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Pacific Coast to the area around Vale in the exireme eastern part of the
. The locations of the stations are shown in Figures 5 and 6 ‘
- cipal purpose of this program was to test instrumentation, field procedure,
" data processing methods, and the general oppliccbilify of the teiluric current
i method in reconnaissance exploration for geothermal resources. The results . .
obtained are to be applied to improve all aspacts of our methodology and-to
prepare for a more substantial effort in this-field. S :
_ " The field procedure applied on the present program dev:cfes from the
“standard telluric method in that the telluric data obtained at the field sta-
: tions are compared with the magnetic field recorded at a fixed base station.
' Our method is therefore a variant of the standard magneto-telluric method,

' lntfoducfion ‘

" A reconnaissance fellunc current* exploration program for geothermal
anomalies in southern and eastern Oregon was initiated in 1971 by the Geo-
physics Group at Oregon State University. During 1971 and 1972, observa-

tional data were obtained from a total of 19 field stations
concentrated on the Klamath Falls area, where 10 stations were occupied

The program

e including a total of 9 stations extending from Siletz at the

The prin-

Natural electric currents that flow on or neat the earth's surface in large
Methods have been deveioped for using fh°se currents to make

surveys
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-mapping with the help of temperature data from very shallow boreholes..

‘with ‘conspicuous surface heat-flow anomalies and can therefore be recog—
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but since we are mainly interested in Iarge-sccle lateral variations of the

earth's conductivity, we have preferred to refer to the method as a felluric

rather than magneto-telluric method.

Rationale for the Telluri'c Current Method

Regional reconnaissance exploration for geothermal resources is con-
cerned with the initial detection and recognition of geothermal anomalies '

_of economic interest. An elementary investigation (Bodvarsson, 1966) of
" resource energetics shows that the heat capacity of rock is such that in-terms’

of electrical energy it is realistic to expect that very roughly about 1 kwhr
can be generated per cubic meter of resource volume. This estimate is based

‘on the assumption of the conditions in known fluid=-phase, high~temperature

geothermal systems where base temperatures of the order of 250°C are
encountered and by using a recovery factor of 10 percent,” Hence, the
generation of 250 Mw at base-load condition for 50 years would require a .

“ resource volume of not less than 100 cubic kilometers. This volume could,

for example, have the shape of a disk with o diameter of 8 km and thickness '

~ of 2km. Invariably such a reservoir would be surrounded by a thermal halo
" of considerable extent and the total associated thermal anomaly could extend

over areas of severdl hundred square kilometers and downward into the deeper
crust. The exploration targets are, therefore, quite extensive features.

. Most of the important known geothermal resources are leaky in the.
sense that they generate thermal surface manifestations such as hot springs
and conspicuous tnermal rock alteration. The high temperature character
can be recognized on the basis of the physical and chemical characteristics
of the surface display. In general, the leaky resources are easily recognized,

_and there is little need for sophisticated reconnaissance type exploration work.

There is, however, considerable evidence that geothermal systems of

.great economic potential may be totally concealed and display no surface

leakage at all (Bodvarsson, 1961, 1970). In fact, geothermal fluids have a
tendency to chemically seal outlets and thereby contribute to the eradifica-

‘tion of surface manifestations (Bodvarsson, 1961). Resources of this type can

be detected only with the help of more elaborate techniques, such as thermal

" and electrical exploration methods.

The thermal methods involve regional temperature probing or heor-flow
Large geothermal resources within drillable depths are invariably associated

nized in regional heat-flow maps of sufficiently detailed nature.

The application. of the electrical methods is based on the fact that the
formations within geothermal systems have a low electrical resistivity
(Bodvarsson, 1970). Values in the range of 1 10 102m have been observed »
within many high~temperature geothermal reservoirs. This is the consequence '

" of high temperatures and high minera! content of reservoir interstitial waters.
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The resistivity contrast between the hot formations and the surrounding coun-
try rock quite often involves factors ranging from 10 to 100. Most major geo-
thermal systems are associated with large-scale electrical resistivity anomalies,

" and this is especially true with the fluid phase systems. Electrical methods

are therefore important tools in geothermal exploration work., -~

Electrical exploration methods fall into two categories, those based
(1) on controlled artificial current source fields, and (2) on natural current
fields provided by magnetic micropulsations and other ULF natural activity.
The second class of methods, which includes the telluric and magneto-telluric
methods, has a considerable advantage in reconnaissance type exploration
work involving exploration targets of relatively large dimensions and depths
of more than 1 or 2 kilometers. The artificial current sources in such circum-
stances would require a considerable amount of equipment and field effort.
The advantage of the second class of methods is obtained at-the cost of less
resolving power and greater ambiquity in interpretation,  but since target- -
dimensions and resistivity contrasts are unusuclly large, 'rh:s dlsodvonfage is
not considered to be too important. v

For the present purpose, ‘the natural field electrical methods have a
certain economic advantage over the thermal methods. Heat-flow mapping '
is based on the measurement of the vertical flow of heat, which usually has
to be derived from temperature and heat conductivity data obtained from’
shallow boreholes. The minimum depth’of such boreholes is 10 to 20 meters, "

_and the seiection of drilling locations has to be carried out with considerable.
care. The field effort required at each station to obtain one or two hours of

telluric records is considerably smaller. Moreover, since the telluric cur-
rents are horizontal, each telluric station can sample a larger formation vol-

" ume than the corresponding heat-flow station. In a given area it should

therefore be possible to obtain useful reconnaissance type data with the help '
of fewer telluric field stations than thermal stations. -1t is clear that care-

- fully medsured heat-flow data can be more accurate and have a greater

resolution than telluric data, but in reconnaissance type geothermal explor~.
ation work the economic advantage of the telluric method appears to out-
weight this disadvantage. These are the main reasons for selechng the tel-—

" luric method for our work in Oregon. .

In this study it was considered of advantage to mstcx” a flxed magnehc
base station, rather than to rely on a telluric electrical field base station.
The magnetic data allow us to obtain absolute conductivity values. The -

- magnetic base station was installed at Corvallis, Oregon, some 280 km north

of the Klamath Falls area. Investigations of micropulsation activity in south-.
ern California (Benioff, 1960) have indicated that the micropulsation field

at moderate latitudes does not vary appreciably over such distances. On the
other hand, the field stations at Vale in eastern. Oregon are located almost
500 km from the base station, and the general magnetic coh\,rency cannotbe

.expected to be as good, although- |nd1v1duo| magnetic events with a good

cohel ency appear to exist.
95
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Expected Resolution

© It is important to raise the question as to the.overall quality of the .-
‘exploratory information which can be expected from a telluric current field
program of the type described above. Unfortunately, the information con-
tent of the observational field data depends to a considerable extent on the
~ local conditions at the individual field stations. Moreover, the theory of
telluric currents in electrically. non-homogeneous geological structures is o
matter of great complexity and not much work of practical relevance has _
been devoted to the subject. We therefore _l_lmxf ourselves to fhe following
. quite superficial remarks. : » :

- For the present purpose, the earth can be assumed to be a semi—mfamfe
perfect reflector of the magnetic field generated by the oscillating ionospheric
currents. The penetration of the induced telluric currents is limited by the
skin effect which is measured by the skin depth, that is, the depth at which
the current amplitude has been attenuated to 1/e = 0.37 of its surface value
(Keller and Frischknecht, 1966, p. 213). Relevant values of the skin depth
for homogeneous isotropic half-spaces at various resistivities ond at periods
from 10 to 50 seconds are given . in Figure 1.

