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GEOTHERMAL INVESTIGATIONS IN IDAHO
Part 2
An Evaluation of Thermal Water in

the Bruneau-Grand View area,
southwest Idaho

H. W. Young and R. L. Whitehead

with a section on a reconnaissance audio-magneto-
telluric survey by D. B. Hoover and C. L. Tippens

ABSTRACT

The Bruneau-Grand View area occupies about i,lOO square

miles in southwest Idaho and is on the southern flank of

the large depression (possibly a graben) in which lies the

western Snake River Plain. The igneous and sedimentary rocks

in the area range in age from Late Cretaceous to Holocene.

They are transected by a prominent system of northwest-trend-

ing faults. For discussion purposes, the aquifers in the

area have been separated into two broad units: (1) the -

volcanic-rock aquifers, and (2) the overlying sedimentary-

_rock aquifers. The Idavada Volcanics or underlying rock
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units probabiy:constitute the reservoir that contains thermal
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An audxo-magnetotellurxc survey indxcates that a large

conductive zone having apparent reszstivitiés‘approachzng

,2 ohm-metres underlies a part of the area at a relatively
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:heatediﬁy deep circulation in aizoﬁefof high geotherﬁal'

Chemical aﬁalysis of 94 waier samples collected in 1973
show that Fhe thermal waters in the area are of a sodium
bicarbonate typé. Although dissolved-solids concentrations of
water ranged from 181 to 1,100 milligrams per litre (mg/l) in
the volcanic-rock aquifers, they were generally less than
500 mg/l. Measured chloride concentrations of water in the
volcanic-rock aquifers were less than 20 mg/l.

Teﬁperatures of water from wells and springs ranged
from 9.5° to 83.0°C. Témperatures of water from the volcanic-
rock aquifers ranged froﬁ 40.0° to 83.0°C, whereas temperatures
of water from the sedimentary-rock aquifers seldom exceeded
35°C. Aquifer temperatures at-depth, as estimated by
silica and sodium-potassiuﬁ-calcium geochemical thermometers,
probably do not exceed 150°C. However, a mixed-water |
geochemical thermometer'indicates'ihat temperatures at depth
may exceed 180°C.

| The gas in water from the volcanic-rock aquifers is
composéd'chiefly of atmospheric oxygen and nitrogen.
Methan; gas (probably derived from organic material) waé
alsé fgund in some water from the sedimentary-rock aquifersi

;,Tﬂe thermal waters in the ;rea‘ére believed to be

gradient resulting;fron'thinning of ﬁhe earth's crust.




INTRODUCTION

Twenty-£five areas in Idaho, including the Bruneau-Grand
Viéw area, were recommen&ed for fu:ther geothermal investiga-
tion by Young and Mitchell (1973) in their report describing
a preliminary reconnaissance of Idaho's thermal waters.

These areas were selected on the basis of their having
estimated aquifer temperatures of 140°C or higher, or of
having the unique geologic conditions that favor the occur-
.rence of a geothermal anomaly.

The Bruneau-Grand View area was selected for further
study because (1) the geochemical data previously collected
.indic;ted;;hat water temperatures as high as 190°C occur at
depth within a large part of this area, (2) the lithologic
and structural data available appeared to indicate that the
geologic conditions especially favorable to the occurrence
of a geothermal anomaly were present, and (3)'3 significant
amount of the water-quality, well-log, and geophysical data
needed Eo defipe further any geothermal anomaly present
could b? readily collected. Accordingly, the U.S. Geological
: Survey,iin cooperation with the Idaho Department of Water
‘iReséuré;s, initiated a study whose goal was to further

. : ' - oo .
evaluate the potential of the Bruneap-Grand View area as a
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The Bruneau-Grand View area comprises about 1,100
square.miles in northern Owyhee County, which is in the
southwestern part of the Snake River Plain (fig. 1). The
area extends eastward from Oreana to Indian Cove (fig. 4),
with the Snake River forming the northern boundary of the
area and the township line between T. 9 S., and T. 10 S.
forming the southern boundary.

The area has an arid to semiarid climate with cool
winters and hot summers. Precipitation averages less than
10 inches annually, and mean annual temperatures range from

10.5° to 13.0°C (Mundorff, Crosthwaite, and Kilburn, 1964,
pP. 67).
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Purpose and Scope

The purpose of this report is to present (1) a des- |
cription of the areal extent and chemical character of
thermal water in the Bruneau-Grand View area; (2) estimates
of water temperature at depth using geochemical thermometers;
(3) a description of the geophysical data available for the
area; (4) a description of the surficial and subsurface
geology utilizing compilations of data from other reports
and drillers! logé of wells; and (S5) a brief description of
the source of the thermal water issuing from springs and
wells.

Water samples from 87 wells and 7 springs were collected
for standard chemical analyses, including the common ions
and silica. Additional samples ?rom the same wells and
springs were collected for analyses of the minor elements:
mercury, lithium, boron, and arsenic. Also, 15 gas samples
were collected for analyses. " These data were collected:from
the majority of operating wells and flowing springs in the
Bruneau-Grand View area and are thought to be Tepresentative

of most of the thermal and nonthermal ground water in the

area. -




For all wells and springs sampled, water temperatures ;

at depth were estimated using the silica, the sodium-
potassium-calcium, and the mixed-water geochemical ther- ;
lometers. Also, ratios of selected chemical coastituents in

the waters sampled were used to characterize and thereby

]
distinguish water from separate aquifers. |

Geophysical data and studies of the Geological Survey ’ T

were used as an aid to defining the extent of the geothermal
system in the Bruneau-Grand View area. Previous reports and
drillers' logs were used to prepare a geologic map and

geologic sections for the area as an aid to describing the

areal hydrology. The geologic data presented were modified
from reports by Malde, Powers, and Marshall (1963), Littleton
and Crosthwaite’ (1957), Anderson (1965), Ralston and Chapman ' ;
(1969), and Ross and Forrester (1947). Correlation of the |
geologic qpits shown in the different reports was made by
utilizing information presented by Ralston and Chapman
(1969){ | ‘ _
A preliminary hydrologié analysis was made;to iden;ify
" areas of‘rgcharge to the éeothermal system and to describe. a

fcircul#tion pattern of the ground water.
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.




Previous Wark

Reports by Stearns (1922), Buwalda (1923), Piper (1924),
Kirkham (1931a and 1931b), and Russell (1903) contain data on

" the geology and hydrology of the Bruneau-Grand View area.

EI Y VIS

" Although these reports are of limited scope, they provide
useful background information on the geology and hydrology
of the Bruneau-Grand View area. Pakiser (1963), Hill (1963), :
and Malde and Powers (1962) give general descriptions of the
deep subsurface structures of the area based on geophysical
surveys. A map by Malde, Powers, and Marshall (1963) presents
detailed geology for the eastern half of the Bruneau-Grand View 4
area. A report by Littletodn and Cr?sthwaite (1957) provided t
much of the generalized geclogic and hydrologic data presented
in this report. Anderson (1965) mapped the geology of the
Oreana l1l5-minute quadrangle. A report by Ralston and Chapman
(1969) coﬂtains hydroiogic and geologic data and a correlation ;
of the-geologic units reported in the above-mentioned :
; Teports aﬁgvmaps. A State geologic map at a scale of - ' g %

| 1:500,000, compiled-by Ross and Forrester (1947), supplied

| : /s) |
information for areas that lacked detailed geologic mapping. : ]
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Well- and Spring-Numbering System

The nunbering system used by the Geological Survey in

Idaho indicates the location of wells or springs within the
official rectangular subdivision of the public lands, with !
reference to the Boise base line and meridian. The first {
two segments of the number designate the township and range.
The third segment gives the section number, followed by three
letters and a numeral, which indicate the quarter section,

the 40-acre tract, the 1l0-acre tract, and the serial number

of the well within the tract, respectively. Quarter sections
are lettered a, b, ¢, and d in counterclockwise order from

the nartheast quarter of each section (fig. 2). Within the
quafﬁer sections, 40-acre and 10-acre tracts are lettered in
the same manner. Well 6S-3E-2cccl is in the SWkSW%SWk, sec. 2,
T. 6 S., R. 3 E., and was the first well inventoried in that
tract. Springs are designated by the letter "S" following the

last numeral, as in 8S-6E-3bddls.
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Factors For Converting English Units to
International System (SI) Units

The International System of Units is being adopted for
use in r-=ports prepared by the U.S. Geological Survey. To
assist readers of this report in understanding and adapting
to the new system, many of the measurements reported herein
are given in both units. 1In addition, a graph (fig. 3) and
the factors listed below are presented as an aid to conversion
from one system of units to another. Chemical data for con-
centrations are given only in milligrams per litre (mg/1)
or micrograms per litre (ug/l) because ‘these values are
(within the range of values presented) numerically equal to
equivalent values expressed in parts per million, or parts
per billion, respectively.

To'obtain SI units

iultiply English units By
Length _
:aches (in) 25.4 millimetres (mm)
.0254 metres (m)
leet (ft) .0254 metres (m)
“iles (mi) 1.609 kilometres (km)
Area _
ires 4047 square metres (m?) -
.4047 hectares (ha) L
‘quare miles (mi?) 2.590 square kilometres (km?) ;é
‘Wbic feet per second (ft?/s) 28.32 litres per second (1/s) jf
g .02832 cubic metres per second (m3/s) ij
i3allons per minute (gal/min) .06309 litres per second (1/s) jé
éi1lion gallons per day (Mgal/d) .04381 cubic metres per second (m3/s) -

TS P QP AR LA TP A ) e




——-

|

——— g
'

ydesb voisionuod-aamesodwa) g JHNOIY

*Z€ + D08l = Jg ‘uonenba ay1 uo poseq
S1 (do) Hoyuasye saaibap 031 (Dg) Snisja) seaibap jo uojsIBAUOD

_ _wm\L.Qu@; s..-.:*.-.f! i e

L~

o
o
2]

LIFHNIYUHVYS $334930A NI ‘3HNLYHIJWIL ' !

