Lawrence Berkeley National Laboratory
LBL Publications

Title
CONTROLLED-SOURCE EM EXPERIMENT AT MT. HOOD, OREGON

Permalink
https://escholarship.org/uc/item/8nd6j6h(Q

Author
Wilt, M.

Publication Date
1979-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8nd6j6h0
https://escholarship.org
http://www.cdlib.org/

Presented at the Geothermal Resources Council LBL-9399
Annual Meeting, Reno, NV, September 24-27, 1979

e

CONTROLLED-SOURCE EM EXPERIMENT AT MT. HOCD, CREGON

Michael Wilt, Norman E. Goldstein,
Michael Hoversten, and H. Frank Morrison

July 1979

Prepared for the U. S. Department of Energy
under Contract W-7405-ENG-48

4 )
TWO-WEEK LOAN COPY o SREIVE
E?ka. . L,; ,
This is a Library Circulating Copy SORATORY
which may be borrowed for two weeks. JEC 181879
For a personal retention copy, call b SIBRERY
Tech. Info. Division, Ext. 6782. ) “UMENTS SECTION

.

£2




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



)

:/s

¥

LBL-9399

CONTROLLED-SOURCE EM EXPERIMENT AT MT. HOOD, OREGON

Michael Wilt,* Norman E. Goldstein,* )
Michael Hoversten,t and H. Frank Morrisont

*Earth Sciences Division, Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720

tEngineering Geoscience .
University of California, Berkeley, California 9472

ABSTRACT

As part of a joint federal and state geothermal
resource assessment of the Mt. Hood stratovolcano .in
Oregon, Lawrence Berkeley Laboratory performed a
series cof deep electromagnetic soundings over the
frequency range 0.1 to 200 Hz. The soundings, per- .
formed with a large-moment horizontal loop system
(EM-60) , permit an analysis of earth resistivity in
the region. Horizontal loop sources were placed at
three locations around the volcano and magnetic
fields were recorded at nine receiver sites located
between 1 and 2 km from the individual sources.
Square wave currents of up to 150 A (p-p) were
impressed into the loops and at each receiver loca-
tion amplitude and phase spectra or ellipticity of
normal and radial magnetic fieldswere analyzed to
obtain one-dimensional resistivity models. Layered
earth inversions yield similar two-layer models of
a resistive surface layer, 0.5 to 0.7 km thick, over
lying a conductive layer of indeterminate thickness.
A sounding at the north side of the mountain shows
a 3 ohm*m layer at a depth of 0.7 km. This re-
sult agrees well with magnetotelluric results in
the same area (Goldstein and Mozley, 1978). The
cause of the high conductivity zone may be high-
temperature, water-saturated conditions beneath the
cold meteoric water zone.

INTRODUCTION

As part of a geothermal research project at Mt.
Hood. Oregon, the U. S. Department of Energy, U. S.
Geological Survey, U. S. Forest Service, and the
State of Oregon have undertaken a series of geolo-
gical, geochemical, and geophysical studies (Fig. 1).
Working for DOE/Division of Geothermal Energy, LBL
was responsible for geochemical and electrical re-
sistivity surveys (Wollenberg et al.,1979; Gold- -
stein and Mozley, 1978; Goldstein, et al.,61978).
These and other coordinated studies were designed
to evaluate.the geothermal resource potential at Mt.
Hood and to help formulate an exploration strategy
that might be applicable to other volcanoces in the
High Cascade Range. )

Because of terrain, access, and high surface-
(contact) resistance, conventional dc resistivity
surveys were impractical for deep exploration at
e therefore embarked on a program of
remote reference magnetotellurics in 1977 (Goldstein
and Mozley, 1978) followed by a controlled-source

R ¢ U

Washington
ceC
Cloud
Cop
Oregon  — (5880")
60mi.
- (112358")
. Hood
1. Hoo!
Summit E @
2 :
Timberline .
rH 13550")
(5930')|
Government
Camp
® @
(=]
Summit
Meadows SMI
N
Q  Dipole transmitter miles
t  Reciever location S W S S S
o 2 3 4 5

XBL 796-7529

Fig. 1. Project location map, Mt. Hood, Oregon.

electromagnetic sounding program in 1978. This
paper will deal primarily with the, deep electromag-
netic soundings which were conducted with the large-
moment, horizontal-coil system developed by LBL and
the University of California, Berkeley (Morrison

et al.,1978). The system, called the EM-60 because
of the 60-kW motor generator that energizes the
transmitter loop, was operated at several sites on
the flanks of the volcano during August 1978 (Fig. 1).

