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5.0 HYDROLOGY AND HYDROGEOCHEMISTRY 
5.1 Introduction 
5.1.1 Purpose and Scope 

The purpose of this portion of the study is to provide hydrologic 
and hydrogeochemical input to the construction of the Dixie Valley 
geothermal model. Since some of the most important aspects of hydro­

thermal reservoir assessment are the fluid characteristics and flow 
parameters'·, the hydrology and hydrogeochemistry of a particular re­
servoir must be considered in the formulation of any hydrothermal 
reservoir model, even a conceptual or qualitative one. Our primary 
efforts were devoted to extensive isotopic and hydrochemical sampling 
and interpretation of these data as direct and indirect indicators of 
the nature of the reservoir. Most of the work focused on the area of 
greatest interest to Southland Royalty Company, the northern half of 
Dixie Valley (between Dixie Meadows and Sou Hot Springs). The study 
also involved sampling outside this particular region. 

The major t.asks of the hydrologic-hydrogeochemica.l study are as 
follows: 

(1) Review the available hydrologic and hydrogeochemical data. 
(2) Obtain water samples from selected wells, hot springs and 

co 1 d s pri ngs . 
(3) Analyze water samples for major, minor and selected trace 

chemical constituents and environmental isotopes. 
(4) Collect temperature and other data from selected wells and 

springs. 
(5) Estimate recharge rates and source areas and groundwater 

flow rates. 
(6) Estimate reservoir geometry. 
(7) Provide estimates of reservoir water chemistry and, uSing 

geothermometry, reservoir temperatures. 
(8) Provide hydrologic and hydrogeochemical input to the for­

mulation of a conceptual model of the Dixie Valley 
hydrothermal system. 

The interpretation of the environmental isotope data was intended 
to supplement the hydrogeochemical data and provide additional 
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hydrologic information, particularly with respect to recharge to the 
reservoir. However, the complete suite of isotope data has not yet 
been received. The interpretations and conclusions presented herein 
have been made without the benefit of any isotope data, and are based 
almost solely upon the hydrogeochemistry. This is not an ideal ap­
proach, but was dictated by circumstance. Therefore, this chapter is 
incomplete since it is devoted primarily to the hydrogeochemistry of 

~ 

the study area with little discussion of the hydrology. An addendum 
to this chapter will be written as soon as the isotope data have been 
received, interpreted and integrated with the rest of the information. 

5.1.2 Methods and Analytical Techniques 
Approximately 100 samples of the thermal and non-thermal waters 

were collected. The collection generally involved filtration through 
a 0.45 ~m filter for a gross ~mple and an acidified sample. Nitric 
acid was added to lower the pH to approximately 2. Sa~ples were col­
lected for silica using a 1 :10 field dilution of the thermal waters 
with distilled water. Isotope samples were collected by completely 
filling a 125 ml glass bottle and sealing the bottle with Parafilm 
and electrical tape. 

Field measurements were made of temperature, electrical conduc­
tivity (EC), pH and dissolved oxygen (DO). Laboratory determinations 

were made for Ca, Mg, Na, K, HC03, Cl, S04' N03, Si02, F, B, Li, As, 
Cs, Al, Hg, Fe, Mn, Sr and Ba in the Water Resources Center Labora­
tories. 

3H analyses (both enriched and unenriched) were performed in 
Water Resources Center Laboratories. 180 and 2H samples were sent to 
the Laboratory of Isotope Geochemistry at the University of Arizona 
for analysis. 

5.1.3 Previous Work 
Very little previous work on the hydrology and hydrogeochemistry 

of Dixie Valley exists. A paper by Zones (1957) describes some of the 
hydrologic effects of the 1954 Dixie Valley earthquake. A reconnais­
sance study by Cohen and Everett (1963) gives an overview of the 
groundwater hydrology of Dixie and Fairview Valleys. This report also 
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includes a brief description of the groundwater chemistry of the 
Dixie-Fairview area. A total of 13 water chemistry samples were col­
lected in an area of 2360 square miles, a very 10\'1 sampling density. 
The data presented in this report were insufficient to dra\,1 any-sub­
stantive conclusions concerning the ground\vater system in Dixie 
Valley. Additional work of a limited nature in the valley was con­
ducted by Xeplinger and Associates (1977 and 1978) and by GeothermEx, 
Inc. (1976). 

5.2 Analytical Results 
5.2.1 Chemical Characteristics of Dixie Valley Waters 

Table 5-1 shows the chemical analyses of all the samples col­
lected during the study. Variations in gross chemical properties of 
Dixie Valley groundwater and surface water are evident on a trilinear 
diagram (Figure 5-1). Percentages of equivalents were plotted for 

major anions and cations (Cl, S04' HC03 and C03, Ca, Mg and Na + K). 
The three hot spring systems of the valley plot as separate groups. 
Dixie Hot Springs (D) shO\v significant variation, but generally they 
are sulfate-chloride-potassium-sodium waters. Hyder Hot Springs (H) 
show little variation, and are bicarbonate-potassium-sodium type 
waters. Sou Hot Springs (S) is an intermediate type, h~ving roughly 
similar equivalent percentages of the major ions. The r.ot springs of 
McCoy Ranch (M), Lower Ranch and southern Jersey Valley seem to be 
related to Hyder Hot Springs. Buckbrush Seeps (B) al~o seem to be 
closely related to Hyder, perhaps due ~o structural relationships. 
However, Buckbrush Seeps might be affected by evaporation. Surface 
runoff from the Stillwater Range, irrigation. wells from the northern 
part of the valley and waters from the eastern ranges (Clan Alpine and 
Augusta Mountains) show wide variations. There is, however, a rough 
grouping of the water quality samples according to their areal dis­
tribution in the valley. For example, the samples from the deep 
wells (OF 45-14 and OF 66-21) and well SR2-A seem to be related to 
Dixie Hot Springs. It should be noted that samples from OF 45-14 
and OF 66-21 may not be representative of the geothermal reservoir 
fluids because of contamination from drilling fluids and additives 
and/or shallow groundwater. 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. 

