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McPHAR GEOPHYSICS

| REPORT ON THF
RECONNAISSANCE RESISTIVITY €L.AVi y
OF THE
SAN EMIDIO AREA
_WAsaor, COUNTY, NEVA DA

FOR

CHEVRON OIL  COMPANY -

1. INTRCODUCTION

At the request of..Che'vron Cil Corr;pdny, icPhar Teophysice
has completed a Reconnaissance Rcsistivity Survey in the “an ‘In‘iic‘i:.-
area, Washoe County, Ne\..rada. The survey area is located in T.2¢IN,,
T.30N. and R.22F., R.23I.

The San En.idio ar‘ea is an arid, alluvium -filled valley, bouncied
§n the east and west by niountains forn.ed by assumed Fliocene volcanics,
The valley is probatly fault controlled and the north-trending faulie
could be conduits for geothermal fluids., Several welle are shown or
the topography n:ap of the area, b\# there is no indication of hot w;ter.

The purpose of the .Reconnaisaance Survey was to locate anc
delineate low-resistivity zones that n.ight indicate areas of concentrated

thermal activity, M easurements were madc witn 2000 foot dipoles at

one-through-four dipole separations along reconnaissarce line: spacez
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approxin.ately one mile apart. A trﬁuency of 0.125 He. was used in
order to minimize attenuation of the electric field due to eddy cur :en:
dissipation of energf and at the lu:.e' time avoid telluric noisc.

The survey was conducted by air. Robert Anderson, ‘geophysicist,

under the supervision of Mr. Willlam b.ero of Chevron Oil Cow:.pany.

. PR:SENTATION OF RFSULTE

Ine resistivity survey results are shown on the following da:

plots in the mianner described in the notes which accon:pany this report.

ine Flectrode lntervals Dwg. Ne.
2000 feet ' "-6139-1
2000 fee: R-6139.]
T : 2000 feet k-6136G-]
o . 2000 feet ii-6139-2
T 2000 feet : K=6139-2

Also enclosed with this report {s Dwg.No. RP 4956, at a pcale of 1" =
200{'. ‘ine definite, probaltle and possitle reaistivity low anon.alies

are indicated by tars, in a n.anner shown in the legend, on this plan n.ap
as well ae on the data plots. 1hese bare represent the surface projection
¢; 1r - anomalous zoﬁca 88 interpreted fron: the location of the transmitter

an. receiver electrodes when the ancn alous valuesr were mieasured.

SJISCUSSION CF RESULTES

ine ieconnajssance dipole-dipole survey of the fap Fr:idio areaz
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censiste of four parallel north-south lines and one east-weet line throug™
the center of the valley, Anomalous responses of varying nagnitudr

have been located along each survey line. A discussion of the resistivity

results along each line follows.

Line A

Two broad, anamalous .reaponses have been located alon; tri:
line between RON to 300N and 520N to 660N. 4 definite, shallow apon.al: |
occurs between 80N to 160N and a moderate depth, definite anomaly
occurs ot 230N to 270N. These responses are connected by a probatix
anen:aly fron: 1601\; to 230N and a probable ananaly extends frosy. 2700
tc 300N. 'I"h¢ shallow, definite responsc mrust be a near-surface
pi\enon:cnon; the resistivity exhibita an increage onn =3 andr = 4, The
anomaly between 230N and 2705 suggests some continuity with depth anc
appears tc be a better drill target than the previous anoa.aly.

T he anomalous response on the north end of the survey lim;
a'ppearc e a definite, deep anemaly between SR80N and 620N and extends
as protaltle anomalies fron. S60N to S2CN and 620N to 66C0 and a possitle
anomaly from 520N to 560 .

| Tne resistivity rn.eagured between 340N and 4207 iz protat!:
representative of the alluvik] sedin.ents that do no! coatiirn thern <

and/or saline fluia...

Line ¥

Thie line was surveyed along the eastern edge of the valley., £
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very weak, | shallow, possitle anon.aly with no continulty with depth

occurs between 40N and 1005,

Line C
. The survey results along this line, through the center of the

wvalley, have located a broad énomalou response fram 200N to 440N that
is interpreted a; a n‘.oder.ate. to deep definite anomraly from: 260N to 340N
and probatle anon.alies fron. 200N to 260N and 340N to 440N,

The data measured teneath the definite anomaly epproxin:ate
a two-layered earth and provide a ''curve-matching" fit with a near-
surface layer having a resistivity of 2.7 oh: feet and depth tetween ROD
feet and 1000 feet, with the Lotton: layer having a reslstivity of .9 ohm

feet,

Line »

A weak, moderate to deep, possible anonaly has been located
btetween 0 and 1205, The remainder of th}e line indicates a relatively
high apparent reaistivity.

