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CHEMICAL, ISOTOPIC, .mD G£̂  a^^^miTimS 

OF SELECTED THEBMAL SPRINGS IN ARIZOM, Vim MEKICO, MSB USM 

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

ABSTRACT 

Twenty-seven thermal aprlngs in Arleona, Nev Mexico, and Utah vere 
sampled for detailed chemical and isotopic analysis. Sampling in New 
Mexico and Uliah was confined to known geothermal resource areas as 
designated by the U.S. Geological Survey. By contrast, as many of the 
major thermal springs of Arizona were sampled as time alloved. The 
sp~rings issue sodiiuo chloride, sodium bicarbonate, or sodium aixed-anion 
waters of near neutral (6.2) to alkaline (9.2) pH. High concentrations 
of fluoride, more than 8 milligrams per liter, occur In Airl'ooa in waters 
from Gillard Hot Springs, Castle Hot Springs, and an unnamrd spring on 
Eagle Creek, and in Neb 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 areas. More than 
SO percent of the gas escaping from Verde Hot Springs, Ariz., ̂ ermo Hot 
Springs 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 other 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 IZS'C. Estimates of subsurface temperature based on the quartz and 
Na-K-Ca geothermonffifer differ by as much as 60°C for Monroe, Joseph, Red 
Hill, and Crater hot springs in Utah;—Siiailar ccnflictlag-es^iaates 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 Ae'w Mexico. Such 
disparities could result from mixing, precipitation of calcium carbonate, 
or perhaps appreciable concentrations of magnesium. Mixing generally 
reduces the temperature estlmated-from the silica geothercsme^ter, whereas 
precipitation of calcium carbonate or magnesium concentrations of more 
than 30 mg/L increase the temperature estlmaced from the Na-K-Ca geo
thermometer. The other spring.s and wells sampled in Arizona and New 
Mexico have Inferred reservoir temperatures of less than lOO'C. 
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IKTBODOCTXOn 

Dependable chemical aaalysco for e!so bot opricgs la Ce<& are avail
able in Mundorff (1970). A study of the hot springs of Eesr Mczico 
(Summers, 1976) contains a collection of cheisical aaalyscs of variable 
quality. A brief summary of geothermal prospects £o Hew ̂ sxico has also 
been presented by Summers (1970). Chemical analyses are gecerally not 
available for the hot-springs is-Arlsona.-- A-pap;cr~by Telliss—C19?3) on 
the composition of hot springs in Arizona contalnc easy analyses in which 
the totals of silica, sodium, and potaoeium exceed the total dissolved 
solids determined by evaporation. Analyses of water froa 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_Eetb„andJHem.^(196,3)_ present chemical data 
on springs in Cr.iham and Greenlee Counties, as well as Verde Hot Springs 
in Yavapai Couticy. Dellechaie (1975) reported on a geothermal test veil 
drilled to a depth of 2440 meters west of Florence in Pinal County. 
Maximum temperatures of 120'C, encountered in the well, vere explained 
by deep circulation of meteoric water in an area of normal geothermal 
gradient (SS'C/km). A hydrologic study by Reader (1957) contains 
chemical data from varm irrigation wells in the Lightning^ Dock KGRA (Known 
Geothermal Resource Area (Godwin and others, 1971)), New Mexico. Analyses 
of gases escaping from the springs and isotopic compositions of the vaters 
(6D and 5^^) are not available in the literature. 

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

Clifton and Gillard hot springs are the only designated KGRA's in 
Arizona. Clifton Hot Springs (reported as 71^C) and Gillard iib'c 
Springs (83°C) have the highest surface temperatures. Waring (1965) lists 
21 thermal springs in Arizona and Uaigler (1969) lif.ts 23 thermal springs 
and 9 thermal veils. 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 S^ate were dry--<*hGn visited 
c'.uring January 1975. 

Our sampling in Utah was restricted to the following designated 
KGRA's: Crater Springs, Thermo Pot Springs, and Monroe-Joseph. Thermal 
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-Sulphurddle KGRA. 

Samples were collected from the following KGRA's in New Mexico: 
Radium Springs, San Ysidro, Lower Frisco Hot Springs (San Francisco Hot 
Springs^, and Gila Hot Springs. No samples were collected from the 
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Kiiboume Hole. Baca Location No. 1. or Llg&tBins Docl ES2&*». 
Kilboume Hole does not contain any thciBsl eprings. 

LOCATION 

The location and a brief dcecrlptien ef the stapled spriags are 
4 n ̂ n table 1 The locations of the theraai-sp^iago (fi^. la. lb. 
Sr?c) are cont;olISd by the general structural setting, ^eas of 
: : . t i l t r Z ::Simentary ock such - the ̂ ^^^^^ r r u ^ s ' ^ J m ^ 

issue along the Gila River in the southern half of ?»« ̂ ^ate or in a 

thrbalrflong the western edge, f J.^Jjf Sf:r'L'Se':f«S«e":er« 

-rSf-r s:rari^^rr%hf s: ^p^^^^^^^ 
occir along major faults in the vestem and central part of Utah 
(Mundorff, 1970). - -

METHODS AND PROCEDURES 

Water vas collected in a 4-liter stainless steel P « " " " J ' ; " ^ 

TT less to insure that the metals would remain in solution. Samples 
collecLd for magnesium and calcium were acidified vith concentrated 
hydrochloric a^d to pH 2. Ten milliliters of filtered sample vere 
Suited to 10? mL (mliliUters) with distilled, deionized water to slow 
tie pfUerization'of silica. Three samples of -^^^""j^-'^V^," 
collected ia 125-mL glass bottles with polyseal caps for analysis of 
d^iteri^ ;nd oxygen?18. Samples of gases escaping from the JP'ings were 
collected in gas-tight glass syringes which were piaced-tn-a bottle of 
native water for transport to the laboratory. 

Field determinations were made of water temperature, pH, alkalinity, 
ammonia, and sulfide. Extraction of aluminum «»<* P'̂ f ̂'^^J^"" °f ° " " 7 
were disc performed in the field. Detailed descriptions of the sampling 
tecLlques'used are given by Presser and Barnes (197-4) Water tempera
tures were determined with a thermistor probe and a maximum reading 
mercur^-in-glass thermometer. The pH was measured directly in the spring 
::innhe me'thod of Barnes (1964). An alkalinity titration - « P^f^^^f 
immelir-.ely after the sample was withdrawn from '̂ l̂ ^̂ PĴ f̂' /^"^^^ "^" 
precipitated as zinc sulfide from the hot sample and titrated by the 

^ f i ' ' | , ; r r f : r r ^ ^ y r -• • •̂•̂ •̂̂•̂•••.•̂  •-
'• ^ • ' ^ •• • i t l i s ! 1 •• i • • I, I I 
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Table 1.--Location and dt tscr lpt lon of saapled springs snd wells-K^ontlDued 

Spring Location 

Cacroa Couaty, Mem Mexico 

1. auuned hoc spcln* (Ct la U l l d c r n e a a ) — • —- Uosurveycd, S j ' u ' B. by 108°14* N. SP'tag lasiiaa f i o a a t luv lua on t b * «a«t side of Ctw r i v e r at the wilderness 
iMMindary; t u f f •breccia bedrock, sporadic gas. 

2. Son rcsnclsco Bot S p r l i i ^ s — — — • — E^sec. 23, T . 12 S. , B. 20 H. S iw l l springa and aeeps; sggrcgste flow less than SO L /a l n ; scattered f w two 
(Ixwer F r l s i o Hot Springs) * • along tha Saa Frsoclsca B lver . 

1Mb Aaa County, Bew MeBleo 

I . LadiuB Bot s p c l a g s ( H e l l ) - — — — — — — — BBUC^see. 10, t . 21 B. , B. 1 M. Besort ; o r i g i n a l springs arc d r y ; water I s f roo a puafied w e l l used by tbs 
reso r t . 

Grtmt Coaaty, Saw Maalco 

1 . C l l a Hot Springs . . . . . . . . . . . . . . . . — . . . BI^BE^see. S, T^ 19 t . , B. 13 H. gprlngs exteoslvely Modif ied ss a water supply; soac gas. 

2. Dtnood hot spring ( C l U Blver) — Onaucveyed, 13°10* B. by 108*11* W. Seep spr ing ; t u f f - b recc ia bedrock. 

). OnrnrTi hot s p r i i ^ (K. Fork C l l s B l v e r ) - Onsarveyed, 33 f * l l | * B. by 108 11* H. Springs Issue f roa a l l uv iua along cb* sooth s ide of the r i ve r Just downctreaa 
f roa lyoaa Lodga. 

Sandoval Cooaty, l a v Meslea 

I . O m a e d a l n e i s l s p r l ^ ( S a n Ts ldro)———,— WVSi'kaec. 16, 'it. U • . , B. 1 I . Seep apr lng ; laaaes f roa Ifsa elda o f a large t rave r t l aa oound; laaccesatbla 
aprlag l a tha aouad releaaaa a great daal o f g i a . 

2 . t l i w i ' i l wars spring (Ssa T s l d r o ) — — — ' — •^HH%sac. 16, 7 . 1) • . , B. 1 B. Saal l apriaga laaulog f toa t r a v e r t l n a waiaids oe tha aoutb aide e f tba SaUdo 
Bivar : coaaMer iA la gaa. 

