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McPHAR GEOPITYSICS

NOTES ON GEOTHERMAL EXPLORATION

USING THE RESISTIVITY METHOD

Many geophysical methods have been tried in the exploration for
geothermally '""hot!' areas in the upper regions of the earth's crust. The
only method that has been consistently found to be succes Sfl-ll has been the
resistivity technique. In this geophysical method, the specific resistivity
(or its reciproc\al,' the specific conductivity) of the earth's subsurface is
measured during traverse”s over the surface.

The principle of the technique is based on the fact that the resistivity
of solution-saturated rocks will decrease as the salinity of the solutions is
increased and/or the temperature of the system is increased (see Figure 1).
Theréfore, volumes of the earth's crust that contain abnormally hot and saline
solutions can often be detected as regions of low resistivity.

The resistivity measurements are uéually made using grounded current
and potential electrodes, but some useful dé,ta 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
Resistivity Survey and a loop-loop electromagnetic survey. The anomaloué
patternjs 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 with 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

agssociated with surface manifestations of geothermal activity., The source

of the resistivity low at Zone B is unknown,

If the abnormally hot region occurs in a sedimentary basin, the
general resistivityb level can be quite low, due to the high porosity in normal
sediments. This ié 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 georn‘etry with the upper layer havi\ng
a thickness of approximately one-half electrode interval (i.e. 1,000 féet).
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 depth.

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
he current electrodes and potential
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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 dipole-
dipole measurements in a layered geometry can be used in "curve fitting"

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




T,

McPHAR GEOPHYSICS
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BACA PROPERTY
VALLES CALDERA AREA
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1. INTRODUCTION

At the request of Mr. Richard Donnanville, Consultant for Union
Oil Company of California, McPhar Geophysics Inc,, has continued and
completed a reconnaigsance resistivity and 5 Schlumberger depth soqnding
sufveys in Valles Caldera Area, Sandoval Couanty, New Mexico. The
initial survey was terminated in July, 1973, by mutual agreement of
Union Oil and McPhar. Termination was caused by excessive telluric
noise resulting from intense thunderstorm activity in the area. The survey
was resumed and completed following the end of the active thunderstorm
period,

The geology of the area has been summarized by Eell in the initial -

report.
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The purpose of the reconnaissance survey was to locate and
delineate zones of low resistivity that might indicate areas of concentrated

thermal activity, The Schlumberger depth sounding surveys were

-made to provide additional information on the thickness and resistivity

of the geoelectric column in selected anomalous zones defined by the
previous survey. In both cases, a frequency of 0,125 Hz was used in
order» to minimize attenuation of the electric field due to eddy current
dissipation of energy and at the same time avoid telluric noise. The
reconnaissance survey was made with 2000 foot dipoles along 2 recon-
naissance lines. The Schlumberger depth soundings were made with
the expanding Schlumberger electrode array with spacings expanding from
500 feet to as much as 15, 000 feet where required by survey Bpecificé.tions.
The survey was conducted by Mr. Arlo Furniss, geophysicist,

under the supervision of Mr. Donnanville.

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 - Flectrode Intervals Dwg, No.
7 2000 feet R 6126-1
8 2000 feet R 6126-1
A Schlumberger Depth Sounding Figure !
B | Schlumberger Depth Sounding Figure 2
C Schlumberger Depth Sounding Figure 3

D Schlumberger Depth Sounding Figure 4

W
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Also enclosed with this report is Dwg. No., RP 4909-R, at a scale
of 1' = 2000'. The definite, probable and possible resistivity low
anomalies are indicated by bars, in a manner shown in the legend, on
this plan map as well as con the data plote. These bars represent the
surface projection of the anomalous zones as interpreted from the location
of the transmitter and receiver electrodes when the anomalous values
were measured.

The thickness and resistivity of the various layers are illustrated
graphically on each depth sounding curve and tabulated in Table I, The

geoeleciric section has been derived by standard curve matching techniques.