The letter or number in the first column identifies the group 

sample according to the following code: 

A - Artesian wells in the vicinity of Dixie Settlement. 
o· 

B - Buckbrush Seeps. 
C - Carson Sink (western slopes of the Stillwater Range). 

o - Dixie Hot Springs. 
E - Spring or stream from the eastern mountain ranges (Clan Alpine 

and Augusta ~1ountains). 

H - Hyder Hot Springs. 
I - Irrigation wells in the northern part of Dixie Valley. 

L - Wells in the vicinity of Dixie Settlement. 
M - Intermediate temperature springs around McCoy Ranch. 

S - Sou Hot Springs. 
W - Spring or stream from the Stillwater Range. 
1 - OF 45-14 (probably contaminated). 
2 - OF 66-21 (probably contaminated). 

3 - OF 45-14. 
4 - OF 66-21 (probably contaminated). 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. 

DATE TEI4P PH CA MG NA K CL 504 HC03 Sl02 C03 105 
It LLO'l1 90818 1').00 8.00 105.600 43.300 133.000 .320 168.000 291.000 247.000 21t.500 -0 1022.810 It LLI 09 92d18 16.00 6.9n 270.400 31.300 2ll.000 4.0no 203.000 682.000 308.000 33.400 -0 1743.190 It OV21 32019 13.00 7.40 46.500 ~6.600 464.000 3.850 605.000 201.000 194.000 26.000 -0 1575.b67 It olin 32079 ll'OO 8.50 56.000 2.000 116.500 3.000 12.600 92.400 302.000 19.800 -0 636.145 It 011031 51519 I .00 8.35 B2.~00 33.500 10B.000 2.600 126.0(10 218.000 225.000 20.000 -0 815.990 It 011032 51519 26.00 8.17 54.500 52.500 176.000 10.700 258.000 1711.000 251.000 31.1100 -0 1012.A20 It 011045 51579 14.00 1.69 68.000 35.000 100.000 2.800 115.000 97.000 306.000 14.500 -0 731:1.600 II 011046 5157'1 15 • 75 8.35 44.!i00 21.500 70.000 1.600 68.000 41.000 278.000 18.500 -0 543.390 It 011041 51579 8.00 8.50 42.000 24.000 80.000 1.100 83.000 52.000 267.000 18.000 -0 561.700 It 01l04A 51579 13.S0 7.1A 54.S00 30.S00 711.000 1.900 83.000 66.000 319.000 16.500 -0 649.400 II 0110,,9 51579 15.75 11.21 "a.ooo 37.000 123.000 1.000 126.000 112.000 306.000 20.200 '-0 775.200 II 011050 51579 16.00 1:1."5 39.500 26.g00 '1".000 I.AOO 96.000 65.000 262.000 IIl.500 -0 h03.110 II 011051 51579 11.00 8.17 41.500 32. 00 114.000 ?'."OO 1111.000 88.500 289.500 20.000 -0 706.940 It 011052 51579 17.00 B.54 53.000 24.000 165.000 3.000 194.000, 161.000 205.000 23.000 -0 821l.490 II 011053 6257'# IIl.OO 1.20 175.000 78.1)00 118.000 1'.600 150.000 518.000 360.000 1"1.501) -0 141'1.474 w 011055 6257~ IS'OO 7.86 66.000 34.500 120.000 1.AOO 140.000 105.000 346.000 19.500 -0 InS.180 It 0115" 62579 5.00 7.66 65.000 37.800 117.000 1.500 130.000 114.000 379.000 20.000 -0 866.680 II 01l0S7 62579 15.00 8.45 44.000 40.000 138.000 3.300 149.000 122.000 316.000 20.000 -0 A3?610 \oj OIiOSA 62579 15.01) a.60 41.500 27.800 105.000 2.100 109.0no (l6.0no 279.000 Id.OOO -0 668.720 \II 01105<) 6<-579 1'1l.0n 1:1.70 38.000 31.300 123.000 ;>.f..OO 1?1.000 104.000 215.000 19.500 20.000 681.090 II OVfl67 62579 16.00 7.33 262.~00 33.300 15.000 3.0;00 218.000 110.000 299.000 ~6.300 -0 1768.4)0 II 011078 72379 22.00 7.40 9!1. 00 Ib.900 1117.000 2.100 227.000 171.000 327.000 26.000 -0 1056.785 W OVO'lZ 091 ;>79 43. 8 48 32.000 65.000 In.ooo 7.500 255.000 168.000 ;>82.000 32.500 17.100 1058.295 II OVIO? 62579 14.00 1.71 104.000 36.000 136.000 1."(10 226.000 126.000 348.000 46.500 -0 1026.430 w OVI03 625N 14.00 7.79 62.500 26.500 1\2.">00 2.100 125.000 83.000 234.000 32.500 -0 64H.320 \oj 011104 62579 13.00 tI.13 14.000 31.000 112.000 1'.400 155.000 94.000 310.000 35.000 -0 AI3.710 \I 011105 6257ct 28.00 8.57 39.~00 22.000 102.000 4.900 144.000 84.000 135.000 37.500 12.300 581.460 II OVI06 62579 26.80 8.32 42.000 26.500 118.000 1.300 148.000 8(1.000 ;>07.000 35.000 3.900 672.000 \oj OVI07 625H 15.50 7.5<; 65.000 36.500 130.000 3.000 171.000 117.000 294.000 32.(1)0 -0 1l48.860 II olilo/! 62579 1".50 7.61' 70.500 3'1.tlOO 140.000 3.200 185.000 125.000 "320.000 32.500 -0 916.400 \oj 011109 62579 22.50 fI.35 65.000 46.500 1112.000 9.1'00 245.000 lAO.OOO 267.000 30.800 6.700 1032.820 w OVIIO 62579 15.50 7.1l1 60.000 34.500 68.000 2.<)00 126.000 122.000 173.000 17.50 I) -0 b04.430 \oj Dill II 6257'i 14.00 1.79 100.000 41.300 '11 • ..,00 3.100 162.000 184.000 278.000 21.300 -0 888.570 
C eSol 12379 15.00 7.93 60.200 33.200 108.000 3.010 1"1.000 120.000 2IB.OOO 21.000 -0 724.410 r. eso? 1237'1 16.00 7.60 <;9.900 34.900 110.000 ?.540 145.000 118.000 266.000 )6.000 -0 752.340 C eS04 7;>37'1 16.00 7.58 97.floo 35.100 48.000 1.560 lA8.000 115.000 134.000 '03.000 -0 ·664.460 C CS06 72379 21.00 7.63 4A3.000 36.500 10d.OOO 2.440 13".000 1134.000 2711.000 32.000 -0 2211l.485 C CS07 7;>37'1 22.00 7.93 267.000 32.300 266.000 h.5S0 375.000 15.100 199.000 29.000 -0 1197.3)7 C CS08 12379 24.00 11.73 135.000 31.600 266.000 1.880, 318.000 342.000 318.000 29.000 -0 1445.505 

