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Part 1 

Geochemistry and Geologic Setting of Selected Thermal Waters 

bY 

H. W. Young and J. C. Mitchell 

ABSTRACT 

At least zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA380 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 fault zones while a greater number were thought to be 
related to faulting. 

Measured water temperatures a t  the 124 wells and springs inventoried ranged from 120 
to 93OC (degrees Celsius) and averaged 50%. Estimated aquifer temperatures, calculated 
using the silica and the sodium-potassium-calcium geochemical thermometers, range from 50 
to 370OC and averaged 110OC. Estimated aquifer temperatures in excess of 140% were 
found a t  42 sites. No areal patterns to the distribution of temperatures either a t  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/l (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 Idaho. At the Fratier KGRA in Raft  River Valley, water 
temperatures at the surface above 90°C were measured a t  two wells. Geochemical 
thermometers indicate temperatures of 1350 to 145OC may exist a t  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 (NaCI) and calcite 
(CaC03). 

, 

* 

Twenty-five areasbere selected for future study. Of these areas, 23 were seiected on 
the basis of estimated aquifer temperatures of 140% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor higher and two on the basis of 
geologic considerations. 

L J  
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INTRODUCTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAid 

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. I f  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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1970 (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 Federat, 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 tdaho, the Yellowstone KGRA in eastern Fremont 
County and the Frazier KGRA in the Raft  River basin (fig. 11, 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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30 percent of the State (fig. 1) was classified as 
potentially valuable for exploration. 

Existing knowledge and laws have been adequate with regard to development and 
1 

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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABS provided in Idaho's Geothermal Resources Act 

2 
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EXPLANATION 

Known geothermal 
resource area 

Lands classified 
as potentially 
valuable for 

geothermal exploration 

FIGURE 1. Location of known geothermal zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAresource areas and areas classed as 
potentially valuable for geothermal expforatiopr 
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investigate the potential for geothermal resource development in Idaho. 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 aquifer temperatures 
for them, and reconnaissance data on their geologic setting; and (2) to designate for 
additional study areas where: (a) estimated aquifer temperatures of 14OOC or higher (a 
temperature of 14WC 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 anb 
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 essentially repeated 
by Waring (1965, p. 26-31). The most comprehensive of the three reports, (Ross, 1971, p. 
47-67), includes data on zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA380 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 SpringNumbering System 

The numbering system used by the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU. S. Geological Survey in Idah, indicates t h  
location of wells or springs within the official rectangular subdivision of the public lands, 
with reference to the Boise base line and meridian. The first two segments of the number 
designate the township and range. The third segment gives the section number, followed by 
three letters and a numeral, which indicate the quarter section, the 40-acre tract, the 10-acre 
tract, and the serial number of the well within the tract, respectively. Quarter sections are 
lettered a, b, c, 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-lOdddl is  in the SEX SEX SEX sec. 10, T. 6 S., 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, 4S-13E-30adblS. 

a 

Use of Metric Units - 
In this report, metric units are used to present concentrations of waterquality 

parameters determined by chemical analyses and the temperature of water. Chemical data 

for concentrations are given in milligrams per liter (rndl) rather than in parts per million 
(ppm), the units used in earlier reports of the U. S,GeoIogicai Survey. However, numerical 
values for chemical concentrations given in this report would be essentially the same 

a 
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/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
FIGURE 2. Diagram showing zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe well- and springnumbering zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsystem. 

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. 

b 

Selection of Sampling Sites 

5 
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TEMPERATURE, IN DEGREES FAHRENHEIT 
Conversion of degrees Celsius (OC) to degrees Fahrenheit (OF) is 

. . based on the equation, OF = 1.8% + 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 a t  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 composition by mixing with waters of 
intermediate levels, flashing to steam, or other alteration processes during their ascent to the 
surface. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

L1 

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 a t  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 a t  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 geologic 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 a t  or near the sample spring or well 
was noted where possible. 

GEOLOGY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF 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 %iring, the 
occurrence of thermal waters is  most common in extensive areas of lava flows of Tertiary 
and later geotogic 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 b, 

.: 
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J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
volcanic rocks of rhyolitic to dacitic composition, as well as their glassy 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 faulting, 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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

L d  

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 a t  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 aquifer may not be indicative of the aqyifer 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 Szsaltic and 
rhyolitic lava flows and associated sedimentary rocks. In southeastern Idaho, springs and 
wells are primarily associated with fault zones zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin Paleozoic marine sedimentary rocks that 
may, in places, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbe overlain by unconsolidated valley fill. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

u . 
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t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl Generalized Geologic Setting of Idaho 

The State of Idaho 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 geologic 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 central Idaho. 
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 Idaho. 

For purposes of this report the geology of the State of Idaho is  divided into nine map 
units. Each unit was selected on the basis of age and lithologic considerations. Theareal 
distribution and descriptions of these units are given in figure 4. 

Although the occurrence of thermal activity and i t s  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. 



TABLE 1 

OEOLOOIC ENVIRONMENT OF SELECTED SPRINGS AND WELLS I N  IDAHO 

(Dah in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcolumn Micatas unknown or not obrenfed.) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
\ 

c 
Spring o r  Well ~ a n d R o d c T y p .  Principal Refer- 
Identif ication of AquiferCs) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor Active Deposition ence for Area zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo. 

