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GEOTHERMAL INVESTIGATIONS IN IDAHO
Part 1

Geochemistry and Geologic Saetting of Selected Thermal Waters

by

H. W. Young and J. C. Mitchell
ABSTRACT

At least 380 hot springs and wells are known to occur throughout the central and
southern parts of Idaho. One hundred twenty-four of these were inventoried as a part of the
study reported on herein, At the spring vents and wells visited, the thermal waters flow from
rocks ranging in age from Precambrian to Holocene and from a wide range of rock types —
igneous, metamorphic, and both consolidated and unconsolidated sediments. Twenty-eight
of the sites visited occur on or near fauit zones while a greater number were thought 10 be
related to faulting. ' ' '

Measured water temperatures at the 124 wells and springs inventoried ranged from 129
to 93°C (degrees Ceisius) and averaged 50°C. Estimated aquifer temperatures, calculated
using the silica and the sodium-potassiurm-calcium geochemical thermometers, range from 50
to 3709C and averaged 1109C. Estimated aquifer temperatures in excess of 140°C were
found at 42 sites. No areal patterns to the distribution of temperatures either at the surface
or subsurface were found.

~ Generally, the quality of the waters sampled was good. Dissolved-solids concentrations
range from 14 to 13,700 mg/i (milligrams per liter) and averaged 812 mg/!, with higher
values occurring in the southeastern part of the State.

No hot springs or wells were found within the Yellowstone KGRA (known geothermal
resource area) in northeastern ldaho. At the Frazier KGRA in Raft River Valley, water
temperatures at the surface above 90°C were measured at two wells. Geochemical
thermometers indicate temperatures of 1359 to 145°C may exist at depths. Dissolved-solids
concentrations in waters issuing from the two wells were 1,720 and 3,360 mg/i. The
minerals being deposited by these waters consist chiefly of halite {NaCl} and calcite
(CaCOjy).

Twenty-five areas were selected for future study. Of these areas, 23 were selected on
the basis of estimated aguifer temperatures of 140°9C or higher and two on the basis of
geologic considerations.



INTRODUCTION

The search for energy resources in the United States continues in an effort to meet
increasing demands for electric energy. Widespread interest in converting the natural heat of
the earth into electric power, shared by the general public, governmental agencies, and the
power industry, stems from the hope that this source of energy will become a viable
component of existing modes of power generation. |f that hope can be realized, fossi! fuel
can be conserved, proposed dam sites can be saved for their scenic value, and some of the
fears concerning the environmental effects of using nuclear fuels can be avoided.

The recent interest in geothermal energy and the need to establish exploration leasing
rights led the United States Congress to pass the Geothermal Steam Act of 1970 (Public
Law 91-581, Godwin and others, 1971, p. 10-18) which makes provision for leasing,
development, and utilization of geothermal resources found on Federal lands. The Idaho
Geothermal Leasing Act of 1972 (sections 47-1601 to 1611, Idaho Code} makes similar
provisions for geothermal resources found on State and school lands. As provided in the
Federal act, pre-leasing land classification, including Federal, State, and private lands, was
conducted on a reconnaissance level by the U. 8. Geological Survey and a total of 44
KGRA’s (known geothermal resource area) were designated in the nine western states
{Godwin and others, 1971, p. 2}. Approximately 1.8 million acres of land was included in
this classification. Two of the areas in |daho, the Yellowstone KGRA in eastern Fremont
County and the Frazier KGRA in the Raft River basin (fig.. 1}, include about 21,800 acres
and represent about 16 percent of the area in the KGRA's designated in the. Pacific
Northwest.

In addition to KGRA's, lands potentially valuable for geothermal exploration were aiso
designated, A tptal of nearly 96 million acres in 14 states is in this category. In |daho, nearly
15 million acres or approximately 30 percent of the State (fig. 1) was classified as
potentially valuable for exploration.

Economic or beneficial present uses of ldaho's geothermal resources, although of long
standing, have been of only minor importance (Ross, 1971). These uses have been primarily
for irrigation and secondarily for recreation and space heating of a few homes and
greenhouses. o

Existing knowledge and laws have been adequate with regard to development and
regulation of the resource for these minor uses. However, recognition of the possibilities for
development of !daho’s geothermal resources for power, also brought the realization that
little information concerning both the source of the hot water and its adequacy for power
development was available. Despite this lack of information, interest in looking for
geothermal areas capable of sustaining power plants is keen and private interests have
requested permits from the Idaho Department of Water Administration that would allow
them exploration and development rights as provided in ldaho's Geothermal Resources Act
of 1972 (sections 42-4001 to 4015, idaho Code).

In recognition of the needs for information noted above, the U. S. Geological Survey in
cooperation with the |daho Department of Water Administration -initiated a study to
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FIGURE 1. Location of known geothermal resource areas and areas classed as
potentially vatuable for geothermal exploration.



investigate the potential for geothermal resource development in ldaho. This report
summarizes the effort in which 124 selected thermal springs and wells were visited during
the spring and summer of 1972, The objectives of this progress report are: (1) to present the
chemical analyses of 124 selected thermal springs and wells, estimate aguifer temperatures
for them, and reconnaissance data on their geologic setting; and (2} to designate for
additional studv areas where: {a) estimated aquifer temperatures of 140°C or higher (a
temperature of 140°C was arbitrarily selected by the authors as the minimum needed for
usable water) were found, using the silica and sodium-potassium-calcium geochemical
thermometers or {b) favorable geologic conditions indicate work is needed.

Previous Work

Numerous reports have briefly mentioned or described the occurrence and
characteristics of thermal waters within a particular region or section of ldaho. However,
only three reports (Stearns and others, 1937, Waring, 1965, and Ross, 1971) have described
thermal waters throughout the State. These reports are mainly a collection of pre-existing
data compiled by various workers over a time span of approximately 50-60 years. The
information given in Stearns and others {1937, p. 136-151) for Idaho is essentially repeated
by Waring {1965, p. 26-31). The most comprehensive of the three reports, (Ross, 1971, p.
47-67}, includes data on 380 thermal springs and wells, and evaluations of the geothermal
potential of some areas. Although the three reports contain much useful information
appficable to this investigation, they are lacking in the water-chemistry data needed for
purposes of this study. : ‘ '

Weill- and Spring-Numbering System

The numbering system used by the U, S. Gealogical Survey in Idaho indicates the
location of wells ar springs within the official rectangular subdivision of the pubtic lands,
with reference 1o the Boise base line and meridian. The first two segments of the number
designate the township and range. The third segment gives the section number, followed by
three letters and a numeral, which indicate the quarter section, the 40-acre tract, the 10-acre
tract, and the serial number of the well within the tract, respectively. Quarter sections are
lettered a, b, ¢, and d in counterclockwise order from the northeast quarter of each section
{fig. 2}, Within the quarter sections, 40-acre and 10-acre tracts are iettered in the same
manner. Well 65-5E-10ddd1 is in the SE% SE' SE% sec. 10, T. 6 5., R. 5 E_, and was the
first well inventoried in that tract. Springs are designated by the letter “S” following the last
numeral; for example, 45-13E-30adb15. ‘

Use of Metric Units

In this report, metric units are used to present concentrations aof water-quality
parameters determined by chemical analyses and the temperature of water. Chemical data
for concentrations are given in milligrams per liter (mg/1} rather than in parts per miltion
{(ppm}, the units used in earlier reports of the U, S, Geological Survey. However, numerical
values for chemical concentrations given in this report would be essentially the same
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whether reported in terms of milligrams per liter or parts per mitlion. Water temperatures
are presented in degrees Celsius (OC). Figure 3 shows the relation between degrees
Fahrenheit and dearees Celsius.

