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GEOTHERMAL INVESTIGATIONS iN IDAHO
Part 1

Geochemistry and Geologic Setting 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 ldaho. 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 Holacene 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 fault zones while a greater number were thought to be
related to faulting.

Measured water temperatures at the 124 wells and springs inventoried ranged from 12°
to 939C (degrees Celsius} and averaged 509C. Estimated aquifer temperatures, calculated
using the silica and the sodium-potassium-calcium geochemical thermometers, range from 5°
to 370°C and averaged 1100C. Estimated aquifer temperatures in excess of 1400C were
found at 42 sites. No areal patterns 10 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/l, 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 |daho. At the Frazier KGRA in Raft River Valley, water
temperatures at the surface above 909C 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/l. The
minerals being deposited by these waters consist chiefly of halite (NaCl) and calcite
{CaCO3).

Twenty-five areas were selected for future study. Of these areas, 23 were seiected on
the basis of estimated aquifer temperatures of 140°C 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. If that hope can be realized, fossil 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, ldaho Code) makes similar
provisions for geothermal resources found on State and school lands. As provided in the
Federal act, pre-leasing fand classification, including Federal, State, and private lands, was
conducted on a reconnaissance level by the U. S. 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 ldaho, 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 also
designated. A total of nearly 96 million acres in 14 states is in this category. In Idaho, 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 Idaho’s gecthermal 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.

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
deveiopment of Idaho’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 fack of information, interest in looking for
geothermal areas capable of sustaining power plants is keen and private interests have
requested permits from the ldaho 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 ldaho Department of Water Administration initiated a study to
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investigate the potential for gecthermal 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 study areas where: (a) estimated aquifer temperatures of 140°C or higher (a
temperature of 1400C was arbitrarily seiected 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 deseribed the occurrence and
characteristics of thermal waters within a particular region or section of idaho. 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 essentiaily 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
applicable to this investigation, they are lacking in the water-chemistry data needed for
purposes of this study.

Well- and Spring-Numbering System

The numbering system used by the U. S. Geological Survey in ldaho indicates the
focation of wells or springs within the official rectangular subdivision of the public lands,
with reference to the Boise base line and meridian. The first two segments of the number
designate the township and range. The third segment gives the section number, foillowed 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 lettered in the same
manner. Well 6S-5E-10ddd1 is in the SE'% SE% SE% sec. 10, 7. 6 S., R. 5 E., and was the
first well inventoried in that tract. Springs are designated by the fetter ‘S following the last
numeral; for example, 45-13E-30adb18S.

Use of Metric Units

In this report, metric units are used to present concentrations of water-guality
parameters determined by chemical analyses and the temperature of water. Chemical data
for concentrations are given in milligrams per liter {mg/l) rather than in parts per million
(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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FIGURE 2. Diagram showing the well- and spring-numbering system.

whether reported in terms of milligrams per liter or parts per million. Water temperatures
are presented in degrees Celsius {OC). Figure 3 shows the relation between degrees
Fahrenheit and degrees 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 collected. Generally,
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




400

350 \
300 ~

250 <

200 -

150

100 =
\

TEMPERATURE, IN DEGREES CELSIUS

50 7

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

TEMPERATURE, IN DEGREES FAHRENHEIT
Conversion of degrees Celsius {°C) to degrees Fahrenheit (OF) is
based on the equation, °F = 1.8°C + 32.

FIGURE 3. Temperature-conversion graph.




(4} geologic conditions suggesting an association with some inferred heat source. Where
several springs or wells were closely grouped, water from the spring or well having the
highest water temperature at the surface was preferentially sampled. This procedure was
based on the hypothesis that the hottest waters would best refiect conditions at depth. That
is, they probably would not have undergone as large a temperature decrease through
conduction with the wall rock, alteration of composition by mixing with waters of
intermediate levels, flashing to steam, or other alteration 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 well 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 distilled 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 faulting and the intersection of fracture zones. Available geclogic maps
were used to aid understanding of geologic conditions in areas of interest and to determine
the age of the rocks. In addition, available drillers’ logs were examined to assess well
construction, and aquifer or aquifers 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 THERMAIL-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 not been
established, in many areas geothermal phenomena seem more closely associated with acidic




volcanic rocks of rhyolitic to dacitic composition, as well as their glassy equivalents, rather
than with the more hasaitic volcanic types (Healy, 1970, p. 574}. The more favorable areas
for exploration and development of geothermal steam are probably characterized by recent
normal faulting, volcanism, and high heat flow (Grose, 1971, p. 1). Grose further states that
thermal springs commonly emerge from fauits 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 ldaho is underlain 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 geclogic history. Large scale igneous activity has occurred throughout
most of the State. Cenozoic lava flows ranging in composition from rhyolite to basalt are
exposed 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 ecentral 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 ldaho.

For purposes of this report the geology of the State of ldaho is divided into nine map
units. Each unit was selected on the basis of age and lithologic 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 wells is
discussed in the following sections.