N*er spring vent (I) structure Siliceous Carbonates Gas Remarks Geologic Setting Fig. 6 . 
M zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAle ss.ul  Pliocene md Pleistocene - 

4N 28 29rcdl Pliocene and Pleistocene - 
Si 28 12cddl Pliocene q d  Pleistocene Northwest trend- 

sedf.snts 

sediwnts 

s*%iments ing fau l t  .. 
White Licks Hot Q W m a v  a l lw i~ .  p b a -  - 

bly less than 5 Let thick. 
near Hoeem basalt m d  1Mo 2E SSbcclS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

t iuPs  Rdsort Hot puatemary dlwium Northwest trend- 

2m IC 26ddbIS 

Krigbwm Hot Springs Cmt.csaus granitic mcks Northeast trend- 
19n 26 22ct8ls MI? Miocene b8salt ing nomal fau l t  

Starkey Hot 

Springs 

cret8Wmls granitic mcks 

SprWS nos? Mieceae basalt ing normal fau l t  

SS 34E 26dabl Pliocene md Pleistocene - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
v sediments (t) 

- Yes 

MNNOCK CWKly 

- . Yes 

BLAINE COUNTY 

Yes 

Flowing w a l l  . 

Flowing well; s l ight  
sul fur  odor 

Flowing well; sul fur  odor 

Numerous spring vents; gas 
present i n  several vents; 
sul fur  odor; temperature 
range 65 t o  6S°C 

Slight sul fur  odor 

fwo spring vents; temper- 
ature of 40 and 43OC 

Seven spring vents; 
sul fur  odor; second- 
ary calc i te in basal t  , 

near spring vents 

Flowing well; s l ight  
sul fur  odor; d r i l l e r ' s  
log a v r i i ~ b i e  

Numemu spring vents 

Nunennu spring vents; 
sul fur  odor 

Flowing wel l ;  sul fur  
odor; dr i l le r 's  log 
available 

Savage, 1958 

savage. 19% 

Savage. 1958 

Naring, 1965 

Hamilton, 1969 

Newcomb, 1970 

Livingston and 
Laney. 1920 

1 

Ross, 1971 2 

S t e m s  and 3 
others, 1938 

Norvitch and 
Larson, 1970 

4 Dion, 1969 

Smith, 1959 5 
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TABLE 1 (Cont'd.) 

Age and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARock zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPrincipal Refer- 
Area No. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAencc for Active Deposition 

Spring or Well 
Idcnt i f icat ion 

Nusnber 
of m i f e r ( s )  or 

Geologic Setting Fig. 6 Spring Vent [s) structure Siliceous Carbonates Gas Remarks 

Unpleby and 
others. 1930 Guyer Hot Springs Paleozoic limestone 

4N 1Te l 5 u c l S  
Yes Yes Numerous spring vents; 

hydrogen sul f ide odor; 
tan rature range 55 t o  

Nmerous spring vents; 
sul fur  odor; tempera- 
ture range 42 t o  47°C 

Numerous spring vents; 
sul fur  odor 

7% r c 

Northwest trend- 
ing faul t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(?) 

Ctarendon Hot Paleootoic quartzite 
Springs 

SN 1Te 27dcblS 

Umplcby and 
others, 1930 

Hailey zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHot Springs Paleozoic limestone 
2N 16E 18dbblS 

Umpleby and 
others, 1930 

Steams and 
others. 1938 

Yes - 
- Yes cadi. Hot Quaternary alluviun 

1s 21E 14ddlS 
near Pleistacene basalt springs 

1s 3% l d J S  Quaternary a l l w i t n  
Near Holocene basalt 
a d  Paleozoic quartzite 

Ross. 1971 Rrree spring vents 

Eight spring vents 
and numerous seeps; 
s l ight  sul fur  odor; 
t ape ra tu re  range 68 
to 85%; grani t ic  rock 
s i l i c i f i ed  in  places 

One vent; s l ight  sulfur 
odor 

Nuserous spring vents; 
temperature range 48 
to 6S°C 

Waring, 1965 6 wlnevil1e Hot c n t a c s a u  granitic zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
rocks 

ION lOe 3lc lS 

gn SE 2SbaclS cretaceous granitic 
ZOCLS 

Kir- Hot -8CcbuS p i t i c  
spr iass S 

9N 8E 52caelS 

IM SI3 1bcblS Q l u t e n a v  ~11wim 
overlying Cretaceous 
grani t ic  m c b  

IM SE 10bddlS Cret.MOUS granitic rocks 

lN 43E 9cbblS Qruternary allwim. 
w i t h  travertine deposits 
m a r  Paleozoic 1imeStone 

SN 25E UCpdl Pleistocene basalt 

res Yes 

YOS Yes 

Haring, 1965 

Waring. 1965 

7 

Anderson, 1947 

Anderson. 1947 

Six spring vents; sul fur  Jobin and 
Shrosder. 1964 

Northwest trend- 
ing faul t  8  odor;^ temperature range 

23 t o  25OC 

Dri l ler 's log available 

Dr i l ler 's log available Ross, 1971 
SN 27E 9abbl Pleistocene basalt and 

sediments 

_ . ._ . . .  . . . . _ . . _ , .  ; . ._ 



TABLE 1 ICont'd.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Spring or  Hell zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAge and Rock zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAType zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAYrinciprl Refer- 
Idsnt i f i u t i o n  of Aquifer(s) or  Active Deposition ence for Area No. 