METHODS OF DATA COLLECTION

Selection of Sampling Sites

There are at least 380 thermal springs and wells in Idaho (Ross;, 1971, p. 47-64).
Because the time required to visit all of these was considered excessive, only a limited
number of them could be visited, examined, and water samples c¢ollected. Generaily,
selection ‘of the 124 springs and wells visited was made using the following criteria: (1)
location within a classified area, figure 1; (2) temperature known or reported to be above
200C; (3} known or reported water chemistry suggestive of higher temperatures at depth; or
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{4} geologic conditions suggesting an association with some inferred heat source. Where
several springs or wells were closely grouped, water from the spring or wei! having the
highest water temperature at the surface was preferentially sampled. This procedure was
based on the hypothesis that the hottest waters would best reflect conditions at depth. That
is, they probably would not have undergone as large a temperature decrease through
conduction with the wall rock, alteration of compasition by mixing with waters of
intermediate levels, flashing to steam, or other aiteration processes during their ascent to the
surface.

Measurements of Water Quality and Quantity

Field data collected at each sampled site included measurements of pH, water
temperature at the surface, and. discharge. These measurements were made as close as
possible to the spring vent or well discharge pipe. In some instances, only estimates of
discharge could be obtained.

Water samples were collected at each spring or wetl for standard chemical analysis, A
separate sample was collected for silica determination. This sample was diluted in the field
with distilled water (one-part sample to nine-parts distifled water} to prevent silica
polymerization prior to analysis.

Geologic Reconnaissance

A brief geologic reconnaissance made at each site included (1) identification of the
lithology at or near the spring vent, and {2) identification of the structural setting of the site
with emphasis on fauiting and the intersection of fracture zones. Available geclogic maps
were used to aid understanding of geclogic conditions in areas of interest and to determine
the age of the rocks. In addition, available drillers’ logs were examined to assess well
canstruction, and aquifer or aguifers penetrated by the well. '

Active deposition of silicate or carbonate minerals at or near the sample spring or well
was noted where possible,

GEOLOGY OF THERMAL-WATER AREAS

General Considerations

The close association of thermal springs with main belts of present or geologically
recent volcanic activity was noted by Waring (1965, p. 4). As noted by Waring, the
occurrence of thermal waters is most common in extensive areas of lava flows of Tertiary
and later geologic age. '

Although the association of geothermal activity with specific rock types has notbeen
established, in many areas geothermal phenomena seem more closely associated with acidic



volcanic rocks of rhyolitic to dacitic composition, as well as their giassy equivalents, rather
than with the more basaltic volcanic types (Healy, 1970, p. 574). The more favorable areas
for exploration and development of geothermal steam are probably characterized by recent
normal fauiting, volcanism, and high heat flow (Grose, 1971, p. 1}. Grose further states that
thermal springs commonly emerge from faults along caldera margins and that some thermal
water areas are indirectly associated with surface or shallow subsurface, time-related
volcanism which is not evident in the immediate thermal spring area. The heat source in
these areas is believed, in most cases, to come from shallow, magmatic intrusive bodies, that
transfer their heat to circulating ground water.

Generalized Geologic Setting of ldaho

The State of Idaho is undertain by rocks of igneous, metamorphic, and sedimentary
origins {fig. 4). These formations range in age from Precambrian to Holocene and represent a
varied and complex geologic history. Large scale igneous activity has occurred throughout
most of the State. Cenozoic lava flows ranging in composition fram rhyolite to basalt are
expased in most of the western, central, and southern parts of the State, while Mesozoic and
Cenozoic granitic rocks are the predominant rock type of large areas of central ldaho.
Marine sedimentary rocks of Paleozoic age are the principal rock type of southeastern
Idaho, while metamorphic rocks of Precambrian age are exposed in northern and
east-central |daho.

For purpoées of this report the geology gf the State of Idaho isdivided into nine map
units. Each unit was selected on the basis of age and lithotogic considerations. The areal
distribution and descriptions of these units are given in figure 4,

Although the occurrence of thermal activity and its association to a particular rock
type in Idaho is obscure, known thermal anomalies are limited to the central and southern
parts of the State. The occurrence and associated rock type of sampled springs and weils is
discussed in the following sections.

Inventoried Springs and Wells

A brief description of the geology, including the age and iithology of the spring vent or
aquifer, and where possible, the controlling structure, and the active deposition at each
spring and well is given in table 1. These descriptions indicate that therma! springs and weils
throughout the State issue from a great diversity of rocks types of nearly all ages. However,
the lithology and age of the spring vent or aquifer may not be indicative of the aquifer from
which the thermal waters originate. Many thermal springs in central ldaho occur in
association with fault zones in Cretaceous and Tertiary granitic and related rocks, whereas
springs arid wells along the margins of the Snake River Piain occur in Cenozoic basaltic and
rhyolitic lava flows and associated sedimentary rocks. In southeastern idaho, springs and
wells are primarily associated with fauit zones in Paleczoic marine sedimentary rocks that
may, in places, be overlain by unconsolidated valley fiil.



TABLE %

GEOLOGIC ENVIRONMENT OF SELECTED SPREINGS AND WELLS iN IDAHO

[Dash in column indicates unknown or not observed.)

Spring or Kell

Age and Rock Type

Principal Refer-

15 178 23aabl

Identification of Aquifer(s) or Active Depositien ence for Area o,
Number Spring Vent(s) Structure Siliceous Carbonates Gas Remarks Geologic Setting Fip. 6
ADA COUNTY
5§ 1E 35acal Pliocene and Pleistocene - - - - Flowing well Savage, 1958
sediments ’
4N 2F 29acdl Pliocene and Pleistocene - - - - Flowing well; siight Savage, 1958
sediments sulfur odor
3N 2E k2cddl Pliocene and Pleistocene Nerthwest trend- Yes Yes - Flowing well; sulfur odor Savage, 1958
sediments ing fault
ADAMS COUNTY
white Licks Hot Quaternary alluvium, proba- - - Yes Yes Numerous spring vents; gas Waring, 1965 1
Springs bly less than 5 feet thick, present in several vents;
16N 2E 33bccls near Miocenc basalt and sulfur odor; temperature
- Cretaceous granitic rocks range 63 to 6500
Zim's Resort Hot Quaternary alluvium Northwest trend- - Yes Yes Silight sulfur odor Hamilton, 1969
Springs rear Miocene basalt ing normal fault
208 1E 26ddbls
Krigbaum Hot Springs  Cretateous granitic rocks Northeast trend- - Yes - Twe spring vents; temper- Newcomb, 1970
19N 2E 2iccals near Miocene basalt ing normal fault ature of 40 and 43°C
Starkey Hot Miocene basalt - - - Yes Yes Seven spring vents; Livingston and
Springs sulfur odor: second- Laney, 1920
i8N 1W 34dbb1S ary rcalcite in basalt
near spring vents
BANNDCK COUNTY
55 34FE 26dabl Pliocene and Pleistocene - - - Yes - Flowing well; slight Ross, 1971 3
sediments (7) sulfur odor; driller's
log available
lava Hot Sprimgs Paleczoic quartzite Fault - Yes Yes Numerous spring venis Stearns and 3
95 38E 21ddabls and yowlger Travertine ’ others, 1938
tdownata Hot Springs Quaternary aliuvium - - - Yes (2} - Norvirch and
125 37E 12cdclS near Tertiary sediments Larson, 1970
BEAR LAKE COUNTY
Kear Lale ior Paleozoic Limestone North trending - Yes - Numerous spring vents; Dion, 1968 4
Springs fault sulfur oder
155 44k 13ccals N
BLAINE COUNTY
Quaternary alluvium {?) - - Yes - Flowing well; sulfurl Smith, 1559 5

odor; driller®s log
available
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TABLE 1 (Cont'd.)

