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CHEMICAL, ISOTOPIC, AND GAS CONXDOSITIONS

OF SELECTED THERMAL SPRINGS IN ARIZORA, KEW HEXICO; ArD UTAZ

By R. H. Mariner, T. S. Prescer, and W. C. Evans

ABSTRACT . L

Twenty~-scven thermal springs in Arizona, New Mexico, and Utah vere
sampled for detailed chemical and isotopic analysis. Sampling in New
Mexico and Utah was confined to known geothermal resource aress &o
designated by the U.S. Geological Survey. "By contrast, as many of the
major thermal springs of Arizona were sampled as time allowed. The

-springs issue sodium chioride, sodium bicarbonate, or sodium mixed-anion

waters of near neutral (6.2) to alkaline (9.2) pH. High concentrations
of fluoride, more than 8 milligrams per liter, occur im Arizzaa in waters
from Gillard Hot Springs, Castle Hot Springs, and an unnamed spring on
Eagle Creek, and in New Mexico from springs along the Gila River.
Deuterium composi .ions of the thermal waters cover the same range as
those expected for meteoric waters in the respective arcas. Morxe than
50 percent of the gas escaping from Verde Hot Springs, Ariz., Thermo Hot
cprings and Monroe Hot Springs, Utah, and the unnamed springs near San
Ysidro, N. Mex., is carbon dioxide. Crater and Joseph hot springs in
Utah discharge gas containing 20 to 25 percent carbon dioxide. Nitrogen
is the principal gas discharged by the cther thermal springs.

The chemical compositions of the thermal waters are interpreted to
indicate that Thermo Hot Springs in Utah and Gillard Hot Springs in
Arizona represent hydrothermal systems which are at temperatures higher
than 125°C. Estimates of subsurface temperature based on the quartz and
Na-K-Ca geothermometer differ by as much as 60°C for Monroe, Joseph, Red
Hill, and Crater hot springs in Utah: -Similar-conflicting-esticates of
aquifer temperature occur for Verde Hot Springs, the springs near Clifton
and Coolidge Dam, in Arizona; and the warm springs near San Ysidro,
Radium Hot Springs, and San Francisco Hot Springs, in Jew Mexico. Such
disparities could result from mixing, precipitation of calcium carbonate,
or perhaps appreciable concentrations of magnesium. Mixing generally
reduces the temperature estimated.from the silica geothermometer, whereas
precipitation of calcium carbonate or magnesium concentrations of more
than 30 mg/L increase the temperature estimaced from the Na-K-Ca geo-

- thermometer. The other springs and wells sampled in Arizona and New

. hadis i i
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Mexico have inferred reservoir temperatures of less than 100°C.
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Dependable chemical anslysce for tho hot springs in Utzh ave svail-
able in Mundorff (1970). A study of tho hot springs of Eew Ecmico
(Summers, 1976) contains a collection of chemicel amalyscs of variable
quality. A brief summary of geothermal prospects in Ncw Mexico has also
been presented by Summers (1970). Chemicel amalyses ere gerecrally not
available for the hot springs imArizons. A pogeor-by Telller (1973) on
the composition of hot springs in Arizona contains caeny analyses in which
the totals of silica, sodium, and potaseium excecd the total dissolved
solids determined by evaporation. Analyses of water frozm Indian Hot
Springs. Radium Hot Springs, Quitobaquito Springs, and agua Caliente are
available in Knechtel (1935), Wilson (1933), Bryan (1925), and Ross (1920),
respectively. . Hem. (1950). and Feth_ and Hem (1963). present chemical data
on 3prings ip Triham and Greenlee Counties, as well as Verde Hot Springs
in Yavapai County. Dellechaie (1975) reported on a geothermel test well
drilled to a depth of 2440 meters west of Florence in Pinal County.
Maximum temperatures of 120°C, encountered in the well, were explained
by deep circulation of meteoric water in an area of normal geothermsl
gradient {35°C/km). A hydrologic study by Reeder (1957) contains

‘chemical data from warm irrigation welis in the Lightning Dock KGRA (Knoun

Geothermal Resource Area (Godwin and others, 1971)), New Mexico. Analyses
of gases escaping from the springs and isotopic compositions of the waters
(6D and 6180) are not available in the literature.

Our sampling program was designed to provide detaiied chemical,
isotope, and gas-composition data for springs in designated KGRA's in
Arizona, New Mexico, and Utah. Additional sampling of thermal springs
was carried out in Arizona to explore the possibility of high-temperature
systems in the reuainder of the State.

Clifton and Gillard hot springs are the only designated KGRA's in
Arizona. Clifton Hut Springs (reported as 71°C) and Gillard Hot
Springs (83°C) have the highest surface temperatures. Waring (1965) lists
21 thermal springs in Arizona and Haigler (1969) lists 23 thermal springs
and 9 thermal wells. Seven of the springs in Haigler (1969) a.e not

~included in Waring (1965). Where accessible, springs with reported

temperatures of more th-~ 40°C were sampled. Agua Caliente and Radium
Hot Springs in the southwestern part- of —the State were dry-when visited

cduring January 1975.

Our sampling in Utah was restricted to the following designated
KGRA's: Crater Springs, Thermo Fot Springs, and Monroe-Joseph. Therma.l
springs in the Monroe-Joseph KGRA include Red Hill Hot Spring, Monroe
Hot Springs, and Joseph Hot Springs. - No thermal.springs.issue in the
Cove. Fort~-Sulphurdale KGRA.

" Samples were collected from the following KGRA's in New Mexico:

"Radiun Springs, San Ysidro, Lower Frisco Hot Springs (San Francisco Hot

Springs). and Gila Hot Springs. No samples were collected from the




Kilbourne Hole, Bace Location No. 1, or Lightning Dock RCRA's.
Kilbourne Holc does ot contain any thermal springs.

LOCATION

The location and & br.ef description of the sampled springs are
given in table 1. The locations of the thermal spriege -(£ige. la, 1b,
and lc) are controlled by the general structural setting. Areas of
undisturbed sedimentary rock such as the Colorade Plateau, which
occupies northeastern Arizona, southeastern Utah, gnd northwestern Eew
Mexico, are generally devoid of thermal springs. The largest concentra~

_ tions of thermal springs are in areas of faulted strata associated with
"réiéfiVely“Youﬁg"VolcaniGWtocksvn»A1=sss~ellvthcxmalmggxinggmig Arizona
issue along the Gile River in the southern half of the State or in &
thin band along the wes.ern edge. Thermal springs in New Mexico are

concentrated along the headwaters of the Gila River in the southwestern
part of the State and in or near the Rio Grande rift. Thermal springs
occur along major faults in the western and central part of Utsah

T s - {Mundorff, 1970).. ... . -

METHODS AND PROCEDURES

Water was collected in a 4-liter stainless steel pressure vessel
at points as close to the orifice of the springs or wells as possible
and was immediately pressure-filtered through a 0,1-um (micrometer)
membrane filter using compressed nitrogen as the pressure source.
Filtered water sampies were stored in plastic bottles which had been acid-
washed to remove contaminants prior to use. Samples for heavy-metal
analyses were immediately acidified with concentrated nitric acid to pH 2
or less to insure that the metals would remain in solution. Samples
collected for magnesium and calcium were acidified with concentrated
hydrochloric acid to pH 2. Ten milliliters of filtered sample were
diluted to 100 mL (milliliters) with distilled, deionized water to slov
the polymerization of silica. Three samples of unfiltered water were
: collected in 125-mL glass bottles with polyseal caps for analysis of
e e deuterium and oxygen-18. Samples of gases escaping from the springs were
collected in gas-tight glass syringes which were plsced-im- a3 bottle of
native water for transport to the laboratory.

Field determinations were made of water temperature, pH, alkalinmity,
ammonia, and sulfide. Extraction of aluminum and preservation of mercury
were alsgwpgtfprmed in the field. Detailed descriptions of the sampling
techniques used are given by Presser and Barnes (1924) . . Water tempera-
tures were determined with a thermistor probe and a maximum reading
mercury-in-glass thermometer. The pH was measured directly in the spring
using the method of Barnes (1964) . An alkalinity titration was performed
;mmedirtely after the sample was withdrawn from the spring. Sulfide was
precipitated as zinc sulfide from the hot sample and titrated by the
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Table 1.--Locattion .M duscription of sampled lprlng‘u and velln--Contlnuei,i
1 X S
1 T . -
- Spring Location Comments F :
- : Catron County, Wew Mexico : .
; 1. Unnamed hot spring (Gilla Wilderness)--~---~ Unsurveyed, 33°u' n. by 108°16° . Spring fesues from slluvium on. the esst side of the river ot the silderness
- . . ' boundsry; tuff-breccis bedrock, sporsdic gas,
- 2. San Prancisco Hot SPrings--<-=eesscacecc-ce Eisec. 23, T. 12 8., B, 20V, Smsll springs .n? secps; eggregste flow lese than 50 L/min; ecettered for two o
. (Lower Prisco Hot Springs) . } ke along the Sam Prasocisco Rfver.
Dofis Ans County, New Mexico
1. Radius Bot Springs(well)emcconccocannccacae WEYsec, 10, . 21 8., R. 1 W, Resort; originsl springs sre 4ry; weter {a from & pumped vell used by the -
ey . [ 4 . 20
b~
~ ﬁ_‘ Cramt County, New Mexico
3 1. Ci1la Hot Springse---=-; WANEksec, 5, T 13 8., R. 13 W, Springs extensively modified o8 8 water supply; some gas.
ey ' . .
: 2. Uonased bot spring (Cila River)--cecre--ce= Unsucveyed, 3%10* 5. by 108°11° W, Seep spricg; tuff-breccia bedrock. )
N - i
T ). Unnamed hot spring (R. Pork Cila River)--~- Unsurveyed, 37°11§° ¥, by 100°11° v, Springs iesue from alluvius slong the scuth side of the river just dovngtress & .
- : from Lyons Lodge. _ 7
Sendoval Couaty, New Mexiceo ;
i - 1. Urnamed wineral spring(Sam Yeidro)ec----v-- MWéiSisec, 16, 7. 15 ., R, 1 8. Seep spring; fssues from the eide of s large trevertine d; 1 soible 3 :1
Jo— : . spring in the mound relesses a grest Cesl of gis. o
= ’ 2. Onnamed warm spring (Sen Ysidro)»-e--a--aee WiiMksec. 16, 7. 15 9., R. 1 8. Smell lpﬂi;. fasuing from travertine mounds on the south eide of the Seledo 1
o v River; comsiderable gas. . N
. : ;
3. Uansmed warn spring (San ¥e1dro)-----v--~-- NiiSWieec, 10, T. 13 W, R 18, Suall gessy spring Lssuing from a thia traverting mound; north #1é:> of Sslado
- : ' River. ! .
o ‘ : Ty 4
1 1 ! N
3 i Besver County, Utsh N :
’ 1. Thermo Mot Sprhnlv ’ sec. 28, T.03., 8. 124, Womerous smeli springs and secps 1swue smeer the top of two psrallel nozth- ;
) south tromding ridges; eempled eprimg at eouth end of vestern ridge;
P | aggtegste flew 500 L/mtn. b=
3 ‘ F..
haithng : Jush County, Utsh | I
; 1. Crater Wot Springs (A) sec. 13T, 46, R, BW. Extensive trsvertine mound with nmumercus seall eprings snd seeps; canple A
] (®) - sec. 10,T. 14 8., R, 8 W, i{s from a flowing well msar the foundation of the sgbandoned resort; eexple