Geologic Setting Fig. 6 Number Spring Vent (s) Structure Siliceous Carbonates Gas Remarks 

Wardrop Hot Quaternary a l l w i m  - 
lN 13E 32abblS 

Springs near Pleistocene basalt 
a d  Cretacecus granitic 
rocks 

Yes 

- 

- 

- 
- 

Yes 

- 

Yes 

Yes 

Yes (1) 

Yes (1) 

- 

Numerous spring vents Walton, 1962 5 

Wornrick Hot Cretaceous granitic 

3N 14E 28u lS  

Elk Creek Hot Cretaceous granitic rocks - 
1N 1SE 14adalS 

Springs rocks 

Springs near contact with Oligocene 
silicic volcanic rocks 

Umpleby. 1913 Yes Yes Numerous spring wn ts ;  
grani t ic  rock s i l i c i f i ed  
in places; possible in- 
tersection of. fau l ts  

Five spring vents and numer- 
ous seeps; temperature range 

Flowing w e l l  

Flowing wa l l ;  dr i l l e r ' s  
log avaiiabie 

Nunezous spring vents; 
tsmperature range 62 t o  
71% 

43 t o  sspc 
Yes Walton, 1962 

1s 12E 3lcbcl Quaternary alluvium 

1s 1SE 27ccbl Quaternary allwium 

Bamm's Hot Quaternary allwium near 

1s 13E 34bcclS 
Pleistocene basalt and 
h t 8 C O O U S  granitic rocks 

springs zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
M 2w Uabcl Pliocene and Pleistocene 

sediments 

WaltOn, 1962 

Walton, 1962 

- - 
Yes 

- Yes Walton. 1962 

Sulfur odor; dr i l l e r ' s  log 
8VSihblO 

Savage, 1958 

Ten spring vents; 
s l ight  sul fur  odor: 

6s 41E 19bulS Quaternary travertine 

Holocene travertine 
near Pleistocene basalt 

West trending 
faul t  (Pelican 
faul t )  

Hansfield, 1927 9 

t+rature range 34 
t o  42OC 

0 Amstrong, 1969 North trending 
thrust faul t  

Nwm-ous spring vents; 
s l ight  sul fur  odor; 
temperature range 24 
t o  3loC 

- Yes sod. Springs 
9s 41E 12addlS 

1% 261 23bbcl 

CASSIA CclVMv 

Ye5 Plowing wal l ;  s l i gh t  
sul fur  odor 

Flowing wel l ;  dr i l l e r ' s  
log available 

Stearns and 10 
others, 1938 

- Yes Nace and others, 10 
1961 

Crosthwaite. 1957 

1SS 26E 2Mdcl Pleistocene sediments 

11s 25E l lcca l  Precambrian quartzite 
_- 

North trending 
faul t  

Yes Yes 

- Yes 

Flowing well; su l fur  
odor; d r i l l e r ' s  log 
available 

Flowing wa l l ;  sul fur  
odor; d r i l l e r ' s  log 
available 

14s 2lE 34bdcl Pliocene s i l i c i c  
volcanic rocks 

Piper, 1923 

. .  



Ana zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe TABLE 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Cont’d.) 

Spring or Kell zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAge urd Rock Type Rincipal  Refer- 
Idmt i f  €cat ion of Aquifer(s) o r  Active Deposition ence for 

Number Spring Vam(s) Structure Siliceous Carbonates Gas Remarks Geologic Setting Fig. 6 

oakia~r d m  Spring 
14s 22E 27dfblS 

155 241 22ddbl 

WIm Springs 
11N S2E 2SuclS 

Lidy Hot Springs 
9n SJe ibbelS 

LIW 1n SZbulS 

1m 1% f ldanl 

!ambe.. Hot 
springs 

1111 1SE l9clS 

sollina Hot 

1 1 N  17E 27bddlS 
springs 

Oarmy Wt Springs 
l l N  2SE 23cablS 

Stanley Hot 
Springs 

ION 1SE ScablS 

0 

Precambrian quartzite 

Qwternary a l l w i m  
m a r  Paleozoic lime- 
s t o m  

HiQcene and Pliocene North trending 
s i l i c i c  volclnie mcks faul t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
plutrnuy .Ilwim - 
n e u  Tertiary silicic 
V O l c m i C  rock¶ 

- 
cmtaceoru granitic 
rock 

C a t a c t  b t m n  Oligocene 
s i l i c i c  volcanic rocks 
and Paleozoic dolomite 
ald 8Tgin i te  

quatenury dlwium - 
Quaternary alluvium Northeast trend- 
near Cretaceous grani t ic  ing faul t  
rocks 

P8bOZOiC P.gi l l i te - 

Pliocene and Pleistocene - 
sediments (t) 

CASSIA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACWNn (Cont8d.) 

