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NOTICE

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor the United States Department of Energy, nor any of their
employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, expressed or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents that
its use would not infringe privately-owned rights.

The information is the result of tax-supported research
and as such 1s not <c¢opyrightable, It may be freely
reprinted with the customary crediting of the source, The
Idaho Department of Water Resources would appreciate notifi-
cation of any reprinting of this information.
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PREFACE

Geothermal energy (the natural heat enerqgy of the earth)
18 receiving nationwide attention. Increasing involvement
of many parties in the exploration for and development of
this energy source has been accelerated by four factors:

1. Ecoleogically, geothermal energy appears to be a
better alternative than other methods of power
generation such as nucleayr, tossil fuel or hydro-
electric,

2. Economically, it competes favorably with hydro-
electric and fossil fuel power generation and may be
less expensive than nuclear methods.

3. Enormous reserves of geothermal resources have been
identified and can be developed 1if the effort 1is
made to utilize them.

4, Efficient use of all energy sources 1s recognized as
necessary if present energy shortages are to be
alleviated and future shortages avoided.

Published information on the geothermal potential in
Idaho consists mostly of numerous reports that briefly
describe or mention thermal water occurrences in particular
areas or regions of the state. Seven published reports
{Stearns and others, 1937; Waring, 1956; Ross, 1971; Nichols
and others, 1972; Warner, 1972 and 1975; Young and Mitchell,
1973) have been written on Idaho's geothermal potential on a
statewide basis. Three o©f the reports are mainly con-
pilations of pre-existing data collected by variocus investi-
gators over an extended time interval of approximately 50 to
60 years, Waring (1965, p. 26—31) essentially updates the
data of Stearns and others (1973, p. 136-151). Godwin and
others (1971) classified approximately 6,075,000 hectares
{15 million acres) of land in Idaho as being prospectively
valuable for geothermal exploration. Ross (1971) published
geologic and chemical information on about 380 thermal water
occurrences, and presented brief evaluations of the geother-
mal potential of different regions of the state. Nichols
and others (1972} identified nonpower uses and the economic
impact of these uses on Idaho. Warner {1972 and 1975%) dealt
with Idaho's geothermal potential based on 1its regional
geologic setting. Other reports deal with localized areas.
Young and Whitehead (1975a, 1975b) wrote on the geothermal
potential of the Bruneau-Grand View and Weiser areas.
Mitchell (1976a, 1976b, 1976c) published information on the
northern Cache Valley, Blackfoot, and Camas Prairie areas,.
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Wilson and othexrs (1976) reported on geothermal investiga-
tions of the Cascade, Idaho, area. Mink and Graham (1977)
reported on the geothermal potential of the west Boise area,
In addition to the above published reports, there are geven
unpublished open-file reports prepared by the U.S. Geologi-
cal Survey (USFS) that are listed in the gelected
references. These are available for public review.

In 1Idaho, the ©prospects for early development of
geothermal energy as an energy source appear excellent., The
regional geologic setting appears favorable for the
existence of large geothermal fields, although 1little 1is
known of the full potential of this resource. A great deal
more must be learned of geothermal occurrence and util-~
ization, The Idaho Department of Water Resources (IDWR)
initiated a study of geothermal potential to generate
interest 1in development of the resources and to properly
perform the department's regulatory function (Water Infor-
mation Bulletin No. 30. Part l, Young and Mitchell, 1973).
The study, prepared jointly with the USGS, located 25 areas
in Idaho where indications of potential power development

utilizing geothermal energy were found. Parts 2, 3, and 4
of Water Information Bulletin No. 30, prepared by the USGS,
studied areas in southwest Idaho. Parts 5, 6, and 7,

prepared by the IDWR, studied areas in south-central and
southeastern Idaho. Part 8, prepared Jjointly by the IDWR
and the Southern Methodist University, describes the heat
flow regime in and around the Snake River Plain.

There are four objectives common to each of the studies:
(1) to encourage the development of the resource through
public knowledge of its occurrence, characteristics, origin,
and properties; (2) to develop the expertise within the IDWR
to properly perform 1its function of regulation of the
resource; {3) to protect the ground and surface waters of
the state from deleterious effects that might be brought
about by large-scale geothermal development efforts by
public or private parties; (4} to protect the geothermal
resource from waste and mismanagement bkecause of lack of
knowledge of its occurrence, characteristics, and prop-
erties,

This study (Part 9 of Water Information Bulletin
No. 30), prepared by IDWR, summarizes a part of the effort
to obtain additional data on the properties, origin, occur-
rence, and characteristics of this resource in Idaho, it
contains information on 899 thermal water occurrences with
surface temperatures of 20°C or higher from both springs and
wells. Chemical analyses of 357 of the 899 total thermal
water sites are also contained herein, as well as previously
published and unpublished geophysical, geological and hydro-
logical information.




Thirty-six of the 44 counties in Jdaho are discussed in
separate chapters of this report. The eight counties not
discussed in the report contain no known geothermal water
discharges and little is known of their geothermal

potential. Six of the eight counties not discussed are in
northern Idaho: Bonner, Boundary, Kootenai, Benewah,
Clearwater and Lewis counties. The other two {(Lincoln and

Minidoka counties) are within the eastern Snake River Plain
aquifer, which may mask deep thermal anomalies in these
counties.
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ABSTRACT

There arg¢ 899 thermal water occurrences known in Idaho,
including 258 springs and 641 wells having temperatures
ranging from 20 to 93°C. Fifty-one cities or towns in Idaho
containing 30 percent of the state's population are within 5
km of known geothermal springs or wells, These include
several of Idaho's major cities such as Lewiston, Caldwell,
Nampa, Bolise, Twin Falls, Poctelleo, and Idaho Falls.

FPourteen sites appear to have subsurface temperatures of
140°C or higher according to the several chemical geother-
mome ters applied to thermal water discharges. These include
Weiser, Big Creek, White Licks, Vulcan, Roystone, Bonne-
ville, Crane Creek, Cove Creek, Indian Creek, and Deer {(reek
hot springs, and the Raft River, Preston, and Magic Reser-
voir areas.. These sites could be 1industrial sites, but
several are in remote areas away from major transportation
and, therefore, would probably be best utilized for electri~
cal power generation using the binary cycle or Magma Max
process.

Present uses range from space heating to power
generation. 8ix areas are known where commercial greenhouse
operations are conducted for growing cut and potted flowers
and vegetables. Space heating 1is substantial in only two
places {Boise¢ and Ketchum) although numercus individuals
scattered throughout the state make use of thermal water for
space heating and private swimming facilities. There are 22
operating resorts using thermal water and two commercial
warm-water fish-rearing operations.

The geothermal potential in Idaho's future c¢an be most
beneficial, providing the resource 1s utilized in an
environmental and economical manner. While some thermal
waters are being used to their maximum, mest heat 1is
dissipated through irrigation practices or is discharged
unused.

It appears that the greatest potential for rapid on-line
industrial process heat 1is in the Boise, Nampa-Caldwell,
Pocatello, and Weiser areas where geothermal discharges from
several wells are known. Existing industry in these areas
could possibly be induced to retrofit to geothermal process

~or space heat if sufficient temperatures and flow rates can

be found,




GENERAL INTRODUCTION

PURPOSE AND SCOPE

This report was prepared in response t0 the many re-~
quests from Idaho's citizens and industries for authorita-
tive information pertaining to the state's geothermal re-
sources. The report primarily outlines the characteristics,
occurrences, and uses (present and potential) of low tem-
perature (<150°C) thermal waters, with minor emphasis on
high temperature (>1509C) waters. The information presented
in this report is designed to expand the IDWR data bank,
enabling the IDWR to better serve the public and private
sector while enhancing the department's regulatory
responsiveness. In addition, computerized well and spring
data were supplied to the National Oceanic and Atmospheric
Administration for the development of the first state
geothermal map (Plate 1 in pocket) and to the U.S. Geo-
logical Survey for supplementing the geotherm data bank.

The general objectives of the study and report are as
follows: (1) describe, in a single reference, the thermal
water chemistry and quality from existing and newly acquired
data on thermal springs and wells; (2) evaluate the state-
wide geothermal potential from the standpoint of direct heat
application; (3) pinpoint specific areas and general uses
for direct heat application; (4) provide basic data on low
temperature resources for potential uses; {5) give
recommendations about areas of the state that could receive
large benefits from detailed study.

Most 1locations were field checked to confirm the
reported thermal discharge. Several occurrences reported in
other publications were looked for but not found. These are
not included in this report. Others in remote areas were
not field checked but are included and labeled "not field
checked"” in the basic data tables in the appendix,

WELL- AND SPRING-NUMBERING SYSTEM

The numbering system used by the IDWR and the USGS in
Idaho indicates the location of wells or springs within the
official rectangular subdivision of the public lands, with
reference to the Boise pbase line and nmeridian, 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 qguarter
secticon, 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 a counter-
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clockwise order from the northeast quarter of each section
{figure 1}. Within the quarter sections, 40-acre and
l0~acre tracts are lettered in the same manner. Well
18-17E-23aabl 1is in the NW1l/4 NE1/4 NE1/4 of Section 23,
T.1l 8, R.17 E, and was the first well inventoried in that
tract. Springs are designated by the letter "8" following
the last numeral; for example, 15-13E-34bchlS.

USE OF METRIC UNITS

The metric or International System (SI) of units are
used 1in this report to present water chemistry and most
other data. Concentrations of chemical substances dissolved
in the water are given in milligrams per liter (mg/l) rather
than in parts per million (ppm) as in some previous Water
Information Bulletins. Numerical values for chemical con-
centrations are essentially equal, whether reported in mg/l
or ppm for the range of values reported in this report.
Water temperatures are given in degrees Celsius (°©C).
Figure 2 shows the relation between degrees Celsius and
degrees Fahrenheit.

Linear measurements (inches, feet, miles) are given in
their corresponding metric units (millimeters, meters, kilo-
meters). Weight and volume measurements are also given in
their corresponding metric units. Area measurements are
also listed in SI units. Table 1 gives conversion factors
for these units.

TABLE 1
ENGLISH METRIC CONVERSION FACTORS
To Convert from To Multiply by
acres hectares 0.405
inches centimeters 2.540
feet meters 0.305
yards meters 0.914
miles kilometers 1.609
sq. miles sqg. kilometers 2.589
gallons liters 3.785
ounces grams 28.349
hectares acres 2.471
pounds kilograms 0.454
tons {short) tons {(metric) 0.907
centimeters inches 0.394
meters feet 3.281
meters yards 1.094
kilometers miles 0.621
sq. kilometers sq. miles 0.386
liters gallons 0.264
grams ounces 0.035
kilograms pounds 2.205
tons (metric) tons {short) 1.102
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CHEMICAL GEOTHERMOMETERS

In this report, the geothermal potential of various
areas 1in Idaho has been evaluated from five factors, in-
cluding several chemical geothermometers, water temperature

at surface, geoclogy, geophysical, and hydrology. As the
chemical geothermometers are original interpretations, they
are discussed to c¢larify their meaning. Much of the

geology, geophysics and hydrology is from published reports
and 1s not discussed here,

Preliminary evaluations of geothermal systems are being
successfully conducted using chemical geothermometers. In
the Raft River Valley of southeastern Idaho, the reliability
of these chemical geothermometers has been tested by deep
drilling. The guartz and sodium-potassium-calcium (Na-K-
Ca) estimated aquifer temperatures (Young and Mitchell,
1973) and sgilica mixing model <c¢alculations (Young and
Mitchell, 1973, unpublished data) agreed very closely
(within 109C) with temperatures found in depth (Xunze,
1975}, This proven reliability in the Raft River Valley
gives some nmeasure of confidence in applying the same
methods to other similar areas of the state.

The degree of reliance to be placed on a chemical geo-
thermometer depends on many factors. The basic assumption
is that the chemical character of the water obtained by tem-
perature dependent equilibrium reactions in the thermal
aquifer 1s conserved from the time the water leaves the

aquifer until it reaches the surface, The concentration of
certain chemical constituents dissolved in the thermal
waters can, therefore, be used to estimate aquifer

temperatures.

Aquifer temperatures, calculated from the quartz,
Na-K-Ca chemical geothermometers and mixing models as well
as the atomic ratios of selected elements found in the ther-
mal waters of Idaho, are given in basic data table 2 in the
appendix. These were calculated from wvalues of con-
centration found in basic data table 1.

In basic data table 2, there are 10 columns which repre-
sent aquifer temperatures. ‘These 10 columns of basic data
table 2 were derived using different assumptions as to phys-
ical controls governing dissolved chemical constituents in
thermal water. In most cases, it appears that the chalced-
ony ({column Tg4) or Na-K-Ca (column Tg) chemical geother-
mometers may be the most accurate for thermal water 1in
Idaho. However, 1in many cases these differ by as much as

20-309cC. Chalcedony generally estimates temperatures
somewhat higher than Na-K-Ca, particularly for high pH
waters issuing from granitic terrains. It is not presently

known which 1s c¢losest to the actual aquifer temperature.
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However, as drilling has confirmed the reliability of
Na-K-Ca in Raft River Valley in Cassia County and for other
reasons, the authors have more confidence stating that
Na-K-Ca may be the more accurate. 1In any case, best corre-~
lation is obtained generally between Na-K-~Ca and chalcedony
chemical geothermometers. In several areas where high water
temperatures at the surface (>65°9C) have been measured, good
agreement Dbetween gquartz and Na-K-Ca chemical geother-
mometers indicates temperatures may be high enough for wet
steam or binary cycle power generation.

PRESENT AND POTENTIAL GEOTHERMAL USE IN IDAHO

Geothermal energy has been used in Idaho for a 1long
time, Figure 3 is a map of Idaho showing locations and
current uses of geothermal energy in the state. Uses have
been made ranging from electrical generation using pelton
wheels to catfish farming. Present uses of geothermal
energy are tabulated in table 2 (modified from Nichols, et.
al., 1972).

Geothermal energy has been used for space heating 1in

Boise since 1893 and in Retchum, Currently several
greenhouse operations are conducted near Boise for fresh and
cut flowers. Other greenhouse operations using geothermal

energy are located at Weiser, Grand View, White Arrow Ranch
near Bliss, Banbury Hot Springs area in the Hagerman Valley,
and on the South Fork Payette River and at Raft River.

Irrigation has been a long-standing use of thermal water
in Idaho, although most irrigators consider hot water a
nuisance as it must be cooled before being applied to crops.
Some report heavier first and last cuttings of alfalfa as
the growing seasons may be somewhat extended; however, the.
effect of the heat may be quite minor as opposed to the
effect of the water from an extra early and a late season
irrigation.

Stock watering in winter is another beneficial use which
creates increases in weilght gain on less feed with geother-
mally watered livestock compared to cold watered livestock.

The Department of Energy's Idaho Raft River Project is
designed to gather information on various uses and applica-
tions of geothermal energy, including binary cycle power
generation, reinjection of geothermal fluids, space heating,
and c¢ooling, potato processing, manure and cattle feed
processing, irrigation, and aguaculture. In addition,
environmental related studies of subsidence, micro-
seismicity, flora and fauna, water quality, and groundwater
levels are being made.

Many resorts using thermal water are operated in Idaho.
These are listed in table 2 and locations shown in figure 3.
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TABLE 2

GEOTHERMAL DEVELOPMENT IN IDAHO ~ HOT WATER USES (1978)
(Table modified from Nichols, Brockway & Warnick, 1972)
Approximate Approximate Length of Approximate Water Supply
Type of Years in Dollar Value Season Number of Approximate  Temper-
Name of Faciiity County Development Operation 1973 in Months Employees Discharge ature °C
Warm Springs Water Ada Space heating 18001 s Public suppiy 12 5 6400 |pm & 72
District
Edwards Greenhouse Ada Greenhouse 56 100,000 12 4 1400 Ipm @ 47
Hunt Brothers! Floral Ada Greanhouse 40 120,000 12 4 100 (pm & 47
Zim's Resort Adams Resort 51 120,000 4 6 380 Ilpm 8 63-66
Starkey HeS. Adams Resort 1900 70,000 4 4 490 Ipm @ 56
White Licks H.S. Adams Baths & camping - 1,000 Summer e 110 ipm & 60-68
Downata He5. Bannock Resort 2 120,000 Summer - 1900 Ipm & 43
Lava H.Se Bannock Resort & health spa 15 1,500,000 12 20 5700 lpm & 45
Bear Lake H.S. Bear Lake Resort 80-100 60,000 4-5 3 @ 48
Easley Store & Plunge Bialne Resort & camping 30 Church prop. 3 70 ipm @ 37
Brandt's H.S5. Blaine Motel & pool space 1800ts 180,000 12 1 3800 lpm & 70
heating
Claredon H.S. Blaine Resort 4050 160,000 i2 2 380 fpm @ 52
Twin Falis H.S. Bolse Resort 40 100,000 12 1900 fpm @ 67
Warm Springs Resort Boise Resort 1800t s 120,000 Summer 4 HOO ipm @ 42
Donlay lodge H.S. Boise Gresnhouse @ 200,000 12 6 265 1pm @ 55
Haven lLodge H.S. Boise Space heating & 20 300,000 i2 z 75 ipm @ 48-64
resort
Wards Greenhouse Boise Greenhouse 9 100,000 12 4 5700 ipm @ 75
Terrace Lakes Resort Boise Space heating & 13 1,500,000 12 20 190C ipm @ 5
resort
Kirkham HaS. Boise Forest campground - UeS. Forest Sersa Summer — 950 lpm 8 65
Bonnevillie H.S. Boise Forest campground —— UaSe Forest Ser. Summer - 1375 Ipm @ 85
Baumgartner H.S. Camas Forest campground - U.S. Forest Ser. Summer e 75 Ipm 8 44
Oakley H.S. Cassia Resort & health spa 15 10,000 12 2 40 lpm @ 47
Sunbeam HaSs Custer Bath house — UeS. Forest Ser. Summer 2 1700 Ipm @ 61-76
Snake River Boy Scout Custer Camp & peo! - - 3 — 40 lpm @ 35
Counci |
Beardsley H.S. Custer Resort & pool 92 20,000 12 3 5700 Ipm @ 43
{(Chaltis HaSe)
Campground H.S. Custer Forest campground 5 10,000 Summer -— 330 Ipm @ 56
Robinson Bar Custer Resort 20 60,000 Summer - 260 ipm @ 55
Middle Fork Lodge Custer Resort 5 270,000 Summer - 260 Ipm @ 43
ldaho Rocky Mtn. Ranch  Custer Resort - 130,000 Summer - — a 50
Sawtooth Land Corp. Custer Resort - 10,000 - -— 380 Ipm @ 41
Paradise H.S. Elmore Resort & space 50-60 100,000 Summer - 950 lpm @ 53
heating
White Arrow Ranch Gooding Greenhouse, space 1G 100,000 12 15 3100 ipm @ 65

heating, fish
farming



Table 2+ Geothermal Development in ldaho - Hot Water Uses (continued)

Approximate Approximate Length of Approximate Water Supply
Type of Years in Dollar Value Season Number of Approximate — lemper-

Name of Facility County Development Operation 1973 in Months Employees Discharge ature °¢

Heise Hot Springs, Jefferson Resort & pool 80 200,000 12 12 225 1pm 8 49
Ince

Green Canyon Mad i son Pool - 50,000 -— -~ e 44

Natatorium
Cooke's Greenhouse Owyhee Greenhouse 7 30,000 12 2 1700 Ipm & a3
Given's H.S. Owyhee Pool 80 80,000 12 2 130 (pm @ 47
Jacobson's Feed Lot Owyhee Steck Watering 10 270,000 12 10 1700 Ipm & 37
Bybea's Pool Owyhee Pool 20 30,000 12 2 1000 Ipm @ 60
Indian Springs Power Resort [5%] 100,000 5 8 5800 Ipm @ 32

Natatorium
Siigar's Resort Twin Falls Resort 25 100,000 8 4 450 [pm @ 63
Salmon Falls H.S. Twin Falls Pool - - - - -= e 67
Miracle H,S. Twin Falls Health spa - 50,000 12 2 1325 lpm @ 54
Banbury Ha.S. Twin Falls  Resort 60 70,000 5 5 2300 Ipm @ 57
Archibald!s Greenhouse Twin Falls Greenhouses 5 20,000 12 - 1300 Ipm @ 45
Lunty's Tropical Fish Twin Falls Test project i — - - 1500 Ipm @ 32
Nat-Soo-Pah H,.S. Twin Falls Resort 60 70,000 6 — 115 ipm @ 36
Weiser H.S. Washington Resort & greenhouse 1900's 130,000 12 — 20 lpm @ 70
Midvale City Wall Washington  Pool 20 City property Summer - 7600 lpm @ 28




The most famous 1s probably Lava Hot Springs, a state-owned
natatorium and health spa.

Potential uses for geothermal energy in Idaho are many
and varied. Figure 4 shows minimum temperatures necessary
for agricultural and industrial uses in which geothermal
energy has been used or proposed, Many of these uses are
related to agriculture, forest products, or tourism—--three
of Idahe's principal industries. The greatest potential, as
far as present Knowledge of the resource in Idaho 1s con-
cerned, is for space heating and greenhouse use. In rapidly
growing areas, such as WNampa, Caldwell, Boise, Pocatello,
and Twin Falls, thermal water of sufficient gquantity might
be discovered and used for space heating large buildings and
new subdivisions. Groundwater heat pumps generally would
give a large energy savings over present heat sources if the
water temperature was less than desgsirable for direct space
heating use. Groundwater heat pumps used both for heating
and cooling also have a large potential even in areas that
have a normal cool groundwater temperature.

The area of greatest potential for greenhouse operation
is the Bruneau-Grand View area where high yield irrigation
wells tap thermal aquifers where water temperature ranges
from 20-84°cC. The area 1is far from markets and major
transportation routes but so 1is most other farmland in
Idaho. Winter crops could conceivably be grown in this area
for use in Idaho rather than shipping crops in from states
with more favorable climates.

Table 3 and figure 5 show 14 areas in Idaho where poten-
tial exists for power generation where subsurface tem-
peratures might be greater than 1409C, based on the Na~K-Ca
and gquartz chemical geothermometers. The Blackfoot Reser-
voir area was chosen on the basis of geology. The 140°C
temperature was chosen as the lower limit as it appears that
technology and rapidly escalating energy costs may make this
limit economically attractive in the foreseeable future.
Five locations appear to have aquifer temperatures high
enough for wet steam generation. The highest estimated
aquifer temperature expected from any of the 14 listed areas
appears to be 175°C at Big Creek and Crane Creek hot springs
areas in Lemhi and Washington counties. The upper limit
given for Battle Creek-Squaw Hot Springs area in Franklin
County may or may not be valid, because of uncertainties in
interpretation due to travertine (CaCO3) deposition at some
spring vents. The Crane and Cove creeks to Weiser area have
received initial evaluation by the USGS. Blackfoot
Reservoir area and Battle Creek-Squaw hot springs areas have
received initial evaluation by IDWR. The other areas need
initial assessment work to more accurately determine their
thermal potential. Many of these areas are remote and in
rugged terrain. Assessment will, therefore, be somewhat
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TABLE 3

AREAS IN IDAHO MOST FAVORABLE FOR POWER GENERATION BASED ON SURFACE MANIFESTATIONS, GEOLOGY AND GEOTHERMOMETERY (1978
Measured Princi~
Surface *Best Estimate pal Type of Area
Tempera—  Subsur. Temp. °C  Land Genera- Number
Area Location County ture °C Na-K-Ca Quartz Qwner tion fFigure Remarks
Battle Creek-Squaw H.S. 1535~-39E-8Ldcl1S & Franklin 84 250 150 Private Wet steam i Could be mixed water -
155-39E-17bed 15 geothermometers dif-
ficult to interpret.

Big Creek HaS. 25N-19E-22¢15 Lemhi 93 175 175 USFS Wet steam 2 Ridge top discharge,
silica & carbonate
deposition, boiliing
at surface.

Blackfoot Reservoir 65~41E-19bac! Caribou 42 ? ? Private, ? 3  Picked on basis of

BLM, BIA favorable geology
& geophysics.

Bonneviile HaS. 1ON-10E-31cls Boise 85 142 137 USFS Binary cycle 4 Used for a steam
bath and bathing by
camperss

Crane Creek HaS. TIN=3W~7bdb1S Washington 92 166 176 Private Wet steam 5 Near boiling at the
surface.

Cove Creek H.S. 10N-3W~9cccl S Washington 74 172 i52 Private Wel steam 6 11 km southeast of

' Crane Creek H.S.
Deer H.S. IN-3E-25baclS Boise 80 139 147 Private Binary cycle 7 Siticecus sinter
deposits.
Indian Creek H.S. 1IN~-11E-15acd15S Yalley a8 137 142 USFS Binary cycle 8 In wilderness area.
Magic Reservoir 15-17E~23aabl Blaine-Camas 72 i74 139 Private Wet steam 9  Chemistry of waters
somewhat simiiar to
Raft River.
Raft River 155-26E=23bbel Cassla 4 i47 i35 Bl.M Binary cycle 10 Plant under construc-
tion. Geothermometers
confirmed by driiling
Na-K-Ca most accurate.
Roystone H.S. TN-1E~8ddals Gem 54 150 147 Private Binary cycle 11  Presently a natatorium.
Vulcan H.5S. 14N-B6E-11bdals Valley B4 147 135 USFs Binary cycle 12
Private

White Licks H.5. 16N~2E-33bce1S Adams 65 145 145 USFS Binary cycle 13  Bath houses for
Private campers.

Weiser H.S. 11N-6W~10ccal Washington 75 141 156 Private Binary cycle 14 Presently a natatorium,

*See first footnote in Tablie 4.

with greenhouse opera-
tion.
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difficult and expensive, but if geothermal energy is going
to make an impact on Idaho's electrical power base, and it
appears to have potential to do so, the initial assessment
will have to be made.

ORGANIZATION OF DATA

This report has been organized into £four subregions
within the state boundaries due to thermal waters 1in the
separate subregions having different characteristics or
modes of occurrence. Individual counties within a specific
subregion are discussed 1in separate chapters. Figure 6
shows the approximate subregion boundaries and the counties
they encompass.

Bagic data tables containing information on the known
springs and wells comprise a major section in the appendix
of this report. The appendix also contains preliminary
environmental assessments of several geothermal resource
areas,
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GEOTHERMAL POTENTIAL
OF THE NORTHERN IDAHO "“PANHANDLE" REGION
INCLUDING SHOSHONE AND NEZ PERCE COUNTIES

There are noe known thermal anomalies located in the
eight counties that make up the Northern Idaho Panhandle
area with the exception of some hot rock material deep in
the mines in Shoshone County (figure 7) and one warm well in
NezPerce County (figure 8)., Generally very little is known
of the geothermal potential of this area. Specific
information known and relating to the dgeothermal potential
in NezPerce and Shoshone counties follows.

SHOSHONE COUNTY

Shoshone County, located in the Panhandle area, is known
for its silver, lead, and zinc deposits.

The generalized geologic framework of the area consists
of Precambrian metasediments of the Belt Supergroup
formations. These formations have undergone slight meta-
morphism and are composed primarily of quartzites,
argillites, shales, and impure limestones,

The Belt metasediments {undifferentiated) consist of the
Prichard, Burke, Revett, St. Regis, Wallace, and Spruce for-
mations with the ore being mainly contalned in the lower
Burke and upper Prichard formations.

The structure of the area is relatively complex with two
major fault trends; one trending northwest-southeast and the
other trending northeast-southwest.

Mining has taken place in the Coeur d'Alene mining
district since the middle 1800's. Currently the Bunker
Hill, Sunshine, Crescent, Galena, and Star Morning mines are
just a few of the deeper active mines located in Shoshone
County. Most of the mines in the area are relatively water
barren and diamond drilling and/or mining excavation has not
encountered a significant geothermal anomaly. Any water
needed for drilling or mining purposes is piped into these
mines from surface sources.

Thermal gradient studies of the rock temperatures in the
mines show temperatures increase from a normal temperature
at the surface to those exceeding 40°C at deeper levels
within the mines.

In the Star Morning Mine, rock temperatures were
recorded to bhe 420C at the 7300 £t level. In the Galena
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Mine, rock temperature at the 1600 ft level is 229C and
increases with depth.