The anomalous responses located on the moré easterly linee do

not extend far enough west to be located on this line.

Line -
The definite anon.aly located between 60 and 170: o=n this east-
west line does not appear to correspond to the definite anom.alous responses

on Line A and Line C. The attached resistivity scale nmodel case provides



@ possible explanation for the apparent diacrepancy.

The resistivity scele model case indicates that the n.easured
resistivity pattern could be ottained fron two paralle! dipping conductors
approximately one and a half uqlta apart. Thir interpretation is shown
en the plnnl;xmap as two parallel zones connecting the anon.alous regponses

en tho north-seuth ineos,

4, CCNCLUSICNS AND RY¥CO: STNODATICKNS

The Reconnaissance Uipole-Dipole Resistivﬁy turvey of the
€an Fn.idio area has outlined two pg.rallel zores of low resistivity which
may represent an area of increased themlafl activity. These zonee
appear to te relatively nafrow. They coulld possilly Le favl: zones
éonmlning thermal flulds fron & much Jdeeper source,

The trend of the zones &p'pea” te cut across the suspected regional
trend of the area. Teological investigations in the San Er.idioc area
should be conducted to determine :Lhe validity of this interpretation.

A dofinite, deep anomaly hae teen Jocated in the extreme north
end of the survey area. Additional work n.ay le requirec to determine

the extent of this anomaly.
The smzall areal extert of the anon.alsué responprey nieagured
during this survey suggeste that if a3 geothern .zl regervoir uoes exict, it

n.ay net be large encugh for econeniic developmient of geotnerii.al energy.

(e ERAT uyrcyucc:?c RATE.

Dated: February 11,1974 ‘eophynicim j oo



McPHAR GEOPHYS!CS LIMITED

= Theoretical Induced Polarization and Resistivity Studies

Scale Model Cases
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McPHAR GEOPHYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

Many geophysical methods l;xave been tried in the exploration for
geothermally '""hot'' areas in the upper regions of the earth's cfust. The
only met_.hod that has been consistently found to be successful has been the
resistivity techniqué. In this geophysical method, the specific resistivity
(or its reciprocal, the specific conductivity) of the earth's subsurface 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 t‘};e saliﬁity of the solutions is
increased and/or the temperature of the system is increased (see Figure 1).
T};erefore, volumes of the earth's crust that contain Aa‘bnormally hot and saline
solutions can often be detected as regions of low resistivity.

The resistivity measurements are usually made 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 water and steam at the surface.

The results show resistivity lows measured with a Wepner Configuration
Resisti\}ity Survey and a loop-loop electromagnetic survey. ‘The anomalous
pattern i_s 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
the surface it will be neces 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 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,

1f the abnormally hot region occurs in a sedimentary basin, the
general resistivity level can be quite low, due to tﬁe 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 Cer‘ltro, California. The

largest electrode separation used was 12, 000 feet.

| The results show a two-layer geometry with the upper layer having
a thicknesé 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 determine the possible
geothermal importance of the lower resistivity layer at devpth.

The results shown in Figure 4 are from a dipole-dipole electrode 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

|<——x —>| e nx $I<__——_"

O
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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 horizéntally layered
geometry 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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1o INTRCOUCTICON

At the request of Chevron Cil Company, :icPhar Geophysice
has completed a Reconnaiseance Resistivity Survey in the fan Yun.idic
area, Washoe County, Nevada. The survey area is located in 1.2¢IN,,
T.30N., and K.22F.,, R.231.

The San Em.idio area is an arid, alluvium:-filled valley, bounded
on the east and west by niountains forn.ed by assumed Fliocene volcanics.
The valley is probatly fault controlled and the north-trending faulie
could be conduits for geothermal fluide. Several welle are shown on
the topography n.ap of the area, but there is no indication of hot water,

The purpose of the Reconnaissance Survey was to locate ancd
delineate low-resistivity zones that m:ight indicate areas of concéntrated
thern:al activity. M easurements were made with 2000 foot dipoles at

one-through-four dipole separations along reconnaissarce lines spaced
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approximately one mile apart. A fr.equency of 0.125 tixr. was used in
order to minimize attenuation of the electric field due to eddy cur -en:
dissipation of energy and at the sam.e time avoid telluric noisc.

The survey was conducted by »ir, Robert Anderson, Ageophysicist.

under the supervision of M.r. Willlam Mero of Chevron Oil Cowm:pany.