3. DISCUSSION CF RESULTE - DIPOLF-DIPOLE LINES

A <l s el

Anomalous resistivity responses are present on each line. The
complex resistivities present on Line 1 through Line 6 do not occur in

the area surveyed by Line 7 and Line 8. A discussion of the results of

each survay line follows.

Line 7

Line 7 was a short traverse across a zone containing 3 geothermal
wells; Eaca 2, Baca 8, and Eond 1. The length of the line and dearth of
data points makes interpretation quite difiicult. The major feature is a
sharp resistivity contrast at about 50F indicating a contact, high resistivity
to the east, low resistivity to the west, The low-resistivity zone weat of
the contact is anomalous and coincidently contains the 3 wells mentioned

PR I R, Earp i T T - o e PO | E SN 2 T e
eariier. ‘Uhe anomalous zone ig open to the west; resistivities appesas




definite, 0 to 20W; probakle, 0 to Z0K and possible 20E to 40L.

Line 8

Definite anomalies are present at 100E to 160E and 20FE to 20W,
npen to the west. The area between both definite anomalies is a probable
anomaly zone, Moderate to shallow depths are indicated for all zones.
Excellent continuity with depth is indicated throughout the zone.

A contact is indicated near 180K to 200K by the complex resistivity

contragt, The area west of the contact zone appears to be similar to a

2-layer case.

3(A) DISCUSSICN OF RESULTS - SCHLUMEBEERGER
DEPTH SCUNDING

The geoelectric section was derived by curve~matching tschnigques
using a set of curves calculatad for a layered earth, As illustrated
on the dipole-dipole registivity préfile, the area surveyed with the depth-
sounding technique is not layered but complex, with vertical and horizontal
discontinuities. Therefore, the geoelectiric section is an eatimnate that

ignores all vertical discontinuities, and #rrors of unknown magnitude are

always present.

A discussion of sach line follows, mindful of the errors inherent

to the technique.

Line A )
Line A explores a definite anomaly at about 75NN, expanding along
Line 3. The dipola~dipole data suggests a complex 2-layer case with a '

ow=resistivity zone,

ey

high surficial resistivity yielding to an anvmalous

0]




continues with depth. A strong resistivity contrast indicatez a contact

at or near 75N with low-resistivity material o the scuth and high resistivity
to the north, The presence of‘ the contact has a profound effect on the depth-
sounding data.

A complex 4-layer case ig indicated by the depth-sounding curves.

Layer 1 is 556 feet thick with a resistivity of 40 chm-~feet, indicating soils

and/or weathered bedrock., Layer 2 is 200 feet thick with a resistivity

of 770 ohm-feet; probably post-caldera rhyolite, Layer 3 is definitely
anomalous; the resistivity is 4.2 ohm feet and the thickness is 1400 feet.
Layer 4 is very thick and resiative, indicating norm.al basemeat.
Alternately, layer 4 could represent immpermeable material beneath the
steeply-dipping contact at 75N. The c§ntact would account for the dis;parif:y
between the con‘cinuou&—with.-depth anomaly indicated by the dipole-dipole

survey and the limited depth derived from the scurdings.

Line B

Line 4 investigates a definite anomaly at 100E on Line 4, On‘
the dipole~dipole profile, a uniform earth bounded by a higher reaistivity
zone to thé east is indicated. A weak horizontal discontinuity is indicated
onn = 3.

A 4-~layer geoelectric section ia indicated from the depth sounding.

Layer 1 is 52 feet thick with a resistivity of 10 ohm-feet, indicating

JUR ORI P T s 2 - 1

conductive soils. Layer 2 is 52 feet thick with a resistivity of 100 ochm-
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feet, indicating a thin, weathered or altered unit, cemupositionally similar
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to Layer 2, Line A, Layasr 3 is definitely




feet of low-resistivity material of 2.3 chm-feet. Layer 4 is resistive

and thick-zsgwmned to be infinite. The horizontal diecoailauity noted on
the dipole-dipole profile probably represents the interface at layer 3

and layer 4. The thickness of layer 1 and layer 2, about 190 fset,

would not have been apparent on the 20090 foot dipnle~dipole spread.