Surface water brought into a mine is subseqguently heated
through use to the existing rock temperature at the level at
which it is utilized. Excess water that accumulates is then
pumped out of the mine and discharged at the surface or used
in a surface facility.

For the last three years, the Bunker Hill Mine has
expelled excess water at the surface at rates of 4393 liters
per minute {(1/m) to 7153 1/m at temperatures near 22°9C. The
Crescent Mine expels excess water at the rate of 719 1/m at
temperatures near 379C. The Galena Mine in 1978 pumped
excess water out of the mine at the rate of 397 1/m at tem-
peratures near 24°C. Waters expelled from the Galena Mine
are very low in dissolved solids, have a pH of 7.6 + 0.2 and
are reused 1n the beneficiating plant. see figure 7 for
mine locations.

Certain areas of these mines at some future date may
have the potential to store and naturally heat a sufficient
amount of water to be used for large scale thermal space
heating.

Presently, any excess water that 1s pumped out of the
mines not being utilized in their surface facilities could
possibly be utilized for local space heating.

NEZ PERCE COUNTY

Llittle interest has been expressed in the geothermal
potential of Nez Perce County and nothing has been pre-

viougly written on its potential. One thermal well,
however, has been drilled near Lewlston by the city of
Lewiston (figure 8). This well has a surface temperature of

2009C, discharges 4500 1l/min and is 183 m deep. No chemical
analysis 1is available for the well and, consequently, it is
impogsible to determine the possibility of hotter water at
depth., This well and other wells drilled in the future
could, however, be used at this temperature for space
heating and c¢ooling using groundwater heat pumps provided
sufficient flow rates are available. A water sample Ffrom
this well should be chemically analyzed and aquifer tem—
perature estimates should be made. It is pessible that more
and hotter thermal water might be found in the Lewiston
area.
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GEQTHERMAL POTENTIAL OF THE CENTRAL IDAHO REGION
INCLUDING IDAHO, ADAMS, VALLEY, LEMHI, BOISE, CUSTER,
NORTHERN ELMORE, CAMAS AND
NORTHERN BLAINE COUNTIES

The vast region of central Idaho, including the Idaho
batholith, 1s discussed as a separate section due to simi-
larities 1in geology, deochemistry, structurally related
occurrences, and the depositional features thermal springs
in this region have in common.

Most of the thermal water found in this region appears
as springs, which range in temperature from 20-93°C.
Locally, several wells have encountered thermal water. It
is commeonly known that these thermal springs and wells are
located along the major and minor streams and rivers in the
area. . They thus emerge at the lowest possible elevation,
although many are found in the upper reaches of drainages.
An example are 18 thermal springs that occur along the
Middle Fork of the Bolse River alcong a 45 km stretch between
Arrowrock Reservoir and Atlanta. However, a more detailed
examination vreveals that thermal springs in this region
appear rather evenly spaced along narrow arcuate zones or
trends, some of which cut across drainage divides (figure 9

in pocket). Other zones follow major drainages, as in the
Boise and Payette river systems. In some cases, mostly
along the longer zones, the spacing tends to increase regu-
larly in one direction. In some cases, where zZones

intersect, as at Indian Creek and Middle Fork Salmon River,
two springs occur near the zone intersections. The arcuate
zones range in length from 20 to 80 km and appear to be very
narrow. These arcuate zones are most numerous and well
defined in the central batholith region in Idaho. Well
drilling and spring locations in other regions of Idaho have
revealed similar zones. The regular spacing of springs
along these zones appears to result from the regular spacing
of linear features associated with them. Why the springs
occur at nearly the same point on separate parallel
lineaments is unknown but probably is the result of another
lineament or structure {not visible on Landsat images) which
cross the regularly spaced linears. The springs occur at
the intersections.

Springs along these arcuate zones tend to occur (1) near
the confluence of streams and/or rivers, such as at Pistol
Creek Hot Springs (16N-10E-14dbclS) and Little Pistol Creek
Hot Springs (16N-10E-14dbcl8S); Riggins (24N-2E-14dbdls),
Loon Creek (17N-14E-19bdblS) and Hailey Hot Springs (2N-18E-
18dbb1lS): or (2) near where a drainage 1s diverted around a
large promontory or rock outcropping which projects into the
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stream and around which the stream was forced to make a
horseshoe or U-shaped bend. Mormon Bend (11N-14E-20aabls),
Riverside (16N-12E-16cbblS), Sheepeater (15N-10E-24bbbls),
Sunflower Flat {l6N-12E-8bbbls), Thomas Creek Ranch
{leN-12E-17dadlS), Lightfoot Hot Springs (3N-13E-7dcalS) and
Warfield (4N-17E-31bbclS) Hot Springs are examples of the
second type of occurrence (see figure 10). It 1is
conceivable that many undiscovered thermal springs 1issue
from the bottoms of river channels where the flowing water
masks the thermal water.

Figure 9 (in pocket) is a superposition of linears from
Day (1974) and circular features of Haskett (1974) on a
spring and well location map of Idaho. This figure shows
that many o©f the thermal springs and wells are associated
{found on or very near) with large linear features that are
seen on high altitude U-~2 and satellite photos. Few of
Day's linears are found to fit the curvilinear zones defined
by the spring occurrences, but data strongly suggest struc-
tural control for most thermal water in the region. Al-
though the exact nature of the linears is not known, they
could represent joints or faults or some other type of rock
fracture. One theory of the origin of these thermal springs
is that  they occur where ancestral joints, formed by
shrinkage or contraction of deeply buried, c¢ooling igneous
or metamorphic rock complex intersects faults, or other
fractures allowing circulation of meteoric (rain and snow)
water to depths where the water is heated by hot rock. The
hot water being less dense than the colder water rises along
the same or other joints, faults or fractures to form a
thermal spring. Thus, most of the thermal springs in this
region of Idaho probably represent deep circulation of
meteoric waters to depths where the water 1is heated by
contact with hot rock in a region or along zones of above
normal geothermal gradient or heat flow.

These types of occurrences appear typical. Perhaps the
localized geothermal anomalies--those associated with high
intensity shallow seated heat sources (intrusions)--might be
those which are not associated with arcuate belts or zones.
Alternatively, at least some of the =zones could represent
fractures or other structures into which magma has intruded
to shallow depths producing high intensity shallow seated
heat sources.

IDAHO COUNTY

Thirteen thermal springs are known to occur in Idaho
County (figure 11). They are fairly uniform in temperature,
ranging from 41 to 590C, They are not limited to any one
locality or rock type, but are found sparsely distributed
over a large area. Four springs, Wier <Creek (36N-11E-
13bcclS), Colgate Licks (36N-12E-15abdls), Jerry Johnson
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FIGURE 11. Index map of Idaho County showing locations of thermal water occurrences
with surface temperatures of 20°C or higher.
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(36N-13E-18addlS), and an unnamed spring occur within a
small area in northeastern Idaho County on or near the

Lochsa River. Most of the other springs are 1in remote
locations, wilderness or recreational areas, accessible only
by pack trail. This, along with restricted use of these

areas, precludes large scale development. Riggins (24N-2E-
14dbdls), Burgdorf (22K-4E-1bdclS), and Red River Hot
Springs (25N-12F-3dddl3} are popular resort areas and bocast
improvements, although the Red River Resort recently burned
down and the Burgdorf Resort pools have been officially
closed by the district health officials. Jerry Johnson Hot
Springs 1is used for informal bathing by campers and back-
packers.,

Most thermal springs in Idaho County occur within grani-
tic rocks or near contacts of other rock types with granitic
rocks. All are assoclated with known faults or 1linear
features. The best defined arcuate trend in the region is
represented by Stanley (34N-10E-6caalS), Stewart (32N-1llE-
4caals), Martin (31IN-11E-24dcdlS} hot springs and Running
Springs (29N=-12E-14abbls) in east-central Idaho County
{figure 9 in pocket).

Water guality chemical data from thermal water occur-
rences in Idaho County are given in basic data table 1.
These analyses provide a chemical comparison of thermal
water in the area and were used to calculate selected
chemical-constituent ratios and to estimate aguifer
temperatures.

Chemical analyses are available for only six of the
fourteen hot springs found in Idaho County. All of the ana-
lyzed springs are low in total dissolved solids, ranging
from 582 mg/l at Riggins Hot Springs to 133 mg/l at Wier
Creek Hot Springs. The pH of these waters 1s alkaline,
ranging from 8.1 to 9.0, except for Red River Hot Springs.
These springs have a flouride content of 23 mg/l1 whereas
other sampled springs in the county have a flouride content
of less than 6 mg/l. Typically, the waters in Idaho County
are similar to most other thermal waters throughout central
and southwestern 1Idaho that issue from granitic rock or
areas thought to be underlain by granitic type rocks.

Aquifer temperatures calculated from the silicia and
Na-K-Ca chemical geothermometers and mixing models, as well
as selected atomic ratios, are given in basic data table 2.
Maximum subsurface temperature expected from wells drilled
in the area of springs £for which chemical analyses are
available probably would not exceed 1009C and may be most
closely approximated by the chalcedony or Na~X-Ca
temperature, columns T4 and Tg, basic data table 2.
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ADAMS COUNTY

Seven thermal springs and two wells are known in Adams
County with measured surface temperatures exceeding 20°C
{figure 12}. The two wells are located near the town of
Council. Both are fairly low temperature at 229C. Several
other wells in the Council area have above normal tem-
peratures of up to 179C (10°C above mean annual
temperature). Well 16N-1W-15bacl 1is 35 m deep and was
drilled within 0.4 km of the Hornet Creek-Weiser River
confluence. The other well, 16N-1lW-llacdl, was drilled to a
depth of 64 m near the valley-mountain boundary fault zone
near Grossen Canyon. No chemical analyses are available
from these wells. Samples should be collected to help
determine their geothermal potential.

Starkey Hot Springs (18N-1W-34dbbls), an attractive
resort area, discharges 500 1l/min of 56°C water near the
confluence of Warm Springs Creek and Weiser River where the
Weiser River bends north and abruptly turns south again in
the steep-walled canyon surrounding Fort Hall Hill. Starkey
Hot Springs appears structurally typical of the thermal
spring occurrences in central TIdaho. Aguifer temperatures
indicated by Na-K-Ca and chalcedony chemical geothermometers
are 70 and 77°9C, respectively, These temperatures could
have uses up to and including the lower temperature limit of
refrigeration (see figure 4)., Dissolved solids and flouride
concentration are low, being 348 mg/l and less than 1 mg/l1,
respectively. The pH is 8.6. The chemistry of the water
suggests a source rock not similar in chemical or minera-
logical constituents to granitic rocks.

Councii Mountain Hot S8Springs (15N-1E-2bdblS) is located
2.5 km up Warm Springs Creek from its confluence with the

Middle Fork Weiser River southeast of Council. It issues at
68°C and 190 1l/min from Quaternary alluvium near Jgranitic
rock. No other information is available on this thermal

spring. Its location appears atypical of most springs in
central Idaho.

White Licks Hot Springs (16N=-2E~33bcclS) is located in
the Middle Fork Weiser River drainage and issues from
Quaternary alluvium near Miocene basalt and Cretaceous gra-

nitic rocks. Ross (1971, p. 9} reported that White Licks
Hot Springs occurred on a relatively short north trending
fault and had an abnormally high mineral content. Water

issues from numerous spring vents at 63 to 6592C (Young and
Mitchell, 1973, p. 9) and has a slight sulfur odor. The
quartz and Na-K-{Ca chemical geothermometers estimate aquifer
temperatures of 142 to 1459C, the lower limit of binary
cycle power dgeneration, might be found in the area by deep
drilling.
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FIGURE 12. Index map of Adams County showing locatilons of

thermal water occurrences with surface tempera-
tures of 209C or higher.
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zims Resort (20N-1E-26ddalS) issues at 65°C and about
380 1/min from alluvial f£ill near the fault contact between
Tertiary basalt and Cretaceocus granitic rock. Dissolved
solids are fairly low for this part of Idaho at 666 mg/l and
the flouride content is 2.3 mg/l. Good aygreement between
Na-K-Ca and chalcedony chemical geothermometers indicate
aquifer temperature may be about 83 to 84°C.

Krigbaum Hot Springs (19N-2E-22ccalS) near Meadows,
issues from a northeast trending normal fault in Cretaceous
granitic rocks near Miocene basalt from two separate spring
vents at 40 and 42°C at 150 1/min. The chalcedony and
Na-K~Ca chemical geothermometers indicate subsurface tem-—
peratures of 91 and 96°C, respectively.

The other springs are located on the Little Salmon River
north of Meadows Valley (22N-1E-34dadlS and 21N-1E-23abals}.
The springs have fairly low temperatures (26 and 30°C) and
low discharges.

The chalcedony and Na-K-Ca chemical geothermometers seem
to be more consistent in Adams County (at least for springs
and wells for which analyses are currently available) than
anywhere else in the state,

The geophysics which have been done in Adams County are
reported on by Donaldson and Applegate (1979). . They
reported that:

++.the preliminary map ({(figqure 13} of southern
Idaho shows the Council-Cambridge area being
dominated by a distinct gravity high with a
residual magnitude of nearly 40 mgal (milligal)
near Council (figure 14). The gradient of the
anomaly 1s enhanced to the east where the dense
basalts 1lie adjacent to relatively low density
intrusives. This steep gradient indicates a sharp
contact between basalt and batholith rocks and a
faulted contact is certainly possible. The gravity
profile as a whole indicates that these plateau
basalts are considerably thickened in this area.
The anomaly may represent a local embayment on the
plateau-basalt depositional surface or perhaps
subsidence and filling during the volcanic
activity.

Bond (1975) shows many faults 1n this area and
Witkind (1975) classifies several faults as active
(figure 15). The faulting patterns (Bond, 1978)
suggest that alluvial-filled river cut valleysgs in
this area may be fault controlled. Unfortunately,
the gravity data is very sparse and does not define
the valley margins or allow any estimation of their
depthe or structural controlis.
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FIGURE 13. Gravity map of Council-Cambridge area, contour
interval is 5 milligals. (Mabey, Peterson, and
Wilson, 1974).
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VALLEY COUNTY

Occurrences of thermal springs in Valley County are
similar to occurrences in Idaho County but they appear to be
more numerous (Ligure 16). Many are accessible by graded
and drained gravel roads in the more remote locations and
some occur near major transportation routes. Others are in
wilderness areas accessible only by pack trail or river
travel. Many are used by game animals as salt licks due to
minor amounts of sodium (Na) and chlorine (Cl) ions in the
water,

Chemical analyses are available for only 20 of the 41
known thermal water occurrences 1in Valley County. Tem-
peratures range from 20°9C at Dollar Creek Warm Springs
(16N-6E-14ccclS) to 88°9C at 1Indian Creek Hot Springs
(17N-11E-21blS) in the Idaho wilderness area. Dissolved
solids are very low, the highest being 412 mg/l1 and the
lowest reported to be 192 mg/l. The waters may be classed
as sodium carbonate or sodium bicarbonate type waters
according to the dominant chemical species dissolved in the
water.

Two areas in Valley County that might be candidates for
power generation sites are Indian Creek Hot Springs and
Vulcan Hot Springs (1l4N-6E-11bdalS), provided quartz is the
mineral controlling silica content 1n the thermal waters.
As Indian Creek Hot Springs is in the Idaho wilderness area,
however, it 1is not likely to be developed. The two springs
exhibit very similar chemical qualities. Subsurface tem-
peratures appear to be in the 1359C range, according to the
Na-K-Ca chemical geothermometer and may be as high as
145-1509C, according to the quartz chemical gJeothermometer
(columns Ty and T3, basic data table 2.)

Another noteworthy thermal spring is Boiling Springs
(12N~-5E-22bbclS) on the Middle Fork of the Payette River.
This spring, according to Ross (1971, p. 10}, is perhaps the
best studied thermal spring in Idaho. The water contains
several metallic 1ions, 1including mercury. Ross (1971,
p. 10) stated that:

Boiling Springs is only one of eight thermal
springs in this area. All flow from granitic rocks
along shear zones paralleling the river. Springs
along the Middle Fork of the Payette River seem to
be along an extension of the same fault that acts
as a conduit for springs along the South Fork of
the Salmon River.

Although called Boiling Springs, surface temperature is only

850C. Subsurface temperatures appear to be not much higher,
only 89°9C according to the chemical geothermometer.
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Cater and others (1973 p. 383-389) discussed the thermal
springs in Valley and Custer counties along the Middle Fork
of the Salmon River and stated:

Thermal springs in the Idaho primitive area are in
an area of ...volcanics and tectonic activity.
Most rocks are Cretaceous Idaho batholith, Eocene
Challis volcanics and Eocene granite. Rock types
do not appear to influence the distribution of the
springs. Tertitary mafic dikes near the thermal
springs indicate a possible mutual relationship to
deep-seated heat sources.

The igneous rocks are not porous, but numerous sur-
face fractures and faults are apparently extensive,
providing the channel ways for convective systems
that permit surface waters to reach deep-seated
heat sources and return to the surface at greatly
elevated temperatures. All springs are on nunerous
small faults and fractures within a few feet of
major streams along probable faults. Most faults
and fractures strike N. 45° W; dips are normally
greater than 450,

With the exception of Indian Creek Hot Springs, subsur-
face temperature in the Middle Fork Salmon River area prob-
ably will not exceed boiling as shown by the chalcedony and
Na-~-K-Ca chemical geothermometers (basic data table 2,
columns T4 and Tg). Wilderness area classification pre-
cludes large scale development of any of these thermal
springs.

Wilson and others (1976} studied the geothermal poten=-
tial of the Cascade area in Valley County. They stated:

Field and 1laboratory investigations show the
existence of a gecothermal resource in the Cascade
area of west-central Idaho which may have develop-
ment potential for non-electrical uses. Numerous
high angle faults cut the Idaho batholith in this
area; displacements on some of these faults are as
great as 3050 m and many of them have associated
alteration zones. X-ray analyses of samples
collected from these =zones indicate substantial
hydrothermal alteration. Fault controlled hot
springs have temperatures at the surface of up to
71€cC.

Microseismic monitoring in the area suggests that
east-west trending faults are active, supporting
the plausibility of an accessible geothermal
resource.
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The domestic groundwater supply for most ogf the
area ig from very shallow wells, most of which are
developed in the upper 200 feet of the valley
floors and derive their water from Jjoints rather
than from fault systems. Preliminary data indicate
no connection between the thermal systems and the
water supply for the area.

The Na-K-Ca and chalcedony chemical geothermometers suggest

| aquifer temperatures may be as high as 46 to 66°C near the

city of Cascade.

Thermal water is associated mostly with granitic rocks
of the Idaho batholith.

Earth Resources Observation Systems (EROS) digital image
enhancement system satellite image (figure 17) of the
Cascade~-Long Valley area shows that Cascade lies near the
intersection of major linear features. These may control
the occurrence of thermal water in the area. Other thermal
water occurrences in west-central Idaho and selected linear
features asscociated with them are also shown on the image.

LEMHI COUNTY

Eleven thermal springs have presently been documented in .
Lemhi County (figure 18). About half are in remote
(primitive or recreation) areas which precludes development.
Chemical data have been collected for only four of the elev-
en thermal springs located in Lemhi County.

The hottest thermal spring in the county and one of the
hottest in Idaho is Big Creek Hot Springs (23N-18E-22cadlS)
which has a surface temperature of 93°C (boiling). It is
located high in the Hot Springs Creek drainage (over 330 m
above the Salmon River, the major drainage in the area} near
Panther Creek at the top of a divide (ridge top discharge).
Quartz and Na-K-Ca chemical geothermometers both indicate
subsurface temperatures are 160-175°C. Both siliceous and
carbonate deposition is found near active vents. Water is
presently used by big game hunters as a steam bath, Big
Creek Hot Springs appears from available data to date to be
one of the best prospects in Idaho for power generation.

Bennett (1977) reported on the geology and geochemistry
of the Blackbird Mountain-Panther Creek region in Lemhi
County, Idaho. He stated (p. 4):

The Panther Creek region is located in the Salmon

River Mountains. The area is characterized by
flattopped mountains and moderate to steep V~shaped
canyons. This entire section of Idaho 1is quite

striking from the air as concordant elevations give
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the appearance of a flat plain stretching from the
Bighorn Crags (Tertiary pluton) which rise above
the general remnant surfaces. Elevations range
from 976 m 1in the Salmon River Canyon to over
2,700 m in the western part of the study area.

Bennett further stated (p. 8):

The rocks in the Blackbird Mountain guadrangle are,
for the most part, Precambrian metasediments and
intrusives which have undergone several episodes of
folding and faulting. Large scale thrust faulting,
block faulting, and Tertiary igneous activity (both
intrusive and extrusive) have added to the
complexity. Lack o©of good stratigraphic control
greatly complicates the interpretation of the
geoclogy; indeed, even the gross ages of the main
units remains guestionable.

Bennett's linear map of the area is included here
figure 19. He noted five major trends:

a. There are three prominent sets of linears, a
northwest set, a northeast set and a north-
northwest set.

b. A set of linears which outlines the eastern
edge of the Crags pluton may represent a cur-
vilinear fracture system associated with
emplacement of the pluton. These linears
trend northwest along Roaring Creek, north-
south just east of Cathedral Rock and north-
northeast along Yellowjacket Creek.

C. Many of the major drainages appear to coin-
cide with linear segments such as the Panther
Creek-Napias Creek lineament.

d. Linears appear more concentrated in the area
of Blackbird Creek, Musgrove Creek and
Porphyry Creek. 1In this area, the intersec-
tion of northeast and northwest linears forms
a boxwork pattern. Several of the northeast
linears are confined to a belt bordered by
the Panther Creek-Napias lineament to the
east and the headwaters of Blackbird Creek,
Musgrove Creek and Porphvry Creek to the
west.

e. Comparison of figures 20 and 21 shows that
the -~150 gamma contour, which may represent
the western limit of the Leesburg stock,
coincides with linear segments just east of
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the Panther Creek and along Napias Creek and
Moccasin Creek.

Of interest to this study are the linears that intersect
in the vicinity of Big Creek Hot Springs. The Hot Springs
Creek part of the Clear Creek-Hot S5Springs Creek lineament
has been mapped as a fault (figure 19). The north trending
lineament approximately follows the Augen-Greiss-Yellow-
jacket Formation (figures 19 and 20}.

Of interest to this report is Bennett's aeromagnetic map
of the area as shown in figure 21. Bennett reported that:

A positive magnetic anomaly (maximum +150 gamma) is
expressed northwest of Leesburg on Camp Creek.

Bennett believed this represented the magnetic expres-
sion of the Leesburg Stock. Bennett reported that:

The small part of the stock exposed along Arnett
Creek extends from the +50 gamma contour across the
0 gamma contour. The =100 gamma line which sur-
rounds the +150 line {south of Haystack Mountain)
marks the western limit of silver, lead and molyb-
denum anomalies which are probably related to the
stock. The -~150 gamma contour near Jureano
Mountain extends along the Leesburg fault and may
mark the western limit of the stock in the
subsurface.

The area enclosed by the ~-210 gamma line over Gant
Mountain and the surrounding -200 gamma line are
most 1likely expressions of the augen/ellipsoidal
gneigs unit and its subsurface extension to the
northwest beneath the undifferentiated metamorphic
rocks. In fact, most of the area which is less
than -150 gammas, within the study area, appears to
be related to the outcrop patterns of the augen
gneiss.

Big Creek Hot Springs lies on the -170 to -200 gamma
trough. This trough follows the general trend of the Hot
Springs fault.

The land 1s administered by the U.S. Forest Service
(USFS}. Until leases are 1issued, prospects such as Big
Creek Hot Springs cannot contribute to our energy supply.
The area is remote but not roadless. The nearest sizable
market for electricity would be Missoula, Montana; however,
recent electric wheeling legislation could allow development
by utilities located out of the area.

Salmon Hot Springs (20N-22E-3abdl8), 10 km south of
Salmon, has 4 surface temperature of 45°C, and 1is the
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FIGURE 21.

Aeromagnetic map of the study area (modified
from U.8.G.5., 1975). Map is drawn with a 6.17
gamma/mile north and a 3.92 gamma/mile east
regional trend removed. Magnetic contours are
overlain on topography from the Elk City AMS map
(scale 1:250,000), From Bennett, 1977, p.28.
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nearest of any thermal springs in Lemhi County to a meaning-
ful population center. Aguifer temperatures at Salmon Hot
Springs appear to be only 509C by the chalcedony chemical
geothermometers (basic data table 2} although the Na-K-Ca
chemical geothermometer indicated temperatures may be as
high as 204°cC. This discrepancy could be caused by mixing
of hot and cold water or precipitation of calcium in the
subsurface. There 1is excess travertine deposition by the
spring. This site might have potential for space heating in
or near Salmon.

Sharkey Hot Springs ({20N-24E-34ccclS) issues from
Oligocene silicic volcanic rocks along a northwest trending
fault. It is actively depositing small quantities of car-
bonate material and apparently formerly deposited silica.
It discharges 30 1/min. Measured surface temperature is
52°C. Maximum subsurface temperature is thought to be best
represented by the chalcedony chemical geothermometers at
104°C. Sharkey Hot Springs is somewhat removed from popula-
tion centers but is accessible by an improved road.

A spring (1l6N-21E~-18adclS) located on the Salmon River
discharges 25 1/min and has a surface temperature of 46°C.
It issues from the alluvial material probably overlying
Precambrian quartzite. This spring deposits small quan-
tities of carbonate material locally. Subsurface
temperatures may best be represented by the chalcedony chem-
ical geothermometer at 57°C.

BOISE COUNTY

Thermal springs in Boise County are most numerous along
the South Fork of the Payette River (figure 22). Garden
Valley lies at the confluence of the South and Middle Forks
of the Payette River and is popular as a summer home resort
area. Several thermal springs and at least one thermal well
are in the Garden Valley area. Two thermal springs exist
near Idaho City. One, Stope Warm Springs (6N-5E-33abclS),
occurs in an abandoned mine adit. The other, Warm Springs
(6N-5E-33adclS), has been developed into a popular resort.
Idaho City is also a popular summer home area where use
could be made of thermal water for space heating.

Little is known of the characteristics of thermal water
as only six chemical analyses are available from 19 Xknown
thermal occurrences in Boise County. More sampling of ther-
mal water occurrences should be undertaken to more fully
assess the area's geothermal potential.

In general, the dissolved solids are 1low except for

flouride and sulfate concentrations in those thermal waters
sampled; generally, the water is a sodium bicarbonate type.
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FIGURE 22.

Index map of Boise County showing locations of thermal water occur-
rences with surface temperatures of 20°C or higher.
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Bonneville Hot Springs (10N-10E-31lbcclS) is the hottest
thermal water in Boise County at 85°C and has a 1400 1/m
discharge issuing from a fault in granite (Ross 1971).
Benneville Hot Springs may have potential for binary cycle
power generation, as the quartz and Na-EK-Ca chemical
geothermometers estimate temperatures of 137 and 1429C.

Deer Hot Springs (9N-3E-~25baclS) might also have poten-
tial for binary cycle power, as quartz and Na=-K-Ca chenical
geothermometers estimate temperatures of 147 and 134°C.
Deer Hot Springs has a sgurface temperature of B80°9C andg
discharges 76 1/min.

Other thermal springs are much cooler having surface
temperatures between 46 and 67°C and subsurface temperatures
between 60 and 104%9C, according to the Na-K-Ca and chalced-
ony chemical geothermometers. The Na-K-Ca chemical geother-
mometer indicates subsurface temperatures cool in a fairly
systematic way from a high of 1429C at Bonneville Hot
Springs in the upper reaches of the South Fork Payetite River
to a low of 63°C near Danskin Creek Hot Springs (8N-5E-
1bcels).

Sacajawea Hot Springs (10N-1lE-31laadlS) in the upper
reaches of the South Fork Payette River drainage has not
been sampled, but has a surface temperature of 68°C and
reported discharge of 380 1/min.