1 . irannMd warm spr ing (Saa Tsldro) . - . . — — BV);Si4aae. 10, T. tS • . , B. 1 B. Bas i l gasay apr lag laautag f roa a t h i a travert in*, ' aouad: aor th atdo o f Salate 
Btaer. •• 

• ' • I \ 

Beavar Cosaty, O t A 

I . Ther«> not Springs- — see, 28, t . JO 8 . , B. U H, fcaeroua s n a i l apringa and acepa Isane aeer the (op o t two p s r a l t a l nor th -
aoath t roadlng rtdgaa; saaplad spring at aoutb acd o f wcatera r idge; 
aggcagaCa f law MM) L /a la . 

Jkrth Cooaty. 0tab 

1 e r . t e r Hot Springs (A) see. XO,t. 1* 8 . , K. 8 W. Bataoalve t r a v e r t i n e wound w i t h maerona s a s l l sprl«gs aad seops} esi« le B 
(B) . . . . . . . . . . . . sec. ID^T. 14 8 . , B. 8 H. l a f roa a f lowing w e l l near tha (ouadatloa o f tha ab^s$!S!£d cessr t ; e e ^ l e 

B l a f roa a aae l l spr ing a t the top o f tba t r a v e r t i n e asstsd. 
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Tabls I .—Locat ion and d e s c r i p t i o n of s sap led s p r i n g s and u e l l s - . C o n t t n u e d 

' ' \ ' • • 

Spring t o c a t i t i n Coiagents 

Sev ie r Couaty, OtMi f 

N 1. Monro* Hot Spr ings (A) ' Mftsec. 15, T. 25 S. 8 . 3 II. Hu-erous s a a l l apr inga and s«eps i s su ing froa t r a v e r t i n e t e r r a c e ; eatenolvo 
( B ) — — — — — - 'lo t r ench ing t o " I n c r e a s e " wster flow haa destroyed! such of tha t e r r e c s i agQro-

g a t e flow a t l e a a t JOO Limit,. \ 

2. Red H i l l Hot Spring SW^-'ec. l i , T. 25 S . , B. 3 W. Springs I s sue f roa s t r a v e r t i n e t e r r a c e eppros iaa tc i ly 0 .8 b i l o e w t e r s north of 
; ; Monroe Hot a p r i n g a ; both s p r i n g s I s sue froa a r ange - f ron t f a u l t . 

) . Joseph Hot Sprl^iga — s e c . 23 , T . 25 S . , B . 4 H. Muaeroua s a s l i s p r i n g s snd s e e p s ; e a s t of t h e s a s l l opri i tsa re leooo eonoid-
e r a b l e g a s ; low flow r a t e (<lQg L / a i n ) . 
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FIGURE la.—Location of sampled springs and wells in Arizona. 
Saiiq>les are numbered to correspond to their place in table 1: 
Cochise County, 1-Hookers Hot Springs; Gila County, l-Unnamed 
warm spring (Coolidge Dam); Graham County, 1-Indlan 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, 1-Pakoon Springs; Pima 
County, 1-Qultobaquito Springs; anci Yavapai County, 1-Verde Hot 
Springs, 2-Ca8tle Hot Springs. 
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NEWMEXICX> 

0 25 50 75 IOO 125 MltES 
I »_,—L-^T-J H — - ^ 

50 IOO 150 200 KILOMETERS 

FIGURE lb.—Location of sampled springs and wells in New Mexico. 
Samples are numbered to correspond to their place in table 1: Catron 
County, 1-Uhnamed hot spring (Gila Wilderaesa^), 2-San Francisco Hot 
Springs; Dofla Ana County, 1-Radium Hot Springs (well); Grant County, 
l-Glla Hot Springs, 2-Unnamed hot spring (Gila River), 3-Unnamed hot 
spring (E. Fork Gila River); and Sandoval County, 1-Unnamed mineral 
spring (San Ysidro), 2-Unnamed warm spring (San Ysidro), 3-Unnamed 
wans spring (San Ysidro). 
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UTAH 
j « ^ n f 

0 25 50 75 IOO 125 MILES 
- H '—r—* r" 1 

50 IOO 150 200 KILOMETERS 

FIGUSE^lc.—Location of sampled springs in Utah. Samples are 
numbered to correspond to their place In table 1: Beaver 
County, 1-Thermo Hot Springs; Juab County, 1-Crater Hot 
Springs; and Se.vier County, 1-Monroe Hot Springs, 2-Red Hill 
Hot Springs, 3-Joseph Hot Springs. 

f ^ ^ - r " - T '•' ff" ' f " " ' ' f"-'"."! •••"'W'""̂ ".":"• "ifi;' "•*• 'T "-'-!"*•« •'ffWWlVIWH**-" rv^'p-^i'WP '••»•• f f — f t ' 



iodometric method described by Bromi, Skougstad, aad Flahoaa (1970). 
Mercury was stabilized fcr analysis in the labosffitozy by addition of 2:1 
HgSO.rHNO-, 5-percent KMaG^(w/v), and 5-percant K2S20gCw/v). Dissolved 
ammonia was determined by allowing the sample Co cool to ogbleat tcapera-
ture, adding sodium hydroxide to raise the pM to eppro:iii&ately 12, and 
measuring the dissolved assaonla with a dissolved asraonia 8peci£lc->lon 
electrode. Water samples for aluminuia determination vere complexed with 
8-hydro3£yquinoline, buffered at pH 8.3, and extracted with methyl isobutyl 
ketone in the field a®-described by-Baraes-(1975)% 

Silica, sodium, potassium, lithium, rubidiuia, cesiusi, calcltm, 
magnesium, cadmium, cobalt, copper, iron, nickel, lead, manganeiie, and 
zinc were determined in the laboratory by direct aspiration on ii double-
beam atomic-absorption spectrophotometer. Detection limits for the heavy 
metals in-micrograms.|(et liter ,(jjg/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 Dlanthrimide 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 end 
Materials, 1974) was used fOr samples containing less than-10 tig/L 
(milligrams per liter) chloride. Higher chloride concentrations were 
titrated by the Mohr method (Brcvn and others, 1970). Sulfattt w«« titrated 
by the Thorin method (Brown and others, 1970). Mercury was determined 
by a flameless atomic-absorption technique (U.S. Environmental Protection 
Agency, 1971). The organic extract containing the aluminum complex vas 
analyzed by atomic absorption. 

The C02-equilibriu& method of Cohn and Urey (1938) and the uranium 
technique of Blgeleisen, Perlman, and Prosser (1952) were used in the 
analysis for oxygen and deuterium isotope ratios. Isotopic ratios of 
I80/I60 and 0/H in the water samples were measured on a modified Nier 
double-collecting 6-in GO'-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 quantify (O2 + Ar), N2, and 
CH4, while Porapak Q wss used ior CH4 and C02.—' The gas-chrooatography 
columns were operated at room-^emper«t:ure~wi-th-helluffl--«s^he carrier gas. 
Gases were detected by thermal conductivity. 

I 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 CO£<!FOSITI0M 

The chemical compositions of the thortaal-sprlng festers are listed 
in table 2 by county and state. In Arlsona, 15 water scoplee wore 
collected from 13 thermal-spring areas. Six aire fresh vaters as defined 
by Robinove, Langford, and Brookhart (1958). £n this clacsificacion 
fresh waters contain less than 1000 og/L dieaolvcd solids; slightly 
saline waters range from 1000 to 3000 mg/L| aoderatcly saline waters fron 
3000 to 10,000 mg/L; and very salino^jraters from 10»000 to 35,000 mg/L. 
The fresh waters are of various types: Hookers Bot Springs, Na-HC03; 
uxmamed hot spring oc Eagle Creek, Na-Cl; hot well ct Tonopah, K«-C1; 
Pakoon Springs, Ca-Ng-Na-HC03; Quitobaqulto Springs, Na-S04 and Castle 
Hot Springs, Na-S04-Cl. All of the slightly saline waters, which include 
the unnamed hot spring at Coolidge Dam, Indian Hot Springs, and Gillard 
Hot Springs, are Na-Cl waters. Clifton Hot Springs, the unnamed hot 
spring near Clifton, and the Mt. Graham hot mineral well issue Na-Gl 
waters of moderate salinity. The other moderately saline water is a 
Na-HC03-Cl water from Verde Hot Springs. 

The four springs s«unpled in the Gila Mountains of New Mexico issue 
fresh water of the Na-HC03-Cl type. San Francisco Hot Springs issue 
slightly saline Na^Cl water. Radium Hot Springs also-issue N«-C1 water 
but it is of moderate salinity. Springs in the San Ysidro KGRA issue 
nwderately saline to very saline Na-Cl-S04'-HC03 or N8-SO4-CI vaters at 
relatively low temperatures (11* to 25*C). 

Thermo, Monroe, and Red Hill hot springs in Utah issue slightly 
saline waters. Thermo Hot Springs issue a Na-S04-Cl-HC03 water, whereas 
the o»re concentrated waters from Monroe and Red Hill hot springs are 
Na-S04-Cl waters. Crater and Joseph hot springs issue moderately aallnc 
Na-Cl waters. 