Approximately 2/3 of the telluric. current flows in the horlzon‘ro| region B
above the skin depth. Hence, this depth gives a fairly good measure of the.
thickness of the formations sampled by the telluric currents and the associated

- .electrical field. Assuming perfect source current conditions and a homoge-
. neous half-space, the above described telluric method will give the true
resistivity of the half-space regardless of the frequency. In a layered
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Figure 1. Data on the skin dépfh ina homogenedus half;space -
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half-space, the method gives a certain weighted average of the vertical
resistivity distribution in the region where the bulk of the telluric current
flows. Obviously, the averaging is biased toward the shallower sections.
The telluric current pattern is distorted by lateral inhomogeneities and
anisotropicities which-commonly occur in the field. The conditions in the
local region between and around the field electrodes are of primary impor-
tance, particularly where the electrodes have been placed within a local
low resistivity anomaly. The elecirical field readings are then abnormally
low and the station yields an apparent resistivity value which can be grossly -
in error. Substantial apparent anisotropies may also be introduced by purely
local conditions. Clearly, difficulties of this kind are common to all elec~
trical methods using conductive contacts. The principal precautions against
serious errors of this type are (1) to select the field stations with care to
avoid local zones of low resistivity and anisotropicity, and (2) to scrutinize
all conspicuously low and anisofropic apparent resistivity values by repeated
measurements at several stations in the local area. This is of parficular =~
importance for the present project since the Iow resistivity anomalies are

~ the primary exploration targets.

Directional and density inhomogeneities.in the overheod ionospheric

“currents are further sources of errors. Usually, the interpretation of telluric
_and magneto-telluric data is based on the assumption of uniform and uni-

directional source currents. Deviations from this idealized model lower the
quality of the observational material and are perhaps the main cause of the
often excessive scattering of observational magneto-telluric resistivity data.
As indicated above, this matter is of particular concern with regard to the
present project since such difficulties are likely to be enhanced by the dis~
tance between the magnetic base station and the electrical field stations. -

To minimize this effect, it is important to obtain field records for sufficiently .
- long periods of time and to edit the data by rejecting sections with low

magnetic~telluric. coherency.

Instrumentation and Field Procedure

The instrumentation used on the present project consists of two separate.
" parts, (1) the magnetic base station at Corvallis, and (2) the portable tel-

luric field equipment. Block diagrams of the two systems are shown in Fig-
ures 2 and 3. The magnetic data aquisition system was provided by the
Boeing Company, Seattle, Washington. A description of the: magnehc sen-

.sors has been given by McNicol and Johnson (1964).

In brief, the magnetic sensors consist of three mumetal-cored induc-"
tion coils each with 4.8 x 10 turns of wire. The diameter of the cores is
1 inch. The three coils were buried in the ground at the World Wide Stand-
ard Seismic Network Station at-Corvallis, where the associated electronic
equipment was housed, and were placed afong three local orthogonal axes, .
geographic north, east and vertical. The station crystal clock provided an
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Figure 2. Magnetic data-acquisition system,
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Output: Voltage versus time, each absolutely
calibrated usually expressed mv/km

Figure 3. Telluric data-acquisition system.

absolute time reference: The amplified magnetic signals were recorded on
Texas Instrument strip chart recorders. The magnetic system was calibrated
by using an artificial oscillating magnetic field. :
The telluric sensors, which consisted of three lead metal probes
inserted into the ground at the individual field stations, formed an orthogonal”
. L=shaped array where one arm pointed north.and the other east. The length

9
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of the arms ranged from 200 to 500 meters, depending on local conditions.
Each probe consisted of a piece of metallic lead plate 5 mm thick, 600 mm
_, " wide, and 1,000 mm long, rolled up into a tube 200 mm in diameter, and
buried in the ground. Local D.C. fields were blocked out with a non-polar
20-micro farad capacitor. The output signals were amplified and recorded
on a four-track strip=chart recorder. Each field station was occupied for a
time sufficient to provide 1 to 2 hours of telluric field data.

Observational Data

- A comparison of the individual telluric field records with simultaneous
orthogonal magnetic base station records shows that the coherency generally
~ varies considerably over the record length. In most pairs of simultaneous
‘records, there were, however, individual wave packets or events in the 10-
to 50-second period band which showed a good coherency and which could
be considered likely to furnish representativé values of the electromagnetic
impedance ratio. |t was, therefore, decided to base the data processing on
such' wave packets only and to apply the simple individual event method of
Berdichevsky and Brunelli (1959) to obtain the impedance ratios at the var-
+ ious frequencies. The method has clso been described by Keller ond Frisch-
. knecht (1966, p. 246). : ; :
Usuclly, between 5 and 10 evenfs could be processed for ecch pair of
‘orthogonal field components. The impedance ratios obtained were then
applied to derive an apparent resistivity with the help of the well-known

basic equation for magneto- fellurlc mveshgahons (see Keller and. Fnschknecht
1966 p 217), : i

W20 G2 )

where ¢q is the ‘apparent resistivity, Tis the period, uy= 47 x 1077 is the
permeability of free space, E the amplitude of the horizontal electrical -
field, and B the amplitude of the orthogonal horizontal magnetic field, both
" amplitudes measured at the ground surface, all in MKSA units.
Many geological formations exhibit a substantial anisotropy, that is,
the apparent resistivity depends on the direction in which the fields are
measured. In the following, we therefore use the subscripts n and e for |
north-south and east-west, respectively, and refer to eg,-as the apparent
res:shvnfy value based on E,/B, and to e, as the value based on Ee/B
© - Anillustration of the results is obtcmed by plotting the apparent
resistivities derived from the individual component pairs against the event
periods. Typical plots of this-kind are given in Figure 4, which shows the-
processed apparent resistivity data from the Corvallis base station (]2) and
from Soufh chmcﬂh Hills (6) in the chmqth FoHs region. - :
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" As indicated by the examples in Figure 4, the apparent resistivity data
exhibit a considerable irregular scattering, which in most cases covers a -
relative range from'1 to 3; thatis, the highest values are about three times
as large as the lowest. At most stations, the maximums are observed in the
20- to 30-second period band.

STATION (6)- SOUTH KLAMATH HILLS  STATION (12)-CORVALUIS -
100 ~ S . ,
80 o °
. [+
60 H
of on s , o
40 - g g L 200 E R ' .
Po 20 : ‘ .'_PG 1504 - . - .
Sim T C : " . C m ’ : °o‘00, ‘o
- 100 4 - : °e° B
- 20 4 : o
} .80+
: . °
60 .
¥ . o K T T I.
20° 30 40 soeo S 20 30 40 50

PERIOD (sec) - PERIOD (sec)

Flgure 4., Apparenf resistivities versus period for sfcmons (6) and -
(12). Full circles represent eqn, the north-south resistivities,
and the open circles eqq, the east-west resistivities.

Scattering of this kind is frequently encountered in magneto-telluric ‘
work, and along the lines discussed above, we point out that the follawing
causes may contribute to this situation: (I) Non-uniform source current.
fields; (Il) enhanced non-coherency due to the distances between the mag-".

- netic base station and the individual field stations; (111) numerical errors

. introduced by the individual event analysis method; and (IV) instrumental’
errors., Obwously, all errors in the observed impedance ratios are enhcnced
by the squaring of the-impedance ratio in equations (1)..

