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MEMORANDUM ON THE DIPOLE- DIPOLE RESISTIVITY
RESULTS OVER THE EAST MESA GEOTHERMAL ANOMALY
IMPERIAL VALLEY, CALIFORNIA

‘In recent years there has been an upsurge of inte rest in the .
| use of naturally occurrmg steam and hot water sources for the pro-
ductnon of electrical. power. Power pla.nts of this type already exlst
in Iceland, New Zealand, Italy, Mexxco and at the Geysers in
California. A considerable’ amount of time and money has been
sPent in the study of exploratlon techmques that can be used in ex-
ploratmn programs to loca.te and outhne these "geothermal" dep031ts.
o Most of the areas of mterest are located near recent volcamc
activity and they are characterxzed by hngh surface temperatures and

» "hxgh surface heat flow. Other geOphysmal measurements. such as

-.',sexsmu: noise activity and grawty. have also been found to be useful o

in certam cases.  Of all the conventxonal geophysmal tools, electrlcal

O re51stiv1tY surveys appear to be the most used and useful, t_echnxqu,e

for geothermal exploration. [1]

In most of the field « cases reported in the hterature. the .- - |

' re51st1v1ty survey has been conducted usmg grounded current and
| potent1a1 electrodes and one of the conventxonal. large mtervaL »

~electrode. confxguratxons. A few researchers ha.ve made resxstunty

measurements us1ng some electromagnetzc techmque. (1.e. loop loop, o

: couphng or audlo frequency magnetotellerlc determmatmns) There‘ -

- -seems to ‘be. some promxse 1n these nonmgrounded source techmque

. for reconnaxssance res1st1v1ty surveys m sxmple earth geometrxes.

‘ }l_and McPhar is currently developmg equxpment to be used m thls way.'_'_ o




In making conventional resistivity measurements for geothermal

exploration, the usual practice has been to use a large, bulky, high-
7 oowered source of commutsted d.c. current to create the potentials in
the earth. The resultmg potent1a.ls are usually recorded on some type
of chart recorder. The current is reversed several times, - and natural
electrical noise is e11rn1na.ted by eye or by some sort of computer
assisted mathematmal analysxs of the recorded wave- form. ‘
Due to the size of the necessary equxpment and the time necessary

to make the measurement, these resistivity surveys have usually been

limited to widely separated measurements at Speci'fic locations. Informa-
‘tion concerning the variatio_ns in resistivity with depth is obtained by‘ |
changing the electrode interval, centered at the measurement location.
‘The pr.esence of elevated ternperature's in the rocks of geo-v
) therm»al»ly active areas a.lmost always results in ‘a dvecrease in the a,_b.;v .
b'solute resistivity level of the rocks., A temperature change of 100°C
will cause a resistivity reduction in the order of 250% relative to the '
cooler surrounding region, [l)iMeidey, page 43.] There are meny
other factors that can affect the resistivity level ina volume of rock -
(i. e.'porosity, salinity, etc.). In practice, no ambiguities from these
other parameters create severe problems. Where an outstanding geo-
therma.l reservoir does ex1st. the electrzcal re51st1v1ty across it |
usually varies by a factor of at least three to ten. |
' The staff of McPhar GeOphy’SICS Ltd. has thousands of crew
' months of expenence in the use of re51st1v1ty measurements in
- exploration for mineral depos1ts. Since rmneral deposxts have smallerr :
‘lateral extent than geothermal dep_o_s1ts andvusually occur at shallower
depths’, most of our past re'sist‘ivity‘surveys have beendone using' |
relatxvely short electrode separatmns (1 00 feet to 5, 000 feet)
‘f-:domg exploratmn for geothermal sources. electrode separatxons of

' "10 000 feet to 15, 000 feet are often necessary. gy

Our expenence has: shown us that the szole- D1pole electrode o

conf1gurat10n has deﬁmte advantages in domg general exploratxon for




zones of low resistivity. The short wire lengths necessary for the - 1

meaSurements are easy to handle in the field, When the data is

plotted in a "pseudo- section" manner (see Notes), it is possxble to

separate the effects of vertical resistivity variations from lateral -
~ changes. Continuous profiles for four or five values of (N) give =~ ‘ |

‘complete information conceruing the resi‘stivity variations along | |

the line 'Surveyed If the geometry of the earth is su'nple enough

: to be approxxmated by horxzontal layenng, curve matchmg techmques

_can be used to do quantltatxve interpretatzon of the res1st1v1t1es and

I thicknesses of the layers. S

Our experience m mmeral exploratmn has also mdxcated

to us that it should be. poss1b1e to use our standard 1nduced polanza- o o

“tion and re51st1v1ty survey. equ1pment to make large mterval resm— ‘ L

t1v1ty measurements for geothermal exploratxon. Thxs equlpment
" uses a 5, 000 watt, 400 cps rno’cor- generator and a square -wave
current source that will transmlt up to 5 0 amperes W1th a maxxmum

.l__.

voltage of 850 volts._ The portable voltmeter is engmeered to be very

stable and sensxtwe and has excellent analogue fxlter and ampliﬁer '

, character:stlcs. The system w111 measure voltages of 1. 0 milhvolts :

\ w1th an accuracy of +0, 5% and voltages of 100 mzcrovolts w1th an |
accuracy of + 5. 0%, m the presence of most naturally occurrmg

| no1se. Each of the electromc packages can be carned by one man-

the motor generator can be carrxed by one srnall vehxcle. | !