Generally, as salinity increases chloride becotMS the major anion 
I "I and the pH decreases from alkaline to near mutral. u l ^ T':.«î $̂ e con

centrations (6 to 11 mg/L) are found iu several of the fresh-^md -~ 
slightly saline thermal waters in all three States. The ;.attb..F.'̂ l̂  
decreases from 0.1 in fresh waters to 0.003 in the very sallŝ ô -̂ î tŝ "̂ . 
In contrast, high concentrations of boron are found only in noder«te]^'"S>. 
saline water (Verde Hot Springs, 8.9 mg/L B) or very s&llne waters ^~ 
(•unnamed springs- sear San - Ysidro, 7.«̂11 mg/L B)-i Relatively high concen
trations of magnesium (>30 mg/L) occur in slightly saline to very saline 
waters from Monroe Hot Springs, Joseph Hot Springs, Red 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 
appreciable magnesium (20 to 21 mg/L). 

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

11 
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Tabic 2.-.Major alerwnt chewicsl cowpositlon of cherasi .prlngs snd wells 

[Concentrstions sre in •illir.reas per liter I 

Spring S 
2 

n 
f 
3 I 

S 

i 
fl 

a 
I 
o I 

g 

- I 

5 3 9 

C 
%̂  . 
ft 
"9 

^ 

a-

Hookers got Springs • i l \ • .03 46 

ni i i isai t wsra s p r t i « (Coolidge Oaa) — M B.Bl 
i 
I 

Indian Bot Sprinas(A) 4B ^.»» 

(g) - ^i l . i l 

Nt . Grshao hot a ioe rs l u e l l — - 42 I.JB 

C l f f toa l l ^a t Springs —• W 1.00 

Onnsaed hot s p r i i « ( C l i f t o n «) — «4 B.SB 

( C l i f t o n B) i t 1.01 

Clllsrd Bot Springs tl I.ii 

Onnaaed » a m springs (Eagla Creek) IJ 8.2* 

Hot -ell (Tooopah) " *0i 8.2* 24 

Pakoon S p r i n g s 10 1.82 17 

Cocblso Coaaty, Artsoas 

1.0 < « . l 6« 

a i l s Cowatr. A r t s o u 

4 t UO 9J 7*0 

O.S 0.11 

n 1.6 

170 

I2« 420 

4 .0 2.0 

980 

Harlcoys Comty , A r lnma 

U . * 220 t . l .24 83 

Mohave Couatjr, g r l i ooa 

48 17 20 8.2 .03 197 

87 

73 

260 S.7 

0.03 294 

3.3 1.0 2,687 

4^ 
y* 

91 

IS 

M 

»? 

»S 

64 

76 

78 

l i e 

S r M a l o * 

430 

TM 

740 

22 

16 

«.t 

8 .1 

10 

CdMigir, 

U 

at 

20 

.• 

2.1 

• « M 

•6S 

1.000 

2,600 

t r t a O M 

l,S00 

1,700 

2,600 

4 )0 

190 

1) 

U 

11 

t t 

170 

1 ^ 

iiA 
1 
7.8 

1.2 

1.3 

1.9 

2.6 

4 . 1 

4 .0 

.87 

.39 

88 

89 

103 

163 

U6 

U3 

216 

283 

3)0 

3SC 

688 

72 

62 

68 

UO 

4) 

1,200 

1,400 

i '3 ,800 

; i ' i . iso 

$,700 

).J00 

490 

120 

3.4 

3.7 

6.6 

>.3 

«.7 

2.8 

11 

10 

.J7 

.62 

1.6 

.64 

1.4 

I . t 

.41 

.18 

2,630 

3,014 

7,436 

S,)2S 

9,696 

9,3)2 

1.483 

731 

S.O .19 

.8) 701 

.09 38 



Table 2.-.NsJor eteseot chcaicsl conposition of theraal springs snd ueIts-K:onttnued 

Spring na*a 

qulcobaqoico Spr lngs-- -

V.-rd« Hot Springs -

Caatte Bot Sfirioga 

amuaed hoc spring (C l l s Ui ldarnass)* 

San Prsncisco Hot Springs 

Badl.j> got gpi lngs (we l l ) 

I 

21 

36 

46 

66 

37 

) t 

C l l a Hot S p r i n g s ' - - — - • . . . . . . . 

Vtzaemed hot apriog ( C l l s l i v e r ) — 

Omuved hot spring ( t . f o r k 611s g l » e r ) - — -TS 

Unnsaed alnerat spring (San Taidro) -

Unnaaed warn Bprlrig (San YsidrO)-- - -

Unnamed wares spring (San Y« ld ro ) - - ' -

; .9o 

6.>1 

7.4) 

7.78 

7.1) 

7.11 

5 
g 

1 
8 

g 

a 
s 
m 
m 
a 
& 

9 
as 

a* 

9 

42 

69 

38 ' 

8S 

•6 

n 

Plan Couaty, grtaona 

M 10 190 4 > 

Tsvapal CooaCf, Arlsoao 

110 39 950 

33 8.4 200 

Catroa Canaty, Sea MaaUa 

U . 1 ISO 3.1 

40 6.2 2llB IS 

• M M » M Ca—ty, Sta a a t a * 

U S t s 1,108 u e 

6« 

43 

f» 

11 

2) 

l i 

8.13 

7.80 

8.87 

7.27 

6.2) 

6.31 

n, 

« 

68 

18 

1) 

20 

«.« 
U 

t .> 

<.« 
.2 

.» 

ta i r foval esmtty. 

220 

390 

300 

110 

6S 

68 

123 

US 

too 

M e o U n t m 

3,800 

3,000 

2,000 

S.0 

8.7 

l .S 

UO 

91 

81 

0.11 29« 93 litO 4.4 

1.2 4 U 

. 2 3 

.23 

.17 

101 

130 

89 

260 - ' 1 , 6 ) 0 

43 

67 

87 

10) 

120 

9!1 

4.8 

9.1 

8.9 

6,1 

^ 

IS 
> u 
o c 

58 
a 

0.67 820 

3S 

4 . 7 

1.2 

.29 

«,»70 

12) 

S60 

210 

5S0 

140 

1.4 

8.4 

8 .9 

.90 

3,931 

769 

.36 

.43 

l )S 

U l 

79 

3t 

105 

410 

9.S 

1.6 

.11 

.26 

587 

l . O l ) 

.68 t ,es7 

.10 4 ^ 

. U SS9 

.u a) 

6.3 

3.2 

« . l 

2,26) 

1.85) 

2.00) 

1,700 

2,600 

1,200 

2,700 

i ' 2 , 4 0 0 

1,900 

8.0 

4.B 

1.4 

8.0 

6.9 

11 

13,0SB 

10,46) 

7.6)3 
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T * b ] e 2 , - - I U j o r element c b e n l c a l c o s p o e i t l o * o f c h e n M l s p r i t e s and w e l l 0 - - C o n t l n u « ' ? 

S p r i t e aamm 

ft 

i 
9 

i I mrt 

t4 

a • 

•o 

8 o 

4 

g 
9 

> a 

t h . Bat S p r i n g s -

Crater Hot Springe (4)-

(•)-

geavsr Cocnty, Otah 

891 7.98 111 71 10 180 

JiMh Coaaty, Stah 

) 2 1.3 360 4 8 0 22 ) 6.6 0 . 9 3 1,700 

64 

82 

6.48 

6.84 . 

69 

69 

340 

340 

S2 

S4 

830 

* 0 

S7 

99 

1.0 

• .0 

I M 

IS* 

e») 
680 

1,500 

1,500 

2.5 

2.6 

.86 

.80 . 

3,692 

3,748 

t i oa roe Rot S p r i n g a ( A ) -

( B ) -

t e d a l l l Hot S p t t i ^ -

Josaph Hot S p r i n g s - -

70 

61 

761 

63 

6.20 

y,.f> 

6.25 

6.31 

) 9 

59 

)• 

90 

8 o * l a > C o a a t y , O t a k 

MO 36 S M 

100 30 180 

290 34 S9« 

260 « « 1,430 

5) 

52 

60 

SO 

.63 

.64 

.78 

1.9 

447 

40) 

4 U 

M 8 

880 

900 

890 

1,200 

620 

650 

660 

1,700 

2.7 

2.6 

2.8 

3.0 

3.0 

2.9 

2.8 

4 .9 

2,«a 
S,<Hl» 

S,0t9 

S,|S9 

- T c t a l a l h s l i a i r y as b i c a r b o n a t e . 

- D i s s o l v e d c o n s t i t u e o t s i s t h e sua o f t h e s a n l f s c d as Jar c o a t c i t a e a k a . 

- ^ B r o s i d a : Saa T s l d r o ( 7 . 9 a t / l ) , l a d i u a Hat S p r i n g ( 1 . 8 n g / . l ) , C l l f t a a • • « Syc laea <2.S ^ / t ) and H t . C r A M h a t a l n a r a l a e l l ( 2 . S ag / l l i ^ i l o d l d e i 
^ / l ) , Bad iua I k i t S p r i n g a (<0.'> a , ' L ) , C l i f t o n l a t S y r l a g a ( O . l • ) g i f l ) , t m t M t . C r d b a a hag a l e a r a l a e l l ( 0 . 3 i « / t . ) . 

