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3Introduction‘

in .SeptemberA' 1979, thed _Cooperative Institute for Research in'
Envirommental | Soiences A(CIRES) in _cooperation with the ‘USGsp made 17
magnetotelluric (MI) soundings in the',San Francisco Volcanic ‘Field near
Flagstaff,bAriz;‘ These soundings'complement aeromagnetio'(Sauck and Sumner,
1970), gravity (J. D. Hendricks, unpublished data, 1971), and seismic surveys
of the area. This" work 'was stimulated by interest in the volcanic field as a

potential'hot, dry rock geothermal energy site (Wolfe et al, 1975).

‘Figure 1 shows theviocation of the MT sites in respect to.the prominent
featuresz of the San Franciscot Volcanic Field. Aiso shown ‘are'vplots. of
resistivity versds.depth,'whioh are.inverted from the apparent.resistivity
ourves, and'weli locations, whichﬂhare resistivity logs. The coordinates of
the wells and MT sites are 1isted 1n table 1. | |

The well logs prov1de an’ independent check of - resistiv1ty values at
depths~near 1.54km. Spec1f1cally, near l 5 km in depth, "resistivities are
-1000 thO Q-m (MT) and . 850 + 200 Q-m (well logs). Errors were estimated from
scatter in both cases. The averaged well-log plot of re51st1v1ty versus depth
is included at the end.of appendix B{ Well resistivity logs were provided by

i

‘the USGS, Flagstaff.

Data Collection
The USGS real—time five—component MT system operating in’the frequency
range.. of about 0. 004 to 20 Hz was used to collect the data” (Stanley and
'Frederick,u1979). Sucoessful_operation of the MT system was largely,a result
Aof the technical expertise of Dick Sneddon; USGS.l-Jim Demay also assisted

with the general management of the field eXperiments.



Earth feépbnse functiohs.defiﬁed from the .real-time data analysis‘are
showﬁ in appendix A. 'Plotted:aS'é fuhction of frequency are:j'
| | | a) apparent resistivity amplitude;
b) apparent:resistivity‘phase,
"‘c)_Aprincipal a#is_angle, and . f

d) ‘tipper angle.

Data evaluatibnv

Data reliability wés .evaluate& -using the 'prbduct of ;he multiple  and
partial COhergpces_éalculated_by-the:real-time systéﬁ.v Data were not used if
'the-tohereﬁce'product wefe.lesé ﬁh&n 0.80. The real time system dses time
serieé of 128vpoin£§ and élso décimatesythé series»to'increase‘the digitizing
intervél.» The timé.seriés is lbw basslfiltered and the spectra are stacked to
improve;thefsignél-to noise ratio. -Aléo'shown in éppepdix A are solid lines
‘ which'wgfe fitted.byvhand to ‘the principal, apparent resistivity values ny
:aﬁd Ryx' Thé d6tted line is the geometric mean /ﬁ;;_ﬁ;;.andiis inciuded to
provide a’'one-dimensional vigw of  the resistivity soundings. Slopes were
: constrained_to‘less:than t45°,Awhich is required for one- or two-dimensional
modelingf': Ihg; curves were ‘then inverted using . a continuous inversion
' algorithﬁ (Bostick, 1977). The inverted curves whicﬁ plot resistivity.versus

depth-arebinclﬁded in appendix B. |
A regional view of -fhe resistivity éoﬁndipgs ‘is shown in figure '1;
Details of a”sounding at a particulgr site may, of course, be viewed in the
fullQSize 1nversion.in-appendik B. The inversion of ﬁT data recorded near
two- . and, ' particﬁlarlf; 'thrge;dimensional-,éfructu?eé does -not  necessarily
result ‘in a ﬁniqﬁe sounding »éur#e (Bgrdichevsky .aﬁd bmitriev, 1976) . In

particular, lateral changes in reéistivity at dépths‘ less . than 2 km can



influence resistivity-depth inversions to depths greater than 20 km. Modeling
" of near-surface reéistivity 'structures' has demonstrated this (Morrison and
" Lee, 1979). A rather firm indication of .lateral inhomogeneities 1is the

separation or splitting;of résistivityédepth curves derived from ny and Ryx‘

Results -
A detailed interpretation of tﬁe results 1is not presented here in order
to make the dgta availablé as quiékly, as possible.‘ However, several
 interestiﬁg asﬁeéts of ﬁhe data will be mentionéd.briefly.-
AVCOnsisten; trend is noted in the angle of the'principal axié. They are
- orien#ed from '&ue_ nqrth to - 15% at all sites‘ and at essentiallyf.all>
. frequencies. ﬁeaéured._ In adaition, the ﬁnximum resistivity at most of the
nine sites which Shoﬁ,'splitting‘ is éeneral;y driénte& parallel to the
e ptincipél axis. “At sites 12 and'ih, Rm;x crossés ovef, but is parallel where
2‘theré.is”substagtial spiitting. Onlf site 10 shows Rpax perpendicular to tﬁe
‘:principal axis. .Tﬁe §§ungest voicaﬁic vent in the area (Sunsét Crater) is
_close'tofsite'lO_whiéﬁ,-relative to éll other sites, (1) has tﬁe most profound
_ splitting and (2) has ﬁhe,lowest absolute resistivity value measured at any

site.
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Table 1

COORDINATES OF MT SITES AND WELL RESISTIVITY LOG SITES.

MT Sites

. Cinder Lake

Water Tank

Dry Lake Hills
Dead Man Mesa
Kendrick Park
Lockett Meadow
Community Tank
Malpais Tank
Hart Prarie:
Boulin Tank
0’Leary Peak
Dead Man Wash

Marshall Lake

Indian Flat

Lennox -Crater -

Prime Lake

Roadbed Tank

Well log sites

1.
2.
3.
4o

35.090
35.009
35.133
35.104

2n

35.316
35.431
35.266
35.424
35.406
35.359
35.405
35.332
1 35.342
35.381
35.407
35.478
35.113
135.482
35.352
35.097

35.094

111.309
111.287

111.604

111.583

o

111.518
111.538
111.634

111.530 -
111.741

111.619
111.926
111.815

©111.732

112.042
1114555
111.431

111.538

111.658
111.527

111.531
111.621



APPENDIX A
Ea;th‘respoﬁse‘fﬁnctions HeriVed frém real-time dataAéﬁalyéis,'plotted'
versus frequené&Q‘bv fop.'tp bqttom the ‘plo;s ‘show apparent  resistivity
.aﬁplitudés, apﬁapéﬁ;vreéistivity phase, and-orientations_éf ghe principal axis -

. and tipper.




| APPENﬁIX B
Apéeﬁdix B.qontains'averaged well-log plOts ofAresistivity versus'depth,.
which_:are"'iﬁvertgd 7froh. tﬁe appéfént; résistivitf_'versué freduen;y curves,
where Ri' = _Rﬁax’v Réi‘=ilRﬁih, ’aﬁd R3 _='i;vérégé of fhe.~apparenp. resistivity

cﬁrvesJRmak aﬁd-Rminﬁ.."

- 26"
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Figure 1. Map showing distribution of ages of volcanic rocks in the San
4 "Francisco Volcanic Field (modified from Wolfe et al., 1975). Added
to. Wolfe’s map are sites of well resistance logs, MI sites, and
" resistivity vs. depth plots. The coordinates of the sites are

listed in table 1.
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