Inventoried Springs and Wells

A brief description of the geology, including the age and lithology 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 thermal springs and wells
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 aguifer may not be indicative of the aquifer from
which the thermal waters originate. Many thermal springs in central Idaho occur in
association with fault zones in Cretaceous and Tertiary granitic and related rocks, whereas
springs and wells along the margins of the Snake River Plain occur in Cenozoic kasaltic and
rhyolitic lava flows and associated sedimentary rocks. In southeastern idaho, springs and
wells are primarily associated with fault zones in Paleozoic marine sedimentary rocks that
may, in places, be overlain by unconsolidated vailey fill,




TABLE 1

GEOLOGIC ENVIRONMENT OF SELECTED SPRINGS AND WELLS N IDAHO

{Dash in column indicates unknown or not chserved,)

Spring or Well

Age and Rock Type

Prircipal Refer-

Identification of Aquifer(s) or Active Deposition ence for Area No.
MNumber Spring Vent(s) Structure Silicecus Carbonates Gas Remarks Geologic Setting Fig. 6
ADA COUNTY
5N iE 35acal Pliocene and Pleistocene - - - - Flowing well Savage, 1958
sedinents
4N 2E 2%acdl Pliocene and Pleistocene - - - - Flowing well; slight Savage, 1958
sediments sulfur odor
3N 2E 12¢ddl Pliocene and Pleistocene Northwest trend- Yes Yes - Flowing well; sulfur odor Savage, 1958
sediments ing fanlt
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 Miocene basalt and sulfur odor; temperature
Cretaceous granitic rocks range 63 to 65°C
Zim's Resort Hot Quaternary alluvium Northwest trend- - Yes Yes Slight sulfur odor Hamilton, 1969
Springs near Miocene basalt ing normal fault
20N 1E 26ddblS
Krigbaum Hot Springs Cretaceous granitic rocks Northeast trend- - Yes - Two spring vents; temper- Newcomb, 1970
19N 2E 22ccals 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
18N 1IW 34dbbls ary calcite in basalt
near spring vents
BANNQCK COUNTY
55 34E 26dabi Pliocene and Pleistocene - - Yes - Flowing well; slight Ross, 1971 2
sediments (7} sulfur odor; driller's
log available
Lava Hot Springs Palenzoic guartzite Fault - Yes Yes Numerous spring vents Stearns and 3
95 38E 21ddabis and youngeTr travertine others, 1938
Downata Hot Springs Quaternary alluvium - - - Yes (7) - Norvitch and
128 37E 12cdclS near Tertiary sediments Larson, 1870
BEAR L[AKE COUNTY
Bear Lake Hot Palgozoic limestone North trending - Yes - Numerous spring vents; Dion, 1868 4
Springs fault sulfur odor
158 44E 13ceals
BLAINE COUNTY
18 17E 23aabl Quaternary alluvium {2) - - Yes B Flowing well; sulfur $mith, 1959 5

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

Spring or Well
Identification
Number

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

Active Deposition
Structure Siliceous Carbonates Gas

Remarks

Principal Refer-
ence for
Geologic Setting

Guyer Hot Springs

4N 17E 15aacls

Clarenden Hot
Springs
3N 17E 27dchkls

Hailey Hot Springs

2N 13E 18dbb1s

Condie Het
Springs

15 21E 144d1S

15 22E 1dals

Bonneville ot
Springs
10N 10E 31cls

ON 3E 25bacls

Kirkham Hot
Springs
9N 8E 32cacls

8N 5E 1bcblis

8¢ SE 10bddis

1IN 43E 9cbbls

3N 25E 32Zcddl

3N 27E 9abbl

Paleozoic limestone

Paleozoic quartzite

Paleczoic limestone

Quaternary alluviuam
near Pleistocene basalt

Quaternary alluviaom
near Holocene basalt
and Paleozoic gquartzite

Cretaceous granitic
rocks

Cretacecus granitic
rocks

Cretacecus granitic
rocks

Quaternary alluvium
overlying Cretaceous
granitic roecks

Cretaceous granitic rocks

Quaternary alluvium
with travertine deposits

near Paleczoic limestone

Pleistocene basalt

Pleistocene basalt and
sediments

BLAINE COUNTY {Cont'd.)

Northwest trend- Yes Yes Yes
ing fault (?)

- - - Yes (7)

- Yes - Yes

- - Yes Yes {?}

- - Yes Yes

BOISE COUNTY

- Yes Yes -

- Yes Yes -

- Yes Yes Yes
Northwest trend- - Yes Yes

ing fault

BUTTE COUNTY

Numerous spring vents;
hydrogen sulfide odor;
temperature tange 55 to
705°%C

Numerous spring vents;
sulfur odoy; tempera-
ture range 42 to 479C

Numerous spring vents;
sulfur odor

Three spring vents

Eight spring vents

and NUMeTOUS Seeps;
slight sulfur odor;
temperature range 68
to 85°C; granitic rock
silicified in places