- T c a p e r s t a r e t a k e n a f t e r c o l l e c t i o a , t b a r a l s t a a a a l f t a a c t l o a a t a p c l « | M 4 a a * a l l o r a a t a - a p c l a g t s a p s n t a i r a ca ha d e t a m l a c d . 

- gB spproa l raa ta due t o a e t e r i n a t a h l l l c y . 

I T s l d r a ( 0 . 3 

,—. I 
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Table 3.-.Minor and trnr.e eleaent chealcal coaiposltian of theraal springs and wells' 

(Concentrations are tn •llllgraes per liter; dashes Indicate the absence of data] 

1/ 

Bookers Hot S p r i n g s — — - — — . . — . • 

ITiiiiaai ll vara spring (Coolidge D a a ) — - » - - — 

Indian Hot Springs (A) . . . . . . . . . . . . . 

(B) 

n t . Crahaa hot e i n e r a l ue l l - - -—-- -—"——— 
I , 

Cl i f toa Hot Springa : 

ITaasai i1 hot aprlng (Cl i f toa A) . . . . . . . . . . 

(Cllfcoa B) 

Gi l l a rd Bot Springs— — . . . . . . . — . . . . 

rTiliisisri wara spr ings (Bs^ la C . -?«k ) " — . - « 

Hot well (Tonoyah)-- . . . — . . - . — . - . . - . » . 

Pakoon Springs - - — — - — . M . — . . . . . - . . - . 

Coehlaa Comity, Arlabna 

0.035 <0.02 0 .1 <0.1 

C l U Cooaty, Ar 'soaa 

«-.00l .24 <.1 . 1 

C r A a a CoosCy, Ar l soaa 

<.001 

,002 

<0.02 <0.01 <X>.02 <0.000l <0.01 <0.02 

<.02 ^ .01 .02 

,07 . 1 .09 o O l .04 ,0003 

Creealea C o a t y , A r i a 

,001 .SS < . t 

. 1 

<.l 

<,001 

. . . 

.009 

<.00t 

1,2 

1.2 

<-,ai 

.OS 

r , A«i 

' . oa 

IM i«»« Ceoacy, Ar l soaa 

' • O p t <,01 < . t o l 

<.0S 

f .02 

. 01 

.01 

<-.os 

<.ot 

<i01 

, 0 1 

.0001 

.01 

f .Ot 

<.02 

09 

07 

. 1 

«-.! 
f . l 

' . I 

<02 

;<,a2 
<;0l 

<.01 

<,02 

<.02 

.0001 

.0004 

.01 

<.01 

<,02 

<,02 

<,02 

• ' 
.9 

. 3 

<,1 

<. l 

. » 
l.O 

' • ' 
<.0> 

<.Otl 

,02 

.01 

. _ 

<-M 

<.0l 

.06 

.06 

<-.0t 

<.01 

,0003 

.0001 

.0008 

. . . 

.08 

.09 

— 

<.0l 

<.ei 

<.« 

<.oa 
— 

<.a9 

<.<a 

. 0 ) 

<.oa 



Table ^.--flinoc and n a c e eluacnt chenicai composition of tht-raial springs and we 11^—-Continued 

Spring 

fS 
S 

I 

• 

•4 
• 

u 

1 
« 
a 

Q 
X 

?, 
^ 
& 
0 

& 
9 

Qultohsqulto Springa-- — - — - . . • — . . . . . . 

Verde Bot Springs——— . . . . — - . . . . — . - . . 

Caatle Hot S p r l i ^ a — — . - . — — . — . - . — . . . 

Onnoaed hot spring (Clla MlWomeail) — • 

baa Ptant iaco Bot S p r i n g a - — — — - . ~ . . . . . . . . 

Badluo Hot Springa ( w e l l ) — - • — " — — — 

Cl la Hot Springs . — — . . . » - . ~ — . 

XSaaesecA hot aprlng (Clla giver)-—;——.^—-

Oavsaed hoc spring (E. Foxfi Cita i;tl«er) — 

Uimaaaed mineral aprtng (Saa T a l d t o ) - - — — 

Onnaned warn spring (San T s l d r o ) — — — 

Onnaaed wans spring (San T s l d r o ) - - — - - " - " 

Plaa County, Arlaona 

0.002 <0.02 — <0.1 '-0.02 <0.01 <0.02 

Tavapat Coooty, Arisona 

.001 .10 < , l ^ . l 

.02 — <. l 

CatrOD County, Saw Mexico 

.004 .03 — <.l 

.08 < . l 

Dvia Aaa County, N«a Haaleo 

<.0fl2 1,3 < . l . 1 

<.02 

.03 

era 

>oos 

: Couaty, Sea 

.oa 

,09 

<.0t 

Meslco 

< . l 

< . l 

< . l 

<,02 

<.08 

•r.oa 

Sandoval Coanty, Sea Naatca 

— .64 — .3 

.007 .48 .12 .4 

— ,49 — .4 

<.01 

<,02 <.01 

<,01 

<.01 

<.oa 

<r.02 

.02 <.Q001 

' .V I <.0001 

•:.000l 

<0-0l <0.02 

.06 

^,02 

.01 

<.0l 

.02 

--.OZ 

,0002 

<.0!»1 

.04 

<.0l 

.02 

<.02 

<.01 

<.01 

<,01 

.-,01 

tf.Ol 

<.fl2 

.<B <.C9 

<.ot 

OS 

30 

57 

,01 

,02 

.01 

.04 

.04 

.03 

<.(moi 

<.0001 

.09 

.06 

.08 

<.0S 

,42 

.14 
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Table 1.-•Minor nod trace clenent chenicai coapoaitlon of theraal springs and wells -Continued 

^ i 5 : 5 * 
Spring naaa | B - * ^ 8 ^ " ' r S 

'•> D a n o «< « 'T 

Beaver Cooaty, Ot«l> 

Theroo Hot Springs - 0.001 0,50 *.»0 0-2 0,02 'O.Ol -̂ 0.02 <0.(M>01 <0.0l 0.02 

Juab Couaty, Otab 

Crater Hot Springs (A) .002 .26 .12 <.l .2$ .03 .02 <.000l .06 .26 

(B) -,-- .24 <.i .25 .01 <,02 — .02 <.02 

Sevier County, Otah 

Monroe Hoi Springa (A) .002 ,22 .26 ,1 ,09 .01 <.02 .0002 ,04 .90 

(B) .20 <.t .11 '.01 <.02 — . ,01 <,02 

Red H i n Hot Spring .009 .26 .42 . 1 .07 .01 <.02 .0002 .03 .86 

Joaeph Hot Springa <.00« .24 ,20 .1 .19 .01 .02 <.000l .09 .27 

— Detectable concentrations of csdatua, coha t t , and lead ware oat fouod ta any of the hot spring water*. Oetectloa l l n i t a for tha d i rec t 
a sp i r a t i on of solnt lcna containlr^ these eleaenta cm oar A.A. a re 0 ,01 , 0.0%, aad 0.10 ag/L, reapeeclvsly . 
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GAS ca^mosiTim 

Coaposltlona of gases froa 10 springs arc glvea In table 4. Ellis 
(1970) has shown that springs associated with higher tesa^rature thermal 
reservoirs (>200°C) dls<±arge gas containing a largo psrcentago of carbon 
dioxide. Springs associated vlth lower temperature cheroal systeas 
release principally nitrogen (Bodvarsson^ 1964). Hookers Hot Springs, 
Indian Hot Springs, Pskoon. Springs; <uid the ujanaBed hot spring on the 
Gila River discharge nitrogen-rich gas at vezy sporadic r̂ ites. The 
unnamed springs at San Ysidro and Monroe, Crater, Joseph, Thermo, and 
Verde bot springs discharge mixtures of carbon dioxide and nitrogen 
intermittently. 

SOLUTION=>aNERAL~EOUXLIBRHJM—-

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 arc inportant because 
equilibration of the spring water vitii silica phases at the spring 
orifice would result in erroneous estimates of the ccmperature in the 
aquifer. Similarly, equilibrium or supersaturation vith respect to 
calcium carbonate may indicate that calcium haa occn lost from the thcmal 
fluid between the aquifer at depth and the surfncc. 

Based on thermodynamic calculations, silica phases other than quarts 
could be controlling the silica concentration at soac of the aprlng 
orifices, that is, amorphous silica at San Francisco Hot Springs; alpha» 
cristobalite at Gila Hot Springs, the unnamed springs at San Tsldro, 
Thermo Hot Springs, and Monroe Hot Spring; chalcedony at Hooker* Hot . 
Springs, Crater Hot Springs, and-Red Hill Bot Springs,.^jCalcium carbonate 
could be in equilibrium vith vatcjrs in Clifton Hot Springs, Gillard Hot 
Springs, the hot well at Tonopah, Verde Hot Springs, Gllc Hot Spv:^ngs, 
the unnamed springs near San Vsidro, the well at Radium Springs, and all 
che springs sampled in Utah. 

Equilibrium of fluorite (CaF2) with the spring water is not Imporfraat' 
in coatrolling che calcium concentrations in the springs listed; calcium 
concentrations are a function of pH rather than fluoride concentrations. 
Fluorite is significantly unsaturated (arbitrarily more than 1 kcali^) at 
Verde. San Francisco, Hookers,-the unnamed hot springs near Clifton, and 
Pakoon Springs. 

y To convert kilocalories to joules, multiply by 4.184X10 . 