'" 011041 51579 2B.on 9.59 13.700 2.100 1150.000 16.900 360.000 450.000 1J94.000 ,,2.000 433.000 3"61.700 B oV042 51579 15.00 9.d7 1.000 .600 352.000 3.200 120.000 112.000 ';321.000 61.000 132.000 1102.800 
E LL 102 9?878 10.00 7.60 14.200 2.301) 111.000 1.000 10.500 12.000 69.700 25.600 -0 154.010 f OVO) 3207'1 11.00 7.70 )1.500 4.500 154.000 8.600 134.000 98.800 194.000 35.000 -0 6b7.000 'f' 01110 n07C; 15.00 7.31 165.000 66.000 55.0;00 ?.200 64.000 472.000 277.000 15.300 -0,1121.805 f 01112 3;>079 I I .00 7.27 54.S00 14.000 37.000 1.400 26.000 64.000 214.000 23.500 -0 435.7<;5 F OV060 62579 9.00 7.H5 14.!l00 2.no 21.000 1.500 14.500 17.200 61\.900 27.500 -0 161l.1BO F OV061 62579 10.00 8.33 42.300 7.600 43.S00 1.200 28.000 73.600 145.000 22.500 -0 363.990 f 011062 62579 23.00 7.9;> 34.000 7.100 41.600 1.700 25.000 59.000 135.000 26.300 -0 330.000 f' OVOl>'3 6?579 IIl.OO 7.40 1'1.000 6.700 2S.000 ?900 21.000 ?1.200 101.000 35.500 -0 ?32.'l05 f OVI)<)I 091279 32. 8.SH 3.100 .060 105.000 1.000 41.000 70.000 126.800 35.000 9.80l! 3'l5.960 
L LL 103 9287" 19.00 7.70 ;>0.900 2.070 62.1100 3.900 1'5.800 78.800 99.000 64.000 -0 358.780 L Lll04 9287d Ib.OO 7.90 2B.300 2.200 56.000 4.300 25.000 78.000 111.000 b4.800 -0 370.840 .... 
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Table 5-1. Chemical Analyses of Dixie Valley Waters. (cont'd.) 