I P ie fram a smell epring at the top of the trsvertine mound,
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1 Table 1,-~Location and dcecription of sampled springs and wells--Continued 3
£ -t
. oo
- Spring ’ Locaticn ' ' B ’ Comments
3 ) Sevier County, Utsh v . : . : | %
: B : L
N 1. wonroe Hot Springa (A)~---= :Muc. 15, T. 2% 8 R. 3 W, Numerous smell springs and uepsilu'auug from rravertine terrace; extennive . ) '*
i (B)eorecoccncnmconomance do - ' trenching to "increase” water flow has destroyed euch of the terrese;, azsre- .
. gate flow at lesst 500 L/sim, i . -
2. Red HUI1 Hot Spr'ng--¢;--. ......... P SWi~ec. 11, T. 25 5., R. I W Springs issue from s travertine terrace approxla.tc'\ly 0.8 hilometers north of F
e i Honroe Hot 3prings; both eprings {ssue from a vavge-front fault, .
e . S \ M
fe ). Joseph Hot Springd-------=ec-ae cessarccanena sec, 23, 1. 258, R, 4 W. Numerous emall eprings and seeps; most of the emall opringo relensc conotd- i
ereble gas; low flow rate (<100 L/min). ]
H
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FIGURE la.--Location of sampled springs and wells in Arizomna.
Samples. are numbered to correspond to their place in table 1:
Cochise County, l-Hookers Hot Springs; Gila County, l-Unnamed

- warm spring (Coolidge Dam); Graham County, l-Indian Hot Springs,

- -2-Mt. Graham hot mineral well; Greenlee County, 1-Clifton Hot

 Springs, 2-Unnamed hot spring (north of Clifton), 3-Gillard Hot
Springs, 4~Unnamed warm springs (Eagle Creek); Maricopa County,
1-Hot well (Tonopah); Mohave County, 1l-Pakoon Springs; Pima
County, l1-Quitobaquito Springs; and Yavapai County, l-Verde Hot
Springs, 2-Cagtle Hot Springs.
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FIGURE 1lb.--<Location of sampled springs and wells in New Mexico.
Samples are numbered to correspond to their place in table 1l: Catron
County, l-Unnamed hot spring (Gila Wilderness), 2-San Francisco Hot
Springs; Dodla Ana County, l-Radium Hot Springs (well); Grant County,
1-Gila Hot Springs, 2-Uanamed hot spring (Gila River), 3-Unnamed hot
spring (E. Fork Gila River); and Sandoval County, l-Unnamed mineral
spring (San Ysidro), 2-Unnamed warm spring (San Ysidro), 3-Unnamed
warm spring (San Ysidro).
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icdometric method described by Brown, Skougstad, and Fishman (1970).
Mercury was stabilized for analysis in the lsboratory by addition of 2:1
H,S0, :HNO,, 5-percent KMnO (w/v), and S-percent Kzs 0q(w/v). Dissolved
ammonia was determined by allowing the sample to cedl to ambient tempara-
ture, adding scdium hydroxide to raise the pE to epproximately 12, and
measuring the dissolved ammonia with a dissolved ammonia specific-ion
electrode. Water samples for aluminum dctermination were complexed with
8-hydroxyquinoline, buffered at pH 8.3, and extracted with methyl 1sobuty1
ketone in the field-as-dcacribed by Barmes-(1975). .

Silica, sodium, potaasium, lithium, rubidium, cesium, calclum,
magnesium, cadmium, cobalt, copper, irom, nickel, lead, mangenese, and
zinc were determined in the laboratory by direct aspiration on a double-
beam atomic-absorption spectrophotometer. Detection limits for the heavy

metals in.micrograms per liter (ug/L). are: .cadmium (10), cobalt (50),

copper (10), iron (20), nickel (20), lead (100), manganese (20), and

zinc (10). Boron, depending on the concentration range, was determined
by either the Dianthrimide or the Carmine method (Brown and others, 1970).
Fluoride was determined by specific~ion electrode using the method of

R. B. Barnes (U.S. Geological Survey, written commun., 1973). The
colorimetric ferric thiocyanate method (American Society for Testing and
Materials, 1974) was used for samples containing less than 10 mg/L
(milligrams per liter) chloride. Higher chloride concentrations were
titrated by the Mohr method (Brswn and others, 1970). Sulfatic was titrated
by the Thorin method (Brown and others, 1970). Mercury was determined

by a flameless atomic-absorption techaique (U.S. Environmental Protection
Agency, 1971). The organic extract containing the aluminum complex vas

analyzed by atomic absorption.

The COz~equilibrium method of Cohn and Urey (1938) and the uranium
technique of Bigeleisen, Perlman, and Prosser (1952) were used in the
analysis for oxygen and deuterium isotope ratios. Isotopic ratios of
180/160 and D/H in the water samples were measured on a modified Nier
double-collecting 6-in 60°-sector mass spectrometer.

Gases were analyzed by gas chromatography as soon as possible after
returning to the laboratory, always within two weeks of collectioa. Linde
molecular sieve 13X was used to separate and qY7ntify (02 + Ar), Ny, and
CH,, while Porapak Q was used tor CH4 and C02.=' The gas-chromatography
columns were operated &t roow temperacure-with-helium-as™~the carrier gas.
Gases were detected by thermzl conductivity.

i/ The use of the brand name in this report is for identification
purposes only and does not imply endorsement by the U.S. Geological

Survey.
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WATER COMPOSITION

The chemical compositions of the thermal-spring watersz are listed
in table 2 by county and state. In Arizona, 15 water samplas ware
collected from 13 thermal-gpring areas. Six are fresh waters as defined
by Robinove, Langford, and Brookhart (1958). Im this clacsificaticm
fresh waters contain less than 1000 mg/L dissolved solids; slightly
saline waters range from 1000 toc 3000 mg/L; modcrately saline waters from
3000 to. 10,000 mg/L; and very saline watera from 10,000 to 35,000 mg/L.
The {resh waters are of various types: - Hookers Hot Springs, Na-HCOj3;
unnamed hot spring or Eagle Creek, Na-Cl; hot well at Tonopah, Na-Cl;
Pakoon Springs, Ca-Mg-Na-HCO3; Quitobaquito Springs, Na-SO4 and Castle
Hot Springs, Na-504-Cl. All of the slightly saline waters, which include
the unnamed hot spring at Coolidge Dam, Indian Hot Springs, and Gillard
T S Hot Springs, are Na-Cl waters. Ciifton Hot Springs, the unnamed hot
P spring near Clifton, and the Mt. Graham hot mineral well issue Na-Cl
waters of moderate salinity. The other moderately saline water 13 a
Na~-HCO3-Cl water from Verde Hot Springs. ‘

;;/ﬂ‘ The four springe sampled in the Gila Mountains of New Mexico issus
[ fresh water of the Na~-HCO3-Cl type. San Francisco Hot Springs issue

w R slightly saline Na=Cl water. -~Radium Hot Springs -also-issue Na-Cl water
but it is of wmoderate salinity. Springs in the San Ysidro KGRA issue
moderately saline to very saline Na-C1-S04-HCO3 or Na-504-Cl waters at
relatively low temperatures (11° to 25°C).

J
bt

AR

.,

Thermo, Monroe, and Red Hill hot springs in Utsh issue slightly
saline waters. Thermo Hot Springs issue a Na-804-Cl-HCOj water, whereas
the more concentrated waters from Monroe and Red Hill hot springs are
Na-S04-Cl waters. Crater and Joseph hot springs issue moderately ssline
Na-Cl waters. :

Generally, as salinity increases chloride becomes the major anion
and the pH decreases from alkaline "to near miutral. gl losoide con-
centrations (6 to 11 mg/L) are found i several of the fresh-amd .
slightly saline thermal waters in all three States. The iiitio. P/€%
decreases from 0.1 in fresh waters to 0.003 in the very sall=c i A
In contrast, high concentrations of boron are found ounly in modeiifi%?‘\\

i saline water (Verde Hoc Springs, 8.9 mg/L B) or very saline waters
g (unnamed-eprings- rear San-¥sidre,- 7-=11 mg/L B)- - Relatively high concen=-

: trations of magnesium (>30 mg/L) occur in slightly saline to very saline
L - waters from Monroe Hot Springs, Joseph Hot Springs, BRed Hill Hot Springs,
! Crater Hot Springs, Verde Hot Springs, the unnamed springs near San
Ysidro and near Coolidge Dam. The springs near Clifton also contain
appreciatle magnesium (20 to 21 mg/L).

