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McPHAR GEOPHYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

~

Many geophysical methods have been tried in the explo:aﬁon fof
geothermally "hot'" areas in thg uppé; regions of tixe earth's crust. The
only method-tha_t has b"een consistently found to be successful has 'be»en the
resistivity technique. In this geophysical method, the specific resistivity
(orA its reciprocal,- the specific cohductiv;ity) of the earth's su‘bsi\.u.-face 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 sélinity of the solutions is

increased and/or the temperature of tﬁe system is increased (see Figure 1);
Tlierefére, volumes of the earth's é1:uet that contain a'bnormaily hot an_d saline
solutions can often be detected as regions of low resisﬁvity.

The resistivity. meaéurements are usually made using grounded ¢uri'ent
and potential electrodes, buf some useful data can sometimes be o‘btain'ed using
electromagnetic techniques. The field dat;a shown on plan maps in Figure 2 are
from the Broadlands Area in New Zealand; in this area there are substantial
flows of hot wafe‘r. and steam at the s'urface._

The results show resistivity lows measured with a Wenner Configuration

Resiséivity Survey and a loop-loop electromagnetic survey. The anomalous

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

relate well with the areas of increased rock temperature.
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If the rock volumeAsaturated w.ith hot solutions does not extend to »
the surface it will be‘heces sary 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 tl;ere are two deep iegions of }ow
resistivitjr detected for thevlarger electrode intervals used. Zone A is

associated with surface manifestations of geothermal acﬁvity. 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'porositf in normal
sediments. This is the case in the Ixhperial Vauey of Califqrnia; The're#isti-{
vities shown in Figur.e 4 are frofn an area near El Cé;ltro, California.. .‘The s |
largest electrode separation used was 12, 000 feet.

The results show a two;layer geometry with the upper layér having
afhicknesé of approximateiy one-half electrode interval (i.e. 1,000 feet). |
The résistivity in the upper layer is 3.0 ohm-hleters;‘ .thé resistivity of the |

lower layer is 1.5 ohm-meters. Due to the small resistivity contrast, .

\
additional measurements would be nécessary to determine the possiblel
geothexjmal importance of the lower resistivity laye; at depth.

The results shown in Figure 4 are from a dipole-dipole electrode con-
figgratibn survey. Our dipc‘:le-d.ipole data is plotted as a ".pseudo-sectioﬁ" 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 posin'on-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

DIPOLE-DIPOLE PLOTTING METHOD
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electrical properties of the earth; they are convenient graphical representations
of the measurements made. However, with experience the contour patterns can
'be.interpreted to give some information about the source of the anomaly.

If the contour patterns indicate very simple geometries, more 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;
geomet.ry is 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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1. INTRODUCTION

At tﬁe request of Mr, William Mero, geologist for Chevron Oll
Company, Minerals Divlulan; ﬁcPhar Geophysics has completed a
Reconnai-nnc;; Resistivity Survey in the Beowawe Area, Landers and
Eureka Counties, de&.' The survey area is located in T,3IN,, T.32N,
and R.47E,, R.48E, and R, 49E,

The Eeowawe ares appears tobe s down;drbppod fault block
underlain by Tertiary snde-litic balallt flows which overlie Paleosoic
silicious sediments., Faélting is evident in fho area, the most prﬁnounecd
is the Malpais fault which produced a scarp &cr 200 feet high, Eleven
wells have been drilled by Magma Power Co_mpnny 1n the area. The
maximum recorded depth is 2052 feet with a maximum well temperature of
414’1".» Numerous fumaroles and hot aprings are located in the area and

currently three of Magma.'o wells are blowing steam. This area has been

designated a KGRA,
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| The purpose of the Reconnalssance Survey wiu to locate and glelinute |
low resiaﬂvfty gones that might indicate areas of concc:ntfltod thermal
activity. Meunromohtc were made with 2000 foot dipoles at dno-throngh:
five dipole neparaﬂ@ along reconnaissance lines spaced ;pproxlmatdy |
one mile apart. A frequency of 0,125 Hz was u;d in order to minimise

attenuation of the electric field due to eddy current dissipation of energy

‘end at the same time ;void telluric noise.

The survey was np&rv‘hod and conducted by Mr. Robert Anderson,

geophy.sicis t.

