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McPHAR GEOPHYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

Many geophysical methods have bgen tried in the exploration for
geothermally "hot'' areas in the uﬁpér regiéns of the earth's crust. The
only method that has been consistently found to be successful has been the
resistivity technique. In this geophysical method, the specific resistivity
(or its reciprocal,» the specific coﬁducﬁvity) of the earth's subsurface is
measured during traverses oxr:er the surface.

The principle of the tgchnique is based on the fact thth the resistivity
of solution-satura.fed rocks wﬁl Adecrease as the salinity of the solutions is
increased a-nd/or the temperature of the system is increased (see Figure 1).
Theréfore, volumes of the earth's crust that éontain abnormall).r hot and saline -
solutions can often be detected as regions of ldw- resistivity.

The resistivity measurements are usually made using grounded current
ahd potential electrodes, but some useful data can sometimes be obtained using
electromagnetic techniques. The field data shown on plan maps in Fiéure 2 are
from the Broadlands Area in New Zealand; in this area there are substantial
flows of hot water and steam at the surface.

The results shc.;»w resistivity lows measured with a Wegner Configuration
Resistivity Survey andva loop-lbop electromagnetic survey. The anomalous
pattern is much the same in both cases and the regions of iow 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' form

in Figure 3 is from Java. Along this line there are two deep regions of low

resistivity detected for the larger electrode intervals used. Zone A is
associated with surface manifestations of geothermal activity. The source

of the resistivity low at Zone B is unknown,

If the abnormally hot region occurs in 2 sedimentary basin, the
general resistivity level can be quite low, due to the high porosity 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 uppef layer ﬁav%ng
a thickness of approximately one-half electrode interval (i.e. 1,000 feet).
The resistivity in the upper layer is 3.0 ohm-meters; the resistivity of the
lower layer is 1.5 ohm-meters. Due to the small resistivity contrast,
additional measurements would be necessary to deterr'nine the possible
geothermal importance qf the lower resistivity layer‘ at depth.

The results shown in Figure 4 are from a dipole-dipole electrodé 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-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
[ ( geometry is indicated. In this situation, theoretical type-curves for dipolé-
dipole measurements in a layered geometry can be used in “curve fitting"

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

REPORT ON THE
RECONNAISSANCE DIPOLE-DIPOLE
RESISTIVITY SURVEY
IN THE
SODA LAKE AREA
CHURCHILL COUNTY, NEVADA
FOR

CHEVRON OlL COMPANY

1. INTRODUCTION

At the reélluut of Mr. William Mero of Chevron Oil Company
McPhar Geophfnicl has completed a Roconn_l.inum_:c dipole-dipole
Resistivity Survey in the Soda Lake Area, Churchill County, Nevada.

Ixﬁtiallj. the resistivity survey of the Soda Lake, Known
Geothermal Resource Area, was to éonaiit of .ﬁv.e north-south lines
across an area of high temperature gradient. It was apparent, upon
completion of Line A through Line E, thltl. sone of low ruhﬁvity
extended beyond the area surveyed and additional lines were proposed

to. determine the extent of this sone. Measurements were made with

2000 foot dipoles at one-through~four dipole separations along eight

reconnaissance lines spaced approximately one mile apart, A l’roquency-

of 0.125 Hz was used in order to minimize attenuation of the electric |
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field due to eddy current dissipation of energy and at the same time

avoid telluric noise.

2. PRESENTATION OF RESULTS

The resistivity survey results are shown on the following data

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

Line | ‘ Electrode Intervals Dwg.No.
A 2000 feeot R 6} za-i
E 2000 feet R 6128-1
C | 2000 feet | R 6128;1
D 2000 feet | R 6128-2
E 2000 feet R 6128:2
F o 2000 feet R 6128-2

G 2000 feet .~ R6128-3
Hq 2000 feet R 6128-3 5>

J | 2000 feet "R $128-3 |

LANJ.

Also enclosed with this report is Dwg. Né. RP 4948, a plan ﬁu.p of
the Soda Lake Area grid at a scale of 1" 8 2000'. The definite, probable
and possible Reéistivity low anomalies are indicated by barl-,' in a manner
shown in the legend, on this pPlan map as well as on. the data plots. These

bars represent the surface érojecddn of the anomalous xones as i_nt'erpreted

' from the location of the transmitter and receiver electrodes when tﬁe

anomalous values were measured.
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3. DISCUSSION OF RESULTS

| The reconnaiu';ncc resistivity survey of the Soda Lake area has
§ut1_ined a zone of low resistivity extending for approxinilte;y 10 miles in
a northeaﬁterly direction and averaging two miles in width, an area of
approximately 13, 600 acres. A description of the ruhﬁvity fgnpoue

along each survey line follows.

Line A

Deﬁnite anomalous re:ponse;(leu than 1, 5’ ohm feet rech_tiyity)
occur between 50N to 130N and 150N fo 220N. This definite response is
ipterruptéd between 130N and 150N by a slight increase in resistivity B
which is interpreted as a probable anamaly.