DATE TEMP Pli CA MG NA I< CL 504 HC03 5102 C03 TOS '. .. DvOS 32079 39.00 7.10 39.000 13.700 144.000 12.000 27.000 65.600 454.000 39.000 -0 799.385 ... OVOh 32079 29.00 6.95 68.000 19.100 164.000 1?300 2A.00O 124.000 554.000 44.000 -0 1019.315 14 OVll 3207'1 "3.00 6.90 95.000 37.500 213.000 10.300 275.000 209.000 310.000 J6.AOO .100 1191.515 .. 0'1115 62579 50.00 7.34 94.000 36.500 218.000 10.000 2A6.0no 216.000 312.000 32.500 -0 1206.370 H 0'1116 62579 "0.00 6.8 67.000 18.500 2100.000 23.800 39.000 81i.000 803.000 26.300 -0 1312.200 0'1069 070979 68.5 9.S 20.~oo .050 6b!).000 65.000 1115.000 512.000 32."00 6.500 18.700 2163.205 0'170 070979 75.5 fI.9 12.500 .010 605.000 53.000 7100.000 352.000 5.100 31.000 52.200 )1170.1105 0'172 070979 76.5 9.1 22.S00 .010 6111.000 6'\.000 700.000 352.000 6.100 300.000 117.000 2201.126 ? OVORO 81419 114.0 8.00 35.150 3.550 121!8.000 31.000 1208.000 130.000 1410.000 -0 -0 41111.590 ? 0'10111 811079 51.00 -0 "2.S00 4.300 1238.000 n.ooo -0 -0 -0 210.ono -0 1<;23.070 ? 0'1092 811079 8b.00 7.90 27.000 3.900 1215.000 30.000 1150.000 127.500 1391.000 232.000 -0 4248.290 1 0'1090 09127Y 910. 6.8 21o.1no .015 410.000 40.000 493.000 215.000 130.500 3~5.000 -0 If,57.545 0\ 0'1093 091379 83. 8. 2".000 4.0JO 1730.000 44.000 1120.000 396.000 1283.000 189.000 -0 !'>410.600 4 0'1094 091379 95. 1t.5 23.600 9.900 20l0.O00 37.000 2315.000 280.000 1197.000 1bO.00O -0 60101.300 T 0'115 042619 11. 7.b) 156.000 30.000 400.000 30.000 535.000 448.000 200.000 911.000 -0 1905.930 T 0'116 71. 7.42 145.000 28.800 39t1.000 lA.OOO 550.000 445.000 203.000 100.000 -0 1898.660 T 0'1030 51579 64.50 6.89 145.000 26.000 405.000 18.600 575.000 410.000 211.000 105.000 -0 1909.045 



Table 5-1. Chemical Analyses of Dixie Valley Waters. (cant'd.) 

F B AL FE MN LI 5R N03 AS HG· C5 
~ 

-0 
L LLI0S -0 -0 -0 -0 -0 -0 -0 1.200 -0 -0 l LLl07 8.600 -0 -0 -0 -0 -0 -0 .310 -0 -0 -0 l LLloa .7S0 -0 -0 -0 -0 -0 -0 4.380 -0 -a -a l LL II a -0 -a -0 -0 -0 -0 -0 2.2bO -0 -0 -0 L LLlll -0 -0 -0 -0 -0 ~o -0 .090 -0 -0 -0 
A lLl 06 -0 -0 -0 -0 -0 -0 -0 .220 -0 -0 -0 A 0\113 6.000 .310 .100 .010 .015 .050 :Ug -0 -a -a -0 A OV043 6.400 .320 .100 .010 .005 .052 -0 -0 -0 -0 A OVOb5 6.500 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 A OVOt-6 5.AOO -0 -0 -0 -0 -0 -0 0 -0 -0 -0 
I OV014 .4~0 1.000 .100 .020 .017 .260 1.730 -0 .al0 -0 -0 I OV037 .700 1 • 100 .100 .040 .O?I .4<'0 Z.800 -0 .010 .006 .050 I OV01A 1.000 1.300 .100 .010 .008 .357 1.1170 -0 -0 -0 -0 I OV039 1.300 1.000 .100 .010 .005 .259 1.2AO -0 -0 -0 -0 J OV040 .AOO .900 .100 .010 .Olb .350 2.400 -0 .010 -0 .050 I 0\1100 1.150 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 I OVI01 .900 -0 -0 -0 -0 -0 -0 a -0 -0 -0 I OV113 .740 -0 -0 -0 -0 -0 -0 a -0 -0 -0 1 OV114 .450 -0 -0 -0 -0 -0 -0 a -0 -0 -0 
P OV20 .330 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 
I) ll098 -0 -0 -0 -0 -0 -0 -0 1.150 -0 -0 -0 0 LL099 8.400 -0 -0 -0 -0 -0 -0 .D90 -0 -0 -0 0 LLl 00 -0 -0 -0 -0 -0 -0 -0 .090 -0 -0 -0 0 LLI 0 1 -0 -0 -0 -0 -0 -0 -0 .400 -0 -0 -0 0 OV23 12.600 .lIbO .100 .0 30 .015 .380 .02/l -0 .010 .000 .100 0 OV24 7.700 .'100 .100 .010 .012 .550 4.350 -0 .010 .000 .170 0 OVOS4 13.000 .91:10 .100 .010 .005 .382 .020 0 .010 .000 -0 0 0111f> 5.300 \ .bOO .100 .010 .005 .315 .31\0 a .010 .000 -0 n OHI5 12.'>00 1.000 • 100' .010 .005 .425 .030 0 .010 .000 -0 0 OH09 9.700 1.700 .100 .010 .008 .5AO .950 a .010 .000 -0 0 OHO,., 11.200 1.600 .100 .010 .0\)5 .470 .050 0 .010 .000 -0 0 mlOA -0 -0 -0 -0 -0 -0 -0 a -0 -0 -0 0 OHIO -0 -0 -0 -0' -0 -0 -0 0 -0 -0 -0 
H OV04 7.600 4.000 .100 .020 .0;>2 1.600 1.200 -0 .030 .000 .2ao H OV013 7.500 4.200 .100 .040 .001 1.6AO 1.2f>0 -0 .030 .000 .260 H ~IHS 0 1 8.100 4.900 .100 .020 .Oc8 1.590 1.010 0 .020 .005 -0 H HHS03 11.<'00 6.100 ;100 .C70 .03) 1.610 1.150 0 .010 .003 -0 H HHS05 11.1 00 5.000 .100 .010 .040 1.590 1.090 0 .010 .004 -0 H HHS06 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 H HHSl2 8.?00 4.900 .100 .010 .02b 1.560 1.100 0 .010 .000 -0 H HHS09 8.200 5.100 .100 .010 .021 1.630 1.060 a .020 .000 -0 
S 0\10\ Sol 00 1.3bO .100 .010 .054 .650 10.800 -0 .010 .000 .120 c; OV02 5.000 1.370 .100 .050 .Olt5 .650 11.100 -0 -0 -0 -0 S OVO~5 Sol 00 1.200 .100 .040 .009 .11 0 6.200 -0 .010 .000 .11 0 5 OV036 4.'lOO 1.3UO .100 .410 .00b .6AO 10.500 -0 -0 -0 -0 5 01l01S 5.300 2.000 .100 .3t10 .063 .670 11.400 a .010 .000 -0 5 OV076 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 S OV017 -0 -0 -0 -0 -0 -0 -0 a -0 -0 -0 s ov 112 ... 900 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 ...... 
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Table 5-1. Chemical Analyses of Dixie Valley Waters (cont'd) 