& "‘i;i '/._‘.,'; . I"(‘ .

Minor and trace-element coumpositions are g ven in table 3.
Dissolved ammonia concentrations exceed 0.1 mg/L ouly in waters issuing
from springs associated with sedimentary rocks. Generally, lithium,
rubidium, and cesium concentrations change in a manner similar to that
of the soiium and potassium concentrations.

11
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Table 2.-Major ¢lenent chewical composition of thermel .prings and wells
[Concentrstions are fn silligcems per liter)
- -
Lol o
o ) " 3 ' . TF
N e
Spring nema H §~ o g ~ L~ < :’L,,, 3 9 s g
— g e T g & =B : : g 3&
[ & 3 g 3 - 8 L S 2 -} L3
4 S o 8 ¢ 8 a Ha ] 8 g 5 3 q
-] o Q
; . ol - 3 . E S a8 - 2 £ 83
. & 2 ® 3 a e < @ 8 [ a a -
7 i 3
-
Cochise County, Arisons
Hooker® HOt Springs-----=-=--cz-ccescw--eee 31§ 9,03 46 1.0 .1 &8 03 o.11 170 3 6.0 2.0 0.03 1% i
- N . .
Gile County, Arisons 3
T ) ’ ’ : y
Onnewed werm spring (Coolidge Dem)------ == 3 6.0 49 140 3 720 29 1.6 326 420 980 3.3 1.0 2,687 1
1 o '
— ‘ ‘ !
= : Grahan County, Aricens . |
- Todias Hot Springs(A)-=------ SR - 48 7.3% 0 ” .1 1) 13 1.2 o8 3350 1,200 34 57 2,630
‘ ‘ (8)---mmmneaes emeaeee .- 48 1.5 » 7 8.1 1,000 12 1.3 ) 8¢ 1,400 11 2 30U
Ht. Crahas hot winersl well--ccecocecvcecea 43 7.58 s 110 10 2,600 u 1.9 103 689 -!’3,000 ] 6.4 1.4 7,438
. Creenles County, Ariszens :
PR ) ' ; 3y
Clifton Bot Springe---=«-----cc-co-nu creee D9 1.00 . 33 43 [T 1,300 n 2.6 163 n 73,150 3.3 64 5,528
- j Unnamed hot spring (Clifeos 8)--c-c--ve--== &4 .58 “ 719 n 23,700 170 4. 16 &2 3,700 2.7 1.4 9,688
3 (Cl11fton B) - -=enemnm o 59 1.0 Mo 20 2,600 170 5.0 143 68 3,300 2.0 1.2 9,352
~ ¥ G1118r8 HOt Spriagser---=smcce=meeznszcas - 6 735 e n .8 450 y .87 216 180 450 n A 1,48 ‘
R Unnsmed wars springs (Esgle Creek)-----noo - 9 5.2 4 1 2.1 190 7.8 .3 203 s 120 10 a o
' mtgcop County, Arizone
‘ } Hot well (Tonopsh)----=c-ce-= eecerecccocoan - 50% 8.24 2 " Ky 220 2.1 28 [} ] 9 260 $.7 .03 101
= Mohsve Coumty, Arizons .
N Paknon Springd--~---e=m---ceemcccescccmcecan 30 7.82 17 T 48 1 0 8.2 .03 197 n s.0 .19 .09 38
1
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Table 2.--Hsjor element chemical composition of therwsl springs end wells--Continued

e

”~~ .
¥ - <
= R K] g e 3 ~ g 2
: g 3 ~ - - o g ) [ E
3 -» - ! é g d ) -~ ~ ~ o
Spring name 4 e a 5 -a § - ] - 7Y T
R f ] g - o > 2 ~ LA
& 3 ] ! Ll - P a % [ R
§ i 3 5 3 i 33 3 £ 5 § i
. a3 3 3 2 a3 2 8 s &
- - - ]
Fima County, Arizons ) {
Quitodaquico Springs-=-  csecc---c--ececes 23 1.90 42 " to 190 ) 0.1 ‘298 9 140 4.4 0.67 820
] Yavapei County, Arisome
Verde Bot 3prlogae--«- --=v--e--oms T 6.51 69 1o’ » 2350 33 1.2 1,570 560 550 1.8 5.0 3,
Costle Hot Springs------=c--mcevenses ceeeee 46 743 %8 E1 24 200 A0 29 2 210 160 8.8 .29 )
Catron County, New Maxice
Dansmed hot spring (Cils Wilderness)e---=-= 66 .78 83 " A 1% WY .36 138 7 108 9.3 Y 587
Ssa Prancisco Hot Springs-----s-=ve=ea- R 733 “ 6.2 1% 1s 43 3 430 1.4 25 L0
Sens Aas Cownty, Wew Nextes
Redium Bot Speings (well) - -o-coecoec-n- - 9 7.19 s 120 13 1,100 10 1.2 ST w0 Y60 s8 .88 3,887
) {
; Cront Cownty, Bev Wexiee
Glla Aot Sprlagse-o-+- —-cocsmsenom —eemonee 68 8.3 M 0.9 <.t 115 | 30 .23 101 4 103 o1 A0 s
Ucnamed hot apring (Gils River)-~-c-coceca. &) 7.8 ﬂi 1% 7 ws 1.7 .23 13 67 120 8.9 . 18 958
Y )
OUnnawed hot apring (E. Pork Gils River)-——- Jl 8.37 62 9.7 > 100 1.3 .47 ] ” 9 6.1 A2 ns
Sendoval County, New Nexien
Unnamed wineral spring (San ﬁum) -------- 11 .27 18 220 1t0 3,800 4o 4.3 2,263 3,700 2,700 2.0 l.d 1y, 002
Unnamed wers spring (San Ysidr8)--a-ca-o see 29 6.2% 13 3% [ 1] 3,000 [ )} 3.2 1,855 2,600 —’1,‘@ 4.9 6.9 10,468
Unnamed warm spring (San Ya{dro)--~--eec-oe 1% 6.33 20 300 68 2,000 83 6.1 2,008 1,200 1,900 1.4 11 7.6%)3

i
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Table 2. -Msjor element chemical compositios of thermsl springs and wells-—Continue”

~e

£ " |
- ~ ] Q ~ ~ -~ ‘é
£ g’ 3 & = = 3 & N S £ 3
3 g . & g g g & e 8 . . g 1}
Spriog name ] - g 2 2 % 3‘8': - s ’-.': g :’:g
K] 3 g o - ~a ] % [ e 8
2 3 § 3 i 312 g 5 H g 29
nw % 3 3 3 : 5 3 2 g 2 8§ 3
.le.vaf County, Uteb ‘
Thermo Hot Springe--------or-cazcece aeeceee 89%  7.98 11D n 10 380 52 1.3 360 480 225 6.6 0.9 1,700
Jush County, Utk :
Crater Bot Springs (A)---===-=- emeemnaaes o 648 o9 %0 52 00 57 1.0 156 680 1,500 2.3 86 3,692
s (8) ---=en- —emememeee - m 6.8 , 69 0 N o 59 .20 158 680 1,500 2.6 .80 . 3,70
' v t
Seviex Commty, Utsh « '
Moaroe Hot Springs (A)----s----e--cecesuna - 0 620 » 300 » 30 33 .63 M7 80 620 2.7 3.0 2,8
(B)- -cnomeneenr memeee o0 Ji0 ) 300 ) 380 52 64 403 900 650 2.6 2.9 3,008
Red U111 Bot Spring--=---s--- -=---m-c-emee T4 6,23 38 290 » 3% 0 K] a6 890 660 .8 2.8 3,01
Joseph HOL Springs=n-=sn=sncnssamcosoces -—-- 63 651 90 260 “ 1,850 0 L9 408 1,200 1,700 3.0 49 5,3

2/

'Tctal alhalini*y as bicarbomate.

2 b14solved constituents 1s the sua of thc ssalysed mejor constituents,

3/

Broside: San Ysldro (7.9 mt/L), Redive lu spring (1.2 ql‘l.), Clifeon Bet Spcings (2.3 -fl.) sud Nt, Craham hot -laoul well (2.5 q/k.‘).

eg /L), Radium Bot Springs (“0.i m /L), Cliften Not Sprisgs (o.l -'II.), and ME. Cedhanm hot miverel well (0.3 wg/L).

s/
s/

< Temperature taken after collection, tbermister mlh-:clon st opring é4d ust wilaw en lan-epring Cemperetuce to be ‘ac.mlué

M spprozimete due to meter instadilicy,

Todides

Ssn Yoldre (0.3

-2
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Table 3.-#Minor and trare element chemical composition of thermal aprings and we!‘.z—,i

{Concentrations are in mtlligrams per liter; dashes indicate the absence of data}

