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ABSTHACT 

On the basis of chclfiici11 geothr"rITIU1Tietry, there would appc,ar 

to be ]0-20 f,cotllcrmal prospcct areas in soulh"wst New }lexico 

.:md soullw3st Ar:lzona whose rc-scrvo:!'r hasc tplI,per,lturc approllcl-]cs 

t-he 150°C millimum for u:onomic: gCllcultion of electricity. The 

most IHolni!Odng of these prospect areas arc either iJ~;socL:lled 

with Quaternary volcanics or are located a)onf, the lOHrgins of 

tlle decpest scdimp.nLny lJasins. The thermal waters t(Ond to be 

51 if,htly saline (J 000 -_1000 mgj £) and enriched in si 1 iC2 imd 

fJ uoride. Tllc ntll!J{'YOUS hot sprillg arCilS in the Gi]Cl Natiollal 

the low salinity «.)[)O Jilgjt) ;Hld high surface d:isr:hilq~e !CTLpf'J<Jlurc 

(up to 7')"'C) of tlwse hol sprillr,s tlLilkr-. them jdf'81 for non-clu:tric 

applications. 
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INTIWDUCTION 

To delte. we have visited nearly all hot springs in Arizona 

and New Hexico, recorded the temperature and collect samples for 

Cllcmical analYGis. In ClddiUon, we have examined tile chemistry 

of several thousand non thermal ground waters to establish back­

ground chemistry for comparison against thermal \Jater chemistry. 

Standard met.hods of quantitative and qualitat"lve eeot}Jermometry 

(see Truesdell, 1975 for a summary of techniques) h(]ve been 

applied to all waters and the resulting gcotemperatures used to 

predict the subsurf~ce temperature anticipated for each geothermal 

prospect area. The most promising geothermal areas are designated 

in Fig.ure 1. Table 1 contains the chemistry of se]cctcd thermal 

waters from southwest Nevl Hexico and southeast Arizona. 
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Gcothcrmomctry Techniques 

The concept of chemical geothermometry ls that the chemistry 

of geothennal fluids is controlled by tempcTiltln-e dependent water-

rock reactions within the Beather-mal reservoir and tlwt the \wter 

chemlstry does not change appreciHbly as the ",ater migrates from 

the geotl1ermal reservoir to the surface sampling point. The 

validity of these assumptions is examined by Tnlesdell (1975). 

The. silica geotherl1lorneter of Fourllier Bnd Rowe (1966) can 

be quantatively expressed according to the equation of Truesdell (1975) 

1315 
--~.- .--------~ 

5.20S-£oglOSl02 
- 273.15 (1 ) 

,,,here T 5102 is the sj]ica geotemperature in degn:,es Ce]cius, and 

Si0
2 

is expressed in parts per million. The N8KCa geot:hermometcr 

of Fournier and Tru~sdell (l973) can be quantativf'ly P},:-Pl-cssed 

according to the equation of Truesdrll (1975) 

T 
NaKCa 

1647 
- 273.15 

( 2) 

where T NaKCa is the NaRCa ~eotemperatu·re in degrees Celcius, Na, K, 

and Ca arc ('.}..prcssed in molal concentrations, and the value of S is 

determined by the followinfj tf'sts: 



S'" 4/3 for ~/Na > 1 and T NaKCa(S"4/3) < 100°C 

B ~ 1/3 for ;C;/Na < 1 or T NaKCa(a~~/3) > 100~C. 
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The normal Jistril)ution of geotemperatures calculated by 

applying equations 1 and 2 Lo ground\"8ters of the Basin and Range 

province is given :tn Figures 2,3. The gCDlemperatures obtained by 

applying equations 1 and 2 to selected thennal wa.ters from Arizona 

and Ne\1 Mexico are r,iven in Table 1. 

Discussion 

The most promisint; geothermal prospect dress on the basis of 

cllcm:ical geothennometry are shown in Fi gure 1. }Ls.ny of these 

prospects are located along tllC flanks of the deep sedimentary 

b8sins of the Rio Grande Rift. <'Hl ~lssocialion ""hieh implies a 

tectonic origin for these therwa] \.laters. Tbese waters 113ve 

apparently originated deep within the basin I.'here t1](2_Y hove been .' 
lH:ated by tl)(~ normal geothen-;Jal gradient, i'lnd then migrated to the 

surface along the basin bounding faults.- If this is the CDSC, the 

waters may 118VC traveled a considerable lateral distnnce enroute to 

the ~;urface so that the locations given in Table 1 and shmm in 

Figure 1 may not i1ccllr~~tely represent the location of the subsurface 

gcothcllnol in-eeL 

Thc;_-e ·-Ire <1t least tcn .'.;fCparate localities :in the Fjo G'-2.nd~ 

su,facf>, lWSt of \"Y!::!C'fl :lTe not design<1ted individll;Jlly in Fif~llye 1. 