Spring or Nell
Identification
Number

Age and Rock Type
of Aguifer{s} or Active Heposition
Spring Vent(s) Structure Siliceous Larbonates Gas

Remarks

Principal Refer-
ence for Ares No.,
Geologic Settjing Fig. &

Guyer Hot Springs
4N 17E 15aaclS

Clarendon #Hot
Springs
3H 17E 27dcbls

Hailey Hor Springs
2N 18E 184bb1S
Condie Hot

Springs
15 ?21E 14ddis

15 22E 1dal$

Bonneville Hot
Springs
10N 10E 31cl$s

9N 3E Z5bacls

kKirkham Hot
Springs
9N BE 3Zcacl$

8N 5E 1bchblS

o

N 5E 10bdd1S

—_

N 43E 9cbbis

38 25E 3Zcddi

3N 27E Sabbl

. BLAINE COUNTY {Cont'd.}

Faleozoic limestone Northwest trend- Yes Yes Yes
ing fault (7)

Paleczoic quartzite .- - - Yes (7]
Paleozoic limestone - Yes - Yes
Quaternary alluvium - - Yes Yes (?)

neatr Pleistocene basalt

Quaternary alluvium - - Yes Yes
near Holocene basalt
and Paleozoic guartzite

BOISE COUNTY

Cretacesus granitic - ¥es Yes -
rocks

Cretaceous granitic - Yes Yes -
Tocks ’

Cretaceous granitic - Yes Yes Yes
rocks

Quaternary alluvium - : - - -

overlying Cretaceous

granitic rocks

Cretaceous granitic rocks - - - -
BONNEVILLE COUNTY

Quaternary alluvium Northwest trend- - Yes Yes

with travertine deposits ing fault b
near Paleozolc limestone

Pleistocene basalt - P - .

Pleistocens basalt and ’ - - - _
sedimenis

Numerous spring vents;
hydrogen suifide cdor;
temperature range 55 to
70°C

Numerous spring vents;
sulfur odor; tempera-
ture range 42 to 47°C

Numerous spring vents;
sul fur odor

Three spriag vents

Eight spring vents

and numercus seeps;
slight sulfur oder;
temperature range 68
to 859C; granitic rock
silicified in places

One vent; slight sulfur
odor

Numerous spring vents;

temperature range 48
to 65°C

Six spring veats; sulfur
edor; temperature range
23 to 25°C

Dbriller's log available

Drilier's log available

Umpleby and
others, 1930

Unplety and
others, 15340

Unpieby and
others, 1830

Stearns and
others, 193§

Ross, 1971
Waring, 1965 3
Warirp, 1965 7

Waring, 1965

Anderson, 1947

Anderson, 1947

Jobin and

Shroeder, 1564 &

Ross, 1971
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TABLE 1 {Cont'd.)

Spring or Well

Ape and Rock Type

Principal Refer-

ldentification of Aquifer({s) or Active Depositien ence for Areca No,
Number Spring Vent!(s) Structure Siliceous Carbonates Gas Remarks Geclogic Setting Fig. 6
CASSTIA COUNTY (Cont'd.)
Oikley Harm Spring Precanbrian quartzite - - - Yes (7) Slight sulfur odor Anderson, 1931
145 22E 27d¢b1S
155 24E 22ddb1 - - - Yes - Flowing well Ross, 1871
CLARK COUNTY
Warm Springs Quatemary alluvium - - - - Twelve spring vents; temper-  Stearns and
11N 32E Z5aaclS near Paleozoic lime- azlure range 26 to 299C; others, 19359
stone travertine deposits near
spring vents
Lidy Hot Springs Miocene and Pliocene North trending - Yes Yes (?) Traveriine deposits near Stearns and
9N 33E 2bbcls silicic volecanic rocks faulr spring vents others, 1938
CUSTER COUNTY
&N 17E 32bcals Quaternary alluvium - - Yes Yes Numerous spring vents; Waring, 1965 11
near Tertiary silicic hydrogen sulfide odor;
volcanic rocks temperature range 40
to 547C; secondary
quartz in volcanic rocks
near spring vents
14N 19E 34daal - - - - - Flowing well -
Sunbeam Hot Cretaceous granitic - Yes Yes Yes Numerous spring vents; Choate, 1962
Springs rocks - slight hydrogen sulfide
1IN 15E 189cls odor; temperature range
65 to 76°C
Sullivan Hot Contact betfween Oligocene - - Yes Yes Hydrogen sulfide cdor Ross, 1937
Springs silicic voleanic rocks
1IN 17E 27bddls and Paleozoic dolomite
and argillite
Barney Hot Springs Quaternary alluvium - - - Yes - Waring, 1965
1IN 25E 23cabl$s
Stanley ilot Quaternary alluvium Northeast trend- - Yes Yes Six spring vents and numer- Choate, 19627
Springs near Cretaceous granitic ing fault ous seeps; hydrogen sulfide
10N 13E 3cabls rocks odor; temperature¢ range 31
ta 41°C
Slate Creek Hot pPaleozoic argillite - - Yes Yes Eight spring vents; Ross, 1837
Springs hydrogen sulfide odor;
10N 16E 30als temperature range 32
to S0°C
ELMORE COUNTY
55 BE 4bdel Pliocene and Pleistocene - - Yes Yes Flowing well; hydragen Ralston and 12

sediments (7]

sulfide odor

Chapman, 1968



6561 ‘sdayie

Stqepez JIF N6
sdursds

¥1 pue SuiEaig - - - - - 11ESBG 2UIDOLISTAT WIBMN UD1IYSY
ALNADD INCHIHd
sTutadg 10H menbg 1ne Sur sitsodap suriraacIy iIM
el RSET ‘uoTg Ieay T1a4 Sutmogy sah saxL - -PuaLy Jsamyiiaoy mrangre Lizuasiend 94T 96E 561
s1ysadap ST2pqg A65 SST
1InEy BUTIIIARIY Y1TM s@urxdg
€T 6961 ‘uotd siuas futrds snotsumy sal sap - -PURIl 1Samylioy umrani[® Llzuislen)d 104 pue[diem
£ 6961 ‘uoTg Tope Ing(ns IT[S - - - - (i) wntany(e Lizuiaiend 12pe9E 46¢ SFI
STEEL JI¥ S5¢T
1opo Ingrus 3ydirs 3rneg dur siuradg
(44 AI6T “uworq ‘siusa Jurads snoraumy say say - -puza1 yilropn (i} @2311231Enb oTOZOBTES JoH =a0rg atdey
ALNMOD NITANVYS
a[gB]IEAT
gogr ‘ueudeyy Fo7 s,I8T7IIp fiopo {4) siuaa@rpas
pUE Ua1S[BY 4n3tns fryem JutMoTq - sal - - 8HaD01519T4 PUR 2USIOIT4 1arq7Z¢ 3I0% SS
967 ‘uemdeyy 1opo injros (i) sauauTpas
pur uoISTEY 1y3t1s ‘17om SurMoTH - - - - JUIVOLSIA[J pUE 2UINOT[J pees JOT SS
gogT fueadeys arqerrese dof ' 1[BSEY pUE SIUSUWITIPSES
pPUE UOISTEY S;I=frrap frrom Burmors - 594 - - FUBDOISTRTJ PUE 2UBVDOTLJ 1988 36 S¥
A[qE]IRAR
gogT ‘urwdey) qof 5,I2[FLIp fiopo S IUMMTPIS
pUF UOISTEY aptyns uadoapdy ySrig - - - - aUaIVISTATJ PUE 2UIDCTIH 12qq9¢ 39 Sp
£961 ‘si3yzo agnez dur . STqppIt 20T SE
pue 2prel e - - - -puaLl 1SaMylaoy 1[RSRq 2U22015T2[d sBurxds 104 A11E7
L9GT 'SYITIFTIG (4) siuawTpas
pue ucig 1194 Butmorq - - - - SUBDDISTOT§ PUB 3USIOTLJ 1ep59¢ I8 5%
STPAEE 401 NE
sy20.I sfutadg
Go6T ‘Buriem siuaa Juiads [eizneg s34 - - - ITITUBI3 SNOaDEIBLT 104 asTpeleqd
2059 °1
¢ aduel aanieradumay $18. 36 NS
‘iusa suo 3¢ juasazd sed SY20I furzdg
s957 ‘Buriey ‘sausa Zurxds snoramny {i) sax LT3 sag ’ - 211TURIS SNORIEIALY) 5, {uerd ys1ng
2094
01 g9 adoex ainieradmagy S1a¥Z FL NS
Tusa su0 1e 3uaspad sed syo0x sTuridg
5967 ‘Suriey !syuan Forxds wvasjinyg {1} sak - sag - I13Iwesd snoaleisl) 301] IsAauutay
(*pi3ued} AINMOD JYOWTI
9 “314 Jurizag s120y08n SyIRWY SEG SDIRUOQIRY snosatirg ERGERT ST {sjiuap Furidg aquny
TON ¥3Iy I0F 99Ul voritsedaq aarioy 10 (s)iaginby 3o HOTIeaTF 1 IUap]

adA[ a0y pue a8y

{taM Io Jutadg

-za39y t1edrourad

{pane3) L 378VL

13




i

TABLE 1 (Cont'd.)