[ e
2 kO e T e R s Spmd i s o et

~ -~ = e
: ¥ ﬁ 3 ~ é ~ ~ »
~ ~ o - £ g - g -~
. -~ (%] o 5 = ~
Spring name ! g - ~ ~, ) ] )
4 - - g " - E S e
= 3 2 2 3 B g (
3 2 : £ s g & 3
< ] -4 ] % S & * b4 &
Cochise County, Arisons (
Hookers Hot Springs--~e---=sec-ccm-voamrecen 0.035 <0.02 0.1 <g,1 0,02 <0.01 <0.02 <0,0001 <0.01 <0.02
i
Gila County, Ar’sons L
Unnased warm spring (Coolidge Dam)------ -o=c <, 001 24 . <1 .1 <02 <01 <. 02 w—a <01 <,02
Grat.em County, Arizoms .
100430 HOt Springd (A)e---=-esevasccmsnconss <.001 .09 R 51 <02 <01 " <,02 ,0001 .ot <.
14 T ccmmcsracans ——e .07 <ol .1 <. 02 <0 - <, 02 . 0004 <01 <, 02
Mt. Grsham hot mineral welleccccecveacrocnaa .002 . .07 A <1 .9 <.01 .0h . .0003 <.01 <,02
4 ! ’ «
Crcenles Cownty, Arisoms
Clifton Hot Springs .00t .55 <1 .3 .32 .0 .0b .0003. .oz <.02
Usmamed hot spring (C11fLom A)--e-eocoreecee <001’ 1.2 .1 .3 1.0 .02 .06 .0001 .03 <.02
(Cllftoa n‘-----. sroscee Py i l.z o N ] "‘..- ocne con ons ase oa
Gi1llard Hot Springs----- . 009 .02 <.} <1 ;;.m <.01 <02 0002 <.01 <. 02
Unnamed wars springs (Bagle Cozck)-a---cezea <.001 .08 i <1 <.02 <.01 <.02. cne <.0l <.02
Nacfoope County, Ariseus
Mot well (Tonopab)-- o—e <. 08 = <.8 <. 08 <.01 <.02 aca .0l 03
Nehave County, Arisoms
Pakoon Springs--me-=-w-ae= <00} <, 02 P ol <. 02 <01 <.02 <.000% <0l <.08

.
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Table 3} ,-#inor and trace c¢lcaent chemical composition of thermal springs and well

9]

8<-~Cont inued

. ~
s &8 5 L & 5
. ~. £ - » g py 3
Spring name - S g s é g < g %
g E s [ e b 3 [
< 4 g & i 3 ~ >~
13 fF 3 & B & &I 3 s
< a o £ o P = Y &
)
Pima County, Arizons
Quttobaquito Spring.—-------------;--------c 0,002 <0,02 cnm . <0.1 <0.02 <@.01 <0.02 oo <g.01 <n,02
Yavspai County, Arfzons ’
Verde Hot Springse-ce-=- : .002 .10 <1 <1 .06 .01 .02 . 0002 .04 .02
Castle Hot Springs cow . cwon o .02 e <.1 -, 02 <, 01 «.02 <, 0001 <0l <,02
Catron County, New Mexico
Onnamed hot spring (Cils Wildernesp)---=~aoe .006 .03 ~me <1 <,02 <,01 <. 02 von <01 <.02
ssn Prancisco Hot Springs- -— o .08 - - <1 .03 <.01 <, 02 - <01 <.02
Doas Ama County, Wew Mexico
Radiun Rot Springs (well) <, 02 1.3 <.1 .1 <. 02 <, 08 .02 <, 0001 .08 <.
Crast County, Mew Mexico
C1la Hot Springs------ : ] .02 <1 <.1 <02 <.01 ~.02 <0501 <0l <02
Unnared bot epring (GCilae ll'ﬂ)"‘;""'ﬁ""' ’ o 02 ——— <1 <, 02 <.01 <.02 -« 0001 «.01 <02
Umnamed hot spring (2. Pork CGils l;uver)----- e- «<,02 won <@ <,02 <.01 <, 02 -cm <.01 <,02
Wnl County, Wew Mexico A
Urnnamed mineral epring (Sem Ynldto)------s-k-c con - 68 o .3 .03 .01 .04 -—e .03 <,02
Onnamed warm spring (San Ys{dro)--ce-o-teesn .007 A8 .12 .4 .30 .02 .04 <.0001 .05 La2
Dnnamed wars spring (San Ysidro) ~erecccccaas cn= .69 Ll 4 .57 » .01 .03 <.0001 .02 A4
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Table V.-Minor and trace clement chemical composition of thermal springs and wellal’-£ont£nued
1 r'd
‘ o
2 5 ® g : : -
<, o : 4: ~ o g -, .
et ~ S < e ] = g a ~
Spring name | a ~ H : ™~ o 8 -
-t Lol et
3 g g 5 3 ¢
a 2 a e gl g 3 §
- ‘2 3 [ - L o
< & < o = o = B a -
Begver County, Utah
Thermo Hot Springse=---<e--e-seecacscccoscns 0.003 0,50 0,10 0.2 .- 0.02 <0.01 <0.02 <0.0001 <0.01 0.02
1 ,
‘ Jusb County, Utsh .
Crater Hot Springs (A)-----~------'~-~------- .?02 .26 .12 <.1 .25 .03 .02 <.§':)001 .06 .26
(») . - .28 - <1 .25 .01 <.02 aes .02 <.02
” Sevier County, Utsh
Monroe Hol Springs (A)--- .002 .22 .26 A .09 .01 <.02 .0o02 .04 .20
(B)=sncecmcaccceccncacaaa o .20 e <.t .11 <01 <.02 - .01 <,02
_ Red HII1 HOL Spring-----e-ecesecsscesssnssns .003 .26 .2 A .07 .01 <02 .0002 .03 .86
Joseph Hot Sprirge--- <.002 7 .20 R .19 .01 .02 .03 .27

<. 0001

1/

»

Detectable concentrations of cedmium, cobalt, snd lead vere not found i{n eny of the hot spring waters. Detection limits for the direct
aspiration of soluticns containirg these elements ¢n our A.A. are 0,01, 0.05, and 0,10 mg/L, respectively.

e
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GAS COMPOSITION

5 Compositions of gases from 10 springe are givenm in table 4. Ellis
(1970) has shown that springs associated with higher temperature thermal
reservoirs (>200°C) discharge gas containing a large porcentage of carbon
dioxide. Springs associated with lower temperature thermal systems
release principally nitrogen (Bodvarssoa, 1964). Hookers Hot Springs,
Indian Hot Springs, Pakoon Springs. and the unnamed hot spring on the
Gila River discharge nitrogen-rich gas at very eporadic rates. The
unnamed springs at San Ysidro and Monroe, Crater, Joseph, Thermo, and
Verde hot springs discharge mixtures of carbon dioxide and nitrogen

; intermittently.

: SOLUTION=MINERAL-EQUILIBRIUM. ... .. ..
ﬂ Solution~mineral equilibrium calculations indicate that the concen-~
trations of some of the chemical constituents may be altered by reequili-

bration with minerals at the spring orifice. Calculated free energies
for the formation of carbonates, silicates, and fluorite from the spring
waters are given in table 5. The silicate values are important because
equilibration of the spring vater with silica phases at the spring
orifice would result in erroneous estimates of the cemperature in the.
i aquifer. Similarly, equilibrium or supersaturation with respect to
calcium carbonate may indicate that calcium has Deen lost from the thermsl
i fluid between the aquifer at depth and the surfuce.

Based on thermodynamic calculations, silicas phases other tham quarts
could be controlling the ailica concentration at some of the spring
orifices, that is, amorphous silica at San Francisco Hot Springe; alpha-
cristobalite at Gila Hot Springs, the unnamed springs at San Ysidro,
Thermo Hot Springs, and Monroe Hot Spring; chalcedony at Hookers Hot .
Springs; Crater Hot Springs, and. Red Hill Hot Springs. . Calcium carbonate
could be in equilibrium with watcrs in Clifton Hot Springs, Gillard Hot
Springs, the hot well at Tomopah, Verde Hot Sprinmge, Gilc Hot Sprgnga,
the unnamed springs near San Ysidro, the well at Radium Springs, cnd all

the springs sampled in Utah.

Equilibrium of fluorite (CaFj) with the spring water is not imporcaat--
in controlling the calcium concentrations in the springs listed; calcium
concentrations are & function of pH rather than fluoride concentracions
Fluorite is significantly unsaturated (arbitrarily more than 1 kcall/) at
Verde, San Francisco, Hookers,- the unnamed hot springs near Cliftom, and
Pakoon Springs. :

1/ To convert kilocalories to joules, multiply by 6.186X103.

18 -




Table 4.--Compositions of gases escaping from thermal springs

[Compositic~ is in volume percent]

P ]
-~ ~ 8~
~ ’l.: zN EQ ~
Spring name s = e i 2
| g_ 8§ & g g %
izr 2 28
K] & o £%
8 = 2 3
‘ . . Cochise County, Arizcna . .
Hookers Hot Springs 5.8 92 <0.1 <0.1
Graham Cbunty, Arizona
Indian Hot Springs(A) 5.8 95 <1 <. ).
) - Mohave County, Arizons
Pakoon Springs 21 7 <.l 1.4
_ Yavapai County, Arizona
Verde Hot Springs 1.6 20 <1 13 ¢
Grant County, New Mexice
Gila Hot Spring 7.5 86 <.l 1/ i
. _ Sandoval County, New Mexico .
2 Unnamed spring near San Ysidro—-- 1.1 322 <l 61 :
ad
Beaver County, Utah i
Thermo Hot Springs 1.5 4.8 <.1 84
/ Juab County, Utah L -
Crater Hot Springs 3.6 76 .6 21
| Sevier County, Utah
Monroe Hot Springs-— 3.0 K} .3 57
Joseph Hot Springs= ———— . 2.2 73 . 1 26
l‘LINO data due to breakage of syringe during analysis.
19
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Table S.--States of resctions with tegpecé to cnici:e, avzgouite, chalccdony, sipha-cristobalite,end fluorice

