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McPHAR GEOPHYSICS .

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD ..

Many geophysical'"‘n‘xethods have been tried in thg‘;_exploration for
geothermally '"hot" areas; in the‘uppe'r regions of the earth's crust. The
only method that has been consistently found to be successful has been the
resistivity technique., In this geophysical methbd, the specific resistivity
(or its reciprocal,v the specific coﬁducﬁﬁW) of the:.ear*:h's ‘su’bsurface is
measured during traverses over the surface,

The principle of the technique is based on the fac‘t that the resistivit-y
of solution-saturatea rocks will decrease as the salir.li;ty of the' solutions is
increased and/or the témperature of ﬂme system is increaséd (see Figure 1).
T}ierefore, volumes of the ;3arth's érhst that contain abnormally hot and saline
solutions ‘can often be detected -as régiox-xs of 10& resistivity.

The resistivity meavsu-réments are usually ma.de using grounded current
and potential 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 there are substantial
flows of hot wa;cer and steam at.the surface.

- The results show resistivity lows meas;xréd w1th é Wepher Configui'ation
Resistivity Surve.y“and a looi)-loop electromagnetic survey. The anémalous

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 w-ith hot solutions does not extend to
thé s_ﬁrféce it w111 be #eceésary to use large electrode iﬁtervals to detect
the resistivity lows.. The resistivity data shown in "'pseudo-section' form
in Figure 3 is from Java. Along this lli.ne tﬁere are two deep regions ofélow
resistivity deteqted for f.helly,a.rger electrode iﬁtervals used. Zone A is

associated with surface manifestations of geothermal a.cﬁv'ity. The source

of the resistivity low at Zone B is unknown.

If the abnormilly hot z;egion occurs in a sedimentary basin, the
general resiétivity"level can bé quite low, due to the high porosity in normal
sediments. This is the case in the Imperial Valley of California. The resisti-
vities sho‘_wn in Figur‘e 4 are frdzh an area near El Ce:.xtro, California. The
largest eiectrode sép;ra.t:ioﬁ used was 12, 000 feet.

The results show a two-layer éeo'rnetry with the upper layer having
a thicknesé of Ava.pproxi.matel'y one-half electrode interval (i.e. 1,000 feet).

The résistivity in'ﬁhe upper layer is 3.0 ohm-meters; 4the resistivity of the
lower layer is 1. S'Ohm-meters.\ Due to the small resistivity contrast,
additional measurements would be necessary to determine the possible
geothez;mal importance of the lower resistivity layer at depth. .

The results shown in Figure 4 are from a dipole-dipole electrode con-
figuration survey. Our dipéle-dipole data is plotted as a ''pseudo-section' :for
several values of n; thé separation be&een 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 a.‘rray ‘of
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r data is then contoured (see below). The contour plots are not sections of the

DIPOLE-DIPOLE PLOTTING METHOD
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electrical properties of the earth; they are convenient graphical representati,ofxs
of the measufeme(nts made. However, with experience the contour patterns can
be interi:reted to give some information about the source of the anomaiy.

If the contour patterns indicate very simple geometries, more quantitative -
_interpretations can often be fr_xa.de. For instance, if the contours are horizontal
for a lateral distance of four to six elect;-od'e intervals, a»horizc:mtauy layered.

‘ geometry is indicated. In this situation, theofeﬁcal type-curves for diéole-
dipole measure’xnéﬁts m a layered geometry ;ax; be used in "curve fitting''

\

techniques to give the true resistivities and depths for the earth.
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McPHAR GEOPHYSICS

REPORT ON A
RECONNAISSANCE RESISTIVITY SURVEY
| N THE |
BEOWAWE AREA
LANDERS AND EUREKA COUNTIES, NEVADA
FOR o

CHEVRON OlL COMPANY

1. INTRODUCTION

At‘the‘ request of Mr. William Meré. geologist for Chevron Cil
Company, Minerals Division, McPhar Geophysics has completed a
Recoﬁnaiutnce Resistivity Survey in the Beowawe An_&. Dndora and
Eureka Counties, Nevada. The survey area is iocttod in T.31N., T.32N,
sad R, 47E., R.48E, and R.49E, |

| .'rhe Btow;wi aru;ppe‘n to be & down-dropped fault block

underlain by Tertiary uidcattic bau.l.t flows which overlie Paleosoic
-li];.icious sediments., Faulting is evident in the &a. the most proncunced
is the Malpais fault which produced a scarp over 200 feet high. Eleven
wells have been drilled by Magma Power Company in the area. The
~ maximum recorded depth is 2052 feet with 2 maximum well temperature of -
414°F, Numerous fumaroles and hot springs are located {n the area aad'
cﬁrreﬁﬂy three of Mﬁgms'c wells are blowing steam. ms area has been