‘008 0GZ 00L O0S9 009 0SS 00S OSh OOb OSE 00€ 0G2 002 O0Sl 00l - 0% oo
. | \\ . ”
. . i

00l

-

-8

o Q

o 0

. ~ 7
SNIST30 S334D3A NI ‘JHNLYHIJWNIL

O
el
— N

0S¢

ood

=)

/ «

S
ro/

P /e ({7




GEOLOGY

. The three principal physical subdivisions in the Bruneau-
Grand View area are: (1) The Snake River valley, wherein
altitudes range from 2,300 to 3,800 feet. Generally, this
subdivision, which is underlain by sediments and basalt,
consists of the valley of the Snake River and a series of
tributary intermittent stream channels that contain sedimen-
tary rocks of fluviatile origin; (2) the plateau area,
wherein altitudes range from 3,000 to 7,000 feet. This area
is underlain b} volcanic rocks and by sedimentary rocks of

fluvial and lacustrine origin. At the higher altitudes, the

streams in this area have eroded deép channels into the volcanic

rocks; (3) the Owyhee upiift, a rugged, mountainous region

in the southwestern part of the area. The uplift is composed
of an eroded core of metamorphic and granitic rocks and of
younger igneous and sedimentary rocks that are exposed at

the surface. Altitudes on the uplift range from 3,000 to
8,400 feet above mean sea level, with most of the highef
alti;ud;s occurring to the west and southweSt outside the |

study area. ;|
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i
The rocks in the Bruneau-Grand View area range in age from
~ Late Cretaceous to Holocene. Rocks of the Cenozoic Era T

have been subdivided into the following four major groups —_—
by Malde, Powers, and Marshall (1963): (1) an unnamed sequence of
rhyolitic and related rocks, (2) the Idavada Volcanics, -*__'
(3) the Idaho Group, and (4) the Snake River Group. The -
descriptions of these units given in this report are based )
chieflf on those by Malde, Powers, and Marshall (1963), and ‘f—%
partly on those by Littleton and Crosthwaite (1957), and o
Ralston and Chapgén (1968). The are;l distribution and relation- é;—:
ship of these units are shown in figures 4 and 5, respectively, EL_J
and their geologic characteristics are given in table 1. § !
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Period tpocn ROCK uniL

N A N G

VML LA MLULALYG CuUAUL LR LAY CaLY

Bruneau Formation
of the Idaho Group
(Qbs, Qbb)

wnnaouowo Quatcrnary. ° Pleistocene

Cerczoic Quaternary mpu»unmnmnn Tuana Gravel of
’ + the Idaho Group

(Qt)
Cenozolic Quaternary . Pleistocene Glenns Ferry .
and and Formation of the
Tertiary Pliocene Idaho Group (QTg)

e

Canyon £111 of undeformed, uncon~
solidated detrital material and
intérbedded basaltic lava flows
associated with .marginal deposits
of gravel and basalt. Qbs, .
detrital material, dominated by
massive lakebeds of white- | -
weathering fine silt, clay, dia-
tomite, and minor amounts of silt
and sand. Includes beds of iron~
stained pebble agnd cobble gravel;
Qbb, basaltic lava flows, locally
stained brown and yellow. Exceeds
1,000 feet in thickness. Exposed
in places along the Bruneau and

 Snake Rivers. .

Consists of pebble and cobble
gravel interbedded with layers
cof massive brown to gray sand
and silt. Includes both siliecic
volcanic and bouldery quartzitic
debris. Capped by a caliche )
layer several feet thick. Total
thickness of the unit is about
200 feet.

Basin fill of poorly consolidated
detrital material and minor lava
flows of olivine basalt. Includes
fluvial and lacustrine deposits
characterized by abrupt lateral
facies change. Facies include:
Massive silt layers; evenly
layered,  thick, cemented sand
beds; thin beds of dark clay, olive
silt, and carbcnaceous shale;
ripple-marked sand and silt; gra-
nitic sand and fine pebble gravel;
quartzitic cobble gravelj thin
beds of silicic volcanic ash; and
thicker beds of fragmental basaltic
material. Maximum exposed thick-.
ness is about 2,000 feet, with the
‘lacustrine facies composing the .

greatest veolume, *

600 ._m\m@.«x _ _

Yiclds water to wells slowly.
Inportant as an aquifer oaly

to stock and domestic wells own9
due to the fine-grained nature -
of the sedimentary deposits.

-The basalt unit generally lies
above the water table in this
area. ° .

Not important as an aquifer. - In
most places the unit occura
- above the water table. °

Yields water to wells. Generally
the yield is low but some wells
produce as much as 3,600 gpm 3=}~
from sand rzones. Important as
an aquifer. .

.
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A study of the gravity and crustal structure in the

western Snake River Plain 5& Hill (1963) suggests that this

‘part of the plain is a graben in which basalt-filled

.fissures occur. See geologic section H-H' (fig. 6) and the

regional gravity map (fig. 7a). On the north side of the
graben, high-angle faults occur in a nearly continuous zone

along the margin of the lowlands, as illustrated by the

- faults located northeast of Mountain Home (fig. 7a). The

.southern flank of the graben, which contains the Bruneau-

Grand View area, is laced with a system of northwest-treanding

‘faults (fig. 7a). This system of faults has been mapped only’

in the southeastern part of the study area (fig. 4). Faults

in the remainder of the study area, if present, are masked

;by the overlying unconsolidated sedimentary rocks. However,

the occurrence of a few warm- and hot-water springs suggests

.faulting in the underlying rocks at these springs.
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Drillers' logs lend support to the existence of a north-
west-trending system of semiparallel faults in the area.
Although some greben- and horst-type structures are present,
most faults have their downthrown side on the north towards
the Snake River. The generalized geologic sections (fig. 6);
which were compiled from drillers' logs and other geologic

information, illustrate the fault system mentioned above.

Sections B-B', D-E'D', C'E-E'D', G-G', and H-H', which are alined

generally north-south, show that some geologic formations, par-
ticulafly the Banbury Basalt and the Idavada Volcanics, may have
been disblaced dowﬁward§ towards the Snake River, possibly by as
much as 200-300 feet in a mile., In some instances, known

faults (fig. 4) account for the differences in altitude of
formations between wells., A system of norfhwest-trending
faults, such as shown in figure 4 by Malde, Powers, and Marshall
- (1963), if present in the areas covered by the unconsolidated '
-and poorly consoiidated sedimentary rocks, could account for!
the differences 3n altitude of the formations shown in the
north trendlng geologic sections. Most known faults in the

area trend to the northwest and have dips that generally range
from SO to 80 degrees to the northeast (Ralston and Chapman,
1969, p. 24) Littleton and Crosthwaite (1957,.p. 168) " - found
that Vertical movement along most of the faults ranges from a

fow £eet to' several hundred feet. K
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Northeast-trending faults are also théught to be present
in the study area (see geologic sections A-A', CF-C'E, and
CF-F'). No surface indications of these suspected faults were

‘noted in the field, and none are shown on the geologic map
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'HYDROLOGY

Thermal ground water in the Bruneau-Grand View
area occurs under artesian (confined) conditions in both the
volcani; rocks and the consolidated and unconsolidéted
se&imentary rocks. The arecal extent of these rock formations
at the surface is shown in figure 4, and their water-bearing
characteristics are given in table 1. (See also fig. 5.)
For purposes of discussion in this report, the water-bearing
units given in table 1 have been grouped into two general
aquifer types: (1) the volcanic-rock aquifers, which include
the Banbury Basalt, the Idavada Volcanics, and the rhyolitic
and.intrusive rocks; and (2) the overlying sedimentary-
rock aquifers, which generally consist of units of the. Idaho
and Snake River Groups. |

Because of its arid climate, recharge to the aquifers
underlying the Bruneau-Grand View area probably has its source
in precipitation (mostly winter snow) onto the plateau and the
mountains to thé south and southwest. Annual precipitaéion
in the lowlands is less than about 10 inches, whereas at the

higher‘altitudes, annual precipitation generally attains about

20 inches (Mundorff, Crosthwaite, and Kilburn, 1964).
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Recharge to the volcanic-rock aquifers, excluding the
Bénbury Basalt, is believed to be from precipitation onto

rocks cropping out at the highe; altitudes. These rocks

are quite permeable in many places, particularly where frac-

tured by faults, and they readily accept water. Many small,

intermittent stream channels, which seldom contain water, drain

the scant runoff from the mountains. The only perennial stream

" crossing the Bruneau-Grand View area is the Bruneau River. The

lack of perennial streams in the area is an indication of the
ability of these units fo accept water and to transmit it
in the subsurface to lowland aquifers.

. Recharge to the sedimentary-rock aquifers and the
Banbury Basalt is believed to be chiefly by upward movement
of water from the underlying volcanic-rock'aquifers. In
addition, peréolation losses from the intermittent streams
inAtheiarea may sporadically supply small amounts of recharge

to the sedimentary-rock aquifers. : .

R
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Possible Thermal Reservoir Rocks

Generally, water temperatures measured at wells producing
trom the Idavada Volcanics are significantly higher than
tempera;ures measured at nearby wells producing from the
vverlying sedimentary rock aquifers (see table 2). From this,
it can be obviously deduced that the source of the hot water
produced by welis in the Bruneau-Grand View area is the Idavada
Volcanics or some underlying rock units. The underlying
vock units, as exposed in outcrops, consist of thyolitic
vocks of Miocene(?) age that overly the granites of Cretaceous

ige, apparently the basement rock. Data indicative of

the ability of either the rhyolite or thé'granite.to trvansmit and

store significant quantities of water are lacking, and their
'otential as a :eservoir rock cannot at this time'be assessed.
Therefore, the Idavada Volcanics are considered to be the only
vocks in;this area having the known capacity to:act as a res-

ervoir for thermal water. i
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Idavada Volcanics

The Idavada Volcanics is exposed in the southern

G

part of the study area and probably underlies most of the

Bruneau-Grand View area. It is considered to be the most -
important aquifer in the area and an aquifer that generally
yields large quantities of water to wells (Littleton and

Crosthwaite, 1957, p. 159). The Idavada Volcanics is also

—an ————

believed to act as the principal conduit that provides re-
charge to the overlying aquifers.

Although the thickness of the Idavada Volcanics in the
study area is not known, an exposed section to the east 1is
more than 3,000 feet thick.(Malde and Powers, 1962, p. 1200).
Penetra;ion of these volcanic rocks by existing wells (based

on drillers' logs, table 2) is usually limited to a few

hundred feet. The yields of maﬁy wells open to. the vol-

canic-rock aquifers of the Bruneau-Grand View area range

)O1039

from poor to excellent (0.01 toa7.8 ft3/s). Aquifer char-
acteristigs, such as transmissivity and storage coefficient

are not known for the Idavada Valcanics in this.area. Some
drillers' logs contain water-level and yield data collected
duringwshort-term pumping tests made after completion of some ~-

wells, iu; the data are too scant to use for estimating aquifer

characteristics.. L o f 1
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Rhyolitic Rocks

Rhyolitic rocks of Miocene(?) age are exposed in

g

¢ ———t o e e

the southern part of the study area. The areal extent and
thickness of this unit are not known; however, more than ; .
several thousand feet of the unit are exposed in the Owyhee ' '
uplift (Malde and Powers, 1962). It is possible that these :
rocks underlie the Idavada Volcanics throughout the
Bruneau-Grand View area and that they could, therefore,

constitute a reservoir for thermal water. However, no ;

known wells have penetrated this unit in the study area, and

for this reason, its potential as a source of thermal water

is not known. a | o .
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Granitic Rocks

Granitic rocks similar to those of the Idaho batholith

- are exposed in the Bruneau-Grand View area. These rocks

. probably form the basement complex throughout this area, and,

because granites are generally considered to be dense and
relatively impermeable, they may not contain significant quan-
tities of thermal water. However, the similarity in water
quality of the thermal water in the Bruneau-Grand View area
with that in the Idaho batholith (see section on geochemical
surveys) indicates that the water in the Bruneau-Grand View
area was in contact with the granitic rocks exposed in.the f

mountainous recharge area to the southwest and that it retained

~its acquired distinctive chemical quality as it moved into

and through overlying rock units. However, it is also possible
that the upper part of the granite is either deeply fractured.

or decomposed, thereby constituting a significant aquifer and

_reservoir capable of both transmxtting water long dxstances
sand of storzng large quantities of thermal water. At the
‘present time, the absence of data descriptive of the granite
iunderlylng the Bruneau-Grand V;ew area precludes assessment of

its potent;al asta reservo1r for-geothermal water.
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GEOPHYSICAL SURVEYS

Geophysical suiveys, including gravity, aeromagnetic,
audio-magnetotelluric, and elec;rical%resistivity surveys,
Qere made- in the Bruneau-Grand View area prior to and in the
neriod 1973-74 by the U.S. Geological Survey. Results from
these surveys are used to help interpret the geology of the
area and to assesg the extent and some of the characteristics
of the thermal anomaly in the area.