‘ The lowest standard operatmg frequency for the system zs _':

0 125 Hz; h0wever, a very sunple modzfxcatxon lowers the frequencyﬁ
to 0. OS Hz. At these very low A. c.. frequenc1es the effect of m-_ :

ducture couphng (skm-effect) W111 be s1gmfxcant only for measure- R

’j_v?ments wzt ;very large electrode separatxons in areas: olf"_ ery low

res:stwity._ It is only rarely that distortxons for X = 2, 000':'."_

reach magnitudes of 10% to 30 /o. In these sltuatlons ' co’f ection

assuming a uniform earth or a two-layar earth are qmte mtia, L

factory te g\ve the mwruet valueﬂ. (Sﬁe Net@ﬁ)




o

-:‘:t“;fAt East Mesa. the sedlments are estxmated to be at least 10 000 feet -

f

In the past twelve months, McPhar has completed geothermal

resistivity surveys in several areas of the world, including the very

| low re.s_istivity environment of the Imperial Valley of California. The
rate of progress of the surveys, the accuracy of the measurements
and the interpretation of the results hatre confirmed our original
assumpt:.ons. | o
‘ We can publish here some of the results from a survey com-
pleted over the East Mesa geothermal anomaly in Imperxal County,
Cahforma. It is centered about 35 miles southeast of the south end of AY
the Salton Sea and about 18 mlles due east of El Centro, Cahforma.
The East Mesa Anomaly has been studied in detail by researchers
from the University of Califo_rnia at Riverside and the results have
been. pubhshed [1. ), 2.)Y . | _ '

The center of the geothermal anomaly encloses about two
- square mxles in the extreme north-west corner of Tl 6S, Rl 7E. The -

'heat flow at the surface in thls area is about ﬁve times- that whxch is

. normal background in the Impenal Valley (F1gure 1). The area of the ‘
heat flow hxgh correlates quxte closely w1th a gravity hxgh and thh a
seismic ground noise h1gh (Fxgure 2 and Fxgure 3).

A reconnalssance reswhwty survey usmg the Schlumberger ,
electrode conﬁguratmn has also been completed in the Imperxal Va.lley.

e '}Measurements were made at w1dely separated points usmg electrode '

“ "i’.’,_f:separatxons up to 6,000 to 9 000 Ieet. This data (Fxgure 4) shows that dk

a weak re51st1v1ty low ex1sts at the East Mesa, at the contact between

:f;‘very low re51st1v1ty sediments to the west and shght'v"‘r hxgher resxstw;ty

"',rocks to the east. - SRR B o
o The res1stunty anomaly at the East Mesa geothermal anomaly .

;.vf‘fts not large m rnagmtude. due to the ow_background resxsthty level. o /V

in th1ckness ‘the sands are h1gh1y porous and saturated w1th relatwely

" saline waters. S 2y SR S L
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,4' h : Two deeo walls (in excess of 5,000 feet) have been drilled in
tnfe anea. The well near the center of the neat Tlow hiah has tempera-~
tures at depths that are ébﬁroXimater 1N0°F hinker tnan those in a
well about two miles to the west.- | -

?_ S The very Tow resfstivity level in the Imverial Valley ﬂakes

the East Mesa gqeothermal anomalv an excellent 1ocat1on ‘to check the

nract1ca]1ty and use‘u]ness oF D1no1e Dinole reqlst1v1tv measurements
using standard A.C. res1stiv1tv,eau1pment._ Test lines were surveved

thnough the center of the heat-flow high (See Fiqure §).

The measunencnts werevﬁade usina x = 2,000', N =1,2,3,4,5
alona 11nes abnut five miles. lonn. The results‘have been a]otted in our
normal "Dseudo-sectxon" manner (see Notes) and are shown: 1n Fioures

: 6 - 8. The results have been corrected for inductive coupllnq effecte
. ;, at 0.125Hz; ‘the corrections’ ranne from 1 A% for N =1 to 35 for N = 5, o
These corrections. are the larnest,that w2 have ever had to make; they =
“are a direct fesuTt of the extreme]y»1owvresictiVitv Tevel The results
shown in Fiaures 6 - 8 1nd1cate a d1st1nct res1st1vitv low, at. denth
that correlates with the East Wesa aeothermal hinh, The details of
the res1st1v1ty low can be seen mich more c]ﬂar1v in the D1po1e~ﬂ10019
data than from the reconnaissance survev. - | |