Twin Springs (4N-6E-24bcblS), a developed resorit, is so
named because a thermal and nonthermal spring occur in close
proximity and is located in the lower reaches of the Middle
Fork of the Boise River above Arrowrock Reservoir. The
thermal spring discharges water at 67°C. Subsurface tem-
peratures may be as high as 1049C, according to the chalced-
ony chemical geoathermometer. The Na-K-Ca chemical
geothermometer predicts 609C, unexplainedly 7°C below
measured surface temperatures.

CUSTER COUNTY

Thermnal springs in Custer County (figure 23) are similar
in occurrence to springs in most of the rest of north-
central Idaho occurring near drainage confluences or near
ridge points that protrude into the strean. The thermal
waters are generally low in dissolved solids and have high
pH values. About half are on lands administered by the USFS
and many could be developed for recreational uses. One,
Stanley Hot Springs (10N-13E~3cablS), has now been covered
over.

Generalities on thermal spring occurrences along the

Middle Fork of the Salmon River were given earlier in the
section on Valley County. These are in remote areas, soO
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FIGURE 23. Index map of Custer County showing locations of
thermal water occurrences with surface tempera-
tures of 20°C or higher.

- 48—



Sy &
'. Altures
{ ake

o FIGURE 24. EROS false color infrared Landsat EDISE image of central
s Idaho showing selected linear features and thermal water
locations with surface temperatures above 209C.
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large scale development for industrial purposes 1is not
likely. Springs along the main Salmon River between Smiley
Creek and Salmon generally lie within recreation area bound-
aries on both private land and land administered by the
USFS. Some of these springs have potential for recreational
uses, Several are presently used as such and others have
been previously used for such purposes. In areas that are
being  developed for recreational home sites, springs could
be utilized for space heating. Some of these springs might
be used similar to the way springs in Boise County are used
by the Idaho Department of Fish and Game as a heat source
for game bird production, particularly wild turkeys and
grouse. As most of the area is far from markets and few
good transportation facilities exist, most other uses appear
to be excluded, although locally small scale uses, such as
greenhouse operations, might be feasible.

Figure 24 is an enhanced Landsat false color infrared
image of part of Central Idahc showing locations of selected
thermal water discharges and linear £features. The common
occurrence of springs and lineaments is not striking on the
figure. Nevertheless, several major linear features are
shown near the thermal springs or wells. The chemical
geothermometers are highly wvariable for Custer County.
Highest aquifer temperatures appear to be near 104°C in the
area of Basin Creek, Mormon Bend and Sunbeam Hot Springs.

NORTHERN ELMORE COUNTY

Thermal springs in northern Elmore County (figure 25)
are distributed along the major drainages =~ the North,
Middle, and South Forks of the Boise River. These occur-
rences along the drainages are similar to other springs in
central Idaho.

Ross (1971, p. 13 and 14} states that:

More than a dozen thermal springs occur along the
lineament that marks the main Boise River and its
Middle Fork tributary. All the springs issue from
granite, in areas transected by granitic and mafic
dikes. Between Twin Springs (4N-6E-24bcbls) in
Boise County and Weatherby Mill well {6N-9E-35acal)
springs average one every 2 miles. A single spring
{6N-11E-35dcalsS) is northeast of Altanta along the
same llneament.

The 29°C water £from the flowing well at Weatherby
Mill is considered by local residents too mineral-
ized to drink, although total dissolved solids are
similar to those in the other springs.

Approximately a dozen thermal anomalies (figure 25)
occur along the upper reaches of the South Fork of
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FIGURE 25. Index map of Elmore County showing locations of
thermal water occurrences with surface tem-
peratures of 20°C or higher.
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the Boise River and its tributaries. All are in
granitic rock, much of which is cut by mafic and
pegmatitic dikes.

Paradise Hot Springs (3N-10E-33bdbl8) utilizes 60°C
water in a swimming pool at a resort. A mile
south, Bridge Hot Spring (2N-1l0E-5acals) and
related seeps flow more than 150 gpm, alsoc at 60°C.
A wavrm spring (3N-10E~10abalS) and several warm
wells are at Featherville, The 46°C water at
Baumgartner Hot Spring (3N-12E-7decdls) is used for
bathing facilities at a Forest Service campground.
Lightfoot Het Spring (3N-l3E-7dcalS) apparently was
used at one time for domestic heating and for
irrigation of a small meadow. Maximum temperature
is 629cC.

Highest temperatures along the South Fork of the
Boise River are at the east and west extremities of
the regions.

The chemical geothermometers indicate some of the hotter
of the low temperature thermal water in Idaho might be found
in northern Elmore County. The HNa-K-Ca and quartz chemical
geothermometers indicate temperatures as high as 126°C might
be found by drilling at Neinmeyer Hot Springs
{5N-7E~-24bddls) . At Latty Hot Springs ({35-10E-31ddbls},
temperatures might be as high as 137°C. Most of the other
springs in the area show subsurface temperatures below 80°(C,
according to the Na-K-Ca chemical geothermometer.

Most of these thermal springs are on lands administered
by the USFS and several more probably could be developed by
the USFS for recreation purposes. Those that occur near
vacation homesites (table 4) could probably be developed for
space heating, provided flows <could be augmented by
drilling. Some ©0f them could be used by the Idaho
Department of Fish and Game as a heat source for game bird
production.

CAMAS COUNTY

Camas County (figure 26) contains several thermal
springs and wells. Many are 1in the unpopulated Soldierx
Mountain area to the north of Camas Prairie. These
occurrences are similar to the rest of the thermal springs
in central Idaho. They are limited to the South Fork of the
Boise River and 1ts tributaries in northern Camas County.
Located here are Worswick (3N-14E-28caalS), Preis (3N-14E-
19dacls), Wardrop (1N-13E-32abbls) and Lightfoot (3N-13E-
7dcal8) hot springs. Worswick Hot Springs is probably the
most extensive thermal spring in Idaho covering more than 10
acres and having dozens of vents, according to Ross (1971).

-53—



._bg.—.

TABLE 4

*Minimum and maximum subsurface temperatures are based on the chemical geothermometers from basic data table 2.
to call the reader's attentlon to the uncertainties involved in their interpretation.

some skepticisn.
in these areas,

**Minimum temperature is chalcedony temperature.

Maximum temperature Is Na-K-Ca temperature.

TOWNS AND RECREATIONAL HOME AREAS IN CENTRAL IDAHO WITHIN 5 KM (3 MI) OF A 20°C OR HIGHER THERMAL SPRING OR WELL (1978}
SBring *HasT
or Estimated
Well Subsurface
Surface Temperature °C Total Present
Tempera—~ Min, Max. Dissolved Water Surface
Town County Location ture °C Na-K-Ca Chalcedony Solids Use Population Owner Remar ks
Atlanta Elmore SN-11£-3 - —-— - - — - - No chemical anal-
yses available,
summer home
sites.
Cascade Valley 14N-3E-36abd 1 43 46 66 193 Municipal pool 916 City of -
Cascade
Challis Custer 14N-19E~23ddd 1S 40 60 68 Natatorium 850 Private Summer home sites.
Clayton Custer TIN-17E~-275dd 1S 41 58 99%* 640 Natatorium 41 Private Summer home sites.
: Recreation
Councili Adams 16N-1W-15bac! 22 - - -= Irrigation 923 Private -
Eilis Custer 16N~2E-18adc1S 46 - -~ - - - - Springs In Lemhi
County.
Feather— Elmore 3N=-10E-10abat 43 - - - Space heating - Private  Summer home sites.
ville
Garden Boise 8N-5E-10bdd 1S 55 74 80 257 Space heating, - Private Summer home sites.
Valley private swim-
ming
Hailey Blaine 2N-18E-18dpb1S 59 83 100 212 Space heating 1,840 Private Heated Hiawatha
Hoteal.
ldaho City Boise 6N-5E-30acdi5 41 - ~ - Natatorium 194 Private No chemical anal-
yses avallable,
summer home sitese.
Ketchum Blaine 4N-17E~15aacls 71 88 {03 324 Space heating 1,780 Private Heats several con-
dominiums.
Meadows Adams 19N~2E-22ccalsS 43 91 96%* 489 Unused - - Public water sup-
plya.
Stanley Custer 1ON-13E-3cabls 41 47 16 210 Unused 52 Private Bath house & poocl.
Warm Lake Valley 15N-6E~14cdbls 55 62 83 258 Unused - - Near summer home

sitesa

Both are given
Maximum temperatures should be viewed with
The geothermometers are useful in initial assessment of geotherma!l areas to establish priorities for further work
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FIGURE 26. Index map of Camas County showing locations of
thermal water occurrences with surface tempera-
tures of 209C or higher.
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Most flow at temperatures near 76°C. Total discharge fronm
the entire spring is over 1500 1/min. Ross (1971, p. 14)
reported that the entire area, which 1is brecciated,
bleached, and silicified, was the probable intersection of
several fault zones.

Mitchell (1976¢) reported on the geothermal potential of
southern Camas County and described the geochemistry of the
thermal springs in this area. He reported {(p. 15} that:

Thermal water occurrences in the Camas Prairie area
are not limited to any one locality or rock type
but are found sparsely distributed over a large
area (figure 26). The occurrences seem more
abundant, however, in the western reaches where Hot
Springs Ranch { IN~-13E-32abcls), Barron's Hot
Springs {18-13E-34bcbls), Spring HNo. (15-12E~-
16cbhals-cabls) and several warm artegian wells are
located. These springs issue from alluvial valley
£ill deposits. The wells were drilled into valley
£ill alluvium.

Elk Creek Hot Springs {1IN-15E-l4adalsS) are located
in the eastern part of the study area and issue
from fractures in Cretaceous granitic rocks near
Eccene(?) to Miocene{(?) Challis volcanic rocks.

Several other reported thermal waters (notably warm
artesian wells) were not flowing at the time they
were visited and samples could not be collected Eor
analysis. Thermal water deposits were absent at
all visited springs and wells except for very minor
evaporative incrustations around discharge pipes of
some ©f the wells. Discharges of the wvarious
sampled springs and most wells were low. Measured
surface temperatures range from 26 to 72°9C and
average 539C. In general, groundwaters 1in this
area are about 10°C above mean annual temperature.

Mitchell further stated (p. 17}):

In general, the thermal waterg of the Camas Prairie
area can be classified as sodium bicarbonate
(NaHCO3) type waters although the dominant element
found in Hot Springs Ranch (1lN-13E-32abclS) water
is silica rather than sodium. With the exception
of Magic Hot Springs well (15-17E-23aabl) these
thermal waters are typified by:

1. High silica contents (50-90 mg/l) compared to
low total dissolved solids of less than 365

mg/1;
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3. High carbonate compared to most thermal water
in Idaho;

4. High fluoride contents compared to most thermal
and cold groundwaters in Idahoj;

5. Low calcium (Ca}, maghesium (Mg), potassium
{K), and chloride (Cl) contents.

Typically, these thermal waters are chenically
similar to thermal waters found discharging from
Cretaceous granitic rocks, or areas believed to be
underlain by these type rocks elsewhere 1in Idaho
(Ross, 1971, p. 23), ({(Young and Mitchell, 1972,
unpublished data, and Young and Whitehead, 1975a,
p. 30).

The cause of this chemical "fingerprint" for these
waters 1s not well understood. At least three
hypotheses might explain some of the observations.

1. Abundance of certain elements may reflect the
availability of the elements in various
minerals found in the granitic rocks and the
minerals' solubility in heated water or steam.
For example, the high fluoride content might be
traced to the abundance of fluorite or fluora-
patite, and its solubility at reservoir
temperature, and pH, or to fluoride, concealed
in interlattice silicate structureg of hydroxyl
bearing minerals such as the micas or amphi-
boles, which are found in the granitic rocks.

2., High fluoride waters may reflect an appreciable
quantity of magmatic waters or volcanic gasses.
Observations of gasses from volcanoes indicate
magmatic waters should generally be high in
volatiles such as fluoride, ammonia and boron.

3. High fluoride waters might be explained by
enrichment of fluoride in a steam ©phase
separated from water having a lower fluoride
content (volatile enrichment}.

The £irst explanation of the high fluoride content
is considered by this author to be the best
hypothesis because of:

1. The widespread occurrence of fluoride-rich
thermal waters in Idaho;

57—



2. Their close assocociation with granitic rocks or
areas believed to be underlain by granitic
rocks;

3. Lack of fumarolic, geyser, and related geother-
mal activity (which would indicate volatile
enrichment processes are actively taking
place);

4. Low concentrations of other volatiles, i.e.,
ammonia and boron, chemical constituents found
in volcanic gasses, and which are also capable
0of enrichment in separated stean. In nearly
all geothermal systems investigated to date,
isotopic studies have not revealed any magmatic
or Jjuvenile water <contributions to these
systems.

5. Thermodynamic calculations indicate that
thermal waters from Elk Creek Hot Springs
{1lN-15El4adalsS), which 1issue directly from
fractures in granitic rocks, are in equilibrium
with fluorite at the measured spring tem-
peratures. Fluorite is known as an accessory
mineral in certain granitic rocks in Idaho.

6. In general, granitic rocks are known to contain
relatively much fluoride, mostly in £fluro-
apatite, but, in some cases, a fluoride con-
cealed 1in interlattice spaces of hydroxyl
bearing minerals such as the micas or
amphiboles where it substitues for hydroxide
due to size and charge similarities.

The geochemical data suggested to Mitchell (1976c,
p. 22) that the thermal waters in the Camas Prairie area are
from low temperature systems.

The chalcedony equilibrium chemical geothermometer
(Tq4, basic data table 2) or Na-K-Ca chemical
geothermometer (Tg, basic data table 2) are con-
sidered the most reliable and representative of
actual aquifer temperatures in most cases because
of these considerations:

1. Thermal waters issuing from granitic terrains
are generally considered to be supersaturated
with silica with respect to gquartz (Holland
1967, p. 393). Therefore, the quartz equilib-
rium chemical geothermometer (T; and Tp) and
mixing models (Tg and T1g) may not be valid
because of excess silica 1in many of these
springs and wells.
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In no case does amorphous silica control silica
concentration in the thermal water. The below-
measured surface temperatures and in some cases
below-zero temperatures predicted by the amor-
phous silica chemical geothermometer indicate
that the thermal waters are considerably under-
saturated with silica with respect to this
phase. No exceptions to this generalization
were noted from basic data table 2 in the Camas
Prairie area.

No unusual conditions are suggestive of mixed
hot and cold waters, such as cold spring seeps
in the vicinity of the hot springs or wells,
were observed.

pDischarges were, in general, very low through-
out the area, indicating little, if any, mixing
of hot and cold waters. Exceptions to the low
discharges are found only in drilled holes.

The low Na-K-Ca predicted aquifer temperatures
are in general agreement with measured surface
temperatures, indicating little mixing of hot
and cold water, or that equilibrium conditions
have been maintained since the waters have left
the thermal aguifer. The low predicted Na-K-~Ca
aquifer temperatures show fair agreement with
the chalcedony equilibrium aquifer tempera-
tures.

The low chloride and certain other element con-
centrations found in these thermal waters could
be the result of mixing. However, mixing would
dilute certain other c¢hemical constituents
found in relatively high concentrations such as
fluoride and carbonate.

Walton (1962, table 2, p. 35) reported higher
calcium concentrations in c¢old groundwaters in
the area than were found in the thermal waters.
Dilution of thermal waters with cold ground-
waters would mean the premixed thermal waters
would have to be nearly devoid of calcium in
order for the mixed water to show the calcium
concentration found 1n the thermal waters.
Thermal water devoid of calcium £rom granitic
rocks is considered unlikely.

The extremely widespread geographical area in
which these type waters are found would make it
highly unlikely that such uniform mixing con-
ditions «c¢ould exist as to recognlize these
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waters by merely looking at unsynthesized
geochemical data.

9. Arndrsson (1970, p. 537, 1975, p. 763) found
that chalcedony generally controls silica con=-
centration in Icelandic thermal waters when
agquifer temperatures are below 100-110°C.
Chalcedony equilibrium aquifer temperatures are
below Arndrsson's upper limit. Chalcedony
equilibrium is, therefore, indicated if this
criterion is applicable to the Camas Prairie.

10. The depths postulated as necessary to glve rise
to the measured surface temperature are reason-
able for the origin of these waters.

Mitchell (1976c, p. 25) concluded:

The Camas Prairie thermal waters are probably
meterocic waters circulating to shallow (approxi-
mately 1,200 m) depths along fractures or fissures
within the granitic rocks underlying and along the
margins o©f the Prairie. Heated waters are dis~
charging upward into the sediments of the Prairie,
perhaps through faults or fissures within the
underlying granite concealed by valley f£ill. Some
water subsequently discharges to the surface,
forming springs. The source of the heat related to
the granitic rocks is unknown.

The possibility of a 1large thermal aquifer or
reservoir within the sediments f£illing the basin is
negligible due to the apparent shallow depth of the
valley fill materials as shown by the two wells
penetrating the entire thickness of sediments near
the basin center. Any possibility of a large ther-
mal reservoir could lie in large faults in highly
fractured granitic rock underlying the Prairie.
Fracture permeability may allow sufficient cir-
culation and recharge to allow large volumes of
water to be withdrawn if the fault system could be
penetrated by drilling. Hot and cold groundwaters
at depth probably are not mixing to any apparent
degree. The thermal waters ascending from shallow
depths could be cooling by conduction during their
ascent to the surface.

Maximum temperatures encountered in drilling to 900

to 1,500 m are probably only about 100°C. Tem
peratures of this magnitude would be sufficient to
have some industrial applications. These indus-—

trial applications and approximate temperatures
necessary for them are shown in figure 4.
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NORTHERN BLAINE COUNTY

Northern Blaine County (figure 27) is another region in
Idaho where geothermal resocources have been an energy source
of long standing. Fifteen thermal springs are known in
northern Blaine County. Several wells have been drilled
near some of the thermal springs that yvield hot water as at
Magic Hot Springs (15-17E-23aabl), Hailey Hot Springs (2N-
18E~18dbbls), Clarendon Hot Springs (3N-17E-27dcblS), Guyer
Hot Springs (4N-17E-l5aaclS8) and Easley Hot Springs {(5N-16E-
10dbcls).

Easley Hot Springs is being used as a natatorium. The
drilling of a well at Magic Hot Springs increased the
temperature by 369°C from 38 to 74°C. These waters have been
used to space heat small cabins. At Magic Hot Springs
Landing, chemical geothermometers indicate aquifer tem-
perature could be near 175°C, which would make this area a
candidate for power generaticon using methods similar to
those planned for Raft River in Cassia County. Even a small
power plant at this site c¢ould furnish much of the power
needs for this rural area of Idaho. Cascading uses could be
made of the power plant effluent.

In Blaine County three warm water wells occur near the
northern margin o¢f the eastern Snake River Plain near
Carey, and three more occur 3 km northwest of Picabo.
Condie Hot Springs (15~21E-14ddclS) occurs near Carey
Lake.

The Halley area is located in south-central Idaho on the
Big Wood River drailnage. The geologic framework of the area
consists of undifferentiated Paleozoic and Mesozoic marine
sedimentary rocks. Hailey Hot Springs 1s located about 3 km
from Hailey (population 1,840, 1976) on Democrat Gulch, a
tributary to Croy Creek which in turn is a tributary to the
Big Wood River with confluence at Hailey ({figure 28).
Sufficient thermal water might possibly be withdrawn from
near Hailey Hot Springs to space heat the entire town of
Hailey. The surface temperature of the spring is 599C, The
chemical geothermometers suggest a temperature of 78 to 97°C
might be encountered by deeper drilling. It is not known at
what depth this temperature might be encountered, but it may
be as deep as %00 to 1200 m.

Halley Hot Springs® structural setting is typical of the
hot springs in central Idaho; that 1z, many do occur near
the confluence of streams, indicating fault or similar
structural contrel. Fault controlled deothermal systems may
provide a significant resource 1in Idaho for local use, as
has been found at Raft River and Boise. Hailey Hot Springs
occurs on the curvilinear zone connecting Clarendon Hot
Springs, Warfield Hot S8Springs, and Easley Hot Springs (see
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FIGURE 27.

PARAMETER RANGE
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Index map of Blaine County showing locations of thermal water occur-
rences with surface temperatures of 20°C or higher.
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figure 9 in pocket and figure 29). Hailey Hot Springs was
formerly used to heat the Hailey Hiawatha Hotel, an approxi-
mately 560 m? (square meter) structure which recently
burned.

It is not known at present which structure or structures
control the occurrence of thermal water at Hailey Hot
Springs (Big Wood structure, Croy Creek-Quigley Creek
structure, or Democrat Gulch structure). To confirm the
size and exact location of the geothermal reservoir for
space heating the town's buildings and residences, it will
be advisable to evaluate, in some detail, reservolr charac-
teristics and determine the amount and chavacteristics of
geothermal water which could be withdrawn for use. This
would be done by drilling observation wells, running well
tests and perhaps drilling exploration holas to see if
existing water flows could be augmented, or a new source
found closer to Hailey.

Donaldson and Applegate (1979), reporting on geophysics
in the Hailey-Ketchum area, stated:

Gravity in the Ketchum-Hailey area is dominated by
a strong regional gradient controlled by the tran-
sition from the Snake River Plain gravity high to
the gravity low over the Idaho batholith. Any
detailed interpretation from gravity in this area
would necessarily involve increasing the amount of
data and carefully removing the strong regional
gradient.

Witkind (1975) (figqure 15) has identified an active
fault in the lower Wood River Valley which is ter-
minated about 7 km north of Hailey. Distortions in
the regional gradient contours are, however, sug-
gestive of faulting further up the valley and
faults are indicated on the TIdaho State Geologic
Map (Bond, 1978).

A relatively small-amplitude, low~frequency magnet-
ic high roughly centered over Bald Mountain and an
assoclated low to the north may be indicative of a
buried igneous unit {see figure 30). A strong
elongate high and associated low centered about 15
miles NE of Sun Valley appears to be a near surface
phenomena.

Guyer Hot Springs (4N-l17E~l5aacl3}) near Ketchum on Warmn
Springs Creek 1is another area where thermal water is pres-
ently being used for space heating. Guyer Hot Springs
occurrence is very similar to that at Hailey Hot Springs and
lies along a suspected curvilinear zone connecting Hailey,
Clarendon, Guyer and Easley hot springs. Warfield Hot
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: FIGURE 29. EROS false color infrared Landsat EDISE image of south-
central Idaho showing selected linear features and thermal
water locationg with surface temperature above 209C.
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FIGURE 30. Magnetic anomalies near Bald Mountain (right of
center} and NE of Sun Valley (upper right) (U.S.
Geological Survey, 1971).
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Springs is further up Warm Springs Creek from Guyer and will
probably be used to heat vacation homes near Ketchum in the
future.

Magic Hot Springs Landing was reported on by Mitchell
(1977) who stated that water from Magic Hot Springs well
(18~17E-23aabl) near the north shore of Magic Reservoir con-
tained 978 mg/l dissolved solids, 105 mg/l silica, and was
higher in chloride than other thermal water in the area.
Mitchell stated (p. 23):

This well was drilled in 1965 above the site of a
warmm spring which subsequently ceased to flow.
Surface temperature of the spring water before
drilling of the well was 36°C (Ross 1971, p. 56).
When wmeasured in the fall of 1973 the well had a
surface temperature of 72°C. In 1975, during
attempts to cap this well, artesian pressures
reached 30 psig {pounds per square inch gauge),
then started dropping. The owners were in fear of
losing the well and removed the newly installed
valve. These efforts increased surface temperature
by 2°9C to 749C and discharge to approximately 250
liters per min.

The indicated disequilibrium conditions (Na-K-Ca
chemical geothermometer differs f{rom measured sur-
face temperatures by more than 20°C) could nmean a
possibility of mixing of the thermal with nonther-
mal groundwaters. The proximity of the well to
Magic Reservoir leads one to suspect that cold
water leakage from Magic Resgervoir could be
entering the thermal water conduit system that
supplies Magic Hot Springs well. Mixing model
calculations indicate that the hot water component
of this mixed (?) water may have reached tem-
peratures as high as 200°9C with cold water making
up about 70% of total water. Even if mixing is not
taking place the 150-1759C temperatures predicted
by the other chemical geothermometers are close to
that temperature now considered necessary for a
binary c¢ycle deothermal power plant. The high
chloride content {greater than 50 mg/l) would indi-
cate that this system would probably be a hot water
rather than a dry steam systesdl.

The marked difference in chemistry between Magic
Hot Springs well waters and other thermal waters in
the Camas Pralrie area would indicate: (1) Magic
Hot Springs well waters have been at higher tem-—
peratures than the other thermal waters in the
area, and/or (2) the agquifer or reservoir rocks for
Magic Hot Springs well waters are mineralogically
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and/or chemically different from the aquifer or

e reservoir rock for the rest of the Prairie area.
Although in many instances it is possible, using
geochemical methods, to determine the aquifer or
rock type from which thermal waters are in egqui-
librium, available data does not indicate which
rock type could constitute an agquifer. The geology
of the avrea would, however, suggest the agquifer to
be either Quaternary alluvium, Middle Pliocene
basalts of the Idaho Group, Lower Pliocene Idavada
volcanic rocks, Eocene or Miocene Challis volcanic
rocks, Cretaceous dgranitic rocks, or perhaps a com—
bination of two or more of these.

The heat source for these waters could either be
(1) an intruded sill or stock, related perhaps to
the Holocene basgsalt flows found south of Magic
Reservoir, or (2) a regionally high geothermal gra-
dient and heat £low. Brott and others (1976) have
determined that geothermal gradients and heat flow
along the margins of the Snake River Plain are
higher (about 3 HFU) than the regional norm which
would indicate a regional heat source rather than a
localized anomaly.

Mitchell (1976) further stated (p. 15) that Magic Hot
Springs:

...well was drilled near the intersection of two cur-
vilinear features that are probably faults. These
faults may represent the controlling structure for
the occurrence of thermal water in this particular
part o©f the study area. Landsat false color
infrared satellite imagery shows one of these
lineaments as extending northwesterly, from near
the southern tip of Magic Reservoir, along its
eastern shoreline, and into the Soldier Mountains as
the northern margin of the study area. The other
feature extends at a glight northwesterly angle
alony the northern margin of the Claybank Hills and
into the Soldier Mountains. {Malde and others,
1963, show a fault lying somewhat east of and
nearly parallel to the Magic Reservoir (?) fault.
Their mapped fault passes through the Claybank
Hills and lies very near Maygic Hot Springs well.)
A hypothetical block diagram showing the possible
control of Magic Hot Springs well is shown in
figure 31.
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FIGURE 31.
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Idealized block diagram of Magic Reservoir Area in Camas and Blaine counties
depicting theoretical structural control for Magic Hot Springs well.
reality, the faults depicted may represent more broadly defined
faulting rather than single plane surfaces as represented on paper.
trend of these features are fairly well known, but the direction of movement

of the Magic Hot Springs fault is unknown. {From Mitchell,
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SUMMARY OF CENTRAL IDAHO REGION

Most thermal water in central Idaho occurs as springs,
although several well drillers have accidentally discovered
thermal water while drilling for cold water., Most of these
springs appeay to be fault controlled, therefore,
prospecting for new thermal water areas would probably be
most profitable along the major drainages near large river
bends, near stream confluences, near gaps in suspected cur-
vilinear zones connecting existing known thermal springs or
along major 1lineaments, Significant amounts of thermal
water may yet be undiscovered as it may be discharging
directly into river bottoms where it cannot be observed. A
thermal scanner could conceivably be used for river bottom
progpecting.

Several of the larger towns, notably Cascade, Haililey,
Ketchum and Council, occur within 5 km of a thermal water
discharge, These towns should probably receive first pri-
ority in initial assessment surveys, as they contain the
greater population concentration (see table 4 for a complete
listing). Many of these and smaller commuhities could heat
public buildings and schools with geothermal water. Some
may have small industries that could utilize geothermal
fluids. Geothermal water could also be used for space heat-
ing in recreational home areas. Recreational uses could be
increased, particularly by the USFS. Game bird hatcheries
might be established at some sites by the Idaho Department
of Fish and Game.
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GEOTHERMAL POTENTIAL OF THE SNAKE RIVER PLAIN REGION
INCLUDING WASHINGTON, PAYETTE, GEM, CANYON, ADA,
SOUTHERN ELMORE, GOODING, JERCME, MINIDOKA,
OWYHEE, TWIN FALLS, NORTHERN FREMONT, BUTTE AND
WESTERN CASSTIA COUNTIES

The Snake River Plain region of Idahg is endowed with
certain geologic features that favor the occurrence of

geothermal energy. The Snake River Plain 1is one o0f the
largest and possibly least studied (in terms of origin)
structural features of the North American continent. It

extends some 480 km in a broad arcuate plain from Weiser
near the west-central border of 1Idaho, southeastward to
Burley, thence northeastward to its abrupt termination with
the western rim of the Island Park caldera in eastern Idaho
adjacent to Yellowstone Park. In width, the plain varies
from 32 km in the west to 90 km in the east (see figure 32).