CUSPER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm 
Yes 

- - 
Yes Yes 

- . Yes 

I 
- 

- , Yes 

Yes 

E W R E  CDUNn 

Yes 

Yes (t) 

- 

res (TI 

Yes 

- 
Yes 

Yes 

Yes 

Yes 

Yes 

res 

Slight sul fur  odor 

Plowing well 

Twelve spring vents; temper- 
ature range 26 to 29OC; 
travertine deposits near 
spring vents 

Travertine deposits near 
spring vents 

Nw~erous spring vents; 
hydrogen su l f ide odor; 
temperature range 40 
t o  s ~ O C ;  secondary 
quartz in  volcanic rocks 
near spring vents 

Flowing well 

Numerous spring vents; 
s l ight  hydrogen sulfide 
odor; temperature range 
65 t o  76OC 

Hydrogen sul f ide odor 

Six spring vents and numer- 
ous seeps; hydrogen sulfide 
odor; temperature range 31 
t o  41°C 

Eight spring vents; 
hydrogen su l f ide odor; 
temperature r a g e  32 
t o  50% 

Flowing well; hydrogen 
sul f ide odor 

Anderson, 1931 

Ross, 1971 

Steams and 
others, 1939 

Steams and 
others, 1939 

Waring, 1965 11 

Choate, 1962 

Ross, 1937 

Naring, 1965 

Choate. 1962 

Ross. 1937 

Ralston and 12  
Chapan, 1968 



Area zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TABLE 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAICont'd.1 

Spring o r  Well Age and Rock l'ype Principal Refer- 
Identif icat ion of Aquifer(s1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor Active Deposition mce for  

c 
Number Spring Vent (s) StNCtUlW Siliceous Carbonates Cas Remarks Geologic Setting Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 

Cretaceous granitic 
rOCkS 

Neinaeyer Hot 
Springs 

SN 7E 24blS 

EIMDRE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACWNTY (Conr'd,) 

Yes Yes (1) Thirteen spring vents; Waring, 1965 
gas present a t  one vent; 
temperature range 68 t o  
76OC 

Yes Yes zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. Yes (1) Nmermu spring vents; 
gas present a t  one vent; 
temperature range 53 
t o  65OC 

Waring. 1965 Dutch Prank's Cmtaceour granitic 

SN 9E 7blS 
spring rOCkS 

Paradise Hot Cretacaous granitic 
Springs rocks 

.. SN lo€ SSbdlS 

SS 8E 36ed.1 

Latty Hot Springs Pleistocme basalt 
SS lOE  SlddblS 

4s 88 Sbbbal 

Pliocene md Pleistocene. 
Sbd imtS  (1) 

Pliocene md Pleistocene 
sediments 

4S 9E 8abl Pliocene and Pleistocene 
seddirmts and basalt 

sediments (1) 

Pliocene md Pleistocene 
sediments (1) 

~ 5% 10E 7 d l  Pliocene and Pleistocene 

SS 1OE 32bdbl 

Several spring vents 

Plowing well 

Waring. 1965 

Criff iths. Dion and 1967 

Malde and 
others, 1963 

Ralston and 
Chapan. 1968 

Northwest trend- 
ing faul t  

Slight hydrogen sul f ide 
odor; dr i l le r 's  log 
avai lable 

Flowing well; dr i l l e r ' s  
log available 

Flowing well; s l ight  
sul fur  odor 

Flowing well; sul fur  
odor; dr i l le r 's  log 
available 

Ralston and 
Chapman, 1968 

Ralston and 
Chapan, 1968 

Ralston and 
Chapman, 1968 

- - Yes 
-.L 

w 

- Yes 

.. 
0 

I 

FRANKLIN COU"Y 

- Yes Yes North trend- 
ing fau l t  

Northwest t m d -  
faul t  

Numerous spring vents; 
s l ight  sulfur odor 

Slight sulfur odor 

Maple Grove Hot PabOZOfC qUattZitb (1) 
Springs 

12s 418 7acaIS 

14s S9E 56adrl 

Wayland Hot Quaternary allwium 
Springs with travertine 

15s 598 8bdclS deposits 

15s 39E 17bcdl Quaternary allwim 

Quaternary allwium (1) 

with travertine deposits 

Dion, 1969 13 

Dion, 1969 

Dion, 1969 

1s 

13 

- - 
Yes Yes Numerous spring vents 

I 
Flowing well near 
S q u a w  Hot Springs 

Dion, 1969 13 Northwest trend- 
ing faul t  

Yes Yes 

PREHDNT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMuldy 

14 Stearns and Ashton Wan Pleistocene basalt 

9N 428 2SdablS 
Springs others, 1939 



TABLE 1 (COnt'd.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA\- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Principal Refer- 

Age and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARock zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATrpe once for  Area No. Active Deposition 
Spring O r  Well 
ldent i f  €eat ion Structure Siliceous Carbonates Gas Remarks Geologic Setting Fig. 6 of AquiferW zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor 

Nuuber Spring Vent(r) 

Big Springs 
14N 44E 34bbblS 

Lily Pad Lake 
ION 451 ~5abei.s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7N 416 S5cddl 