>, PRISENTATION OF RFSULTE

Ihe resistivity survey results are shown on the following dau:

plots in the manner descrited in the notes which accon:pany this report.

iing ' Flectrode lntervale Uwg, Na.
2000 feet R-6135-1
2000 fec: R-$139.]
T 2000 feet R<613G.]
o 2000 feet fe6139.2

¥ 2000 feet K=6139-2

Also enclosed with this report is Dwg.No. RP 4954, at a scale of 1" =
2000, ‘ihe definite, probatle and poesitle resistivity low anon.alies

are indicated b'y btars, in a n.anner shown in the legend, on t}xie plan n.ap
ar well as én the data plots. l1hese bars represent the surface projection
¢ tr< anomalous rones 88 interpreted fron: the location of the tranamitter

an: receiver electrodes when the anon.alous values were measured.,

UISCUSSION CF RESULTCS '

1he keconnaissance dipole-dipole survey of the fan Fridio area



consists of four parallel north-south lines and one eaet-west line throug’
the center of the valley, Anomalous responses of varying nagnitude
have been located along each survey line., 2 discussion of the resistivity

results along each line follows.

Line A

Two broad, anmralous responses have been located along tni:

_ line btetween RON to 300N and 520N to 660N. # definite, ghallow ancaly
occurs between 80N to 160N and a moderate depth, definite anomaly
occurs at 230N to 2Z70N. These responses are connected by a probzl ic
anon:aly fron: 160N to 230N and a probable anomaly extends frosr 2701
tc 300N, The shallow, definite responsc must be a near-surface
phenon:enon; the resistivity exhiltite an lncreageonn = 3 andr = 4. The
anomaly between 230N and 2705 suggestis some continuity with depth ang
appears tc be a better drill target than the previous anon:aly.

The :noxixtloua responee on the north end of the survey linc
appears as a definite, deep anomaly between SRON and 620N and extends
as protalle anomalies fron: 560N to 58CN and 620N to 6&015"4 and a possitle
anomaly from 520N to 560> .

l1ne resistivity n.easured between 340N ancd 4807, iz protatbly
representative of the alluvizl aed;m.entn that do no: coatain thero

and/or saline fluidc:.

Line 7

Thie line was surveyed along the eastern edge of the valley. &



very weak, shallow, possitle anon:aly with no continuity with depth

occurs between 40N and 100G,

Line C

The survey results along this line, through the center of the
valley, have located a broad anomalous'ruponse from 200N to 440N that
is interpreted as a moderate to deep definite anomraly fron: 260N to 340N
and prébable anon.alies fron. 200N to 260N and 340N to 44CN.

The data measured teneath the definite anomaly approxinate
a two-layered eax;th and provide a ''curve-matcbhing" fit with a near-
surface layer having a resistivity of 2.7 ohn: feet and Jepth between ROQ
feet and 1000 feet, with the YLotton: layer having a resistivity of .9 ohm

feet.

- Line b

A weak, moderate to deep, possible anon.aly has been located
between 0 and 1205, The remainder of thie line indicatee a relatively
khigh apparent resistivity.

The anomalous regponses located on the more easterly lines do

not extend far enough west to be located on this line.

Line
The definite anon.aly located between 607 and 170 or this east-
west line does not appear to correspond to the definite anomalous responses

on Lire A and Line C. The attached resistivity scale nodel case provides
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s possible exphﬁltton for the apparent diccrcpancy.

The resistivity scale model case indicates thut the n.easured
resistivity pattern could be ottained fron tweo parallel dipping conductors
approximately one and a half units apart. Thir interpretation is shown
on the plan map as two ptr‘auel zones connecting the anon.alous responses

on the north-gouth lines,

4. COCNCLUSICNS AND RECCO: 4FNJIATICKS

The Reconnaissance Llipole-lipole leeistivity Survey of the
€an Fn:idio area has ouilined two parallel zores of low resistivity which
may represent an area of increased thermr.al activity., These zonee
appear to te relatively narrow. They could possitly Le faul: zones
containing thermal fluids fron. & much deeper source.

The trend of the zones appeare tc cut across the suspected regional
trend of the area. Gedlogical investigations in the San I'riidic area
should be conducted to determine the validity of this interpretation.

A definite, deep anomaly has tieen located in the extreme north
end of the survey area. Additional work n.ay L'e requirec to deterzr::ine
the extent of this anomaly.

The small areal extert of the anon. alouwe responpes nreasured
during r.hAis gurvey suggeets that if a geotherrzl repervoir Goes exizi, it
n.ay not te large encugh {or econeniic developr.ent ¢l geotneri. el energy.

“H "ICS)NCC?.F"C:?’.AT U

fated: February 11,1974
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