An additional four arcas in west Texas are also shown to emphasize 

tIle association with deep sedimentary basins and active faults but 

are not treated further. These waters are characterized by NaKCa 

geotemperatures in the 150-200°C range and silica geotemperatures 

in the 80-120Dc. The silica data do not appear to reveal much 

eeothermal potential until it is realized that tlH,-se "'aters have 

low sil:fca because they llilve ascended tllTough a very thick pile 

(see Figure 1) of sediments saturated by the silica deficient 

waters of the Rio Grande River. Application of mixing models to 

tlle Radium Springs data brings the silica geotemperature into 

agreement with the NaKCa geotemperatures. Thus most of the Rio 

Grande Rift thermal areas are likely to have a reservoir base 

temperature near or in excess of the lSO"C minimum for economic 

generation of electricity. 

A second group of thermal waters worth special melltion are- those 

located in the Gila area just ,-,'est of the Rio Gl-ande Hift in sour.l1Wcst 

New }lexico. Chemical analyses for several of the llottest springs 

are present in Table 1 but are omitted from Figure 1 2-S thejr NDKCa 

and silica geotempcratures are not sufficiently above regional 

background (Figures 2,3; see also Swanberg and Alexander, in press) 

to suggest the presence of a buried geathcT1I131 resource. Ho'Wever, these 

springs have a high surface dischaTf;e temperature (up to 75°C). veTy 

10\>,' amounts of dissolved solids «SOD mg/9..) and are Quite numerous 

so that the Gila 81:ea is ideal for non electric applications ot geo-

thermal energy. 

Two exclOptions to t"he above gene"ralizat:ions dre the Lewey Ycisc.o 

hot spl'ings and thp. Clifton Known Geot1leu:l31 Re~;ourc~ lHb15 (l:CPw"I.). 

loc;lted on either ~;jclc of the Nc\y l'lroxico-Ayiz.Oll<l DULder ;.\1: aI)()tlt 
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1 1 33 "N. paral C Both areas app~ar to llilve subsurface temperatures 

of about lS0"C ('1'.'1b1(' 1). 

A final feature of ccotll~rmal resotlrces in southwest NelnT 

Mcx1.co and Gouth<'-i:\st Arizona is the presence of VC17 promising 

f',cothcnnal pro~;p('cls assoc:l3lcd ",dth Quaternary volcanic centers 

(Figure 1). E-x;llnples inC]lH1c Kilhuun)(;'. Ho]c, Np.w ne.xico, cast of 

DouglDs, Arizona, and i11UlOugh it is not included in Figure 1, 

the Springcrvi]] e area of Arizona. All of tllese arp.3S are 

characterizp:d by sodium bicarl)onatc wnter, and Na K CI'l. and s:l}ica 

r,eotcmpl'ratuTcS near 150°C. 
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FIGURE CAPTIONS 

Figure 1. Assocjatfon among high tcmpl'Tnture £,cothermal resources 
(>lSO"C). active fnulls, dRep ~p:dilnentary has ins , and 
Quaternary ba~altic volcanoes. All o3ta except the 
geotllcnnal areas are from a forthcoming pi1.per lly H. 
Se1'1el'T and P. Hoyr,<Jn on the Rio GY<1nol' Rift (J.G.R. 
in pn2!;s) and is YlCprol1tlccd with t.he kino pl'Il!d~;slon 

of tllc <::lIIt-llors. 

}~ig\lTe 2. Histogram of T NaKea obtained by applying equilt:ion 2 
to gToundwatcrs of thc Basin and Rallr,e province. 

Figure 3. Hj~togr<llIl of T S:i0
2 

obtained by applyjnp, equation 1 
to groundwaters of the Basin and RanEe province and 
the Tmpcri21 Valley. After Swrmlwrr, and Alexander 
(in prl':'s). 
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Si'.np1e Location Latituce Longitude Te:r.jJ. 
Temp. 
Ni'.<a-K 

·--------------Cuc,'c"cr.bECc,,-----------------------------------------------------------------------------------------------------------------------------
31° 47.7 1070 3~.3 26.0 191.e

o 
136.4° 2748 7.36 831.0 75.4 65.2 .8219.8 0 

R"jjum Spri~gs 32 30.1 

Gerry Sprin~5 32 47.7 

106 55.7 53.0 223.~ 118.1 3532 8.16 1135.Q 167.0 118.6 .4915.2 13.2 

107 16.6 156.2 81.2 12·10 8.23 323.'1 ;8.8 47.1 <.1015.8 0 

S1Q TrL.lr or 
:ors~,quences 33 8.1 107 14.9 41.0 178. 96.2 2688 7.80 791.5 53.0 143.9 <.10 17.9 J 