Hamilton, 1965 Quatern* obsidian 
(rhyolite) 

/ 
Tertiary rhyolite ash 
flows 

Tertiary s i l i c i c  volcanic 
reefs VI 

Numerous spring vents; tem- 
perature range 10% t o  1 2 ' ~  

Assumed numerous small 
seeps; no i n f l w  or out- 
f l w  channels 

Hamilton. 1965 

- Yes 

.. 
15 Newcomb, 1970 Five spring vents zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQuatermy alluvium 

nwr Hacane basalt 

Quaternary alluvium 
near Miocene basalt 

- 

Quaternary al1wim 
near Pliocene basalt 

Nswcomb, 1970 

Stearns and 
others, 1938 

Halde and 
others, 1963 

Plowing well 4s 1s 28abl 
3 

Four spring vents 

Flowing well; dr i l le r 's  
log available 

Malde and 
others, 1963 Pliocene SediQentS 

and W a l t  

cretaceous granitic 
m 3 ; S  

&Ot8COOUS granitic 
rocLS 

cretaceau granitic 
rocks 

mAHoc[IIIMy 

Yes Waring, 1965 tcmger- Six spring vents; 
ature range 44 t o  4% C 

mir Creek Hot 

Waring, 1965 

Waring, 1965 

Hamilton, 1969 

Jerry Johnson Hot 
S rin s 

sa d e  dais 
Red River Hot 

2m ioe MIS 
Springs 

Eight spring vents; tem- 
perature range 41 t o  48OC 

Yes 

Nine spring vents; temper- 
ature range 37 t o  SSOC 

Four spring vents and 
nullemus seeps 

Quaternary allwiun. North trend- 
probably less than 5 
feet  thick, overlying faul t  
Paleozoic md MesoZOiC 
gneiss 

Quaternary a l l w i m  near 
cretaceous granitic 
rocks 

ing normal 

- 

- Yes 

Yes Waring, 1965 Tvo spring vents Burgdorf Hot 

22N 4E 1bdelS 
Springs 



Principal Refer- 
Age and -RocIf-TYp ence for Area zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo. 

Active Deposition Sprinn or  Well 
Siliceous Carbonates Gas Remarks Geologic Setting Fig. 6 

Number Spring vent zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[SJ structure 
Ihentif ication of Aqui€er(s! zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.. or . 

JEFFERSON zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACouMy 

Stearns and 8 
others. 1938 

Waring. 1965 16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHaire Hot Springs Tertiary s i l i c i c  volcanic Northwest trend- 4N 40E ZSdcblS rocks ing faul t  

Sulfur odor; extensive 
travertine deposits 

- Yes - 

mi1 CWNIY 

Yes Yes Yes zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1) Fifteen spring vents; 
s l ight  sul fur  odor; tem- 
perature range 82 t o  93%; 
t ravert ine deposits below 
present spring vents 

Big Creek Hot Cretaceous m i t i c  rocks, - 
Springs altered. strong linea- 

. 23N 18E 22clS tions ( 9 )  

.* 
' Salmon zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHOl Springs Contact between Oligocene Northeast trend- 
2ON 22E 3abdlS basalt and older tuffaceous ing faul t  

mcks 

Forrester, 1956 17 

Anderson, 1957 17 

Three spring vents - Yes 

Si l ica &position along 
fau l t  t race above spring 
vent 

Sharkey Hot Oligocene s i l i c i c  volcanic Northwest trend- 

20N 24E 34ccclS 

ing fau l t  Springs . mCkS 

Ross, 1963 18 
16N 21E 18adclS Quaternary allwirrm, - 

probably less than 5 feet  
thick. MU Precambrian 
quartz i te 

G r e e n  Cm-~yon Hot 

SN 43E 6bcalS 

Tertiary s i l i c i c  volcanic - 
Springs mckS 

14s 368 27cdalS Quatenpry 81lwi~1~ with 
travertine deposits 

- 

Travertine belw spring deposits vents Waring. 1965 

ONEIDA COUHIY 

- Yes 
wrrnham and 19 
others, 1969 

One spring vent 

~ ~ r n h a m  and 19 
others, 1969 

0 

Pleasantview warm Quaternary a l l w i m  
Springs 

1SS 35E 3aablS 

Numerous spring vents - Yes 

Burnham and 19 
others. 1969 

Nine spring vents; 
temperature range 27 
t o  32OC 

Paleozoic limestone Northwest trend- 
ing fau l t  ( 9 )  WoodNf f tbt 

Springs 
16s 36E lObbclS 

Yes 

Piper. 1924 Nmerous spring vents 
125 34E 36bcblS Paleozoic limestone - - 

OlMfEE COUNTY 

Yes ( 9 )  Yes 

20 italston and 
Chapan. 1969 

Flowing well; sulfur 
odor 4s 2E 3?ccl Pliocene sediwnts and 

basalt, and Tertiary 
s i l i c i c  volcanic rocks (?I 

20 Ralston and 
Chapan, 1969 

Flowing well 
SS 3E 26bcbl Pliocene sediments and 

basal t ,  and Tertiary 
s i l i c i c  volcanic rocks (3 



TABLE 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Cont'd.) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Spring or Well Age and R w k  Type Principal Refer- 
ldent iffcation of Aquifer($) or Active Dcposition ence for Area No. 

