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ABSTRACT

A detailed electrical resistivity survey of 54 line-km was completed at

the Coso Hot Springs KGRA in Septembér 1977. This survey has defined a

bedrock resistivity low at least 4 sq mi- (10 sq km) in extent associated with

the geothermal system at Coso. The boundaries of this low are generally well
defined to the north and west but not as.well to the south where an
approximate southern limit has been determined. The bedrock resistivityvlow
merges with én observed resistivity low over gravel fill east of Coso Hot

Springs.

A complex horizontal and vertical resistivity structure of the surveyed
area has been defined which precludes the use of layered-earth or two-
dimensional interpretive models for much of the sukveyed area. In general the

survey}data indicate that a 10 to 20 ohm-meter zone extends from near surface

- to a depth greater than 750 meters within the geothermal system. This zone is

bordered to the north and west by bedrock resistivities greater than 200

* ohm-meters and to the south by.bedrock resistivities greater than 50 ohm-

~ meters. A combination of observed incréases in: 1) fracture density (higher -

permeability), 2) alteration (high clay content), and 3) temperatures (highef
diéso]véd solid content of ground}water) within the bedrock low-éxplaiﬁ its

presence.



INTRODUCTION

On behalf of the U. S. Department of Energy, Division of Geothermal
Energy, a detailed surface geological and geophysical investigation of the
Coso Hot Springs KGRA (Fig. 1) was undertaken by the Earth Science Laboratory,
University of Utah Research Institute. The objectives of this work were 1) to
collect data needed for detailed evaluation and interpretation of the results
of the driilinn of CGEH-1 (Galbraith, 1978), and 2) to help determine possible
sites‘for future drill tests. Surface investigations included geologic and
alteration mapping at a scale of 1:24,000 (Hulen, 1978), a low-altitude
aeromagnetic survey (Fox, 1978), and an inline dipole-dipole resistivity

survey. This report describes only the results of the resistivity survey.

~ Earlier studies of the electrical properties of rocks within the Coso
area were made by Furgerson (1973) and by Jackson and others (1977).
nFurgersun's studies consisted}of Schiumberger resistivity soundings and
roving-dipole resistivity mapping. Jackson's work included Schlumberger
resistivity soundings, audio-magnetotelluric (AMT) resistivity soundings, and
telluric resistivity mapping. Both studies, by design were reconnaissance in
nature. In contrast, the present work was done to map horlzontal ‘and vertica]
resisttvity structure in detail in an attempt to determine possible
corre]ation with the geotherma] system and to help de]1neate the extent of the

. geothermal system.
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FIELD PROCEDURES

The field survey was performed under contract by Mining Geophysical
Surveys of Tucson, Arizona; An inline, dipole-dipole electrode geometry was
used (?ig. 2). The survey provides resolution both of horizontal and of
vertical resistivity contrasts becéuse the ffeld procedure generates both
horizontal profiling and vertical soundihg measurements. Measurements were
made at dipole separations, nxa,ofn=0.5,1,2,3,4,5and 6, where a
equals the dipele length; A grid of three north-south lines and six east-west
lines was surveyed to'map the resistivity structure of a 41 sq km (16 sq mi)
area. A tota]mOf 54 1ine-km of 1ine was surveyed in 20 field days, 40.8
]ine-km using a= 300 m‘dipoles and 13.2 line-km using a=150 m dipoles (see
Plate II).

Meashrements were made in the time-domain mode. Instrumentation
consistedbbf_a Data Conirol Systems model IPR-2 receiver (Newmont-type) and a
Geotronics model FT-ZOA'transmitter, The:signal-to-noise‘ratio generally was
~ good even'for signalslbelowll mv. Repeat measurements were made by
interchénging'currenf and potential dipoles to determine the accuracy of
measurements. These repeat measurements are shown on the data pseudosections
in Figures 4-13. 'Percentage differences were calculated for each of 121-
repeat measurements: the mean and standard deyiatidns»éreAB.Z% and 8.8%
respectiver{’ In view of the wide‘rahge of observed resistivity values‘and of
past experieneevwith‘resistivity surveys, fhis amount of error is quite