Included in this report are (1) a gravity map complled
by D. L. Peterson and D. R. Mabey, (2) an aeromagnetic map
compiled by the Geological Survey, and (3} the results
and interpretation of a reconnaissance audio-magnetotelluric
survey by D. B. Hoover and C. L. Tippeﬁs. A report updating
"and summarlzlng all geophyszcal studzes made in the Bruneau-
Grand V;ew area, xncludzng the res1st1V1ty survey, is currently

' being prepared by the Geological Survey.
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Gravity and Aeromagnetic Surveys

- The results of a gravity survey (fig. 7a) by Hill

(1963) indicates that there are three major gravity anomalies

"in the western Snake River Plain, each of which is elongated

"to the northwest. These anomalies are believed to be caused

by deeply buried basalt flows or dikes.

The largest gfavity high is located ebout 10 miles north-
east of Grand View and is approximately 90 miles long and 25
miles wide (fig. %a). The effect of this gravity feature on
the local gravity relief in the Bruneau-Grand View area

(fig. 7b) is significant in that the sharp decrease in gravity

values to the southwest, which reflects the southwest flank of

thieAgravity high, would serve to-overshadow such local gravity
anoﬁalies as may be present. ?he only local gravity features
recognizable on fig. 7b are a low east of Hot Spring near the
head of Bruneau Valley, and a high that trends southeast from
the head of Little Valley. _' ' ) .

' The lines of equai magnetie intensity (fig. 8) resulting
from aeromagnetzc surveys complled by.the Geological Survey
were released to the open.file in 1971. Although these data are
consldered prellminary and have hot been edzted for conformance
to Survey standards, they show a magnetxc high;in the Bruneau-

Grand View area that trends to’ the northwest..

-
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The gravity and magnetic data are included in this report L
. [~}
=
to lend further support to the existence of northwest-trending .5
subsurface structures (faults) as suggested by figure 6, par- |
. |
‘vicularly along the south side of the Snake River in the Bruneau- -
Grand View area.
Further interpretation of all gravity and magnetic data b
for the Bruneau-Grand View area will be made in the aforemen-
tioned forthcoming geophysical report.
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Reconnaissance Audio-Magnetotelluric Survey

An AMT (audio-magnetotelluric) survey by D. B. Hoover
‘ana C. L. Tippens (app. A) has revealed a major northwest-
trending conductive anomaly in the Bruneau-Grand View area.
The.center of this anomaly appears to be situated between
iOreana and Grand View. The low resistivities (22 ohm-metTes
‘or less) are associated with the highest temperature ground
-waters (60 to 83°C) measured in the area (fig. 10). Within
:the conductive zone, apparent resistivities approaching 2
ohm-metres are indicated at depth. Resistivities in this
range suggest a hot-water reservoir with some alteration of
the reseryoir'rqck by the hot water (app. A).

The conductive anomaly has .distinct boundaries on the

.west and south, but those on the north and east are not

“well defined.. The data indicate that the low-resistivity d

¢

ézone dips downward to the east and may extend eastward at a

~'%&epth below the Tange of the current AMT survey.

v

The large area extent of the conductive anomaly in the

ﬁfgéBruneau-Grand Viéw area suggests a broad heat source for the
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GEOCHEMICAL SURVEYS 'é

=3

Eighty-seven wells and seven springs in the Bruneau- s

Grand View area were selected for water-quality sampling.
The sites (fig. 4) selected provide for areal representation L.
of the quality of the water in the aquifers supplying water to

wells or springs, of measured ground-water temperatures, and .

of estimated temperatures at depth. Results of standard chen-
ical analyses, plus boron, lithium, mercury, and arsenic, for
the sampies collected are given in table 3. Geohydrologic

data for these wells, including altitudes, well depths, and

aquifer units, are given in table 2.
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Chemistry of Thermal Waters

The chemical composition of the sampled thermal waters

'in the Bruneau-Grand View area shows that they are generally

of a sodium bicarbonate type and are charactefized by low
chloride and high bicarbonate concentrations and a nearly neutral
pH (White, 1957, p. 1649). Although most of the thermal waters
'in the area are classified as of a sodium bicarbonate type,-
certain marked differences in their chemical constituents

serve to distinguish water in the sedimentary-rock aquifers

of the Idaho Group (the Bruneau, Glenns Ferry, and Chalk

Hills Formations) from water in the volcanic-rock aquifers

(the Banbury Basalt of the Idaho Group and the Idavada

e PG -A Ak M EE R i M DT L S LMY WO O S s R R mﬁﬁj

Volcanics).
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Thgrmai wafér”from wells'peﬁetratiﬁg oﬁiy thé sedimentary-
rock aquifers is high in diséolved-solids concentration (greater
than 660 mg/1l), is nearly neutral in pH, and usually contains
fluoride cohgéntfhtibhswof-iééﬁ than 2 mg/l. 1In striking con-

trast, water from wells penetrating the volcanic-rock aquifers

is low in dissolved-solids concentration (less than 500 ng/l),

high in fluoride concentration (usually greater than 8 mg/l1),
and is alkaline (pH greater than 8.5).

Chloride concentfations range from 2.7 to 79 mg/l in
the thermal waters sampled. Chloride concentrations for water
ffom the volcanic-rock aquifers. were less than 20 mg/l and
only slightly higher for most water issuing from the
sedimentary-rock aquiferé. Generally, sulfate concentrations were
much higher in water from the volcénic-rock aquifers than
in water from the sedimentary-rock aquifers. Héwéver,

marked exceptions to this were noted in a few samples

from shallow wells that were near the Snake River.
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jlar in mineralogy to the granite of the Idaho ba

» at depth b

g*¢<perature (°C

Bllica (mg/1§ )
iciun (mg/1)
tresium (mg/1)
diun (mg/1)

i > ufate (m /1
oride (gg/})

&'°Tide (mg/1)

i Schoen (1972).. .:

Volcanic-rock aquifers

well well
75.5 83.0
91 110 '
1.0 2.1
0" 0
99. 110
.8 1.7
40 62
13* 15 '
13r 1§

v N A

The reason for th

water found in Idaho.

high flouride and su
and Mitchell, 1973).

high sulfate concentrations in the therma
canic-rock aquifers is not understood.

water -has distinct characteristics,

of water from the volcanic-rock aquifers and

it is not unlike other thermal

e low chloride, high fluoride, and
1 water from the vol-

However, even though this

As shown below, the chemical similarities
thermal wateT

from the Idaho batholith (which also contains low chloride and

1fate concentrations) is noteworthy (Young

This similarity indicates that rocks sim-

tholith may lie

elow the Bruneau-Grand View area 2s prbposed by

Idaho batholith
Sunbeam

. Hot Springs
' 4S-1E-§4badl SS-SE-ZGPCbl 11N-15E-19cl

76.0
91
1.5
0
85
C 2.4
‘54
12
15

L
NN A Be? T

Vulcan

87.0
120
1.8
.l
94
5
43 :
17 )
24

Hot Springs
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Chemical Ratios -7
=]
The ratios of certain chemical constituents can be 'g
iseful in describing and evaluating geothermal areas (White,
L970). One use of these ratios is to identify similar -
svaters within a geothermal area. The C1l/(HCO; + CO3) (chloride/
Jicarbonate plus carbonate) ratio (Fournier and Truesdell, - s
1970), the C1/B (chloride/boron)ratio (Ellis, 1970) and the ‘:
N
Z1/F (chloride/fluoride) ratio (Mahon, 1970) have been o
. ‘. . ) . “\
ased successfully to distinguish water discharging from ~.

iifferent aquifers. The atomic and molar ratios of selected
-“emlcal constituents from sampled wells and springs in the
Bruneau-Grand View area are given in table 4. The C1/(HCO; + CO3),
Cl/B, and Cl1/F ratios are show; on figure 9.

Typically, the Cl1/(HCO3 + CO;)”ratio is less than 0.1

for water from the sedimentary-rock aquifers and greater than

)011039

0.1 for water from the volcanic-rock aquifers in the Bruneau-

dad SALV.LS dzaLuNn
kS

Grand Yiew area. Slight variations from these.ratios are
prabably the result of mixing of wéter from the two aquifers.
The C1/B ratios éstablishe§ for water from ﬁhe sedimentary—
:zuck:a£d the volcanic~rock aquiféfs are not as ;indicative -
'offwater from the reSpective aqnifers as are the C1/(HCO; + CO,)
ratios. The C1{B ratzo is generally less than 12 for watef

i

fznm.the sedimentary-rock aqulfers, whereas it»ranges from

less than S to greater than 20 for water from the volcanzc-
g :
ncck:aquzfers. ‘The lower values for water from the sedimentary-
Ce. - !

3& (3%4-"“‘9 | =




3
rock aquifers are due to the higher boron conceatrations gen- -g i
. [~} M
- - - c .‘
erally found in this water. The C1/B ratio for water from the g
- i
volcanic-rock aquifers shows a marked decrease in value near
the towns of Bruneau and Grand View due to an increase in boron - .
concentrations. , )
The Cl/F ratios provide the most reliable chemical neans - ;
. y
of distinguishing between water from the volcanic-rock *
and water from the sedimentary-rock aquifers. The Cl/F ratio j
for water from the volcanic-rock aquifers is generally less than N
: }
0.6, owing to the high fluoride concentration of the water,
whereas the ratio for water from the sedimentary-rock aquifers
. . . c
usually exceeds 1. The highest concentration of fluoride (29 mg/1) =
was found in water from a well, near the town of Bruneau, which g
. . . 0
is open to the ,volcanic-rock aquifer. ;
. ;-
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Ground-later Temperatures ~4
[~]
(=3
Owing to the natural increase of temperature down- .5
ward in the earth's crust, water in deeper aquifers generally
tends to be warmer than that from shallower aquifers. As v\
would be expected, therefore, ground-water temperatures
Y
. . - - A
in the Bruneau-Grand View area increase as wells penetrate N
3 PP ~ £ . 3 = ) -~
deeper aquifers. Temperatures of water discharged from <
N
wells and springs in the area ranged from 9.5° to 83.0°C ~
. N
. } “\‘
(table 3 and fig. 10). Generally, the temperature of the .
water obtained from the sedimentary-rock aguifers seldom,
with a few exceptions, exceeds .:35°c, whereas temperatures
c
of water from the volcanic-rock aquifers ranged from 40.0° =
S
1
to 83.0°Co . he L U
4
. : >
..l.
‘ ] g
2
X Q E
e Y
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Because most wells in the area are not cased through
much of their depth, it is difficult to calculate a thermal
gradient for the area using existing wells. This is because
the temperature of water entering an open well bore at some
selected intermediate depth will differ significantly from
the temperature of the water entering at or near the bottom

of the well. For this reason, the temperature of the water

- discharged from the well may not be representative of

temperature at the bottom of the well. However, if data
are used for wells that are cased from land surface to a
depth of at least 60 percent of the well's total depth, a

plot of well depth versus the temperature of the water pro-

.duced from the well can be used to calculate a thermal grad-
g

ient of about 2°C per 100 feet ,of depth (fig. 11). This
gradient is somewhat lower than has been measured elsewhere

in Idaho [}.3°C per 100 feet in Camas Prairie (Walton, 1962,

P. 90);‘2;7°C'pgr'100 feet in sedimentary rocks in Boise Valley
(Nace and others, 1957, p. 72)].. In considering this gradient,
'it should also b; realized that a higher temperature gradient

may occur at wells intersecting faults that act as conduits

.forA;ffépid upward movement of thot water from depth, thereby

-effectively bypassing lgsé warnm water at intermediate depths.