613 

2J 

33 

SeGil1cJ 
S~rir:gs 3{ 2.2 105 56.2 34.0 58,5 

S2:l Di ego 
1',O~r1t3. i n 32 37.0 106 58.0 232.5 

S. TulJ.rosa 

:hu-.t,erino 

32 8.0 laG 8.0 71.1 

32 5.0 106 37.0 20 

Fdy"ood Spring 32 

Mimres Spring 32 

Gii~ S;:;ring 33 

TLr~ty Creer. 3] 

33.3 

~4. 9 

12.0 

6.5 

107 59.7 

107 SQ.l 

108 12.6 

lOG 24.0 

58. B 

58.2 

66.3 

7~.6 

198 

78. ~ 

74.5 

77.3 

56. 2 

72.5 284 8.48 56.1 3.1 17.2 <.10 4.3 0 

105 

109 

181 

97.2 

106.8 

120.5 

115.5 

4970 7.9 150.0 2111 55 

8740 542 

HOD 7.5 300 

m 
320 

411: 

7.7~ 90.8 

8.97 91.7 

8.15,129.7 

5.56 61.1 

45 11 0 

6.2 

1.1 

3.1 

1.5 

35.6 

2.4 

lJ. ~ 

6.8 

.04 5.3 0 

1G8 

.70 43 a 

.12 7.5 Q 

<.10 0 20.~ 

<.10 .2 a 
.31 1.6 0 

1555.7 338.9 423.5 3.99 1.78 98.5 

378.3 i593.6 263.2 .1.44 .86 69.9 

366.1 151.0 3766 S.90 .34 31.3 

162.3 :353.6 169.1 3.10 .35 44.3 

1623 10.3 50.0 2.02 .09 25.3 ;;:GRA 

575 

456 

283.0 

67.1 

115.9 

94.0 

880 1900 17.0 1.0 53.0 

6590 820 58.0 

410 

1 ~. '2. 

14.5 

100,1 

U 

210 .] 

72.0 6.10 

84.0 1E.0 

67.2 8 60 

1:4.3 9.~5 

J 

.01 

.01 

.12 

4S.2 

55.5 

73. 3 

57.7 

KGRA 

1<33 

338 

Kl'~ourr.e Hole 31 47.3 107 1.7 174.7 133.5 72Q 9.42 233.3 15.8 10.0 <.15 2.1 59.6 371.0 23.4 ~01.8 3.3-0 .49 93.;1 wCI 

112 

6Jsirl and Pan:;" 

P2 

~5 

7 

11 

15 

133 

Ooq'las 31 21.1 109 10.9 25.5 229 

Sp~il19Erville 34 22.1 109 23.0 18 192 

L'ghtnillg DJck 32 8,7 108 49.9 85,0 

Lo'~'er Frisco 3j 14.5 lea 52.S ~8.9 

Clifton 11.5. 

Gillard H.5. 

Indian H.S. 
Sa fford 

33 4.8 109 

32 58.4 104 

33 0.2 109 

17.8 48.0 

20.9 82.0 

5~.0 46.5 
32 50.7 109 33.6 43.5 

32 1].7 108 30.7 33.0 

172.9 

1~7. 9 

160 

1 ]9 

100 
106 

150.6 

129 

160,1 

131. 9 

15] 

136 

95 
116 

91.2 

784 9.06 200.0 37.9 9.8 4.53 45.9 70.3 

3:]0 8.92 75.3 10.2 6.0 .30 5.1 D 

1116 7.71 333.6 2].5 22.8 

128:] 7.79 406.0 18.8 54.3 

14548 7.86 3S85.9 2~3.9 925.8 

1244 B.O~ ~10.8 13.2 20.0 

3004 7.881022.6 12.9 92.8 
1076 8.5~ 330.7 4.3 7.4 

81ii 7.86 216,1 11.7 28.0 

.20 0.5 0 

<.10 6.9 a 

.72 22.9 a 

<.1 J .7 0 

<.1010.3 0 
.10 1.3 13.2 

.15 2.7 a 

588.2 20.9 54,4 2.46 .11 86.5 

lC7.4 81.2 5.8 2.46 .~O 

106.8 B8.3 497.1 

107.4 574.3 90.3 

150.07484.5 a 

219.6 463.6 174.7 

101.2 1382 361.0 
233.0 203.0 295.8 

314.8 47.5 233.8 

12.5 .48147.5 

1.80.3890.4 

3.50 1. 51131.4 

10.60 .40 97.9 

l.8f) .70 43.5 
10,5 .43 66.9 

6.90.46 39.6 

TABLE 1; Chemistry of Selecti~e Geotllennal ',iaters frcm Soutr,,,est New I".exico alld So:.theast Arizcna. 
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