reasonable.
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SURVEY RESULTS

Interpretation of Resistivity Pseudosections

ngg_l (300 m dipoles, Fig. 4) is an east-west resistivity cross section

9, 6 km. 1n length extending from a point west of Sugarloaf Mountain to a point
east of Coso Hot Springs (see Plate II for line locations). West of Sta. 13
apparent resistivities are highvat short electrode separations, presumably
showing volcanic rocks overlying 50 to 100 ohm-meter basement rock. Low |
apparent-resistivity values at-greater_electrode separations in this area are
less than true.(intrinsic) resistiVity values partly because of the extreme
resistivity contrest between the vdlcanicirQCks andvthe basement r‘ocks'(see‘j
Fig. 3) and because of the effect nf_honizontallchanges in resistivity_aIOng'
the line. Low apparent resistivity probably essociatedewith the geothermal
system.eXtends from Sta. 13 to Sta. 25, a distance of 3.6 km. Resfstivity
~ values less than lo,cthmeteksUin»this intenvai ere_intenpreted_tofbe an
~effect of a fault zone'subperaliel to the'Line‘es’shownfcn the'geologic map . of
‘Plate I. East of Sta. 25 the 10 ohm-meter and icwer Qalnesiarefneietedito |
gravel fill. The lack of an‘ihérease in apperent hesistivity with depth
| indicates that the thickness of the conductive gravel layer is greater than
500 m, assuming a resistivity contrast exists between the gravel and | |

: underlying bedrock, )

A two;qimensionai computer model of this 1ine from Sta. 8 to Sta. 24
(Fig. 14)1shOWS;the interpreted resiStiVity¢structufe. ‘A_twO*dimensiOnalt,
model is a valid assumption if resistivity features extend at nearly’hight. -

fangleslfrom the 1ine for a.distance of 3 dipoles to either side of the 1ine
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(G. W. Hohnann, personal communication). The computed resistivity veiues:are
in general agreement with the observed values indicating a reasonable
interpretation of the resistivity structure. Points of difference'between
computed and observed vélyes are partly the result nf non-twd-dimensional

structure along the line such as the subparallel fault zone. The western end

of this model approximates the resistivity structure between Sudarloaf

Mountain and the three rhyolite domes immediately to the north (see Pléte:II
for 1ine lcoation). A geologic section through this area would probably'show.‘
e rhyolite neck extending‘to‘depth below the 3000 th—meter rhyolite layer.
While this section would be geologically more accurate the indicated |
resistivity structure is more accurate with.respect'to current flow. Since

the necks of the rhyolite domes are three-dimensional, i.e., inverted cones or

funnel shaped, and more resistive than their host rock the electrical current

actually flows around rather than thrbugn them. Since a twb~dimensionél B
computer model is not limited in strike iength a-resiStive‘ione,that.
represents a neck would appear as a resistive dike-throngh.nnich current weUIn ‘
be forced to flow. A three-dimensional model that limited the strike length
of the resistive zone would be more accurate bpth geephysicallyiand' |

geologically.

Line 2 (300 m dipoles, Fig. 5) is a north-south resistivity cross section
9.6 km in length. Low resistivities apparently related to the geotnermalf.' n

system extend from Sta.v9 to Sta. 23, a distance of 4 2 km. North of Sta. 23=

resistivity increases rapidly while south of Sta. 9 the resistivity begins to "

increase more slowly, and the low resistivity anomaly cannot be said to be. cut"i o

off although AMT measurements taken at 7.5 Hz in this area show apparent



resistivities greater than 50 ohm-meters at the southern end of Line 2

(Jackson; personal communication).

The interpreted resistivity structure between Sta. 8 and Sta. 32 was
determined'by tno{dinensional computer modeling (Fig. 15). A comparison of
computed'andjobserved vatues indicates a reasonable interpretation. The plus
20 ohm-meter'valuesrat depth in the Sta. 14 to Sta. 17 interval is another
example of the effeCt of horizontai resistivity changes. In this instance an
increase in apparent'resiStivity with increasing dipole separation was

generated as the transmitting and reCeiving dipoles were moved from low to’