Spring or Well
Identification
Number

Age and Rock Type
of Aquifer(s) or
Spring Vent(s)

Structure

Active Depesition

Siliceous Carbonates

Gas

Remarks

Principal Refer-
ence for
Geclogic Setting

Arez NG,
Fig. ©

Big Sprimngs
14N 44E 34bbblS

Lily Pad Lake
10N 45E 35abcis

7N 41E 35cddl

Roystone Hot
Springs
N 1E 8ddals

N 1E 9cdcl$S

45 13E 28abl

White Arrow Hot
Springs
45 13E 30adblS

55 12F 3aaal

Weir Creek Hot
Springs
368 11E 13b1S

Jerry Johason Hot
N Sgrings
36N 13E 18alS

Red River lot
Springs
28N 1CE 3d1S

Riggins Hot
Springs
24N 2E 14dacls

Burgdorf lot
Springs
2N 4E 1bdciS

Quate¢rnary cobsidian
(rhyolite)

Tertiary rhyolite ash
flows

Tertiary silicic volcanic
Tocks (7)

Quaternary ailuvium
near Miccene basalt

Quaternary &lluvium
near Miccene basalt

Quaternary alluvium
near Pliocene basalt

Pliccene sediments
and basait

Cretacepus granitic
rocks

Cretaceous granitic
Tocks

Cretaceous ygranitic
TGoks

Quaternary alluviuwn,
probably less than 5
feet thick, overlying
Paleczoic and Mesozoic
gneiss

Quaternary alluvium near
Cretaceous granitic
rocks

North trend-
ing normal
fault

EREMONT COUNTY (Cont'd.)

- Yes

GEM COUNTY

GOODING COUNTY

- Yes

- Yes

IDAHO COUNTY

Yes -
- Yes
Yes -
- Yes
- Yes

Yes

Numerous sprimg vents; tem-
perature range 104 to 12%c

Assumed numercus small
seeps; no inflow or out-
flow channels

Five spring vents

Flowing well

Four spring vents

Flowing well; driller’s
log available

Six spring vents; temper-
ature range 44 to 474°C

Eight spring vents; tem-
perature range 41 to 18°C

Nine spring vents; temper-
ature range 37 to S5%C

Four spring vents and
AUMETOUS SEEps

Two spring vents

Hamilton, 1965

Hamilton, 1965

Newcomb, 1970

Newcomb, 1970

Stearns and
others, 1938

Malde and
others, 1963

Malde and

athers, 1963

Waring, 1965

Waring, 1965

© Waring, 1965

Hamilton, 1969

Waring, 1965
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TABLE 1 {Cont'd.}

Spring or Well
ldentificarion
Number

Ape and Rock Type
of Agquifer(s) or
Spring Vent(s)

Structure

Active Deposition .
Siliceous Carbonates Gas

Principa} Refer-
ence for
Remaiks Geologic Setting

Area Ng.
Fig. &

Heise llot Springs
4N 4DE 25dcbls

Big Creek Hot
Springs
23N 1BE 22c13

Salmon Hot Springs
20N 22E 3abdls

Sharkey Hat
Springs
20N 24E 34cccel$

16N 21E 18adclS

Green Canyon Hot
Springs
SN 43k tbeal$

148 36E 27cdal§

Pleasantview Warm
Springs

55 35E 3aabls

woodruff llot
Springs

165 36k 10bbclS

125 34t 3e6beblSs
45 2 32bcel

55 5t 26hcbl

w0

Tertiary silicic volcanic
rocks

Cretaceous granitic rocks,
altered, strong linea-
tiens (7)

Contact between Oligocene
basalt and older tuffaceous
Tocks

Oligocene silicic volcanic
rocks

Quaternary ailuvium,
probably less than 5 feet
thick, near Precambrian
quartzite

Tertiary silicic veleanic
rocks

Quaternary alluvium with
travertinc deposits

Quaternary alluvium

Paleozoic limestone

Paleozolc limestone

Pliocene sediments and
hasalt, and Tertiary
silicic velcanic rocks (%)

Pliocene sediments and
basalt, and Tertiary
silicic volcanic recks (7)

Northwest trend-
ing fault

Northeast trend-
ing fault

Northwest trend-
ing fanlt

Northwest trend-
ing fault ()

JEFFERSCN COUNTY

Yes Yes Yes (7)

HADISON COUNTY

- Yes -

ONEIDA COUNTY

- Yes Yes

- Yes -

OWYHEE COUNTY

Yes () Yes Yes

Stearns and
others, 1938

Sulfur odor,; extensive
travertine deposits

Fifteen spring vents; Waring, 1965
slight sulfur odor; tem-

perature range B2 to QEOC;

travertine deposits below

present spring vents

Three spring vents Forrester, 1956

Silica deposition along Anderson, 1957
fault zrace above spring

vent

- Ress, 1963

Travertine deposits Waring, k965

below spring vents

One spring vent Burnham and
.others, 1569

Burnham and
others, 1%6%

Nunerous spring vents

Nine spring vents; Burnham and
temperature rtange 27 others, 1969
1o 329¢

Kumerous sprimg vents Piper, 1924

Fiowing well; sulfur - Ralston and
odor Chapman, 1969

Ralston and
Chapman, 15969

Flowing well

16

17

17

18

19

19

20

20
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TARBLE 1 {Cont'd.)

Spring or Well

Age and Rock Type

Principai Refer-

[dentification of Aguifer(s) or Active Depasition eace for ATcs No.
Number Spring Vent(s) Structure SiliQeous Carbonates Gas Remarks Geologic Settimy Fig. 6
OWYHEE COUNTY {Cent'd.)
88 IE 2ccecd FPliocene sediments and - Yes Yes - Flowing well; sulfur odor; Ralston and 20
basalt driller’s log available Chapman, 1969
65 SE 10dddl Plioccne sediments - - Yes - Flowing wetl; drillerts log Littleton and 20
- available Crosthwaite, 1957
65 5E 29dcel Piiocene sediments - - - . Flowing well; slight sulfur Litteton aad 0
- odor; driller*s log avail- Crosthwaite, 1857
able
65 6E 12cedl Pliccene sediments - - - - Driller's log available Ralston and 20
) Chapman, 1968
7S S5E 7abbi Pliccene silicic volcanic - - Yes - Flowing well; driller's log  Ralston and 20
rocks svailable Chapman, 1969
Indian Bathtub Hot Contact between Pliocene - - Yes - Numerous seeps aziong con- Littleton and 20
Springs basalt and overlying tact; temperature range 374 Crosthwaite, 1957
85 6E 3bddlS tuffaceous rocks to 33°C
Murphy Hot Springs Piiocene silicic volcanic Fault - - - Two spring vents waring, 1965 21
165 9E 24bb1S rocks
IN 4W F2dbbl Pliocene sediments - - - Yes Flowing well; hydrogen Ralston and
sulfide odor; driller’s log Chapman, 1909
aveilable
15 2W 7cckbl Pliocene sediments - - Yes - Flowing well; slight sulfur Ralsten and
ador . Chapman, 1569
45 1E 34badl Pliocene basalt and Terti- - - Yes - Flowing weil; sulfur odor; Ralston and
ary silicic volcanic rocks driller's log available Chapman, 1969
58 1E 24adl Tertiary silicic voleanic - - Yes - Flowing well; slight sulfur Ralston and
rocks odor; driiler's log avail- Chapman, 1969
able .
55 2E ibbcl Pliocene sediments and - - Yes Yes Flowing well; sulfur odor Ralston and
basalt (7} Chapman, 1969
75 6C Shadi Tertiary silicic voleanic - - Yes - Fiowing well; sulfur oder Ralston and
rocks Chapman, 1965
Indian list Springs Tertiary silicic volcanic Morthwest trend- Yes - Yes Numerous spring vents; Waring, 1965