One vent; slight sulfur
odor

Numerous spring vents;
temperature range 48
to 65°C

Six spring vents; suifur

odor; temperature range
23 to 239%¢C

Driller's log avallable

Driller's log available

Umpleby and
others, 1930

Umpleby and
others, 1930

Umpleby and
others, 1830

Stearns and
others, 1938

Ross, 1971

Waring, 1865

Waring, 1965

Waring, 1965

Anderson, 1947

Anderson, 1947

Jobin and

Shroeder, 1964

Ross, 1971




sTgeIzA®
goT s,I8[TTIp {Iopo

SY30X dTUBDTOA

€767 ‘xadrg angas T{rem Futmold - S8 - - JTITTLIS SUSIOTITY ToPAPE BIT7 SPT
S1gEIIBAR
g0t §,38TT1T4p fiopo 3Ines
L8687 fa3TEMISOI] InFINs riem Suimoryg - BT sS3} SUTPUSIY YIION 93Tz3Ienh UBRTXGUEDSIJ TE33TT 357 SIT
1961 SIqETTEAR B0
o1 fSI5Y30 PUE IIBN S, ISTITIp STiem Buimelq () sex SOR - - SIUSWTPAS BUSICISTAT] To5ppez A97 ST
8¢HT FsIaio 4opo Iniins
01 PUR SUIBSLG yFrys SrTem FuTMoTd (i) sax sal - - - T2Q4geg 397 SST
AINNOD VISSYD
Jplg 03
+z 23uel sanjexadusy
f{Iope ingins yIFITs ITNEY ISTUYD 1TBSEO SUADOISTAI4 I2AU STPPBRZT ITF 56
6961 ‘Buoriswiy fsjuas Burads snoxsumy BN LD - Butpuail y3IoN BUTIIIABIL SUSDQTOH sdurads epog
el °1
¢ afurxr srnieradus; (1tnEeg
fZopo anyins ydTis uBdIT4) 1INEF
6 LI6T ‘PTISTISUBH ‘syusa Surads ual sa sa) - Jurpuaii 1sey QUTAISARIT AIBUIaIEN] ST®R46T 31v 59
ALNOD NOYI¥YD
3TQRTTBAR $QUBWTPSS
8561 ‘efeaws Bo1 s, Xa11TIp 1I0po anzing - - - - QUIDOYSII[ PUB SUIDOIT4 1398pe MZ NT
ALNMCD NOANYD
DoTL S¥D0I 2TITURIT SNOIITIBID STo29p¢ HET ST
o1 z9 edyer sanyesedues PUE 3TEBSEq JUIDOISTIT sduradg
ZOGT ‘UuCITEM fsiusa Jurxds snozewmy saf SOA - - IB2U INMTANTTE LIBUISIBNY 10H §,uoliBg
3TQETITEAR BOT
Z96T ‘uailep S,I9TTTXP 1718 Butmold - - Saj - wngAnITe Arzuieiend Ta22£2 91 ST
7967 uoztEM 1198 FUTMOTA - - - - UNTANTTE ATpuiazEnd 12G21¢ 321 ST
2oHES 03 ¢b SY201 JTUBDITOA DTITITS STePBFT FST NI
sBuer sanyexsdusy fsdess sno aus208TIQ YITm 1DEJUOD XBOU sfutadg
Z96T ‘UO1TEM ~Isuny pug siusA Butrids aat - S9L - - SY¥20% DTITUBIT $NGadB3dI] I0H Y3313 13
SITNEJ O UDT3DaSISL
-ut atqrssod fseseyd ut STEI87 IFT NE
PALIIOTITS Yool oT3Tuexd SYDOI sdurxdg
SI6T “Aqatdun fgquen Butids snozsumy - seh saf - STITUBIZ SNO22BIAL) JOH NDTMSION
5201
JTITURIZ SNOSVEIAL) PUR S19qEzs 9y NI
ITRSEQ QUIDOISTIIJ IBAU s2urads
g 7957 ‘uoitem sjuer Burads snoxsumy s93 - - - UNTANT[® AIRUISIBND 104 doapiem
ALNNOD SYRYD
g "84 Suiajes oiBorosg SYIBUSY sen S971BUOQIRY SNOBVLTIS EXIE R EET (¢} susp Jurads ZOQUIN
ToN EBAIY JI0F @3ud uetitsodsq sAaTIoY I0 (s)asyinby Jo UoT1EsTFIIUIpY

-za70y Tedroutig

adAy yooy pue 93y

iTeM o Butadg

('pauc)) 1 378v1

11



§o67 ‘ueuder)
zt pte ualsyey

LE6T “550Y

Z96T “a3rROYD

SH6T “HUTIEN

LEBT S50y

2961 '23BO0UD

11 S96T “Furiey

6561 ‘sIiaylo
PUE suIgaiy

§$67 “siayio
PUBR SUXBS3G

T261 "ssom

1567 “uOSIapuy

I0PO IPII[NS
uaforpdy ¢yram Sutmory

2905 ©1

¢ 2Fuex sanieradusy
TIopo opljins ueBorpdy
's3uaa Furads yydrg

Joly ©2

1§ ofuwi ainieredusy {Iopo
apriIns usdorpiy ‘sdass sne
-Iauny puw siusa Surids xig

I10p0 3pTFINS Uadodpay

392 01 59
aBued sanietedusy flopo
SPTIINE uaSorpdy 3ydirs

Tsjuen Jurads snoxewny

TTam Jutsord

sjuaa Burxds 1mau

SHIOI JTUBDIOA UT z3aEnb
AIRPUOISS muowm 01

ot sfues sinzezedway
‘Iopo spTFins uaforpiy
's1usa Butads snoisuny

sjuan Butads
IaU Sitsodap auTITaAvIy

sausa Furads
ivau sitsodep autiasasdy

fDg6z 03 o7 afuex sinje
~Igdwsy fsijuaa Butads satemy

1o SutMolg

dopo Inytns 1yftrg

=38 =3 %

ALNNOZ THOWTI

So) =08
EETY EE)S
Sah -

EE=T =T
ssi EET
saj EETY

ALNMQD d1SND

{¢) ssa 524
KINACD J¥vT)
- s}
(i) s8 -

=04

(*po3ued} AINNGD vIsSvo

3rnel Jur
=PUBIZ ISBIYIION

Iinef
Surpuaii yaioy

{¢) siusurpas
PUIVOISTIT PUE JUIDOTTY

S3TIT[183%e arozos(eg

Y01
STITURIS $N08IBIBZIN 1B3U
umranyie £Ivulaiend

WNTANY T AIRUXslen

93111181 pue

SITWOIOP BLOZOATER pur
SY20I 2TURDITOA DIITTTS
SUSD0BTIIN U2SMING 13EBIU0)