DATE TEMP PH CA MG NA K CL 504 HC03 5102 C03 ToS 
":. L LU05 92878 20.00 8.20 13.100 .JOO 65.000 2.900 19.500 60.~00 106.000 73.900 -0 341.900 l LU07 92871\ 17.00 8.40 7.000 .200 67.000 1.900 17 .500 50. 00 80.500 70.800 7.100 311.110 L lU08 92878 16.00 7.60 37.800 3.720 43.000 4.300 29.500 55.000 124.000 62.400 -0 364.850 l ll110 92878 24.00 7.20 18.300 ~.060 69.000 3.200 ~6.000 88.000 93.000 58.900 -0 360.7~0 l lUll 92878 14.00 7.20 45.tlOO .300 38.800 1.300 2.800 38.100 180.000 28.600 -0 373.3 0 

A lU 06 92878 19.00 8. I 0 22.500 1.130 65.100 4.800 23.500 80.000 111.000 14.300 -0 383.150 A OYI1 32079 19.00 8.30 18.floO .950 611.000 4.'i00 23.000 72.800 98.000 74.500 -0 367.)45 A OY041 5)579 111.30 8.21, 18.000 .900 61.000 ~.900 27.000 71'.400 103.000 09.000 -0 368.217 A oYObS f,2579 20.00 8.35 17.500 .900 1>8.000 4.100 23.000 72.000 101.000 70.000 -0 31>3.000 ,. oV066 62579 20.00 8.18 19.000 1.150 65.000 3.700 23.500 69.000 104.000 62.500 -0 353.650 
I oY034 51579 19.50 7.44 182.000 60.500 206.000 A.850 515.000 194.000 265.000 52.000 -0 1486.967 r [lV037 51579 16.00 7.13 359.000 112.g00 ~52.000 16.\00 905.0(10 366.ono 321.000 47.000 -0 2383.281 I OV01A 51579 )8.50 7.25 147.500 44. 00 191.000 13.800 330.000 234.000 361.000 63.000 -0 1389.445 I OV019 515711 2?.50 7.113 64.000 25.500 159.000 19.300 125.000 134.000 399.000 77.000 -0 1006.754 I OV040 51579 15.50 7.50 305.000 9':1.000 1115.000 14.900 715.000 332. 000 297.000 49.500 -0 2011.976 I OVl00 62S79 19.00 7.55 5!>.UOO 24.600 1511.000 1£..000 1£.6.000 138.000 291.000 65.000 -0 914.950 I OVI0) 6257Y 20.00 7.60 57.000 22.000 10tl.ooo 14.000 1?2.000 12B.000 242.000 70.800 -0 76".700 r OVI13 62579 24.50 7.5? 95.000 34·3°0 I~O.OOO 17 .900 196.000 166.000 255.000 85.000 -0 969.640 I OVl)4 62579 22.50 7.52 112.000 41. 00 12B.oOO 14.600 262.000 161.000 262.000 /l0.000 -0 1061.350 
p oV20 32079 21.00 7.60 50.000 19.700 102.000 6.800 134.000 78.800 200.000 40.800 -0 632.430 
0 LL098 92878 53.50 7.110 17.200 .1i00 446.000 10.500 675.000 164.000 64.900 74.000 -0 1513.550 0 LL099 9?1i7t1 73.50 8.70 3.900 .200 HIO.OOO S.600 125.000 116.000 54.600 122.000 28.300 644.090 0 lU 00 921171! 70.00 8.40 7.600 .200 195.000 5.200 156.000 129.000 87.400 111.000 9.470 106.960 n lU n I 92878 25.00 7.40 '51.1100 2.900 232.000 ?.60g 250.000 1£.0.000 1£.3.000 52.700 -0 915.400 0 OV?3 3207Y 13.00 8.65 4.300 .200 11-11.000 6.00 133.000 108.000 56.000 123.000 28.000 6<;3.505 0 01/24 32079 55.00 7.AO 67.500 .800 .. 30.000 10.<'00 650.000 161.000 62.000 75.000 -0 1470.122 0 OV054 62579 73.00 6.17 4.000 .200 175.000 '>.500 130.000 112.000 46.500 1111.AOO 31.100 637.597 0 (l11)b 72379 26.00 7.65 55.000 2.950 ce8.000 7..270 250.000 150.000 1M.000 44.000 -0 905.930 0 0111'> 72319 ~2.00 8.2<; 9.bOO .050 210.000 4.:130 208.000 102.000 76.600 112.noo 7.200 743.A50 0 OH09 72379 73.00 1.80 31.000 .210 311.000 R.720 362.000 220.000 75.100 tl5.000 -0 1)01>.0111 0 OH06 72379 73.00 8.20 11.500 .120 216.000 5.420 11,0.000 202.000 76.600 109.0(10 9.600 803.875 0 OH08 72379 57.00 -0 -0 -0 -0 -0 -0 -0 -0 102.000 -0 102.000 0 OHIO 72379 16.00 -0 -0 -0 -0 -0 -0 -0 -0 b6.000 -0 66.000 
H OV04 32079 63.00 6.61 46.500 10.300 362.000 2?.000 49.000 12?.000 936.000 6S.500 -0 11'.30.A42 H ('\v033 51!>N 65.50 6.45 49.000 10.1100 3"2.000 1'1.200 47.000 116.000 919.000 67.000 -0 1 '>111>.787 . H HHSOI 12379 75.00 7.30 44.000 10.100 32".000 7.0.600 50.000 011.000 880.000 66.000 -0 1518.508 H HHS03 72379 67.00 6.50 41.000 10.uOO 335.000 21.300 47.000 112.000 311 • 000 69.000 -0 1569.563 H HHS05 72379 72.00 7.22 "3.000 10.000 334.000 20.200 47.500 111.000 69.000 69.000 -0 1519.630 H HHS06 72379 39.00 -0 -0 -0 -0 -0 -0 -0 -0 1:13.000 -0 A3.000 H HHSI2 72379 b3.00 6.90 47.000 9.900 322.000 ""0.400 50.000 1'0.000 8114.000 66.0011 -0 1525.)96 H HHS09 72379 58.00 7.50 38.000 10.200 334.000 21.000 47.000 13.000 897.000 67.000 -0 15"3.321 