The Snake River Plain is generally divided according to
surface and shallow subsurface geology into the northwest-
ward-trending western Snake River Plain and a northeastern-
trending eastern Snake River Plain for purposes of dis-
cussion. The dividing line between the two subregions, 1is
approximated by the Salmon Falls Creek-Snake River area in
weatern Twin Falls and Gooding counties. Elevations vary
uniformiy from a low of 700 m near Weiser to a high of
1,830 m near the Island Park caldera rim. The gently undu-
lating plain is flanked on the east, southeast, and north-
east by transverse mountain ranges and valleys. Other
structural features, faulting, lineament, and joint patterns
surrounding the plain are generally parallel to (in the
western Snake River Plain) or transverse to (in eastern
Snake River Plain) the borders of the plain.

The Snake River enters the plain from the southeast
through a mountain valley in the eastern part of Idaho. The
Snake River flows along the southern margin of the plain
until it reaches the western border of Idaho, then abruptly
swings across the plain, exiting through Hells Canyon.
Smaller streams and vriverzs enter the plain from adjacent
mountains and valleys.

The plain proper represents the surface of a thick
sequence of sgilicic, andesitic, and pasaltic lava flows
interlayered with wvolcanic ash, tuff and sedimentary
material. Estimates of the thickness of this sequence
varies from 3,000 to 9,000 m. Volcanic c¢inder cones and
buttes puncture the thick pile of volcanic and sedimentary
material throughout the entire plain in many places. Many
of these volcanic and sedimentary units are water saturated.

w7 3



hf': Boundary of the Snake
{f~ River Ploin,opproximaiely
“localed,

[SIORRT
)
o

CoHdometars

FIGURE 32. Index map of Idaho showing the Snake River Plain
and its subdivisions.
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One of the largest fresh groundwater bodies known, the Snake
Plain agyuifer with more than 1.2 x 109 cubic meters of water
withdrawn annually, underlies a large portion of the eastern
Snake River Plain.

The Snake River Plain is also one of the more youthful
geclogic features in Idaho. It apparently had its inception
in Pliocene time some 3-15 million years ago. Volcanism has
continued sporadically through Holocene time (the present
epoch}. This volcanism and associated deformation has
apparently migyrated from west to east, as age dating of
volcanic rocks by Armstrong and others (1975} has shown
decreasing ages of rocks from west to east. This widespread
deformation and volcanism, both rhyolitic and basaltic, are
fundamental features of geothermal provinces.

Brott and others (1976} determined that heat flow
throughout the Snake River Plain is c¢onsistently 0.5 to 3
HFU (heat flow units) higher than in areas of normal heat
flow. The higher wvalues are found along the margins of the
plain. Although few heat £flow measurements could be
obtained above the Snake Plain agquifer due to the aquifer's
masking effect, Brott and others (1978) showed that eleva-
tion changes from west to east in the plain could be due to
thermal expansion of underlying hot rocks. Consequently,
the rocks beneath the eastern Snake River Plain where eleva-
tions are highest should be much hotter than those beneath
the western Snake River Plain. This concept is strengthened
by Armstrong's rock age dates.

Although the eastern Snake River Plain may ultimately
have higher geothermal potential than the western 8nake
River Plain, most thermal water wells have been drilled in
the western Snake River Plain. These wells extend in a belt
some 65 km wide and 270 km long, which stretches from Raft
River in the extreme south-central part of Idaho, northwest-
ward to Weiser in the west-central part of Idaho (Plate 1 in

pocket). Another, shorter and narrower belt, about 80 km
long and 15 km wide, extends northwestward from Weiser
through the Council-Cambridge area to Meadows. This belt

contains numerous wells with surface water temperatures
exceeding mean annual temperature by 5-10°C and several up
to 20°C (see map, Plate 1). Thermal springs generally seem
confined to the margins of the Snake River Plain as do
thermal wells in the eastern Snake River Plain, or are found
along the Snake River.

Three areas 1in Idaho where thermal aquifers may exist
are located within the large western Snake River Plain

thermal zone. These are the Lake Lowell-Nampa-Caldwell
area, the BRBlue Gulch area west of Buhl, and the
Bruneau-Grand View area in northern Owyhee County. Others

may exist, but well drilling has not revealed their extent
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to date. Some evidence indicates these aquifers may be
recharged through large faults in the subsurface.

Discussion of the geothermal resocurces in the western
Snake River Plain region follows on a county basis. No
geothermal resource was found in Lincoln County.

WASHINGTON COUNTY

Washington County contains several areas where there are
thermal water discharges (see figure 33). Weiser Hot
Springs (11N-6W-1l0acblS), northwest of Weiser, has long been
utilized for swimming, balneclogical bathing, and greenhouse
operations as well as small scale space heating. Several
small diameter wells yield enough water at the site of a
former hot spring to carry on the above operations. Another
location which indicates promise of electrical generation
capability is the Crane Creek Hot Springs (11N-3W-7bcbls)
area northeast of Weiser.

Young and Whitehead (1975, p. 31-32) summarized the
gecothermal potential of these areas.

The Weiser area comprises about 518 sg km in south-
western Washington County and includes two subareas
having thermal water: the Crane C(reek subarea,
which is about 19 ki east of Weiser, and the Weiser
Hot Springs subarea, which is about 8 km northwest
of Weiser.

Although the surficial geology of the Crane Creek
and Weiser Hot Springs geothermal subareas is some-—
what different, the general stratigraphy is
similar. Volcanic and sedimentary rocks of Permian
and younger age, granite of Cretaceous age, or the
older basalts of the Columbia River Group of
Miocene and Pliocene age may underlie the Weiser
area. However, the scant data available indicate
that the reservoir rock is most likely composed of
the older basalts of the Columbia River Group.
Miocene and Pliocene (?) sedimentary rocks, termed
the Payette Formation, overlie older basalts and
are, in turn, overlain by a younger sequence of
basalts of the Columbia River Group. For the most
part, sedimentary rocks of the Idaho Group of
Pliccene and Pleistocene age overlie the younger
basalts. Alluvium and colluvium of Pleistocene and
Holocene age cover much of the older rock units,
particularly in the lowlands and valleys.

Gravity surveys indicate that the Weiser area is at

the northwest end of a large regional gravity high
that is associated with the western Snake River
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FIGURE 33. Index map of Washington County showing locations
of thermal water occurrences with surface tem-
peratures of 20°C or higher.
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Plain. The Crane Creek subarea is characterized by
an extensive gravity low. A low-amplitude gravity
high indicates that a dense, anomalous, near-
surface mass may underlie the Weiser Hot Springs
subarea. Magnetic lows are found in both the Crane
Creek and Weiser Hot Springs subareas., Preliminary
audio—magnetotelluric soundings suggest that an
anomalous conductive =zone 1s present at shallow
depths in both subareas.

Hoover and Long (1975) reported on these audio-
magnetotelluric (AMT) soundings and stated:

A small region near Vale, Oregon, has been classed
as a KGRA (known geothermal resocource area). Hot~
spring activity occurs at the town of Vale and at
two locations near the neighboring town of Weiser,

Idaho. This area 1s 1in the 8Snake River basin
{Newton and Corceoran, 1963) which is on the western
edge o©of the Snake River Plain, The basin 1is

underlain by a section, at least 1.5 km and
possibly 4.6 km thick, of principally nonmarine
Cenozoic sediments. The area shown in figures 34
and 35 is covered almost completely by the Idaho
group of Pliocene and Pleistocene age made up of
gravel, sand, silt, clay, and ash. In the middle
of the basin, which is centered in the mapped area,
the Idaho group is at least 1.2 km to 1.5 km (5000
ft) thick, as shown by a number of gas wells
drilled within the basin. QOlder Tertiary rocks
crop out around the edges of this region with the
principal one being the Columbia River basalt
group. Structural trends south of Vale are prin-
cipally north-south, bending more to the northwest
in the vicinity of Weiser.

Figures 34 and 35 show the two 27-Hz AMT maps ob-
tained in the basin. At the Crane Creek Hot
Springs northeast of Weiser, one of the lowest ap-
parent resistivities was peasured, 0.5 ohm-m, at
8 Hz. The maps in the Weiser region show rather
complex structures and evidence of much lateral
change. The higher resistivities in the northern
part of the area are associated with older rocks at
the edge of the Idaho batholith.

Within the basin proper, the principal trend in the
electrical data is northeast. A resistivity low
runs through Vale and extends about 20 km to the
southwest. Extension of this trend northeast runs
into the low at Crane Creek about 20 km northeast
of Weiser. A local high of about 16 ohm-m just
northeast of Vale, apparent only in figure 34 is
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also on the same trend, This high is related to
the rocks comprising Malheur Butte, next to which
the sounding was made. This is a small prominent
plug whose emplacement may be structurally related
to this same northeast trend.

Because of the low resistivities in the basin, the
depth of AMT exploration does not extend below the
sediments in most places. We attribute the anoma-
lies to hot, saline waters and alteration within

the sedimentary section. It is interesting that
the electrical trends do not coincide with the sur-
face structural trends. Leakage of the geothermal
system to the surface, however, 1s probably along
faults 1in the sedimentary section. This same
observation has been made in other regions - most

clearly in the Surprise Valley, California KGRA
where north-trending basin-and-range faulting is
prominent, yet the trend of the data relating to
the geothermal system implies a northwest direc-
tion.

A telluric survey was made 1in the Vale, Oregon,
area and the data are shown in figure 36, The
correlation of this map with the AMT data 1s not as
direct as in Island Park, which might be expected.
The AMT survey 1is sampling principally the young
basin sediments, while the telluric data sample a
larger part of the crust and may be reflecting
basement topography. A low saddle in the telluric
data, however, is seen just north of Vale with a
trend to the east and northeast, The lowest values
on the telluric map are on the eastern edge near
the towns of Ontario and Nyssa.

Young and Whitehead (1975, p. 31-32) stated further that:

A ground-temperature survey made in the Weiser Hot
Springs subarea apparently outlines an area of high
heat flow centered or near the Weiser Hot Springs,
and it also correlates very well with high boron
concentrations measured in water samples collected
in the area of the survey.

Most of the thermal waters sampled in the Weiser
area are of a sodium chloride sulfate or sodium
sulfate type. Dissolved-solids coacentrations
ranged from 1,070 to 1,140 mg/l for therxmal water
in the Crane Creek subarea and from 225 to 852 mg/l
in the Weiser Hot Springs subarea. Thermal water
sampled in the Crane Creek subarea had noticeably
higher concentrations of chloride and boron than
did thermal water sampled in the Weiser Hot S5Springs
subarea.
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Measured groundwater temperatures ranged from 13.0
to 92.0°C, and were highest at a spring in the
Crane Creek subarea. Estimated aquifer tem-
peratures, using the gsilica and the sodium-
potassium~calcium chemical geothermometers, ranged
from 153 to 177°9C in the Crane Creek subarea and
from 3 to 1579C in the Weiser Hot Springs subarea.
Estimated aquifer temperatures for samples from
wells at the Weiser Hot Springs ranged from 141 to
157°9C. In the Crane Creek and Weiser hot springs
subareas, respectively, estimated maximum tem-
peratures at depth, using the mixed water method,
ranged from 212 to 270°C and from 200 to 242°C with
percentages of c¢old water ranging from 67 to 76
percent from 70 to 97 percent.

Analyses of hot~spring deposits from active and
inactive-spring vents indicated that, although the
mineral constituents in samples from both subareas
are similar, the deposits in the Crane Creek sub-
area contain much greater amounts of sinter than
those from the Weiser Hot Springs subarea. This
indicates that the water depositing this material
was at temperatures in excess of 1800C at depth.

The source of the heat for the thermal water in the
Weiser area 1s believed to be a c¢ooling young
intrusive implanted at shallow depth 1in late
Miocene or early Pleistocene time, or above-normal
heat flow caused by the high temperatures at rela-
tively shallow depth resulting from a general
thinning of the earth's upper crust in this area.

Aside from the power generation possibilities in the
Crane Creek area, the Weiser and Crane C(reek hot springs
represent areas where geothermal energy could be harnessed

for agricultural use as well. The Weiser area is on the
Union Pacific Railroad Mainline with a spur branch extending
into the Crane Creek subarea to very near the springs. The

entire Vale, Ontario-Weiser area 1is a rich, agricultural
area where approximately one-third of the nation's onions

are grown. Much of Idaho's fruit and sugar beets are also
grown in this area. Uses such as onion, beet pulp, and
fruit drying suggest themselves. Meat packers could make

use of the thermal water for refrigeration.

Thermal waters also extend northeastward, in a belt from
Vale, Oregon, through Weiser to Council-Cambridge in
Washington County to the Meadows area in Adams County (see
Plate 1 in pocket). Little is known about the Council-
Cambridge area geothermally except that there are approxi-
mately eight wells ranging in temperatures from 20 to 30°C
and one hot spring at 699C. Discharge of wells ranges from
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379 to 1500 1/m. The wells range in depth from 56 to 283
meters. Chemical analyses of discharge water £rom these
wells should be made to establish priorities for further
work in this area.

PAYETTE COUNTY

Little is known of the geothermal potential of Payette
County. Nine thermal wells are known to have been drilled
there and all are relatively cool, between 20 to 29°C
{figure 37). Four are in the southwestern corner of Payette
County north of Parma. Two more are up Little Willow Creek
about 13 km northeast of Fruitland. Two occur about 5 km
east of Fruitland and one occurs .4 km east of Payette.

Highest surface temperatures were measured up Little
Willow Creek at 25 and 29°C from wells 9N-3W-21bdcl and
9N-3W-19ddal. well head temperatures of 20°C have been
measured from waells 9N-5W-35cchl near Pavette and
8N—~-4W-Tccdl near Fruitland.

No chemical analyses are avallable from any thermal
wells in Payette County. Assessment of the resource should
begin with sampling the hottest ones and those neax
Fruitiand and Payette. It is possible that more and hotter
water c¢ould be found in the Fruiltland-Payette-Ontarioc area
where several food processing plants are located.

GEM COUNTY

Four thermal anomalies are known in Gem County (see
figure 37). Roystone Hot Springs (7N-lE-8ddalS) may have
potential for binary cycle power generation, Roystone

occurs near the intersection of a prominent north trending
lineament that connects with the Dry Valley thermal anomaly
north of Boise and a less pronounced northeast trending
lineament (figure 17). These are visible on enhanced false
color composite satellite images of the area. BSurface tem-
perature at Roystone Hot Springs is 55°9C and discharge is 75

1/m. As estimated by the quartz and Na-K-Ca chemical geo-
thermometers, subsurface temperature 1s 147 and 150°C,
respectively.

A spring (7N-1E-9cdclS) about .4 km from Roystone Hot
Springs has a 459C surface temperature and may have an
aquifer temperature between 84 and 106°9C according to the
Na-K-Ca and chalcedony chemical geothermomneters.

A well 9.5 m deep has been drilled recently near Emmett
in Gem County. This well has a surface temperature of 249C
which is sufficient for space heating 1f groundwater heat
pumps are used. No other data are presently availlable for
this well, but its presence suggests that the Emmett area
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FIGURE 37. Index map of Payette and Gem counties showing
locations of thermal water occurrences with
surface temperatures of 20°9C or higher.
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may have potential for low temperature geothermal energy. A

chemical analysis should be obtained from the well to see if B
subsurface temperatures might be substantially higher before '
other work is undertaken in this area.

CANYON COUNTY

Little is known of the potential in Canyon County for
low temperature deothermal use. Numerous low temperature
(20-41°C) thermal wells occur in Canyon County. In a large
area south and southeast of Lake Lowell, numerous 20-30°C
wells have been drilled (figure 38) and are mostly used for
irrigation. Water for the municipal swimming pool in Nampa
is 319C. A thermal well exists near the municipal pool in
Caldwell (4N-3W-28aabl presently flowing and unused). The
city of Caldwell owns at least one more well (4N-3W-35abdl)
which provides 20°C water. A warm well (41°9C) near the
Simplot feedlot (4N-3W-19adcl) 3 km south of Caldwell pro-
vides water for cattle. This well was drilled as an oil and
gas exploration well and reportedly produced "very hot
water," but was perforated at 900 m to provide cooler
drinking water for cattle. Other warm wells exist near
Parma {5HN-5W-%adbl and AN-5W-4decdls) and Melba
(1N-2W-36caal) (24°C) owned by the respective cities and
operated as municipal wells.

Figure 38 shows northeast-southwest alignment of thermal
wells stretching £from Parma to Nampa, passing through
Caldwell, which might indicate a geologic structure of some
length. This linear trend of wells has been mapped as a
fault between Nampa and Caldwell (Bond, 1978). Due to
obscuring cultural features, it is difficult to identify a
lineament from the satellite photos, although one might
possibly exist on or near the wells (figure 39). Several
closely spaced wells in central Ada County fall along this
trend (Plate 1, figure 9 and figure 38).

As Canyon County is a hub of industrial activity, pri-
marily food processing, this area should be assessed early
for low temperature geothermal resources. As the thermal
water appears to be related to faulting in the area, struc-
tures that might control distribution o©of thermal water
gshould be scought. Geologic mapping, gravity and magnetic
surveys, and hydrologic studies of the area should be
accomplished first to determine gross structural patterns.
Reflective seismic and resistivity surveys could be designed
and run from the previously mentioned data base to site
several drill holes in promising areas near Nampa O
Caldwell. (This has been started through the purchase of
0il exploration survey data as part of the IDWR-DOE
Nampa-Caldwell area study.) From here, stepout surveys oOr
drilling should be undertaken in other parts of the western
Snake River Plain to uncover other favorable geologic struc- A
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FIGURE 38. 1Index map of Canyon and Ada counties showing
locations of thermal water occurrences with sur-
face temperatures of 20°C or higher.
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tures where thermal water may be found. These types of
exploration could lead to discovery of many valuable energy
resources in this section of Idaho.

ADA COUNTY

People in Ada County have long used geothermal energy.
Several deothermal installations of note are currently
operating in Boise. The Idaho Department of Transportation
heats and air conditions its main office building on State
Street using a groundwater heat pump system. The Idaho
State Health Laboratory is currently using geothermal energy
obtained from the Warm Springs Water District wells.
Approximately 185 homes on and near Warm Springs Avenue have
used geothermal energy (well head temperature 749C} for
their heat source since the turn of the century. Several
greenhouses for cut and potted plants derive their heat from

geothermal wells (well head temperature 47°C). Several
domestic wells provide heat throughout the Boise Front area
to individual homes. Plans for expansion of geothermal

heating by the city of Boise are being made. The Capital
Mall Complex is being looked at for possible conversion of
state and federal buildings to geothermal energy for space
heating and cooling.

There are 119 wells (well head temperatures greater than
20°C) known in Ada County (figure 38). The hottest cnes are
near the Boise Front, where they are associated with
extensive, large displacement faulting. Wells drilled by
Boise State University Geology Department, funded by DOE for
the Boise City Project, were sited to hit the intersection
of several known faults and 1lineaments at depth. These
wells were highly successful. Preliminary tests by DOE
indicate a sufficient resource for the anticipated develop-
ment in downtown Boise., Another area of thermal water also
lies near fault and lineament intersections. This is the
Spring Valley-Dry Valley area northwest of Boise where
several thermal wells are located. Here, the Dry
Valley-Roystone Hot Springs lineament intersects the Dry
Valley fault system. Other wells are located in the several
gulches which cut the Boise Front at nearly right angles.
Mink and Graham, 1977, in their study of the geothermal
potential of the west Boisgse area, sited five areas along the
Boise Front that they considered to have potential for low

temperature geothermal use. These areas are shown 1in
figure 40. In addition to these areas, others where thermal
water 1s found near Bolse are: Strawberry Glen Road area,

Garden City area,; Capitol Mall area, ©Old State Penitentary
area, and Glenwood Street-Chinden Boulevard area.

Donaldson and Applegate (1%79) have conducted vecon-

naissance level resistivity surveys along the Boise Front to
determine thermal water locations. They state:
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Dry Creek
Thermal Well
Area

FIGURE 39. EROS false color infrared Landsat EDISE image of part of
southwestern Idaho and scoutheastern Oregon showing selec-
ted linear features and thermal water locations with
surface temperatures above 20°9C,.
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Of direct interest are the resistivity surveys
(figures 41, 42, 43, and 44) which have outlined
several anomalously conductive areas. The steep
resistivity gradients associated with these anoma-
lies probably reflect the presence of faults inter-
secting the major Boise Front fault at high angles.
Such fault intersections, where they are proven to
exist, offer very attractive geothermal prospects.

A large number of irrigation wells occur in central Ada
County in the vicinity of Eight and Ten Mile creeks where
well head temperatures in this part of Ada County are be-
tween 20 and 25°C. Another dgroup occurs near Kuna in west
central Ada County. There are several large linears that
apparently extend from the Middle Fork Boise River drainaye
and appear to cross the Snake River Plain in the Eight and
Tenmile creeks area. A long, more pronounced linear rung
northwest-southeast up the axis of the western Snake River
Plain and intersects the other linears south of Tenmile
Creek. Knowledge of the type of geologic features these
linears represent appears to be fundamental to obtaining
much more information on geothermal occurrences in the
western Snake River Plain region. A speculation is that
they represent surface expressions of basement or other
faults or vrock fractures. They may act as condults for
thermal water. Recharge of these systems could be anywhere
along them, There c¢ould even be interbasin transfer of
groundwater along some of the regional linears and transfevr
could take place anywhere from one kilometer or less to tens
of kilometers or more. Any holes drilled for the purpose of
obtaining thermal water would have to be very carefully
targeted to intersect faults or rock fractures where thermal
water may be circulating. 1In the alluvium and valley £ill
sediments away from the mountain front faults, thermal water
conduits would be difficult to locate. Analysis of large
scale enhanced false color Landsat images may allow some of
these faults to be found. A systematic program of reflec-
tive seismic profiling across the western Snake River Plain
is highly recommended to determine the location and depth of
any faulting in the area.

SOUTHERN ELMORE COUNTY

Numerous thermal wells and several thermal springs are
known 1n southern Elmore County. Springs ave scattered
widely bhut are principally located along the northern margin
of the western 3Snake River Plain northeast and east ot
Mountain Home. Some wells ave located just west of Mountain
Home and Mountain Home Air Force Base and several kilometers
to the east of Mountain Home Air Force Base {see figure 25).
The wells near Mountain Home and the Air Base are the
coolest, being 20 to 250C at the surface. Sevaral wells in
southern Elmore County are located near the Snake River.
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FIGURE 41. Map of Boise Front area showing total conductance for transmitter 1 A array
(Donaldson and Applegate, 1979, modified).
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FIGURE 42, Map of Boise Front area showing total conductance for transmitter 2 A array
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FIGURE 43, Map of Boise PFront area showing total conductance for transmitter 1 B array
{Donaldson and Applegate, 1979, modified).




FIGURE 44. Map of Boise Front area showing total conductance for
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Some of the wells drilled near Mountain Home and east of the
Air Base form linear patterns that could reveal structural
control for the thermal water occurrence. The alignment is
transverse to the western Snake Plain axis and, as in Ada
and Canyon counties, thermal water occurrences could be at
least partially controlled by faulting running across the

plain. However, the springs and wells that occur along the
plain margin seem to be influenced by structures running
parallel to the western Snake Plain axis or

northwest-southeast.

Mountain Home and Mountain Home Air Force Base are the
two principal population centers in southern Elmore County
where thermal water occurs and where greatest use could
probably be made for 1it. Other towns are King Hill and
Glenns Ferry. Low temperature (20 - 300C) thermal wells are
located within 5 km of the above sites. Prospecting for
more thermal water in each of these areas might prove fruit-
ful, and the prospect of hotter water at depth is possible.
These _areas should be further investigated to determine
their full potential, beginning with chemical analyses of
existing thermal well waters so an estimate can be made of
the maximum water temperature through the use of chemical
geothermometers.

GOODING COUNTY

Seven thermal anomalies occur in Gooding County

(figure 45). Four wells and a spring occur along Clover
Creek near the foot of the Mount Bennett Hills and another
occurs near the Snake River. All are in western Gooding

County and far removed from most population centers.

Chemical analyses are avallable on three of the seven
thermal sites in Gooding County. White Arrow Hot Springs
(45-13E-30adbls) is the hottest at 65°9C. Agreement between
the chalcedony and Na-K-Ca chemical geothermoneters (1089C
and 1129C, respectively) indicates subsurface temperatures

are probably in this range. However, in drilling the well
at White Arrow Hot Springs, the owner reports blue quartz
was found in the hole. The quartz c¢hemical geothermometer

predicts temperature of 135°C. White Arrow is presently the
scene of private agricultural research and commercial
production of tomatoes in geothermally heated Jreenhouses.
Idaho Image {(May~June, 1975) reported the following activi-
ties at White Arrow Ranch by Bob Erkins:

Tomatoes are harvested at the White Arrow Ranch at
Bligs from September through July, when tempera-
tures range from 38 to -~20(,

Tomato plants are very sensitive to extremes of
temperatures; however, the secret at White Arrow
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Ranch is that they use a large natural hot spring
to maintain optimum growing temperature during the
winter in their two 12 by 406 m hothouses.

The water which comes from the ground at a tem-
perature of 65°C flows into heat exchangers at the
end of the building. Air is blown across them and
through large plastic pipes and carried the length
of the building. Hot water is also carried through
some 3 km of black plastic pipe which provides
further radiant heat.

In hot weather, the south end of the building can
be opened and ventilation provided by six large
exhaust fans. The temperature 1is further con-
trolled by blowing air through large coocling pads
through which cold water is dripped.

Throughout the vyear, according to owner Robert
A. Erkins, the temperature can easily be maintained
at between 18° and 28°C. Production is stopped in
the summer months not by the weather, but because
that is the season when there are plenty of toma-
toes already on the market from growers using more
conventional methods.

Just getting out of the experimental stage and into
full production, White Arrow Ranch has been
shipping about 600 pounds of tomatoes per week but,
within the next month or two, expects to be ship-
ping around 4,000 pounds per week. Erkins projects
a crop of up to 30 tons of tomatoes annually from a
quarter acre of space.

Some 3,000 Manapal tomato plants were planted for
the first crop. Erkins said it was one of several
hothouse varieties that could have been used.

Future plans include cucumbers and potted house
plants. Land is already cleared and piping in for
12 more hothouse buildings, although their
construction will not be completed until they are
needed.

The key to the system is a free-flowing hot spring
which provides heated water at a rate of 3800
1/min, much more than needed for any projected
expansion. Erkins said his electric bill is not
high, but dependable power supply is important to
proper operation of the gystem. In the two exist-
ing buildings some 18 electric fans are used for
heating and cooling. In addition, three electric
pumps move the well and spring water used to water
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the tomato plants. (Water from the hot spring is
not used for this purpose.)

Erkins requires only one employee to operate the
first building. One of his most important func-
tions is to walk through the structure three times
a day with a gasoline-powered blower strapped on
his back to pollinate the plants. Tomatoes are
normally pollinated by wind, but there is none in
the buildings.

One of the biggest problems, according to FErkins,
was a lack of data. There have been other hoft-
houses using natural hot water, but no one seemed
to be able to provide much really expert infor-
mation, so much had to be learned by experimen-
tation.

Erkins and his wife have been in the trout farming
business in Idaho for 23 years, but it is their
first venture in tomato growing. White Arrow Ranch
was originally settled in the 1800's, but had been
deserted for some time before being purchased by
the Erkins. It was named for an Indian tribe that
had camped at the site and which was noted for
making white arrowheads.