At this juncture, it appears that the n0n-un|formmes under (1) are a
substantial cause of the scattering. Since the results obtained at the Cor~

. vallis base station exhibit a similar character as the other field stations,

the distance factor mentioned under (I1) does not appear to be a primary -

_cause. We have still to evaluate the influence of the data~processing method
fisted under (Il1). The maximums observed in fne 20- to 30~second band may
‘parhclly be msfrumental o
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" tivities with increasing periods gives a certain indication about the downward

" that is, by a factor of 24. The variability is one order of mogmtude greater

Preliminary Numerical Results

In view of the character of the observational material and since we e:

are mainly interested in a fairly large-scale average resistivity at each , g
station, there is at this time not much incentive fo attempt a more elaborate ;g
interpretation of the present data. In our present analysis, we therefore rely‘ , ;
on the simple procedure of taking averages over the apparent resistivity i
values observed in the 10- to 50-second period band for each direction.at igf
the individual stations. This procedure yields two values, "an and &, ., for g
each station. The first is the averaged apparent resistivity in the north-south ?é ‘
direction, and the second is the value for the east-west direction. These &
data are listed in columns (1) and (2) in Table 1. Moreover, the table also 3
lists in column (3) the averages for the two directions. Since the penetration 4
of telluric currents depends on the skin depth, the trend of the apparent resis- z; :

trend of the resistivity. This information is given in the last column of Table
1. The averaged resistivity from column (3) in Table 1is ploHed on the maps

in Figures 5 cnd 6.
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Data Evaluation and Discussion

A preliminary review of the data given in Table 1 and shown in Fig=
ures 5 and 6 cdn be summarized as follows. We will focus our attention on
the averaged apparent resistivity data in column (3) of Table 1.

(1) Data from a total of 19 field stations are available. The average
values given in column (3) of Table 1 vary from a fow of 15 to a high of 360,

52

i

than the scattering of the data at the individual stations.

- (2) Six of the ten data obtained in the Klamath Falls area are weH _
below 100 Om. With one exception, these are the lowest values observed -
on our project. This is of primary interest since Klamath Falls is an area of
known geothermal activity (Peterson and Mclntyre, 1970). Stations (6) and

e S e L

I1te e e

S

(7) which yield values of 60 and 40 Qm, respectively, are close to geother~" o
mal surface manifestations. Moreover,. stations (1), (3), and (9) to the north- - JZ%

west and north yield low values, particularly station (1). Since the Kiamath
Falls area is the only area with known geothermal display investigated by us, -

7
5

we conclude that our results exhibit.an encouraging correlation with.geo- %
thermal activity. Nevertheless, we have to emphasize that other non~thermal @
* factors may also be involved, and in this respect we point out that there is . ,g ’

an abrupt decrease in the observed resistivity from station (5) to station (6).
Since the distance between these two stations is only 7 km we surmise fhcf
loccll geological factors are of some importance. :
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Toble 1. Avercge apparent resistivities for the ]O- to 50~second perlod band

!
(¢

T @) ) @
o North-south ~ East-west - Average (1) and - Downward -
Station Name resistivities, 8gqpn .~ resistivities, gqe  (2) (rounded off) _trend
- Klamath Falls area ’ _ B .
(1) Lake of the Woods ]OOm . 20am 15 0m "D
- (2)  Miess Lake 210 - 260 240 |
(3) -Indian Springs Flaf 100 40 70 - D
(4) . Lake Miller . - 40 420 230 U
(5)  Tulane 280 330 310 1
(6) S. Klamath Hills 50 - 70 - 60 . -D
(7) Noble 40 30 40 D
(8)  Nuss Lake 30 240 140 D
(9} Swan Lake 10 130 - 70 D
“(10)  Scranz © 30 120 80 U
West-East profile _
~(11)  Siletz - 110 100 110 [
(12)  Corvallis 130 130 130 U
(13) Sweet Home - 120 200 . 160 I
(14)  Sisters . 330 . 360" 350 D
(15)  Hampton - 140 130 140 U
(16)  Harney Basin 2360 i 260 D
a ) " Vale-Negro Rock 40 110 25 D
(18 Vale-E. Cow Hollow 70 330 200 .- D
(19) Vale=Alkali Flats 220. 170 200 U
Column average 120 170 150
D - decreases; | - increases; U~ uncertain
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Figure 6. Average cppcrenf resistivities on the profile from Sllefz
to Vale listed in column (3) of Table 1. The figure in brackets -
is the station number. - The dashed line outlines the area of
Figure 5. ‘ ‘

local thermal surfczce dlsplcly A further invesfigcrion is _definifely

warranted.
~(5) A'r ten of the stations the cpporent resnshvnfy decreases with

increasing depth. In particular, this is true of the stations'with low values
and is very probably of significance with regard to geothermal anomalies.

(6) Six of the stations exhibit a very pronounced anisotropy involv~
ing ratios up to 10. There is little doubt that local effects at the station -
sites are important causes of some of the high ratios. On the other hand,
it is noted that-generally the east-west resistivities are higher than the
north=south values.  This appears to be a reasonable result since the gen-.
eral geological s'rrlke in the Klomafh Falls cmd Vcle areas is not far from
being north=south. ~ : :

(7) Because of the sparsity of sfcmons olong the Slletz-Vole p»oﬁle, .
we are unable to comment on the distribution of apparent resistivities along ..
the profile. It appears reasonable that relatively low values are observed
in the coastal region and in the Willamette Valley. The values observed
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east of the Cascades are typical of values observed in mafic Terhory vol-
canics (Bodvarsson, 1950).

(8) We conclude that, in spite of obvious shortcomings, our prelim-
inary results indicate that the telluric method applied has a potential of
becoming a reconnaissance tool of sugmflcant m’reresf in the exp!orcmon for

geothermal resources.
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WASTE RECYCLING FILM _AVAI'LABLE FROM MINES BUREAU

* The recycling of urban and industrial waste is the subject of "Wealth out of
Waste," a 16mm film now available from the U.S. Bureau of Mines.
The film shows why waste disposal has become a national problem and
details the technology, including Bureau-developed processes, which can

separate fhe refuse into reusable components for manufacture into new prod-' -

'ucts or for use in energy production. :

Prints of the 27=minute sound and color film are ovcllcble on free,
short-term loan to schools, civic, professional, business, and scientific
‘organizations interested in resource development-and conservation. Write -
Motion Pictures, Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Pa.,
15213. Borrowers should state they have a 16mm sound projector and an

experienced operator; they will be responsible for return postage and for any |

domage to fhe prmf beyond no:mol wear.

. POTENTIAL-—HAZARDS MAP OF MOUNT RA!NIER PUBLISHED

"Pofenha] hczords from future eruphons of Moum‘ Rainier, Woshmgfon,“ by '

Dwight R. Crandell is a map with descriptive text that shows by color and
pattern the distribution of mudflows and tephra (cirborne volcanic debris)
“and the varying degrees of risk to human life in those areas in. the event of
a volcanic eruption. The map, at a scale of 1:125,000, and text are on a -
single sheet designated as Miscellaneous Geologic Investigations Map 1-836.
The publication is for sale by the U.S. Geological Survey Distribution Sec-
tion, Federal Center, Denver, Colorado, 80225 For 75 cents. :
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" and 117°00" and 117°30' W, long. This area of approximately 2,700 sq. km., which

field work, wes used to obtain measurements of gravity at 380 lacations in the Vale

UNIVERSITY OF UTAR. -
RESEARCH INSTITUTE .« -
 EARTH SCIENGE LAB. jq75 . - -

PRELIMINARY GRAVITY MAPS OF THE VALE AREA,
: “MALHEUR COUNTY, OREGON :

Kevin Larson* and Richard Couch**
Introduction

A grovﬁy survey, conducted during August and September 1974 and July 1975
yielded approximately 380 stations in an area between 43°37' and 44°15' N, lat,

adjoins the western edge of the Snake River downwarp and consists largely of vol=
canic terrane, is considered a potential geothermal resource area, Because of the
current high interest in geothermal energy and the Vale geothermal resource area in
perticular, this paper presents preliminary free-air and simple Bouguer anomaly maps
of tne area prior to formal interpretation. This effort, initiated under the Vale proj~
ect described by Couch and others (1975) and currently supported by the U.S. Geo~
logical Survey, is continuing as a joint effort of the Depariment of Geology at the
University of Oregon and the Geophysics Group, school of Oceanography at Oregon
State University. S :