I S OVOI 3207':1 55.00 7.30 110.000 20.400 160.000 28.000 77.000 370.000 303.000 66.800 -0 1153.274 c; OV02 no 79 51.00 7.39 103.000 21.200 163.000 2R.00O 77.000 370.000 292.000 11.000 -0 1143.515 S oV015 51579 53.50 7.110 112.000 22.000 162.000 26.7.00 88.000 374.000 301.000 63.800 -0 1162.359 c; OV036 51579 73.00 6.50 105.000 21.500 155.000 2£..000 78.000 366.000 321.000 -0 -0 1090.396 S OV075 72379 73.00 6.05 105.000 20.800 150.000 22.000 76.000 348.000 309.000 53.000 -0 1103.713 S OV076 72379 55.00 -0 -0 -0 -0 -0 -0 -0 -0 58.000 -0 58.000 S OV077 7237'1 30.00 -0 -0 -0 -0 -0 -0 -0 -0 54.000 -0 54.000 S OV112 62579 73.50 6.110. 105.000 20.500 162.000 28.000 78.000 352.000 313.000 bO.OOO -0 1123.400 -'" '" 



Table 5-1. Chemical Analyses of Dixie Valley Waters. (cont'd.) 

F IJ AL FE HN LI SR NO) AS HG CS 
", 

" LL097 -0 -0 -0 -0 -0 -0 -0 .090 -0 -0 -0 " LLI09 -0 -0 -0 -0 -0 -0 -0 .090 -0 -0 -0 " OV?I .800 .810 .100 .080 .017 .050 .860 -0 -0 -0 -0 " Olli!? • 378 .550 .100 .010 .01~ .020 .780 -0 .010 .000 .050 " nV031 .19 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 \I OV032 .320 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 \I OV045 .300 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 \I OV04(o .290 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 Ii ov047 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 \I OV04A -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 \I ()1I04Q -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 \I OV050 .310 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 II nvosl .340 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 II OVOC;2 .490 -0 -0 -0 -0 -0 -0 -0 -0 -0 .050 II OV053 .460 .S50 .100 .010 .005 .039 1.210 0 .010 .000 -0 w 011055 .380 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 W 01151> .3AO -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OV057 .370 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 \I OVOS9 .320 -0 -0 -0 -0 -0 -0 0 , -0 -0 -0 II 01l05Q .340 -0 -0 -0 -0 -0 .350 0 -0 -0 -0 II 0\10(07 1.330 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II Ov078 .570 .950 .100 .010 .005 .090 1.760 0 .010 .000 -0 II OV092 .300 1.100 .100 .010 .005 .030 .650 -0 .01 0 -0 .020 w OV102 .330 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OV103 .220 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 W OV104 .310 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II nVl05 .2(,0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 W OV106 .300 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 \I OVI07 .360 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OVI08 .400 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OVI09 .(,20 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II oVl10 .530 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 II OVlll 1.370 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 
C eSOI -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 e CS02 -0 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 c eS04 -0 -II -0 -0 -0 -0 -0 0 -0 -0 -0 C CS06 2.500 1.000 .100 .010 .290 .045 4.600 0 .0111 .000 -0 c eS07 1.900 1.900 .100 .010 .032 .075 3.350 0 .010 .000 -0 c eS08 .330 1.700 .100 .010 .005 .050 1.630 0 .010 .000 0 
tl OVO,1 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 " OV042 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 
F. LLl02 -0 -0 -0 -0 -0 -0 -0 .710 -0 -0 -0 F. oV03 .600 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 F OVI0 .160 .240 .100 .020 .015 .020 4.250 -0 -0 -0 -0 F OV12 .300 .230 .100 .010 .015 .010 .690 -0 -0 -0 -0 F. oV060 .360 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 £ OVOl>1 .290 -0 -0 -0 . -0 -0 -0 0 -0 -0 -0 F. OVOl>2 .300 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 f oVOh3 .180 .220 .100 010 .005 .010 .080 0 .010 .000 -0 £ 0110"1 .560 1.200 .100 1:610 .050 .050 .030 -0 .010 -0 .020 
L LLlO] -0 -0 -0 -0 -0 -0 -0 1.510 -0 -0 -0 L LLI04 -0 -0 -0 -0 -0 -0 -0 1.240 -0 -0 -0 ...... 