'f Well 78*65-16cdci, figure 11, may be an illustfation of this'in

that a thermal gradient calculated using this well is 6.3°C

per 100 feet. oy L - C

£ ~(39a.l~g§>

HUINOT—NA0T NOIL\’{

)01039




%

TTUMITED STRTES LGS

VTION TOTM—-DOUNLE . . , GEOLO

ot 4 - . ] -~

*posed TT9M 9yl jo 3xed xaddn oyl jo jusdxod 09 3seo] 31e SurAey STIOM uf

yadop 03 uor3eBISIX YITM sainjerodwsl I9IBM-PUNOIf--°TT TUN9IL

PPN

B SNISTAD SATUDAA NI “YALVM 40 TUNIVUTINIL

06 08 0l 09 0s oY 1019 02 0l 0
1 ) T T T T T T 0
193} 001 48d D ,£'9 e — T
sjonba _:o_wchm_cﬁz_o;ﬂowo -
19po91~-39-52 —
B ) ) \\xuﬂv@\:\\\ -100¢ _
—
e
\
\
. . ~oool
. |oon.@
- 10002
199} 001 49d *D02 ‘
- sjonbe {uaippib [DWIBY}009 . =002
. ,. @
| [+ | -~ -oooe
1 , ‘ * . ;..
\ —— - i [ A ! TS ] 4 - []¢]-] - NP

I3IJ NI ‘IOVIENS ANVT MOTIL TTIM 40 Hldgd

- e e s - -

L LT

a/s)

p. 374 (42




[

.

AAOJ—iINU0T HOL

The depth to which a well nust penetrate to yield water

of a desired temperature can be approximated using the .

ra

thermal gradieht for an area as follows:

Desired water temperature = 150°C .
Thermal gradient = 2°C per 100 feet

Average annual air -

temperature (which

approximates the temperature ° |

at a depth of 100 feet) = 10°C )

Depth required = 100 (150°2- 10°) + 100 + 7,100 feet

The calculated depth of 7,100 feet to obtain water of 150°C
is based on the assumption chat'&éter occurs at this depth in ~
the quantities desired. At the present time, information on
the occurrence of water at depths of 7,000 feet or greater in

the Bruneau-Grand View area is not available.

BRI I s

Ground-water temperatures at some unknown depth can be

071039

-
. -

calculated using geochemical thermometers. In the Bruneau-

Sb v Al L

Grand View area, ground-water temperatures at depth were es-

timated using the silica (Fournier and Truesdell, 1970),

and the sodium-potassium-calcium geochemical thermometers
(Faﬁrhier}ene;trueseell, 1973), and a new technique (Fournier
and Truesdell"1974) - to be described in following pages -
which enables utilizatzon of water samples containing a mix-
ture of deep thermal water and shallow cold water to calculate

the temperature of the hot-water component and the percentage
of the cold water in the mixture. . , '
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The Silica Geochemical Thermometer

Estimated aquifer temperatures calculated using the
silica thermometer for all sampled thermal water in the
Bruneau-Grand View area ranged from 92° to 157°C (table 4
and fig. 10). The temperatures given are based on the
assumption that: (1) all the silica in the sampled water
was in equilibrium with quartz (rather than amorphous or other
silica species) in the thermal aquifer, (2) no dilution or
enrichment takes placé‘as the water ascends to the surface,
and (3) the wéter is cooled only by conduction as it moves to
the land surface (curve A, Fournier and Truesdell, 1970).
Howe&er, because of the high sili;a concentrations noted in
the warm water issuing from the sedimentary-rock aquifers, the
assumption of the silica content in the water being in equilib-
rium with quartz in the_sedimehtary-rock aquifers may be er-

roneous., .
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The sedimentary rocks were derived mainly from silica-
rich volcanic rocks and, therefore, probably have an abundance
of silicate minerals. Although the warm water moving
through the sedimeantary rocks is nearly neutral in pH (as
neasured at the surface), the possibility of its having dissolved
silicate minerals and thereby containing amorphous silica was
considered. To test this possibility, several water samples
containing high silica concentrations at relatively low tem-
peratures were examined to see if the high silica content was
indeed in equilibrium with amorphous Si0O,. Water from well
4S-1E-25ccdl has a silica concentration of 120 mg/l and a
temperature at the surface of 30.0°C. The solubility of amor-

phous Si0, at 30.0°C is 128 mg/l, which is very close to the

120 mg/1 silica found in the sample. Water from well §S-3E-25bbbl

has a silica concentration of 98 mg/l and a temperature at the
surface of 18.0°C. The solubility of amorphous Si0, at 18.0°C
is 102 mg/1. The difference between these two values is within
the range of analytical error. Several other samples from
wells completed in the sedimenfaryorock aquifers were tested
with ambiguous results. In séveralisamples, the low-temperature
water contained silica concentrations that were greater than
what would bé suspected under the assumption 6f equilibrium
witﬁ'amorphous Sioz.-'However,?the close agreement in mosi
cases between the measu:ed silica concentrations and the
calcul?ted silica concentrations, assuming equilibrium with

amorphous S$i0,, indicate that silica concentrations in the
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water from the sedimentary-rock aquifers are not in equilibrium
with quartz. Therefore, the assumption of the silica coacen-
trations being in equilibrium with quartz is invalid, and

the silica geochemical thermometer should not be used to
estimate aquifer temperature at depth for water ascending
through the sedimentary-rock aquifers.

Several samples of high-temperature water from the vol-
canic-rock aquifers were tested to see if their silica con-
centrations, at surface temperatures, were in equilibrium
with amorphous SiO,. In all cases, the silica concentrations
in the éamples were well below the solubility of amorphous-
Si0,, indicating that the silica in this water probably is in
equilibrium with quartz. However, it should be recognized
that some of this silica in these alkaline waters may also have
been derived from amorphous silica.

From the above discussion, it can be concluded that the-

temperatures estimated using the silica geochemical thermometer

may well be in error and should be considered as tentative

values'only. S




The Sodium-Potassium-Calcium Geochenical Thermometer

The molar concentrations of Na, K, and Ca are used
in the Na-K-Ca (sodium-potassium-calcium) geochemical
thermometer to calculate aquifer temperatures. Estimated
aquifer temperatures for all sampled thermal waters in the
Bruneau-Grand View area using this method ranged from 21° to
206°C (table 4 and fig. 10). This method assumes that these
constituents are in chemical equilibrium in the thermal aquifer
and that no dilution or enrichment takes place as the water
ascends to the surface.

The higher values for dissolved solids in the thermal
water from the sedimentary-rock aquifers compared to the lower
values for dissolved solids in the thermal water of the
volcanic-rock aquifers suggest that the water from the
sedimentary-rock aquifers is enriched by aquifer materials.

" These sedimentary rocks contain appreciable amounts of
volcanic ash and bentonitﬁc cléy (Littleton and Crosthwaite,
1957) that could provide large amounts of sodium and

A potassium minerals and much sméller amounts of calcium and

. magnesium minerals. The chemical qualxty of the warm water

;T‘der;ved from the sedlmentary-rock aquzfers suggests enrichment

of sodium and potasszum wzth a smaller enrichment of calcium.
This effectively reduces the sodium-to-potasszum Tatio

and tends to increase estzmated aquifer temperatures.

Similar interbedded sedimentary rocks in the volcanxc-rcck aquifers i; .

could conceivably have the same effect on the composition of
the thcrmal water, :

I
!
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The Mixed-Water Geochemical Thernometer

Many of the thermal waters appearing at or near land K

surface are the result of mixing of hot water from depth

with cold water from upper zones. The original temperature =

of the hot water and the percentage of cold water in the

mixture can be estimated (Fournier and Truesdell, 1974) from
the temperature measured at the surface and the silica &
concentrations of the mixture and the upper nonthermal i
waters. Fournier and Truesdell t1974) suggest a simple test

to determine if the thermal water sampled at the surface

is of mixed origin. According to then, temperatures g

. estimated by the Na-K-Ca geochemical thermometer.that are
within + 25.0°C of the water temperature measured at the

. surface usually indicates chemical equilibrium and, thereby, :

that the sample reﬁresents an unmixed water. However,

estimated temperature differences of more than + 25.0°C indicate

nonequilibrium'conditions exist and, therefore, the sample

represents a mixed water.




The mixed-water method was used in ﬁhe Bruneau-Grand
View area not only for estimating probable maximum temperatures
of the hot-water component, but also as an aid in evaluating, as
discussed below, the silica concentration in the waters sampled.

Therefore, mixing models were constructed or attempted for all

sampled thermal waters regardless of the relation of estimated
Na-K-Ca temperatures to the water temperatures measured at the R
surface. The computed temperatures and percentage of cold water
are given in table 4, and these temperatures are plotted in
figure 9. The computations made were based on the following
assumptions (model 1, Fournier and Truesdell, 1974): (1) water
gnajngyly formed steam rise together; (2) silica concentrations

are in equilibrium with quartz; and (3) the temperature and

silica concentrations of water from the sampled nonthermal

springs (table 3) are representative of the nonthermal water

in their respective areas.




Estimates of the temperature of the hot-water component
and percentage of cold water were obtained for 48 of the 91
| sampled thermal wells and springs. Estimated maximum

temperatures of the hot-water components ranged from 150°

to 275°c, and the percentage of cold water ranged from 61

to 92 percent. However, it is believed that estimated

temperatures of above 220°C probably indicate that the
water has been enriched by amorphous Si0;, and that, therefore, g

some of the silica in the sampled water is not in equilibrium

with quartz. No temperature estimates could be obtained

B R eI A

for_samples from wells penetrating the sedimentary-rock

aquifers where it .is belieVed the high silica content is due
to amorphous Si0,. The results for the higher temperature
water flowing from the volcanic-rock aquifers are probably
more sound, as the silica content of this water is probably

in equilibrium with quartz.

A1
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Credibility of Estimated Temperaturss

The silica geochemical thermometer is probably the best
jndicator of temperature at depth for selectad water in the
Bruneau-Grand View area. The silica concentrations observed
in samples from the shallow sedimeatary-rock aquiZers gen-
erally do not seem to be in equilibrium witz quartz; therefore,
the silica geochemical thermometer should nct be used to in-
dicate the temperature of this water. The water samples for
which estimated mixed-water temperatures exceed 220°C
probably have been enriched by amorphous Sic,. Therefore,
the best estimates of temperatures at depth, using the
si;icémgeochemical thermometer, are probably those for the
higher tempcrature-water (greater than 45.0°C),-which flows
from the volcanic-rock aquifers where calculated temperatures
by the mixed-water method are less than 220°C.