Field and Data Reduction Techniques
Wordon Gravity Meter 575, a Master gravimeter, colibrated just prior to the

area. The gravity base station at the Ontario ariport, Oregon (Rinehart and others,
1964; Berg ond Thiruvathukal, 1965) provided the primary reference for all field sto-
tions. Berg and Thiruvathukal (1965) tied the Ontario base station to the interna=
tional gravity base station located at the Carnegie Institution, Washington, D.C.
Because Rinehart and others (1964 and Berg and Thiruvathukal (1945) report slightly
different values for the Onfario base station, a new tie is planned for the near future.
The value of gravity at the base station adopted for this preliminary report is
980,303.82 mgl. The establishment of a number of secondary base stations, tied to
the Ontario base station, permitted the measurement of gravity at field stations along
loops which extended from one secondary base station to another. Station spacing
along the loops was approximately 2 to 4 miies.

UsGsS benchmarks, spot elevations on USGS 15-minute and 7.5-minur-e topo= g

graphic mops, and borometer altimetry provided elevation control. The estimated
uncertainty in the elevation control provided by the three methods is +1, 5 and
+10 feet respectively. Ties to points of known elevation every two.hours provided
corrections for temperature and barometric changes which occurred during the perio®
of measurement. USGS 15-minute and 7.5-minute topographic maps provided hor=
izontal position control. The estimated uncertainty in position is +.01 minute of
Iotitude and langitude.

* Department of Geology, University of Oregon
**Geophysics Group, School of Oceonograshy, Oregon State University

44°15'

n7e3y

117°00"

Figure 1. Free—air gravity anomaly map of the area between 43°37.5' and

4°15' N lat. and 117°00" and 117°30' W. long.
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e otacrved grovity {OG) was corrected for meter drift and tida! gravity
ey The Internationol Gravity Formulo (IGF) TG = 978049.0(1.+ 0.0052884

"t 0.0000059 5in2¢ where # is the latitude, yields theoretical gravity (TG). 2
e equation F.A. = OG ~ TG + (,09411549 - 0.000137789 sinZg)h ~ 0.67 X 10782,
',,,,‘h is the elevation in feet above sea level, yields the.free~air gravity (F,A.)
auemaly; and the equation SB = FA - 0.012774 dh, where d is the Bouguer reduction
sweraity, yields the Bouguer anomaly. Bouguer anomolies in this report assume a
"eduction density of 2.67 gm/cm9,

(.
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The Free-air Gravity ‘Anomaly Map

Figure 1 shows the free~air gravity anomaly mop for the area between 43°37.5'
:nd 44°15' N, lat. and 117°00" and 117°30' W. long. The contour interval is ‘4 mgl )
:nd heavy contours oceur at intervals of 20 mgl. Anomaly amplitudes range from j
-46 mgl in the northwest portion of the mapped area near Jamieson, Oregon, to +26
=gl in the southwest portion of the area near Negro Rock Canyon. A series of con-
tiguous gravity highs which trend approximately north=south are observed in the cen=
ter of the area. A series of relative gravity lows flank the gravity highs on the east
ond west. The average free~air anomaly over the area is negative, indicating a
small mass deficiency.

bt s e e st ey o o 8

The Simple Bouguer Gravity Anomaly Map

Figure 2 shows the simple Bouguer anomaly map for the area. The contour.
interval is 2 mgl and heavy contours occur at 10 mgl intervals. The Bouguer reduc= i
tion density for the map is 2.67 gm/cm®. Gravity anomaly amplitudes range from :
132 mg! in the northwest part of the mapped area to -84 mg! in the northeast part. g
The marked gravity low in the northwest is elongate ond frends approximately N30°W. :
A series of gravity highs locate a relative gravity high in the south-central and east-
central parts of the area. A broad relative gravity high is also noted in the northeast |
part of the area. ) H

~General Remarks

43°45’ The gravity maps show anomalies with a general north=south trend consistent

with observed surface structures in the area. Topography causes part of the observed
anomalies, and topographic effects are more evident on the free-air gravity anomaly ) |
map. The gravity low in the nerthwest portion of both-maps occurs in the valley .

i which extends from Vale to Brogan, Oregon. The relative gravity high in the north- &
5 #ast is coincident with the hilly terrain of thot area. Both field work and interpre=

tation are continuing.
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- A popular guidebook, abundantly illustrated by photographs and colored geologic maps

Portland, Baker, and Grants Pass for $3.50.
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CENTRAL OREGON FIELD TRIP GUIDEBOOK REPRINTED

and outlining five ge logic field trips to see interesting volcanic features in central
Oregon, has been reprinted. The guidebock is the Department's Bulletin 57, "Lunar
Field Conference Guidebook," published in 1965 when the area around Bend and in
‘the nearby Cascade Range was used as an outdoor laboratory for studying the lunar
surface prior to Moon landings. The subjects of the 51-page guidebook are trips to
1) Devils Hill, Broken Top, and Lava Butte; 2) Newberry Volcano; 3) Hole-in~the-
Ground and Fort Rock; 4) Belknap Crater, Yapoah Crater, and Collier Cone; and
5) Crater Lake. The publication can be obtained from the Department's offices in

* Kk ok Kk Kk

BUREAU OF LAND MANAGEMENT GETS NEW OREGéN DIRECTOR

Murl W, Storms has been appointed Oregon State Director of the Bureau of Land
Management by BLM Director Curt Berklund in Washington, D.C. Storms, a 26-year
veteran resource manager for BLM, succeeds Archie D. Craft, who recently was
appointed Assistant Director for Technical Services in the BLM head office in Wash=
ington, D.C. :
_As new State Director, Storm's responsibilities include management of 16 mil-

lion acres of national resource lands in Oregon and Washington.

Storms is a graduate of the University of Washington, where he received his
B.S. degree in Forestry in 1949. In 1962 he received an M.S. degree in Natural i
Resources Administration from the University of Michigan. Much of his career since
1955 has'been spent in Oregon, most recently as Chief, Division of Resources, Ore”
gon State Office, 1966=1971. From 1971 until his present appointment, he was
Chief of BLM's Division of Forestry in Washington, D.C.

Storm takes the oath of office August 19 in Roseburg, Oregon during dedice -
tion of the new BLM district office there.
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SOUTHEASTERN-OREGON REPORTS RELEASED ON OPEN FILE

«Geothermal significance of ecsfw&rd increase in age of ubper Cenozoic rhyolite
asmey in southeastern Oregon, by N. S. Macleod, G. W. Walker, ond E. H.

i " e<es, hos been placed on open file by the U.S. Geological Survey as USGS open-

filo report No. 75-348, - This preliminary report summarizes availoble data and its
seothermal implications and is an extension of earlier work (see July 1974 The OR|E
glN). A copy of the 22-page report is available for inspection at the Department's
library in Portland, where copies may also be purchased for $2.50..