Line C

Line C probes an unanomalous zone near 140N on Line 1. The
dipole-dipole precfile indi;ates a moderately high resistivity zone
bounded on either side by sharp but poorly-defined resistivity lows.
Bounding contacts are indicated at 100N and 13N. The resistivity is
rather complex, continuity with depth is indicated and numerous vertical
discontinuities are presént.

In contrast, a complex 3-layer case is indicated from the depth-
sounding curvea. Layer I has a thickness of 70 feet with 40 ohm~feet,
indicating soils and/or weathered bedrock. Layer 2 is definitely
anomalous, 1800 feet thick with a resistivity of 4.2 ohu-fest. Layef 3
is thick resistive basement.

A topographic profile along Line C suggests a possible source
of part of the disparity between the geoeleciric saction and the dipole-
dipole data. The sounding point is in a smzll valley and there is 500
feet of vertical relief along lines to the north. The resistivity low may
be in part owing to a strong topographic effiect. However, the topography ,

would not account for the entire low.
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Line o invaestigzates an unanomalous portion of Line 2 near

station 00T, Resistivities along Line 2 are rmoderately high with & minor

low at 50F to 90K, Strong resietivity contrasts indicate. contacta at

these points. No layering is suggestsd,

A ccm;ﬁlex 3-layer case j.s indicatad by the depth-souanding curve.
Layer 1 is 310 feet thick \?iﬁh a resistivity of 6.7 ohm~fset. Thé source is
probably conductivs al;u\fium; SWATNDY AYens are comiion in Valle Grande.
Layer 2 has a thickness of 60 feet with a resistivity of 17 ochm-feet,
indicating weathered bedrock. Layer 3 is thick, resistive basement.

The combinsd thickness of layer ! aad layer 2 would not be apparent sn a

Good correlation between the geoelectric secticn and the dipola-dipele

data is present,

Line E

Iine IE was traversed acrosas Line 2 as shown on plan map Dwg. Mo.
RP 4909-R crossing near station 0, The area surveyed was similar to

the area at Line D,

A complex 3-layer case is indicated by the sounding curve. lLayer 1
hag a thickness of 200 feet with a resistivity of 25 chm-~feet, indicating

thick alluvium cover, Layer 2 has a thickoess of 40 fzet with 2 resistivity




CONCLUSINNS AN RECOAMBEN LTI
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The reconnaissance resistivity survey hag further delinestsd an
area of interest indicated by Line 3 2nd Line 4 of the praviocus survey.

. —~

The definite ancomaly at 100X to 1460F on fine 7 iy definitely of intersst.
Ag suggested by Bell in the previous report, the anomalous zone delinsd
by Line 3, Line 4, and Line & appears to he 2 NW-trending fauic zone.

The fault zone may serve as the plun:bing system for asceanding geothermal
fluids.

A-definite anomaly at 2CE to Z0W, open to the weat, is also of
interest. This open anomaly nmay be the northera extensisn of a monea
indicated on Line 7 and Line 4, Addicional lines arc necessary (o fully
adelineate and defina this poseible zonz,

The Schlumbergsr depth soundings indicate excellent shallow
conductivity on Line A an: Line I, further estaullshing this mone a3 a
potential therisal area.

Cornparison between the geoelectric section derived from the.
depth zoundings with ths dipole-dipoie aata at sach point shows paoor to
good correlation. Th'e lack of corre@atiau in each instance is imanediately

apparent when the geologic complexity of the region surveyed is considered.

Schiumberger dapth soundings are desizned to delineate the geoelaciric

section in a laysred earth. As illustrated on the dipole-dipols profiles,

-

:ne Valles Caldera is definitely nota layered earth situation.

Jine D and L ndicate the same unanomwalous condition

oo

ne K
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inducated by Line 2.
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Tine € is quite puemling in its response comoared to the Line

reaponsz at the same

detailed analysis of the well data {rom nearby Baca 5 and Zaca 9,

and gzochemical studie

station,
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studied and compared to the r

Perhaps the situation can he recti
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