18 
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Table 4.—Cos^ositlons of gaaes escaping froo thcTBol sprlags 

[Conposltlc~> is in volume percent] 

Spring name 

.»% CM 

«M < •-* 

^ e 
C3 «t 

6 0 CO 
« «e «o o 
«a 0 lo M 

S s 

Cochise-County«^_Aris.on4.,, 

Hookers Hot Springs 5.8 92 

Graham County, Arizona 

Indian Hot Springs (A) 5.8 95 

Pakoon Springs 

Mohave County, Arizona 

21 77 

Verde Hot Springs—-

Yavapai County, Arizona 

1.6 20 

Grant County, Hev Mejdco 

Gila Hot Spring 7.5 86 

Sandoval County, Nev Mexico 

#2 Unnamed spring near San Ysidro 1.1 32 

Beaver County, Utah 

Thermo Hot Springs — — — - 1.5 4.8 

/ Juab County. Utah 

Crater Hot Springs 3.6 76 

Sevier County, Utah 

Monroe Hot Springs 3.0 39 

Joseph Hot Springs-^ „...>..»—.— . 2,2 73 

% 
(B 

<.i 

<.i 

<.i 

<.i 

.3 

.1 

N 

8 

3 

<o.i <o.i 

<.i, 

<.l 1.4 

<.l 73 

1/ 

61 

84 

.6 21 

57 

26 

— No daca due to breakage of syringe during cmalysis. 
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Tiible S...stacea oi reactions vl th reapece to ca lc i te , airasoalte, elinlccdoay, • l | ^ -e r l s to&al l te ,cod fluoric* 

Spring name 

AG Os&al) JJ 

Calcite Aregootte (Aalcedaey 
AlpSac" 

erlBCoballta Fluorite 

Cochlee Couaty, Arleoiu 

Hookers Hot S p r i n g — . — — — — — — -0.13 -0.20 

Clla County, Artcona 

Unnamed varm spring (Coolldg* Dam)——»• -.31 -.37 

Crahaia County, Arl*«i« 

Indian Hot Springs ( A ) — — — — — — — -.16 -.23 

(B) ..28 -.35 

Mt. Graham Hot mineral v e l l . « — — . . . . . . -.12 ' - . W • 

Graralea Cooaty, Arleona 

Cliftoa Hot Springe +.18 +.12 

Onaamed hot spring (Cliftoa A ) — — — — -.17 -.24 

(Clifton B ) . — — — — +.77 +.68 

Gillard Hot S p r i n g a — — * ' — — — — — +.12 0.00 

Unnamed warm spring (Eagla C r e a k ) — — +.55 +.48 

Maricopa County, Arlsona 

Hot veil (Tonopah)— -..-...—— +,o2 -.03 

Mohave County, Arleoas 

?akoon Springa .-...•.....—•.» +.36 +.31 

Plaa County, Arlsoaa 

Qulcobaqulto Springs —...... +.28 +.23 

Tavapal County, Aticona 

Verde Hot Sprlogo--——^--"--"---.,-—— -.08 -.14 

Caatle Hot Springs — -.45 -.51 

-O.W 

I-.42 

+.19 

+.22 

+.49 

+.S4 

-.22 

-.09 

+.56 

+.71 

+.45 

•0.33 

.16 

-.09 

+.06 

-.22 

+.87 

-.31 

-.35 

+.30 

+.44 

+.17 

-3.45 

+.03 

-.35 

-^22 

+.48 

+.18 

<i..S3 
+.63 

+.31 

+.62 

+.53 

+.36 

.00 

• .96 

+.55 

-1.81 

+.34 

+.33 

-.46 

-2.47 

+.05 

-l.Cl 

+.55 
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Tsble 5 .—Sta t e s of r e a c t i o n s with respec t t o e e l e l t e , a r a g e n l t e , chaleedeay, 

a l p h a - « r l s t o b a l l t e , a B d fluorlte-<<0(tcloaed 

AS Osa l ) y 
Spring nase 

A t l ^ -
C a l c l t e Aragoal te Ch«lcedeny c r l e t o b s l l t e F l u o r i t e 

4. 

Catron County, Nes Mexico 

Unnamed hot spr ing (Gi la U i l d e m c a s ) = +0.04 -O.OS +0 .43 +0.14 +0.17 

San Franclaco Hot S p r i n g s — — - — -.54 - .60 +.80 +.53 -1 .35 

DOBS Ana Couaty, New Maxiee 

Radium Hot Springs ( v e i l ) - — — — +.51 +.43 +.58 +.30 +.24 

Grant County, Na» Mtsteo 

Gi la Hot Springs — — . . + .21 + . H +.28 - .02 - .07 

Unnamed hot spr ing (Ol la Rlvor-)"'*"'"-'*'—"-•"*-'—--"^•21 a ĵ̂ f? _^ - - - . 28 - . , „^ . , ^_^ _+.8 , l„ , . . , + .34 - .32 

unnamed hot spr ing (B, Fork Gila Rlvar) - . 3 3 - . 4 0 • . S * + . 3 * - . 3 1 

Sandoval County, Mew Mexico 

Unnamed minera l spr ing (San T s l d r o ) - — — +.74 +.70 + .30 +.04 - . 4 3 

Unnamed va ra spr ing (San T s l d r o ) — — — — - .04 - - . IO - .04 - . 3 0 r- - . 55 

Unnamed varm spr ing (San T s l d r o ) — — — — - . 1 1 - . 15 +.28 • . < » ( +.50 

Beaver Couaty, Utah 

Thermo Rot Springs » . . - . - , — . . . . - +2.21 +2.08 +.2S^ - - . 0 3 +.20 

Juab County, 'Utah 

Cra te r Hot Springs (A) — . - . . — . . +.04 - .08 +.10 - . 2 1 . - .26 

<B) — +.65 +.53 +.12 - . 1 8 -.12 

Sevier County, Utah 

Monroe Hot Spring (A) - - . 03 - .13 +.18 - .13 - .14 

(B) +1.50 +1.41 +.28 - . 01 - .13 

Red Hill Hoc Springs — — +.10 -.02 +.07 -.23 -.15 

Joseph Hot Springs --.-.-... *.lo +.01 *.52 +.22 -.18 

- Magnitude of !C Is the depar ture from t h e o r e t i c a l equi l ibr ium In k i l o c a l o r i e s ; (+) vs lues Ind ica te super-
s a t u r a t i o n , (-> values u n s a t u r a t i o n . Ca lcu l s t lono were c a r r i e d out using the computer program SOUflflSQ (Kherake 
and Barnes, 1973/ . To convert from k i l o c a l o r i e s to Joules mul t ip ly by 4.18^X10^. 
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ISOTOPES 

The Isotopic compositions of the hot spring waters are listed in 
es>ble 6. The data are expressed in the 6-notation 

R — R 
5 . _JL a£i 10^, where R - (D/H), or ( ^ V ^ S ) , of the sample 
X **8td X X X 

and R . is the corresponding ratio for Standard Mean Ocean Water (SMDU). 
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--reseryQir„.temper.a,tur.e8, either of which 
allow relatively little reaction between water and country rock. Other 
possibilities include dilution of geothermal fluids vith fresh water, or 
association with old geothermal systems in which isotopic equilibrium 
oetween water and rock has been established by replacing the heavy oxygen 
atoms originally present in the rock with lighter oxygen atcms Irm&r-Che — ~ 
water. 

Deuterium compositions of water from San Francisco Hot Springs and 
the adjacent river are sufficiently different, 8 parts per mil, 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 (5D » -74.6:^) and the adjacent Rio Grande (6D -> 
-72.5^) are similar in deuterium composition, ^erefore, vator 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 th« Sos Yaidi^ 
KGRA (6D * -86.5^) and the upper Cailon de San Diego adjacent to Valles 
Caldera are similar ((5D - -86.8^; F. W. Trainer, D.S. Geological Survey, 
oral commun., 1977), indicating that the springs may be part of the sam^ 
thermal system or, at least, the spria^s have recharge water of similar 
isotopic composition. 