A well in Gooding County (45-13E-28abbl) is 479C at the
surface, with the Na-K-Ca and chalcedony chemical geother-
mometers indicating temperatures of 98-105°C at depth. Uses
similar to that of White Arrow could probably be made with
this water. Another well (5S-12E-3aaal) is 57°9C at the well
head; the Na-K-Ca and chalcedony chemical geothermometers
predict maximum subsurface temperatures from 70-83°C might
be found in this area.

Little information is available from the other wells in
Gooding County.

JEROME COUNTY

Royal Catfish Industries has used geothermal water O
raise catfish in Jerome County (figure 46). The operation
is now closed. Thermal water at 43°C is discharged from a
thermal well (95-17E-29dbbl} located along the Snake River
north of Twin Falls to sgupply water to the facility which

had 30 fish rearing ponds. Ssubsurface temperatures
predicted by the chalcedony and Na-K~Ca chemical
geothermometers are 89 and 93°C respectively. No other

thermal water is known in Jerome County and the potential
for further prospects 1is unknown.

98-



FIGURE 46.

Index map of Jerome and southern Minidoka counties showing locations
of thermal water occurrences with surface temperatures of 20°9C or

higher.
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MINIDOKA COUNTY

Little information on the geothermal potential of
Minidoka County is available. The area is underlain by the
Snake Plain aquifer, which may mask thermal occurrences
throughout the eastern Snake River Plain. A single thermal
well (95-23E-28ccal) (figure 46), drilled for the city of
Paul, encountered Pliocene and Pleistocene basaltic lava
flows to a total depth of 137 m, discharges 22°9C at 7570
1/min. Its occurrence suggests more and possibly hotter
water might be found in the area. No chemical analysis is
available, therefore, speculation about possible subsurface
temperatures canncot be made. Uses up to and including
groundwater heat pump space heating and cooling could be
made of the thermal water at existing discharge
temperatures. A chemical analysis of the well waters should
be made to ascertain the possibilities of obtaining hotter
water in the area through deeper drilling.

OWYHEE COUNTY

The Bruneau-Grand View thermal anomaly zone (figure 47)
in southwest Idaho 1is the lavrgest geothermal area in the
western United States, rivaled in size only by the geo=-
pressured gzones in the Texas-Louisiana Gulf Coast region.
Renner and others (1975, p. 39) estimate that 1100 x
1018 joules of heat (above 15°C to 10 km of depth) are con-
tained in rocks and water beneath an estimated 2250 sg. km
of land area. Thermal water ranging in temperature from 20
to 84°C is extracted from more than 100 domestic, stock, and
irrigation wells from two different types of aquifers -
sedimentary and volcanic rock. Many of the wells are arte-
sian and range from 150 to nearly 1100 m deep. They are

concentrated mostly 1in four areas - Bruneau River Valley,
Little Vvalley, Grand View, and Oreana where farmland is
available for adgricultural use. Young and Whitchead's

{1975, p. 44-45) assessment of the resource in this area is
summarized.

The rocks in the Bruneau-Grand View area range in
age from Late Cretaceous to Holocene. Rocks of the
Cenozoic Era have been subdivided in four groups:
(1) an unnamed seguence of rhyelitic and related
rocks, (2) the Idavada Volcanics, (3) the Idaho
Group, and (4) the Snake River Group. For
convenience, these rocks 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 silicic
volcanic rocks; {(2) the sedimentary-rock aguifers,
which include chiefly sedimentary units of the
Idaho and Snake River Groups.
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Recharge to the volcanic-rock aquifer (except the
Banbury Basalt) is thought to be chiefly from pre- oy
cipitation in the higher altitudes to the south and ;
southwest of the study area where the rock units
are exposed at the surface, Recharge to the
sedimentary-rock agquifers and the Banbury Basalt is
believed to be mainly by the upward movement of
water from the underlying volcanic-rock agquifers,

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 through

Pleistocene time. Gravity and aeromagnetic surveys
support the theory of a northwestward-trending sub-
surface structure,.

An AMT (audio-magnetotelluric) survey of the
Bruneau-Grand View area has revealed a large con-
ductive anomaly in the region between QOreana and
Grand View., The low resistivities observed,
approaching 2 ohm-meters, imply a hot-water reser—
voir in which the reservoir rocks have Dbeen
altered. '

Sampled thermal water in the Bruneau-Grand View
area 1s generally of a sodium bicarbonate type. 1In
the study area, thermal water from the sedimentary-
rock agquifers generally contains dissolved solids
concentrations greater than 600 mg/i, is nearly
neutral in pH, and wusually contains less than 2
mg/1 flouride. Water £from the volcanic-rock
aquifers generally contains less than 500 mg/l
dissolved solids, has pH values higher than 8.0,
and has flouride concentrations 1in excess of 8
mg/l. Chloride concentraticns range from 2.7 to 79
mg/l for all sampled water with the walues from the
volcanic-rock aguifers usually less than 20 mg/l.
Sulfate concentrations are much higher for water
from the volcanic rock than for the water from the
overlying sedimentary-rock 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,

(Note: Recent deep drilling in the area has revealed the

eXistence of granitic rock underlying the silicic volcanic
rock aquifers.)
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Ratios of concentration of selected chemical con-—
stituents are used to distinguish water from the
volcanic-rock and sedimentary-rock agquifers. The
chloride-fluoride ratio is probably the best indi-
cator with ratios generally less than 0.6 for water
from the volcanic-rock aquifers, Chloride-boron
ratics of the hotter water agquifers showed a marked
decrease near Bruneau and Grand View because of
increased boron concentrations.,

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

The gas 1in samples collected from water 1in the
Bruneau-Grand View area consisgts primarily of
nitregen, oxyden, and methane. Methane was found
primarily 1in samples from the sedimentary rock
aquifers. Analysis of the gas in water from the
volcanic-rock aguifers indicates that the gas 1is
essentially that <contained 1in meteroic water
recharging the system.

Mineral deposition at wells and springs in the
Bruneau-Grand View area 1s noticeably absent,
largely because of the low dissolved-solids con-
centration in the water.

The source Of heat for the deeply circulating ther-
mal waters 1in the Bruneau-Grand View area 1s
bhelieved to be an above normal geothermal gradient.,
This above normal gradient could be related to a
thinning of the earth's upper crust in this area.

The Bruneau~Grand View area represents a complex geo-
thermal system consisting of several aguifers that may be
interconnected by faulting and by wells that have been
drilled through the overlying sedimentary rock aguifers into
the wvolcanic rock aguifers. The complexity and inter-
mingling of water from wells drilled into the various
aquifers precludes accurate subsurface determinations for
every well. Consequently, only aquifer temperatures are
given 1in basic data table 4 (in basic data table 2 all
available aquifer temperatures are given) for wells cased at
least two thirds of their total depth and to those with sur-
face temperatures of 40°9C or above. These estimated agquifer
temperatures suggest that the waters in the Bruneau-Grand
View area have never been very hot (100 to 110°9C) and in
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some cases may have come from depths where temperatures are
even cooler (70 to 100°C). Deep drilling in the area has
given conflicting results, although the most accurate seems
to come from Phillips Petroleum's Lawrence D. No. 1 well
(55~-1E~24adl) with a reported bottom hole temperature of
L089C at a depth of 2,672 m.

Young and Whitehead's study was limited to an area south
of the Snake River. It is not known whether the aquifer
systems extend north o©of the Snake River, Warner (1975)
postulated the existence 0of a large northwest striking left
lateral rift system near the present course of the Snake
River, with clockwise or northwestward rotation of about 80
gkm of the northern block relative to the southern block.
Rifting postdates formation of the sedimentary and volcanic
rock agquifers of the Bruneau-Grand View area. If this
rifting hypothesis is correct, the sedimentary and volcanic
raock agquifers 1in the Bruneau-Grand View area have been
rifted also, and the other "half" of this thermal anomaly
may have been subsequently shifted northwestward to now lie
somewhere between Boise and Weilser, Indeed, much thermal
water has bpeen found by well drillers in Ada, Canyon,
Payette and Washington counties.

TWIN FALLS COQUNTY

Thermal water in Twin Falls County (figure 48) is widely
scattered occurring principally in the northeastern and
eastern part of the county. There are 56 thermal water
occurrences with surface temperatures of 209C or above.

Miracle (88~14E-3lacbl$S) and Banbury (88S-4E-33cbalS) hot
springs are regorts located along the Snake River in north-
western Twin Falls County. Several wells are also located
along the Snake River north and west of Buhl.

A number of wells have encountered warm water in the
Blue Gulch area northwest of Balanced Rock and west of
Salmon Falls Creek. A fairly large warm water agquifer may
exist here, judging from the number and spacing of thermal
wells. A general alignment of wells and springs along the
eastern margin of the thermal anomaly may indicate faulting
or other geologic structure that may control thermal water
here. A large northwest-trending linear feature (figure
29), which stretches from Mountain Home to Salmon Falls
Creek (90 km), may alsc control thermal water here and feed
the aquifer system. Wells generally average 190 m deep and
well head temperatures average about 279C.

A well 0.8 km east of Buhl may indicate some potential
for low temperature geothermal use in the Buhl area. No
other information is available on this well except that the
well head temperature is 26°C,
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The city of Filer owns a well (105-16E-8cdal) having a
well head temperature of 279C. Another well temperature of
290C exists on the outskirts of Twin Falls (10S-17E-l4ccdl)
and indicates a possible thermal source may exist 1in this
area also. A well (108~18E-26bbal) between Hansen and
Kimberly is also 209C and a large concentration of wells (10
in Twin Falls County and 20 in western Cassia County) exists
east of Cedar Hill and southwest of Murtaugh Lake near
Artesian City. These wells are aligned in a nearly east-
west direction and occur near the foot of the South Hills.
This may indicate a large fault could exist here. Most of
the wells are in the 27 to 379C range and range in depth
Erom 150 to 365 meters.

Perhaps the first or only geothermally heated dog house
in the world exists at Magic Hot Springs (165-17E-30acals)
in southern Twin Falls County near a small private resort
close to the Idaho-Nevada border. Here thermal water is
used for recreation, balneclogical purposes and for space
heating a number of cabins.

Nat-Soo-Paw Warm Springs (12S-17E-31bablsS) is located
5 km east of Hollister and flows at 369C surface temperature
from Quaternary alluvium near Tertiary silicic volcanic
rocks along a possible concealed fault. Nat-Soo—Paw has
been a resort [or many years. Several other thermal springs
existed in the Hollister area but are now dry due to well
drilling. Several wells in the area discharge thermal water
of low temperature (from 20 to 38°C).

Donaldson and Applegate (1979) reported that:

The Twin Falls area lies on the boundary of the
subdivision of the Snake River Plain into its
eastern and western components. This may be
significant 1f the division reflects a crustal
break as has been sugygested by Malde (1959) based
on gravity and earthquake epicenters.

In this area gravity does not suggest any sharp
structural featuves. The regional gradient toward
the axis of the plain is dominant with the excep-
tion of a broad 5-~10 mgal low centered about 23 km
due ecast of Jerome (figure 49). A corresponding
local magnetic low (figure 50) enhances the possi-
bility that a structural depression exists. There
are no active faults documented by Witkind (1975)
in this subarea but Day (1974) has mapped linea-
ments from ERTS imagery which approximate the trend
of the western plain in direction (figure 10).

A series of warm wells in the southern portion of
this area match quite closely the trends of 3
active faults reported by Witkind (1975).
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NORTHERN FREMONT COUNTY

Extensive geothermal leasing activity is ongoing in the
Island Park basin in east-central Fremont County near
Yellowstone Park {figure 51),. Stearns and others, (1939,
pP. 28-29) recognized thig basin as a caldera, Hamilton
{1965, p. Cl) described the "Island Park caldera" as "an
elliptical collapse structure 29 by 37 km in diameter that
was dropped from the center of a shield volcano composed of
rhyolite ash flows." Hamilton further described the caldera
as:

...part of the Snake River-Yellowstone province of
intense Pliocene and Quaternary volcanism of oli-
vine basalt and rhyolite. 1In this province, as in
other bimcdal volcanic provinces, rhyolite and
basalt erupted trom vents interspersed in both time
and space, and simultaneous eruptions of both
liquids from the same or nearby vents are known to
have occurred. In the Island Park caldera the
eruptive seguence and geometry suggest that the
large magma chamber contains 1liguid rhyolite
overlying liguid olivine basait.

Hoover and Long (1975, p. 1,062) stated:

Current geologic evidence suggests that a
Yellowstone~type system does not exist at Island
Park because the last major rhyolite body was
emplaced about one million years ago and subsequent
eruptions were of basaltic composition coming from
the mantle along fractures 1in the older caldera

(R.L, Christiansen, oral commun., 1975}). The
general absence of hot springs also suggests an old
system., AMT and telluric surveys were made 1in

August 1974 to study the possible existence of con-
cealed hydrothermal activity.

The genevalized geology of rock types in the
caldera 1s shown in figure 52 with the 7.6 Hz
north-south AMT data. The caldera stands out as an
area of high resistivity, generally above 100 ohm-m
surrounded by a region of intermediate values.
Within the caldera local highs around 1000 ohm-m
are associated with small rhyclite domes on the
surface, and most hidden by later basalt flows.
The AMT data shows the possibility of another
rhyclite body on the western rim of the caldera
which has been covered by tuff and rhyolite flows
and may represent a source for some o0f these
materials.

An east-west cross section is shown in figure 53.
Included ‘in the figure is a skin-depth
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PARAMETER RANGE

Low surface Temo. Deg. C High
Temperature »* Unknown
20,00 X 29.99
30.00 + 39.59
40.00 L 49.99
50.00 A 53.99
60.00 b4 69,99
70.00 | 79.99
80.00 ] 89.99
90.00 O 100.00

FIGURE 51, Index map of Fremont County showing the loca-
tions of thermal water occurrences with surface
temperatures of 20°C or higher.
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pseudosection obtained by contouring the apparent
resistivities at their corresponding skin depths on
the section, and a second section obtained by one-
dimensional inversion of the same sounding curves.
The corresponding gravity and magnetic data show an
edge of the body near station 11. The gravity data
show a high associated with the caldera partly
masked by the flanks of the extreme low associated
with the Yellowstone region.

The telluric survey data appears in figure 54 which
shows a high degree of correlation with the AMT
data. Telluric data was obtained in the 20 to 30
second period range, which would give a skin depth
around 25 km in 1000 ohm-m material. The high-
resistivity material in the southeast part of the
caldera is present at depth as indicated on the
telluric map, and even the smallest high on the
western edge can be seen as well. The telluric
data also clearly shows the caldera as a region of
high resistivity. This impliegs that the caldera
has cooled, that there is little rock alteration,
and that the area 1s not now a very promising
exploration target. The high resisgtivities in
Island Park basin clearly support Christiansen's
inferences.

BUTTE COUNTY

Four warm wells are known in Butte County {(figure 55)
and are located near the northern margin of the Snake River
Plain. Three are 1in Butte City, 5 km south of Arco, and
another is between Arco and the Craters of the Moon National
Monument,

One Butte City well (3N-27E-9abbl) (35°C) was originally
drilled to a depth of 259 m in search of cold water. There
was an increase in the temperature as the drilling went
deeper so the well was backfilled to 145 m. Subsurface tem~
peratures may be as high as 76°C at this location. Another
Butte City well (3N-27E-9abb2) is 339C and was drilled to a
depth of 152.5 m. The chalcedony and Na~K-Ca chemical
geothermometers indicate temperatures between 52 and 54°C
might be encountered by deepening the well.

The oldest warm water well in this area (38K~27E-%aabkl)
was drilled in 1919 to a depth of 183 m and produced water

in the 40°C temperature range. Another well (3N-25E-32cdcl)
is 110 m deep and has a surface temperature of 43.50C,.

Butte City-Arco might be an area where use of thermal

water for space heating could prove feasible, As other
wells in the area have not encountered thermal water, it
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appears these thermal gccurrences are structurally
controlled {(maybe drilled into faults along which the ther-
mal water is rising). Any studies should be designed to
delineate the faults and determine the extent of the
resource along them. This could be accomplished by geophys—
ical techniques, coupled with detailed gyeologic mapping, of
the area around Butte City and Arco. Hydrologic and
geochemical studies should be pursued in order to determine
developmental effects on already existing groundwater
supplies.

WESTERN CASSIA COUNTY

Several warm irrigation wells are located between Oakley
and Burley west of the Albion Range in western Cassia County
(figure 56). Measured surface temperatures range from 21 to
399C and known well depths range from 76 to 585 m,

The largest concentration of wells in western Cassia
County occurs near Artesian City. Drilling of irrigation
wells in this area indicates the existence of a fairly large
thermal =zone, possibly fault fed at the base of the South
Hills. Temperatures are falrly low, ranging from 24 to
38°9C, This area might prove suitable for some type of large
scale low temperature gdeothermal development, possibly
related to agricultural use in the area.

Dakley Warm Springs (148-22E-27dcblS), 5 km south of
Oakley, 1is used as a small natatorium. Warm waters issue
from a fault in Paleozoic quartzite at 489°C and 40 1/min
from two sgprings and a well. Subsurface temperatures pre-
dicted by chalcedony and Na-K-Ca chemical geothermometers
are 89 and 929C, respectively.

Donaldson and Applegate (1979) reported:

A gravity map compiled by the USGS (Mabey, Peterson
and Wilson, 1974) reveals an anomaly in the vicin-
ity of Oaklev, Idaho. The ancmaly is a relatively
small amplitude low which trends basically
north-south, broadens near the Utah-Idahce Border
and narrows and shifts eastward north of Trapper
Creek {figure 49). A southeast trending gravity
profile was taken €from map values (figure 57).
Computations based on a 21 mgal anomaly and a den-
sity «contrast of 0.4 g/cc  (gram per cubic
centimeter) results in a basin depth estimate of
about 1250 m near Oakley. The profile indicates a
regional gradient with gravity increasing toward
the Snake River Plain and decreasing toward a
neighboring gravity low southeast of Almo, Idaho.

The Oakley anomaly is not strongly definitive of
structure and Witkind (1975) does not document
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FIGURE 56. Index map of Cassia County showing locations of thermal water occurrences

with surface temperatures of 20°C or higher.
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known or suspected active faults which would
control the nose of the anomaly to the northeast.
He does identify a fault suspected of being active
since mid-Miocene which lies about 11 km west of
Oakley, trends northwest and appears to control a
rather linear topographic break. The position of
this fault does correlate very well with a coherent
distortion of gravity contours as expected for
movement downward toward the basin.

While faults are not documented to define the grav-
ity suggested structure, Day (1974) has mapped
lineaments from ERTS imagery which correspond very
well to the location, shape and trend of the grav-
ity anomaly (figure 9).

The basin depth estimate of about 1250 m near
Oakley 1is a very conservative estimate based on
calculations using a Bouger approximation. This
approximation 1is generally quite accurate where
basin width is several times the bpasin depth and
results in increasingly conservative estimates as
the width to depth ratio decreases.

Assuming a 1250 m deep basin structure with a base-
ment rock thermal conductivity of 6.0 mcal/cm/©C, a
basin f£ill thermal conductivity of 3.0 mcal/ cn/°C,
and a heat flow of 3.0 HFU (see Brott, et al.,
1976), one can calculate a predicted temperature of
about 90°C at maximum depth (Diment, et al., 1975).
This maximum temperature estimate is conservative
in the same sense that the depth estimate is
considered conservative.

-117-



SUMMARY - SNAKE RIVER PLAIN REGION

Table 5 shows cities, towns, and recreational home areas
in central Idaho that are near known thermal water. These
towns probably could make use of thermal water for space
heating of schools and public buildings if sufficient flow
rates and temperatures could be obtained by drilling. The
subsequent reuse of the warm water effluent through water-
source heat pumps would give a greater and more economic use

of a 1limited heat source, The hot springs near
transportation lines might be used to establish small
industries suitable to thermal water found in the area. 1In

certain places {see basic data table 1) fluoride
concentrations in the thermal water that exceed EPA's
drinking water standard {to 2.4 mg/l depending on
temperature) might lead to disposal problems. The areas
near these towns would probably be evaluated without large
capital outlays for exploration as the target areas are
limited in size. 1In this area, those with the potential for
the highest return in conventional energy savings should be
evaluated first, Tnese would include areas of largest
population or of gJgreatest industrial potential. Initial
evaluations of the geothermal resource in the Boise Front
area has already been conducted. Several successful
exploration holes have been drilled. Other areas needing
initial assessment work are Nampa-Caldwell, Twin Falls,
Mountain Home, and Mountain Home Air Base. Weiser has
received an initial assessment, but no drill sites have been
selected, More work is needed there and near Payette to
select possible drill sites.

Exploration programs including detailed geophysical
studies, such as gravity, magnetic, resistivity, and reflec-
tive seismic surveys, as well as hydrologic studies
including isotope and additional geochemical work should be
pursued 1in areas near known thermal water to determine
structure and select drill sites. These surveys praobably
should be conducted by federal or state people or by private
entities with federal or state assistance as these studies
are expensive and small private companies have little capi-
tal to 1invest in such programs, Large corporations with
exploration money presently are not interested in what they
feel are minor energy users and will not invest money to
supply energy to one or even several users. However, com-
bined users switching to a geothermal source in several of
these areas could significantly affect the present energy
consumption pattern in Idaho and help Idaho toward becoming
more energy self-sufficient.
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TABLE 5

CITIES AND TOWNS IN THE SNAKE RIVER PLAIN REGION WITHIN 5 KM (3 MI) OF A 20°C OR HIGHER THERMAL SPRING OR WELL (1578
Spring *Best
or Estimated
Well Subsurface
Surface Temperature °C Total Present
Tempera- Min. Maxs Dissolved Water Surface
Town County Location ture °C  Na-K-Ca Chalcedony Sol ids Use Population  Owner Remarks

Boise Ada 3N-ZE-12cdd1 71 80 96 286 Space Heating 92,901 Private One of several
wells in Boise
area. Depth range

: 122-430 m.

Buhl Twin Falls 95-14E-364 - - - - - 3,382 Private No chemical anal-
yses available.

Caldwel| Canyon 4N~-3W-2Baabl 28 54 70 203 Irrigation 15,643 City of Fiowing well.

Recreation Caldwel |

Cambridge Washington 14N-3W-19cbdlS 26 65 76 3z Unused 451 -

Emmett Gem 6N-2W-14acc 20 - - - Domestic 3,943 Private Plans are for
space heating a
shop. Mo chemical
analyses avail-
able.

Filer Twin Falls - - - -~ - - 1,420 Private -

Glenns Elmore 55-10E-320dbl 38 67 68* 304 Natatorium 1,387 Private -

Ferry
Hanson Twin Falls 105-18E-26bbat 20 irrigation 450 - -
Hollister Twin Falfs 125-17E-~31bablS 36 8t 29 279 Natatorium 63 City of Well located haif-
Hollister way between Hanson
and Kimberly.

Homedale Owyhee - - — - - - 1,601 Private -

Kimber ly Twin Falls 105-18E-26bbat  ~-- - - - lrrigation 1,780 Private Well located haif-
way between Hanson
and Kimberly.

King Hill  Elmore 56-11E~7acd 32 63 65% 235 Domestic -~ Private —

Kuna Ada ZN-1#W-35caal 25 - - -- irrigation 941 Private 96 meters deep
3,595 1pm.

Melba Canyon -- - - -~ -- - 22t Private -

Midvale Washington 13N-3W-8cecl i) 46 68* 318 Public supply 447 - MunF?ipal
Wl 1

Mountain Elmore 35-6E-26adc 23 - - - Municipal water 6,755 City of City well 305 m

Home supply Mountain deep.
Home
Mountain Elmore 45~-5E-25bbel 24 47 62 114 irrigation 6,000 Private Well 162 m deep.
Home Air-=
base
Murphy Cwyhee - -— - - - - - Private -
Nampa Canyon - - - - - Recreation 23,584 City of MWell
Nampa No chemical anal-~-

yses available.
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Table 5. Cities and Towns in the Snake River Piain Region within 5 km (3 mi) of a 20°C or Higher Thermai Spring or Welil

{continued)

Spring *est
or Estimated
Well Subsurface
Surface Temperature °C Totatl Prasent
Tempera=~ Min. Max. Dissolved Water Surface
Town County Location ture °C  Na-K-Ca Chalcedony Solids Use FPopulation  Owner Remar ks
Parma Canyon AN-3W-35abc 1 28 94 70 - Municipal 1,879 City of Well 46 m deep.
water use Parma :
Paul Minidoka  95-23E-28ccal 22 - - - Municipal 911 City of Well 137 m deep.
water use Paul
Twin Falls Twin Falls 105-17&~14cddl 29 - — - irrigation 723,616 Municipal -
wall
Welser Washington 11N-6W~-10ccal 70 145 152%%% 197 Natator fum, 4,607 Private Several small
greenhouse diameter welis.
Dakliey Cassia 145-22E-7dcb15 47 90 S0 235 Natatorium 698 Private Warm spring.

#See first footnote, Table 4.

*¥4inimum temperature is chalcedony temperature. Maximum temperature is Na-K-Ca temperature.
*¥#Minimum temperature is quartz temperature. Maximum temperature is Na-K~Ca temperature.




GEOTHERMAL POTENTIAL OF THE BASIN AND RANGE
OF SOUTHEASTERN IDAHO
INCLUDING EASTERN CASSIA, ONEIDA, FRANKLIN, BEAR LAKE
CARIBOU, BANNOCK, POWER, BINGHAM, BONNEVILLE, MADISON,
JEFFERSON, SOUTHERN FREMONT, CLARK
AND TETON COUNTIES

Thermal springs and wells in the Basin and Range-Central
Rocky Mountain Region (figure 6) generally share several
characteristics - including high dissolved solids, high
HCO3 content and generally precipitation of CaC0O3 in the
form of travertine. This area also is endowed with certain
geclogic characteristics that favor the occurrence of
geothermal energy.

The eastern margin of the Basin and Range Province is
within a long narrow curvilinear zone of earthquake activity
stretching from Las Vegas, Nevada, on the south to Flathead
Lake, Montana, on the north, known as the Intermountain
Seismic Belt (Smith and Sbar, 1974}. This zone 1is
interpreted to be a boundary between subplates of the
greater North American crustal plate, where differential
movements between the Basin and Range and Colorado
Plateau-Rocky Mountain provinces are taking place (Sbar and
others, 1972). Plate and subplate boundaries are considered
to be excellent areas for prospecting for geothermal
resources. Youthful magmatic activity, areas of high heat
flow, and thermal spring activity are known to occur along
the Intermountain Seismic Belt. In Idaho, the approximate
axis of the belt passes near Preston, in Cache Valley,
through the Soda Springs area in Caribou County to Driggs in
Teton County and into the Yellowstone Park area.

The Basin and Range Province in Idaho consists predom-
inantly of block faulted mountain ranges separated by Inter-

montane basins arranged in an echelon pattern. Mountain
front faults are considered to be normal faults by most
authorities. Most of the block fault ranges tilt eastward,

and valleys have been partially filled with eroded waste
rock from adjacent mountains. Rock types here differ from
most of the rest of the state, since they are mostly marine
limestones, dolomites, shales, siltstones, and sandstones
ranging in age <from Precambrian through Permian, and
Cretaceous, and younger land derived sediments. The rocks
in general are older in the central part of the area and
become increasingly vyounger toward the edges of the
Province.

Thermal spring activity is widely distributed through
the Basin and Range Province, and wells have encountered
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thermal water locally. Most springs are associated with
known faulting or lineaments but not necessarily with
valley-mountain range boundary faults. Most springs are
near drainages and are therefore at low elevations. Thermal
springs and wells in southeast TIdaho exhibit the highest
dissolved solids of any found in 1Idaho, presumably
reflecting the soluble nature of the marine sedimentary
bedrock. Thermal springs and wells are found in areas of no
known adjacent igneous activity.

Thermal springs and wells in southeastern Idaho seem to
cccur along suspected curvilinear zones (figure 9) similar

to springs in the central part of the state. The cur-
vilinear zones may not be quite so well defined here as in
the crystalline granitic terrain of central Idaho. One

zone, stretching from Bear Lake Hot Springs to Blackfoot
River Hot Springs near the north end of Blackfoot Reservoir,
has an apparent gap between Georgetown and Soda Springs
where no thermal springs appear. Actually, a cold water
spring associated with voluminous travertine deposits does
exist near the center of the gap. It is thought that this
spring was once thermal.