designated a KGRA, | | |
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The purpose of the Reconnaissance Survey was to locate and delineate
low x:'eshtlvity sones that might Indicaﬁ areas of conéonﬁstad thermal
activity. Measurements were made with 2000 foot dipéleq ‘st oio-th:ongh:
five dipole oep@r;ﬁm ulon; roconi:nhunco lines spaced .a'pproédmatdy
one mile apart. A frequency of 0,125 Hz was used in order to minimise
;ttcnmm‘:n of iho electric fleld dhc to o;ddy-cufr_-nt dissipation of energy
and at the same time avoid telluric noiss. | |

| The rnrvﬁy was supervised and conducted by Mr. ﬁobon Anderson,

geophysicist.

2. PRESENTATION OF RESULTS

The resistivity survey results are shown on the foiloving data ‘plo.u

in the manner described in the notes which uconipany this riﬁort. '

Line | ‘Electrode I.ntcmls‘ o Dwg. No.
T 2000 feet IP 6180-1
2 . 2000feet 1P 6180-1
3 ' . 2000 feet - TP 6180-1
4 | 2000 fest IP 6180-2°
5 | - © 2000 feet 1P 6180-2

Also enclosed with this report {s Dwg. No. Ri’;4983, s plan map of
the survey area showing the loctﬁoi of the survey lines and an interprated
true resistivity along each survey line, at a scale of l"' = 2000 feet. The'
definite, probatle and poilible Ruisﬂvity low anomalies are indicated by
bars, in.a manner shown in the hgcnd. on the plan map as on the data plots.

These bars represent the surface projection of the anomalous sonks as
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lntcrgretcd from the location of the transmittar and receiver electrodes
when the anomalous values were measured. The interpreted true resistivity

sections along each survey line have been compiled with the aid of two-

dimensional theoretical curves and three dimensional model studies.

3. DISCUSSION OF RESU L‘I‘S

The apparent resistivity measured during this survey is relatively
high comptréd to mogst aress McPhnr has praviously surveyed for Chcvroﬁ
Oil‘Company. In areas of high ruhdvlty. geotherrJnnl iciorvoin are
more ecasily identified dn‘; to the high coanductivity of the reservoirs compared
to the surrounding r‘ock. World-wide production of geothermal rescurces
is in areas having rubﬁvitiu less than 10 ohm meters.

This survey has located some areas of resistivity less than 10 obm

metera. A discussion of the results along each survey line follows:

\

Line
The anomaly int_arpf.tod on this line between 100N and 150N is probably
- & definite #nomly but since cne critical set of dipole readings could not be
obﬁtned. the éattqrn is not complete and the ;amaly is shown as probable
A cliff exists betweea 100N and 'IZON 80 it is almost impossible to
obtain the essential data at this location. But from the readings obtained
on each side of the cliff it appears that a shallow anomaly with pouibl;
continuity with depth {s associated with the Malpais fault,
The missing data is across t!u area where Magma Power Company

drilled their wells.



Line2
A definitz deep anomaly occurs between 100N and 140N and extends
as a probable anomaly from 140N to 150N and a possible anomaly 150N to
‘180N, |
~ The true resistivity section across the anomalous ares lnd.icsin a
conductive sane of less than 10 chm metars underlying 2000 feet of high
resistivity material. The conductive zone appears to increase u. depth

to the aor_th.

Line3

A probable deep anomaly exists between 110N and 170N.

One set of dipole' rudings has again not been r.cordcd due to the
steep cliff, The resistivity measured on each side of the missing data
approximates & .hﬁyer.d urth but the m_r-inrfaco layer scuth of the
Malpais fault has a lower resistivity than the sarface layer to the north,
The underlying layer, ;pprmuiy 2000 feet 'dup. bhas a uniform

resistivity above 15 chm meters, for the entire sarvey line.

Line 4
A probable anomaly occm‘-n"betweeu 40N and 120N and appears to be
open to the south, |
The true resistivity sections indicate a conductive source having a
resistivity between 15 to 20 ohm meters at approximataly 1000 feot desp
beneath 40N to 80N and increasing in depth to the north,
Line s

A shallow dafinite amomaly of less than 10 ohm meters eccurs between



120N and 140N and does not exhibit any continuity with depth,
Possibly a low resistivity sone exists beneath 60N to 30N but the

present data does not axtend far encugh south to allow interpretation. .