Mixing of thermal and fresh water can be conclusively dssonatrated %. 
frc." the relationship of the deuterium composition and the chloride con- , 
centration (Giggenbach, 1971). In the simplest case, a fresh water con
taining a low chloride concentration dilutes a high-chloride thermal 
water to produce thermal waters of intermediate chloride composition. If 
rh«j fresh and thermal waters have different deuterium compositions then 
the springs issuing water of intermediate chloride composition will also 
have intermediate deuterium compositions. A plot of 5D versus chloride 
concentration for these waters would be a straight line. These plots 
(fig. 2) may he interpreted to suggest dilution in the springs near 
Clifton, Arlsona. Mixing does not appear to be affecting the composition 
of most of the sampled springs 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 



Tisble 6 . - ' ^ e n s a l water SD EBS 9 0 i s parts pss ffiil 
[Cslta voltjcs sre rcporecw rcl£Slve t e ^ 3 ^ ] 

Sprias aaiae t s ©syscf, 
CD fi""© tSjifsi' 

Cochise Couaty, Arlsoaa 

Hookers Hot Sprlng8"-*—"-*°°""°"""'""""~ -83.7 -11.77 -0.06 

Gila County, Arlsoiia 

Onattked wans aprlng (Coolldee DaEi)«o—— -79.3 -lO.TS +0.41 

Graham-Coaaty>—Arisona 

Indian Hot Sprlnss ( A ) . . — - > — ° — — < > . -83.8 -11.42 .fO.S6 

(B) . . .^6.4 -11.42 'fO.63 

Mt. Graham hoc mineral v e i l . — — . — — — -83.4 -11.03 40.63 

Greenlee County, Arlsoaa 

Cliftoa Rot S p r i n g e — • » — — — « — — « -76.2 - 9.73 -^LOS 

inmaaed hot •prtog (Cliftoa A ) — — — — -84.0 -10.93 44.80 

Gillard Hot Springs—................... -86.3 -10.87 4>1.19 

Unnamed varm apringa (Eagle Creek)—*•• -89.0 -12.01 40.37 

Maricopa Couaty, Arlsoaa 

Hot veil ( T o a o p a h ) . . . . . . . . . — — — . -73.3 - 9.89 40.77 

Mohave Couaty, Arleona 

Pakoon S p r i n g s — — — -103.9 -13.83 40.39 

Pima County, Arleoaa 

Quitobaqulto S p r i n g s . . . — . . . — — . •41.7 • 8.29 40.68 

Yavapai-County, Arlsona , 

Verde Hot Springs (A) -83.2 -11.63 +0.25 

Castle Hot S p r i n g s — . — -63.2 -11.38 +0.27 
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,A», Table 6.--l!hermal water 5Z> and S O In pares per edl ^ °«e6atlraicd 

Spring SD «»«e 
0 3 ^ 1 

Catroa County, New Meslco 

Unaemed hoc spring (Gila Wilderness) -83.6 -11,03 +0.67 

San Francisco Hot s p r i n g s — — — " " — — — -78.6 -10.44 +0.64 

Dona Ana Couaty, Nev Mexico 

Radium Hot Springs ( v e i l ) — — — — — -74.6 - 9.06 +1.52 

Graat County^-Hew-Meslco— __ , 

Gila Hot S p r i n g s — — — — — — — — — — -82.8 -11.03 +0.37 

Unnamed hot spring (Gila River) — " -81.2 -10.87 +0.33 

Unaased hot spring (E. Fork Gila River)— -80.5 -10.75 +0.56 

Saadoval County, Rev Mexteo 

Unnamed mineral spring (San Y s i d r o ) — - -85.6 -10.01 +1.94 

Uaaamed varm spring (Saa y s i d r o ) — — — -90.1 -11.22 +1.29 

Unnasted warm aprlng (San y s i d r o ) — — — -86.3 -10.12 +1.94 

Beaver Couaty, Utah 

Thermo H o t - S p r i n g s - — » — — — - " . — — -118.3 -14.32 +1.72 

JUab County, Utah 

Crater Hot Springe ( A ) — — — - — — — -126.3 -16.09 +0'95^ 

(B) 126.6 -15.81 +1.27^ 

Sevier County, Utah 

Moaroe Hot Sprlage ( A ) — -128.3 -16.93 +0.34 

(B). 127.3 -15.68 +0.48 

aed Hill Hot-Spring—— . — -127.3 -16.95 +0.21 

Joseph Hot Springs-— -133.4 -17.32 +0.60 

-Shift in S O relative to the mece«rlc water line, JD«86 O+IO. 

24 

i ! • 



.84 

• to 

-76 

^ -72 
«» 

A. 

8llo Rivtr 

(tenomed hot cprteci (@i£a wi^^masaj 

'̂ mssm^ hot 

CittO ^vor) 
fiomod hot cp îna 
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FIGURE 2.—Deuterium versus chloride plots for water collected 
from the Gila Mountains, N. Mex., and Clifton, Ariz. 
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from gravel adjacent to the river. Monroe and Red Bill hot springs la 
Utah may issoe mixed waters but available isotopic data arc inconclu
sive. More detailed sampling would be required t o prove alxi&g ia aiiy 
of the areas. 

(SOTHERMOHETRY 

Tne chemical geothersKmeters, basedion the concencracion of silica 
or the proportions of sodium, potassium, and calcium in the spring waters, 
are relevant only if the hot spring or well is associated with a hot 
water system, lliese geothermometers are meaningless for the scid-sulfate 
springs associated with vapor-dominated systems such as The Geysers in 
California or Larderello in Italy. White, Muffler, and Truesdell (1971) 
have discussed the inq>or tant~characteristles-of- hot-water-and 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, Vlhlte, and Truesdell, 1974) which 
must be fulfilled before the geothermometerp can be^meanlagful are 
listed below: 

1. Temperature-dependent reactions at depth. 

2. An adequate supply of the constituents used for geothermoaietry. 

3. Water-rock equilibrium at depth. 

4. Negligible reequilibration as the water flows to the surface. 

5. No dilution or mixing of hot and cold waters. 

The last two assumptions are violated in some of the sampled springs. 

The quartz geothermometer (Fournier and-Rowe,-1966) is based on the 
assumption that the solubility of quartz is controlling the concentration 
of silica in the reservoir fluid. However, Arnorsson (1975) has demon
strated that the silica concentration in many hot springs associated with 
low-temperature reservoirs (less than ISO'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 to use (beta 
equals 1/3 or 4/3), the guidelines of Fournier and Truesdell (1973) were 
generally used. They suggested that log (/Ca/Na) be calculated. If the 
value is negative, then beta equal 1/3 should be used to estimate the 
temperature. However, if log (/Ca/Na) is positive then 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. 
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Most problems in Interpreting the results of geothermometer calcu
lations are due to reequilibration or ralxiog. Beeijudllbration y^m affect 
either the silica or Na-K-Ca geothermometers. Tlis coot cossson problem 
with the Na-K-Ca geothermometer is the precipitation of calcium carbonate. 
Loss of calcium, due to escape of carbon dioxide, causes the Ha-E-€a 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. Siollarly, 
waters in equilibrium with fluorite could contain too 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-equiitbrluo-withrcalcium carbonate 
is attained before equilibrium with fluorite (Mariner and others, 1976). 
The proportions of Na, K, and Ca are assumed to be controlled by exchange 
reactions among silicates even though the absolute concentration of 
calcium is controlled by the solubility of carbonate (Fournier and 
Truesdell, 1973). Magnesium concentrations which are sufficiently large 
compete with the other cations in the exchange.^reactions.«and result in 
excessively high estimates of aquifer temperature. However, magnesium 
concentrations are never large in high-temperature geothermal systems 
(Mahon, 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 equilibrium 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 aqulfen 
or weathering reactions at the spring temperature. Mixing of fresh;,wate'V̂  
with thermal water decreases the silica concentration by dilution and ^ 
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 
(lO'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). If 
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 SCC before it issues ac the surface, 
an aquifer temperature of 161°C is estimated. The argument is alao valid 
for aquifers in which the solubility of quartz'is controlling the silica 
concentration. 

The geothermometers calculated from the water analyses are presented 
in ta'-le 7 with commento on problems of interpretation. The underl\ned 
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 
teaperacure of a hot-water component mixed with cold water to produce 
a war:n 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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Tt)Me 7 . "EBt lBa ted t h e n u l aqu i f e r t e a p e r a t u r e a based on the c h e a l c a t c o a p o s l t i o n o{ ..he t h e r a a l apr tng watera 

Sprlfijs name 

Ceotheroometera ( a l l t e a p e r a t u r e a a r - In degrees C e l s i u s C C ) ) 

Alpha-
1 / 

Spring 
t m p e r -

acure 

c r l s t a b a l l t e - ' Chalcedon; ij4^ Quar t s R a - K - l / X a l l a -K-4 /Xa <**> 

Hookers Hot Sp r inge—-— - - - -

Unnaaed wara sp r ing (Coolidge Daa). 

Indian Hot Spr ings (A) 

(B) 

Ml".. Cr;ihaa hot a l n e r a l w e l l - - - - - - - ' 

C l i f t o n Hot Spr ings 

tlanamed hoc ap r l ag (Cl l ' f tcn A) 

( C l i f t o n B) 

C l l l a r d Mot Spr ings 

28 

46 

40 

19 

Si 

8) 

0] 

8) 

Cochise County, Arlsona 

^ 98 79 

Clla County, Arlsona 

66 94 137 

Crdiaa County, Arlsoaa 

60 92 i m 

52 

76 

91 

106 

102 

IS 

Gceeole* Couaty, Aclsooa 

76 106 161 

106 

106 

106 

13* 

IS* 

13* 

173 

174 

139 

63 

111 

104 

102 

102 

i n 

16) 

163 

131 

31% Uaw-teapera tura r e s e r v o i r ; nooqaar ta 
s i l i c a CO < . o l . 

36 

49 

*3 

Low flow; probably lott-tesparatare 
teaervolri large coacentratloa of 
eagaeslua. 

Pcebabla loa teapetaturc;calctt« 
ppt (t>i aen^uarta •titea eoatrol. 

Probable loa teBparatura; celelta 
Ptt (r)j eaa^uarts atltea eaatrol. 