‘ higher resistivity zones. The two 15 ohm-meter zones, Sta. 9 to Sta. 10 and

Sta. 13 to Sta. 14 extending to depth, are interpreted to be fault zones. An
interesting and 1mportant feature is the apparent resistivity Tow which
approaches the surface in the Sta. 12 to Sta. 14 interval. This 1ow is ‘j
immediateiy adjacent to the Dev1l s Kitchen surface fumarole activity and is

likely due to hot fluids and open,fractUres associated with this.attivity. o

Line Zi(150-m dipoles,vFig. 6) was run to addvdetail-to the resistivity
structure observed on the 300-m dipole line.’ The data essentially represent a

closer look at the upper three separations of the 300-m dipole data-ahd o

'present a more accurate picture of the complex near-surface resistivity

structure. Near—surface apparent resistivity is mainly high with marked

decrease at depth._ Interpreted depth to Tower resistivity rock averages 90 m.]'i .

The interval 12. 5 to 13 5 shows low near-surface resistivity again

: corresponding with the Devil's Kitchen area.'

Line 3 is an east—west.resistivity profiie across the CGEH-1 drili-site.: -



-’

The resistivity structure on this line is similar to that observed on Line 1.

Observed resistivity values less than 20 ohm-meters between Sta. 7 and Sta. 12

are related to the geothermal system and to a major north-northeast-trending

‘fault zone defined by Lines 4 and 6 to the north. A plus 30 ohm-meter zone

extends to depth between Sta. 12 and Sta. 16. Low resiStivity values east of
Sta. 17 are related to geothermal activity along the Coso Hot Springs fault
zone and to gravel fill interpreted to be thicker than 500 m at the extreme

eastern end of the line.

| Line 4 was run across an apparent horth-northeast-trending fault zone
noted by shearing in outcrop. A two-dimensional computer model (Fig. 16)

shows the 1nterpretatioh of the resistivity structure observed on this line.

"The 450 m wide, 20 ohm-meter zone extending to depth between Sta. 7 and Sta.

10 is interpreted to be an expression of the fault zone in crystalline
basement rock. This fault zone is one of the major north-northeast-trending

structures observed in the area (see Plate I).

~ Line Slisvan east-west resisfivity section with characteristics similar

to the Sta. 8 to Sta. 24 1nterva1 on Line}l. A two-dimensional computer model’

of the 1ine is shown' as Fig. 17. The 10 ohm-meter zoné shown on this model

represents the geothermal system near 1ts_southern edge.:

Line 6 was run to determine if the fault zone mapped on Line 4 extends to

 the SOuth-tOWards'CGEH-l.' The near-surface, Tow resistivity zone between Sta.'

8 and Sta. 9 is interpreted to be the southern extension of this structure.

10



Line 7 was run west of the rhyolite domes to test for possible low

resistivity, west-northwest-trending fault zones, and to determine the

resistivity structure associated with the fumarble at the southwestern end of
Sugarloaf Mountain. Near-surface, high resistivity values between Sia. 3 and
Sta. 8 are associated with subsurface volcanics while the low resistivity zone
at depth in this interval of less than 20 ohm-meters is caused in part by
horizontal decreases in resistivity outside this interval. In particdlar-the

Sta. 1 to Sta. 3 interval shows a zone of low resistivity, less than 20

ohm-meters, associated with the fumarole. This Tow-resistivity zone probably

extends from the surface to depth. If a conductive fault zone is associated

with this fumarole, its strike has not been established.

A neér-surface,.high-resistivity layer of plus 100 ohm-meters material
thickens to the north from Sta. 8 to the northern end of the liné and is
associated with crystailine ba§ement rock. Resistivity values less than'100

ohm-meters at depth in this interva] probably reflect an increase in water

content of the basement rocks. below the water table.

Line 8,is'a 150-m dipole linevrun along the eastern edge of Devil's

- Kitchen. Apparent resistivity values greater than 100 ohm-meters reflect"

varying thicknesses-of‘overlyinglvolcanic‘materiAI.' At-Sta. 11 the high
resistivity rhyolite zone probably extendsvto depth. The 8 ohm-meter anomaly' 5'

below this station, at_n=6, is another example of a resistivity reversal due

' to horizontal changes in resistivity as'shown_on Figure 3. The'néar-surféce ;

'~ zone of less than 20 ohm—meters'beIOW'Sta. 16 is related to the altered rock

at Dévil's Kitchen while the someWhat higher resistivities at depth indicatei:

11
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that the aiteration is limited to the near-surface. Donald whitet of the USGS
(personal communication) has noted that the alteration at Devil's Kitchen is a
near-surface process involving oxidation of HoS vapors producing HpSOg4 when-
mixed with ground water which attacks the surrounding rocks. This chemical
model is clearly supported by the observed resistivity pattern. The 9
ohm-meter anomaly in the Sta. 20 to Sta. 21 interval is associated with the
fault zone that lies subparallel to Line 1 and the 6 ohm-meter anomaly to the
north is probably related to a parallel structure. A comparison of this line
with the 150 m dipole Line 2 (Fig. 6) shows that they are similar, indicating
at least 600 m of.eaSt—west structural continuity between these lines. The‘
obvious east-west structural contro1 of the less than 10 ohm-meter anomalies

on line 8 explains the lack of good correlation between the computed and the

observed resistivity values on Line 1 (Figs. 4 and 14). As a result, a
north-trending, two-dimensional, 10 ohm-meter near-snfface zone §s not a.valid - .

~model for the Sta. 16 to Sta. 20 E interval on Line 1.

Line 9 is a 150 m dipole line run along the southern edge of Devil's

Kitchen. The pervasive 30 to 50 ohm-meter values are somewhat surprising as

lower values, comparable to those observed on Line 8 and associated with

alteration, were expected. The higher values suggest that the alteration

: exposed at the southern edge of Devil's Kitchen is also the southern limit of

alteration which is apparently‘limited to the immedlate area of st_gas

| emanation. This observation is again consistent with White's model of.the

alteration process. The 30-50 ohm-meter zone is related to the

topographically subdued rhyolite dome at the southern edge of the Devil's

Kitchen and represents an area of relatively higher resistivity, which extends

12
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to depth, within the overall bedrock resistivity low. A resistivity contrast
is observed at Sta. 13 which corresponds to a mapped fault. The lower
resistivities to the east are related to basement rock and indicate a

continuation of the bedrock resistivity low in this area.

Horizontal Resistivity Structure

The horizontal resistivity structure of the surveyed area is discussed

- with reference to the data shown in plan view on Plates II through VI. These

Plates are overlays to the geologic base map, Plate I.

Plate I1 shows the interpreted near-surface resistivity distribution.
Locations of resistivity contaots and intrinsic resistivity values were taken
directly from two-dimensionai computer models for Lines 1 through 5 and were
interpreted by inspection for the other lines. Cataiogs of theoretical
resistivity models show that the diagonal contour patterns are associated with
near vertical resistivity contrasts and this association was used to interpret
Lines 6 through 9. The region of 1,000-7,000 ohm-meters re51st1vity in the

western portion of the survey coincides with outcrop of rhyolite domes.

Resistivity values over crystalline basement outcrop range from 10‘ohm-meters, -

Jjust west of Coso Hot Springs and just‘east of Devil's Kitchen, to over 500

~ ohm-meters in the northern and northwestern parts of the area. Basement

resistivity va]ues generally decrease to the south and east.

Plate III is a contour map of first separation, n—l apparent resistivity‘
values. A1most all of the surface geothermal manifestations in thevCoso area

occur within the 20 ohm-meter contour line. Of particular interest is the

narrow zone of less than 10 ohm-meters parallel to Line 1 at the center of the -

~

13



map. Detailed geologic mapping indicates that this zone corresponds with a
major east-northeast-trending fault zone (Plate I). The strong similarity
between the interpreted resistivity, Plate II, and the apparent resistivity,
Plate III, indicates the limited effect of laterai resistivity averaging at

n=1.