The U.S. Geologica! Survey has issued Open-file report USGS 75-346 enti t-led
"Gravity and magnetic profiles and maps, Crump Geyser crea, Oregon," by Donald
plouff and Arthur Conradi, Jr. Grump Geyser area, a Known Geothermal Resour.ce
‘Area, is situated in Warner Valley in southeastern Loke County. The report consists ‘
of 12 plates and o 2-page text. A copy is available for inspection at the Department’s
fibrary. Reproducible copy is at the USGS Library, 345 Middlefield Rd., Menlo Park,
Calif., 49025. : e S :

Two sets of geophysical data on the Alvord Valley area recently received from the ‘
U.S. Geological Survey con be consulted at the Oregon Deportment of Geology and

. Mineral Industries library. Reproducible copy is ori file at: U.S. Geological Survey,

678 U.S. Court House, Spokane, Washington 99201, The open~file materials is:
1. "Audio-magnetotelluric apparent resistivity maps for part of Horney County,"
by C. L. Longand D. |. Gregory. Five plates, scale 1:62,500.
2. Principal facts and preliminary interpretation for gravity profiles and con=
tinuous truck-mounted magnetometer profiles in the Alvard Valley, Oregon,"
by Andrew Griscom and Arthur Corradi, Jr. 20 pages, 18 plates, 9 tables.

* & K k% ~

USBM ISSUES MINERAL SUPPLY/DEMAND DATA

‘A concise, statistical supply/demand profile for 84 minefal and fuel commodities in *

the United States during the decade 1964-1973 is given in a special publication jus_t’“
issued by the U.S. Bureau of Mines. ’ T
The 96=pagereport, titled "Minerals in the U.S. Economy," covers 47 metals,
32 nonmetals, and five fuels. Annual statistics are tabulated on-U.S. and world out=
put, foreign and domestic components of the U.S. supply, and demand by major use
cetegories. "Flaw" diagrams for each commodity show, at a glace, relationships in .

1973 omong international suppliers, U.S. imports, domestic production, government - -

%d industry stockpiles, and consumption categories.
Much of the material has appeared previously in the Minerals Yecrbook and
3 other Bureau publications. However, it has now been assembled for the first time
¥ condensed form, with the new flow diagrams added. R
A single copy of "Minerals in the U.S. Economy” can be obtained without
3¢ from the Publications Distribytion Branch, Bureou of Mines, 4800 Forbes Ave., -
Tergh PA 15213, Requests should specify the complete title.
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Industries. Because of its timely interest, the article is being ;
published in The ORE BIN rather than in a more technical journal " | v
in order to make the information immediately available to.those :
involved in geothermal exploration in Oregon and elsewhere.
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: = Introduction =~ S
Lanan o ) e :::
“ A reconnaissance telliric current* exploration program for geothermal '4
Suss “anomalies in southern and eastern Oregon was initiated in 1971 by the Geo- ‘ v

physics Group-at Oregon State University. During 1971 and 1972, observa- ‘
tional data were obtained from a total of 19 field stations. The program fa
concentrated on the Klamath Falls area, where 10 stations were occupied, b
and on a profile including a total of 9 stations extending from Siletz at the :
Pacific Coast to the area-around Vale in the extreme eastern part of the = ;s: P
state. The locations of the stations are shown in Figures 5 and 6. The prin- e
‘)FHCES cipal purpose of this program was to test instrumentation, field procedure, § !
Grants POSS - data processing methods, and the general applicability of the telluric current ? z
i}

method in reconnaissance exploration for geothermal resources. The results
~ obtained are to be applied to improve all aspects of our methodology and to
{ Prepare for a more substantial effort in this field.

NR R RN

zined hereini 1 The field procedure applied on the present program deviates from the
#nd Mineral Industries . & standard telluric method in that the telluric data obtained at the field sta-

sixiated. . s . . . . . . . e
viated . . tions are compared with the magnetic field recorded at a fixed base station.

Our method is therefore a variant of the standard magneto-telluric method,

e ——
* Natural eIectnc currents that flow on or nearthe earth s surfcce in lorge
“sheets. Methods have been developed for using these currents to moke
resnshvnty surveys. - -

——
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- encountered and by using a recovery factor of 10 percent,
" generation of 250 Mw at base-load condition for 50 years would require o

-resource volume of not less than 100 cubic kilometers. This volume could,
- for example, have the shape of a disk with a diameter of 8 km and thickness

but since we are mainly interested in large-scale lateral variations of the
earth's conductivity, we have preferred to refer to the method as a telluric

~rather than magneto-telluric method..

Rationale for the Telluric Current Method

.Regional reconnaissance exploration for geothermal resources is con~
cerned with the initial detection and recognition of geothermal anomalies
of economic.interest. An elementary investigation (Bodvarsson, 1966) of -

resource energetics shows that the heat capacity of rock is such that in terms

of electrical energy it is realistic to expect that very roughly about 1 kwhr

‘can be generated per cubic meter of resource volume. This estimate is based
", on the assumption of the conditions in known fluid-phase, high-temperature

geothermal systems where base .temperatures of the order of 250°C: are
Hence, the

of 2km. Invériably such a reservoir would be surrounded by a thermal halo
of considerable extent and the total associated thermal anomaly could extend
over areas of several hundred square kilometers and downward into the deepe:
crust. The exploration fargets are, therefore, quite extensive features.
Most of the important known geothermal resources are leaky in the
sense that they generate thermal surface manifestations such os hot springs
and conspicuous thermal rock alteration. The high temperature character
can be recognized on the basis of the physical and chemical characteristics
of the surface display. In general,

There is, however, considerable evidence that geothermal systems of
great economic potential may be totally concealed and display no surface
leakage at all (Bodvarsson, 1961, 1970). In foct, geothermal fluids have a

" tendency to chemically seal outlets and thereby contribute to the eradifica=

tion of surface manifestations (Bodvarsson, 1961). Resources of this type can
be detected only with the help of more elaborate techmques, such as thermal
and electrical exploration methods. :

The thermal methods involve regional temperature probmg or heat-flow

‘mapping with the help of temperature data from very shallow boreholes.

Large geothermal resources within drillable depths are invariably associated -
with conspicuous surface heat-flow anomalies and can therefore be recog- .
nized in regional heat-flow maps of sufficiently detailed nature.

The application of the electrical methods is based on the fact that the
formations within geothermal systems have a low electrical resistivity
(Bodvarsson, 1970). Values in the range of 1 to 10Qm have been observed
within many high~temperature geothermal reservoirs. This is the consequence
of high temperatures and high mineral content of reservoir interstitial waters-

t
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the leaky resources are easily recognized. !
and there is little need for sophisticated reconnaissance type exploration wor'.
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" stances would require a considerable amount of equipment and field effort.
- The advantage of the second class of methods is obtained at the cost of less

~and the selection of drilling locations has to be carried out with considerable

rents are horizontal,
‘'ume than the corresponding heat-flow station. -In a given area it should

_ fully-measured heat-flow data can be more accurate and have a greater

_luric method for our work in Oregon.

" base station, rather than to rely on'a telluric electrical field base station.

- of the Klamath Falls area.  Investigations of micropulsation activity in south-

The resistivity contrast between the hot formations and the surro'unding coun-
try rock quite often involves factors ranging from 10 to 100. Most major geo-
thermal systems are associated with large-scale electr|ca| resistivity anomalies,
and this is especially true with the fluid phase systems. Electrical. mefhods
are therefore important tools in geothermal exploration work.