GEOLOGY OF MT. HOOD

‘Mt. Hood is a Pleistocene composite andesitic

_stratovolcano rising some 2500 m above the surround-

ing terrain. Development of the main body of the
cone was completed about 20,000 years ago (Wise,
1968) and renewed volcanism occurred about 12,000
years ago when several domes were extruded near the
surface (Crandell and Rubin, 1977). Further epi-

‘sodes of volcanism caused the collapse of the south

rim of the crater roughly 1600 years ago; minor
eruptions were reported in 1859 and 1865 (Folsom,
1970) .
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Mt. Hood is located along a north-south volca-
. nic trend with most of the other Cascade volcanoces

of Oregon and Washington. This trend may be asso-

ciated with a fault zone located along the western

edge of the High Cascades (Thayer, 1937; Callaghan,

1933). Allen (1966) believes that Mt. Hood lies
within a graben formed by the Hood River/Green

Ridge faults on the east and unnamed faults recog- -

nized by Thayer and Callaghan to the west.

The predominant surficial material covering
Mt. Hood is andesitic clastic debris: The éxten-
sive lava flows predating the debris are predomi-
nantly horneblende andesite, whereas more recent

extrusions on the north and northeast flanks of the .

volcano are olivine basalt and olivine andesite.
Several EM soundings were performed within 3 miles
of the summit on clastic debris, which overlie the -
andesite flows. Other soundings were made in the
Summit Meadows area, over lake sediments at the
southern base of the volcano.

FIELD SURVEYS

Three transmitter sites were occupied for the.
EM experiment: (1) Summit Meadows (SM), immediate--

ly south of the warm water emanations at Swim Warm

Springs; (2) Timberline Lodge (TL), near the lodge -

on the relatively accessible south flank; and

(2) Cloud Cap (CC), near the eruptive center on the

northeast flank where anomalous re51st1v1t1es were
indicated by MT survey results. :

Two to four receiver sites were occupied for
each transmitter (Fig. 1). 1In order to create a
large dipole moment (greater than 10% MKS), three
turns of #6 welding cable were laid out, usually in
a square, 100 m on a side. 2a square~wave current

at discrete frequencies between 0.l ahd 200 Hz was -

impressed into the transmitter loop. Peak-to-peak
current varied between 150 A at low frequencies to

less than 40 A at the highest frequencies where in-:

ductive effects'limit the current. A schematlc of
the EM-60 system is shown in Figure 2.

At receiver locations, 1 to 2 km from the
transmitter, magnetic fields were detected with a
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three-component cryogenic magnetometer oriented

to detect the vertical or normal field (Hy), the
radial field (HR), and the tangential field (H7).
Signals were amplified and band-passed filtered for
anti-aliasing and signal-to-noise improvement. The
signals were then field processed by means of a mul-
tichannel, microprocessor-controlled wave analyzer

‘that stacked a specified number of cycles and yield-
ed an average "raw" amplitude and an average phase

relative to current phase in the loop. Spectral
estimates were made automatically at the fundamental

. frequency and at a specified number of the higher
‘order odd harmonics, usually the third, fifth, and

seventh. Although the system can operate to 10 3
the lowest frequency conveniently obtained is 107!

Hz because of the signal-to-noise, which decreases

Hz,

',Aroughly as £2 at low frequencies.

Because there is no simple way to calculate an

apparent resistivity, as in dc resistivity, basic

interpretation must be done by comparing field
curves with precalculatéd curves. Usually ampli-

'tude;phase or ellipticity spectra are fit to one-
vdlmenslonal layer model curves by trial and error

or dlrect inversion.