Sy301
ot3tuell snoavezaln

$HO0X ITUBDITOA
DIDITIS A1BTiIa] XBou
unTANy e AIRnIsiend

S$YDOL JTUBI[OA ATDLTIS
JUSIOI[L PUE 2USDOTY

2Uo1s
—3WI] ITOZOSTEd 83U
WRTARTTE AXBLIalEmy

91TZ3TIRND URYIQUEISIS

Iopaps 38 S8

STEQZ 391 NOT
sdutadg
10 YsaX) 31BI4

STQE3L J¢T NOT
sBurxdg
0 Latueig

STUEdEE FSZ NIT
sfurxds 3oH dsuimg

STPPALE FLT NIT
sfutadg
I0H UBATIING

SI06T IST NIT
sBuridg
10H weaqung

TBEPPL 36T NvT

STE2G7E 241 Ng

S1299z 555 N6
s8utadg jop Apry

STIBBSZ 2% NIT
s3utads wiepy

T9PPEZ T SST

STAOPLZ FEZZ 5¥T
Buridg waey Aa1yeg

i2

g ‘314 Bur331eg o1301089 SYIEUDY [1:23)
‘ON BaLy £03 @oup
-Iszay tedisutag

$831BLEOQIRY SNOBVITIS
uotitsodeg satioy

FANIINILG {s}ues Butidg Jagqunp
1o (s)IayInby ;o UITIBITITIUSP]L

adA] ¥20y pue ady T18M I0 Jutadg

[Pau0d) | 318vL



GEET “saayle

STGEPEZ v N6
s3utads

13

i pUe SUILI1G - - - - - 11BSEQ JUIVOYSISd WIBM UOIYSY
ALNNGD INOWIHZ
sfutadg 104 menbg 3iney Sut s1Isodap 2UTIISARI] YT
€T 96T ‘uotg Tesu 1Tam Butmold EETY 84 - -PUSIT ISOMULION umTAnTTE A1PUIazend) IPoG/T 46 SST
s31sodop STOP9g 365 §8T
IrneF SUTIIIABIT YITH sButads
£1 5967 “uor( siuaa Jutads snozswny S8} s8] - -PUSI1 1SIMUILON IMIANTTE AIBUIaien) 101 PURTAERM
£1 6961 ‘uotrg Iopo Ingins 3YETTS - - - - (;) awntaniie Aivulaiend TEPEGE T6€ SHT
STeoes 4Iy SC1
Iopo INFINS YIS 11ney Jut sButads
< 6965T “uUCT(q {sjusa 3utids snozsumy sej, S8} - -pUaIl UIION {;) s21z3Ienb sTOZOBTE4 104 sa0In o7dey
ALNNOD NITNYYA
QIGRITEA®
8957 ‘uemdey) 407 $,I8[1TIpP Si0po (i) sijuswrpas
pUE wolsTRY Ingns {yrem Suimold - =S - - 2U8201STa]J PUE IUIIOTT4 1apqzg 01 SS
gog7 ‘urmdey) I0po InIins (:) s3uswIpas
pUE UO1STRY 1yBTTS {[toMm FuTMOT - - - - 2uBzOISTAT{ PUE SUIDOTTS tpaes 301 S¢
gosT ‘ueundeyn a1qerTERAaR SOT 1[BSBY PUB SIUBWIPSS
pue U01SIBY $,I8T1Tap ftiem Surmorg - SR - - aUs303ST9]d PUB BUSIOITJ 198§ 36 S¥
ATYRTLBAR
8951 ‘uemdeyy) BoT §,I871TIp {Iope S3UBUTPIS
pue uoisiey apt3Tns usBoapdy ysirs - - - - 2UBTOISTA[J PUE DUIDOTTS 1BQGSE 48 S¥
$961 ‘siayio JimBy Sut STAPPTE 30T 5%
PU® SPIEW - - - - -PUIIY 1SSMYIION 1TESE]q 38201874 sBurxds 3o £33e7
L96T “SYLITFITIH (¢} sjuautpos
DUB UOTQ TToM BUTMOTH - - - - 'SU8TOSTAT4 PUR BUSIOTTH 1BPO9E H3 SE
STPYEE H0T NE
S¥00T sPuradg
5o6T “BUTIEM sjuan Sutads Tersasg ) - - - 2TITUEID SNOSDEISI I0H BSTPELB4
DpS9 @3
o efurx sximleradusy SIq4 35 NS
fjuep suo 12 juasaxd sed SY20I Butidg
5057 “Sutasy siusn Butads snoxsumy (&) sar sk EETA - 313TURIZ SNOAIELISIY S qUBL] U23ng
DofL
01 go @fuer srnyexsduo: S19Fz H4 NS
fqusn suo e 1usssxd sed sy20x sfurtadg
50pT ‘Sutaum fsiuan Futads woeiiTYL (&) sax - SaA - 213TURad SnoadElal) 100 lafaWutaN
{-pyaued} AINNOD DHOWII
g 814 futizeg 21801099 SYIBHSY SEG s81BUCQIED SNO3DETIS BINEINILG {syauon Furads IeguEmy
‘ON BASY 103 aoua uoT1Tsodsq SATIOY Xo {s)reyInby jo UOTIBOTITIUSP]

-xa3ey TEdIoUtigj add], yooy pue afy 1TeM do Suradg

{‘'p,ue)) 3 378VL



5961 "SUTIEM

6967 ‘usitTuEy

5961 ‘BUTIEM

§961 fTUTaEM

S061 ‘Burrey

£96T “sa8y3o

puR BpTEY

£O6T “sI8Y10
pue aprey

8SET ‘sidYl0
PUB SUIBRSIS

0L67 “quodmay

El 0LGT “QuUodMsN

S96T ‘U0 TWR(

S96T "uolyvuEy

syuoa Surads om]

sdoas snolaumu
pue sijuaa Futads inog

D555 01 1% afuri ainie
-xadwsy fejuen Jurrds suin

Jn8% 03 1 sBuez samimaad
-wa3 fs3usa Burads 1yd1g

dofilh ©3 vy 2fuel sinie
-1adael fsauan Buiids x1g

37qeItEAR Z0T
S,I9F1TIP ITToM Burmord

sjusa Burads Inog

T1eM ButmMord

siuen Burads aarg

STIUUBYD MOTJ
-3ng Io MOTIUT ou ‘sdass
TTEWS STNOXSUMI POWNSSY

Do 03 30T s8usl sanieasd
~wa3 fs3usa Sutads snoxsumy

sak

SaL

sak

SHL -

Sk -

saj -

ALNGOD OHYQT

S8R -

S8k -

ALNMOD ONIQ00O

ALNMOZ WA

sag -

(P auon} AZNNDD LNOHTHA

ey
TRWIOU Sut
-pUSEy YIION

SY20%
s1iTuRad snpooviaan
IESU UMTANTIZ AIBUISIBD]

ssTaud

2TOZOSW pur 2T0IOSIEd
Sutd1Ian0 ‘yoryl 1aeF
S uByl ssa71 A1geqoxd
“UMIANTIE AJBLIB2END