Plate IV shows the interpreted true'resistivity Structure at an
approximate depth of 300 meters. This interpretation is supported by
two-dimensional computer modeling of individual lines, where a two-dimensional
approximation is reesonab]e, and by inference from catalogs of two-dimensionel
resistivity models (Ludwig, 1967) and three-dimensional models (Hohmann,
1975)t Thev1000-7000 ohm-meter zone is the inferred root system of the
rhyolite domes. Resistivities shown on this Plate are generally lower
relative to those shown in Plate II and reflect the increase in pore fluid

below the water tab]e; Depth to the water table is probably 50 to 100 m |

within the surveyed.area. The western edge of the.16e20'ohmemeterizone : P

parallel to Line 2 is generelly well established by'modeiing while the;eastern
‘edge of this zone is poorly defined. Recent geologic napping and the geoiogicr '
log of CGEH #1 suggest the western edge of this zone may be related to a .
contact between a Cretaceous (?) Teuco-granite intrus1ve to the east and older_ N
metamorphic rock to the west (Hulen 1978). The 30-50 ohm-meter circular. |
feature is related to the rhyolite dome just:south‘of beVilis Kitchen}"fhe"'

narrow, 10 ohm—meter zZone subparailel to Line 1 is'the expression of the major.i~

ENE trending fault zone referred to on Plate III. The 10-20 ohm-meter zone on:jih*'

Line 7 is spatia]ly related to a fumarole on the southwestern end of Sugarloafr

‘_Mountain. If linear, the eastern and western limits of this. low resistivity

14



feature have not been determined.

Computed models of Lines 1, 2 and 5 (Figs. 14, 15 and 17) show 20
ohm-meter resistivity values within the geothermal system for the depth range
300 to 1000‘m. Increasing the intrinsic resistivity values of the computer
models from 20 to 50 ohm-meters, below 300 m generates higher
apparent-resistivity values than those observed at the greater dipole
separations. The Induction Electrolog of CGEH #1 shows resistivity values.

gradually increasing from 10 ohm-meters to 50 ohm-meters for the 300 to 1000 m

" depth interval. If the resistivity log of CGEH-1 is taken as representative
“of the resistivity structure at depth within the geothermal system, then it
f.appears that 50 ohm-meters is the upper limit of intrinsic resistivity for the

system to a 1000 m depth. This conclusion is consistent with the model
results where a gradual increase in resistivity to 50 ohm-meters at a depth of

1000 m is permissable.

Plate YV shows the contoured apparent resistivity values ebserved at a
dipole separation of n=3. The apparent-resistivity structure shown on this
plate is less complex than the interpreted resist1v1ty structure of Plate IV
at a comparable depth. At the third separation vertical and lateral
resistivity values are averaged over a larger volume of rock which results in
gradational changes in the apparent resistivity values. The resistivity Tow
defined by the 20 ohm-meter contour line covers a 4 sq mi (10 sq km) area and
is open to the east and'sputheast.' To the east the bedrock luw merges with

low resistivity values of the gravel-filled basin.east of Coso Hot .Springs.

" The extent of the bedrock low to the southeast is not delineated by this

15



survey. Although not fully defined by the results of this survey, the -
inferred southern limit of the low is supported by the results of AMT
soundings in this area (D. B. Jackson, personal communication). The

unsurveyed bedrock area is 2 to 3 sq mi (2-5 sq km) in extent.

In the absence of any obvious change in rock type, this bedrock
resistivity low is probably caused by a combination of observed increases in:
1) fracture density (higher permeability), 2) hydrothermal alteration (higher
clay content) and/or, 3) temperature (higher dissolved solid content). The
results of recent detailed geologic mapping by Hulen (1978) and shallbw
temperature measurements by LaSchack (1977) support this conclusion. The
significance of this interpretation should be judged in light of the reSu]ts
of recent work by Moskowitz and Norton (1977) which has shown that low
resistivities associated with geothermal anomalies are "a complex function of
fluid circulation patterns, fluid composition, and the distribution_of_
conductive minerals produced by the reaction between circulating fluids. and
rocks."  They point out that in many cases low near-surface resistivity
anomalies cannot be entirely accounted for by hot circulating saline fluids
and that observations of high thermal gradients associated with
low-resistivity anomalies are not unique indications of a high-energy

geothermal resource at shallow crustal depths.

