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‘F: A o Preiiminary,results»of geoele&trical investigations
; ‘ near Clear Lake, C&lifornia‘

By William D. Stanley, Dallas B. Jackson and B. Carter Hearn, Jr..

Introduction

The first stage of a series of geoelectrical investigations has

been completed in the‘vicinity of ‘the Clear Laké.volcanic field in the
northern Coast Range of Califorﬁia. These investigations are,é?éart of
the U.S. GeologicaliSurvey's geoﬁhermal research program,;ﬁﬁiéhﬁis
designed to providg?basig.data‘reiating to the aifférentAtyﬁég'of
gﬁc@hermal systems and to deyelﬁp techniques fbr,locating aﬁa,éutlining
geothermal afeas.- The regidn'Seleg;ed‘fot these inveétigatiaﬁs (pl. 1)
-;s of interest beca@se(of possible rglatibnships.between The Geysérs'-
éiy steam field, a»éravity low centered around Mount Hanhaﬁ, and the
. : PO _
Flear Lake volcanic field of Pliocene to Holocene age}, Geoelectrical
?nyestigations hava not been completed, but because of the timely

> %ature of the data'obtained thus far, cu:fent results are being placed

1
on open file,




"
E Methodekane‘procedureé‘

Resistivity measuremen;s were made using total-field dipole mapping
(Keller, 1966;'Risk and:ethers, 1970) and vertical electrical sounding.
techniquesh(Keller andafrischknecht, 1966; Bhattaehery;wand Patra,
1968). .In‘the total—fieid dipole ﬁapbing‘technique’employed, the totai
electric field abbu§ a long (3 te 5 km) dipole-was'measured‘ueing.shorﬁ
k30'to'200 meters), quasi—orthogonal grounded measurement'dip01ég;
Apparent resiétivities were computed from ;heAinput currengffed‘ehe
ﬁeasured electric field by relating the electric field magniteee to the
magnitude-whieh would be ﬁeasnred over a homogeneous half—queeﬁf
Contour maps-of‘apparent.reﬁistivity for the five‘separate sbefee
dipole locations wefe compiled (pls; 2-6) and a geperali;ed'éeology.and
a@mpbsite apparent fesistivity map (pl. 7) was constructed;-.f;ese maps
were used to investigate the p0551b1e oeeurrence of hlghly conduch-.
bodies wnlch mlght represent reglons of comblned hlgh sallnity, hlgh
temperature, and high effective porosity. Such bodies are common in
maﬁy geothermal areasAof the world (Keller, 1970; Meidav, 1970; McNitt,
1965; Cheng, 1970).- Anomalies observed on these maps were probed using
the Vertieal‘electrical sounding (VES} tecﬁnique_tvobtain information
on the distfibution_qf resistivity as a function of depth. Several
-facts abqut apparene.resistivity~meésufements using dipole mapping

-teehniqueé should be stated:

R mog L C e e e e e —— e e R U




1. The depth of-invésﬁigationjét a measurement.point depegds on:
| a. The distancé énd-azi;uthlof'the'measurement'point from
the source dipolé |
b. The leﬁgth of the source dipole
.c. The geqlpgy |

- 2. The definition with which a particular geologic unit can be

mapped‘is dependent in part upon the electrical pr0pep£ies

of the surrounding geologic unité,
3. _The.tot;l—fieid‘mabpihg'technique is well suited fo?;l&éating
| lérge~e1ectrical.heterogeneities. The:gnomalies théﬁfshould
 de invesﬁigated using an electrical or electromagnééié
.sounding gechniqug to fiqd the‘fesistivity distribution Qith
depth. |
4o iﬁ the préseﬁce of steeply dippiﬁ;'cbnfaqts, apparent
. 4‘resistivities measufed.pver a iarge coﬁductive body with.the
source diﬁoie'locatéd-over resistive matéfial will bé higher
'thgn the»true‘resi§ti6ity of the conductive body (Ai'pin,
1966; Risk‘and othefs,’lQ?O); Converéély, the apparent'
resistivity measured outside tﬁe ﬁody, with the source
- dipole lo;ated over the conductive body, will be .lower than
thé~:rue éésistivity at the measﬁrement point; In compiling‘
: - .tﬁe éppafént resistivity maps pregehted in this report, no
adjustments were made for such:effects. Some~contfol was

~ provided by making many measurements with more than omne

source dipole. .