The Na-K-Ca geochemical thermometer should not be used
to estimate temperatures at depth for water from the sedimentary-
rock aquifers. The chemical comﬁosition of this water has
evidently been altered owing to the solutica of the aq&ifer
materials énd,'therefore, erroneously high temperatures were
caiculatedl The estimated temieratures by the Na-K-Ca
method fdr the Qaﬁer from the volcaﬁic-rock aquifers are :
probably much more reliable than th@se for water from ?he
sedimeniaryquck aquifer, especially where these temperatures

have the support of the silica geochemical thermometer. .
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The estimated subsurface temperatures in the Bruneau-Grz=
View area probably do not exceed 150°C. This estimate is
based on the silica concentrations of thermal water believed
to have been sampled from only the volcanic-rock aquifers.
However, if this sampled water is a mixture of a hot water
from depth with cooler, shallower water, then silica concen-
trations would also reflect the mixing, and subsurface

temperatures may exceed 180°C.
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R Minor Elenments

The water samples collected were analyzed for the
following selected minor elements: boron, lithium, mercury,
and arsenic. The concentrations of these minor elements in
the water samples collected are given in table 3. Although
the measured concentrations for these constituents in all
waters sampled were low, notable differences in the boron
and lithium concentrations were measured in samples from
both the sedimentary-rock aquifers and volcanic-rock aquifers
and, in some instances, from only the volcanic-rock-aquifers.

The highest concept;atiqns of boron (1,500 ug/l, micro-
grams per litre) and lithium (1,100 ug/l) were nreasured in
water from the sedimentary-rock aquifers. The higher values
prébably refiect contributions from evaporite beds within

the sedimentary rocks.

.
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The boron concentrations in the veolcanic-rock aquifers
show a wide range in measured values. Generally, the values
ranged from less than 100 to 1,100 ug/l. The highest concen-
trations of boron occurred in the vicinity of Bruneau and
Grand View. The higher concentrations of boron in the water
near these towns may result from one or all of the aforemen-
tioned causcs if some mixing of water from the sedimentary-
rock and volcanic-rock aquifers has occurred, or if sedimen-
tary deposits were interbedded in the volcanic rocks.
However, it is also possible that the boron was contributed
to the thermal water by solution of the Idavada Volcanics,
which had been enriched bylresidualkm&gmatic fluids, thus
indicating a closer proximity to the scurce area of these
volcanic rocks (Fairbridge, 1972, p. 88).

The lithium concentrations in the water of the volcanic-
rock aquifers are very low and usually do not exceed 30
ug/l. Such low concentrations of lithium are usual in water
from basaltic rocks (Ellis, 1970).

: Méfcury and arsenic concentrationé in all the sampled

thermal waters in the Bruneau-Grand View area are low, and

ranged from.0. ‘to 4. 3 ug/l and 0 to 78 ug/l, respectlvely

Na pattern of occurrence and concentration for these minor
elements was observed. However, the highest values found

for both were in water from the volcanic-rock aquifers.

5l
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Gas Analyses

Gas samples were collected from 15 wells near Grand View
and in the Caétle Creek and Indian Cove areas. No gas was
found in- the water from other wells in the study area. The
samples were analyzed for specific gases by the gas chromato-
graph technique, and the results are given in percentage by
volume in table 5. The analysis technique yielded values for
the in&ividual gases accurate within + 5 percent, although
the sum of constituent percentages for any one sample may

have a larger deviation. Part of the discrepancy for sums

less than 100 percent probably results from the fact the samples
usually were saturated with water, whereas the gases used

for standards in the analysis technique were not.
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The gases in the thermal water sampled consist primarily
of nitrogen, oxygen, and methane. In no sample did carbon
dioxide exceed 1 percent, nor did hydrogen exceed 0.1
! percent. As shown by the analyses, water from the sedimentary-
rock aquifers contains large volumes of methane, whereas water
from five of the eight samples from the volcanic-rock aquifers
contains no methane. The small amounts of methane reported
in the other three analyses of water from the volcanic-

rock aquifers indicate that some of the water in these wells

is, in fact, derived from the sedimentary-rock aquifers.

The methane in water from the sedimentary-rock aquifers

G

probably results £from decay of organic material in the

pin

sedimentary deposits. The low values of carbon dioxide and

= B
T s

hydrogen reported in the gas samples from water of both
aquifers suggest that, except for the methane, the gases in
the water are those that were contained in the meteoric . g

water recharging the system.

53




The ratio of nitrogen to oxygen can be used to support
further the idea that the gases in the samples collected,
excluding methane, were those in the original recharge water
: ta the system. Assuming the temperature of the water re-

" charged to the volcanic-rock aquifers to be 10.0°C, which is

the measured temperature of selected cold springs in the area

(see table 2), and assuming the nitrogen and oxygen in the air

and water are in equilibrium, the ratio of nitrogen to oxygen in
the recharge water would be 1.96 (Hodgman and others, 1953,

p. 1610). The potential loss of oxygen from the water due to
oxidation of minerals in the aquifer is much greafer than the
potentlal loss of nltrogen This loss of oxygen would effectively
increase the ratio of nitrogen to oxygen. The nitrogen-oxyéen

ratios in the gas from the volcanic-rock aquifers (table S)

are much higherAthan 1.96, thus indicating a loss of

oxygen from the water. The nitrogen-oxygen ratios in the
gas from the water of the sedimentary-rock aquifers are
much lower than the nitrogen-oxygen ratios in the gas from
water bf thé volcanic-rock aquifers; however, they are still
higﬁer than the same ratios in the gas from the susPecﬁed
recharée water. The ﬁitrogen-oxygeﬁ ratio in gas from the‘
sedzmentary-rcck aquzfers probably reflects mzxzng of

water by vertical percolatzon from the. volcanlc-rock aquifers.

.. .
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Well and Spring Denosits

D;position of minerals by thermal ground waters is
- noticeably absent in the Bruneau-Grand View area. Some well
: casings and spring vents have a very thin coating of car-
| bonate-type minerals. Evaporite-type deposiﬁs are found on
- some well casings that are exposed to the higher temperature
water in the area. However, these types of deposits are the
result of evaporation rather than precipitation due to excessive
mineral concentrations in the water.

Stearns (1922, p. 7) reported that a spring in
Shoofly Valley (T. 6 S, R. 3 E, sec. 14), was depositing
largé amounts of minerals. .However, subsequent ground-

water development of the sedimentary-rock aquifer in

this area has caused this spring to cease flowing, and for
- this reason, fresh samples of the minerals deposited could
- not be collected. A sample of the old deposits was collected

and analyzed for mineral content. The results show that the

"
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. spring deposits contain chiefly calcium carbonate

s 4 s

Ct:ave?tine) with.very small amounts of quartz (less than
'3 percent). ) ‘

The lack of mineral deposition by thermal waters in é
the BruneauFGréﬁa View area is probably due to the low | ‘

. dissolved-solids concentration of these waters.
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SOQURCE OF HEAT

The sources of heat for the above-normal ground-water
temperatures in the Bruneau-Grand View area were first
discussed by Piper (1924, p. S52). He gave three possible
explanations: (1) Expiring volcanism at depth beneath the
area, (2) mechanical heat generated by friction during

recent earth movements, and (3) the upward migration of

. water from depth where observed temperatures are normal. He

concluded that the upward migration of water from depth is
the most probable source because: (1) Observed volcanism in
the area is restricted to thin, relatively fast-cooling,
surface flows; and (2) similar faulted areas did not 'possess
abnormally high ground-water temperatures. At the time of
this inveéstigation, no additional data have been collected
that suggests expiring volcanism at depth or the generation
of mechanical heat from major faulting in the Bruneau-Grand

View area.




The large areal extent of the conductive anomaly, as
éefined by the AMT survey, and the widespread occurrence of
thermal waters in the Bruneau-Grand View area, sugges§ a
broad heat source. Therefore, the probable explanation of
the abOVe-norﬁa; ground-water temperatures in the Bruneau-
Grand View area is deep circulation of water in an area of
above-normal geotﬁérmal gradient. Heating of the ground
water to a temperature of 83°C (maximum recorded water tem-
perature at the surface) by a geothermal gradient of 2°C
per 106 feet would require the circulation of water to a
depth of about 3,750 feet.

Unpublished data by D. D. Blackwell (writtgn co#mun., 1973)
suggest that heat-flow values of 2.4 heat-flow units or 2.4 x 10'6
cal/cm?/sec and a gradient of 50°C per kilometre (1.5°C
per 100 feet) exist in the vicinity of Silver City, Idaho,
which is approximately 30 miléf'west of Grand View. This
gradient closely approximates fhat calculated (2°C per 100
feet) for the Bruneau-Grand View area.

The relatively high geothermal gradienﬁ occurring in
the Bruneau- Grand View area pr:bably is related to the

"hlnnlng of the upper crust in the area of the Snake RlVer

Plaln noted by Pakzser (1963) ‘Pakiser stated that these

areas of th upper crust and low-density upper mantle
“sually have had a Cenozoic history of intense diastrophxsm

and 3111c1c volcanism.
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SUMMARY

The rocks in the Bruneau-Grand View area range in age from

Late Cretaceous to Holocene. Rocks of the Cenozoic Era have
been subdivided into four groups: (1) an unnamed sequence of
rhyolitic and related rocks, (2) the Idavada Volcanics,  (3) the
Idaho Group, and (4) the Snake River Group. For convenience,
these rock units have been divided into two major groups
according to their hydrologic properties: (1) the volcanic-'
rock aquifers that include the Idavada Volcanics, the
Banbury Basalt of the Idaho Group, and undifferentiated
siliéic*volcanic rocks; (2) the sedimentary-rock aquifers,
which include chiefly sedimentary units of the Idaho and Snake
River Groups. o
: gecharge to the volcanic-rock aquifer (except the Banbury
Basalt) is thought to be chiefly ffom precipitation in the.
higher altitudes to the south and southwest of the study
area'where the roﬁk units are exposed at the surface. 'Recharge
to tﬁg sedimentary-rock aquifers and the Banbury Basalt is
vheliev?d to be mainly by the upward movement of water from
the underlying volcanic-rock aquifers.

e
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The Idavada Volcanics or underlying rock units are
believed to be the reservoir rocks for the thermal water
in the Bruneau-Grand View area.

A system of northwest-trending faults has probably
fractured and displaced rocks ranging in age from Pliocene
to Pleistocene. Most of the faulting probably occurred in
early Pliocene time, with progressively diminishing movements
througi Pleistocene-time. Gravity and aeromagnetic surveys
support the theory of a northwest-trending subsurface structure.

An AMT (audio-magnetotelluric) survey oi the Bruneau-
Grand View area has revealed a large conductive anomaly
in the region between Oreana and Grand View. The areal
extent of this anomaly implies that a broad heat source is

-present. The low resistivities observed, approaching 2

ohm-metres, imply a hot-water reservoir in which the

reserveir rocks have been altered.