oo

AG (!:nal)y
Spring name
Alpho-
Calcite Arggounite Chalcedony ezictodbalite Pluorite
Cochise County, Arizona
Hookers Hot Spring~=-=-- - 0,13 -0.20 =0,06 0,35 -3.45
Gila County, Arizone
Unnamed verm spring (Coolidge Dem)=-we=e= =31 ° = =37 - 442 . +.16 +.03
Grahzm County, Ariscne
Indian Hot Springs (A) -.16 -.23 +.19 © -, 09 -.33
®) -.28 ~.35 +.22° +, 06 - 22
Mt. Grsham Hot mine_fal wellasecaccaccoacs w12 0 w19 - +49 ... e22 +.48
Greenles County, Aricons
Cliftun Hot Springs=-- “vacecn +.18 +.12 +.34 +.27 +.18
Unnamed hot spring (Cliftom A) ==wce~eces= -.1? -, 28 +,83 +.33 +,53
' {C11£ton B) =voeeceeese +" 4,68 +.65 +.36 -1.81
Gillard Hot Springs - +,12 0.00 +,31 .00 +.3%
i
Unnamed warm spring (Eagle Creek)--=ve=e- +.35 +.48 +.62 +.36 +.3
. 1
Maricope County, Arisona
Hot vell (Tonopah)===~=sescacesceacanace +.02 -.08 22 Y «46
Mohave County, Ariscasz
Pakoon Springs~--<ss=-cccee csccssceanesan +,36 +.31 w09 -3 2,47
Pima County, Ariscma -
Quitabaquito Springs---~--- -----------.—-} +.28 +,23 +.56 +.30 +,05
Ysvapai County, Ariszong
Verde HOt Spriuge=c-emmreasesscccaz-nasas - 08 -4 +.71 +.44 ~1.01
Castle Hot Springs#--cececncerccccaces cene -~ 45 «.51 +.48 +17 +.5%
20
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. Teble 5.--States of resctions with respect to coleite, aragomite, chalcedony,
: : ' alpha-cristobelite, and fluorite--Continucd
55 (emal) &/
Spring name
) Alphse
] Celcite Aragoaite Chglcedony cristebalite Pluorite
3
g ' . Catron County, New Mexico
1 Unnamed hot spring (Gila Wilderness)==---3 +0.04 =0.05 +0.43 +0.14 +0.17
San Francisco Hot Spring-cesescscmcacececas =34 -.60 . +.80 +,53 -1.35
- : : A . . Dona Ane County, New Mexico
Radium Hof Springs (vell) emcvewceccaccncon +,51 +.43 +,58 +.30 +.24
Grant County, New Mexico
Gila Hot Springs -—e 4,21 +.11 +28 -.02 . .07
Unnamed hot spring (Gila River)eswee e LW ) USRS 1 3 —— 81 +. 34 -.32
Ummgmed hot spring (E. Fork Gila River) === -3 .40 +.59 +.32 -.31
Sandovsl County, New Mexico
Unnamed minersl spring (San Ysidro) eceacca  +.74 +.70 +.,30 +.0h -, 43
Unnamed werm spring (San Yeidro) w==e====== -, 04 <=,10 .04 ‘ =30 ° =35
Unnamed warw spring (San Ysidro) =ee=seecses - 11 T e, 15 +.28 +.02 t +.50
Beaver County, Utsh
. v i .
Thermo Hot Springs--= cacvann. +2,21 +2,08° +.25 - -.03 . +.20
Jusb County, “Utah
Crater Hot Springs (A)--- emma +.06 -.08 +.10 - 21 -.26
(B) =-==- ~esemeonsecens < +.65 +.53 +12 -.18 a2
Sevier County, Utsh
! Monroe Hot Spring (A)----- cneremmemmeneanen -.03 -.13 +.18 -.13 -.14
::‘ : (B) =esenacaceanccccacasas +1,50 +1.41 +.28 <01 =13
3 Red H11l HOC SPringsas--sanceccaseenscssece ST -.02 +.07 , -.2) -.15
Joseph HOt Springsesececscecas cmeacanceeee  +,10 +.01 +.52 : +.22 -.18
y!asnitude of )G is the departure from theoretical equilibrium in kilocalories; (+) values indicate super-
‘ saturation, (-) values unssturation. Calculstions were cgerried out using the Somputcr program SOIMNEQ (Kharake
i and Barnes, 197)). To convert from kilocalories to joules multiply by 4.184X10°,
i : 21
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ISOTOPES

The isotopic compositions of the hot spring waterc are listed in
table 6. The data are expressed in the §-notation

R_-R
§ = ~X___std 103, where R_ = (D/H)x or (180/16

x 3 O)x of the aamplc}
std

and R is the corresponding ratio for Standard Mean Ocean Water (SMOW).

Deuterium compositions are approximately those expected for meteoric
water in the respective areas. Oxygen shifts, relative to the meteoric

water line established by Craig (1961), are all relatively small (table 6).

These minor shifts may result from such factors as rapid circulation of
water ‘through the-system- or .low..reservolr. temperatures, either of which
allow relgtively little reaction between water and country rock. Other
possibilities include dilution of geothermal fluids with fresh water, or
association with old geothermal systems in which isotopic equilibrium
vetween water and rock has been established by replacing the heavy oxygen
atoms originally present in the rock with lighter oxygen atcoms from the—-

water. . ..

Deuterium compositions of water from San Francisco Hot Springs and
the adjacent river are sufficiently differemnt, 8 parts per wil, that
large~scale dilution by river water does not appear likely, nor is the
river the likely recharge source for the spring. By contrast, the thermal |,
well at Radium Springs (8D = -74.6%) and the adjacent Rio Grande (6D =
-72.5%) are similar in deuterium composition. Therefore, watar from the,

river may be mixing with the thermal water or may be the recharge source
for the well. Deuterium compositions of thermal springs in the San Ysidro
KGRA (6D = -86.5%,) and the upper Cafdon de San Diego adjacent to Valles
Caldera are similar (8D = -86.8%; F. W. Trainer, U.S. Geological Survey,
oral commun., .1977), indicating that the springs may be part of the same
thermal system or, at least, the spriags have recharge water of similar

isotopic composition.

Mixing of thermal and fresh water can be conclusively daaonlt:até&”‘

frc~ the relationship of the deuterium composition and the chloride com=-..

centration (Giggenbach, 1971). In the simplest case, a fresh water con=-
taining a low chloride concentration diiutes a high-chloride thermal
water to produce thermal waters of intermediate chloride composition. If
the fresh and thermsl waters have different deuterium compositions then
the springs issuing water of intermediate chloride compositioan will also
have intermediate deuterium compositions. A plot of 8D versus chloride.
concentration for these waters would be a straight line. These plots
(fig. 2) may bhe interpreted to suggest dilution-in the springs near
Clifton, Arizona. Mixing does not appear to be affecting the composition

. of most of the sampled spriags in the Gila Mountains, New Mexico. Dilu-

tion may have occurred in the unnamed hot spring on the east fork of the
Gila River; however, some dilution was expected as this spring issues

22
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Toble 6,.--Thermsl weter 8D and 6160 iz parto por =il QR
[D2lta volues are roportcd reletive to SITW) )

23

-11.38

Spr nene .a oy
178 & 60 mm@
Cochise County, Arizoexna
Hookerg Hot Springs==-e<sc=~cccccenscece ~83.7 -11.77 «0.06
Gils County, Arizona’
Uniiemied warm apring (Coolidge Dam)ececa= «79.3 «10,73 +0,41
' Grehaz- Ctmntyf,- -Arigong———-.. -
Indian Bot Springs (A)ec-cccesmccesceoe  =85.8 <11.62 . $0.38
G) Y moew ‘85.6 .11.62 +°.63
_ Mt. Graham hor minergl welleceacecevecae -83.4 «11.08 +0,63
Greenlee County, Arizona
Clifton Hot SpringS-c« o =76.2 - 9.7 +1,08
Unnszmed hot spring (Cliftonm A)ewcececccns «84.0 «10.93  +0,80
Gillard Hot Springs -86.3 «10.87 +1,19
Unnamed warm springa (zqglé _c:uk).-..... =89.0 «12,01 +0.37
Maricope County, Arizona
Hot well (Tenopah) ' - A75.3 < 9.89 0.7
Mohave County, Arisons
Pakoon Springe . - «103.9 -13.83 +0,.3%
Pima County, Arizons
Quitobaquito Springs - -6$1.7 - 8,28 +0,68
Yavapai. County, Arizonsa
Verde Hot Springs (A)=-eeececc-cecona- - -85.2  -11.6%  +0.2%
Castle Hot Springtecaciscaceccccaccnccaa «-83.2

+0.27
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b Table 6.-<Thermal water 3D end 5“’0 i partd per mﬂ &')o-Ccaeimwd

Q=yp
Spring naze & 818 ebitcl/

Catron County, New Mexice

Unnamed hot spring (Gila Wilderuese)====== =§3,6 ~11.03 +0,.67

e San Francisco Hot Springgeeeswcw=es: et ~78.6 -10.44 +0.64

Dona Ana County, New Mexico

Radium Hot Springs (well) «74.6 - 9,06 +1.52

Grant County, New-Mexico-— . .. .. .