Geologic Setting Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 Number Spring Vent(s) Structure Siliceous Carbonates Gas Remarks 

6s 3E 2cccl 

6s SE lOdddl 

65 5E 29dcc1 

O n l I E E  CoLRn (Cont'd.) 

Pliocene sediments and 
b8Salt 

Pliocene sediments 

Pliocene sediments 

Flowing well; sulfur odor; 
driller's log available 

Flowing well; driller's log 
available 

Flowing well; slight sulfur 
odor; driller's log avail- 
able 

Driller's log available 

Ralston and 
Ch8PlEan. 1969 

20 

20 Littleton and 
Crosthuaite, 1957 

Litteton and 
Cmsthuaite, 1957 

Iblston 8nd 
Ch8plaan. 1969 

20 

6s 6E l2ccdl Pliocene sediwnts 

Pliocene silicic volcanic 
rocks 

Contact between Pliocene 
basalt and overlying 
tuffaceous rocks 

Pliocene silicic volcanic 
rocks 

Pliocene sediments zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.. 

Pliocene sediments 

Pliocene basalt m d  Tert i-  
ary silicic volcanic rocks 

Terti8V Silicic MlC8lliC 
rocks 

Pliocene sediments and 
bua1t (t) 

Tertiary silicic volcanic 
rocks 

Tertiary silicic vqlcanic 
rocks 

20 

20 7s 5E 78bbf Plowing well; driller?s log 
8~8ilitble 

Nmerour seeps along con- 
tact; temperature range 37% 

Two spring vents 

Plowing w l l ;  hydrogen 
sulfide odor; driller's log 
avail.ble 

Flowing well; slight sulfur 
odor 

Flaring well; sulfur odor; 
driller's log 8V8ilable 

Flowing well; slight sulfur 
odor; driller's log avail- 
able 

Flowing well; sulfur odor 

Flaring well; sulfur odor 

. to 39% 

- YbS 

- Yes 

Ralston and 
Chapman, 1969 

Littleton and 
Cmrthwaite, 1957 

Indian Bathtub Hot 

OS 6E 3bddlS 
Springs 

70 

21 krphy Hot Springs 
16S 9E 24bblS 

1N 411 12dbbl 

Waring, 1965 

Ralston and 
Chapman, 1969 

Ralston and 
Chapman, 1969 

IS 21 7ccbl 

4s 1E 34badl 

5s lE 24861 

e. 
e 

SS 2E lbbcl 

7s 6E %ad1 

- Yes 

- Yes Ralston knd 
Chapman, 1969 

Ralston and 
Chapman, 1969 

- Yes 

Yes Ralston and 
Chapman. 1969 

- Yes R8lStOn and 
Ch8p811s 1969 

Waring. 1965 Numerous spring vents; 
sulfur odor 

Indian Hot Springs 
17s 7E S k l S  

Northwest trend- 
ing fault 

Yes 

POWER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACouKly 

fndian Springs 
3S 31E lO$blS 

10s SOE l3cdclS 

P~1eozoic limestone 

Paleozoic limestone 

Northwest trend- 
ing fault 

Yes Seven spring vents Steams and 
others, 1938 

Ross, 1971 Nunemus spring vents; tem- 
perature range 34 to 38OC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I .  

. *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I . 



c / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TABLE 1 fCont'dJ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Spring or Well Age and Rock zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAType Principal Refer- 
Ident i f icat ion of Aquifer(,) or  Active Deposition ence for Area No 

Remarks Geologic Setting Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 Number Spring Vent (5) Structure Siliceous Carbonates Gas 

Miracle Hot -ternary allwium near 

8s 14E 3lacblS s i l i c i c  volcanic rocks 

8s 14E 33cbal Pliocene and Pleistocene 
sediments and basalt ( 9 )  

rock, 

Springs Pliocene basalt and older 

11s 19E 33dddl Pliocene s i l i c i c  volcanic 

Nit-Poo-Paw Warm Quaternary a l l w i m  near 
Springs Tertiary s i l i c i c  volcanic 

12s 17E 3lbablS rocks *. 

12s 18E lbbal Pliocene s i l i c i c  volcanic 
rocks 

Magic Hot Springs Pliocene s i l i c i c  volcanic - 
16s 17E 51aclS rocks 

W I N  FALLS COUNIY 

Yes Yes Malde and others, 
1972 

Yes Flowing zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwell 

- Dri l ler 's log available 

Stearns and others, 
1938 

Crosthwaite, 1969, 

- Yes Crosthwaite, 1969b 

- Flaring we l l  Crosthwaite, 1969, 

Yes Yes Four spring vents; s l ight  
sul fur  odor 

Ross, 1971 

VulCM Hot Cretaceous granitic rocks 
Springs 

14N 6E 1lbdalS 

Yes Yes Thirteen spring vents ; 
hydrogen sul f ide odor; 
temperature range 84 t o  
87%; debris around some 
vents appears t o  be 
s i l i c i f i ed  