The resistivity response south of station 40N appears to incﬁéa.te
a simple layered earth with a near-surface resistive layer less tha.n
1000 foot thick overlying a conductive subsurface. This nriel from the
response on the north end of the line (north of station ZBON‘). "I‘héﬂ '
reéia‘ﬂvity reiult- §f the north end of fhe line luggest a ﬁnifox?m urth. :
probably thi‘ck alluvial fiu which do.u not coﬁtain any thermal ﬁuids |

which produce the conductive anomalous r&lponle.

Line B
- A shallow, definite anomaly occurs between 805 and 190S and
extends 23 a possible anomaly from 190S to 260S. The definite response

exhibits uniform resistivity to depth.

'The possible anomaly located between 3305 and 370S occurs at
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depth beneath a resistive overburden similar to Line A.

Line €
' A broad, deep, definife anomalous response occurs between

70S and l}ON with the strongest response betw-eenlllo and GON. "I‘hie
reapoeee extends as l_poeeible anomaly froxh 130N to ZION.. |

The near ehorizontal eentour pattern of the resistivity data
between 80S and 100N suggested a simple layered earth beneath thil
portion of the line. Theoretical curve matching indicates a two-leyee'
earth with the upper layer having an approximate resistivity of 40 ohm cd”’fj
feet aed a thickness of 1000 feet with the bottom layer having an
dpproximate resistivity of 1.5 ohm feet. |

fhe southern portion of this line was extended as Line I by |
Chevron Oil, but since it wn.e an extension of Line C the data hve been

incorporated with thiz line.

Line D

The resietivity reeponee on this line is very limﬂar to Line A
one mile to‘the west. Deﬁnlte anomalie: occur at ZOS to ZON and SON
to 160N The interpretation of a prnbable anomaly between ZON and SON

is due to the increased resistivity at depth. °

Line E
A broed, anomtlou- response of varying magnltude occurs on
this nne. The deﬁnite nnomn.ly located at 20N bo 305 is ‘open on the south

side due to Soda lake. A probable l.nomtly extends irm 20N to 70N and
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a possible anomaly occurs between TON to 120N.

Line F -
This line s locttod on the south lide of Soda Lake. The deﬂnite,
open:ended a.nomaly located on Llne E does not extend £ar enough umth
to be observed on this line, but may be inferred by the pos aible tnumn.ly
between 108 tnd 10N.
' The definite anomaly located between 1205 and 1505 is open‘;e;xded

and extends as a possible anomaly from 120S to 90S. -

Line G
| A moderate to deep definite anbmtiy oécuu Setv}een 60N anﬁ 505
This line did not extend far enough louth to doce off the anomaly which -
appears to be .hanowelt on the south end of the line.

Theoretical curve matching of the near -pa.rallel reliaﬁvity pattern
between 0 and 100N indicates a two;layered earth, The upper layer has
a thickness approximately 1000 feet and a resistivity of 20 ohm feet with

the lower layer having a resintivity of 1.4 ohm feet.

Line H
The reiistivity measurements- along this line are lligﬁﬂy higher
than any of the preceding lﬁaes except for ﬁxe definite anomaly lécgted at
2405 to 260S. - 4 :
: thi- line is the most uater‘lf line of .the lu.r.vey. 'I;h; data ;uggeat
a decfdase ;in thermal activity and may represent the eastern edge of the

geothermal reservolir,




Line J

A deﬁnlte anomaly occurs between 40N and 80S. The resistivity
pattern for this line also exhibits horizontal contours which is hdicativo
of horizontal hycring. Theoretlcal curve matchlng lndicnten a two-h.yar |
earth very similar to Line G. _ |
The possible tnomaly louted betwecn 1905 und Zl OS tl open-endcd

to the south, The extension of this line lhou.ld be considered.

4. CONCLUSIONS AND RECOMMENDATIONS -

The ReconnaiuancevReaistivity l‘urveonf the Soda Lake area has
outlined a zone of low resistivity approximately two miles wide and
extending for 10 miles in a gortheasterly dirocﬁon. This zone tfpcgi".
to be ending on the eut; Line H, the mont': euterly liﬁe -uneyea
exhibits a weak unomtlous response which may represent lateral effects

and suggests that the potentxal geotherml reservoir does not extend past

this line. The zone s not closed on the lonthwut. Additional work should

be cons:dered to determine the :ctual length of the‘ tnomalouo zone.

. Temperature gradient mcglurerﬁenfs have been obttincd we;' j
part of the low-resiltivity sone, Additional temperat\u-e gradient measure-
ments may be reqnired for complete correlation with the relistivity data
which have located the strongest. anomalous rcsponses on Line C between

40N and 60N and on Line E beneath ZOS.

The deﬁnlte. open-ended anomaly between 120S and 140S en

Line ¥ warrants further iiéeét.lgaﬁon. This anomaly may represent
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another thermal sone which parallels the main zoné. .Ti:e possible anomaly
on Line B between 330S and 3705 may repre‘ent thé north edge of the -
second sone and the definite anomaly on Line H between 2405 and 2605 -
may allo represent this sone. Several temperature gradient mouurc:
ments i_n this area, or the extension of Line A or .Llne B. wOulf:i dctermlno: '
u thil‘zone exists. . | | B : | :

A complete correhtion of 311 geologial. geochemlc&l and

geophysical data is required to determine the location of a well to teot

the large anomalous zone.

McPHARY GEOPHYSICS INCORPORATED

payya

Bruce §. Bell,

Dated:January 11, 1974