SYO0L
2TITURIT SNOBVRISIY

S3io01
JTITURIS Snosdeial)

Y301
213 TURld snoedElaL)

1185Rq pUB
STUBWTINSE SUSTOTTA

2ITRSEq 2UIVSTT JBSU
IMTANT T2 AXBUIazen)

1TBSBq SUSDOIH JEBAU
IMTANT TR ATeulaizng

1TRSEQ BUSDQTH JI¥ou
UNTANTTE AIRUIDIET)

(&) syooz
JTUBDITOA DTITTIS AIBTIISL

SMOTF
yse 33TY0Ayx ASBIIXD]

{91TT04Y1}
UBTPTISH0 AIBUISIEND

SEOPAI Ay NZZ
sgutadg
104 Faopiing

ST2EPHT Hz NbZ
sButadg
204 suTESTy

SIPE 40T N8Z
s3utadg

104 28ATY PoY

STBET dET Nog
mmaﬂhmm

ICH uosuyop Axiap
ST9ET 1T Neg

s3utadg
307 ¥PAID ITSN

1B®®L 4ZT S§
31qpe0y J€T S¢

sButadg
10H MOIIY 53ITUM

Ta9egy 45T St

ST2P26 3T NL
STEPPS 4T N4

sfutadg
104 ausisdoy

IPPOSE ATH NZ
SI9qeSE ASH NOT
aqey pBd A1TT

STG99yE d¥y N¥T
s3utads Bt1g

g “9T4 3uta38g 21807103

Tap BAIY Jo} aoua

-rajay 1Edrouiig

SYTBRUSY

[3:5)

S818U0QIE] SnesITITS
rwoT3Tseda aATIOY

2INIONELG

(s)3usy Butads
zo (s5)}xszTnby Jo
ad4{] ¥ooy pue o8y

xaqumy
UOTIE2TITIUSR]
IToM o Jutadg

(Pu0d) L 37EvL

14



go6T ‘weudsyy

(i) SY00I 2TUBDI[OA BTITILS
ATRT1I8) puR ‘)reseq

~zajay Tedroutig

add{l qoomy pue aSy

DE pue UC]STEY Tram BuTmetd EES sak (&) sak - PUE SIUSWIPES 2UaD0IT4 190qoz 48 S5
(4} SYO0I JITUED[OA DTITTIS
6961 ‘urudays zopo Are1iae], pus ‘ireseq
oe pue U0IsSTEY INFins [frem FuTMori LTS - - - PUB S3UMMITPaS SUSD0T[4 122478 A7 S¢
ALNODD HIHAMO
vz61 ‘2adig siuaa FuTads snodauny - - - - SUGLISPUT] ITOTOTRY 519299¢ 9¥S S21
Jolf O3 129907 99¢ S91
6961 ‘saI8Yl0 /7 aBurl samieleduoy (&) 3mnez Sur sfutadg
61 pue uEeyuing fgjuan Butads aury - Sap - -puU2Il 1SOMYLION JUOYESWIT 2TOZOB[E] 104 JINIpoos
S19®er j5¢ SST
6961 ‘s3I0 sfutadg
51 PHE WEyGIng sausa Sutzds snoxsumy - sa) - - mTAnIe AIRulsiend) WIBY MITAIUBSEATS
6961 ‘saoU30 sytsodap sursisarty
[ PUE WEYUITH qusa Jutzds aupg s34 S84 - - Y1TM WNTANTEE AIBWIAIEO0 STEPAL7 HOT ST
AINAOT VA TANG
SIB249 Sk NS
sjuan Furads moiaqg sY20x sfutadg
5981 ‘Buraey sitsodep suriraAwil - =N - - JTUBDTOA DTITIES AIRTIIS] 10H usiuE) LI
ALKGOD NOSIQWW
aytEdenk
UBTIqUEDSI4 IESU ‘}ITY]
1993 ¢ ueyl §581 ATqeqoad
81 SOT ‘550 - - EEDY - - ‘aunTantre AIRnIaiend STOPEST HI7 NOT
Juaa STI29pE IPT NOZ
Sutids saoqe 80BIL ITNEF 31nes Sur S plakd sfutadg
LT L8671 "uosispuy Suote uotivsodsp EBITTTIS - sal - -PUBsLl FSOMUIION JTUBD{OA DIDTTIS aUusl031IQ A0} A9yieyg
sya0I
3[ney JuT  STMOSIEBFING I2PTO PUE 1fESERq SIpgee 477 NoZ
‘1 9561 ‘I335OLIIO] siusn Sutrds saxyy - EEI - -pusil 1SBHYIION 2UsD08TIQ UsBM1aq 1DEIUCTH sFutads 104 uowies
sjuen Burads juasoxd
noy(aq sitsodep sUTITOARIL
{3086 02 78 9Buml aunirwxad (4] suoes 51977 981 N§z
—ial fI0po InJins 1UVT(S -gautl fuoris ‘paisiye sdutads
91 5961 ‘Butien ‘squan Burids usaiyrq 53k 94 EEI - fsy20l DTITURIE §NOAIELIIIY J0H 98243 1y
ALINNOD THHET
3e6Y Tsaay3e sitsodep sutixsamas IT0EF Sul SXDOX STQOPS7 A0F Nt
g PUB SuE93S SATSUDIXS [XOPO INITNG - sajl - -pUaIl 1SaMYIION ITUBIIOA DIDITIS AIBTII8L sfutads 10y sstap
ALNNOD WOSHALLAT
g "§14 fur23ag o1forosy SyIBLEY SED S2IBUCQIE]) STIOSDETTS DANIDOILG (s)juep Surrdg Jaqumy
ToN BALY 10z @dua uoTyTsodag SATIOV 1o {s)xsyinby fo HOTIEITITIUAPT