" - (8
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'Sampled thermal water in the Bruneau-Grand View area
is generally of a sodium bicarbonate type. In the study
area, thermal water from the sedimentary-rock aquifers generally
contains.dissolved-solids'concentrations greater than 600 ng/1,
is nearly neutrai in pH, and usually contains less than
2 mg/l fluoride. Water from the volcanic-rock aquifers generally
contains less than 500 mg/l dissolved solids, has pH values
nigher than 8.0, and has fluoride concentrations in excess
of 8 mg/l._ Chloride concentrations range from 2.7 to 79 mg/l
for all sampled water with the values from the volcanic-
rock aquifers usually less than 20 mg/l. Sulfate concentrations
are nuch higher for water from thg,volcanic—rock aquifers
than for the water fronm tﬁe oferlying sedimentary—fock
aquifers. The chemistry of -the thermal water from the
volcanic-rock aquifers is very similar to that of thermal

water flowing from the granitic rocks of the Idaho batholith.
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Ratios of concentrations of selected chemical constituents
are used to distinguish water from the volcanic-rock and sed-
imentary-rock aquifers. The chloride-fluoride ratio is prob-
ably the best indicator with ratios generally less than 0.6
for water from the volcanic-rock aquifers and considerably
greater than 0.6 for water from the sedimentary-rock aquifers.
Chloridc-boron ratios of the hotter water from volcanic-
rock aquifers showed a marked decrease near Bruneau and
Grand View because of increased boron concentrations.

Measured ground-water temperatures at the surface in
the Bruneau-Grand View area range from 9.5° to 83.0°C with
the higher temperatures (40° to 83°C) found in the water
from the volcanic-rock aquifers. Temperatures of the watér
from the sedimentary-rock aquifers seldom exceed 35°C.
The observed ground-water temperatures in the volcanic-
rock aquifers seem to be related to the depth to the

aquifers.




Estimated aquifer temperatures range from 92° tc 157°C
as calculated by the use of the silica geochemical thermometer
and from 21° to ZOG;C using the Na-X-Ca geochemical ther-
mometer. Estimated maximum temperatures, which were cal-
culated by the use of the mixed-water geochemical thermometer,
range from 150° to 275°C with the cold water component ranging
from 61 to 92 percent. Aquifer temperatures in the Bruneau-
Grand View area were estimated at and probably do noct exceed
150°C, except where the sampled water at the surface is of mixed
origin; ‘here, maximum temperatures at depth probably do not exceed
220°C.

: A geothermal g;adwent of 2°C per 100 feet was calculated for
, ;he Bruneau -Grand View area using selected well data. Using this:
gradient, temperatures of 150°C could exist at a depth of 7,100
feet. ’ \ ‘

The gas in samfles collected from water in the Bruneaﬁ-Grand
fView area consists primarily of nitrogen, oxygen, and methane.
Methane w#s found primarily in samples from the sedimentary-rock
; aquifers. ‘Analysis of the gas in water from the voléanic-:ock
| aquifers indicates that the gas is essentially that cqntained"
§ in neteorlc water recharging the system.

Mlneral deposition at wells and springs in the Bruneau-
- Grand Vlew area is notlceably absent, 1arge1y because of the

low dzssolved solids concentration in the water.




The source of heat for the deeply circulating thermal

waters in the Bruneau-Grand View area is believed to be an

above-normal geothermal gradient. This above-normal gradient

could be related to a2 thinning of the earth's upper crust in

this area.
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FUTURE WORK
The collection of data for this irnvestigation wa
designed to give a preliminary evaluation of the areal
extent and character of the Bruneau-Gr;nd View thermal
anomaly. This preliminary evaluation was based on geochemica
sampling of thermal waters at the surface, existing geologic

and hydrologic data, and selected surface geophysical surveys.

-

1 -

The findiangs presented in this report could be refinec
if additional data were available. Borehole geophysical

e e

ceep wells could yield irnformation

;.A.

logs for several existin

(8]

about 1ithology, temperature, and water-quality conditicns in

-
44

o]

O
s

b

al &

o]

p)

additio rjunction with ex-

wn

the subsurface. Thi ta,

Xe it possible to sel site feor a

™

@

sting duota, would ma ct

(¥

deep-test hole. A cdeep test-iwoie (10,000 feet deep) in the arc
of the Bruueau-Grand View thermal anomaly could contribute
significant data descblptlve of:

1. .The lithology of rocks at denth

2. Temperatures of the thermal waters at depth

3. Water levels and yield characteristics for the aquifers
penetrated

"4, The quality of the thermal waters penetrated

S. The heat-flow values .

Interprutatlon of data collected from a deep-test hole should

l'yleld the information needed to enable 2 definitive assessment
:6f‘the potential of the Bruneau-Grand View area as a prospec-

"+ tive arca for developing geothermal energy for power production.

@4

. —

GO A e d e o vt i e ot o s vt




i
v

o eEr

v Meagy T T TRERGTTTRER At
LR

SELECTED REFERENCES
Anderson, N. R., 1965, Upper Cenozoic stratigraphy
of the Oreana quadrangle: Univ. of Utah, Ph.D.
~thesis, 212 p.
Buwalda, J. P., 1923, A preliminary reconnaissance
of the gas and o0il possibilities of southwestern
and'southcentral Idaho: Idaho Bur. Mines and
Geology, Pamphlet 5, 10 p.
Eliis, A. J., 1970,>Quantitative interpretation of
chemical characteristics of hydrothermal systems,
'in Proceedings United MNations Symp. on the Devel-
opment and Utilization of Geothermal.Egergy:
Pisa, v. 2, Part'l Geothernics, épec;
Issue 2, p. 516-528." _
Fairbridge, R. W., ed., 1972, The encyclopedia of geo-
.chemistry and environmental sciences in Encyclopedia
of earth sciences series:” Van Nostrand Reinhold Com-
. pany, v. IV A, p. 88.
Fournier, R. 0., and Truesdell, A. H., 1970, Chemical

oY

indicators of subsurface temperature applied to hot

\%:$';§p:ing waters of Yellowstone National Park, Wyoming,

”',§3"5u;sLA;,';§ Proceedings United Nations Symp. on the

R

NP
.?.‘.‘-‘ -aw

s pgve;dpment and Utifization'of Geothermal Energy:

-

0 Pisa, v. 2, Part 1, Geothermics, Spec. Issue 2, p.

§29-535.

g




1973, An empirical Na-K-Ca geothermometer for
natural waters: Geochim. et Cosmochim. Acta., v. 36.
1974, Estimation of temperature and fraction of hot
" water mixed with ccld water, Part II, Geochemical
indicators of subsurface temperature: U.S. Geol.
Survey open-iile report, 33 p.

Hill, D. P., 1963, Gravity and crustal structure in the

western Snake River Plain, Idaho: Jour. Geophysical
Research, v. 68, no. 20, p. 5807-5819.
Hodgman, C. D., Weast, R. C., and Wallace, C. W., eds.,
| 1953, Handbook of chemistry and physics: Chemicsl
Rubber Publishing Co., Cleveland, Chio, 35th ed.,
1953-54, 3163 p.
Kirkham, V. R. D., 1931a, Snake River downwarp: Jour.
Geology, v. 39, no. 5, p. 456-482.
1931b, Igneous geology of southwestern Idaho: Jour.
- .Geology, V. Sé, no 6, p. 564-591. ;
'Littleton, R. T., and Crosthwaite, E. G., 1957, Ground-
water geology of the Bruneau-Grand View area, Owyhee
County, Idzho: U.S. Ggol; Survey Water-Supply.Paper
1460-D, p. 147-198. : '

.“ ." "f, .
P

‘Mahon, W A. J., 1970 Chemlstry in the exploration and

Miwa
~

. K exploztation “of hydrothermal systems, 1n Prcceed;nvs
' ' 'United Nations Symp. on the Development and Utiliza-
tion of Geothermal Energy: Pisa, v. 2, Part 2, Geo-
thermics, Spec. Issue 2, ﬁ. 1310-1322,
@6

FETI
3.4 RS> Py A he ¥ £00 X2 o ag T e e




R SueL it B NS

L

sMalde, H. E., 1959, Fault zone along northern boundaxry
of western Snake River Plain, Idaho: Science, v. 130,
no. 3370, p. 272.

Malde, ﬁ. E., and Powers, H. A., 1962, Upper Cenozoic
stratigraphy of western Snake River Plain, Idaho:
Geol.»Soc. America Bull., v. 73, p. 1197-1220,.

Malde, H. E., Powers, H. A., and Marshall, C. H., 1953,
Reconnaissance geologic map of west-central Snake
River Plain, Idaho: U.S. Geol. Survey Misc. Geol.
Inv. Map I-373, 1 sheet.

Muﬁdorff, M. J., Crosthwaite, E. G., and XKilburn, Chabot,
1964, G;ound:wa;er for irrigation in the Srnake River
basin in Idaho: U.S. Geol. Survey.Water-Supply Paper
1654, 224 p.

Nace, R. L., West, S. W., and Mower, R. W., 1957, Feasibil-

' ity of ground-water features of the alternate plan
for the Mountain Home Project, Idaho: U.S. Geol.

| Survey Water-Supply Paper 1376, 121 p.

;Pékiser, L. C., 1963, Structure of the crust gnd ﬁpper

mantle in the western United States:. Jour. Geo-

7",'4 : phys. Research, v. 68, mo. 20, p. 5747-5756.

. Piper A M oy 1924 Geology and water resources of the

Bruneau River ba51n, Owyhee County, Idaho: Idaho

; “Bur. Mines and Geology Pamph 11, 56 p.

Ralston, D. R., and Chapman, S. L., -969 Ground-water
resources of northern Owyhee County, Idaho: Idakho
Dept. Reclamation Water Inf. Bull. 14, 85 p.

-

&1




Ross, C. P., and Forrester, J. D., 1947; Geologic map
of the State of Idaho: U.S. Geol. Survey aand Idaho
Bur. Mines and Geology, 1 map.

Russell, I. C., 1903, Preliminary report'on artesian
basins in southwestern Idaho and southeastern Oregon:.
U.S. Geol. Survey Water-Supply Paper 78, 53 p.

Schoen, Robert, 1972, Hydrochemical study of the National

Reactor Testing Station, Idaho: Hydrogeology, 24th

T U O TG WOyl QY
LAt 0 R g i TSk R o A

Intern. Geol. Cong., lontreal, Section 11, p. 306-314.

Stearns, H. T., 1922, Artesian water near Grand View,

ot
i

Owyhee County, Idaho: U.S. Geol. Survey open-file

SR

report, 10 p.

Walton, W. C., 1962, %ound-water resources of Camas
Prairie, Camas and Elmore Counties, Idaho: U.S.
Geol. Suriey Water-Supply Paper 1609, 57 p.

‘White, D. E., 1957, Thermal waters of volcanic ofi«in:

Geol Soc. America Bull., v. 68, no. 12, pt. 1,

-p. 1637-1657. :

1970, Geochemistry applied to the discovery, eval;

. uatioﬁ, and exploitation of geothermal energy re-

sources, in Proceedxngs Unzted Nations Symp. on the

‘. 'DeveloPment and Utzlzzatzon of Geothermal Energy-

oA Pisa, v. 1 Part 2 Geothermzcs Spec. Issue 2.

1973 Characteristlcs of geothermal ,resources, in
.ruger, Paul, and Otte, Carol, eds., Geoghprmal —

energy, resources, productzon, simulation:
Stanford Univ. Press, Stanford, Calif., p. 89-94.

b8




& - s oemmar e L L e B

Tz T
Young, H. ¥., an

d Mitchell, J. C., 1973, Geochemistry
and geologic setting of selected thermal wateTs,
Part 1, Geothermal investigations in Idaho: Idaho

Dept. Water Administration Water Inf. Bull.