Even in cne Tow res1st1v1tv env1ronment of the Imper1a1 "alley
D1p01e-91no1e res1st1v1ty measurements can be accurately made. The
']ow res1st1v1ty zone, w1th a contrast of abnut four to one re]ative to

‘backeround, 1s quite d1st1nct Under these 1dea1 cond1t10ns of easy

access, f1at tonoqraphv and excel)ent qround confacts for current

’ e1ectrodes, survev orooress of fwve to s1x m11es per day can be exoected
This tyue_of res1st1v1tv survev will therefore-be of assistance in - o

geothermal exoloration,
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" NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD ; ' o

. Many- geophysical methods have been tried in the exploration for

geothermally "hot'' areas in the upper regions of the earth's crust. ‘The

‘ori‘ly method that has been consistently found to be s"uécessful has been the
resistivity technique. In this geophysical method, the specific resistivity
(or‘its reciprocal, the specific conduetivity) of the earth's subsurfac‘e is X
- measured during traverses over the surface. ‘

The principle of the techmque 1s based on the fact that the resistivity
‘of solution-saturated rocks will decrease as the sahmty of the solutions is

~ increased and/or the: temperature of the system 1s increased (see Flgure 1).

e ".Therefore. volumes of the earth' s crust ‘that contam abnormally hot and salme

solut;ons can often be detected as regions of low resistivity.
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The re51st1v1ty measurements are usually made usmg grounded current
and potent1al electrodes, ‘bu* some useful data can sometimes be obtained using
: velec’tromagnetic techniques; “The field data shown on plan maps in Figure 2 are
| ‘_fr\orn‘ the Broadlands Area in Nef.{' Zealand; in this area there are substantial

‘» flows of hot water and stearn at the surface.

The results show resxsthty lows measured W1th 2 Wenner Conﬁguratxon .

"Resmthty Survey and a loop- loop electromagnetxc survey._ The anomalous

| pattern is m\..ch the same m 'both cases and the reglons of low reswthty cor- :

relate well thh the areas of mcreased rock temperature.,

If the rock volume saturated thh hot solutzons does not extend to the j

i

i ,surface it wxll be ‘necessary to use large electrode mtervals to detect the L B
res1st1vxty lows. The resxstuuty data shown in "pseudo sectton" form m

Fzgure 3 1s from Java. Along thxs hne there are two deep regxons of low : :

res1st1v1ty detected for the: larger electrode mtervals used Zone A 15

assocxated W1th surface mamfestattons of geothermal actunty.. The source i

. of the. I'ESlSthIty low at Zone B 1s unknown.

mentary basm ’ the

,“ o If the abnormally hot reglon occurs m a’ sed: o
general reSlStIVItY level can be qulte low. due to the, hxgh porosity in normal
bThe T

sed1ments. Thxs is the case in the Impenal Valley of California, i

: re51st1vxt1es shown in Flgure 4 are from an area near El Centro. Caleorma.

The largest electrode separation used was 1z, 000 feet.

The results show a two-layer geometry thh the upper layer havmg :
nterval el 1, 000 feet). -

| ”f‘ja. thtckness of approxxmately one-half electrod '

;The resa.sthty in the upper layer 1s 3 O ohm- mete}rs‘ the re51stivxty of the

':‘-lower 1ayer is 1.5 ohm- meters.» Due to the small‘reswtwlty contrast, o

b addltmnal measurements WOuld be necessary to deterrmne the p0551ble

'4--»geothermal xmportance of the lower resusthty layer at depth

The results shown m thure 4 are from a d1pole dzpole electrode ‘con- ’

fxguratmn survey. Our d1pole-§dipole~data is plotted as a "pseudo “Vsectton“

'for several values of n; the separatmn between the current electrodes and

'potentxal electrodes, as well as the 1ocatzon of the electrodes along the sur-
’ 'vey lme, ‘determine the posﬁrxon of the plottmg pomt. The two dxmensmnal
array of data is then contoured (see below) ‘The contour plots are not 3

" sections of the elemmcal p:oper 1es of the earth they are convement
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graphical representations of the measurements made. However, with

&

experience the contour patterns can be interpreted to give some information

2

" about the source of the anomaly.

e

If the contovur patt.ern:é indicate very simiﬁie geometfies, more qﬁantita-

" : ‘_.iive interpre‘ta_tiovns cé.n dften be made. For instance, if the c’ontours are
horizonté.l for é.:lateral, disténce'of ;ourito"s,ix electrod_e intervals, a
horiidn‘tal’y layered g‘eome‘tr'y is indicated. In this situation, theoretical
type-curves for dipole-dipole measurements in a layered geometry cén be

- used in Vcurve fi t'mg"' techniques to give the true resistivities and depths

for 'ché earth,

DIPOLE-DIPOLE PLOTTING METHOD.
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