The largest curvilinear =zone, stretching from the south-
ern Idaho border up to Big Springs 1n Island Park (near
Yellowstone National Park), coincides with a lineament that
stretches from the northern part of the Great Salt Lake,
somewhat discontinuously, up to at least Brockman Creek warm
springs.

Discussion of the geothermal potential of this region
follows on a county basis.

EASTERN CASSIA COUNTY

The best known and most studied geothermal anomaly in
Idaho 1is in the Raft River Valley (figure 56), a north
trending basin and range valley in southern Idaho immedi-
ately south of the Snake River Plain. The Raft River KGRA
(known geothermal resource area), was formerly ¥known as the
Frazier KGRA after C.W. Frazier who drilled the first hot
water well there for irrigation and stock watering purposes.
This well was drilled to a depth of 122 m and issued 95°C
water. Later, another hot well (92°C), was drilled on the
Crank property and is presently used for greenhouse heating.
Many other thermal wells exist in the Raft River Valley
ranging from 20 to 148°C,

The largest variety of geothermal testing and experimen-
tation at any single location in the world is presently
underway or developing {(Chappell and others, 1978, p. 83) at
the Raft River site. The principal experiments have been
summarized by the above authors (p. 85) as follows:
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Seoil Cooling

Soil Heating Agriculture
Agquaculture

Agriculture

Fluidized Bed Drying

Gas Air Conditioning

Component Testing

Tube & Shell Heat Exchanger

Direct Contact Heat Exchanger
60-KW Turbine-Generator
Environmental

Reservoir Engineering

Heat Dissipation {(Pond Cooling)
Supply Well Mixing Tests

Injection Testing

Aerated Geothermal Water Corrosion
Cooling Tower Chemistry of Brine as Makeup Water
Sulfide Oxygen Scavenge Test
Asbestos Cement Pipe

bownhole Pump Test

500~KW Turbine-Generator Direct Contact

Many reports describing results of these experiments are
available and 1listed as the ANCR & TREE reports in the
Selected References.

Geophysical studies (Mabey and others, 1978, p. 1,470~
1,478) have been conducted to infer the structure and
general lithology underlying the valley (figures 58-60).

The thermal waters are believed to be derived from a
deep fault and may be similar to other basin and range
occurrences in Idaho, From several deep well tests in the
Raft River Valley, a certain degree of reliability has been
proven relating to the chemical geothermometers. The quartz
and Na-K-Ca predicted aquifer temperatures {Young &
Mitchell, 1973 and mixing models in unpublished data) agreed
very closely (within 109C) with temperatures found at depth
(RKunze, 1975). Indeed, the Na-K-Ca chemical geothermometer
predicted temperatures almost exactly as were found., This
proven reliability in the Raft River Valley gives some
measure of confidence in applying the same methods to other
similar areas of the state.

To date, seven deep wells have been drilled to depths of
1,525 m into indicated fault zones, and large quantities of
thermal water near 150°9°C have been encountered. From
further well tests, it appears that the geothermal system is
capable of sustained production of sufficient water to run a
50 megawatt power plant, although present plans are limited
to 10 megawatts. The power generation system will be a
binary cycle system,
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Other sgprings and wells exist in the Raft River Valley
and Cassia County, some of which are located along arcuate
trends, as in north-central Idaho.

Oakley Warm Springs (14S-22E-27dcbl} located near Oakley
in an adjoining valley west of Raft River issues at 479C
from Paleozolc quartzite and is developed as a small resort.
The other wells documented in Cassia County are for irriga-
tion or domestic uses and are in rural locations as are the
springs.

ONEIDA COUNTY

Five thermal springs are located in Oneida County
(figure 61) in the Malad valley. All are fairly low in sur-
face temperature and most occur near surface drainages.
Pleasantview Warm Springs (15S8-35E-3aablS) issues at 25°C
from Precambrian quartzite and presently is unused.
Woodruff Warm Springs (16S5-38E-10bbclS) is the warmest
spring at 279C. Price's Hot Spring (16S-38E-23bbdls)
reported by Ross (1971) could not be found. An  unnamed
spring (125-34E-36bcbls8) exists near the upper end of Malad
Valley. Its surface temperature is 240C. Malad Warm
Springs (14S-36E-27cdals) issues at 25°C from a travertine
mound in the fairgrounds area near Malad City. This spring,
being in close proximity to Malad City, appears to have the
most potential for development, due to its proximity to a
population center.

In addition to the thermal springs, Burnham and others
{1969, p. 33) report three areas of saline groundwater in
Malad Valley. These saline groundwaters were: "(1l) small
in volume compared to recharge and groundwater in storage,
(2) associated directly with deep circulation along or on
the bedrock side of the boundary faults of the valley, and
(3) localized in only three small areas.™ These saline
waters might indicate that mineral rich thermal water is
mixing with c¢old groundwaters. Indeed, the cold saline
groundwaters are all found near thermal springs - one area
near the eastern margin of the Malad Valley from Malad City
to Cherry Creek, one area near Pleasantview Warm Springs,
and one near Woodruff Warm Springs. If mixing is occurring,
there ig a good possibility that hotter water could be found

by drilling near the warm Springs. Careful targeting of
drill holes to intersect faults at depth should be under-
taken before any drilling commences. However, the chalced-

ony chemical geothermometer indicates aquifer temperature
only a few degrees above surface temperature except at
Woodruff Warm Springs where aquifer temperature may be as
high as 46°C.

None of the mixing models applied to these three thermal
springs in these areas are definitive (basic data table 2,
columns Tg, 9"11).
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FIGURE 61. Index map of Oneida County showing locations of
thermal water occurrences with surface tempera-
tures of 209C or higher,
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FRANKLIN COUNTY

Mitchell, 1976, p. 17-19, summarized the thermal water
occurrences in the northern Cache Valley area as follows:

Thermal springs and wells are gcattered at irregqu-
lar intervals along the Bear River (figure 62).
They occur in conjunction with various types of
consolidated and unconsolidated sedimentary rocks
including travertine, limestone, quartzite, and
alluvial deposits. Thermal wells penetrate only
alluvial deposits,

Most springs 1in the area appear to be fault

related. The springs near Cleveland are situated
along a northwest linear trend on both sides of
Bear River. On the west side, spring vents

(125-41E~30caalsS) issue from the bottom of circular
pools 6 to 9 m in diameter within travertine

formations. Numerous seeps and many small pools
occur near the river edge. Numerous seeps and
spring vents issue from a travertine bluff
overlooking Bear River on the east. Much gas,

thought to consist mostly of C0Ojp, escapes from the
riverbed, audible for some tens of meters.

No fresh deposits of travertine were forming near
Cleveland. The springs on the west side issuing
from pools may even be dissolving the existing
travertine deposits. The waters on the west side
are much cooler (35°C) than the waters from the
‘east bluff (66°C). Waters from the vents on the
west side have been used for recreational purposes.
Samples were taken for chemical analyses from the
large pools on the west side and from several vents
on the east side.

Maple Grove Hot Springs {(138-41lE-7acalsS) are
located in an area of intense local faulting near
the shore of Oneida Narrows Reservoir, The
numerous vents and seeps and the one large pool
that make up the spring system are more or less
aligned with each other. Unlike the <Cleveland
springs, Maple Grove waters are depositing much
travertine. Gas, probably CC;, 1is also being
evolved, Several small, cold (10°C) mud pots near
the smaller vents at Maple Grove evolve small
quantities of gas which bubbles up through the mud.
The bubbling might be interpreted by a casual
observer as evidence of boiling. These waters have
been used for recreational purposes and also for
power generation as evidenced by an old Pelton
wheel found below the spring on the shore of Oneida
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FIGURE 62. Index map of Franklin and Bear Lake counties showing locations of

thermal water occurrences with surface temperatures of 20°C or
higher.
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Narrows Reservoir. This may have been the first
use of geothermal water for power generation in
Idaho; even though the wheel was designed to make
use of kinetic energy of the flowing water, rather
than its enthalpy or heat content. Total installed
capacity probably did not exceed 5 kilowatts (kw).

Well 14S-39E-36adal, on the Bear River flood plain
at Riverdale, has a surface water temperature of
40°C and was reportedly drilled to a depth of 12.1
m., For years, water from this well has been used
for beneficial purposes in a dairy operation, Rulon
F. Mitchell, a resident of the area for 40 years,
reports that snow in a 40-acre tract around the
well would melt much more qguickly than in
surrounding areas.

The Clifton Hill high angle boundary faults may
exist at Battle Creek Hot Springs (Wayland)
(155-38BE-8bdclS) and Sgquaw Hot Springs (155-39E-
17bcdls) (Oriel and Platt, 1967; Peterson and
Oriel, 1970; and Mabey, 1974, unpublished data).
These faults may intersect the Mink Creek-Bear
River lineament near these two hot springs (figure
63}). The structural implications of this trans-
verse lineament are unknown but it could represent
a strike-slip or normal fault, The controlling
structure for these two hot springs could be the
intersection of the Clifton Hill high angle bound-
ary faults with the Mink Creek-Bear River(?) fault.

Battle Creek Hot Springs consists of one large pool
about 6 m in diameter, a smaller pool (probably a
collapsed travertine structure), numerous vents and
seeps. This spring system is located on the
western edge of Bear River. Numerous vents are
marked by gas bubbles in the riverbed. Travertine
is actively being deposited around the pool and
vents of this spring system. These waters have
been used for hog carcass scalding and recreation.
Samples were taken from the two pools and two
smaller wvents. Cold water seeps (temperature 6°C
and total discharge 5-10 1/m) were issuing from a
clay bank just above the spring vents at Battle
Creek Hot Springs. Other c¢old water seeps were
issuing at approximately the same elevations as the
thermal vents about 40 m down river from the ther-
mal vents. The cold water may be seepage along
impermeable c¢lay layers from an irrigation canal
which runs along the bottom edge of the uppermost
terrace level of the river wvalley above the hot
springs, or from irrigation water applied on farm-
lands above the canal. Significant quantities of
cold water could be mixing with the thermal water.
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Squaw Hot Springs (155~39E-17bcdlS}) are located
about 1 km south of Battle Creek i#lot Springs near
the confluence of Deep Creek and Bear River. This
system consists of one well, reportedly 6.7 m deep,
four other vents and several seeps. Discharge from
the well (1558-39E-~17bcdl) is depositing travertine
at the end of the discharge pipe some 30 m from the
well head, and & small mound of travertine 1.5 m
high and 3 m across the base has been formed on the
edge of Deep CreeXk. Only minor travertine deposi-
tion or evaporative incrustation was evident at the
well head itself, where water samples were taken.
The other vents are now only very minor depositors
of travertine with small incrustations and a few
travertine~coated pebbles along discharge channels.
Older travertine deposits crop out in the immediate
spring area, indicating prior deposition by the
springs. Samples were taken from the well, from a
vent situated near the road, and from another vent
located near the Bear River-Deep Creek confluence.
All spring vents were evolving minor quantities of

gas, probably COjp. The well being the nost
prolific gas evolver, gave a false appearance of
vigorous Dboiling. These spring waters were

formerly used for recreational purposes, and for
heating hot houses.

Basic data table 2 lists apparent subsurface tewm-
peratures in Franklin County. Mitchell (1976) listed
reasons for believing that at Squaw and Battle Creek hot
springs, subsurface temperatures would approach 150°C pro-
vided quartz controlled silica in these waters. If mixing
of thermal and non~thermal dgroundwater were taking place,
temperatures could be as high as 235-2459C. 1In other aveas
of Franklin County the chalcedony chemical Jgeothermonmeter
(T4, basic data table 2) probably gives good subsurface ten-
perature estimates.

BEAR LAKE COUOWTY

In Bear Lake County (figure 62), located in the central
Rocky Mountain Province, there are only two known thermal
springs presently active. Extensive travertine deposits,
particularly on the west side of Bear Lake Valley north of
Bern, attest to wmuch greater thermal spring activity in the

past. It is not known whether the sprinas here ceased
flowing because of cooling or to self sealing because of
travertine deposition, or both. Prospecting for thermal

water might prove fruitful in areas of extensive travertine
deposition near known faults.

Pescadero Warm Spring (1258-44E-7bdalsS) (26°9C) is located
two miles south o©f the Nounan-Georgetown Road near the
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FIGURE 63. EROS false color infrared Landsat EDISE image of part of
southeastern Idaho and northern Utah showing selected
thermal water locations with surface temperatures above
200¢,
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Bern~Pescadero Road on a travertine-covered bluff overlook-
ing the Bear River. It issues at about 40 1/min. It is
presently used for stock water.

Bear Lake Hot Springs (155-44E-~13bcalS) 1is a popular
resort area and has been for many vears. Formerly known as
Joe Rich's Spring, vents igssue from limestone along a fault
scarp at the base of the steep slope, which forms the
western edge of the Bear Lake Plateau. The water issues at
489C. Bear Lake Hot Springs and Pescadero Warm Springs are
remote from population centers in Bear Lake Valley. Maximum
subsurface temperatures expected at depth may be best repre-
sented by the chalcedony equilibrium temperature at about
54°C (see basic data table 2, column Ts) . Bear Lake Hot
Springs could probably support a natatorium and a greenhouse
provided additional flow could be found by drilling.

Donaldson and Applegate (1979) reported that:

Gravity mapping (Mabey, Peterson and Wilson, 1974)
in the Bear Lake-Montpelier area of southeastern
Idaho reveals steep east-west gradients suggesting
a north-south striking basin and range type graben
valley (figure 64). An east-west profile taken
from the aforementioned map along the Idaho Stand-
ard Parallel south through the Bear Lake anomaly
(figure 65} defines a 21 mnmgal residual low.
Calculations made assuming a 0.4 gm/cm3 density
contrast between valley fill and flanking bedrock
rasult in an estimated basin depth of about 1250 m.
Witkind (1975) defines faults along both margins of
the gravity inferred graben (figure 15} which are
presuned active with late Quaternary beds broken.
Day (1974) has mapped linears from band 5m MS3-ERTS
inmagery which also coincide very well with the gra-
vity inferved graben (figure 9).

The basin depth estimate must be considered very
conservative, A similar depth estimate was calcu-
lated in the ©Oakley area where a maximum tem-
perature-at-depth of about 90°C was calculated.
Given similar assumption, similar tewmperature esti-
mates would be appropriate for this area.

CARIBQOU COUNTY

Six thermal springs and four thermal wells are known iIn
Caribou County. They are widely scattered but principally
located around the wmargins of the Blackfoot lava field and
near the principal drainages of the Blackfoot, Bear, and
Portneuf rivers (figure 66).

The best known thermal occurrence in Caribou County is
located within the town of Soda Springs and is known as Soda
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FIGURE 64.
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Gravity lows from Gem Valley (upper left), near
Preston 1in Cache Valley (lower left), and near
Bear Lake ({(lower right) (Mabey, Peterson and
Wilson, 1974.) Contour interval = 5 milligals.
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FIGURE 65. Gravity profile near Bear Lake. (From Donaldson
and Applegate, 1979.)
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FIGURE 66. Index map of Caribou County showing locations of
thermal water occurrences with surface tempera-
tures of 209 or higher.
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Springs Geyser (985-41E-12addl). It is actually a well
drilled near a former hot spring, and geysering is caused by
high pressure carbon dioxide gas rather than steam pressure
generated by superheated water. Soda Springs Gyeser is now
a tourist attraction erupting through automatic valves every
hour (at the will of the city police) when the wind is right.
It is 289C at the wellhead.

A spring (65-42E-8dbalS) with a surface temperature of
219C issues from a large circular travertine mound west of
Henry near the shore of Blackfcot Reservoir, and another
(6S5-41E~ladclS) issues at 22°C across the Meadow Creek arm
of the reservoir. Steamboat Springs (9$-41E~10daalS) issues
from travertine beneath the waters of Soda Point Reservoir.
Blackfoot River Warm Springs (55-40E-l4bcdls) issues from
travertine overlying basalt on the edge of the Blackfoot
River, Its temperature is 26°C. Another spring (78-38E-
26cbdls) known 1in the area is on the bank of the Portneuf
River on the west side of the Portneuf Valley. It has a
temperature of 41°C.

The Corral Creek wells (65~-41E~19ba, temperature 36 to
419C) are located in an  extremely faul ted area.
Strike-slip, normal, and reverse faults were encountered
when Food Machinery Corporation (FMC) drilled for phosphate
in the area. .The thermal water was encountered when
drilling reached the Mead Peak member of the phosphoria
formation. The wells werxe drilled near an old geyser cone,

Mitchell (1976) summarized the geothermal potential of
Caribou County as follows:

Geologic evidence of geothermal activity is abun-
dant in Caribou County. The Intermountain Seismic
Belt, related to plate and subplate boundaries,
passes through the area. A known zone of high heat
flow coincides with the seismic zone, and is mani-
fested by numerous thermal springs. Mansfield
(1927) reports a high geothermal gradient. The
Pleistocene basalt £flows, thought to be less than
700,000 years old, exist west and south of the
Blackfoot Reservoir. Possibly present 1is a
geologically young volcanic collapse structure
(caldera) or low density granitic intrusive (heat
source ?}. The extremely young (less than 100,000
years o©ld) rhyolite structures (China Hat, North
Cone and South Cone) exist near the center of the
area surrounded by the somewhat younger basalts.
Thermal spring deposits, warm springs and geyser
activities are evident. All are strong geologic
evidence of large-scale geothermal potential,

The audio-magnetotelluric (AMT) survey indicates
that no shallow, low-conductive ¢one (typical of
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geothermal systems) exists to depths approaching
2 km, This indicates the absence of geothermal
regservoirs to 2 km depths in the survey area.

The <chemical geothermometers indicate that the
thermal waters of the Blackfoot Reservoir area
probably have never reached high temperatures
{above 500C).

Published estimates of temperature gradients
suggest that the thermal springs could emerge from
depths as shallow as 1,000 m. The c¢lose asso-
ciation of these springs and wells with normal
faults indicates that the waters are probably
meteoric waters circulating to shallow depths along
faults and re-emerging as thermal springs or wells.
Water ascending from shallow depths may provide
little information concerning any deep thermal
system, which in this area would be the real
exploration target.

The geochemistry of the thermal waters, the results
of the AMT survey, and the speculative geothermal
gradient and heat flow estimates from the Blacktfoot
Reservoir area indicate 1little ©potential for
geothermal power generation from shallow depths

{less than 2 km). The possibility of deeper
geothermal resources 1is, however, attested to by
the favorable geologic framework. The possible

deep reservoirs would not be accessible to explora-
tion or development except by very expensive tech-
nigues such as deep resistivity, heat flow, or deep
test drilling.

Heat flow measurements taken from three or four
strategically placed 300 m deep drill holes would
indicate the approximate intensity of any deep heat
source 1in the area, and consequently may be the
better and less expensive method of exploration.
This activity should be deferred until other, more
accessible geothermal systems 1in Idaho have been
assessed.

Caribou County does, however, represent a unique
region where prospecting for geothermal water for
low temperature use might be successfully conducted
by local individuals, small businessmen, or cor-
porations who wish to make use of low temperature
geothermal energy but who lack large amounts of
speculative investment capital, Local water well
drillers might locate hot water in areas of obvious
faulting where surface deposits of travertine are
found. If the extinct springs have ceased to flow
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EROS false color infrared Landsat EDISE image of part of
southeastern Idaho showing selected linear features and

thermal water locations with surface temperatures above
200cC.
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because of self-sealing due to CaCO3 deposition,
rather than regional cooling or more arid con-
ditions than formerly existed, substantial amounts
of low temperature water (less than 75°C) might be
found by drilling into fault zones associated with
travertine deposits. Self-reliant, enterprising
individuals may even devise methods of scaling
control, a potential hazard in geothermal water
utilization in this area.

The moderately high dissolved solids in these
waters preclude their use for irrigation purposes
or stockwatering. Their Jlow temperatures suggest
uses such as mushroom growing, balneological baths,
soil warming, recreational usages, warm water for
winter mining operations or de-icing. Space
heating for vegetable greenhouses or animal hus-
bandry may be practical if efficient heat pumps
were utilized.

The saline waters may challenge engineers who work
toward their utilization. Activities related to
the large-scale withdrawal and use of these waters
must be very carefully monitored. Cooperation be-
tween those individuals making use of the water, as
well as state and leocal officials, is necessary to
avoid potential thermal and saline pollution, which
could be a danger due to the higher temperature and
salinity of these waters should large-scale with-
drawal be attempted.

Figure 67 1is an enhanced false-color infrared satellite
image of part of southeastern Idaho showing major linear
features and thermal water occurrences. Many of the thermal
springs and wells are near the intersection of these major
linear features. The exact nature of these features is not
known but the features may represent some type of crustal
fracture along which meteoric water circulates to depths
where it is heated by hot rock. \

An irregular, somewhat discontinuous and curved
lineament can be traced on satellite images {(figures 63 and
67} from the north end of the Great 5alt Lake in northern
Utah through Woodruff Hot Springs south of Malad, near Squaw
Hot Springs west of Preston, through Cleveland Hot Springs,
through Soda Springs, through Henry Warm Springs, through
Brockman Creek Warm Springs, through Fall Creek Mineral
Springs, and further north, perhaps to Ashton Warm Springs.
This lineament coincides with the suspected curvilinear zone
revealed by thermal spring activity as shown on figure 9.
Springs along this zone appear near where east-west trending
lineaments intersect the curvilinear lineament Or zone.
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The geothermal potential of the Blackfoot Reservoir area
indicates that much of the energy requirements for the
growing phosphate industry, as well as space heating for the
expanding population, might be supplied by geothernal
energy.

BANNOCK COUNTY

Four thermal spring areas and seven thermal wells are
located in Bannock County (figure 68). The most promising
areas for development are north of Pocatello near Tyhee and
Lava Hot Springs.

In the Tyhee area the warm water wells, drilled to
depths of 177 m, are used for irrigation, domestic, and
stock water. The wells range from 20 to 41°C in
temperature. They are more or less aligned in a northeast-
southwest direction approximately following an inferred
fault through the area (Trimbel, 1976). A faint linear
feature can be seen in enhanced false color satellite images
of the area. The feature is consistent with the warm water
well alignment and inferred fault. A magnetic high similar
to one found near Heise Hot Springs also exists near the
waells (Corbett, 1978, oral commun.). Thege facts are evi-
dence of both structural control for thermal water in the
area and possible deep circulation of meteoric water along
faults. Chalcedony and WNa-K-Ca chemical geothermometers
give 63 and 47°C respectively in one well (5S-34E-26dabl) in
the Tyhee area. Quartz predicts 63°C for the subsurface
temperature in another well (basic data 2, columns Ty, T4,
Tg). Further work in the area should be considered to
determine the attitude and exact position of the controlling
structures to target drill holes to intersect the structure
at predetermined depth. Gravity, magnetic, and hydrologic
studies should be performed first to best determine the type
of followup approaches to use in further reservoir assess-
ment in the Pocatello-~-Tyhee area. This area 1is currently
being studied in greater detail. Any thermal water discov-
ered here could be utilized for space heating and industrial
uses in Pocatello.

Another avea of thermal water occurrence 1is Lava Hot
Springs where two groups of thermal springs and several
wells of above normal temperatures are known. Lava Hot
Springs has been a popular resort area for years boasting a
state-owned health spa. Before renovation, the swimming
pool contained natural thermal water; now, the water must be
heated by natural gas to give a comfortable swimming
temperature. The city is interested in Eurther development
of the resource, particularly for space heating.

McClain (1978) reported on the geothermal occurrences
near Lava Hot Springs and stated:
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Geologically, the Lava Hot Springs area 1is a
complicated stratigraphic and structural location.
The oldest rocks in the area are Precambrian and
lower Cambrian quartzite. Units representing
Cambrian through Pennsylvanian systems are present
in the area. Most of the rocks in this section are
carbonates. A major unconformity exists between
the upper Paleozcic units and Tertiary units of the
area. Pliocene units are present in the area and
consist of sedimentary and volcanic Dbreccias,
tuffs, ash, and lava £flows. Most of these rocks
are valley fill materials which have been largely
removed by erosion. The final stratigraphic unit
deposited in the area are Pleistocene lava flows.
Most of the Portneuf River Valley is underlain by
this intervalley basalt flow.

During the Cretaceous and early Tertiary, major
thrust faulting displaced the Precambrian and
Paleozoic units eastward. The area exXperienced a
period of structural gquiescence during the early
and middle Miocene which was followed by extensive
high angle faulting during the Pliocene, This last
period of tectonic uplift created the present fault
block mountain range of the area.

Physiographically, the Lava Hot Springs area is in
the northeasternmost corner of the Basin and Range
Province. The occurrence of thermal springs in the
area appears to be related to the location of fault
Zones, The brecciated fault zones sgerve as per-—
meable conduits leading the thermal water up from
depth.

In the city of Lava Hot Springs, two major fault
linears intersect. The Lava Hot Springs fault is a
major north-south trending linear that is typical
of the Basin and Range Province, Vertical
displacement along this fault is several thousand
feet <c¢reating the fault block mountain which
dominates the relief of the area, A second fault
cuts east-west through the Lava Hot Springs area
offsetting the Lava Hot Springs fault to the east
several hundred feet. It is at the intersection of
these two faults that the thermal waters of the
area are manifested. The relationship of the
thermal waters to the thrust plain of the region is
unclear.

The hot waters of the Lava Hot Springs area range
in temperature from 21-68°C, The major springs
which feed the Foundation Spa are 38CC. The pres—
ence of fault zones can be easily determined in the
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area by extensive travertine deposits. These ther~
mal waters are most logically associated with
deeper sources of thermal fluids which are cir-
culating up through the Paleozoic units along the
fault intersection.

Most of the thermal springs and wells in the area
occur from the basaltic rocks which underlie the
Portneuf River Valley. Several shallow wells have
been dug with backhoes to depths of less than 20
feet. Hot fluids are intersected along the bottom
contact of the basalts. This may indicate that
thermal water of the area is rising along the fault
zones and spreading horizontally along the basalt
contact.

Using the sodium-potassium-calcium geothermometer,
a reservoir tewmperature of 211°C has been pre-
dicted, and using silica, a temperature of 80°C.
In either case, the temperature would be sufficient
for space heating. A surface temperature of 71°C
has been reported on the bank of the Portneuf River
just west of the gpa. Investigations are presently
being undertaken to determine the feasibility of
designing a district heating project. The reported
flow (over 1500 1/min.} and the location appears to
favor this project. A district heating project
would also avoid the present apparent interference
between the very shallow individual wells in towns.

Downata Hot Springs {(125-37E-l2ccdlS), a popular resort
area of long standing, rises from Quaternary alluvium near
Tertiary sediments. It is associated with an east-west
lineament (see figure 67). It is 43°C at the surface.
Subsurface temperatures here probably are not much higher
than 46°C, as estimated by the Na-K-Ca chemical geo-
thermoneter. These hot sgprings are remote enough from a
large population center to exclude large scale development.
Greenhouses or other agricultural uses could be made of
excess water over and above the resorti's needs.

One warm domestic well (22°9C) exists near Marsh Creek
between McCammon and Inkom. It has not been sampled.

POWER COUNTY

Power County has one popular resort area, Indian Springs
(8s-31E-18dabls) (figure 69), which has been in existence

for many years. It is located a few kilometers south of
American Falls. Indian Springs is 329C and discharges 5,830
1/min. Maximum subsurface temperatures expected are best

represented by the Na-K-Ca chemical geothermometer at 71°0C
with the quartz chemical geothermometer indicating 63°C.
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Two other springs, Rockland Warm Springs (108-30E-
13cdelS) and an unnamed spring (95S-28E-19%acdlS) located west
of Massacre Rocks State Park on the shore of Lake Walcott,
are undeveloped. Rockland Warm Springs has a chemistry and
surface temperature similar to Indian Springs.