125 7E 33c15

Indian Springs
83 31E 18dabls

105 30E 13cdclS

rocks

Paleozoic limestone

Paleozoic limestone

ing fault

Northwest trend-
ing fault

POKER COUNTY

Yes -

sulfur cdor

Seven spring vents

Numerous spring vents; tew-
perature range 34 to 380C

Stearns and
others, 1938

Ross, 1971
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TABLE 1 {Convd.}

Spring or Well
Identification
Number

Age and Rock Type
of Aquifer(s} or
Spring VYent(s)

Structure

Act
Silice

ive Deposition
DLs Carbonates

Remarks

Principal Refer-
ence for
Geologic Settiny

Miracile llot
Springs
BS 14E 3lachlS

8S 14E 33cbal
115 19E 33dddl

Nat-Poc-Paw Warm
Springs
125 17E 31babls

125 18E lbbal

Magic Hot Springs
165 17E 3lacl$

Vulcan jiot
Springs
14h 6E il1bdals

Hot Creek Springs
155 3E 13bbclS

Moliy's Hot
Springs
E5N 6E 1daccls
14N 3E 36abdl
Cabarton lot
Springs
13N 4E 3lcabl$

Boiling Springs
12N S5E 22bbclS

14N 3K 3ddcl

13N 3K 8ccel

Quaternary alluvium near
Plioccene basalt and clder
silicic volcanic rocks

Piiocene and Pleistocene
sediments and basalt {7}

Pliocene silicic velcanic
rocks

QuaternaTy alluvium near
Tertiary silicic volcanic

rocks

Pliccene silicic volcanic
Tocks

Pliocene silicic volcanic
rocks

Cretaceous pranitic rocks

Quaternary alluvium near
Miocene basalt and
Cretaceous granitic rocks

Cretaceous granitic rocks

Quaternary allavium near
Cretaceous granitic rocks

Cretacecus granitic rocks

Cretaceous granitic rochs

Miocene basalr

Miocene basalt

Northwest trend-
ing fault

Korthwest trend-

ing fault

Northeast trend-
ing fauir

Yes

Yes

TWEIN FALLS COUNTY

Yes

Yes

VALLEY COUNTY

Yes

Yes

WASHINGTON COUNTY

Yes

Yes

Fiowing well

Driller's log available

Flowing well

Four spring vents; slight
sulfur odor

Thitteen spring vents;
hydregen sulfide odor;

_Temperature tange 84 to

879C; debris around some
vents appears to be
silicified

liydrogen sulfide odor

Seven spring vents; tem-
perature range 58 to 59°C

Numerous springs venis;
temperature range 56 to
7050C

Numerous spring vents; tem-
perature range BO to B86°C

Flowing well; driller's lag
available

Flowing well; drilier's log
avaiiable

Malde and others,
1972

Stearns and others,
1938

Crosthraite, 1969,

Crosthwaite, 1864
Crosthwaite, 1969,

Ross, 1871

Waring, 1965

Newcomb, 1970

Waring, 1965

Newcomb, 1570

Newconb, 1970

Waring, 1965

Newcomb, 1970

Walker and
Sisco, 1964

Area No
Fig. 6
22



TABLE 1 {Cont'd.}

Spring or Weltl Age and Rock Type Principal Refer-
Identification of Aquifer(s) or Active Deposition ence for Area No.
Number Spring Vent{s) Structure Siliceous Carbonates Gas ~ Remarks Geologic Setting Fig. &

WASHINGTON COUNTY (Cont'd.)

1IN 6W 10ccal Miocene basalt - : - - Yes Flowing weli; hydroéen Newcemb, 1570 23
sulfide odor; driller's
log available

11N 3W 7bdb1S Quaternary alluvium, Northwest trend- - Yes - Two spring vents and ‘ Newcomb, 187¢ 23
- probably less than ing fault numerous seeps; temper-
5 feet thick, overiying ature range 54 to 87°C

Miocene basalt

14N 3W 16chdls Quaternary alluvium - - Yes - - Newcomb, 1970
near Miocene basait

14N 2W EbbalS Quaternary alluvium - - Yes Yes Numerous spring vents; Newcomb, 1970
near Miocene basalt sulfur odor; temperature

range 63 to 709C

13N 4W 13bacl Miocene basalt - - Yes - Flowing well; driller’'s Walker and
. iog available Sisco, 1964
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Although nearly one-fifth of the sampled springs issue from known faults, a few of
which are shown in figure 4, a greater number are thought to be associated with faulting,
Also, some of the wells sampled are known to intersect fault zones. Determination of the

geologic structure at many of the springs and wells was not possible from the brief field
examination, or from existing geologic maps.

Active deposition of minerals from water discharged by thermal springs and wells
occurs throughout the State. Minerals deposited include gypsum, halite, and various
carbonates, and silicates., Carbonate deposits were identified using diluted hydrochloric acid
while siliceous deposits were identified by hardness and visual examination,

GEOCHEMICAL THERMOMETERS

Summary of Geochemical Thermometers Available

In recent years the concentrations of certain chemical constituents dissolved in thermal
waters have bheen used to estimate water temperatures in the thermal aguifer. However,
these geochemical thermometers are useful only if the geothermal system is of the more
common hot-water type rather than of the vapor-dominated or steam type, none of which is
known to occur in Idaho.

Geochemical thermombters that are useful in describing and evaluating geothermal
systems {excluding the sodium-potassium-calcium thermometer) have been, summarized by
White (1970). Part of his summary is as follows:

"“Chemical indicators of subsurface temperatures
in hot-water systems,

Indicator Comments

1) - SiQ2 content Best of indicators; assumes quartz equilibrium
at high temperature, with no dilution or
precipitation after cooling.

2) - Na/K Generally significant for ratios between 20/1
to 8/1 and for some systems outside these
limits; see text.

3} - Ca and HCO4 contents Qualitatively useful for near-neutral waters;
solubility of CaCO=3 inversely related to
subsurface temperatures; see text and ELLIS
{1970}. ‘

4) - Mg; Ma/Ca Low values indicate high subsurface tem-
perature, and vice versa.
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5) - *e+ * %

6) - Na/Ca High ratios may indicate high temperatures
(MAHON, 1970} but not for high-Ca brines;
less direct than 37

7) -CI/HCO3+ CO3 Highest ratios in related waters indicate
highest subsurface temperatures
(FOURNIER, TRUESDELL 1970} and vice
Versa.

8) -Cl/F - ‘ High ratios may indicate high temperature
{(MAHON, 1970} but Ca content (as
controlled by pH and CO32" contents)
prevents quantitative application.

9,.*** *H

10) - Sinter deposits Reliable indicator of subsurface temperatures
{now or farmerly)>180°C,

11) - Travertine deposits Strong indicator of low subsurface tem-
peratures unless bicarbonate waters have
contacted limestone after cooling.”

The general principles and assumptions on which the use of geochemical thermometers
{White, 1970) is based are: {1} the chemical reactions controiling the amount of a chemical
constituent taken into solution by hot water are temperature dependent; (2} an adequate
supply of these chemical constituents is present in the aquifer; {3) chemical equilibrium has
been established between the hot water and the specific aquifer minerals which supply the
chemical constituents; {(4) hot water from the aquifer flows rapidly to the surface: and {5)
the chemical composition of the hot water does not change as it ascends from the aquifer to
the surface.