Plate VI a contour map of sixth separation, n=6, apparent resistivity

values demonstrates the effects of lateral changes in resistivity. Overlaying .

this map on the map of first separation values, Plate 111, shows that the

position of resistivity highs and lows are generally reversed. The Tow, less

16



than 20 ohm-meters on Plate VI, west of line 2, is produced by the extreme
contrast in resistivity between the rhyolite and host rock. The transmitting
and receiving dipoles for sixth-separation measurements were 1.8 km apart and
located in relatively lower reSistivity host rock which causes this apparent
low at depth. The plus 20 ohm-meter values observed in the center of Plate
VI, near Devil's Kitchen, were caused by the reverse situation where the
transmitting and receiving dipoles were located in relatively higher
resistivity zones. Referring again to Figure 3, this reversal in apparent
resistivity with increasing dipole separation is shown to be mainly fhe result

of horizontal changes in resistivity rather than vertical.
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SUMMARY AND CONCLUSIONS

This survey has defined a bedrock resistivity low at least 4 sq mi (10 sq
mi) and up to 6 sq mi (15.5 sq km) in extent associated with the geothermal
system at Coso. The boundaries of this low are generally well defined to the
north and west by 5- to 10-fold increases in resistivity compared to
resistivities observed within the low. The extent of the anomaly is not as
well defined to the south but resistivity values generally increase in this
direction aﬁdrthe approximate southern limit has been determined. The bedrock
resistivify low merges with an observed resistivity low over gravel fill east

of Coso Hot Springs.

A complex horizontal and vertical resistivity structure of the surveyed
area has been defined which precludes the use of layered-earth or
two-dimensfonal interpretive models for much of the surveyed area. In general
the survey data indicate that a 10 to 20 ohm-meter zone extends from near
surface to a depth greater than 750 meters within the geothermal system. A
combination of observed incréases in: 1)-fracture density (higher
permeability), 2) alteration (high clay content), (Hulen, 1978) and 3)
’temperatures (higher dissolved solid content of ground water) within the

bedrock low explain its presence.'

Additional resistivity work would be necessary to fully define the extent
of the bedrockllow to the southeast. Detailed lines, using 150-m diﬁoles,
would help to further delineate major north-northeast and west-northwest

structural features within the low.
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alluvium, includes fan gravels, slope wvash and playc deposits

landslide debris

older alluvium; dissected older fan gravels

rhyolitic volcanic rocks undifferentiated; predominantly perlite, pumice,
and obsidian with subordinate rhyolite and porphyritic rhyolite

rhyolitic pyroclastic debris; mostly air-fall and water-reworked
accumulations of pumice and obsidian lopilli and ash in various
proportions

intrusivel’/basalt of uncertain age

vesicular olivine -pyroxene basa/f(bsf. Flow rock [234.000¢5%000ms

(Duftield and Bacon, 1377)

bap: cinder con? K-Ar age

vesicular porchyritic olivine -pyroxene basalt
fanglomerate of the Coso formation

vesicular olivine -pyroxene basalt

vesicular porphyritic pyroxene dacite and dacite flow-breccia
K-Ar age 342 *0./10 my —biotite

220*070my.~plagiociose
(Duffield and Bacon, 1977)

fine-crystalline biotite granite intrusion breccia

fine fo medium-crystalline granite and quartz monzonite,
undifferentiated; includes small dikes, plugs and pods of
alaskite, aplite and quartz-potassium feldspar pegrmatite

coarse-crystalline leucocratic biotite granite; includes small dikes,
plugs, and pods of alaskite, aplite ond quartz-potassium feldspar

L .pegmatite

felsite dikes ond pods

biotite quartz latite porphyry dikes

intermediate to mafic metamorphic rocks, unditferentiated; includes
biotite schist and gneiss, metadiorite and metadiabase, meta-
andesite and metadacite, amphibolite (metagabbro 2) and chiorite
schist, with very minor sericite schist, felsic metatuff (2),
possible metachert, granitic gneiss, lit-par-1it injection

gneiss and miscellaneous hybrid rock types along contacts

with granitic intrusive rocks

Contact dashed where opproximate - dashed and dotted where graditional

. Fault, long dashes where approximate, short dashes where inferred,

dotted where concealed. Bar and ball on downthrown block,
Concealed foult inferred from resistivity studies (Fox, /I9780)

Strike & dip of beds

Strike & dip of Flow foliation in volcanic rocks £ schistosity in
metamorphic rocks

Dril!l Hole

2000 0 2000 40)00

SCALE IN FEET

\&

PLATE I Q

Greologic Map
of the

Coso Geothermal Area

by oJ. B. Hulen; modified from Duffield & Bacon, 1977
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