0"1 
""-J 



Table 5-1. Chemical Analyses of Dixie Valley Waters. (cont'd.) 

F 8 AL FE MN LI SR N03 AS HG CS 

H ovoe; 3.100 .900 .100 .010 .015 .270 .690 -0 -0 -0 -0 

H OVOI'> 2.AOO 1.260 .100 .010 .015 .350 1.380 -0 -0 -0 -0 

H ovll 1.300 .800 .100 .010 .005 .150 2.450 -0 -0 -0 -0 

.. OVl15 1.110 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 

M OV116 6.600 -0 -0 -0 -0 -0 -0 0 -0 -0 -0 

I OV069 1.0;50 5.200 -0 .030 .OO!J 1.0/)0 .160 -0 -0 -0 .130 

I OV70 8.500 9.200 -0 .100 .005 1.290 .190 -0 -0 -0 .290 

I OV1? 9.500 9.600 -0 .100 .006 1.540 .320 -0 -0 -0 -0 

? OVOAO -0 1l.000 -0 -0 -0 1.290 -0 0 1.400 -0 .210 

? OYOEtI -0 -0 -0 -u -u 1. 210 -0 0 2.100 -0 .280 

? OVOIl?' -u 10.bOO -0 -0 -0 .290 -0 0 1.800 -0 .200 

3 DV090 7.600 8.500 .100 1.610 .050 1.0}O 1.060 -0 .590 -0 .325 

4 OV093 1.900 12.700 -0 -0 -0 -0 -0 -0 .11'>0 -0 -0 

4 OV094 8.800 -0 -0 -0 -0 -0 -0 -0 .1bO -0 -0 

T OV15 4.390 -0 -0 -0 -0 .970 3.440 -0 -0 -0 -0 

T OV\6 4.400 5.!J00 -0 -0 -0 .960 -0 -0 -0 -0 -0 

T OVOlO 4.400 4.100 .100 .040 .030 .915 3.200 -0 .040 .000 .140 

All concentrations are in parts per million (ppm) and temperatures are in °C. 
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All sampl es have comparatively low Ca and Mg 1 evel s. The hot 
spring systems, as well as the deep wells, seem to experience a sub­
stantial shift towards increased Na + K levels. The anions seem to 

.. 
indicate more clearly the differences among the three hot spring 
systems. 

If one considers total dissGlved solids (TDS), the variations in 
water chemistry become more apparent (Table 5-2). 

Tabli5-2 clearly illustrates the variations both within a given 
hot spring system and among the three hot spdng systems. The Dixie 
Hot Springs system has the greatest TDS range, possessing both the 
lowest and highest levels. Sou and Hyder Hot Springs have very narrow 
TOS ranges, with Sou Hot Springs having the lower values of the two 
systems. 

The artesian wells in the vicinity of Dixie Settlement have low 
values, similar to the surface water and spring water derived from the 
Clan Alpine Mountains. The hydrogeochemical evidence would tend to 
indicate that the Clan Alpine Mountains are a source of recharge for 
groundwater in the Dixie Settlement area. This situation is more 
likely than specifying the Stillwater Range waters as a source of 
groundwater recharge. These latter waters have high TDS levels for 
mountain spring water and surface runoff. These high TDS values 
definitely anomalous for "normal" mountain runoff will be dis-
cussed further in a later section. 

5.2.2 Waters from the Clan Alpine Mountains' 
Most of the waters from the C'l an Al pine Mountains are chemically 

similar to the waters from the wells at Dixie Settlement. Both groups 
of waters are low in TDS, but the Dixie Settlement waters exhibit 
relatively high temperatures for groundwater. Two Dixie Settlement 
samples, DV 13 and DV 66, have unusually high pH values (8.30 and 
8.18) and fluoride levels (6.00 and 5.80 ppm). One anomaly in the 
Clan Alpine Mountains is Shoshone Spring (DV 91), which has a sur­
prisingly low dissolved oxygen content for a mountain spring, a high 
pH (8.58) and temperature (320 C). The boron level in this spring, 
1.2 ppm, is a significant amount. 
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Table 5-2. Total Dissolved Solids (TDS) Contents 
of Dixie Valley Waters. 