Several large travertine deposits occur in Power County
(figure 70). Past flows of thermal water may have deposited
them. I1f the thermal springs ceased flowing due to self
sealing from travertine deposition in spring vents, thermal
water might be found by prospecting along known faults near
the travertine deposits. Trimble and Carr (1976, p. 62-64)
reported on the geology in the Rockland and Arbon
quadrangles, Power County. They stated:

Travertine and travertine-cemented conglomerate and
breccia occur at several localities in the Rockland
and Arbon guadrangles., Yellowish-white travertine
as much as 1.83 m thick overlies the Little Creek
Formation in the valley of Warm Creek from a point
near Indian Springs to a point near the community
of Neeley. An isolated exposure of travertine
apparently overlies basalt of the Massacre Vol-
canics on the east side of the wvalley of Rock
Creek, in the SWl/4 NEl1/4 sec. 13, T.95., R.31E.
Several outcrops of travertine overlie alluvial
pebbly silt or gravel that, in turn, rests on the
Starlight Formation (1) on the north side of Rocky
Hollow east of the highway between American Falls
and Rockland {State Highway 37), (2) 1in secs. 28
and 29, T.95., R.31lE., between Rocky Heollow and
Spring Creek and (3) along the valley of Spring
Creek.

Travertine and travertine-cemented conglomerate and
breccia are exposed in the valley of East Fork Rock
Creek and in Sand Hollow and Dry Hollow in the
Rockland guadrangle and are exposed in the area of
Pete Lish Canyon, Howard Flat, and Warner Flat in
the Arbon guadrangle. The thickest travertine
deposits are adjacent to the frontal fault of the
Deep Creek Mcuntains and to a normal fault of large
displacement in the Arbon guadrangle. In Sand
Hollow, travertine-cemented conglomerate imme-
diately adjacent to the frontal fault is about 68 m
thick and ends abruptly on the east at a breccia
zone, In the valley of East Fork Rock Creek, it is
more than 15 m thick. Travertine 1is found down-
valley from the fault for as much as 5 km in some
places and appears to be ycunger than the coarse
pediment gravel in this area.

The volume of travertine-cemented breccia at the
locality in the Arbon dguadrangle 1is notable. An

~149-



L iR BDAL

=

N LCICEr)

;
|
|

i nun e 2BBC IS

v

"}36 BGADIS o

ed known springs

Travertine deposits and associat

—en M
==
L

FIGURE 70.

from Bodnar and

in southeastern Idaho (modified

1978)

Bush,

~150-




area more than 4 km long and locally more than half
a mile wide between Pete Lish Canyon and Warner Flat
is completely covered. DLocally, this deposit prob-
ably 1is more than 150 m thick. The breccia is com-
posed mainly of fragments 0.65 - 1.25 m across of
Paleozolic rocks in a travertine matrix. Travertine-
cemented sandstone and tuffaceous sandstone is
locally interbedded with the breccia.

The common occurrences of travertine-cemented con-
glomerate and breccia adjacent to major faults, and
the abundance of travertine near Indian Springs, a
hot spring apparently on a fault line, indicate that
the travertine was deposited by water containing a
high percentage of calcium carbonate that issued
from artesian springs along the faults.

A late Pleistocene age for most of the travertine is
suggested by two lines of evidence. First, the
isolated exposure of travertine overlying basalt
east of Rock Creek, in the S5EL/4 NW1l/4 sec. 13,
T.9S, R.30E., contains mollusks of possible
Pleistocene age {USGS Cenozoic loc. 21644) .
According to D.W. Taylor (written commun., 1959) the
absence of extinct species tends to suggest a late
Pleistocene age, but the small number of species
makes even this age uncertain. The stratigraphic
position, in several localities, of the travertine
above gravel that probably is generally equivalent
to the Sunbeam PFormation also suggests a late
Pleistocene age for much of the deposit. Eastward
dips in the travertine cemented Dbreccia and
sandstone in the Arbon quadrangle indicate that
there has been renewed tectonic movement along the
major fault after deposition of the travertine.
This suggests that these deposits are somewhat older
than flat-lyiny deposits west of the frontal fault
of the Deep Creek Mountains.

BINGHAM COUNTY

Only two thermal springs are known in Bingham County
(figure 71). Both are of low tewperature. Yandall Springs
(35-37E-31dbbl8) is located at the base of Yandall Mountain
along a fault 1in Paleozoic limestone. It 1issues from
several vents at 22 - 329C. This is a fairly large spring,
discharging 5,700 1/min and 1is used for irrigation.
Dissolved solids are only 197 mg/l. Subsurface temperature
probably will not exceed 359C, as predicted by the chalced-
ony chemical geothermoneter.

Alkali Flat Warm Springs (4S-38E-28dddls) 1is a small
seep situated in a bowl in travertine and closely resembles
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FIGURE 71. Index map of Bingham County showing locations of thermal water
occurrences with surface temperatures of 20°C of higher.
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springs found in Caribou County. It has a surface tem-
perature of 349C, discharges about 75 1/min and is located
in the Gay Mine (phosphate) area. Thermal water in this
area could possibly be used in winter mining operations.
The spring 1is presently used for stock water, Subsurface
temperatures are predicted to be about 58°C by the chalced-
ony chemical geothermoneter.

Donaldson and Applegate (1979) reported that:

The preliminary Gravity Map of southern 1Idaho
(Mabey, Peterson and Wilson, 1974) defines a promi-
nent low about 12 miles south of Blackfoot (figure
72). An east-northeast profile through this
anomaly {figure 73) defines a 22.5 mgal low which,
assuming a 0.4 gm/cm3 density contrast, results in
calculations estimating a basin depth ©f about
1,342 m. A steep gravity gradient on the east side
of the anomaly is very suggestive of a fault but
the equi-dimensional nature of the main part of the
anomaly does not suggest a preferred direction of
valley strike. Witkind (1975} defines a 105 km
long active fault which 1is terminated 1in the
vicinity of the east flank of the gravity anomaly
{figure 15). This fault has been recurrently
active since Middle Miocene time. East of this
anomaly, gravity is quite featureless and exhibits
only a regyicnal gradient of about -~.64 mgal/km
eastward, Day (1974) has mapped a lineament from
ERTS imagery (figure 9} which approximates a por-
tion of the Witkind fault but terminates before
reaching the gravity anomaly. In the vicinity of
the gravity anomaly, Day has mapped several north-
gast trending linears which parallel the trend of
the eastern Snake River Plain, only a short
distance northward (figure 9). It is probably
significant that gravity contours enclosing the
main portion of the previously mentioned anomaly
are distorted toward the northeast (figure 72).
Gravity, mapped lineaments and a prominent fault
interruption all indicate effects of the force or
forces responsible for the presence of the eastern
Snake River Plain and the complexity expected in
the transition into this dominating structural
feature,

BONNEVILLE COUNTY

Three thermal spring areas are located 1in Bonneville
County and warm water of 209C has been encountered by well
drilling near Ammon west of Idaho Falls (figure 74). Alpine
Warm Springs {(28-46E-19cadlS), the hottest at 37°C, is now
covered by the waters of Palisades Reservoir. A sample of

-153~-



AN

FIGURE 72,

Gravity lows south of Blackfoot
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FIGURE 74.

Index

map of Bonneville County showing locations of thermal

water occurrences with surface temperatures of 20° or higher.
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this group of springs was obtained during low water caused
by the drought of 1977, Subsurface temperature here might
be  61°C as predicted by the chalcedony chemical
geothermometer.

Brockman Creek Hot S8Springs (28-42E-26dcdlS) is 35°C,
discharges 49 1/min and bubbles gas.

Fall Creek Mineral Springs (1N-43E-9cbblS) is the cool-
est thermal spring at 259C. It discharges water along a
three—-fourths mile long stretch of Fall Creek and deposits
travertine in several locations. The spring appears to be
fault controlled.

Subsurface temperatures in these areas are best repre-
sented by the chalcedony (T4, basic data table 2) tem-
perature, with the exception of Fall Creek Mineral Spring,
where quartz (Ty) may be the best estimated subsurtace
temperature. At Fall Creek, subsurface temperatures may
approach 40°C, while at Brockman Creek and Alpine Warm
Springs, subsurface temperatures might be as high as 38 and
61°C, respectively.

This area lies along what is locally known geologically
as the Heise Alpine Trend.

MADISON COUNTY

Madison County near Rexburg and Fremont County near
Newdale have been scenes of intense geothermal research
activity by the DOE and the USGS. Since the destruction of
Sugar City by the Teton Dam failure and flood of 1976,
efforts have been aimed at f£inding a thermal source to heat
the rebuilt town of Sugar City. The area lies along the
southern margin of the eastern Snake River Plain in a zone
of high heat flow recognized by Brott and others, 1976.
Heat flow values in excess of 5 HFU extend in a northeast-
southwest zone from Rexburg to Newdale. Several thermal
wells are also known here (figure 75)., The Na-K-Ca chemical
geothermometer predicts a shallow warm water system with
temperatures that might range between 30 and 81°C,

Mabey {1978} reports:

A . caldera complex in the Rexburg area of the
eastern Snake River Plain has bheen defined on the
basis of geologic evidence provided by H.J. Prostka
and G.F. Embree (written communication, 1977} and
named the Rexburg caldera complex (figure 76).
Geothermal resources in the Rexburg area are likely
to be related directly or indirectly by this
caldera complex.
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FIGURE 75. 1Index map of Madison and Jefferson counties showing locations of
thermal water occurrences with surface temperatures of 20°C or

higher.
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FIGURE 76,

Bouguer gravity anomaly map of southeastern Idaho
showing the location of the Rexburg caldera com-
plex (from Mabey, 1978).
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A gravity map of the caldera complex (Mabey, 1978) Iis
shown in figqure 77.

Mabey (1978) further reports:

The boundary of the Rexburg caldera complex is best
defined by the surface geology in the southeastern
guadrant, and here there is very good correlation
between the boundary of the Rexburg gravity low and
the caldera complex boundary. On the west and
north the gravity data may be the best information
available on the boundary of the caldera complex,
and the inferred boundary of the caldera complex
shown in figure 77 coincides with the edge of the
negative mass ancomaly indicated by the gravity
data. To the northeast the caldera complex appears
to overlap another depression, and the margin here
is not well defined by either the geclogy or the
gravity data. The inferred boundary here 1is
primarily a connection of the better defined
segments. The lowest gravity values occur in the
eastern and western parts of the caldera complex,
near Menan Buttes and east of Rexburg. The subdued
high between these lows appears to be a
northwestward—-trending gravity high centered over
Helse Hot Springs and a southwest-trending high
west of Sugar City.

Gravity lows associated with calderas in the
western United States wusually result £from two
sources: low density fill within the caldera or an
underlying body of intrusive rock that is less
dense than the enclosing basement., The coincidence
of the southwestern boundary of the Rexburg caldera
complex with steep gravity gradients suggests a
near—-gurface source, caldera fill. Except in the
vicinity of the gravity high at Heise Hot Springs,
the rocks exposed or penetrated by drill holes as
deep as 420 m in the area of the gravity low are
stream gravels, bhasalt. and we lded tuff of
Quaternary age, and Pliocene rhyolite. No attempt
has been made to determine the density of these
rocks in the area of the Rexburg caldevra complex,
but the average bulk density of similar rocks in
the region ranges from about 2.0 to 2.65 g per cm3.
The average bulk density of pre-Tertiary rocks in
the region is about 2.65 g per cm3. Thus a mass of
the low-density Quaternary and Tertiary sedimentary
and volcanic rock encloged by pre-Tertiary rock
would produce a gravity low, and this seems a prob-
able cause of a major part of the low,. Nowhere
does the gravity anomaly regqulire a deep source,
although the existence of such a source smaller in
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extent than the inferred caldera complex 1is not
inconsistent with the gravity data.

Although the. Rexburyg gravity low appears in large
part to reflect f£ill within the Rexburg caldera
complex, a precise guantitative interpretation of
the anomaly is not justified. The amplitude of the
gravity low cannot be accurately determined because
of uncertainties in isolating the anomaly from the
more regional high associated with the eastern
Snake River Plain. No approximation of the
regional gravity anomaly over the Snake River Plain
can be computed by assuming that a linear rela-
tionship exists between the gravity anomaly and
topography (Mabey, 1966) . However, in the
northeast part of the SBnake River Plain, the area
over which the elevations are averaded strongly
affects the regional determined and thus the ampli-
tude of the computed residual. Even if the local
low could be isolated from the regional high, the
fill and the enclosing rock cannot be accutately
estimated, Also the possibility of a significant
contribution to the gravity anocmaly by an
underlying intrusive body cannot be discounted.
The residual amplitude of gravity is estimated to
be about 20 mgals. The average density contrast
between the £ill and the enclosing rock is likely
to be between 0.2 and 0.5 g per cm3, A 20-mgal
anomaly could be produced by a thickness of 1 to
2.5 km of rocks having this density contrast.

Green Canyon (Pincock) Hot Spring (5N-43E-6bcalS) lies on
the caldera margin (figure 77). The quartz chemical geo-
thermometer (T;, basic data table 2} gives an estimate that
thermal water feeding the Green Canyon Hot Springs may only
have been as hot as 72°C.

JEFFERSON COUNTY

Only one thermal water occurrence is known in Jefferson
County (figure 75). Heise Hot Springs (4N-40E-25ddals), an
established popular resort area located near the South Fork
of the Snake River near the edge of the Snake River Plain,
is in the extreme southeastern part of the county. BSurface
temperature is 49°C, The quartz chemical geothermometer
gives an estimate of a subsurface temperature of 79°C. This
spring deposits free sulfur and travertine and has a
distinct sulfur odor. It issues from Tertiary silicic
volcanic rocks along a northwest-trending fault. Heise lies
within and near the southern margin of the Rexburg caldera
on a large gravity high.

Mabey (1978) reports:
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The most prominent local gravity and magnetic ano-
malies are highs within the Rexburg caldera complex
in the area of Heise Hot Springs (figure 77.)
Although the crests of the anomalies are coin-
cident, the extent of the anomalies are different
and they cannot reflect entirely the same mass.
Mesozolc sedimentary rocks overlain by Pliocene
rhyolite flows and welded tuffs are exposed in the

area of the anomalies. Rhyolite dikes are locally
abundant. The northwest-trending Heise fault
{(Prostka and Hackman, 1974), which forms a

southwest-£facing scarp locally 300 m high, is
parallel to and near the crest of the anomalies.
The correlation between the gravity high and
outcropping Mesozoic sedimentary rock suggests that
the gravity anomaly reflects in large part a struc-
tural high elevating the more dense pre-Tertiary
rocks., The shape and extent of the magnetic
anomaly, the abundant rhyolite dikes in the area,
and the indication by the magnetic gradients that
the source lies below the surface all suggest that
a major part of the magnetic high is produced by a
large buried intrusive body. ©Some features of the
magnetic anomaly reflect the near-surface volcanic
FOCKS,

Heise Hot Springs and the warm springs to the
northwest occur along the crest of the gravity and
magnetic highs. The springs are in a structurally
complex area where northwest-trending faults, prob-
ably related to the Basin and Range structure of
Swan and Grand valleys, displace a structural high
over the inferred intrusive body. Although the
Heise fault forms a prominent southwest-facing
scarp and the presence of the Snake River against
this scarp attests to recent movement of the fault,
the geophysical data indicate that the Heise fault
is near the crest of the structural high,

The north side of the magnetic high 1is an east-
trending =zone that coincides with a subtle east
trend 1in the gravity anomaly contours. The zone
coincides with west-trending segments of major
canyons and 1s north of the northernmost outcrops
of rhyolite. Another east-trending gravity feature
is apparent about 5 km farther north.

About 8 km east of Heise Hot Springs are coincident
gravity and magnetic lows (figure 78). The cause
of the lows is not apparent on the geologic map of
Prostka and Hackman (1974). The anomalies appear
to reflect a zone in which both the density and
magnetization of the underlying rocks are lower
than those of the enclosing rocks,
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Pincock Hot Spring, on the east edge of the Rexburg
caldera, lies midway betwen two £light lines about
9 kxm apart on the regional map (figure 78}, Along
both flight lines a magnetic high was measured
opposite the hot spring. Although existing data
are not adequate to define this anomaly, the data
suggest a magnetic high in the area of Pincock Hot
Spring.

A profile (figure 79) normal to the trend of the
gravity high shows a section that would produce the
major features of the gravity and magnetic fields
in the vicinity of Heise Hot Springs. The gravity
anomaly is attributed to a high on the surface of
the pre-Cenozoic rocks at Heise Hot Springs and to
an area of thicker Cenozoic rocks under the valley
of the Snake River to the southwest. The depres-
sion c¢ontaining the thicker Cenozoic rocks 1is
parallel to and within a northwestward projection
of the Swan-Grand Valley trend into the Rexburg
caldera complex. The magnetic anomaly has two
major components: a local high at Heise Hot
Springs superimposed on broader, more deeply buried
source. Both components probably reflect a large
body of intrusive rock with the apex near Heise Hot
Springs. The intrusive mass, which may be the same
age as the rhyolite dikes, lies within the Rexburg
caldera complex where the Swan-Grand Valley trend
intersects the caldera. Magnetic anomalies
suggesting a similar intrusive body occur elsewhere
along the southeastern margin of the Snake River
Plain, where major Basin and Range structures
intersect the plain (Mabey, in press). Along the
northeastern part of the profile, the magnetic
anomaly appears to reflect both Cenozoic volcanic
rock and the underlying intrusive body.

SQUTHERN FREMONT COUNTY

One thermal spring in southern Fremont County referred
to as Ashton Warm Springs (9N-428~23daclS) is located out-
side the Rexburg caldera boundaries near the community of
Ashton (figure 51). It seeps into a nearby creek at 419C.
Silica content 1s guite high, indicating superheated water
could be obtained here. The Na-K-Ca chemical geothermometer
indicates that & maximum subsucrface temperature of 91°C may
be cobtained. Ashton Warm Springs is close enough to Ashton
to represent a significant energy source for low temperature
space heating, and uses up to low temperature blanching
(figure 4) might be possible 1if increased flow rates and
temperatures coutd be found through deep drilling.
Geophysical and geoclogical studies to determine structure
should be pursued before any drilling in the area begins to
best site a target prior to any contemplated deep holes.
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Seventeen thermal wells ranging from 22 to 51°9C exist in
southern Fremont County in and around the city of Newdale
{10 km southeast of St. Anthony}. This thermal anomaly
seems to be related to the Rexburg caldera previously dis-
cussed in the sections on Madison and Jefferson counties.
Further work in this area might be oriented toward deter-
mining if thermal water could possibly extend further to the
northwest, toward St. Anthony.

CLARK COUNTY

Three thermal spring areas are known in Clark County
(figure 80). Liddy Hot Springs (10N-33E-35ccclS) is located
near where the mountain front meets the northern margin of
the eastern Snake River Plain. Liddy 1is located on an
active fault and is used presently for phosphate fertilizer
processing and in a domestic laundry room. It was formerly
used at the Liddy Hot Springs natatorium, which has been

closed for several years. Discharge is near a ridgecrest
several tens of meters above the Snake River Plain. It is
one of the two ridgetop discharges known in Idaho. A well

has been drilled near the spring site and the owner reports
that water shot to the top of the 12 m drilling mast, so the
well apparently is under some degree of shut-in pressure.
Surface temperature is 51°C. Best estimated subsurface
temperature is 540C by the chalcedony chemical
geothermometer. The Na-K-Ca chemical geothermometer gives
an estimate of 659C as the probable highest temperature that
might be obtained f£rom the well.

Big Springs (13N-32E-15bcblS) is 1located on Warm
Springs Creek, a tributary to Medicine Lodge Creek in the
Beaverhead Mountain Range. It is 23°9C and is not used. It

discharges 140 1/min. No chemical analysis is available.

wWarm Springs (11N-32E-25aaclS) is 299C, discharging 3400
1/m and is currently used for stock water. Chalcedony and
Na-K-Ca chemical geothermometers give an estimate of subsur-
face temperatures of 25 and 23°9C, 4 and 6°C, respectively,
below surface temperatures. The guartz chemical geother-
mometer gives an estimated subsurface temperature of 51°C.

Clark County thermal areas apparently lie on the same
thermal water structure or issue from deep rocks similar to
those found on the south side of the Snake River Plain,
judging from the travertine deposits found in both areas
(figure 70). Clark County is the only area north of the
Snake River Plain where travertine deposits of large areal
extent are known. Commercial quarrying operations for onyx
occur here,. Water gquality appears to be good; dissoclved
solids are less than 500 mg/l. Flouride content at Liddy
Hot Springs is 6 mg/l; however, as maximum subsurface tem-
peratures appear to be not greater than 68°C, limited use
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FIGURE 80. 1Index map of Clark County showing locations of thermal water occurrences
with surface temperatures of 20°C or higher.
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could be made of the thermal water. Uses such as animal
husbandry, greenhouse, space heating, and hay and grain
drying are suggested in figure 4. Other thermal water might
be discovered in Clark County in areas of obviocus faulting
near travertine deposits provided extinct springs have
ceased flowing caused by self sealing from travertine depo-
sition in the thermal water conduits.

TETON COUNTY

Only one thermal spring (13N-45E-7baalsS) 1is known in
Teton County {figure 81}. It is located east of Victor near
the western flank of the Big Hole range in the Teton Basin.
It is 209C at the surface. Chemical analysis 1is not
available, so speculation on the subsurface temperature can-
not be made. It discharges 950 1/min and is used for
gwimming. This spring is located near a thrust fault in
Triassic marine sedimentary rocks near the nose of an
anticline.

A thermal well (7N-43E-36aacl), 353 m deep, has been
reported in northwestern Teton County. The reported surface
temperature is 49°C. The well was not field checked, but the
well location seems to "f£it" the suspected curvilinear zone
outlined on figure 9.
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thermal water occurrences with surface tempera-
tures of 20°C or higher.
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SUMMARY
BASIN AND RANGE
CENTRAL ROCKY MOUNTAIN PROVINCE
SOUTHEASTERN IDAHO

Table 6 shows towns in southeastern Idaho that are near
thermal water. These towns probably could be heated by
geothermal water if sufficient flow rates and temperatures

could be obtained by drilling. School districts could
perhaps lower heating costs by developing geothermal
heating. New schools or other public buildings planned
could be built near thermal water locations. In certain

places, as at Preston, Malad, and Soda Springs, CaCOj
deposition and high dissolved solids may lead to scaling and
disposal problems. In other areas, heat dissipation and
objectionable gasses may pose environmental problems. Areas
near towns in southeastern Idaho could be evaluated without
large capital outlays for exploration as the target areas
are limited in size.

Pocatello, due to its large population and industrial
hase, shows the most promise of the largest impact upon con-
ventional energy supply savings by converting to geothermal
energy; the potential in this area should be studied first.
Gravity, magnetic, seismic refraction or resistivity studies
should be able to pinpoint controlling structure and thermal
water occurrence in a limited area near Tyhee, north of
Pocatello. Pump tests on existing wells should be conducted
to determine aguifer characteristics,

Preston may show promise of power generation. If such
is the case, cascading uses could be made of thermal water
effluent from the power plant. These uses rande from steam
electric generation to fish farming (see figure 4}.

Malad, Soda Springs, Lava Hot Springs, Rexburg, and
Ashton represent towns where an economical assessment of
geothermal resources for space heating of business estab-
lishments and area subdivisions could be made. Rexburg also
has potential to use geothermal heat in food processing
plants, as well as to heat large buildings at Ricks College.
Other areas may have potential and could see development as
well, but assessment might be a little more difficult and
costly. The engineering and economic feasibility of retro-
fitting the above comnunities for space heating could also
be studied.

Wells to tap the geothermal resource would have to be
carefully targeted to intersect thermal water bearing
structures which, in most cases, appear to be faults,
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TABLE 6

CITIES AND TOWNS [N SOUTHEAST [DAHO WITHIN 5 KM (3 MI) OF A 20°C OR HIGHER THERMAL SPRING OR WELL (1978)
Spring *Best
or Estimated
Well Subsurface
Surface Temperature °C Total Present
Tempera- Mine Maxe. Dissolved Water Surface
Town County Location ture °C  Na-K-Ca Chalcedony Solids Use Population  Owner Remar ks

Albion Cassia 1§5~-25E-11ccal 60 81 oXERY 372 irrigation 243 - -

Ammon Bonneville 3N-39E-30adcl 20 —— e - Domestic 3,360 Private No chemlcal anal-
yses avaliable

Ashton Fremont 95-42E~23dabls 41 91 116 204 Unused 1,181 Private Thermal spring
just north of

. Towna
Lava Hot Bannock 95-38E-~Z1ddals 45 50 g2¥xx 960 Natatorium 512 State of Recreational
Springs balneological |daho areas
baths

Ma | ad Oneida 145-36E~27cdals 25 28 Q1H¥% - Unused 1,848 Private Spring in tfraver-
tine bow! near
fairgrounds.

McCammon Bannock 95-36E-3¢dbl 20 - - - Domestic 619 Private No chemical anal-
yses available.

Newdale Fremont TN-41E-35cdd 32 84 93 317 Irrigation 285 City Several wells In
vicinity of New-
dale.

Pocatelio  Bannock 55~34E~26dabi 1 41 47 62 7i8 Domestic & 42,565 Private Several weils

irrigation aligned in a NE
direction.

FPreston Franklin  155-39E-17bcd] 84 125 25Q%* 9,830 Unused 3,284 Private Geothermometers
difficult to in-
Terpref.

Rexburg Madison SN=40E-36ddbl 26 - - - irrigation 9,761 Private No chemical anal-
yses available,
not field checked.

Soda Caribou 95-41E-12add1S 28 30 54 3,207 Tourism 3,487 City Really a well

Springs drilled near a
former spring.

Yictor Teton 3N-45E-Tabbi 20 - - - Private 254 Private No chemical anal~

swimming yses avallable.

Weston Franklin  165-38&£-24acd) 25 84 92 566 Irrigation 229 Private Well 3 km S5E of

*¥See first foofnote of Table 4.

*WMaximum Temperature is from Na-K-Ca chemical geothermometer, minimum ftemperature is from quartz chemical gecthermometer.
#¥%Maximum temperature is from quartz chemical geothermometer, minimum temperature is from the chalcedony chemical geothermometer.
*¥¥EMaximum temperature is from Na-K-Ca chemical geothermometer, minimum femperature is from the chalcedony chemical geothermometer.

Weston.




CONCLUSIONS AND RECOMMENDATIONS

It has become apparent that much of the thermal water
discharged through wells and springs is probably of low tem-
perature (<100°C). Much of it discharges near small towns
and cities throughout southern Idaho where it could
reasonably be used £for space heating. Figure 82 shows
locations of towns and c¢ities in Idaho within 5 km of a
thermal water discharge. In these areas, and to some extent
in favorable rural areas, the federal 1978 Energy Tax Act
has provided significant incentives for private development.
These c¢ities and towns nhear thermal water discharges
represent approximately 30 percent of TIdaho's present
population.

Prior to the development of any geothermal resource, the
prospective developer/user should be sure there is a neces-
sary amount of water appropriated and a drilling permit
secured from the IDWR. The subsurface ownership should be
checked for ownership of the mineral rights. If not, the
developer/user will need to secure a geothermal lease from
the appropriate party or agency.

As found in the statewide study done for this report,
most of the thermal water is associated with known faults or
linear features thought to represent some type of rock
fracture. Even the three main thermal aquifers presently
known to have thermal water are widespread--Bruneau-~Grand
View, Blue Gulch-~Artesian City, and Nampa-Caldwell areas may
ultimately be fed through deep-seated regional fractures.
Recharge to the fracture controlled systems could be
anywhere along their length and interbasin groundwater
transfer may be associated with those that are regional in

length. More and perhaps hotter water might be discovered
by exploration along faults and fractures throughout the
Snake River Plain region. {(Drill holes would have to be

targeted carefully to intersect the water bearing structure
at predetermined depth. Detailed knowledge of the dip,
strike, and throw of faults would be needed to site the
drill holes.) Reflective seismic profiling and deep
electrical resistivity methods appear to be the best methods
of delineating fractures containing thermal water in much of
the western Snake River Plain region. A systematic program
for seismic and resistivity profiling should be initiated in

-------- the Western Snake River Plain region and in areas of heavy
population density in eastern Idaho, such as Pocatello, Twin
Falls, and Idaho Falls, to map fracture patterns, provided
geologic conditions are conducive to seismic techniques in
these areas.
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FIGURE 82.