Gila Hot Springs=--- -82.8 «11,03  +0.57 ;

Unnamed hot spring (Gila River)=====<===<== §1,2 =10,.87 +0,53

Unnsmed hot spring (E. Fork Gila River)e=e =80.5 «10.73 +0,56

Sandoval County, New Mexico

Unnamed mineral spring (San Ysidro)===c=-o -83.8 «10.01 +1.9

a3

Unnamed warm spring (San Ysidro)wewevecewes 90,1 -11,22 +1.29
Unnamed warm spring (San Xaidro cescoecens -86,3 =10,12 +1.94

Beaver County, Utsh

Thermo Hot _Springs- 2 remscmesees  =118.3 «14,32 +1.72

Juab County, Utah

Crater Hot Springt (A)«eccceccamccacccncas «=126,3 «16.09 +0.95_;\_
(B).-.-.---—----------- -126.6 '15.81 *1.27

Sevier County, Utah

Monroe Hot Springe (A)==seeceecesvessmcea- =128.3  -16.95  40.34

(B)~ comee =127.3  -13,68  +0.48
; Red Hill Hot-Springeecccemsecmcesccax cesmes= =127,3  -16.95  +0.21
' Joaeph Hot sPrinss ....... P Y L LT LI T .133.“ ‘17.32 +°u6° ;
;

-l-’smf: in 6180 relative to the meteoric water line, ED=861-80+10.

e e e e
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Y - Unncmed hot earing (Cifs wildorrasa)
©
Cila Kot Spring
nasd .!wt
, -eol € (Gite River)
: 4 = %nod kot eprin
i : : /...e:@ ok Gila River
i -76} _ 7~
1) J [
= Gile Mountains, New Mexico
e - < .
&' .72 s
had
[ 4 @ Gllc River
«
z 80 40~ 60 80 100 (20
f ®gillard Mot Spring
L. Unrnemed hot sprin
-84 asrth of Cliftea ’
-80 -
~T6} / Clifton Hoi&;m-'
7 |
-T2} / . Clifton, Arizona

A A A
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; b San Francisco River
. |

FIGURE 2.--Deuterium versus chloride plots for water collected
from the Gila Mountains, N, Mex., and Clifton, Ariz.
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from gra#el adjacent to the river., Monroe and Red Hill hot springs im
Utah may issue mixed waters but available isotopic data are inconclu-
sive. More detailed sampling would be required to prove mixing in ady

of the areas.
GECTHERMOMETRY

The chemical geothermometers, based on the concentration of silica
or the proportions of sodium, potassium, and calcium in the spring waters,
are relevant ounly 1f the hot spring or well is associated with a tot
water system. These geothermometers are meaningless for the acid-sulfate
springs associated with vapor-dominated systems such as The Geysers in
California or Larderellc in Italy. White, Muffler, and Truesdell (1971)
have discussed the important-characteristics-of hot-water-snd vapor-
dominated systems. All the hot spring waters discussed in this report
have either a neutral or slightly alkaline pH which is characteristic of

hot water systems.

The basic assumptions (Fournier, White, and Truesdell, 1974) which
must be fulfilled before the geothetmometera can be meaningful are

listed below:
1. Temperature-dependent reactions at depth.
2. An adequate supply of the constituents used for geothermometry.

3. Water-rock equilibrium at depth.
4. Negligible reequilibration as the water flows to the surface.

S. No dilution or mixing of hot and cold waters.
The last two assumptions are violated in some of the sampled springe.

The quartz geothermometer (Fournier and.Rowe,.1966) 1is based on the
assumption that the solubility of quartz is controlling the concentration
of silica in the reservoir fluid. However, Arndrsson (1975) has demon-
strated that the silica concentration in many hot springs associated with
low-temperature reservoirs (less than 180°C) is controlled by the

solubility of chalcedony.

The Na-K-Ca geothermometer (Fournier and Truesdell, 1973) has super-
seded the previously suggested Na-K geothermometer of Ellis (1970) and
White (1970). In deciding which Na-K-Ca geothermometer tc use (beta
equals 1/3 or 4/3), the guidelines of Fournier and Truesdell (1973) were
generally used. They suggested that log (YCa/Na) be calculated. If the
value is negative, then beta equal 1/3 should be used to estimate the
temperature; However, if log (vCa/Na) is positive thén the temperature
should be estimated with beta equal to 4/3. If the calculated tempera-
ture with beta equal to 4/3 is less than 100°C, accept it as the best
temperature estimate, otherwise recalculate with beta equal to 1/3.

26




I AR AT

i

Most problems in interpreting the results of geothermometer calcu-
lations are due to reequilibration or mixing. Eeequilibration can affect
either the silica or Na-K-Ca geothermometers. The most common problem
with the Na-K~Ca geothermometer is the precipitation of calcium carbonate.
Loss of calcium, due to escape of carbon dioxide, causes the Ka-K-Ca geo-
thermometer to estimate excessively high temperatures. Therefore, waters
which are in equilibrium or supersaturated with calcite or aragonite
often give excessively high estimates of aquifer temperature. Similarly,
waters in equilibrium with fluorite could contain tco much or too little
calcium, depending on the extent of water-rock interaction. Calcium
concentrations could be excessively high if fluorite dissolution is con-
trolling the Ca/F ratio. Conversely, calcium released by the dissolution
of plagioclase could react with fluoride to precipitate fluorite.

--However, we-have shown--that in Montana—equilibriumwith calcium carbonate

is attained before equilibrium with fluorite (Mariner and others, 1976).
The proportions of Na, K, and Ca are assumed to be contrulled by exchange
reactions among silicates even though the absolute concentration of
calcium is controlled by the sclubility of carbonate (Fournier and
Truesdell, 1973). Magnesium concentrations which are sufficiently large
compete with the other cations in. the exchange. reacticns..and result in
excessively high estimates of aquifer temperature. However, magnesium
concentrations are never large in high-temperature geothermal systems
(Mahoun, 1970; Ellis, 1970).

The silica geothermometers are based on the temperature-dependent. .
solubility of a silica mineral, generally quartz or chalcedony. Waters.
which are theoretically in equilibrfum with amorphous silica are difficult
to interpret because they may result from the cooling of waters originally
in equilibrium with quartz or chalcedony in a higher temperature aquifer
or weathering reactions at the spring temperature. Mixing of fresh,wate
with thermal water decreases the silica concentration by dilution and S
results in low estimates of aquifer. temperatures. -Mixing diagrams - -
(Truesdell and Fournier, 1977) can be used to determine the aquifer
temperature if the mixed water has not lost heat after mixing. Conductive
heat losses are particularly severe in springs of low discharge ’
(<100 L/min). For example, if a thermal water at 125°C in which chalce-
dony is controlling the silica concentration is mixed with a cold water
(10°C containing 50 mg/L silica), a mixed water at 75°C containing
91 mg/L silica is produced. If no heat is lost by conduction, a reservoir
temperature of 125°C is determined from the mixing diagram (fig. 3). 1If
the mixed water cools to 60°C before it issues at the surface, an aquifer
temperature of 145°C is estimated. Additional cooling greatly magnifies
the problem. If the water cools to 50°C before it issues ac the surface,
an aquifer temperature of 161°C is estimated. The argument is also valid
for aquifers im which the solubility of quartz is controlling the silica

concentration. '

The geothermometers calculated from the water analyses are presented
in tatle 7 with commeats on problems of interpretation. The underlined
numbers represent the best estimates selected on the basis of the criteria
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FIGURE 3.--Dissolved silica-temperature graph for determining the
temperature of a hot-water component mixed with cold water to produce
a varm spring water. If precise calculations are required, see
Truesdell and Fournier (1977) and use enthalpy and silica concentra-
tions in milligrams per kilogram. '
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Tatle 7.--Estimated thermal aquifer temperstures based on the chemical composition of .he therwal spring waters

Geothermonmeters (all ‘tecperaturu are in degrees Celsius (°C))

. Sprlbg »
Spring namc " . temper - Comments
" Alpha- i . ature
cxutobu'.ltel- chalcedonrl-l Quarts Na-K-1/3Ca " Ma-K-4/3Ca (oc?
Cochise County, Arizona
Hookers Hot Springg--e-cewcccccana S 28 34_6 98 79 63 Sik Lov-tempersture reservoir; nongesrts
| stlics co - .ol,
Gila County, Arizona
Unnamed warm spring (Coolidge Dam)-~eere= 46 66 9 137 111 3 Low flow; probsbly lou-tempereture
. reservoir; large concentratios of
nagbesium,
Grasham County, Arisons
indfan Hot SPprings (A)-~e---v-e--crocacan 40 60 92 109 104 48 Probable low temperature; calcite
. ppt (1) oontuerts eiltfca comtrol,
! Probable low tempsrature; csalcite
(B) ~=cmevocmenccnnana 39 39 ” 102 102 43 PPt (1), nooguerta efllca control.
Mt, Graham hot winera) well---cc-ceceaae - 5% 16 106 13 102 42 Probadle low temperature; calcite
. : | e (1); m-irum eilica control.
. P i
Greenlee County, Arisons ) (
Clifton Hot Springs---e----eccecmecucaa LET 56 76 106 161 139 39 Calctte ppt (t);; probably a mixed vater;
) K however the tpring has & very lim flow
} cate. ' ’
Unnamed hot spring (Cliftcn A)=v-cceacess - 83 106 134 172 16) 4  Coelcite ppt (2); probably s wised weter;
very low flow rate,
; probably s mimed weter;
(Clifton B)e--nu- coaee 83 108 134 17e 163 39 Celcireppe (1) hre. y :
G1llard Hot Springse--<me=scom-ac PO, 83 106 134 139 RE)) 2 Posatbdle equilibriua with alpha-cristo-

balite and aregonita st epring temporature
way be & mized vater (7) frcm 160%C remervotr.
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Table 7.--Estimsted therusl squifer temperstures based on the chemical composition of the thermal spring waters--Continued

Geothermometers (all tcmperatures are in degrees Celsius “c)) spril;'

Spring neome t::x::- Cowments
cristobalite™ ChalcedonyJ Quarts Ma-K-1/3Ca - Na-E-4/3Ca -
' Greenlee County, Arizons--Contf{nued
Unnsmed warm spring (Eagle Creek)ecenm=e= 60 82 1% 142 . 104 3% Equilibriua with smorphous silica st
. : spring tempersture; superestursted
celcite; probable low.cempersture
reservolr, very lov flow rete.
Msricops County, Arizoms -
- ! .
Hot well (Tonopah)e---eeocomoene R, - 35 70 - 86 [1} . S0} low-tempersture reservoir,
Mohgve County, Arizona .
Pakoon Springs---=~---ecmcco-a encamanmeny .- 25 S7 213 ' 8 30 Lov-temperature reservoir,

Quitobaquito Springe~-<csmv-cvecccoccaces

Verde Aot Springsd-e-seacccccucna cececcman

Castle Hot Springg~c~vocc-cono [

Pims County, Arizons

43 . 62 % 11 68 23  lLov-tempersture reservoir.