1724 o Jurzds

{'pAu0d) L 378VL

15



1461 ‘ss0y

8¢aT SXsYyl0
PUE SUiE21S

Jo8% 02 v§ @#Surl sinjwiad
-wsy fsausa fuizds snorosuny

sjuan Furxds uaassg

XOPO IRI[NS

3ine: Sut

- 374 - -pUIL} FSOMYIION
ALNAOD dAM0d

3[ner Sur

JUCISAUT] DTOZOBTBJ

JUOISIWT] DTOZOITEY

FYD0I

STIPIET 40% SOT

SIORPEY 971 S¢
sfuradg uwTpU]

S122¢ 44 SET

SORT ‘BuraEyM {sjuaa Burtads snoxsumy 534 - SIL -pUall 3I53MYIION 2IUBDTOA DIZTITIS AJABILIA] s3utadg a0} uEIpU]
96T ‘uzmdey) $YD0X
pue UOlISIEY 10po IngIns fTTam SUTMOTA - EE)S - JTUBDITOA DIZTTTS AJBTIIAL Ipegs 45 S/
6961 ‘uzndey) (i) 2imseq
pug uolsiey Topo aniins {{Tam SutMoid sal 53 A - PUER SJUSWIPSS BUSDOTI4 12047 37 5%
a1qe
5961 ‘ueudey) -fteas 307 $,I9({Tap fiopo $Y204
PUE UGISTEY Inzins IYET[S f11em BurMord - saL - - JTUBDTOA JTDTITIS AIBTIIDL IPEPZ 4T S5
6957 ‘ueudEy) sr1qeyTear 207 §,I971TIP SYJ04 JTUBDTOA DIDTTIS AIE
PUE UOIST®Y {Iopo InFIns {1Tam FuTmMOT - B4 - - -T3I8], pUB 3TESEQ 2UDOTTJ Tpeabe 31 SF
o1 ‘ueudeyn Iopo
puE UOISEY mzins 3ySiys {11am BuTMOT] - saj - - SIUBLIPSS 2UIDOTIG TQ33L MZ ST
aIqETTEAR
6957 ‘ueudey) Soy s5,22[[1Ip ‘Jopo aplyIns
PUE UOISTEY usafoapdy f17smM FurtmMord saj - - SIUIWIPSS DUIDOTTJ TAqPzT MF NT
3001 5164aye 96 S9T
1z soaT ‘Jutamy sjuan Burxds oMy - - - IIVES DTUBITOA ITITITTS SUINOTTH sfutadg aop Aydang
Jp6t 01 SY201 SNOBIRIINL SIPPAS d9 S8
L56T ‘o2TEMYISOI] e ofusy srnjedadssy f3vel Suidrasno pue 1{ESEq sEuradsg
0z PIE US5T131] -uo2 duoTe sdess snolsumpy - 533 - - 2UAD0I[d URIMIAQ 10BIUGD J0H gniyley uBIpU]
5967 ‘usuwdeyn IIqBIIEAE SHTOI
ar puB uOlsiRy Jo7 5,I917TIp fTFas SuImoTd - 537 - - JTUBDIOA DI2TTTS aUlIOTIG 19qe; 35 S§7
6261 ‘ueudeyp
0z puT uoISTRY ITQEITBAE JC7 S,I91711xq - - - - SIUUTPHS 2USIOTTY IPo2ZT 49 So
S1qE
L56T “21TREMULSCLD -1TeAR 807 g§,IafrTIp {Iopo
oz pu® U01911TT angTns 1y8tis fryem Surmolg - - - SIUDUTPIS IUSIOTTY 129P6E 99 59
LG6T T2ITEMUISOID ST9eITEAR
174 puE UGlatllT] B0t £,X87T11Ip fT1aM FuTMOold - S - - SIUBUTRIS JUIDOTL4 TPPPOT 49 59
GoGT ‘uruden) SEqEIYEAR 307 S,I8([T4P ireseq
a7 pUB UCIsSTEY TIOPO INITAS TeM BUTMOT - SO 583 - PUE SIUSUTIRSS 3USIOTId o997
("P,3u0D) ALNNOD TIHAMO
g 974 durzleg oIifcfoan S¥IBWSY . SED SR1FUOGIE] STNBOTTLS INIINILS (s)auny Suradg 1aqUmp;
oy Bady 103 Boua uotitsodaq aaTIdY 10 (s)aairnby 3O ©0T3BITITIURR]

-zszay redioutrig

add], yoey puw 28y

T1aM Jo Sutxadg

pauod) 1 31gvi

16



PIGT ‘00STg
I puT IayTey

I 0L6T quoamay

5951 “Surrey

0L6T ‘QUodmMay

061 quodmay

5961 ‘3uTaey

DLET “quodHay

£Z §961 ‘Futaey

1461 TS50y

BEo6T ‘53 TEMYISDI]

Ag96T ‘ortEmyIsOI]

