RP-4983R, a revised
plan map of the survey ares :hav}n; the location of 211 the survey lines
snd an intarpreted tree resistivity along esch survey line, at a scals of
1" = 2000 feet. The definite, probable and possible Resistivity low anomalies
sre {ndicated by bars, {n 8 manner shown {n the legend, on the plan map as
on the data plots, Thess bars represent the surface projection of the anomalous
'lonan as interpreted from the location of the transmitter and receiver slectrodes
whea the anomalous values were measured. The interpreted trus resistivity
sections along each survey line have been compiled with the aid of two-dimen-

slonal t!;iorotieal curves and three dimensional modhl studies.
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3. DISCUSSION OF RESULTS

The previous ruhtlv’ity survey of the Beowawe area located
anomalous responses that appoar to coincide with the Malpais Fault along
each survey lline. The most lntelrutlng ;u::/n\xly. on Line 2, at éepth betvoﬁn
100N and 140N, has been drilled by Chevron Ofl Company.

The apparent resistivity measured during this iumy is generally
conslstent with the previcus survey except between 180N and 220N. | The
Malpais Fault crosses Line 6 at tpprpxlmtcly Z10N; station 200N is on the
up-thrust side of the fault and station 220N on the down-dropped side. L e
believed that the elevation change across this dipole has produced the high
" resistivity between 180N and 200N and the low resistivity ceatersd at 200N
to 220N. The attached theoretical resistivity scale ondol study, case T-v30°.
250-1 phown the resistivity pattern scross a valley which i{s similar to the
results ebtained on Lins 6. |

A possible anomaly has been interpreted bcuu;cn 300N ;nd 120N,
but this low resistivity may be due solely to Gopoxuphy.

The results of the nchtlvity survey en thh line are lnconcluln.wz
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McPHAR GEOPHYSICS LIMITED

Theoretical Induced Polarization and Resistivity Studies
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