Results
Repeat.meésu£ements from separate dipole sources indicated'that"
the data on plates 2-6 could be qualitatively‘combined into a composite
apparent resistivity map (pl. 7) to aiduinterpretation of the data.
The composite map was constructed by~smoéthing éontours between areas

-of overlap on the five separate maps and by'qualitatively removing.the

A.effects of shallow layerlng around the source dipoles. For the earth

model of a thln, resistive layer overlylng a very thick conductor a

" theoretical anomaly with steep. gradients will be centered about the
dipoie. Examinanion and comparison of the apparént resistivi#y‘ﬁaps with
the géology‘and VES curves usually make poséible thevidentif;éation“of
anomaliés caused by shallow layering. ’TheAmost significant éﬁomaly
caused by near surfacé layering is a‘resiitiVity high,neér source

dipole no. li‘v E - -




By - 'A large resistivity low of 1+5 ohm-meters, trending NW-SE is
evident on. the composite map. The bulbous northwest portion of the
anomaly 1s centered about Mount Hannah and the southeast portion of the

anomaly about Boggs Mountain. The true resistivity gradients at the.

" edge of ‘the low are in reality higher than the anparent reeistivity : | | :
- gradients shown because of the effects of location of the source dlpole
mentioned above. .The apparent resist1v1t1es in31de the low are probably
close to, but slightly higher than, the true re51stiv1ties. The trend N . C ¥

and boundaries of the anomaly seem to indicate a relatlonship to. the - ]

eSoda Creek and Collayomi faults and the edge of the Clear Lake vgleanic
field‘on the weet-and,southwest, and'to‘the Childers Peak fault;dn;thel .
eastl(pl. 7). Comparison‘of the compesite apparent resistivity'map with
the grav1ty map (pl. 8) shows ‘that the bulbous portion of the resistivity

: anomaly centered about Mount Hannah c01nc1des wlth ‘the center of the e :

gravity low, suggesting a‘relationship between the causes of the two

s ' anomalies.




~whereas the computed apparent re51st1V1t1es in ohm-meters are plotted

In order to 1nvestigate the nature of the resistlvity low, seven.
vertical electrical soundlngs u51ng the Schlumbercer array were made
.(see pls. 6 and 7 for locatlon) and source dipole no. 4 was used to make

a deep SOundlng along the axis of the electrical low. The VES curves'

are shown in figures 1-7 with the 1nterpreted models., The Schlumberger

-

spacing and the lnterpreted depths in feet are plotted on the absc1ssa,

on the ordlnate. The numbers in the logarlthmlcally plotted model

" layers are the interpreted true resistivities in ohm-meters. The;curVes'

-were interpreted using curve—matching‘and auxiliary-point techniqdeeh'
(Orellana.and Mﬁoney;;1966; Zohdy, 1965). The graphically obtained

models were tested with computerégenerated sounding curves using a

'numerical 1ntegtatlon program developed by W L. Anderson of the U. S.

.

'Geological Survey. The data frOm the deep soundlng is shown on the

- same plot (fig. 1) as VES 1, because VES 1 was located about in thel

middle of the deep sounding line (see pl. 7). For these points the

abscissa represent the distances from the center of the 50urce-dipole

to the center of the'measurement dipole. The deep soundlng points were
in a qua31—polar dlrectlon (Al pin, 1966) and were used only to obtain

a minimum depth tovthe bottom of the conductive body (Zohdy, 1969).

‘The apparent minimum expressed on the deep sounding paints may not be

_ , : s E :
caused by horizontal layering, because the edge of the conductive body"

was being approached at the larger distances and also because the width -

‘of the body is much less than the dimensions of the sounding.
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> i A cross-section was eonstrdeted across the electrical anomaly

. using the sounding'data (fig. 8). Note that the bottom of the
conductlve boay was probably observed only on VES 7, but minimum depth
to the bottom was computed from the deep sounding for the. area beneath
VES 1 and 5. Minimum depth to the bqttom of the 12 ohm-meter layer at
fVES 6 waS'alschbmpu;ed; .The ninimum depths are pedmaril}‘dependent
upon the interpretedifesistifity for the conductive‘layer:and'ou&éhei