The fact that these principles and assumptions more often than not can not readily be
verified in a field situation requires that the concept of geochemical thermometers be
applied with caution and in full recognition of the uncertainties involved. With that

“understanding, geochemical thermometers provide a useful point of departure for

reconnaissance screening and provisional evaluation of thermal areas.

Silica Geochemical Thermometer

The silica method of estimating aquifer temperatures (Fournier and Rowe, 1966}
appears to be the most accurate and useful proposed to date. Experimental evidence has
established that the soiubility of silica in water is most commonly a function of temperature
and the silica species being dissolved.

20



Practical use of the silica geochemical thermometer assumes that there is equitibration
of dissolved sitica with quartz minerals in high-temperature aquifers and that the equilibrium
composition is largely preserved in the silica-bearing thermal waters during their ascent to
the surface. White {1970) stated that while equilibrium is generalty attained at high aquifer
temperatures, silica may precipitate rapidly as waters cool to about 180°C and, therefore,
the silica method commonly fails to predict actual aguifer temperatures much abhove 1809C.
The rate of precipitation of silica decreases rapidly as the temperature cools below 180°C.

White (1970) also cautioned against using the silica geochemical thermometer in acid
waters which have a low chloride concentration, because at temperatures near or below
100°C these waters are actively decomposing silicate minerals and thereby releasing highly
soluble amorphous SiO9. in this case, the basic assumption of equilibration with quartz
would be rendered invalid.

Dilution effects caused by mixing of thermal with non-thermal waters can be a cause of
erroneous temperature estimates. Cool ground waters containing low silica concentrations
that mix with thermal waters rich in silica would effectively lower the silica concentration
of the thermal water and a lower aquifer temperature would be indicated. Generally, as with
the other geochemical thermometers described below, the possible effect of both dilution
and enrichment of thermal waters on the temperature caiculated using any geochemical
thermometer must be considered.

The Sodium-Potassium and-Sodium-Potassium-Calcium
Geochemical Thermometers

- The sodium-potassium (Na/K) geochemical thermometer plots the log of the atomic
ratios of Na/K against the reciprocal of the absolute temperature. White (1970) stated that
ratios are of general significance only in the ratio range between 8/1 and 20/1. He also
reported that Na/K temperatures are not significant for most acid waters, although a few
acid-sulfate-chloride waters yield reasonable temperatures, Fournier and Truesdell {1973)
point out that Ca enters into silicate reactions in competition with Na and K and the
amount of CGa in solution is greatly dependent upon carbonate equilibria, Calcium
concentration from carbonates decreases as temperature increases, and may increase or
decrease as the partial pressure of carbon dioxide increases, depending on pH considerations.
Therefore, the Na/K ratio should not be used for purposes of geochemical thermometry
when partial pressures of carbon dioxide are large, as higher carbon dioxide partial pressures
may permit more Ca to remain in solution and consequently a smaller Na/K ratio. Fournier
and Truesdell (1973) suggest that this ratio should not be used when the wIIVICa/MNa
{square root of molar concentration of calcium/molar concentration of sodium) is greater
than 1.

The sodium-potassium-calcium (Na-K-Ca) geochemical thermometer devised by
Fournier and Truesdell {1973) is a method of estimating aquifer temperatures based on the
molar concentrations of Na, K, and Ca in natural thermal waters, Accumulated evidence
suggests that thermal, calcium-rich waters do not give reasonable temperature estimates
using Na/K atomic ratios alone, and that the Ca concentration must be given consideration.
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Fournier and Truesdell {1973} showed that molar concentrations of Na-K-Ca for most
geotherrnal waters cluster near a straight line when plotted as the function log K* = |og
{Na/K) + B log {+/Ca/Na) versus the reciprocal of the absolute temperature, where Bis
either 1/3 or 4/3, depending upon whether the waters equilibrated above or below about
1009C and where K* is an equilibrium constant. For most waters they tested, the Na-K-Ca
method gave better results than the Na/K method. {t is generaliy believed that the Na-K-Ca
geochemical thermometer will give better results for calcium-rich environments provided
calcium carbonate has not been deposited after the water has left the aquifer. Where calcium
carbonate has been deposited, the Na-K-Ca geochemical thermometer may give anomaiously
high aquifer temperatures. Fournier and Truesdell (1973) caution against using the Na-iK-Ca
geochemical thermometer in acid waters that are low in chioride,

ANALYSES OF DATA

The chemical analyses of thermal spring and well waters sampied for this investigation
are given in table 2. The aquifer temperatures estimated by the silica method were obtained
by applying the silica concentration in table 2 to the plot of silica concentration versus
temperature curves from Fournier and Truesdel (1970, fig. 1, curve A, p. 530). These
caicuiated values of temperature are given in table 3. ‘

Likewise, values of Na, K, and Ca concentrations from table 2 were used to calculate
aquifer temperatures and these values are aiso given in table 3. Values of the various atomic
ratios calculated for each sampled spring or well are given in the remainder of table 3. The
estimated aquifer temperatures that are given in tabie 3 are also shown in figure 5.

Most thermal waters in ldaho are low in dissolved solids with concentrations in
sampled waters ranging from 14 to 13,700 mg/l. Thermal waters in the southeastern part of
Idaho are higher in dissolved solids than thermal waters in other parts of the State. Waters
which are high in dissolved solids generally give high Na-K-Ca temperatures relative to silica
temperatures (table 3) whereas waters low in dissolved solids give high silica temperatures
relative 1o low Na-K-Ca temperatures.

Measured temperatures of sampled waters ranged from 129C in northern Fremont
County to 93.0°C in Cassia and Lemhi Counties and averaged 50°9C for all sampied springs

and wells. Examination of the temperature data collected does not reveal any correlation of
temperature with location, rock type, or structure.

SUMMARY OF FINDINGS

1. A total of 124 thermal springs and wells was visited and described in ldaho in
1972, At each site, water samples were collected and analyzed, and the geology
briefly examined.

2. Of the 124 springs and wells visited, 16 were in the Basin and Range
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physiographic province (Fenneman, 1931) of southeastern ldaho, 5 were in the
Middle Rocky Mountain physiographic province of eastern Idaho, 24 were in the
eastern Snake River Plain, and 37 in the western Snake River Plain of the
Columbia Plateau physiographic province of south-central and southwestern
Idaho and 42 were in the Northern Rocky Mountain phsiographic province of
central ldaho. No thermal waters were found north of the Lochsa River in
northern ldaho.

The kinds and age of rocks supplying water to the springs and wells inventoried
are summarized below:

Rock type and age

Sedimentary and metamorphic rocks of Granitic rocks of Cretaceous and Miocene

Precambrian and Paleozoic age age

Springs . 12 Springs . 19

Wells 1 Wells 0

Total 13 Total : 19

Siticic volcanic and associated sedimen- Basalt of Migcene and Pliocene age

tary rocks of Paleocene to Hotocene (7}

age ‘ _Springs 1
Wells

Springs 12 Total 5

Wells 31

Total 43 Surficial deposits of Pleistocene and

Holocene age

Basalt of Pliocene to Holocene age

Springs 30
Springs 2 Wells 6
Wells 2 Total 36
Total _ - 4 '

Twenty-eight of the springs and wells visited occurred on or near known fault
zones, while a greater number are thought to be related to faulting.

The quality of the spring and well waters sampled was, except in a few instances,
remarkably good. Dissolved-solids concentrations ranged from 14 to 13,700 mg/|
and averaged 812 mg/|l. In the southeastern part of the State, where waters were
much more heavily mineralized, dissolved-solids concentrations are as much as
13,700 mg/l and average 3,510 mg/l.

-

Measured temperatures of the water at the springs and wells ranged from 129 to

- 939C and averaged 50°C., No areal pattern for the distribution of measured

temperatures was found.