Index map showing known geothermal resource areas (KGRAs) and federal
and state leased lands in Idaho (current to October, 1978).
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In the Western Snake River Plain region, the faults and
linear features associated with thermal water appear to be
regional in character, some stretching the length and
breadth of the plain. 1In the Western Snake River Plain, a
systematic seismic reflection profiling program should be
initiated to cover most of the plain proper where geologic
conditions are favorable to seismic reflection techniques.
This could be in the Nampa-Caldwell-Boise region and be
extended intoc other areas later on. The seismic profiling
could be followed by resistivity surveys of faulted and
fractured areas discovered by the seismic profiling. This
would provide information on deep water movement, recharge,
and discharge areas. It would leave well-defined target
areas for large-scale energy users to explore in greater
depth.

The small towns and cities outside the Western Snake
River Plain could be assessed at relatively small cost as
surveys c<ould be concentrated in smaller areas.

The preceding three regional summaries give specific

conclusions regarding towns that could receive the most
significant and the greatest benefits from further study.
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Preliminary Environmental Assessment, Idaho
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The basic data tables list information on thermal
springs and wells so far as is presently known. In
some instances the spring number given in the basic
data tables may differ slightly from that found on
the map, Geothermal Resources of Idaho, Plate 1, in
pocket. The location given in the basic data
tables represents a sample location while that
given on the map represents that of the main
discharge points. When a spring location is given
in the text, it refers to the basic data tables.
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BASIC DATA TABLE 1

CHEMICAL ANALYSES OF THERMAL WATER FROM SELECTED SPRINGS AND WELLS IN IDAHO
{Chemical constitutents in milligrams per liter)

£5 Hardness
c
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HNumber and MHame (5] Py {m] e o = L] o @ i3 [ [:N £3 L = D < o Y =] =z < ® @ v [ &
Ada County
LILLIE COLL{iAS WELL
PNOOTE 1ADCY B/12/76 25 W4, 0. 31 22.0 5.80 48 2,60 14%. 0.0 33.00 Q.02 7.0 0.0 1.00 0.0 0.0 342 i 245 9. 0. 1z2, 5.0 2.4 -0.198

NLCHOLSON WELL N
N 1E 25D3a1 8/ %% 25 16 0. 38 17.0 60 30 2,30 19, 0.0 15,00 G.01 6.8 0.40  0.76 0.0 0.0 287 1.9 LER! 33. 0. $8. 53.8 1.8 -Z.Z09

AGR|-CON WELL £4 )
IN 1B 36AAD1 o/ 0f 0 22 0. 0. 46 377.0 103.00 444 124.00 0. 0.0 528,00 0.0 2.0 0.27 0.0 0.0 0.0 248 T4 1915 1372, 1372, Q. 3B.7 5.2 44.506

10U LAND AND BEEF }
IN ZE GABAl 3/ 6/34 25 125, 0. 28 .0 290 4% %10 134, 0.0 2Z00 0.0 160 1.0 0.0 0.0 WO 299 8.3 00 47, 0. 110, 88,3 3.1 -1.900

TOM SEVINS WELL .
N TR 22088t O OF O 31 0. 0. 26 224.0 6,10 889 99,00 595z, 0.0 1013,00 0,0 227.0 l.60 0.0 7.9 Q.G 237 8.1 5451 584. 0. 4910, 73.1 16.0 -40,B13

GEORGE WH TMORE

WELL

20 18 24DA01 Qo0 &7 Oa 0. 30 377.0 44,00 841 99.00 5784, 0.0 1383.00 0.0 39e.0 0,3 0.0 0.0 0.0 94 .6 6500 1122, O. 5959, 59.4 10.9 -42,094
WARREN TUZER WELL

2N 3E 10BCBY B/ 3/16 20 144, 6. 32 17.0  &.20 14 1.10 7. C.0 16.00 0.0% 7.3 0.30 1.30 0.0 0.0 193 7.% 131 80. 0. 83, 33,3 0.8 -0.592
5T. TRANS. DEPT,

WwELL

2N 3E 28CAC) 8/ 316 22 297. 0. 44 3.0 4,90 19 .60 119, 0.0 7.60 G.05 4.6 .30 2,00 0.0 0.0 232 7.4 185 8. 9. 98, 34.2 0.9 0.883
FERD KOCH WELL

340 28 20B0D0 8/10/77 49 C. 6. 3% 3.0 0u10 Y20 0.60 89, 15.00 25,00  G.O 7.3 3.10 0.0 0.0 0.G 320 9.0 856 8. O. 98. 99.4111.,5  B3.400
BEARD WELL

3NOZE HEABCY 1072177 e 0. 5%6B. 80 5.3 0.0 a9 1,40 §20. 19.00  21.00 Q.03 3.0 1700 002 0.0 .09 420 8.5 25 4. 0. 130, 92.8 0.5 1.851
WARM SPRINGS

WATER DIST

3N 2E 120001 5/31/%2 35 122. T4, 78 2,8 0.0 73 1.30 141, 4.00 .00 0.0t 9.3 400 0.08  G.0 0.0 386 7.3 ZBEG D 0. 1220 86,1 14,8 =-13,543
GLD PENITENTIARY WELL #1

3N ZE I3ACBY 11/ 6/76 59 I66. 2649. 42 1.6 0.01 T 0.78 0 100, 20,00 0.0 0.3¢ 8.9 18,00 Q.9 0.05 0.50 402 8.7 217 & 0. 115. 97.1 6.7 -1.219
BO{ St WATER

CORP. WELL

3N 2B 36ABCI e 21 Ga 0. 25 9.0 0.80 2z .10 97, C.0 14.00 0.0 3.9 0.30  0.28 0.9 Q.03 204 T.3 134 21 [+ 79. 47,9 1.3 ~3.9B2

DENNES FLAKE WELL
48 1E 240CCH 8/ 9717 2% 310, 95. 60 22.0 2.10 42 5.40 0 200. 0.0 .10 .12 2o GubQ 0,0 C.0 Q.11 310 7.8 86 64, Q0. 164, 56.5 2.5 -3.5Q7

CARL RUSH WELL :
4an 26 4BDT) 8/ 9/77 29 O. 0., 27 34.0 310 30 1.20 150, 0.0 36.00 0.0 5.9 200 0.0 0.0 .02 290 7.3 210 98. 0. 123, 39.7 1.3 -2.235

EDWARDS GREENHOUSE
WELL
48 ZE 29ACDI1 331772 47 304, 0. 456 4.5 (L3 55 240 145, 2.00 21,00 9,02 4,4 10,00 Q.06 0.0 0.0 31y 7.1 28 t2. 0. 122, B8,5 6.8 -13.%27
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SHADDW VALLEY WELL

SNOOLE Z56CC1 B/ 8/77 26 92, 1703, 38 38,0 430 28 560 150, 0.0 54.00 0.0 4.1 1,80 Q0 Du0 0.04 340 8.6 25 112, 0. 125, 34.2 1.1 ~3.744 10

BEN STADLER WELL

SmOTE 260C0T &/ 977 M 20, 306, 32 @0 1,30 3 3,90 110, G.0  47.00 0.0 4B 3.50 0.5 0.0 000 2799 7.9 205 B3, 0. 90, 54.5 2.0 -3.943 10

JULIGS JEKER WELL

AR Tt J5ACAL 531772 40 0. q3. 33 443 el 48 320 1tZ. .00 23.00 Ga03 4.9 11.00 .05, 9.0 0.0 85 1.5 184 1. 0. g3 87.8 6.3 -11.722 3
JERRY DAVIS
WELL #1

TN W TACCH 8/12/76 21 180. G, 45 32,6 Z0.00 20 B.80 171, 0.0 10G.00  C.O 43.0 0,23 4,20 DB 4.0 85 8.0 405 212, T2. 140. 33.0 1.5 3,093 14
CLATER FORSGREN
WELL

IN 1w TBOCE  B/25/73 20 38. G, 43 45.0 18,00 60 6,10 4. 0.0 110.00 0.0 7.0 0.30 0.0 0,0 0.0 843 7.4 435 1B6. 0. 216. 40.2 1.9 -6.52 3
1R¥ i3 BOEHLKE WELL

N Tw  8DBAY 10/ 6/77 22 0. 3028, 3% 70.0 B.80 46 4,70 110 0.0 130,00 .04 55.0 0.2 1,20 0.0 0.07 BI0 7.5 405 21%, 12t 90. 31.6 1.4 1.326 10
SHANE BUES WELL

1 bW 150841 3712/ 23 169, 0. 47 .0 7.50 39 4.90  130. 2.0 3704 4.c1 15,0 0.3 1.20 .0 0.0 331 8.1 235 9. Go 1G7. 300 Q.9 0.233 e
TERRY TLUCEK
WELL #1

WO 22000 07 0/ 0 2 de . 37 4.0 56,00 59T 99,00 6599, a0 970,00 CLO 340.0 0,23 0.0 0.0 0.0 270 Fué 5762 1301, 0. S400. 47.4 7.1 43,501 12

BESCHOF REALTY WRLL

ITW 2SADOT B/25/77 21 0. 0. 32 89.0 0,00 58 270 310, 0.0 140.00 0.8 .0 030 310 GO0 GO 808 7.0 523 304, 0. 254, 28.1 1ek  -0.772 12

L THA F1SHER WELL

5w 1BCABT 10/ 7475 20 5B, 0. B2 34,0 B0 B 9,30 7. 0.0 16,00 0.0 4-2 9,50 0. 6.6 W0 360 7.9 WS HIB. 0. 194, 29.5 1.0 -8.588 g
HAHRY CHARTERS
WELL

15 1w S5ASCY 8/1%T7o 2 113, 0. 43 B.0 6,90 48 470 133. 0,0 4500 0.01  15.0 C.50  1.40 0.0 0.0 346 8,2 741 68, 9. 109, S58.4 2.9 -D.35% 12
INITAL BUTTE WELL

15 bw 3edbli 3 4776 22 1B, 0. 32 14,0 5,70 54 4,60 114, 0.0 57,00 0.01 2.0 0.3C 3.20 G0 0.0 386 8.t 257 1. U. G3. 60.5 2.8 0.149 12

15 County

WHITE LICKS H 8
16N 2E 33BCCI1S &/29/72 6% 0. 114, 110 39,0 0,30 420 17.0G 1. 3.0 660.00 0.05  150.0 B.50 0.07 .0 0.0 502 7.6 1440 9. 40, 8. BB.4 6.4 2.534 3
KRIGBAUM H 5

190 26 22CCAIS 6/29/72 43 Oo 151, 730 3.3 0,20 140 3.0 81, 9.00 190.00 0.03 2.0 2.80  0.0% 0,0 9.0 GG 8.8 489 4. Q. B8le 94,3 16.2 -0.2B4 3
ZiM'S RESORT
ZUN  LE 260DALS 6/29/72 &5 0. 0. 64 iZ.0 a.ic 190 3.00 47. 9.00 330.00 0.0% 32.0 2,30 .07 0.0 G G40 8.5 665 30. O b4, 92.2 15.0 -0. 167 3
STINEY W §

2IN 1E 23A8A15 10719777 30 0. 3G, 53 .0 1,70 133 3.80 &1, 1.00 230,00  0.0Z 2.0 1.EC 0.0 0.0 0.88 680 H.4 497 32, Oa 68. Bid.0 0.0 -4.625 10
BOULDER CREEK

RESORT
22N TE 34pAS WA19%/77 & N 9. 43 17,0 0.0 50 0.40 48. 34,00 40.00 0.02 5.0 .06 (,03 0.0 0.9 240 9.4 213 4Z. Ty 4. F.T 3D 1.831 0
STARKEY H §
TBN W 340BB1S 8/27,72 56 0. 492, 56 4.5 0.0 86 L6060, 6.00 130,00 0.05 4.0 Q.90 0.05 U] 2.0 502 8.4 348 1. O S9. 93.4 11.2  -B.700 3
*DATA REFERENCE: 1= R0SS,1971 2= CATER,ET.AL,, 1975

= YOUNG AND MITCHELL, 1873 4= YDUNG AND wWHITEHEAD, 19754

= YQURGT ARl wei TEHEAD, 19708 G= M{TCHELL, 1976A

= MITCHELL, 19768 8= MITCHELL, 19760

9= SWANSON, 1977 W= MITCHELL ,UNPUBL | SHEDR, 1978

TSCGHANG  ETWAL. , 1974 12= UsSGS WRD FILE

hyrin
"

= STOKER,UNPUBL | SHED, 1977 14= YOUNG, 1977




Basic Data Table 1. Chemical Analyses of Thermal Water from Selected Springs and Wells in Idaho {continued)
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Bannock County
SHOAL SUBSDIWISION WELL
55 34E 260841 6/20/79 26 72, 378. 38 930 39.00 176 25,00 425, 0.0 156,00 0.0 228.0 2,70 6,90 0.0 a.o 9 Qo 975 392 44, 348, 47.4 3,9 -2, 248 0
ROBERT BROWN WELL #1
55 34E 26DAB1 27z 4 Y. 57. 20 0.0 25.00 i56 21,00 478, 0.0 95,00 C.0 87.0 3.20 0.02 0.0 0.0 170 7.7 766 Zi7. 0. 392. 51,7 3¢ 0.700 3
DEAN MORRIS WELL
95 36E  3CDB1 8/ 1416 22 8. 0. 25 44,0 9.20 13 1.90 143, 0.0 t5.00 0.0 24.0 0,10 Q.0 P4 .0 349 7.2 200 148, 30, 117, 15.9 0.5 3.313 El
LAYA H S
95 38E 2100A15 E/15/72 45 0. 0. 32 120.0 32.00 170 39.00 542, .4 110,00 Q.04 190.0 0.70 0.38 0.0 0.0 1579 6.6 9e0 431, D 444, 43.5 3.6 1.310 3
DOWNATA H S

125 37E 12CCOIS  5/1%/72 43 G, 1857, 29 430 1500 20  9.i0 214, 0.0 18,00 0,0 2L 0,40 0.30 0.0 0.0 415 6.7 20 159 Ju 175, 194 O.7 0.135 3

1 Bear Lake County
b PESCADERD W §
o 115 43E 26BDAIS 9/12/7%F 26 0. 38, 31 1BB.0 65.00 63 14.00 653, 0.0 225.00 0.0 B83.0 1.80 0.4 0.0 0,26 0% 6.4 994 736, 197, 539, 15.4 1,0 0,229 14
i
1 BEAR LAKE H 5
155 44E 15CCAIS 3/ 9/72 48 Os 0, 33 210.0 5%.00 180 &1.00 6. 0.0 800.00 (.01 9.0 .10 0.9 0.0 G.0 2039 6.6 1353 730, F40. 210. 32,1 2.9 1,937 3

YANDELL SPRINGS
35 37€ 3108815 8/18/77 32 0. 568, 22 150.0 35.00 2z .20 240, 0.G 3300 G.02 29,0 G090 0.0 0.0 0.05 930 7.1 714 518, 32, 197, 8.3 0.4 -0.735 14

ALKALE FLAT W 3
45 SBE 2800015 B/18/77 34 0. 9. 19 210,00 68,00 34 37.00 640, 0.0 340,00 G.03 .0 0.90 0.0 0 1,10 1529 6.6 1040 BO4, 279, 524, 8.9 0.5 1.084 0

HAILEY H 5
20 B8R 180EBIS  7/1i/72 39 0. 265. B3 2.0 0.0 58 1.50 88, 0.0 51.00 0.02 0,0 12,00 0,07 4.0 0.0 337 8.7 2iz 5, b 72, 9%.% 3.2  ~%,.164 3

CLARENDON H 5
INTE ZFOCEIS W7z 47 0. 378. B .2 0.1 el .70 29. 30,06 63,00 0,01 .0 15,00 .06 G0 G0 400 8.2 30% 6. O T4 95.6 4.3 4,353 3

GUYER H 3

AN C1TE 15AACIS  T/11/72 71 U 3785, 86  Z.9 0.0 B 240 S5t 25.00 7200 0,02 11.0 16,00 0,06 0.0 0.0 421 8.0 324 7, 0, B3, 94,8 13.6  -5,7%9 3
WARFIGLD o §

4N P7E 31BBCIS 10/13/77 62 €. 378, 97  Z6 GO 67 LS00 55, 37,00 35,00 Q.01 8.1 .00 G0 0.0 001 375 8,7 289 6. 0. 107, 94,7 11.4 -11.009 10
EASLEY H S

5n 16E 160BCIS oF O O 37 0. 68. 5& 3.8 010 &9 C.60 24, 28.00 46.00 Q.0 5.9 21,00 0.0 4.0 0.0 0 9.2 2440 10. a, 66, 93,4 9.5  -3.416 11

RUSSIAN JOHN H 5
&M 16E 33CCAIS O O/ O 35 s 4. 34 253 0.10 0 0.60 25. 29.00 46.90 0.0 6.5 19.00 GO 2.0 0.0 0 8.8 239 S 'R 69. 95,7 12,3 ~5,364 1

MAGIC H S LANDENG WELL
15 17€ 234AB1 &/21/72 N 79. 57. 100 22,0 1.30 330 19.00 V&6, 0.0 60,00 0.04 83.0 13,00 0.06 0,0 0.0 1499 6.4 1005 60 0, 628, 689.5 18,5 -2,486 B
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MAGIC H 5 LANDING WELI
15 17 23aA31 10729473

CONDIE H §
13 23E 1400C1s 8/ 8/72
MILFORD SWEAT H S

1S 226 1DABIS B/ 8/72

TwIN SPRINGS
4N BE 24BCEIS T/ /595
OANSKIN CREEK H &
SN 5B IBCCIS &/ 8/72
HOT SPRENGS
CAMPEROUND

8N 5E BbCB1 10/20/77
CONLAY RANCH H 3

8N 5E T0BODIS  8/18/72

DEER H 3

9N 3& 238ACIS BS 4/72
KIRKHAM H 5

9N 8E 3ZCABIS 7/14/72
BONNEYILLE K 5

10N 10E 31BCCIS  8/18/72

FALL CREEE
MINERAL S5PG
1IN 438 9CBB1S B/10/72

BROCKMAN CREEK W S
25 426 2600015 10/19/76

ALPINE W S
25 ABE TOCADIS  9/21/T7

LEWIS ROTHWELL

WELL
3N Z5E 3Z00CH

&7 9772
BUTTE CITY
WeLL #1
An 27E 9ABST B/ 9/72
WARDROP H S

th 13E 32ABB1S  B/20/72

HOT SPRINGS RANCH
N 13E 328BC1S 10/31/73

HOT SPRINGS RANCH
N O13E 32A8CZS 10/31/73

HOT SPRING RANCH
1N I3E 328BC33 10/31/73

ELK CREEX H §
1N 15E 14ADAIS 10/30/73

ELK CREEK H &
I 158 14ADA2S 10/30/73

72

32

44

40

48

55

8O

6%

85

25

35

A7

5]

60

87

79,

O

113

145,

Q.

0,

38,

310,

6.

265,

6.

946,

1314,

265.

49,

8.

45,

28

26

30

48

64

59

1t

24

40

55

33

13

81

%

8

B2

83

5640

60.0

440.0

150.0

560.0

74.0

64,0

42

2,4

9,15 321
M.og 63
12,00 48
G.0 52
9,30 66
0.0 15
0.0 ]
0.0 150
010 66
G.10 &7
96,00 1116
41,00 2100
100.00 1300
24,00 72
2,00 3
0.0 54
.0 56
.0 56
0.12 55
0,12 <N
C.t2 92

235,00

17.48

8,90

8.80

Q.50

120,00

34,00

180,00

21,00

.76

F35.

360,

294,

22,

83,

Tt.

40,

160,

46,

8.

1200,

1200.

£80.

322,

315.

51,

45,

94

65,

6.

0.0

G0

26.00

30.00

21.00

21200

9,0

c,0

0.0

0.0

0.0

37.00

36.00

30.00

32.00

Z.40

1.20

52.00

28,00

£3.00

22,00

42,00

24,90

38.00

79.00

4500

52,00

0.0t 85.0 10.00
.67 4.0 1.70
0,03 6.5 2.30

Boise County

0.0 2.0 4,80
0,01 5.1 3,10
0.01 7.3 15.00
0.02 9.6 14,00
0,02 34,0 13,00
0.02 5.0 15,00
0,03 TaZ 17.00

Bonneville County

380,00

2502.00

1004.00

170.00

56.00

12,00

11.00

1200

11,00

44.00

44, G0

0.04 1900.0 1.70

0.0 590.0 .60
0.53 2800.0 .70

Butte County

0,02 21,0 3.20

22,9 .80

Camas County

0.03 .1 410
9.0 5.7 3,00
0.0 2.7 330
0.0 3.t 3,20
G.0 2.0 18,090
3.0 Z3.G 16.00

0.0

0.25

0.1

0.04

0.04

03.06

.02

0.05

9.05

0.12

0.98

G.07

0.03

0. 70

0,09

0,06

9.0

0.0

0.0

0.0

.08

0.08 1149
0.0 &53
0.0 591
G0 30
0.0 317
0,10 375
0.0 336
0.0 600
0.0 322
e 377
0.0 7949
T.0 8643
9,20 10499
.0 898
0 648
0.0 252
.00 226
0.0 215
0.0 220
0.01 333
0.01 376

6.9

7.3

7.3

S.4

8.8

8.9

8.6

8.t

7.B

B}

6.3

6.4

2

8.0

N2

9z

9.2

3.9

8.9

978

393

3N

221

210

249

o7

464

204

297

4658

6377

6615

398

394

AL

217

27

214

286

310

2.

35,

195,

X

6.

3.

[

1493,

543,

1808,

258,

B

Q.

309,

0.

1087,

19.

s

G

T

U

0.

60Z.

295,

241,

80,

Tia

102

83,

151,

3.

83,

543,

1557,

72t.

264,

258.

103,

97,

98.

98.

57.

81,

B9.7 19,6

39.9 ZO

33.2 1.5

95.0

3.0

93.3
56,0
94,2 16,9
5.5

12.6

93.8 12,0

59.5 12,5
58.6 39,7

61,5 15,3

33.5 L9

2.1 0,8

9.1 12,6

97.2 15.4
96,0 15.4
96.% 12.8
95.9 6.2

5.9 5.7

~1.595

-0.676

-1.280

0.017

6.821

-1,B81

~$. 113

. 585

-4.389

=-10.961

-0, 170

1.431

-3.802

-1e29%

-2 174

~3,553

-0.71%

1.044

-0.638

5,529

1346




Basic Data Table 1. Chemical Analyses of Thermal Water from Selected Springs and Wells in Idaho {continued}
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Lamas County (cont’d.)
EiK CREEK H S
i OISE 14ADA3S 10430773 45 0 8. 78 2 LG 92 1.60 96. 2,40 48,00 0.0 24,0 17,00 0,86 0,03 0,00 418 8.9 313 5. Q. 83, 96.4 17,1 ~1,055 8

LIGHTFOOT H 5
3O13E MWCALS 10714477 56 O 38, 72 .31 0.0 82 2,00 110, 15,00 26.00 0.0t 6.0 15,00 Q.03 O &t 460 8.7 82 da Q. 1170 96,3 17,3 -4.026 ¢

BAUMGARTNER H 3
3N 122 YOCDAS 10/14/777 44 O o, 44 45 Q.0 54 0,80 B0, 11,00 22,00 0.01 15.0 6.50 0,27 0.0 0.07 210 8.5 135 i 0. 84, 94,2 9.4 -7.980 14

WORSWICK H S
AN 14F Z8CAAYS 7730072 81 Go 1764. 96 lag 0.0 £9 1.%0 51, 28,00 35.00 O.02 5.0 15,00 0.07 0.0 0.0 328 1.3 216 4. 0. B8, 95.6 4.7 4,773 3

SHEEP H 5
t5 TZE 18CAB1S 10/31/713 49 Q. 0. 68 L0 0.0 49 0.78 T 5700 7.70 0.0 4.2 2.00 0.04 0.0 0,00 208 4.9 189 2. O, 95. 96.8 13,5 2,290 a

WOLF H 5
15 1ZE 16CBATS /31773 45 Q. 9. 68 & GO 49 0,39 5. 51,00 8,20 G.,0 33 .90 Q.06 Q.0 0.00 206 9.9 g4 2. . 8%, 97,7 13.1 Gs 708 8

KEITH STROM WELL
15 12E 31CBCT  6/20/72 31 122, 57, 36 0.6 0.0 32 0,30 3. 26,00 330 0,04 2.1 0.80 0.035 0.0 0.0 150 9.2 116 f. O €92 97.4 11.4 4,176 3

=90¢ -

LEE HARRON
WELL #1
15 138 zz2ccCl 1/ 1 /73 % 58, 4. 18 3.0 0,61 86 2,40 193, 7.0 5.30 0.03 10.0 9.80 0.0 1.30 0.02 460 7.8 290 1 0, 158, 93.5 1i.B -0, 888 8

LEE BARRON
WELIL. #2
15 13E 276061 1/ 1773 35 S8, 303, 835 3.0 0.2 94 LS50 205, 0.0 580 0.02  1L0 11.00 0,02 0.48  0.02 491 8.0 30 8. 0. 168, 95.3 1405  -1.231 8

LEE BARRON
WELL #3
15 13E 27CCBZ 31/ /73 45 120, 0. 64 2.2 0,12 99 2,00 215. 0.0 9.30 0,03 P20 10.00  0.02 0.06 0.0 41 8.5 304 & 0. 176. 96.2 17.6  -1.234 8

SARRON H 5
15 138 34eceis 11/ /73 72 0. 38. B84 3.6 Q.12 108 310 227, Q.0 13,00 001 13.0 13,00 G0 0.06  0.02 335 8.2 349 9, 0. 1B6. 94.6 15.3  -0.881 &

LEE 8ARRUN
WELL #4
15 13E 34BCC1 M/ 1/73 49 0. 0. 84 3.4 (.12 106 270 2. 2.0 1200 0.0 14,0 13,00 0.19  0.02  0.02 347 4.3 339 B 0. 173. 94,9 13.4 C.463 8

FAIRFICLE
CITY WELL
15 14k S0AAL &/ /17 21 0. B14, 76 3.6 .16 35 (.60 88 0.0 6,30 0.0 45 2.0 0.0 .0 0.0 172 8.0 122 18, & 72, 79.8 3.5 3.038 12

Canyon County
LEOMARD TIEGS
wELL 4t
W 2w 3A0D1 8721715 2i 22h 0. 28 43.0 7.80 37 3.40 146, 0.0 72.00 0.0 300 G300 0.0 0.0 0.0 483 B.O 295 144, 25, 120, 35.1 1.3 2,671 g

DON TIEG5 WELL #2
26 BACCY G/ o707 2z w 0. 35 70.0 8.80 40 6,70 110, 0,0 130,00 Q.04 55.0 0.20 1.20 0.0 Q.07 610 7.5 407 211, 121, B0. 31.3 1.4 1,733 Hle)

MELBA CITY WELL
W 2 380841 10/ B/1T 25 . 757. 42 9i 2.30 88 3.80 200, 0.0 34,00 0.04 17.0  1.40  G.40 0.0 0.4 420 8.2 234 52, Q. 164, 83,8 Lu7 -0.192 1




~L0Z-

WESLEY SUHOBER WELL
24 2w 3480A1 &/ 4/7%

CANNON FARMS
WELL #4

ZN - 3W 220CC! 5f 6/ 54
CALOWELL MUNC,
PARK WELL

4N 3W ZBARB1 10/ 5/77
CALDWELL CITY

WEL

4N 3W 35AB0Y 10/ 3/77

BLACKFOOT
RIVER W 5
95 40F 14BC0YS 9/27/73

BLACKFOQT
RESERYHR W §
#5 41E  1ADCIS 10/14/73

CORRAL CREEK
WELL #1%

63 41E 198AAY 9412773
CORRAL CREEX
WELL #2

65 41E 198481 12/73
CORRAL CREEK
WELL #3

65 41E 19BACT 9/V2T3
CORRAL CREEK
WELL #4

65 4L 19BADZ  R/12/73
PORTNEUF RIVER W 5

75 38E 2BCRDIS B/23/77

SODA SPRINGS GEYSER
95 41z 1280035 9/ 2/73

SI% § RANCH
WELL #1

B1