B5961 ‘@1Tesyisoi)
861

‘SI2IC PUE SULESIS

Zi6T
fEI2130 PUE IPTEW

3TqETIEAE
fo07 s,Je1y1tdp frrsm Surmolg

SIGRTTeAR
FOT 5,X3TITIP fT1ToM Buimoyd

D98 01 08 aduel saniwred
w51 fsjuasa Jurads SNOISUNN

Joki0d
031 95 afuex saniesodwael
fsqusa sHurads snolommp

Jo6S 031 g6 oBuel sanzexad
-ugy fsyusa Burads usaeg

I0PU IPLIINS UIRCIPAH

POTFTITILS

aq 01 sieadde sjusa

SWOS PUnoir STIGEP Jql8
o1 % a8ues siniziadual
{Iopo apiyins uadoxpdy
fsjusa Fuizds usslaiyl

10pO NGNS
1udiTs fsausn Butads anoyg

j1om Sutmorg

FTqeITRAR BOT S,IOTTLL(

TraM JutMory

TIL

SOx

saj,

sa}

ALNACS NOLONIHSYM

EETY S
FETY -
s3% -
sax -
saj -
- EETY

ALNMOZ ADTTVA

13=2% -

ALNA0D STTYA NIML

1tney Fuz
-PURIL ASEIUYIIOR

1iney duz
-puUdIl 1saMylaoN

1ine3 fut
-pusxl 31SamMylIon

JIBSEY SUSIOTH

I[ESEQ SUIDOTH

syool 2T3TURIS snoaselsin

s¥20a DYITUBI8 snosseilsan

S%¥20X JTITUBIE SNOSIEISHIG
IZ3U UMIATNLTE AIBUISIEN]D)

SY20I OTITURIS SNOSIBIBIG

$Y00% OT1TURIZ sSnOaDE18In
pUE 1TESEL SUSIOIN
IEaU UNTANTTE2 AXBUISIBO)

Y301 2T1TURdd snoanelsL)

sy204
DTURDIOA DTOITITS SUIDOLTH

s)voI
JTUBITOA DTOTY1S AUIDOTTd

S$HICXA
DTUBBTOA OTITTLE AXBIgaa}
IE3U WNTATN]IE AIBWIDIRNN

Y201
STUBITOA DTII[IS SUIDOTT

(&) 3TESEQ PUR SIUDUTPAS
SUBDOISTS]] PUB BUDDOTTJ

SHPOI DTUBDIIOA DTOTYIS
I9P10 PUB I[ESE 2USIOT[
Iest WNTANTTE AIBUIS3END

TO938 ME NET

IoPPE ME NPT

S¥249927 45 NZE
sfutadg Jurriog

STYRITE dF NET
sEutxdg
J0H UGIIEQED

TPA®OS A€ NvE
STI2BHT J9 NSE

sButads
300 5, 41T0W

§12q9gY 35 857
sSutadg ywoo19 304

STEPAIT 35 NPT
sButadg
10H UBDINA

ST2BTE LT 59T
sButads 3oy o1depR
Teqqr 481 STt
SIgBqQle =247 ST

sButzdg
UIBN MEJ-004-3EN

TPPPEE H6T SIT

1eqoge drl &8

STOOETE 3FT S8
sTurady
301 STORITH

g 314 furiisg orfofosy
oy BDIY IG} a3us
-1ajay redoourag

SYIRULSY

S81BU0QIE] SNOBIT LTS
uoyitsodag sarioy

2INLDNIIG

(s)3usy Burids
Io {s)asirnby jo
add], yooy pue sdy

Iaquiny
UOLIBSTIT1IUEpP]
Tray o futidg

(piuoD) | 378V.L

17



P31 foosty
pue Ja¥1eM

0LET ‘quooseN

0LET ' quodmMaN

arqerTeae Sof
S, X911 Tap {TTam Bulmolg - Y -

Jplll 01 £9 23usl
srmperadimey [opo angins
fsanes Furzds snodowmy saj -39 -

Dpl8 01 pg oFurx sanje
-zadwey fsdees snalsumu

31ney Sut

1[BSBq SUADOTH

1TESBq SULDOTH IBSU
UMTANTTE AIPUISIEN]

1TEBSEY 2USDOTR IBaU
INTANTTE AXBLIGIEN]

1IBSEG JUIDOTH
Jutdrasro “¥oTY1l 3893 §
ueyy ssay] A(qeqozd

TPEAQET My NET

STBQOS M7 NYT

STPOYET Mg NYT

¥4 0LBT fquodmay pue syusa Surads om] - s - ~PUSI} 1FOMYILON ‘UmMTANT[E AIBUIaleny) STAPA. ME NIT
aTqQeITEAER 30T
S, Ia[[1Ip {Iopo IpIFTas
€T 0461 SquodMan uadoipAy 11am Eurmori SIL - - - 1TESEQ SUITOTH TEID0T MG NIT
{"P43U0D} ALNAOD NOIONIHSYM
g 814 Furyias otfotoen SHIBWIY sen SIRUOGIES SNOATTIS QININIFS (s)zusp Butrzds T3qumy
FON BAIY 10F I0UD uotirsodag 2ATIOV 1o (s}zsrinby Io0 UOTIBITITIUAPT

-z1a3ay rediautag

adAL ooy pue =8y

TisM X0 Sutxdsg

('83u03) t 378Y4L

18



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
geclogic 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
ooours throughout the State. Minerals deposited include gypsum, halite, and various
carbonates, and sificates, Carbonate deposits were identified using diluted hydrochtoric 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 been used to estimate water temperatures in the thermal aquifer. However,
these geochemical thermometers are useful only if the geothermal system is of the more
cormon hot-water type rather than of the vapor-dominated or steam type, none of which is
known to occur in idaho.