The Reconnaissance Resistivity survey of fho Eeowaws area Sgs
' located anomalous rupmu_aldng each survey lins that appear to colncide
with the Malpais Fault. The most intsresting anomaly occi.fs on Line 2
between 100N and 140N at depth, This is the approximate location of &
well which lnl just been completed by Chevron Oil Company.

.‘I‘hh survey confirms that the ﬁct well was required and properly
located. However, the data does nét provide an alternative well site within
the depth penetration limits of this survey. |

A eo'rr’hﬁoa of the resistivity data with ths available ‘_nu;hoh data

may assist in determining the location for another wall.

MecPHAR' GEOP’HYSICS INCORPORATED

¢ Bruco 8..&:11.

Dated: July 18, 1974
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McPHAR GEOPHYSICS

REPORT ON THE
SUPPLEMENTAL RECONNA!SSANCE
RESISTIVITY SURVEY
IN THE
BEOWAWE AREA
LANDERS AND EUREKA COUNTIES, NEVADA
FOR

CHEVRON OIL COMPANY

1. INTRODUCTION

At the request of Mr., Wllliam Mero, geologist for Chevron
Oil Company, Minerals Division, McPhar Goophysics has conducted an
addltionh Rocomluueo'aubﬂvlty Survey lins in the Beowawe ar‘a.
Landers and Eureka Counties, Nevada,

Thtorlgioml survey of the Beowawe area was conducted in
June 1974, and consisted of five survey lines vb.ici: located soms possible
to definite anomalies adjacent to ths mpala fault (sce report on Beowaws
area for Chevron Oil Company datsd July 18, 1974¢).

The additional line discussaed in this report was surveyed ons
mile east of the original survey area in an attempt to locate 8 low resistlivity |

sone that may indicate an extension of the snomalous response of the previous



survey. Msasuremsents wers mads with 2000 foot dipoles at one-through. -
five dipole separation. A frequency of 0.125 Hs was used in order to
minimise atunuuoi of tha electric field due to eddy current dissipation of
enargy and at the same time avol.d telluric moise.

The survey was conducted by Mr. Daniel Merchant, geophysical

tochnician.

2, PRESENTATION OF RESULTS

The resistivity survey results are shown on the following dsta

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

Line . Electrode Intervals Dwg. No,
B-6 - 1000 foet - R 62¢4 -1

Also gnclosed with this report is Dwg. RP-4983R, & revised
.pl&n mzp of the survey area showing the location of sll the survey lines
end an intarproted truve n-lstivlty along oach curvey lins, at e scale of
1" = 2000 feet. The ésfinite, probshle and possible Rasistivity low anomalies
sre indicated by bars, {n & manner shown {n the legend, on the plaa map &s
on the data plots. Theese bars represent the surface projection of the snomalous
sones as {aterpreted from ths location of the transmitter and recelver 010::*06“
when the snomalous valuss were measured. The interpreted trus resistivity
sections along each survey line have been compiled with the aid of two-dimen-

sional d;oontical curves and three dimensional modﬁl studies.
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3. DISCUSSION OF RESULTS

The previous resistivity survey of the Beowawe area located
snomalous responses that appear to coincide with the Malpais Fault along
each survey line. The most lntc-roiung srxomaly, en Line 2, at depth between
100N and 140N, has been drilled by Chevron Ofl Company.

The apparent resistivity meugnd during this survey is generclly
consistent with the previcus survey except bestween 180N and 220N. The
Malpais Fault erosses Line 6 at approximately 210N; station 200N is on the
up-&rﬁt side of the fault and station 220N on the down-dropped side. It is
believed that the elevation ehangs across this dipole _ku produced the high
resistivity between 180N and 200N and the low resistivity centered at 200N
to 220N. The attached thooretical resistivity scale model study, cose T-V30° -
250-1 gshows the resistivity pattorn across a vailoy which (s similar to the
recults ebtained on Lins 6. |

A possible snomaly has boon interpreted bmﬁn 200N end 220N,
bat this low resletivity may be due oolely to topography.

The rosults of the resistivity survey on this line are hcouln;ln. '

McPHAR GEOPHYSICS, INC.

§

Dated: November 29, 1974
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McPHAR GEOPHYSICS LIMITED

Theoretical Induced Polarization and Resistivity Studies

Scale Model Cases
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