Estimated aquifer temperatures for the waters sampled ranged from 5° to 370°C
as estimated by the sodium-potassium-calcium geochemical thermometer and
from less than 36° to 170°C as estimated by the silica geochemical thermometer,
Estimated temperatures, using both thermometers, showed agreement within
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269C for 42 of the 124 sampled sites. Estimated aquifer temperatures in excess of
140°C were found at 42 of the sites sampled. Generally, for waters high in
dissolved solids, the Na-K-Ca geochemical thermometer indicated higher aquifer
temperatures than did the silica geochemical thermometer, whereas for waters low
in dissolved solids, the silica geochemical thermometer indicated highest
temperatures.

Deposition of minerals from thermal waters included gypsum, halite, and various
carbonates and silicates.

‘Although it was thought that thermal water would be found in or near the

Yellowstone KGRA in Idaho, an intensive search of this area failed to reveal the
existence of any true thermal waters. '

Within the Frazier KGRA in southern ldaho, surface temperatures of 93_0 and
90°C (measured temperature of 909C is probably lower than temperature at
point of discharge) were found at two weils. Estimated aquifer temperatures for
water from these two wells are calculated to range from 1350 to 1450C.
Dissolved-solids concentrations were 1,720 and 3,360 my/| and the minerals being
deposited were chiefly halite and calcite.

FUTURE STUDIES

Setection of areas in which further work will be concentrated in idaho by the U. S.
Geological Survey and the ldaho Department of Water Administration will be based on the
data reported herein and on the following considerations:

1.

Of the 124 springs and wells inventoried, estimated aquifer temperatures of
1409C or higher are indicated for 42 of the springs and wells listed in tabie 3.
Figure 6 gives the location of the 23 areas in which these springs and wells were
found. Two areas shown in figure 6 were selected on the basis of geologic
considerations only.

Geophysical surveys (gravity and aeromagnetometer) that include most of the
areas noted above are available. These surveys, made by the U. 5. Geological
Survey, will be studied and interpreted as an aid to narrowing down the number
of areas to be first studied. ‘

Evaluation of the known geociogy in terms of the structure, lithology and age of

~ the rocks, and the geologic history of the 25 areas shown in figure 6.

Areas found to have such things as existing geophysical surveys, detailed geologic
maps, available additional hot springs and wells from which water samples can be
obtained for analysis, topography suitable for making additional geaphysical
surveys and for heat studies, and ready accessibility to men and equipment will be
in priority over other areas equally promising.

36



gg0li7°

T

BOUNW
ﬂonncrl Fuarry

I \PONNER ‘*

EXPLANATION

®

Area selected by geother
mometry (area numbers are
found in tables 1, 2 and 3
and refer to springs or wells
with indicated aquifer tem-
peratures of 1400C or higher)

O

Area selected by geology -

=z

0 50 Miles
So— |

i%‘

‘\—-..-'-"\_.’
T
CLARK/ REM
—-

-t
; 1
,JEFH-:RSON

i
H3°

FIGURE 6. Areas srlected for future study.

37



The data collected in the areas selected for immediate study will be aimed toward
delineation of the surface area encompassed by the geothermal anomaly, and a pretiminary
description of the hydrology of the area. Methods used to help delineate the surface
expression of the apparent anomaly in an area and the hydrology of the area will include,
where paossible:

1. Caleculation of aguifer temperatures by geochemical thermometers using water
samples collected from springs and wells. ‘

- 2. Analysis of data obtained from heat studigs. These heat studies will consist of a
series of temperature measurements made at one-meter depths over the suspected
area of the anomaly.

3. Geophysical surveys (gravity and aeromagnetometer} and other surveys as needed.

4. Examination and analysis of topographic, climatologic, hydrologic, and geologic
maps and well logs to provide such things as information on ways and means of
recharge to and discharge from the anomaly, the permeability of rocks in the
recharge area, and at depth, and the subsurface structure.

5. Analyses of water sampies collected in and around the area for oxygen and
hydrogen isotopes. These isotopes are used to indicate the age of ground water
and thereby lead to further understanding of the movement of water in the
subsurface.

38



e ey =

SELECTED REFERENCES
Anderson, A. L., 1931, Geology and mineral resources of eastern Cassia County, ldaho:
Idaho Bur. Mines and Geology Bull. 14, 169 p.

1947, Geology and ore deposits of Boise Basin, idaho: U. S. Geol. Survey Bull.
944-C, p. 119-319.

1957, Geology and minerai resources of the Baker quadrangle, Lemhi County,
ldaho: Idaho Bur. Mines and Geology, Pamph. 112, 71 p.

Armstrong, F. C., 1969, Geologic map of the Soda Springs quadranagte, southeastern ldaho:
U. S. Geol, Survey Misc. Geol. tnv. Map 1-5567, 2 sheets.

Barnes, H. L., ed., 1967, Geochemistry of hydrothermal ore deposits: New Yark; Halt,
Rinehart, and Winston, Inc., 670 p.

Blackwell, D. D., 1969, Heatflow determinations in the northwestern United States: Jour.
Geophys. Research, v. 74, nao. 4, p. 992-1007.

Bodvarsson, G., 1970, Evaluation of gecthermal prospects and the objectives of geothermal
exploration: Geoexpioration, 8, 7.

Burnham, W. L., Harder, A. H., and Dion, N. P., 1969, Availability of ground water for
large-scale use in the Malad Valley-Bear River areas of southeastern ldaho - an initial

assessment: U. S. Geol. Survey Open-File Report, 40 p.

Chasteen, A. J., 1972, Geothermal energy - growth spurred on by powerful motives: Mining
Engineering, v. 24, no. 10, p. 100.

Choate, Raoul, 1962, Geology and ore deposits of the Staniey area: ldaho Bur. Mines and
Geology Pamph. 126, 122 p.

Crosthwaite, E, G., 1957, Ground-water possibiiities south of the Snake River between Twin
Falls and Pocatello, |daho: U. S. Geol. Survey Water-Supply Paper 1460-C, p. 99-145,

1969, Water resources of the Goose Creek-Rock Creek area, Idaho, Utah, and
Nevada: ldaho Dept. of Reclamation Water Information Bull. 8, 73 p.

19695 Water resources of the Salmon Falls Creek Basin, Idaho-Nevada: U.'S. Geal,
Survey Water-Supply Paper 1879-D, 33 p.

Dion, N. P., 1969, Hydrologic reconnaissance of the Bear River Basin in southeastern ldaho:
Idaho Dept. of Reclamation Water Information Bull. 13, 66 p.

Dion, N. P., and Grffith, M. L., 1967, A ground-water monitoring network for
southwestern ldaho: |daho Dept. of Reclamation Water Information Bull. 2, 16 p.

39



SELECTED REFERENCES (Cont'd.)

Eillis, A. J., 1970, Quantitative interpretation of chemical characteristics of hydrothermal
system, in Proceedings United Nations Symp. on the Development and Utilization of
Geothermal Resources, Pisa, 1970, v. 2, Part 1 Geothermics, Spec. Issue 2, p. 516-528.

Fenneman, N, M., 1931, Physicgraphy of Western United States: New York, McGraw-Hiil
Book Co., 534 p.

Forrester, J. D., 1956 Geology and mineral resources of the Salmen quadrangle, Lemhi
County, tdaho: Idaho Bur. Mines and Geology Pamph. 106, 102 p.

Fournier, R. O., and Rowe, J. J., 1966, Estimation of underground temperatures from the
silica content of water from hot springs and wet steam wells: Am. Journ, Sci., v. 264,
p. 685-695.

Fournier, R. O., and Truesdell, A. H., 1970, Chemical indicators of subsurface temperature
applied to hot waters of Yellowstone National Park, Wyo., U. 8. A,, in Proceedings
United Nations Symp. on the Development and Utilization of Geothermat Energy,
Pisa, 1970, v. 2, Part 1 Geothermlcs Spec. Issue2 p. 529-535.

1973, An empiricai Na-K-Ca geothermometer for natural waters: Geochim. et.
Cosmochim. Acta. (in press).

Godwin, L. H., Haigler, L. B., Rioux, R. L., White, D. £., Muffler, L. J. P., and Wayland, R.
G., 1971, Classification of public lands valuable for geothermai steam and associated
geothermal resources: U. S. Geol. Survey Circ. 647, 17 p.