~ assumed lotatdon ef e.rising'terminal branch to the curve (é%?ﬁid;
1966;'Zohdy)’1969).',Note that the approximate minimum depth;;p3the
”hotﬁom of the conductive body under VES 1 and 5 is about lS;OOQ‘feef.
“The neéiaémrface, higﬁ—resisﬁivify layer (350—570 oﬁm—meters)~eﬁewn,

| aniehe cross-section and models- is most llkely unaltered volcanic rocks,
and the second layer @t Aintermediate values (15-31 ohm—meters) probably
iw@resedté either Tertiary—UppeémCretaéeodé,sedimentary tocks or

gltered volcanics. ' The conductive layer of 2~-3 ohm-meters probably

repreéents Great Valley marine sedimentary rocks with pore waters of
E high salinity and pqssibly anomalously high temperatures. The Great
; o , :

d A Valley sequence contains large amounts of marine shales or mudstones
;

and could be quite conductive even without high temperatures:

el b e ——— amamwnve e v
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In oxder to iﬁvesiigafé.;he electfical'prqurcies ofiche G;eat'
Valley séqqence,\tﬁo‘eie@tridal well iogé'were'obtained. The first of
the logs‘(pl. 9) is from Weétern‘Gulf Co. Knowles No. 1 (see p1L 1 for
1b¢ation). Thié‘well Waé drilled througb more»tﬁan l0,000'feet of
very shaiy Great Vailey sedimentary rocks; Reéisti&ities ffom the \.

19 foot lateral log are. lS 30 ohm—meters for the upper 3,200 feet,

9-12 ohm-meters for the zone from 3,200 to 4, 200 feet, and 6-9

hm—meters from 4, 200 to 10, 200 feet. Basal unlts of the«Gteat Valley
may have been encountered_at about lO;&OOjféet with resistiJities
climbing to 20:ohm-meters'and-moré. 'Maximuﬁ mud températﬁré;iﬁéfé 196°F
and formation ¢ allnltles are not known. | -
The second log {pl 10) is from Balley Mlneral Corp. No; 1 (pl 1),
a gepthermal'steam test which penetratédkalzong from 600 tq 1,800 feet

ansisting mostly of gray shales and having an induction log resistivity

| S : . ,
.0f 3-% ohm-meters. This zone is probably equivalent to unit Ia of Swe
i » :

.;nq Dickinson (1970). Serpehtinites were logged from aboﬁt i,SOO feeﬁ
;o,the bottom of ththoié at about 3,700 feet and had induction.lég |
resistiviﬁies of'§—l8 ohm—metérs; Watéf samplQS'indicate that-the
pore waters conﬁain at least 20,000 ppm dissolved solids (D..E. White,
U.S._Geol.'Sﬁrvey,writﬁen commuﬂ., 1972). A the;mal log shows

temperatures that raﬁge from 183°F at. 600 feet to more than 270°F below

2,700 feet (D.-EQ White, U.S. Geol. Survey, written commun., 1972).




 Conlesidﬂ§
A large low—résis;ivity body centeréd around Mount‘Hannahfwith
an éxtensioq to ‘the squtheast was mapped. Ihe_b&ttom of tﬁe‘body‘must
be‘at(least 15,000 feet beiow thelsurface'although it'Qaé pfobably,_

detecéed.only at VES 7'on'th¢’wesfern edge of the anomaly. The .

extremely low resistivities could be caused in paft by very thick marine

o

égdimeﬁtary ro;ké with.warm,'saline, pqrevwaters similar to thosé  f
observed at Bailey Mineral Corp. No. 1. If the material in the
resistivity 1$w is not as shaly nor as saline as the material ;£  
"Bailg§ Nﬁ. l; thén-it is reasonable to expect even higher tempééaﬁﬁfes
 a1'equivalept’de§thé. -~ The corfespondence of the'innef pért of;;hé
gmaviéy low and the_fe@istivity low coulq be ca@sed by one qf ﬁwo
factors or a combinatidn of. the two: .
éi 1;\'A thi¢k body of'Gréat'V;11ey sedimeﬁggfy rocks would~ﬁave
éenough density'contrasff(McNitt, 1968) with the surroundiﬁg buried
,!Franciscan masses to aécount:fbr the magnitude of the imner part

(=45 and -50 milligal contours) of the observed gravity anomaly and

might explain its shapé in relation to the regional faulting.




2. A magma chamBe;,at_deptp'centered under the gravity and

a

eléétrical lon could be‘the diréct»or indirect’caﬁse of both.anomalies,
although we feel that the electrical anomaly and poésibly—the gravity
anémaly.are influenced by low densigy,'loﬁ resistiﬁity-Great Valley
sedimentary récks; 'Wé.feel that the occurrence of;the lowést resistiViﬁ§
values (l—3loh@—meters) within the‘center_bf the.graVity lowvégd_the

-

Clear Lake volcanic field is evidence that pore waters are warmer there

due to abnormally high heat fiow.
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electrodes used to measure the electric field. In the polar
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