Yavapat County, Acizona

N Y] 89 18 146 o1 36 Equilibrium with celclto end eorpheus
silica ot apring temsorsture? Probadly o
lev-t enperatura reservelir fa 8 boealtto sguilfer.

58 N 109 113 g n “i Lov-tempersture ressrvoir,
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Table 7.-<Estimated theml aqui fer tempel‘at.urea based on thev chemical composition of the thermai spring waters--Continued
Geothermometers (all temperatures are in degrees Celsius (9C)) sﬁrtng
Spri temper-
pring name . ature Comments
Alpha 1/ 1 (%)
cristobalite~ Chalcedon Quarts Ma-K-1/3Ca Ha-K-4/3Ca
Catron County, New Mexico
Unnamed hot spring (Gila Wildernesp)==<~- 17 - 100 - 129 110 v n 66 Low -temperat:re reservoly, Giiuie water,
San Prancisco Hot Springs------ e 17 100 129 151 : | b1 Low flow rate (est. 20 L/oin); no gas;
, approximate equilibrium with eeorphous
silica st the epring temperature, probadly
a low-temperature aquifer (<100%C).
Dofia Ana County, Wew Mexico
Radium Hot Springs (well)--«ace coceccae- k) 96 124 222 214 352  Reported bottomwell tempersture J4°C;
. CaC04 ppt ; perhaps insufffcicat devel-
opment prior to ea=pling,
Grant County, New Mexico
Gila Hot Springs--<--- mececesomcccsorencn 67 89 122 114 pi 68 Lou -temperature reservodr; dilute water,
Unnamed hot epring (Gila River)e-e-ecccece 67 89 120 104 63 43 I.ov-tapeu{:un reservoir; dilute water,
Unnzmed hot spring (E. Fork Gila River)-- 58 79 : 112 . % l’x Low-tempersture reservolr; diiute weter,
. §
’ !
Sandoval County, New Mexico
Unngmed ainersl spring (Sar Yeidro) -~=~-e 10 22 60 ‘162 206 11 Geothermometzevs doudtful because of vater
- I : rock fntefacticn erd CelOy ppt.
Unnamed warm spring (San Ysidro)--eee=ce=- 4 20 33 144 158 23  Geothermomeers doubtful becanse of water
: : rock interection and cm, PPt
Unnamed warm spring (San Yeldro)e----o==. - 14 3 63 158 159 15 Geothersomelers doubtful beceisa of water
. : vock interactien and Ce@o, PP,
Besver County, Utsh
Thermo Hot s'prm..---------'-------------- 88 112 Y 200 133 89% Poeeible equilibrium with alpha-eriotchalite

at spring temperstvre; lev flow rete walico

interprotation d18ficule; prebadbly 136%
system.vwith weter chemfotry modifled by
water-rock reaction,

e
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Table

7.--Estimated thermal aquifer temperacures based on the chemical composition of the thermal spring waters--Continued

Geothermometers (all temperatures are in degrees Celsius (°C))

Sp.rlng
t emper~
Spring name yiphas : °§"‘° Comments
cristobaltte Cha_lcedonyy Quertz  Na-X-1/3Ca ° Na-K-4/3Ca (j ©
Jusb County, Utsh
High flow rate; precipitation CeCO3 probable;
Crater Hot Springs (A)---=c=c--eccecocoas 68 90 119 164 123 84 probably & low-temperature systes (<100°C).,
(8) 68 90 119 164 123 82  HiWh flow rate; precipitation CeCOy probable;
probably a lou-tempersture system (<100°C).
Sevier County, Utsh
Monroe Hot Springs (A)---ececee-aa cesoves 60 81 118 179 118 70  High flow race; precipitatics CeCO) peosstble,
could be a mixed water or $0°C oyotem,
(BY ~=mnmcemmemnmccnnan 60 80 m 172 117 61  High flow rate; precipitation CeCOy posaible,
could be a mized veter or $0°C systenm.
Red H11l Hot Spring---~=~=cecocmecocroace -- i 80 110 179 124 76% High flow reze; precipitation CalBy posoibdloe,
! ’ could be o mixed weter or 90T systen,
Joseph Hot Springs=---- 78 101 129 141 132

63  High flow rate; precipitstion CeCOy possible,
could be 8 wined water or L0070 epotes.

: b
ymuocutlon of ¥ 510
2/

<="Underlined numbers sre the geothermometcr estimates

vor(d by the authors,

y'renper.ture not measured in spring due to thermfstor '«gnltuncttpn.
W

)

[

4510, taken into constderation in caliulating the chalcedouy and alpha-cristobalita geothermomsters, !
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! . of questionable validity because the spring waters may have lost hest

o . conductivity and gained silica by water-rock reaction. Gillard Bot
Springs also issues at a lov flow rate but it does not contain apprecisble
magnesium. The low magnesium concentratioun may indicate that the springs
are assoclated with a higher temperature aquifer.

None of the springs or wells sampled in New Mexico appear to have
geothermal potential. . The four thermal springs in and near the Gila KGRA
. all have chemical compositions which indicate probable equilibrium with »
i a thermal aquifer only 10° to 20°C greater than the spring temperatures.

i Estimated reservoir temperatures based on the Na-K-Ca geothermometer

4 range from 56° to 78°C. Similar temperatures (62° to 77°C) are calculated
5 if the solubility of alpha-cristobalite is assumed to be controlling the
N , - silica concentrations. The nitrogen-rich gas escaping from the springs

‘ , also favors a low-temperature reservoir. San Francisco Hot Springs is

‘ chemically and physically similar to springs near the Clifton KGRA in
Arizona. The springs issue on the edge of a river, at low flow rates,

at low temperatures (37°C), and without the release of appreciable gas.
Equilibrium with amorphous silica at the spring temperature is -theoreti-
cally possible. The chalcedony geothermometer indicates a temperatiure of
100°C, " If mixing has~occurred "and quartz rather’thari amorphous silica is
controlling the silica concentration, then a temperature of more than 200°C
is estimated. The Na-K-1/3Ca geothermometer indicates a temperature of
151°C; however, the Na-K-4/3Ca geothermometer indicates 107°C. The
magnesium concentration (6.2 mg/L) may be large enough to influence the
choice between the Na=K-4/3Ca and Na-K-1/3Ca geothermometers as the
Na-K~4/3Ca geothermometer indicates a temperature very near 100°C. The.
magnitude of the magnesium interference on the Na-K-Ca geothermometer has
never been evaluated. This problem is discussed in more detail later.
The lack of a gas phase and the low spring temperature make association
with a high-temperature aquifer unlikely. '

Similar problems occur at the Radium Hot Springs well. The water
may be in equilibrium with alpha-cristobalite at the reported bottom-hole
temperature (74°C) or may issue a mixed water from a reservoir at 160°C
or more in which quartz is controlling the silica concentration. Precipi-
tation of calcium carbonate and the rather large magnesium concentration
(15 mg/L) may be the reason for the 220°C temperature estimated from the
Na-K-Ca geothermometer.-- The  low-flow rate, low- temperatures, and possible
precipitation of calcium carbonate make quantitative interpretation of
the geothermometers difficult in the San Ysidro KGRA. Equilibrium with
chalcedony or alpha-cristobalite is possible for all three springs.
k Trainer (1975) has suggested that these springs may represent fluid which
p has leaked from the thermal system in Valles Caldera.

<;: All the thermal springs sampled in Utah could be considered mixed
waters because they issue at less than boiling temperatures and have
cation geothermometer estimates markedly higher than the measured spring
temperature. Calculations assuming equilibrium with quartz and dilution
with a cold water at 10°C which contains 30 mg/L silica indicate a
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possible reservoir temperature of 130°C to 140°C for Red Eill, Monroe,
and Crater hot springs. The N~-K-Ca geothermomester indicates tempera-
tures which are 20° to 30°C highar, poosibly due to precipitation of
calcium carbonate as the water moves to the surface. These wvaters all
have relatively large magnesium concentrations (>30 mg/L).| The low flow
rate of Joseph Hot Springs results in considerable conductive heat loss
an. toe cstimated reservoir temperature of 150°C based on mixing calcula-
tions may be excessively high: --The -temperaturc-estimated -frex=-the Na-K-Ca
geothermometer (200°C) indicate that Thermo Hot Springs msy be associated
with a high-temperature reservoir. Mixing calculations assuming equili-
brium with quartz, dilution with a cold water of 10°C containing 30 mg/L
silica, and no boiling, indicate a possible reservoir temperature of
190°C. The quartz geothermometer, assuming no mixing or boiling,

indicates 144°C.. The.sulfate-isotope.geothermometer (McKenzie and Truesdell,

1975), assuming no mixing or boiling, indicates an aquifer temperature of
151°C (N. L. Nehring, U.S. Geological Survey, oral commum., 1976). A
second sulfate-isotope sample collected and analyzed by A. B, Truesdell
of the U.S. Geological Survey indicated an aquifer temperature of 142°C.
The Na-K-Ca geothermometer probably estimates an excessively high
temperature because calcium has been lost from the solution by precipita-
tion of calcite. The agreement between the quartz and sulfate-isotope

.geothermometers may be fortuitous but until proof of mixing is available

an aquifer temperature of 140°C to 145°C is the best estimate.