Electrical exploration methods fall'into two categories, those based
(1) on controlled artificial current source fields, and (2) on natural current
fields provided by magnetic micropulsations and other ULF natural activity.
The second class of methods, which includes the telluric and magneto-telluric
methods, has a considerable advantage in reconnaissance type sxploration
work involving exploration targets of relatively large dimensions and depths
of more than 1 or 2 kilometers. The artificial current sources in such circum-

resolving power and greater ambiquity in interpretation, but since target
dimensions and resistivity contrasts are unusually Icrge, this disadvantage is
not considered to be too important. -
For the present purpose, the natural field electrical mefhods have a
certain economic advantage over the thermal methods. Heat-flow mapping
is based on the measurement of the vertical flow of heat, which usually has
to be derived from temperature and heat conductivity data obtained from
shallow boreholes. The minimum depth of such boreholes is 10 to 20 meters,

e srrErTe e

care. The field effort required at each station to obtain one or two hours of
telluric records is considerably smaller. Moreover, since the telluric cur~
each telluric station can sample a larger formation vol-

therefore be possible to obtain useful reconnaissance type data with the help
of fewer telluric field stations than thermal stations. It is clear that care=

P U P

resolution than telluric data, but in reconnaissance type geothermal explor-
ation work the economic advantage of the telluric method appears to out-
weight this disadvantage. These are the main reasons for selecting the tel-

In this study it was considered of advantage to install a fixed magnetic

The magnetic data allow us to obtain absolute conductivity values. The
magnetic base station was installed at Corvallis, Oregon, some 280 km north

ern California (Benioff, 1960) have indicated that the micropulsation field
ot moderate latitudes does not vary . appreciably over such distances. On the
other hand, the field stations at Vale in eastern-Oregon are located almost’
900 km from the base station, and the general magnetic coherency cannot be
expected to be as good, although individual magnetic events-with-a good
coherency oppeor to exist,




Expected Resolution

It is important to raise the question s fo the overall quality of the
_ exploratory information which can be expected from a telluric current field
program of the type described above. Unfortunately, the information con-
tent of the observational field data depends to a considerable extent on the
local conditions at the individual field stations. Moreover, the theory of
~telluric currents in electrically non-homogeneous geological structures isa
‘matter of great complexity and not much work of practical relevance has
been devoted to the subject. We therefore limit ourselves to the following
qune superficial remarks.

For the present purpose, the earth can be assumed to be a semi-infinite
perfect reflector of the magnetic field generated by the oscillating ionospheri:
currents. The penetration of the induced telluric currents is limited by the
skin effect which is measured by the skin depth, that is, the depth at which
the current amplitude has been attenuated to 1/e = 0.37 of its surface value
(Keller and Frischknecht, 1966, p. 213). Relevant values of the skin depth
for homogeneous isotropic half-spaces at various resistivities and at periods
from 10 to 50 seconds are given in Figure 1. :

Approximately 2/3 of the telluric current flows in the hornzonfcl region
above the skin depth. Hence, this depth gives a fairly good measure of the
thickness of the formations sampled by the telluric currents and the associated
electrical field. Assuming perfect source current conditions and a homoge-
.neous half-space, the above described telluric method will give the true
resistivity of the half-space regardless of the frequency. In a layered

100
80

60

T 171

a0t

20+

SKIN DEPTH km

'1‘ lv P S P Y ) 1 P VIR P S |
19 20 40 60 80 100 200 400 GOOBOOIQOO,

RESISTIVITY  ohm-m

Figure 1. Data on the skin’-depih in a homogeneous half-space .
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luric field equipment.

half-space, the method gives a certain weighted average of the vertical

resistivity distribution in the region where the bulk of the telluric current

flows. - Obviously, the averaging is biased toward the shallower sections.
The telluric current pattern is distorted by lateral inhomogeneities and

‘anisofroplcmes which commonly occur in the field. The conditions in the

local region between and around the field electrodes are of primary impor-
tance, particularly where the electrodes have been placed within a local
low resistivity anomaly. The electrical field readings are then abnormally
low and the station yields an apparent resistivity value which can be grossly
in error. Substantial cp"porén} anisotropies may also bé introduced by purely
local conditions. Clearly, difficulties of this'kind are common to all elec~
trical methods using conductive contacts. The principal precautions against
serious errors of this type are (1) to select the field stations with care to
avoid local zones of low resistivity and anisotropicity, and (2) to scrutinize

- all conspicuously low and anisotropic apparent resistivity values by repeated
measurements at several stations in the local area. This is of particular

importance for the present project since the low resistivity anomalies are

the primary exploration targets.

Directional and density inhomogeneities in the overhead |onospheuc
currents are further sources of errors. Usually, the interpretation of telluric
and magneto-telluric data is based on the assumption of uniform and uni-
directional source currents. Deviations from this idealized model lower the
quality of the observational material and are perhaps the main cause of the
often excessive scattering of observational magneto-telluric resistivity data.
As indicated above, this matter is of particular concern with regard to the

* present project since such difficulties are likely to be enhanced by the dis-
- tance between fhe magnetic base station and the electrical field stations.

To minimize this effect, it is important to obtain field records for suffncnently
long periods of time and to edit the data by rejecting sections with Jow
magnetic~telluric coherency.

Insfruﬁmentqtioﬁ and Field Procedure

The msfrumentohon used on the present project consists of two separate
parts, (1) the magnetic base station at Corvallis, and (2) the portable tel-
~ Block diagrams of the two systems are shown in Fig-
vres 2and 3. The magnetic data aquisition system was provided by the
Boeing Compdny, Seattle, Washington. A description of the magnetic sen-

~sors has been given by McNicol and Johnson (1964).

In brief, the magnetic 'sensors consist of three mumetal-cored’ mduc- -
tion coils each with 4.8'x 107 turns- of wire. The diameter of the cores is

Vinch.  The three coils were buried in the ground at the World Wide Stand-
~ord Seismic Network Station at.Corvallis, where the associated electronic

equipment was housed; and were placed along three local orthogonal axes,
geogrcphlc north east and verncol The station crysfol clock provided an

 97"
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absolute time reference. The amplified magnetic signals were recorded on
Texas Instrument strip chart recorders. The magnetic system was calibrated
by using an artificial oscillating magnetic field.
The telluric sensors, which consisted of three lead meto! probes
inserted into the ground at the individual field stations, formed an orthogonal
L-shaped array where one arm pointed north ‘and the other east.
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". from South’ chmoth Hills ( ) in the Klamath Falls reg|on.

of the arms ranged from 200 to 500 meters, depending on local conditions,
Each probe consisted of a piece of metallic lead plate 5 mm thick,- 600 mm
wide, and 1,000 mm long, rolled up into a tube 200 mm in diameter, and
buried in the ground. Local D.C. fields were blocked out with a non-polar
20-micro farad capacitor.. The output signals were amplified and recorded

~-on a four~track strip~chart recorder. Each field station was occupied for a -
- time sufficient to provide 1 to 2 hours of telluric field data.

Observational Data

A comparison of the individual telluric field records with simultanebus

orthogonal magnetic base station records shows that the coherency generally .

varies considerably over the record length. In most pairs of simultaneous
records, there were, however, individual wave packets or events in the 10-
to 50-second period band which showed a good coherency and which could

:-be considered likely to furnish representative values of the electromagnetic

impedance ratio. It was, therefore, decided to base the data processing on

~ such wave packets only and to apply the simple individual event method of
' Berduchevsky and Brunelli (1959) to-obtain the impedance ratios at the var-

ious frequencies. The method has olso been described by Keller and Frisch-

~ knecht (1966, p. 246).

Usually, between 5 and 10 events could be processed for each pair of
orthogonal field components. The impedance ratios obtained were then
applied to derive an apparent resistivity with the help of the well-known
basic equation for magneto-telluric investigations (see Keller and Frischknect:
1966, p. 217),

N

ea=(p;'T/2w)- /82 m

where eg is the o'p;ﬁofent résiﬁﬁvify, Tis the period, my= 4r x 1077 is the
permeability of free space, E the amplitude of the horizontal electrical

. field, ond B the amplitude of the orthogonal horizontal magnetic field, both
" amplitudes measured at the ground surface, all in MKSA units.