- Yes Yes Hydrogen sul f ide odor 

Waring, 1965 

Newcomb, 1970 

22 

Hot Creek Springs Quaternary ollwium near 
1SS 3E 13bbclS Miocene basalt and 

Cretaceous granitic rocks 

Molly's Hot Cretaceous granitic rocks 
Springs 

1SN 6E 14acclS 
* 

14N 3E 36abdl Quaternary allwirm, near Northwest trend- 

Cabarton Hot Cret8ceous graiitic rocks Northwest trend- 

13N 48 3lcablS 

L i l i n g  Springs Cretaceous granitic rocks Northeast trend- 

Cretaceous granitic rocks ing faul t  

Springs ing faul t  

1ZN SE 22bbclS ing faul t  

14N 3W Sddcl Miocene basal t  - 

13N SW 8cccl Miocene basalt 

0 

- Yes - Seven spring vents; tem- 
pen tu re  range 58 t o  59% 

Yes - 

Waring. 1965 

Newcomb, 1970 

Nwconb, 1970 Yes Nunemus springs vents; Yes 
temperature range 56 to  
7 w c  

Yes Yes Yes Nmerous spring vents; tem- 
perature range 80 t o  86OC 

Waring, 1965 

WASHINGTON aUJNlY 

- Flowing well; dr i l l e r ' s  log 
available 

Flaring well; dr i l le r 's  log 
available 

Nwcomb, 1970 

Yes Walker and 
Sisco, 1964 



Spring zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor Well 
Ident zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi f icat ion of Aquifercs) or Active Deposition 

Age and Rock Type 

Number Spring Vent (s) structure Siliceous Carbonates Gas Remarks 

Principal Refer- 
ence for 

Geologic Setting FiQ. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 
Area No. 

WASHINGTON COUlTY (Cont'd.) 

1 1 N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6W 10ccal Miocene basalt zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 

1lN 3W 7bdblS 

14U Jw 19cbdlS 

14N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2W 6bbalS 

194 4rl l rnacl  

Qusternary allwium. Northwest trend- 
probably less than ing fau l t  
S feet  thick, overlying 
Miocene basalt 

Quaternary allwium 
near Miocene basalt 

Quaternary allwim 
near Miocene basalt 

Miocene basalt 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

- 

Flowing well; hydrogen 
sulfide odor; dr i l l e r ' s  
log available 

l\ro spring vents and 
nmemus seeps; temper- 
ature range 54 to 87% 

- 
Numemus spring rants;  
sul fur  odor; temperature 
range 6f t o  70% 

Flowing well; d r i l l e r ' s  
.log available 

Newcomb. 1970 23 

Newcomb, 1970 23 

Newcomb. 1970 

Newcomb. 1970 

Walker and 
sisco, 1964 



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. 

W 

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 
common 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 i s  as follows: 

. 

"Chemical indicators of subsurface temperatures 
in hot-water systems. 

, 

Indicator Comments 

Best of indicators; assumes quartz equilibrium 
at  high temperature, with no dilution or 
precipitation after cooling. 

Generally significant for ratios between zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20/1 
to 8/1 and for some systems outside these 
limits; see text. 

Qualitatively useful for near-neutral waters; 
solubility of CaC03 inversely related to 
subsurface temperatures; see text a d  ELLIS 
(1970). 

Low values indicate zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhigh subsurface zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtern- 
perature, and vice versa. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

j 
1) - Si02 content 

2) -,Na/K 

* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3) - Ca and HCO3 contents 

4) - Mg; Mg/Ca 

6 -  
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5) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- *** 

6) - Na/Ca 

: w  

7) - CI/HCOg + Cog 

8) - CVF 

9) - *** 

10) - Sinter deposits 

11) - Travertine deposits 

*** 

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

Highest ratios in related waters indicate 
h i g he zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs t t e m peratures 
(FOURNIER, TRUESDELL 1970) and vice 
versa. 

High ratios may indicate high temperature 
(MAHON, 1970) but Ca content (as 
controlled by pH and CO32- contents) 
prevents quantitative application. 

su bsu r f a ce  

*** 

Reliable indicator of subsurface temperatures 
(now or formerly)>l8OOC. 

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) i s  based are: (1) the chemical reactions controlling 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 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof 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 4 

The silica method of estimating aquifer temperatures (Foumier and Rowe, 1966) 
appears to be the most accurate and useful proposed to date. Experimental evidence has 

established that the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsolubility of silica in water is  most commonly a function of temperature 
and the silica species being dissolved. 

6 -  
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Practical use of the silica geochemical thermometer assumes that there i s  equilibration 
of dissolved silica with quartz minerals in high-temperature aquifers and that the equilibrium 
composition i s  largely preserved in the silica-bearing thermal waters during their ascent to 
the surface. White zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1970) stated that while equilibrium i s  generally attained at  high aquifer 
temperatures, silica may precipitate rapidly as waters coot to about 180OC and, therefore, 
the silica method commonly fails to predict actual aquifer temperatures much above 180% 
The rate of precipitation of silica decreases rapidly as the temperature cools below 180%. 