2. PRESENTATION OF RESULTE

The resistivity survey results are shown on the following dan plots

in the manner described in the notes which accompany this report,

Line Electrode Intervals . Dwg. No.
1 - - 2000 feet IP 6180-1
2 | 2000 feet a IP 6180.1
| 2000 feet 1P 6180-1
4 2000 feet ‘ 1P 6180-2
5 | - 2000 feat | . 1P 6180-2

Also enclosed with this report {8 Dwg. No. RP-4983, a plan map of
the survey area showing the location of the survey lines and an interpreted

true resistivity é.long each survey line, at 2 scale of 1" = 2000 feet. The

'definite'. probatle and possible Resistivity low anomalies are indicated by

bars, in & manner shown in the lagend, on the plan map as on the data plots.

These bars represent the surface projection of the anomalous sones as
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interpreted from the location of the transmitter and receiver electredes
when the anom&loﬁs valuss were measured. The interpreted true resistivity
sections along each survey line have been complled with the aid of two-

dimensional theoretical curves and three dimensional model ltﬁdies.

3. DISCUSSION OF RESULTS

" The apparent resistivity measured during this survey is relatively -
high compared to mogt areas McPhar has previously surveyed for Chevron
Oil Company. In areas of high resistivity, geothermal reservoirs are
more easily identified due to the high conductivity of the reservoirs compared
to the surrounding rock. World-wide production of geothermal rescurces
is in areas having resistivities less than 10 ohm ma@cn.

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

meters. A discussion of the results along esch survey line follows:

Line 1

The anomaly interpreted on this line between 100N and 150N is probably
a definite anomaly but since one critical set of dipole readings could not be
obtained, the pattern is Bot cempl;te and the anomaly is -I;own as prqbible

A cliff exists between 100N and 120N 05 it is almast" impossible to

obtain the essential data at this Jocation. Eut from the readings obtained

on each side of the cliff it appears that a shallow anomaly with possible

continuity with depth is associated with the Malpais fault.
The missing ﬁan is across the area where mgm Power Company

drilled their wells.



Live 2

A definite deep anomaly eccurs bciwoui 100N and 140N and extends
as a probeble anomaly from 140N to 1 SON and a possible anomaly 150N to
180N, |

The true resistivity section across the anomalous area tndiatcll s
conductive sone of less than 10 ohm meters underlying 2000 feet of high
resistivity material. The conductive zone appears to increase u. depth

to the north,

Line 3
A probable deep anomaly exists between 110N and 170N.
One set of dipole readings has again not been recorded due to the

steep cliff. The resistivity measured on sach side of the missing data

-,

spproximates & layered earth but the near-surface layer south of the
Malpais fault has a lower resistivity than the surface layer to the north.
The underlying layer, approximately 2000 feet deep, has a uniform

resistivity above 15 ohm meters, for the entire survey line,

Line 4.

A probable anomaly occunAbetween 40N and 120N and appears to be
open to the south, |

The true resistivity sections indicate s conductive source having a
resistivity ﬁctwecn 15 to 20 ohm meters at appre:lmgtely 1000 feet desp

beneath 40N to 80N and increasing in depth to the north.

Line S

A shallow definite snomaly of less than 16 ohm meters occurs between
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120N and 140N and does nmot exhibit any continuity with depth.
Possibly a low resistivity zone exists bebmth 60N to BON but the

present data does not extend far enough south to allow interpretation.

4. .C.OANCLUSIONS ARD REC OMMENDA’LIONS o

The Reconnaissance Resistivity survey af the 'Eo_owsyﬁ aresa has
located uomalmub responses :along ctgh survey li.nov that appear to‘ eoincide
with th§ Malpais Fault. The most interesting anomaly occurs ca Line 2 -
between 100N and 14!;N at depth, This is the approd:zﬁte ioc_aﬁcn of a
well which has just been completed by Chevron Ofl Comfaéy. |
| This survey confirms that the test wn‘ns required and ;ropcriy )
located. However, the data does not provide an altermt_ivg well site within
the depﬂz penetration limits of this survey. | |

A correhtién of the resistivity dgta with the available well;holc data
may assist in determining the leatidn for another wall, |
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