\~The high magnesium concentrations (>30 mg/L) at Thermo, Monroe,
Joseph, Red Hill, and Crater hot springs may indicate that the cation
proportions as well as silica concentrations have been altered by water-
rock interaction after the fluid left the thermal aquifer. This may
invalidate the Na-K-Ca and quartz or chalcedony geothermometers. Further-
more, these springs issue near basaltic rocks, alteration of which would
produce chalcedony rather than quartz.! Mixing calculations assuming
equilibrium with chalcedony rather than quartz indicate aqdifer tempera-
tures less than 100°C except at Joseph Hot Sptingéf} The 200°C estimate
for Joseph Hot Springs may be due to conductive cEEling.{;Ihe high
magnesium concentration and lack of evidence of mixing seem to favor a :
low temperature (80° to 130°C) for the aquifers associated with Monroe,
Joseph, Red Hill, and Crater hot sprinEE;]

A relationsiiip appears  to—exist between -the maguesium-concentration
of the water and the difference between the values estimated from the
Na-K-Ca and chalcedony geothermometers (fig. 4). In the limiting case,
differences between the temperatures estimated from the geothermometers
increase approximately 1%°C for each 1 mg/L increase in magnesium. The
larger deviations from the limiting case (fig. 4) may be caused by
factors which-we-have discussed-previously, such as. precipitation of
calcium carbonate, dilution, equilibrium with quartz, or extensive
reaction between water and the conduit walls. Precipitation of calcite
is the most probable cause for a large part of the deviations from the
line observed for the well at Radium Hot Springs, Thermo Hot Springs,
Red Hill Hot Springs, Monroe Hot Springs, the unnamed hot springs on
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MAGNESIUM. IN MOLLNRAMS PER LITER
PIGURE 4.--Plot of the differences in -estimated aqui!et temperatures between the Na-K-Ca and chalcedony
" geothermometers as a function of the ugnesiun concentration. The assumption that quarts rather than
chalcedony is controlling the silica concentratioh in waters which are thought to bo sssociated with
higher temperature aquifers markedly improves the trend. Points representing equilibrium with quarts
are depicted as open circles.
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Eagle Creek, and some of the eprirgs in tho Szn Yoidso KCRA. Theso
springs are all slightly supersaturated with respect to caleite gnd

have travertine deposits. The thermal oprings in end mear Cliftcon may
deviate from the trend becauze of dilution or eguilibrium with quartz

in the thermal aquifer. Dilution may &lsoc huve cccurred at Indiam Eot
Springs, the springs near Coolidge Dam, and in amny of the springs
depositing ~alcite. Joseph Hot Springs may plot below the line

because silica vas released by reaction between tis water and the walls
of the conduit. Equilibrium with quartz rather than chalcedony is
possible at Thermo Hot Springs, Red Hill Hot Springs, Monroe Hot Springs,
Clifton Hot Springs, and the unnamed epring near Clifton. A wuch

tighter group of points is achieved if this sssumption is correct (points
assuming equilibrium with quartz are showm as open circles, on fig. 4&).
This observation is approximate and no al:era:ion of the Na-K-Ca geo-
thermometer 1s suggested at this timei

Swanberg (1974) inferred that many of the hot springs in Utah are
attractive geothermal prospects. However, he did not utilize all of
the chemical dats available in Mundorff (1970). Calculations based on
the assumption that the solubility of chalcedony is controlling ths
silica concentration. indicate.that most.of the springs. coyld.be in
equilibrium with chalcedony at temperatures near or only slightly sbove
the measured spring temperatures (table 8). Also, based on data in

Mundorff (1970), all the springs are slightly supersaturated with respect .

to calcium carbonate and precipitation may be controlling the calcium
concentration in many of the waters. The conclusion of Mundorff (1970)
that most of these springs are deep circulation waters which have never
been appreciably uiotter than the spring temperature is plausible. The
low Pcg, for these waters, less than 0.05 atm, also favors s low-
tempera%ure system. High magnesium concentrations in these watere may
account, in part, for the higher temperatures estimated using the
Na-K-Ca geothermometer.

SUMMARY

The hot springs sampled in Arizoma, New Mexico, and Utah have a
considerable range in chemical composition. The most dilute waters
contain 290 to 1,000 mg/L dissolved constituents and are sodium
bicarbonate -or-sodium-bicar-vnate chloride waters-of-sifghtly alkaline
pH (7.9-9.2). Fluoride is particularly abundant in these low-salinicy
waters. Castle Hot Springs, the unnamed spring on Eagle Creek, and
springs in the Giles Mountains contain more than 8 mg/L fluoride. The
more saline waters are usually sodium mixed-anion in character and have
near neutral pH's (6 to 8). These more saline waters do not contain
nearly as much-fluoride although they are theoretically in thermodynamic
equilibrium (+0.2 kcal) with fluorite at the respective spring tempera-
tures. Deuterium compogitions in all the thermal waters are those
expected for meteoric waters in the respective areas. Nitrogen is the
principal gas discharged by most of the thermal springs. Carbon dioxide
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Table 8.--Chemical potential for the formatica of caleita from gpring vaters, calculaecd
PCOZ» chalcedony temperatures, and Na-K-Cs temperatures for sclected thcxmnl springs in Utah
" [Calculated values end reported spring temperatures are baced on the dats of Mundorff (1970)}

A s g
a -~
] ®
Sprin_gi/ é -~ : g g
g g $ 3 §
- - - ~ - . » e8
3 3 2 . s
g :JB .’ - <
Utah Hot Springs +0.81 0.02 54 234 $7
Ogden Hot Springs : +1.36 <.01 65 223 57
77T 7 Southwest Hooper Warm Springs— | 41002 .01 70 223 32
Meadow Hot Springs—=- ——— +1.39 .01 . 68 68 41
Hooper Hot Springs—--= +1.39 .01 &7 205 48
Castilla Hot Springs=-- +i.26 .03 48 62 40
Crystal (Madsens) Hot Springe- +1.90 <, 01 41 188 43
Stinking Hot Springs-~=—=—o==— +.92 .03 63 186 47
Fish Springs . +.12 .01 i - 168 22
Laverkin (Dixie) Hot Springs——- +1.43 .06 45 191 42
Wasatch Hot Spti.._tzgs ——————— - +1.61 <,01 22 150 41
Becks Hot Springs : v +1.32 - <01 ) 51 154 55
Uddy Hot Springs ' +.89 .02 42 165 53
Goshen Warm Springs-------- - +.59 <.01 25 150 21
Blue Warm Springs~e~—vmeeccave= +.83 <,01 - 161 27
e . Big Warm Spring ——— +.13. . <01 . _ =1 - 166 18
Grantsville Uanﬁ Springg~=v=——- +.64 <,01 44 152 24
Crystal Hot Springge-—~===w- -— +.88 .03 71 204 58
L-/Couzple:e spring descriptions, locations, and chemical analysees are given in
Mundorff (1970). ’ ' ’ o
l/"Plua" AG values indicate supersaturation and "minus" values indicate under-
saturaticn.
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makes up more than 20 percent of the gas discharging from Thermo,

Monroe, Crater, Joseph, Red Hill, end Verde kot sprimgs s8 well as the
unnamed warm springs in the San Ysidro Known Seothermal Resource Area.
Chloride-isotope relationships demonstrate that the thermal springs

near Clifton igsue mixed waters from & single thermal system. These same
relationshipe show that springs along the headwaters of the Gila River
in New Mexico are not part of & large system im which the waters are
diluted near the surface. Insufficient data are ‘available to demonstrate

mixing in the other areas.

Based on the chemical and isotopic. composition of the thermal waters
and assuming no mixing, Thermo Hot Springs may be associated with a 140°C
system. Mixing calculations for Crater, Monroe, and Red Hill hot springs,
assuming equilibrium with quartz, produce temperature estimates near
150°C for the thermal aquifers. Similer calculations, assuming equili-
brium with chalcedony, indicate temperatures of less than 100°C. The
Na-K-Ca geothermometer indicates temperatures of 165°C to 180°C for these
springs; however, these estimates are probably too high because of the
high magnesium concentration. Thermal springs in or near the Gila KGRA
in New Mexico are associated with low-temperature (<100°C) systems.
Estimated temperatures for springs or wells in the Radium, San Ysidro,
and -San-Franeisco- KGRA'g-in-New-Mexico-are—conflicting:=—The very low
flow rates, low temperatures, and large magnesium concentration of the
warm springs in the San Ysidro KGRA make the water chemistry useless for
quantitative geothermal calculations. Qualitatively, the springs may be
associated with a high-temperature system, but this association would have
to be indirect. The combination of low flow rate, low surface temperature,
and no gas discharge at San Francisco Hot Springs probably indicatee-
association with a small, low-temperature system. Water from the well at-
Radium Hot Springs is supersaturated with respect to calcium carbonate -
and theoretically in equilibrium with alpha-cristobalite:at the reported
bottom~hole temperature. The chemical composition does not provide -
sufficient data to determine the geothermal potential of the.area.

Gillard ‘Hot Springs and the thermal springs near Clifton may be associated
with higher temperature (>125°C) systems. Mixing has been demonstrated
only in the Cliftou area. Some conductive heat loss has certainly

occurred and the temperature of 165°C estimated from the quartz mixing
model is probably too high. Verde Hot Springs and the spring near Coolidge
Dam issue water with large naignesium concentrations (>30 mg/L). This may
indicate either. continued water~rock.reaction. after_the fluid left the

- thermal aquifer or association with a low-temperature aquifer in

"basaltic" rocks. Either possibility could cause the quartz and Na-K-Ca
geotnermometers to indicate excessively high temperatures. None of the
other thermal springs which we sampled in Arizona have apparent
geothermal potential.

The temperature differences noted between the chalcedony and Na-K-Ca
geothermometers indicate that some modification of the Na-K-Ca geother-
mometer 1s desirable. At least, the present Na-K-Ca geothermometer should
be used with care to estimate aquifer temperatures from water analyses in
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which the magnesium concemtration execds 10 mg/L.
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