Field and laboratbry processing procedures for
the Mt. Hood survey'were complicated by cultural EM

. noise and rugged terrain. High man-made noise at
'60 and 180 Hz required use of notch filters whose
“effect on neighboring frequencies had to be care-

fully determined before the spectra could be in-
verted. More formidable was the terrain problem,

. which forced us to lay out loops TL and CC on an

irregular and inclined surface. ' Because the prima-
ry field from these loops has both vertical and hor-

-. izontal components, it was necessary to rotate the
‘HNAend Hg fields mathematically to find the orien-
tation for which Hy was normal to the plane of the

" loop. - This rotation introduced some érror into the
' spectra, especially into the radial component whose

amplitude is normally very small at low frequency.
Another -approach that we_successfully tested was to
derive the ellipticity of the observed Hy and Hg-

' components, which are independent of loop inclina-
tion, and to invert solely on ellipticity.

RESULTS -

-Of. the nine soundings made, only four have

‘been successfully. analyzed in terms of layered earth

models. Two soundings were not interpretable with

. certainty because the intervening terrain between

transmitter and receiver caused distortion of the.
field curves. The three soundings from loop SM

will have to be interpreted in terms of two-dimen-
sional models. Examples of analyzed spectra are
shown in. Fiqures 3, 4, and 5 for receiver station
TL2 and Figures 6, 7, and 8 for receiver stationCCl.

_de sllghtly different interpretations are shown for
. each receiver site. One is derived from a combined

inversion using the four components of amplitude and
phase of the normal and radial fields with the am-
plitudes normalized for the primary field. We also

"-show the inversion based on ellipticity with the
“ratlo of minor to major axes of the ellipse traced
"~ out by Hp and Hy.
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For each inversion, a two-layer earth is indi-
cated. The inversion program reduced all our ini-

tial three-layer models to two layers. A more re-
sistive zone below the second layer, indicated by
MT (Goldstein et al., 1978) is not resolved by the
technique, mainly because of the relatively small
transmitter-receiver separation used.

The models for sounding TL2 are typical of
those for the other soundings near Timberline
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Lodge. A resistive surface layer exists to a depth
of 0.5 km, underlain by a more conductive zone of
undetermined thickness. Amplitude-phase and ellip-
ticity results are very similar, implying either
that the rotation errors are small or that low-fre-
quency data do not strongly influence the model.

The inversion of sounding CCl (Figs. 6 to 8)
yields a model for the Cloud Cap area that is simi-
lar to the Timberline model. The resistive surface
layer is thicker, but more important, the second
layer appears to be unusually conductive. The re- -
sults from station CCl may be compared with a one-
.dimensional MT interpretation for the same area,
shown in Figure 9 (Goldstein and Mozley, 1978).
Above 1.0-km depth, MT and EM interpretations show
good, agreement. Resistivities and thicknesses for
the first layer agree particularly well between MT
and the EM ellipticity results.

DISCUSSION

The test of the EM-60 at Mt. Hood has demon-
strated that a large-moment controlled-source EM
system can be employed successfully in rugged areas
and on talus slopes where dc resistivity surveys
become difficult-to carry out. The good agreement
between MT and EM results at Cloud Cap gives us con-
fidence in our ability to interpret the EM data
despite imperfect knowledge about the relative ori-
entation of transmitter dlpole moment and receiver
axis.
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models that fit miagnetotelluric sounding
data for a site near CCl (from Goldstein
and Mozley, 1978).

Because of limited drilling and subsurface
temperature information, we can not yet give a sub-
stantiated geological explanation for the subsurface
resistivities. The high-resistivity surface léyer
probably represents the shallow zone of cold meteor-
ic water moving downslope through permeable ash
and block flows. The low-resistivity second layer
may represent a water-saturated zone of higher tem-
perature, containing meteoric water that has been
heated high on the mountain. Chemical geothermom-
eters of warm water at Swim Warm Springs indicate
that the maximum temperature encountered may be
from 150° to 200°C (Wollenberg et al., 1979). The
unusually low resistivity of the second layer be-
neath Cloud Cap (2 to 3 ohm*m) has raised the spec-
ulation that the subsurface water temperature may
be enhanced by residual heat from the Cloud Cap
eruption. ‘A temperature hole is planned for this
area in 1979 (J. Robison, USGS, personal communi-
cation). )

This work was supported by the Division cf
Geothermal Energy of the U. S. Department of Energy
under contract W-7405-ENG-48.
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