30, 43 p.

L4
v
e

¢
.

g e 41
S - we ,-'»'-‘gnri.‘ﬁ

. -
: .
. .
i N H
- .
: i
N . - :
-~ < - »
:
- -




- A o e

ES

APPENDIC

Ny

g

ol o

A




ansae < - - = Mmook e s e

e

APDPENDIX A

R I

A Reconnaissance Audio-iagnetotelluric Survey,
Sruneau-Grand Vigw Area, Idalo

D. 3. Hoover and C. L.

-
=

U.S. Geological Survey

o i

A | i

Nae_ -
. . — b e v ———— —————i o ot S




it e in -

CONTZNTS

i Tntroduction----==-=-c==----cocc-oooo- Rl
§§ Basis for AMT method----=--eemecccccccnmcacaccaaaa-
Interpretation---=-==-e-cccmcccccccccccccneccneeaa

EQUipMENnt============c=mmcemecceaccccacaeaeaaaao.

Field operations---==-=-=------ mmemmemmceececcceca—a-

ReSUltS~-<--eccvmcudmmaenccceccrrnecccrccnccncm -

Conclusions-=-=-==-cceccaccanaa- cmemmamaa- —mmmamm————

Selected referenCeS-=-=======cc-mceccemecncanan P

(o] w0 ~3 ~
4= [3V) n w

co
O,

o
o

89




Figure 12.

"y
}-‘

igures 14-16.

14,
- 15,
16.

18.

Figures 19-24.

_ 19,
Ki 20.

e

21.
- ZZ. ~
23..

ILLUSTRATICN

Diagram showing U.S. Geological
Survey audio-magnetotelluric
systeml-=-=-==~sccccecaw--a mememee--

Map showing location of zudio-

magnetotelluric staticons-=-----=----

28 hertz, electric line rnorth-south-
26 hertz, electric line east-west---
Graph showing apparent resistivities
at station f---~----eccccccncno--
Graph showing abparent resistivities
at station 10-----------c--cenan-o-
Maps of the Bruﬁeau-Grand View area
shoﬁing apparent resistivity at:
86 hertz, electric line north-south-
86 hertz, electric line east-west---

270 hertz---=---=--c-o-- cmeemmeceee-

700 hertz---=-------- S —— —eemmean

7,000 heTtz------=-s-m--eccmcoosnnne

18,600 hertz----=-=-=-c-cs-mecoaonon

Page

94a

95a
95b
96a
36D
Qéc
96d




?-—-————."‘
&

¥

1Y

}

¢

¥

ILLUSTRATICNS--Cont'd
| Page
:  Figure 23. Skin depth pseudosection, telluric
line north-south---------cccccc---- 97a
i 26. Skin depth pseudosection, telluric

line east-west----====m=m===mmmee=== 97b
: ]
¥
§ )
t .
;y; «
i '
:
‘
P
I h’f,~'- - . L T o
; ‘.—%_ = »’ 4»,-";.::1:_." * I, . . :';:,i"s‘:
£ g
: R
-; - [P, - !"::'
i

M




A Reconnaissance Audio-Magnetotelluric Survey,
Bruneau-Grand View Area, Idaho

By D. B. Hoover and C. L. Tippens

Introduction

Tﬁe AMT (audio-magnetotelluric) survey has recently
been used by the U.S. Geological Survey as a reconnaissance
technique for the evaluation of potential geothermal areas.
The rationzale for this is that, being an inductive electre-
magnetﬂc technique, it emphasizes conductive bodies that commonly
~are associated with the hot waters andé zlteration zones of

geothermal reservoirs. The deemphasis of highly resistive
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zones also makes it useful in looking througi

th

surficial material where D. C. (direct current) resistivity
techniques lose definition. However, the deemphasis
of ﬁighly resistive zones is also a2 disadvantage in that it
contributes to large errors in estimating depths to conductive
H bodies. L .
. - In reconnaissance work it is usually sufficient

to verify the existence of conductive anomalies, measure their
Al_approximate;values, and'gain'some idea of their lateral extent.

i;This can be rather easily done with AMT technlques for rel-

§4atively near sgrface‘cogductors. The depth of exploration is

L

‘varlabla, depend:ng on the reszstiv1ty section, but

F typ!cally ranges. ‘rom 660 to 6 000 feet at 8 Hz (hertz)
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Basis for AMT Method

Tiie magnetotelluric method is one of three exploration
techniques in which naturally occurring electromagnetic
£ields are used., The more familiar telluric and AFMAG
(audio-frequency magnetics) nethods are the others, and all
suffer from being dependent upon vagaries in natural
fields. In this investigationL the frequency range employed
was froem § to 18,500 Ez, and the technique is accordingly

oration.

| B

alled AMT (audio-magnetotelluric) ex

'
-

b»ja

Electrcmagnetic energy as 1t propagates into tihie earth

ig attenuatad, with the energy loss dissipzted as heat. The
b [& ) -

e ]

depth it penetrates into thes earth is a function of earth proper-
ties and the frequency of the energy wave. "Skin depth" is a

measure df this penetration and is defined as the depth a2t which
the current density has fallen to 1l/e of its surface value. This

also is an approximate measure of the depth of exploration. The

"skin depth" (8) is giveﬁ by equation (1) for a homogeneous earth.

. § = B/unc : : : }' equation (1)
where=- '
6‘* "s&;n depth" in metres

w = angular frequency in radlans per second

u = magnetic permeabzllty in Henrles per metre
¢ = conductivity in ohm-metres.

For rocks that are not strongly magnetic, equation (1)
reduces to:

§ = SC3 "7,),.‘- metTes cqua:icn (2
1" '\Q.‘,-- s

D= ovesisuiviiy In olii-acties
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For example, if measurements were made over a uniform
100-ohm-metre cearti, the resistiviiy would Lo measured
from the surface down to about 120 feet at 13,600 HZz aand to
5,900 feet at § Hz. It is the bulk properties of the rock,
however, that are being measured in a volume approximately , .

defined by radii 1 "skin depth" long from tie measuring

point. Material--znd particulary low-resistivity material--

nearest to the measuring point contributes most to the measurement.

\

Where the "skin depth" is small, as at the highest frequencies,

then a smaller volume of material is being averaged. Hence,
~at a given site, a decrease in the frequency being measured
& deeper

results in a resistivity measurement representative of z

penetration into the earth and a greater iateral extent.
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It is importané to keep the latter concept in mind whexn

examining AMT data.
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A necessary assumption made in employing the AMT method Is
tZat the eclectromagnetic energy derived from lvghbii propagates
2s & plane wave essentially vertically into the earth. The
iu.ane-wave assumption is valid if the energy soﬁrce is at least
‘4 t*skin depths'" from the measuring site. Only in the case of
very local lightniﬁé storms or artificial disturbances is this
asstmption invalid. This audio-frequency energy in the ELF (extra
low rrequency) and VLF (very lbw frequegcy) band propagates
£0r long cistances around the earth in the waveguide formed
5y the ezrth and ionosphere. Propagatiné in this waveguide
made, the fields above the earth are approximately at grazing
vinciiencé. Because of the large change in impedance (index
cf refraction) at the earth-air boundary, the energy is
refracted toward the normal, and for practical purposes, the
. energy bropagates vertically. Associated with this downward
:uropagat_“g wave are nutually orthogonal, norlzontal magnetic
aad electric fxelds. In the case of a2 homogeneous or horizontally
“homogeneous stratified earth, the electric field in the earth is
.radial to the source and the magnetic field is tangential to the

?scurce.' Under these conditions, the apparent resistivity of the

'earth’ 1s a function of these horlzon;alvflelds, and the fre-

o v—— g,

N
B s A

qpency as glven by Cagnxard (1953) is-_

’¢ Da- 1 E.z PR .‘ . 5_« L ' . ‘ - N . :
- S H - . ST . -equation (3)
. where-- = o ' o '
oa = gnparent resist:v*ty in ohm-metres
. £ = frequency in hertz

E = eclectric fiecld in microvolts per metre
H = magnetic fiold in -commas,

w -u e 7%
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Since the "skin depth' and apparent resistivity are both
functions of frequency, the variation of resistivity with depth
can be determined by mezsurements at the surface. Thus,

if the apparent resistivity is neasured as a2 function of.
frequenﬁy, a sounding is made ruch as with a direct-current

sournding array (Xeller ané Frischknecht, 1966); but

without expanding the elsctrode array.

H]

In the AMT range of frequencies, the principal source

of natural energy arises ZIrom worldwide lightning storms
K b >

variations of tuese signals. Z2Eriefly, the main features

of these variations affect the method by restricting operations

to good-signal periods and by introducing scatter in the data.

Considering temporal variations, the energy is weakest
during winter months when storm activity is reduced. Measurements

have been made as late as October, but energy is marl edly

'Iower toward the end of the month. This reduction in energy

is‘particularly noticeable in the highef frééﬁencies. There -

i

i

*%iéo a.teﬁdency for the energy, part;cularly in the hzgher

'lln

?ﬂg‘

.
e

“f quenc1es, to increase in the afternoon as thunderstorms

...~

approach the measuring site.

-
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Propagotion in the earth-ionosphere waveguide
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¢ gpectral characteristics that impose other restrictions

e w e

on the method. In. the low-frequency range, waveguide resonznces
produce energy peaks at discrete frequencies. These are

the Schumann resonances, with the fundamental being about

. 8 Hz. Below this frequency, the energy decreases rapidly

to a minimum around 1 Hz. In the midfrequencies, the wave-

guide has & strong absorption band ne

r 2,000 Hz, which severely

f

limits data acquisition in this range.

Since more than cae major Sterm center can be supplying

piying
energy during a given period, some data scatter and non-

repeatability of data can be observed where lateral inhcno-

he response of two- and three-dimen

~
1
-

3

geneities exist. ional

Lic
7%}
"

[

structures varies with the orzentatlon of the source field

and sensor-array orientation. Data scatter is due to the

B T e

varying source locations present during a given recording
period; nonrepeatability is due to distinctly different
source locations between different recording times. This

-

ﬁrébludes very precise analysis of the data for a layered

2rmes o K v e g
- * T

I

L structure and clearly emphasizes that the earth usually is
PO

4 gpt the szmple horlzontally stratified model that is often
;:,

-, o

¥ assumed S
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Tithin the AMT frequency band, manmade signals cre
c2lso present. Most troublesome is the energy radiatizg Zrom
sower lines at the fundamental and at many of the harmonics.
aile in priuciple, these signals could be used if the source
was at least 4 "skin depths' distance, this criterion
is difficult to meet except in remote areas. The "skin

-

depth" at 80 Hz for 100-ohm-metre material is 2,100 fee

ok
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therefore, a minimum distance would be 1.6 il

e

from the nearest power line for this situation and over S
> > da i ! T 2 r~

miles if the earth were 1,000-ohm-nmetre material. Thus,

the large amount of energy freom power lines generally

constitutes only a difficult noise problen.

n the higher £frequency raage, VLF radio stations &ar

| ad]

(]

present and may be used as an energy source. In this investil
stations at 10,200 Hz and 18,600 Hz were used as a matter
of convenience. During the rare periods when these stations
are not'iransmitting, there is sufficient natural energy-

-

for operatioms. : .
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Interpretaticn

Where horizontal layering can be assumed, interpretation
is similar to conventional resistivity technigues such as
curve matching. The corresponding sounding curve can be
comﬁuted for any postulated layered structure, so natchas
to theoretical sounding curves can be made. The protlem of
intermediate high-resistivity layers being masked, howsver, is a
serious limitation to accurate depth interpretation. This
is similar to & low-velocity layer being masked in seismic
refraction surveying and is discussed in more detail by
Strangway and others (1973) and Strangway and Vozoff (1570).
They point out that an intermediate high-resiétivity layer
nmust be two to three times as thick as the upper layer to
be ‘seen. A . .