Geochemical thermometers 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} - Si02 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 HCO3 contents Qualitatively useful for near-neutral waters;
solubility of CaCOg3 inversely related to
subsurface temperatures; see text and ELLIS
{1970).

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

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

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

8) - CI/F High ratios may indicate high temperature
(MAHON, 1970) but Ca content {as
controlled by pH and 0032‘ contents)
prevents gquantitative application.

9)_*** FIETE

10} - Sinter deposits Reliable indicator of subsurface temperatures
{now or formerly)>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 controlling the amount of a chemical
constituent taken into soiution by hot water are temperature dependent; {2) an adequate
supply of these chemical constituents is present in the aguifer; {3} chemical equilibrium has
been established between the hot water and the specific aguifer minerals which supply the
chemical constituents; (4} hot water from the aguifer 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 aguifer temperatures {(Fournier and Rowe, 1968)
appears to be the most accurate and useful proposed to date. Experimental evidence has

established that the solubility of silica in water is most commonly a function of temperature
and the silica species being dissolved.
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Practical use of the silica geochemical thermometer assumes that there is eguilibration
of dissolved silica with quartz minerals in high-temperature aquifers and that the equilibrium
composition is largely preserved in the silica-bearing thermat waters during their ascent to
the surface. White (1970) stated that while equilibrium is generally 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 aquifer temperatures much above 180°C.
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 SiO5. 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 difution
and enrichment of thermal waters on the temperature calculated using any geochemical
thermometer must be considered.

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

The sodium-potassiurm {Na/IKK) geochemical thermometer plois 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 Truesdeli (1973)
point out that Ca enters into silicate reactions in competition with Na and K and the
amount of Ca 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 diexide 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 "JMCa/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
geothermal waters cluster near a straight line when plotted as the function log K* = log
(Na/K) + B log (v/Ca/Na) versus the reciprocal of the absolute temperature, where B is
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. 1t is generally 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 ieft the aguifer. Where calcium
carbonate has been deposited, the Na-K-Ca geochemical thermometer may give anomalously
high aquifer temperatures. Fournier and Truesdell {1973) caution against using the Na-K-Ca
geochemical thermometer in acid waters that are low in chioride.

ANALYSES OF DATA

The chemical analyses of thermal spring and well waters sampled for this investigation
are given in table 2. The aguifer 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 Truesdell {1970, fig. 1, curve A, p. 530}, These
cafculated 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 also 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 table 3 are also shown in figure 5.

Most thermal waters in |daho 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
tdaho 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 to low Na-K-Ca temperatures.

Measured temperatures of sampled waters ranged from 12°9C in northern Fremont
County to 93.00C in Cassia and Lemhi Counties and averaged 50°C for all sampled springs

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

SUMMARY OF FINDINGS

1. A total of 124 thermal springs and wells was visited and described in {daho 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
ldaho and 42 were in the Northern Rocky Mountain phsiographic province of
central ldaho. No thermal waters were found north of the lLochsa 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 Creiaceous and Miocene

Precambrian and Paleozoic age age

Springs 12 Springs 18

Wells 1 Wells 0

Total 13 Total 19

Silicic volcanic and associated sedimen- Basalt of Miocene and Pliocene age

tary rocks of Paleocene to Holocene {?)

age Springs 1
Wells 4

Springs 12 Total 5

Wells 31

Totat 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 guality 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/I.

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 359 to 1709C as estimated by the silica geochemical thermometer.
Estimated temperatures, using both thermometers, showed agreement within
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10.

250C for 42 of the 124 sampled sites, Estimated aquifer temperatures in excess of
140°9C were found at 42 of the sites sampled. Generally, for waters frigh 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 ldaho, an intensive search of this area failed to reveal the
existence of any true thermal waters.

Within the Frazier KGRA in southern idaho, surface temperatures of 939 and
90°C (measured temperature of 90CC is probably lower than temperature at
paint of discharge} were found at two wells. Estimated aquifer temperatures for
water from these two wells are calculated to range from 1359 to 1450C,
Dissclved-solids concentrations were 1,720 and 3,380 mg/] and the minerals being
deposited were chiefly halite and calcite.

FUTURE STUDIES

Selection of areas in which further work will be concentrated in ldaho by the U. S.
Geologicatl Survey and the ldaho Department of Water Administration will be based on the
data reported herein and on the Tollowing considerations:

1.

Of the 124 springs and wells inventoried, estimated aquifer temperatures of
140°C or higher are indicated for 42 of the springs and wells listed in table 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. S. 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 geology in terms of the structure, lithotogy 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, detaited geologic
maps, available additional hot springs and wells from which water samples can be
obtained for analysis, topography suitable for making additional geophysical
surveys and for heat studies, and ready accessibility to men and equipment wiil be
in priority over other areas equally promising.
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FIGURE 6.

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 140°C or higher)

O

Area selected by geology

Areas selected for future study.
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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 preliminary
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 possible:

1. Caleulation of aquifer temperatures by geochemical thermometers using water
samples collected from springs and welis.

2. Analysis of data obtained from heat studies. 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 samples 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.
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BILICIC VOLCANIC AND ASSOCIATED SEDIMENTARY WOCKS -
Intludos the Challls Volcanics, of Falsocens
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derance of clastic rocks in the Gsven D::m
Velcanics

AND NF ROCES -~ Undifferen=
tlated l:lnut and nonclastic sedimantary and
matamorphic rocks
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FIGURE 4.--Generalized geology of Idaho and locations of sampled springs and wells.
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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

PREPARED JOINTLY BY THE U.S. GEOLOGICAL SURVEY
AND THE IDAHO DEPARTHMENT OF WATER ADMINISTRATION

FIGURE 5.--Estimated aquifer temperatures for sampled springs and wells.
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