Greenberg, S. A., and Price, E. W., 1957, The solubility of silica in solutions of electrolytes:
J. Phys, Chem. 61, p. 1539-1541.

Grose, L. T., 1971, Geothermal energy: geology, exploration, and developments; Part 1:
Colorado School Mines Research inst. Min. Industries Bull., v. 14, no. 6, 14 p.

Hamilton, Warren, 1965, Geology and petrogenesis of the Island Park Caldera.of rhyolite
and basalt, eastern |daho, in Shorter Contributions to General Geology, 1964: U. S,
Geol. Survey Prof. Paper 504-C, p. CI-C37.

1969, Reconnaissance geologic map of the Riggins quadrangle, west-central idaho:
U. 5. Geol. Survey Misc. Inv, Map 1-579, 1 sheet.

Healy, J., 1970, Pre-investigation geological appraisal of geothermal fields, in Proceedings
United Nations Symp. on the Development and Utilization of Geothermal Resources,

Pisa, 1970, v. 2, Part 1 Geothermics, Spec. Issue 2, p. 571-577.

Holland, H. D., 1965, Some applications of thermochemical data to problems of ore
deposits, 1. Mineral assemblages and the composition of ore-forming fluids: Econ.

40



SELECTED REFERENCES (Cont'd.)

Geology v. 60, p. 1101-1168.

Jobin, D. A., and Schroeder, M. L., 1964, Geclogy of the Conant Valleyl quadrangle,
Bonnevilte County, Idaho: U. S, Geol. Survey Mineral Inv. Field Studies Map MF-277,
1 sheet.

Kirkham, V. R. D., 1924, Geology and oil possibilities of Bingham, Bonneviile, and Caribou
Counties, Idaho: Idaho Bur. Mines and Geology Bull. 8,108 p.

Littleton, R. T., and Crosthwaite, E. G., 1957, Ground-water -geology of the
Bruneau-Grandview area, Owyhee County, ldaho: U. S. Geol. Survey Water-Supply
Paper 1460-D, p. 147-198.

Livingston, D. C., and Laney, F. B., 1920, The copper deposits of the Seven Devils and
adjacent districts including Heath, Hornet Creek, Hoodoo, and Deer Creek: tdaho Bur.
Mines and Geoiogy Pamph. 1, 105 p.

Mahon, W. A. J., 1970, Chemistry in the exploration and exploitation of hydrothermal
systems, in Proceedings United Nations Symp. on the Development and Utilization of
Geothermal Resources, Pisa, 1970, v. 2, Part 2 Geothermics, Spec. Issue 2.

Malde, H. E., Powers, H. A., and Marshail, C. H., 1963, Reconnaissance geologic map of
west-central Snake River Plain, idaho: U. S, Geol. Survey Misc. Geol. tnv. Map 1-373, 1
sheet.

Malde, H. E. and Powers, H. A., 1972, Geologic map of the Glenns Ferry-Hagerman area,
west-central Snake River Plain, Idaho: U. S. Geol. Survey Misc. Geol. lav, Map 1-696, 2
sheets,

Mansfield, G. R., 1927, Geography, geoiogy, and minerai resources of part of southeastern
ldaho: U. S. Geol. Survey Prof. Paper 152, 453 p.

Meinzer, O. E., 1924, Origin of the thermal springs of Nevada, Utah, and southern |daho:
Jour, Geology, v. 32, no. 4, p. 295-303.

Nace, R. L., and others, 1861, Water resources of the Raft River Basin, Idaho-Utah: U. s,
. Geol. Survey Water-Supply Paper 1582, 138 p.

Newcomb, R. C., 1870, Tectonic structure of the main part of the basalt of the Columbia
River Group, Washington, Oregon, and ldaho: U. S. Geol. Survey Misc. Geol. Inv. Map
I-687, 1 sheet.

Norvitch, R. F., and Larson, A. L., 1970, A reconnaissance of the water resources in the

Portneuf River Basin, ldaho: Idaho Dept. of Reclamation Water Information Bull. 16,
58 p.

41




SELECTED REFERENCES (Cont'd.)

Piper, A. M., 1923, Geology and water resources of the Goose Creek Basin, Cassia County,
Idaho: Idaho Bur. Mines and Geology Bull. 6, 78 p.

1924, Possibilities of petroleum in Power and Qneida Counties, |daho: Idaho Bur.
Mines and Geology Pamph, 12, 24 p.

Ralston, D. R., and Chapman, S. L., 1968, Ground-water resources of the Mountain Home
area, Eimore County, ldaho: 1daho Dept, of Reclamation Water Information Bull, 4,
63 p. '

1969, Ground-water resources of northern Qwyhee County, ldaho: ldaho Dept. of
Reclamation Water information Bull. 14, 85 p.

Ross, C. P., 1937, Geology and ore depaosits of the Bayhorse region, Custer County, |daho:
U. S. Geol, Survey Bull. 877, 161 p.

1963, Geology along U, S. Highway 93 in Idaho: idaho Bur. Mines and Geology
Pamph. 130, 98 p.

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

Ross, S. H., 1871, Geothermal Potential of |daho: idaho Bur. Mines and Geology Pamph.
150, 72 p.

Savage, C. N., 1958, Geology and mineral resources of Ada and Canyon Counties: Idaho
Bur. Mines and Geology County Report 3, 94 p.

Siever, R., 1962, Silica solubility, 0°-2009C, and diagenesis of siliceous sediments: Jour.
Geol. v. 70, p. 127-150.

Smith., R. 0., 1959, Ground-water resources of the middle Big Wood River-Silver Creek
area, Blaine County, idaho: U. S. Geol. Survey Water-Supply Papér 1478, 64 p.

Stearns, H. T., Bryan, L. L., and Crandall, Lynn, 1939, Geology and water resources of Mud
Lake Region, Idaho, including the island Park area: U. S. Geol. Survey Water-Supply
Paper 818, 125 p. ‘ '

Stearns, H. T., Crandall, Lynn, and Steward, W. G., 1938, Geology and ground-water
resources of the Snake River Plain in southeastern Idaho: U. 5. Geol. Survey
Water-Supply Paper 774, 268 p.

Stearns, N. D., Stearns, H. T., and Waring, G. A., 1937, Thermal springs in the United
States: U. S. Geol. Survey Water-Supply Paper 679-8B, p. 59-208.

42



SELECTED REFERENCES (Cont'd.)

Umpleby, J. B., 1913, Ore deposits in the Sawtooth quadrangie, Blaine and Custer Counties,
Idaho, in Contributions to Economic Geology: U. S. Geol. Survey Bull. 580, p.
221-249.

Umpieby, J. B., Westgate, L. G., and Ross, C. P., 1930, Geology and ore deposits of the-
Wood River region, Idaho: U, 5. Geol. Survey Bull. 814, 250 p.

Walker, E. H., and Sisco, H. G., 1964, Ground-water in the Midvale and Council areas,
Upper Weiser River Basin, Idaho: U. S. Geol. Survey Water-Supply Paper 1779-Q, 26 p.

Walton, W, C., 1962, Ground-water resources of Camas Prairie, Camas and Eimare Counties,
Idaho: U. S. Geol. Survey Water-Supply Paper 1609, 57 p,

Waring, G. H., {revised by R. R. Blankenship and Ray Bentall), 1965, Thermal springs of the
United States and other countries of the world - a summary: U. 5. Geol. Survey Prof,
Paper 492, 383 p.

White, D. E., 1970, Geochemistry applied to the discovery, evaluation, and exploitation of
geothermal energy resources, in Proceedings United Nations Symp. on the
Development and Utilization of Geothermal Energy, Pisa, 1970, v. 1, Part 2
Geothermics, Spec. |ssue 2.

White, D. E., Muffler, L. J. P., and Truesdell, A, H., 1871, Vapor-dominated hydrothermal
systems compared with hot-water systems: Econ. Geol., v. 86, no. 1, p. 756-87. .