‘Many geological formations exhibit a substantial anisotropy, that is,

" ‘the apparent resistivity depends on the direction in which the fields are

measured. In the following, we therefore use the'subscripts n and e for
north-south and east-west, respectlvely, and refer to ey, as the apparent
resnshvny value based on E;/B, and to” €., as the value based on E./B,,.
“An illustration of the resulfs is obtomed by plotting the apparent
_tesistivities derived from the individual component pairs against the event
periods. Typical plots of this kind are given in Figure 4, which shows the
processed apparent resistivity data from the Corvallis base station (12) and
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- As indicated by the exomples in Flgure 4, the apparent resnshvnfy dufa
_exhibit a considerable irregular scattering, which in most cases covers d
relative range from 1'to 3; that is, the highest values are about three times
"as large as the lowest. At most stations, fhe maximums are observed in the
20~ to 30-second perlod band.

STATION (6)~ SOUTH KLAMATH HILLS STATION (12) - CORVALLIS

100 -+
804 o *
. o
- 604 .
- . . 0. .
. Qo © . i
. 404 o . 200 . )
‘.Pq 304 ' _ - Pa 50 °
im : o am L o 0. e
. ® o .
20 ' 100 - oo
80
. ©
604. _ i
L ] T T 1 T - 1 4 |. LR
30 40 50

20 30 405060 20
PERIOD (sec) "~ PERIOD (sec)

Figure 4. Apparent resistivities versus period for stations (6) and
(12).- Full circles represent egn, the north-south resistivities,
and the open circles ege, the east-west resistivities.’

Scattering of this kind is frequently encountered in magneto-telluric
work, and along the lines discussed above, we point out that the following
causes may coniribute to this situation: (1) Non-uniform source current
fields; (I1) enhanced non-coherency due to the distances between the mag-~
netic base station and the individual field stations; (I1l) numerical errors
‘introduced by the individual event analysis method; and (V) instrumental
errors. ‘Obviously, all errors in the observed impedance ratios are enhanced
by 1he squaring of the impedance ratio in equations (1).

© At this juncture, .it appears that the non-umformnhes under (l) are a
substantial cause of the scattering. Since the results obtained at the Cor=
vallis base station exhibit d similar character as the other field stations,
the distance factor mentioned under (I1) does not appear to be a primary
‘cause. We have still to evaluate the influence of the data-processing method
listed under (111). The maximums observed in the 20- to 30-second band may

‘partially be nnstrumenfol
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“interpretation of the present data. In our present analysis, we therefore rely

of telluric currents depends on'the skin depth, the frend of the apparent resis-

. the averaged apparent resistivity data in column (3) of Table 1.

"Preliminary Numerical Results

_ In view of the character of the observational material and since we
are mainly interested in a fairly large-scale average resistivity at each .
station, there is at this time not much incentive to attempt a more elaborate

on the simple procedure of taking averages over the apparent resistivity
values observed in the 10- to 50~second period band for-each direction at
the mdwnduol stations. This procedure yields two values, pan and 8, for
each station.” The first is the averaged apparent resistivity in the north-south
direction, and the second is the value for the east-west direction. These
data are listed in columns (1) and (2) in Table 1. Moreover, the table also
lists in column (3) the averages for the two directions. Since the penetration

tivities with increosing periods gives a certain indication about the downward
trend of the resistivity. This information is given in the last column of Table
1. The averaged resistivity from column (3) in Table 1 is plotted on the maps
in Figures 5 and 6. : '

reemin st R e -

¢

Data Evaluation and Discussion

A preliminary review of the data given in Table 1 and shown in Fig-
vres 5 and 6 can be summarized as follows. We will focus our attention on

V(1) Data from a total of 19 field stations are available. The average
values given in column (3) of Table 1 vary from a low of 15 to a high of 360,
that is, by a factor of 24. The variability is one order of magnitude greatfer
than the scattering of the data at the individual stations. ‘

(2) Six of the ten data obtained in the Klomath Falls area are well
below 100 @m. With one exception, these are the lowest values observed
This is of primary interest since Klamath Falls is-an area of |

on our project.

. known geothermal activity (Peterson and Mclintyre, 1970). Stations (6) and

(7) which yield values of 60 and 40 Qm, respectively, are close to geother-
mal surface manifestations. Moreover, stations (1), (3), and (9) to the north- -
west and north yield low values, particularly station (1). Since the Klamath
Falls area is the only area with known geothermal display investigated by us,
we concfude that our results exhibit an encouraging correlation with geo-
thermal activity. Nevertheless; we have to emphasize that other non- ~therme:
- factors may also be involved, .and in thls respec\/we point out that there is
an abrupt decrease in the observed resistivity from station (5) to station (6).
Since the distance between these two stations is only 7 km, we surmise that
local geological factors are of some importance.
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Figure 6. Average apparent resistivities on the profile from Siletz
. to Vale listed in column (3) of Table 1. The figure in brackets
is the station number. The dashed line outlines the area of
Figure 5. ‘

local thermal surface display. . A. further investigation is definitely
warranted. ; h " '

(5) 'At ten of the stations the apparent resistivity decreases with
increasing depth. In particular, this is true of the stations'with low values
and is very probably of significance with regard to geothermal anomalies.-
‘ (6) Six of the stations exhibit a very pronounced .anisotropy involv--
ing ratios up to 10, There is little doubt that local effects at the station
fites are important causes of some of the high ratios. On the other hand,
it is noted that generally the east-west resistivities are higher than the
north-south values.  This appears to be a'reasonable result since the gen-
eral geological strike in the Klamath Falls and Vale areas is not far from
being north-south. =~ ’ ' :

-+ {7) Because of the sparsity of stations along the Siletz-Vale profile,

we are unable to comment on the distribution of apparent resistivities along |

the profile. It appears reasonable that relatively low values are observed
~in the coastal region and in the Willamette Valley. The values observed
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east of the Cascades are typlcol of values observed in mafic Terhory vol-

canics (Bodvarsson, 1950).
" (8) We conclude that, in spite of obvious shortcomings, our prelim-

inary results indicate that the telluric method applied has a potential of

becoming a reconnaissance tool of sngnlflccmf interest in the exploration for

geothermal resources.
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WASTE RECYCLING FILM AVAILABLE FROM MINES BUREAU

The }ecycling of urban and industrial waste is the subject of "Wealth out of
Waste," a 16mm film now available from the U.S. Bureau of Mines.

The film shows why waste. disposal has become a national problem and

details the technology, including Bureau-developed processes, which can
separate the refuse into reusable components for mcnufocture into new prod-

ucts or for use in energy production.