Probakle loa tcaparatur*; catoUa 
ppt (T); noB^uarts slliea eaatrel. noani 

39 C a l c i t e ppt <T^i probably a n i i a d « a r « r ; 
however t h e Kprtos has a very ICM ( I O H 

! r a t a . 

C s l c l t a ppt ( t ) i probably a a U e d weisar; 
very loa ( lou r a t a . 

S9 

SS P o a a t b U a q u l l l b r l u a wi th s l r h a - e r l s t o -
b a l l t a and a r a g o n l t a a t a p r i a s c e s p s r a t u r q 
• a y ba a a l acd %9ater ( f ) ( r ea 140% r s a e r v o l r . 



T«bl« ^..-Estioflted thenml «<|ulffer tinaperctures based on the chealcal coci;>o8ttion of the theraal aprlng waters--Cont Inued 

r 

Spring ne 

Cleothernoacters (a l l teaperaturea arc In degrees Celsius ("C)) 

Alpha- j ^ 
ci ' lstabali te~ »^ Chalcedony^ Quarts Ha-K-l/Ka Ha-K-4/Ka 

Spring 
tenper
ature 
(»C) 

CoBBeats 

Unnamed wara spring (Eagle Creek)- 60 

Greenlee County, Arisona-^onttnued 

62 114 142 104 33 Equlltbrlua ulth aoori^oua stUca at 
aprlng teaperature; auperegturated 
ca lc i t e ; probable loH-tecpetatara 
rcsarvolr, very tov (low ra te . 

Rot well (Tonopah)-

Karlcopa County, Arlsoaa 

35 70 86 63 JO^ Uwi^caparaturs reservoir. 

Pakoon Springs-

Mohave County, Arlsona 

23 37 213 i t 30 Low-teaparature raservolr 

qultoba<|ulto Sprlngs- 43 

Plaa County, Arlsona 

62 M 11 68 2) Law-teaperaturs raservolr. 

Verde Elot Sprlngs-

Caatle Hot Sprlngs-

67 

Tavapal Couaty, Arlsoaa 

89 118 1*6 

79 109 113 

136 

Tl 

36 E^ulllbrtuB Mtth cs le t t e eet ^asrpheus 
a l l tea at aprti^ tea^resure? Prcbsbty a 
lou-tMipeTaturs reservoir la a bsBeltto e^uieer. 

46 LoH-teaperaturs raaarvolr. 



Table ' . - -Eat l i ia ted thermal aquifer temperatures based on the chealcal compoaitlon of the theraal aprlng waters--ContInued 

GeothemoBeters ( a l l temperatures are in degrees Celsius (<<)) 

Spring name 
Alpha-

crlstobalit 1/ Chalcedoo yy Quartc Ha-K-l/aCa Ha-K-4/)Ca 

Spring 
teapcr-
ature Coaaenta 

*H 

Unnamed hot aprlng (Clla Wilderness)---— 77 

San Pranclsco Hot Springs 77 

Badiua Hot Springs (well) 73 

Gila Hot Springs 67 

UtmaBcd hot spring (Gila Blver)----—-— 67 

Onnesed hot spring (E. Fork Gila River)— 38 

Unnaaed alnaral aprlng (Sao T a i d r o ) — - — 10 

Uonaaed vara aprlng (San T a i d r o ) — — ™ * 

Dnnaaed wara spring (San T s l d r o ) — — — ' 1* 

Therao Hot Springa — - - — — — — — 88 

Catron County, New Mexico 

100 129 110 

100 129 131 

DdXt Ana County, Sew Mexico 

96 12* 222 

Croat County, Sew Meslco 

89 122 I U 

89 120 10* 

79 112 n 

Sandoval Couaty, 

27 60 

20 33 

31 6 ) 

•aw Mexico 

162 

144 

ISS 

laaara* Count f, Q u h 

112 i«i aoo 

73 

lw7 

214 

78 

65 

2« 

206 

tss 

ISS 

ISl 

66 Low-teaperat'jre reeervo l ; , u;;uCe water, 

37 Low (low rat« ( e a t . 20 L/aln) ; no gas; 
appraxlaata equi l ibr luo with aasor^oug 
s i l i c a e t the eprlng teaparatura, probably 
a low-teaperatuTo aquKer (<10(l%). 

52 Beported b a t t a a . « e l l teeperatvre 74°C; 
CaCO} p ^ ; perhapa ioBaiHcieat doval-
niMMinr a r t a r t a mmmaHLnn. opoaat p r io r to eeEsplisj. 

68 Low^eaperaCura reaervolr ; d i lu t e wster. 

4} Law-tcBpere^:ura ress rvo t r i d i lu t e water. 

£ '36 Low-teaperacure reservoi r ; d i lu t e wster. 

11 OeotheraoaeSers doubtfal beeeuse ef es te r 
rock iDte rac t les taS G t S ^ ppt, 

2S OaotbataoBeisers doubtftil baca>>se ef watec 
cock In t e i ae t loa and 0 (00 . i^pt. 

IS Oaotheraoasiters douktftil beeecise o( water 
reek l a t a r a e t l e a and Cel^ . p ^ . 

•9^ Peaetble eqyi l tbr tug with •Ipha-etrloto^altSe 
a t aprl tq tae!>eretarei lew (lei> rese ts^ea 
l a t a rp re t a t loa d lSf lea l t i prt^Cit^ 136% 
•ystea with water chealetry aed lded hi 
water-rock react ion. 
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Table 7,—Eattaated theraal aquifer tenperai-urea based on the chealcal coopoaltion of the theraal aprlng watera--Contlnue<S 

Geotheraoaeters ( a l l teaperaturea are In degrees Celslua ("C)) . . 
bpring 

Spring nane t^r Cosswnta 
Alpha- . , . 1 ,o«v 

c r i s t o b a l i t e ^ Chalcedony^' Quarts Na-R-1/Xa Na-K-4/Xa 1 ^ ' 

Juab County, Utah 
High flow r a t e ; p rec lp i ta t loa CCCO3 probable; 

Crater Hot Springs (A) 68 90 119 164 123 84 probably 0 lou-tciaperature ayotea (<100**C>. 

(B) 68 90 119 164 123 82 Hllh flow r a t e ; p rec lp i ta t loa CeCOs piobable; 
probably a law.ccapereture eystea (<100%). 

Sevier County, Otsh 

Monroe Hot Springs (A) 60 81 118 179 118 70 High flow race; p rec ip i te t t ea CeCO} possible, 
could bc a alapd water or W C syetea, 

(B) 60 80 117 172 117 61 High flow raile; prec ipi ta t ion CeC03 possible , 
could be a ataed water or W C ays tes . 

Red H i l l Hot Spring - - i 80 110 179 U * 16k Hleh flow ra«e: preoip l ta t taa CaOOj posotbtoj 
could be a a tsed weter or 9 0 ^ eyatea, 

Joseph Hot Springs • — — - 78 101 129 1*1 1)2 63 U s h flow r a t e ; p ree tp l te t l ea C e ^ ^ possible , 
eeald be aielBod water os 100°Q eyetea.-

I 'D l ssoc la t lon of H.SiO, taken into coDsitiaration io ca&eulating tha chalcedony and a lpha-«r l s toba l l t a Beothetnonatars. j 
4 4 ,•' I : 

2/ 
— Underlined nuabers are the geothecaoaetor e s t l aa tea R..vor(|d by tha auttkora. 
I 'Teaperature not aeaaured io spring due t o the ra l a to r | ^ l f u o c t l o n . 
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of questionable validity because the spring waters mxy have lost liect 
conductivity and gained silica by vater-rock reaction. Gillard Eot 
Springs also issues at a lev flcv rate but it does not contain appreciable 
magnesium. The lou magnesium concentration nay Indicate that the springs 
are associated with a higher temperature aquifer. 

None of the springs or wells sampled In Nev Mexico appear to have 
geothermal potential.. The four-.th@rs3al~sprinss-is-ssd near the 611a K.CSl£k 
all have chemical compositions which indicate probable equilibrlua with 
a thermal aquifer only 10° to 20°C greater than the spring temperatures. 
Estimated reservoir temperatures based on the Na-K-Ca geotherwmeter 
range from 56" to 78°C. Similar temperatures (62° to 77°C) are calculated 
if the solubility of alpha-cristobalite is assumed to be controlling the 
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 KQtA in 
Arizona. The springs issue on the edge of a river, at low flov 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 temperature of 
iOO'C .̂  " If mixifig has-occur red and "quartz "rather?rthan amorphous silica Is 
controlling the silica concentration, then a temperature of more Chan 200*C 
is estimated. The Na-K-l/3Ca geothermometer indicates a temperature of 
131°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-R-4/3Ca and Na-K-l/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 haa 
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 geothermometerv^-The low-flow-rate-, low-temperatures, and possible 
precipitation of calcium carbonate make quantitative interpretation of 
the geothermometers difficult in the San Ysidro KGKA. Equilibrium with 
chalcedony or alpha-cristobalite is possible for all three springs. 
Trainer (1975) has suggested that these springs may represent fluid which 
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 lO'C which contains 30 mg/L silica indicate a 
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possible reservoir temperature of 130*C to 140*C for Red Bill, Monroe, 
and Crater hot springs. The N/v-K-Ca geothermometer indicates tas:^ra-
tures which are 20° to 30°C higher, possibly due to preeipitatioa of 
calcium carbonate as the water moves to the surface. I%c8e vaters all 
have relatively large magnesium concentrations (>30 mg/LKl l̂ ie lev flov 
rate of Joseph Hot Springs results in considerable conducn.ve heat loss 
an^ tab estimated reservoir temperature of 150°C baaed on elzing calcula
tions may be excessively high-i -The teBperature-estissted-f^es-the Na'4C-Ca 
geothermometer (200°C) indicate that Thermo Hot Springs may be associate 
with a high-temperature reservoir. Mixing calculations assuming equili
brium with quartz, dilution vith 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.geothertnamete.r.„(McK«Qzle.and Truesdell, 
1975), assuming no mixing or boiling, indicates an aquifer tesqterature of 
ISl'C (N. L. Nehring, U.S. Geological Survey, oral commun., 1976). A 
second sulfate-isotope sample collected and analyzed by A. H. 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 basal^c rocks, alteration of which vould 
produce chalcedony rather than quartxj Mixing calculations assuming 
equilibrium with chalcedony rather than quartz indii:ate aquifer tempera
tures less than lOO'C except at Joseph Hot Springs"\| The 200"C estimate 
for Joseph Hot Springs may be due to conductive co&ling. LThe 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 springs. 