In miniﬁg and some geothermal exploration, two- and three-
dimensional structures are much more prevalent than the sinmple
layered case. Methods of interpretation for this situation
gre,sevérely limited, and most often, siﬁple anomaly maps are
used. ‘This is the method used in this investigation. Some
thebretical solutions for simple two-dimensional structures

have been presented by Strangway and others (1973), Strangway

'and Vozoff (1970), Vozoff (1972), and Madden and Sw1ft (1969).

Limlted three-dimensional data are ava;lable from model studles

]

of Erischknecht (1973). These studies permit some generalizations

‘that are useful when examining AMT anomzly maps or sounding

curves.

g2




. et e e - T

For two-dimensional structures, the most definitive
=easurements are made with the electric-fieid-measuring crrzays
oriented parallel and perpendicular to the strikes of the struccture.
in general, "E-perpendicular' measurements will define the bound-
aries sharﬁly, but will exhibit overshoot in the measured
values near the boundary. This can result in measured

apparent resistivities both higher and lower than the actual

Vd

. r~

resistivities present in the section. Near-surria ce conductive

Iayers, however, tend to suppress the overshoot. In the case

o~

of "E-paraliel" measurements across a structure, generally
tkey will define the boundaries poorly, but the values will
varf smoothly withoutagvershoot>near the boundaries. A commen
situation would be‘an“afea in which appréximately verticel,
conduc»zve fault zones are present. n this case, if one

were not within the fault zone, the "E-parallel" measurements
would be- lower and “"E-perpendicular'" measurements higher

than the background resistivities. If one were within tke fault

T

zone, just the opposite would result.
.. .-In a broad sense, these same generalizations apply to

ihreevdimensional structures.  "E-perpendicular" measurements

J

are much more. defznztlve of the boundary than the "B-parallel"

neasurements._ Thzs implzes that syherzcal bodies will rot

4‘ nesm

z:ve circular anomaly maps as is .evident.from Frlschknec-t'

o
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AMT equipment is not yet available commercially, so

the equipmeant used wzs designed and fabricated by the

o
.
wn

. Geological Survey. The equipment is similar to

that described by Strangway and others (1973), except thag
A schematic diagranm of the instrumentation is shcown in figure

stakes, generally 330 £feet apart, are used as electrodes.

Tie signal is amplified and prefiltered using R-C bandpass
Zilters to prevent limiting of strong transients in the early
stages. Narrow-band, active-notch filters zre used to rsmove
80 ¢ 180 Hz pow line signels, which are very strcag necor
power lines. The signals then enter a universal active filter
connected in a2 high-Q bandpass configuration. Approximately
constant Q is mainﬁai;ed at 2ll filter settings, with the

8 db4ban&width at 8 Hz being 0.3 Hz. To define a sounding
curve, nine selectable frequencies spaced logarithmically

’

throughout the band are used, but selected so as to avoid the

midband harmonics of 60 Hz.' At present, the operating frequencies

are 8, 26, 86, 270 700, 2,000, 7,000, 10,200, and 18,600 Hz.

The output of the narrow- band filter is rectified, integrated,

and dzsplayed on a strip- chart recorder to show the envelope

~ef the received energy.
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1218 Cneraticns

The strip-chart recorder and high-gain selective
Zilters are operatec from a carryall truck with power supplied
3y an inverter connected to the truck battery. The coil and
common electrodé of the electric line are iocated 100 £feet
from the truck to zavoid electrical.noise generated by the truck.
Sigrals are transmitted to the truck through coaxial cabtle.

v
-

-+

e is laid out in either an east-west

}s

ic 1

=
o
1]
—
(13
0O
ct
H

"

or 2 north-south directiocn, znd the coil placed a

ot
[0
—
P
B
8]
ot

anglie to tihie line. System zzizns are adjusted to give 20
to 40 mm (millimetres) chart deflection of peak energy bursts
an each chanzel. The corresponding electric and magnetic

signals are measurad for amplitude and their ratio computed
[~] - -

for a sufficient number of siznals to obtain a reliable average

-ratio. The.apparent resistivity is then computed from a

knowledge of system gain and'equation (3).

Data are computed and plotted in the field for all

-

 frequencies while recording is underway to obtain a sounding

curve. The electric dipole and coil are then rotated 990

‘degrees, and a second sounding is made and plotted. This

;pefmit§ the cperators to correct.any obvious errors and to

. check apy data phints that appear aberrant. The second scunding'

also provides information on lateral variations in conductivity

oT anisotropy of.the earth.
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Tasistivity were obtained for the nerth-scutlh and east-wsst
electrcde orientations, an average value was used in ccntouring
the data. This was done in part to reduce tihe aumber of mags

and in the case of 8-Ez datz bLecause of the relatively

few usable signals at this f£requency.

Yy C &€ és/»o-ﬁo&)




. rma

*suotilels dTiInTlo3oloudew-orpne JO UOTIBDOT--°¢T MNIN9I1d |

‘e cmeseeeem e

i T TTryrriid sdrw 3.2 5% .
S3TNOI S 0 S Koasng joatbogcre & Ty oL
EARAEL ' 0 .,.n_,w: Sle9ll LEnli
.- -— ! T T A - R 1 s
ﬂ i A\ | _ 9z pue
. §¢ s9andty 095--ANIT | s
. : JNUNTTIL NOILOUYSOAndsSd m
2 (3 HLdgd NIXS 40 NOILVIOT mm...;zT
e e c .
o kS -
3@% < Ocs 9 Mm./ . !
a zZ\ 3 28 ° ﬁ © 0SgN YHENNAN QNV NOILVLS .
| ] 3s|\.% ° 8y R k& DTUNTTALOLANOVH-0IaNY % ..
1AW 1054 iy | ) 2 > . '
i : 7 N \am
: 0 c3 op . \w»— Ws NOILVNVTIIXH: . ;
buyidg joHc BV~ wO Pl 1) A - s = S
2N\ O Slgmt'! 6 30 L
2\, [~ - 794 s (34 .
o o | & & s . t
6¢ _VA- o /....mﬁv ] N ‘.u/// P A
w ot L
| q
° noaunig /
oc® 12
Kjuno) 23yfimQ
oSN\ o .
YNNG .;/On e oux.\a\mmz 61 oxing 2o a
i€ ot {. 02y 02 _ ~1s
ce® /\\Ja \ \.\\ R
- \\ Y.Ur.:o
- . _ vno - \\ \
[ o € o
O €2 L
Kiunog si1oule %.wk\%u.\ 8 i I/ R
~-r——1%iimo56 = B N S
0 weeoeev, - L se | v
WO} ulDIUNOY &y j i MN ¥
- / ¢
V) i e . . :
. . , N FSRS
055 3Ly R-T-1T} ERR 09,91 EK TR g, M

D ie '
v
]
~
1K
.
N
™
. ™
N—
<
o)
L)
e T
i
!
!
4
!




P

*z3a19y g 2e deuw A1TATISTSOL u:o»ann<-a b1 mz:uHm —

o e e B i AL s e T T ——————

LA

S

TR B TR AR
Aaning jaaiberca:, o

Re nL.

SINN Ol
SoSHl

Slo0M

o .oﬁnaﬂum>
J ST ‘soxjow-uyo uf¥

‘TeAx9jul "AITATISTS
|-91 jusxuvdde a9mol 3O

BoIE pPOSO[d 03BIFpUT
~ 03 paanyoey ‘o3atd
'cWODUT 3IB BIBP OIOUM
payseqd ‘ALIAILSISHM

ﬁazmz<mm< Tvndd 40 ANIT |

T\ ==001= .

.ona<z<4m»m

13

&o

1
.

1

,q

=av

~Gvoll

.q\

fiuno)

O

AWOH WCIUNOY ) ’

e -

Y X

ER R

o9

S T IR EPNRRRE LTSS 1 ¥ L A ST S




These data define a broad conductive anomaly between
Oreana  and Grand View with rather sharp toundcries, except
To the east, where the resistivity increases slowly east
0of Cranc View. This broad résistivity trough is confined
for the most part to the south side of the Snazke River where
the principal outcrops are fiuvial and lacustrine deposits
of late Tertizry and Quaternéry age.

Near the mouth of Bruneau Canyon (near Hot Spring), a2

(7]
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e

ng resistivity low was found. This is in an

area of extensive hot-spring activity and undoubtedly reflects

L]

The hot watars and associated zlteration in this region.

The relatively high resistivities that were measured here
' '

suggest, however, that the zone of hot water is not broad

o -

TS

but is confined to relatively narrow fracture zones along which

the hot water is rising.

-y

¢




77 I

The data at 26 Hz are presented in fijures 135 and 16.
Because data at this frequency are much more relizble, two
maps have Leen prepared, one for each of the two scunding
orientations, as an aid in shpwing the effects of bourndaries.

These maps :how the same broad trough of lcw resistivity

L)

along the south side of the Snake River evident in the doeper

~

4). A nunber of features on these maps

 a

LY
Hh

looking S;Lz data

va

i
can be corrclated with the known geology. Tihe southern

boundary of the trough is defined by a rather steep resistivity
gradient that corresgponds to a fault zcone aleng which the northern
blcck has besn downdrcoped (£ig. 6, sec. G-G'). The resistivity

gradient i: believed to define the zone along which the bleock

"however, the 100-ohm-metTe apparsnt-resis
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Y north appears to define a2 major resistivity contrast thazt may

be the northern boun dary of a graten along the Snake River.
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The minor conductive aromaly at the nmouth of Bruneau
Canyon is again present, but only in the data for the north-
south orieatation of the electric line (fig. 1S). This probably
indicates a more north-south trend Jf faulting in tke area.
The anonaly cérrelates well with the north-south alinement

of hot springs.
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4

ted informaticn from drillers' logs helps to explain
‘two other features on the 26-Hz maps. South of Bruneau, the
100-ohm-metre apparent-resistivity line (£ig. 15) swings abruptly

to the north and then trends northeast, almost closing the low-

(D

stivity trough. In the resgion between Bruneau Canyon andé the

TeS

L)

'*or;awazc SW1qc cf the TEblsth ity line, the Idavada Volcanics

is relatively shallow. Well information hsre indicates a
depth of about 1,000 feet to the top of the Idavada Volcanics.
0ver1y110 the Idavada Volcanics is a relatively thin, 300-foot

" cover of Banbury Basalt, aad above this cover lie sedimentary

" rocks of the Idaho Group. With apparent resistivities of a little

;.over 100 ohm-metres, "skin depth“ here 1is over 3,000 feet at

‘;26 Hz. 'Bec cuse of its hlgh res;stLV1ty, the Idavada Volcanics

4~here and Lnﬂits outcrop areas probably does not represent a

gaod ﬂeothermal resermoir. -;;i.”gigz“ IR
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