Prints of the 27-minute sound and color film are available on free,
short-term ‘loan to schools, civic, professional, business, and scientific
organizations interested in resource development and conservation.. Write
Motion Pictures, Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Pa.,
15213. Borrowers should state they have a 16mm sound projector and an
experienced operator; they will be responsible for return postage and for any
damage to the print beyond normal wear. ‘

POTENTIAL-HAZARDS MAP OF MOUNT RAINIER PUBLISHED

"“Potential hazards from future eruptions of Mount Rainier, Washington," by

Dwight R. Crande!l is a map with descriptive text that shows by color and

pattern the distribution of mudflows and tephra (airborne volcanic debris) -
and the varying degrees of risk to human life in those areas in the event of
¢ volcanic eruption. The map, at a scale of 1:125,000, and text are on a

U single sheet. designated as Miscellaneous Geologic Investigations Map 1-836.
- The publication is for sale by the U.S. Geological Survey Distribution Sec—

"On Federal Center, Denver, Colorado, 80225 For 75 cents..
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GEOPHYSICAL MEASUREMENTS IN THE VALE, OREGCON
GEOTHERMAL RESOURCE AREA

fichard Couch*, William French*, Michael Gemperle*, and Ansel Johnson**

Introduction

uring the period September 15 to September 22, 1974, personnel of the Geophysics
Group at Oregon State University, the Earth Science Deportment at Portland State
University, and the Department of Geology at the University of Oregon completed
2 series of geophysical measurements in the Vale, Oregon geothermal area. The field
crews, composed of four co=principal investigators, eight staff, and ten students, ob=
tained measurements at four seismic reflection stations, along two refraciion lines,
and-at two microearthquake array stations. |n cddition, gravity measurements were
obtained at 340 stations, seismic noise measurements at 42 stations, and four short

magnetic traverses were made in the vicinity of the refraction lines. The expedition
had the following four purposes:

1) To obtain basic data on the geologic structure of v
the Vale geothermal areq; 2) To test the applicability of séismic techniques, singly

ond in combination, to geothermal exploration; 3) To obtain structural control for a
whsequent gravity and aeromagnetic study of the area; and 4) To train students in -
geothermal exploration techniques. This paper outlines the geophysical measurements
made during the September 1974 field program. Publication of partial results of the
study is anticipated subsequent to completion of each different phase of the project,

The Geophysical Measurements

Figure 1 shows the location of four seismic reflection sites south and southwest
of Vale, Oregon in the Cow Hollow and Sand Hollow areas. ‘Charges of 2.5 to 100+
pounds of Tovex were detonated in 30=foot cased holes at the shot points SP1, SP2,
$P3, and SP4. The seismic waves were detected by-a 13,000-foot reflection array
end recorded on magnetic tape by a 36=channel seismic reflection system. The
13,000-foot reflection array was centered about shot points 1, 2, 3, and 4. Shot

lize and array arrangement were designed fo obtain reflecnons to a depth of 4 km,
The planned penetration depth of 4 km was based on an estimate of the maximum

Zepth of economic recovery of geothermal fluids (G. Bodvarsson} personal communi=
<tion),

The surficial geology in the survey area (Corcoran and othefs, 1962; Newton
*d Corcoran, 1963; Kittleman and others, 1965, 1967) suggests a thick sequenco of

:"*ccmcs which abut or overlie the sedimentary strata of the Snoke River downwarp,

" difficult to estimate reflection penetration depths i in yolconic areas; consequently,

22 9ctusl depth reached is not yet known.

V"'xhrslcs Group, School of Ocecnography, Oregon State University, Corva”u
"R, of Earth Sciences, Portland Srare University, Portland, Oregon
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Higae 1. Mop of the location of seismic reflection and

_ jefroction stations extending 6 miles south of shot point 1 (or when reversed,
; :1es north of shot point 2) and 10 miles northeast of shot point 3 (or when reversed,.
é +; =iles southwest of shot point 4) recorded refracted seismic waves from charges

proated during the reflection mecsurements.. The arrivals were recorded on mag-

tic tope and on chart recorders at stations along the refraction lines shown in.Fig~
se 1. Arrivals were obtained over the complete length of line when the largest
2ages were detonated, The data should yield two reversed refraction lines. Thumper
;zes were completed at shot points 1, 2, and 3. These lines provide data on the near=-
wefoce layers and are the starting points for the refraction analysis,
Figure 1 also shows the location of two microearthquake arrays. The orrays con~
ssted of 2 Hz geophones, 4 vertical and 1 horizontal, located at the apexes of a tri- -
:agle with sides approximately 1.6 km long. Eighty hours of continuous measurements
.ere made at two array locations, one in the Sand Hollew area and one in the Cow
Zollow area. Rodents severing the sensor cables reduced the total number of hours
selow the number expected. However, because of the low background level.of seis=
sic noise in the crea, operating gains were higher than anticipated; consequently,
sach array effectively surveyed a-larger area or could detect smaller shocks than
slenned. Array arrangement and operating gains suggested that microearthquakes of
sagnitude 0,5 could be detected and cpproximately located to a radius of more than

30 km. :
Tellurometer measurements Iocuted all primary reflection, refracnon, and micro=

sarthquake stations. .

Seismic noise measurements, made with a calibratéd system to yield noise ampli-
tde specira in the frequency range 1 to 100 Hz, were completed at 42 locations in
the Vale geothermal area. The station locations as shown in Figure 2 extend from
sear Vale Butte south to the Owyhee Reservoir and from Vale west to Harper. Four=
teen stations are in the Cow Hollow and Sand Hollow areas in the immediate vicinity
of the seismic refraction lines. Severc! of the stations are located next to thermal
wrings mapped (Bowen and Peterson, 1970) in the area. Thirty of the stations have
#ort duration samples, ten have sample periods longer than a day, and several other
stations were repeated to test for diurnal variations.

Magnetic surveys were run along the reflection spreads at shot points 1, 2, and
3o obtain information on lateral variations and variations to depth of magnetic base=
=ent, presumably basalt, ‘in the array areas. The sample interval varied from 100 feet
*0 350 feet, depending on the area, A 4-mile magnetic traverse was also run across
Souble Mountain to enable a comparison to be made of measured magnetic anomalies

d the magnetic signature of o known intrusive outerop,

Figure 3 shows the location of approximately 300 gravity stations established
4xing the field study and approximately 55 previously established stations (Thiru=
~*ukal and others, 1970). The stations were positioned at established bench marks
¥ lacated during the surveying of the reflection-refraction stations, Elevations were
- ermined by locating stations at known pomfs or by using paired precision altimeters.

Proiecr Sratus

e s e G

- n_l‘!”w. French, and Couch (1975), in their report on the prehrnmcry resulfs of
‘w..:: 1 of the sefsm:c reflection meosurements, list the interval velocities and )
— c:.,., of Qpptoxuncfcly 9,000 feet of section in the Cow Hollow and Sand Hollow
e 4 1en:In indicote that the seismic reflection informati tion, qbtc?ned invol=
O™, i comittent with the,avoiloble geological ond well-log data,
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Figure 3. Map of gravity stations in the vicinity of Vale, Oregon. .

The reduction and preliminary analysis of the seismic refraction, microearthgueie
and seismic noise measurements is expected to be complel‘ed by May 1976.

Larson and Couch (1975) show free=air and simple Bouguer gravity anomaly ress
of the Vale region of Malheur County. The maps outline the gravity anomalies in the
eastern portion of the study area (Figure 1) where the areal density of the grovity st~
tions is relatively uniform. The measurement of gravity in Malheur County is contine-.
ing. . Completion of new free—air and Bouguer maps of the sfudy area are plonned i
May 1976.
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PRELIMINARY RESULTS OF A SEISMIC F'{EFLECTION STUDY IN THE
MITCHELL BUTTE QUADRANGLE, OREGON

Robert J, Lillie, William S. French, and Richard W. Couch -
Geophysics Group, School of Oceanography, Oregon State University

Introducrion .

*a September 1974 personnel of the Geophysics Group of Oregon State University,
e Department of Earth Sciences of Portland State University, and the Department
# Geology of the University of Oregon conducted a geophyslcul survey of the Vale,
Fregon Known Geothermal Resour ce Area.

Seismic reflection measurements were made during the survey to test the obmfy
¥ fe seismic reflection techniques to provide information on subsurface siructure in
“¥<2aic oreas where geothermal resources commonly oceur, to provide seismic veloc=

"t 3ads svuctural constraints for.contemporary ond continuing gravity and magnetic
‘:':Tlof the ares, and to develop new techniques of geophysical exploration for geo=
! terouces particularly applicable to very complex voleanic terrane, This brief

s 2y gt
»tlines the preliminary results of the anclysis of the seismic reflection measure=
W e Dt ing the avey.
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