A relationship appears"to-exist" between-the magnesitfflj-coacentration 
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 MILLIORAMS PER LITER 
FIGURE 4.—Plot of the differences in estiiiatied aquifer temperatures between the Na-K-Ca and chalcedony 
geothermometers as a function of the magneSluK concentration. The aasumptlon that quarts rather than 
chalcedony is controlling the silica concentration in waters which are thought to bo associated î ith 
higher temperature aquifers markedly improves the trend.. Points representing equilibriim ^i£h quarts 
are depicted as open circles. 
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Eagle Creek, and eosse of tha aprlngs la the Saa TeixSro XQA* l&sse 
springs are all slightly supersaturated v± tk reapect to calcite aad 
have travertine depoalta. % e thsicsal aprlngo in aad eaac CUftoa t saj 
deviate from the trend because of dilution or equililtrluai vith qioasts 
in the thermal aquifer. Dilution may also have occurred at Isdlaa Hot 
Springs, the springs near Coolidge Da&i, and in any of the springs 
depositing ".alcite. Joseph Hot Springs may plot belov the line 
because silica was released by reaction between t h f vater and the mlla 
of the conduit. Equilibriua with quartz rather than chalcedony is 
possible at Thermo Hot Springs, Red Hill Hot Springs, Monroe Hot Springs, 
Clifton Hot Springs, and the unnamed eprlng near Clifton. A such 
tighter group of points is achieved if this assuoption is correct (points 
assuming equilibrium with quartz are shown as open clrclea, on fig. 4). 
This observation is approximate and no alteration of the Na-K-Ca ^ o -
thermbmeter is suggested at this tiliieT 

Swanberg (1974) inferred that many of the hot apringa In Utah are 
attractive geothermal prospects. However, he did not utilize all of 
the chemical data available in Mundorff (1970). Calculations baaed on 
the assumption that the solubilicy of chalcedony is controlling the 
silica concentration- Indicate^.that, most̂ ôf̂ ĉhe ..sprisge^cq^d^be in 
equilibrium with chalcedony at temperatures near or only sll^tly above 
the measured spring temperatures (table 8). Also, based on data In 
Mundorff (1970), all the springs are slightly supersaturated vlth reapect 
to calcium carbonate and precipitation may be controlling the calclua 
concentration in many of the vaters. The conclusion of Mundorff (1970) 
that most of these springs are deep circulation vaters which have never 
been appreciably hotter than the spring temperature la plausible. The 
lov PQQ. for these waters, less than 0.05 atm, also favors a lov-
temperature system. High magnesium concentrationa in these vaters may 
account, in part, for the higher temperatures estimated using the 
Na-K-Ca geothermometer. 

SUMMARY 

The hot springs sampled in Arizona, Nev Mexico, and Utah have a 
considerable range in chemical composition. The most dilute vaters 
contain 290 to 1,000 mg/L dissolved constituents and are sodium 
bicarbonate or- sodium-btcar.-Jnate' chloride- wafers-of-sitghtly 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 Gila Mountains contain more than 8 mg/L fluoride. The 
more saline waters are usually sodium mixed-anlon in character and have 
near neutral pH's (6 to 8). These more saline waters do not contain 
nearly as ouch fluoride although they are theoretically in thermodynamic 
equilibrium (±0.2 kcal) with fluorite at the respective spring tempera
tures. Deuterium compositions 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,—Giemlcal potential for the formitioa of calcite froa cprlos waters, caleolated 

^COoi chalcedony temperatures, aad Ha-K-Ca tenpcraturec for selected thermal springs is Dtah 

[Calculated values end reported spring tenperatures are based oa the data of Ifemdorff (1970)] 

Spring^'' 

Utah Hot Springs— 

Ogden Hot S p r i n g s — — — — — — 

Southwest Hooper Warm Springs-

Meadow Hot S p r i n g s — — — — — — 

Hooper Hot S p r i n g s — — — — — — 

Castilla Hot Springa — - — 

Crystal (Madsens) Hot Springs* 

Stinking Hot Springs — 

Fish Springs 

Laverkln (Dixie) Hot Springs-

Wasatch Hot Springs 

Becks Hoc S p r i n g s — — — — — 

Uddy Hot Springs 

Goshen Warm Springs — ~ ~ 

Blue Warm S p r i n g s — — — — 

-Big Warm Spring- —:--—: 

Grantsvllle Warm Springs 

Crystal Hot Springs-— — 

;5i 
.̂̂  <-i 

• 
)i 
\^ 
« 
u 

i - < 

s 
o < 

40.81 

+1.36 

+1.02 

+1.39 

+1.39 

+1.26 

+1.90 

+.92 

+.12 

+1.43 

+1.61 

+1.32 

+.89 

+.59 

+.83 

+.13_ -

+ .64 

+ .88 

^^ • 
a * i 

m 
«<i 

8 0 . 

0.02 

<.01 

.01 

.01 

.01 

.03 

<.01 

.03 

.01 

.04 

<.01 

<.01 

.02 

<.01 

<.01 

<.01 _ _ 

<.01 

.03 

u a y . ^ 

^ 
§ 

•V s 
.«4. . . 
m X! 
u 

54 

63 

70 

68 

47 

48 

41 

63 

31 

45 

22 

51 

42 

25 

— 

„ r l 

44 

71 

0 
a 
« i ^ 

« 
Y 
yt 
» « K 

t* 

234 

223 

223 

68 

20S 

62 

188 

186 

168 

191 

150 

154 

165 

150 

161 

166 

152 

204 

• N i ^ 

s 3 
u 
m 
u 

9l 
' • . , * m 

t< u 
o. 
oa 

57 

57 

32 

41 

48 

40 

43 

47 

22 

42 

41 

55 

53 

21 

27 

18 

24 

58 

— Complete spring descriptions, locations, and chemical analyses are given in 
Mundorff (1970). '" 

2/ 1 

— "Plus" ̂ G values indicate supersaturation and "minus" valuea indicate undcr-
saCuraClon. 
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makes up more than 20 percent of the gaa dladmrging froa Therao, 
Monroe, Crater, Joseph, Red Bill, aad ?erde hot apringa aa veil aa the 
unnamed warm springs in the San Tsldro Known ^othensal Resource Area. 
Chloride-isotope relationships detaonatrate that the chesnal apringa 
near Clifton issue mixed vaters from a single theraal system. Theae sasie 
relationships show that springs along the headwaters of the Gila Elver 
in New Mexico are not part of a large system in vhich the waters are 
diluted near the surface. Insufficient data are available to deaonatrate 
mixing in the other areas. 

Ba&ed on the chemical and isotopic coaq>osltlon of the theraal vaters 
and assuming no aixing, Thermo Hot Springs may be aasociated vlth 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. Similar calculations, assuming equili
brium with chalcedony, Indicate temperatures of less Chan 100*C. The 
Na-K-Ca geothermometer indicates temperatures of 16S*C to .180*C for theae 
springs; however, chese estimates are probably too high becauae of the 
high magnesium concentration. Thermal springs in or near the Gila KQtA 
in New Mexico are associated vith low-temperature (<100*C) syatema. 
Estimated temperatures for springs or wells in the Radiua, San Yaidro, 
aad-SaU'Franeisco KGRA's-in New-Max4c5r'are'Ccmflietingt^^The very low 
flow rates, low temperatures, and large magnesium concentration of the 
warm springs in the San Ysidro KGRA make the vater 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 tenqierature, 
and no gas discharge at San Frcmcisco Hot Springs probably indlcatea^ 
association with a small, low-temperature system. Water f̂ ots the veil 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 aaaociated 
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 t-ignesium concentrations (>30 mg/L). This may 
indicate either, continued-Jiater-rock-reacCion-aftesv-the -fluid left the 
thermal aquifer or association with a low-temperature aquifer in 
"basaltic" rocks. Either possibility could Couse the quartz and Na-K-Ca 
geothermometers 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 is 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 concentration eseeda 10 ag/L. 
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