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 
1OOOC these waters are actively decomposing silicate minerals and thereby releasing highly 
soluble amorphous Si02. 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 calculated using any geochemical 
thermometer must be considered. 

The Sodium-Potassium and SodiumPotassium-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 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 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 ~ / M N ~  

(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 naturat thermal waters. Accumulated evidence 
suggests that thermal, catcium-rich waters do not give reasonable temperature estimates 
using Na/K atomic ratios alone, and that the Ca concentration must zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbe given consideration. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Fournier and Truesdell zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(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) + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp log ( m / N a )  versus the reciprocal of the absolute temperature, where /3 is  
either 1/3 or 4/3, depending upon whether the waters equilibrated dbove or below about 
100°C 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. It i s  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 lef t  the aquifer. 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 chloride. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

u 

ANALYSES OF DATA 

. The chemical analyses of thermal spring and well waters sampled 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 Truesdell (1970, fig. 1, curve A, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp. 530). These 
calculated values of temperature are given in table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. 

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 Idaho are low in dissolved solids with concentrations in 
sampled waters ranging from 14 to 13,700 mg/i. 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 to low Na-K-Ca temperatures. 

Measured tempe res of sampled waters ranged from 12oC in northern Fremont 
County to 93.0% in Cassia and lemhi Counties and averaged 5WC for all sampled springs 
and wells. Examination of the temperature data collected does not reveal any correlation of 
temperature wlth location, rock type, or structure. 

b 
SUMMARY OF FINDINGS 

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

briefly examined.. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
u 2. Of the 124 springs and wells visited, 16 were in the Basin and Range 

* *  
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TABLE 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlbnt'd) 

I 

5-10-72 25 82.0 1SO 250 

8-28-72 .2 41.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlI0 1.1 

8-28-72 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA92.OOO lZ.0 47 5.6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.I. 

-72 - ~ 7 . s  .I 2.6 

E 9-72 - ~ 6 . o  n 20 

FRANKLIN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACOUNW zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Cont'd.) 
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physiographic province (Fenneman, 1931) of southeastern Idaho, 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 Idaho. No thermal waters were found north of the Lochsa River in 
northern Idaho. 

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 

12 Springs 

1 
13 

Well- 
.r-*. 

Springs 
Wells 
Total 

S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I oral 

19 
0 

19 

Silicic volcanic and associated sedimen- Basalt of Miocene and Pliocene age 
tary zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArocks of Paleocene to Holocene (7) 

1 Springs 4 
Wells 

age 

5 
Springs 12 Total 

Wells 
Total 43 Surficial deposits of Pleistocene and 

Holocene age 
Basalt of Pliocene to Holocene age 

30 Springs 6 
Wells 

36 

2 
2 Total 

4 

31 

Springs zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,I 

Wells 
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. 

5. 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/l 
and averaged 812 mg/l. In the southeastern part of the State, where waters were 
much more heavity mineralized, dissolved-solids concentrations are as much as 
13,700 mg/l and average 3,510 mg/l. 

6 

6. red temperatures of the water a t  the springs and wells ranged from 12O to 
and averaged 500C. No areal pattern for the distribution of measured 

temperatures was found. 

as estimated by the sodium-potassium-calcium geochemical thermometer and 
from less than 350 to 170OC as estimated by the silica geochemical thermometer. 
Estimated temperatures, using both thermometers, showed agreement within 

7. Estimated aquifer temperatures for the waters sa 

’ 

led ranged from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 to 3700c 

h/. 
G 9  



- . .- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9. 

10. 

\ 
25OC for 42 of the 124 sampled sites. Estimated aquifer temperatures in excess of 
140% 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 Idaho, surface temperatures of 93O and 
90% (measured temperature of 90°C is probably lower than temperature a t  
point of discharge) were found at two wells. Estimated aquifer temperatures for 
water from these two wells are calculated to range from 1350 to 145OC. 
Dissolved-solids concentrations were 1,720 and 3,360 mg/l and the minerals being 
deposited were chiefly halite and calcite. 

FUTURE STUDIES 

Selection of areas in which further work will be concentrated in Idaho by the U. S. 
Geological Survey and the Idaho 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 
140OC or higher are indicated for 42 of the springs and wells listed in table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. 
Figure 6 gives the location of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA23 areas in which these springs and wells were 

found. Two areas shown in figure 6 were selected on the basis of geologic 
considerations only. 

2. 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. 

3. Evaluation of the known geology in terms of the structure, lithology and age of 
the rocks, and the geologic history of the 25 areas shown in figure 6. 

4. 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 geophysical 
surveys and for heat studies, and ready accessibility to men and equipment will be 
in priority over other areas equal ty promising. 

b 

c -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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EXPLANATION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 
Area selected by geother- 
mometry (area numbers are 
found in tables 1, 2 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 
and refer to springs or wells 
with indicated aquifer tem- 
peratures of 14OoC or higher) 

Area selected by geology zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 
\ 

0 

. *  

Y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 

FIGURE 6. Areas selected for fufuie 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: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1. Calculation of aquifer temperatures by geochemical thermometers using water 
samples collected from springs and wells. 

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. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

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 i in the 
recharge area, and at depth, and the subsurface structure. 

. 

I 

--- 

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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