Sample location 

Dixie Hot ~prings 
Sou Hot Springs 
Hyder Hot Springs 
McCoy and Lower Ranch Hot Springs 
Eastern Mountain Ranges (Clan Alpine and Augusta 

Mountains) 
Stillwater Range 
Artesian Wells in Southern Dixie Valley (Dixie 

Settlement) 
Irrigation Wells in Northern Dixie Valley 

OF 45-14 
OF 66-21 
SR2-A 

TDS (ppm) 

640-3000 
1100-1160 
1580-1630 
.800-1190 

170-435 
600-1770 

350-370 
760-2380 

1657-2201 
4100-5410 
1900 
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Another important aspect is that the calculated CO2 pressures are 

oversaturated with respect to atmospheric CO2 pressure in many Clan Al­

pine Mountain waters (Table 5-3). These elevated CO2 pressures are 
caused by various dissolution reactions occurring in the subsurface, and 

the CO2 pressures are indicators of the extents of these various reac­

tions. At the present time the sources of CO2 in geothermal systems are 
poorly understood. 

5.2.3 .Waters from the Stillwater Range 
Even in the early stages of field work it was recognized that the 

waters from the eastern slopes of the Stillwater Range, which is con­
sidered one of the major rech.arge areas for the study ar.ea, are surpris­
ingly high in TDS. Orie normally expects low TDS waters in a fecharg~ 

area. Springs on the Carson Sink (west) side of the Stillwater Range 
":I 

also exhibited high TDS levels. Although some thermal springs are be-
lieved to exist in the mountains, none was found. All sampled springs 
have low discharges and most streams deposit travertine (CaC03). All 

computed CO2 pressures are greater than atmospheric CO2 (see Table 5-3). 
This tends to imply the existence of a source of CO2 other than the 

atmosphere. 
Samples from the eastern slopes have C1 levels as high as 260 ppm, 

S04 as high as 520 ppm, HC03 up to 380 ppm, Si02 up to 46 ppm, Mg up to 
80 ppm, Na +Kup to 190 ppm and Ca as high as 180 ppm. These waters ap­
parently comprise most of the shallow groundwater north of Dixie Hot 

Springs. The ratios C1/S04, (Na+ K)/S04' Ca/S04 and Mg/S04 are relative­
ly constant in these samples. The constancy of these ratios is apparent­
ly characteristic of volcanic rock weathering, since volcanic rocks are 
abundant in the Stillwater Range. 

The question remains as to why the Stillwater Range waters have such 
high levels of TDS, a phenomenon which is usually not anticipated from 
waters derived from precipitation. One reason could be that these waters 
have a relatively long residence time in the subsurface, a hypothesis 
weakly supported by the few available tritium data. However, the waters 

from the Clan Alpine Mountains are from a similar rock environment, but 

have much lower TDS levels. 

A second explanation might be the rapid dissolution of hydro­
thermal minerals, by either old or young waters. Another possibility 

that could also explain the high calculated CO 2 pressures (Table 5-3) 
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Table 5-3. Calculated log Peo Values in Dixie Valley Waters. 

2 

Sample Locations 

Stillwater Range 
" 

Clan Alpine Mountains 
Artesian Wells (Dixie Settlement) 

Irrigation Wells 
Dixie Hot Springs 
Hyder Hot Springs 
Sou Hot Spri ngs 
OF 45-14 
OF 66-21 
SR2-A 

log Peo 2 

-3.4 to -1.5 
-3.5 to -2.0 

-3.5 to -3.7 

-2.5 to -1 .8 

-4.0 to -2.6 

-1.4 to 0.0 

-2.3 to 0.0 

-1.2 
-1.5 

-2.2 to -2.0 
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is the ascension of thermal waters along deep reaching fault zones. 
These ascending thermal waters would then be slightly diluted by in­
filtrated precipitation, and the mixture would surface at sp~ings. 

Further work in the Stillwater Range itself will be required 
to verify the origin of the high TDS waters. It is possible that 
the isotope data will shed some light on this problem. 

5.2.4 thermal Waters in Dixie Valley 
Thermal groundwaters commonly have chemical constituents that 

can serve as specific indicators of geothermal reservoirs. Elevated 
levels of F, Cl, B, Si02, H2S, Na and TDS can indicate geothermal 

activity. S04 can be high if suf~icient sulfide and free oxygen are 
available at depth. HC03 is commonlY high in thermal waters if an 
appropriate source of CO2 exists at depth. However, it should be 
emphasized that F, B and other trace elements are low if the reservoir 
rocks lack these constituents. Ca and Mg levels are usually low 
in thermal \'/aters due to cation exchange with clay minerals and 
other similar reactions. 

In the following discussion the aforementioned indicators are 
utilized to determine relative circulation depths of waters and 
reservoir temperatures. 

5.2.4.1 Dixie Hot Springs 
The Dixie Hot Springs system is comprised of about 35 springs 

and seeps. The springs show wide variations in temperature and 
electrical conductivity. All springs emerge from alluvium, which 

is about 1000 feet thick in this area. Springs and seeps discharge 
over an area of about four square miles .. 

The Dixie Hot Springs system is typical for its relatively low 
HC03 (60-90 ppm). The pH ranges between 7.4 and 8.77, which is con­
sidered rather high. Electrical conductivities change significantly 
between adjacent spring orifices. Temperatures are generally highest 
for the lowest TDS springs (Figure 5-2). Cl and Na are highest 
for the low temperature springs. S04 and C1 correlate very well, and 
reach their highest levels in the coldest springs. Si02 decreases 
with increasing Ca, which indicates an increasing influx of· cold 
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for Dixie Hot Springs Waters. 



water into the system. High Cl and Na levels indicate dissolution 
of shallow evaporites by cold water. F levels are the highest in 
the valley, whereas B, Li, As and Cs have comparatively lm-/ concen­
trations. 

Table 5-4 shows estimated reservoir temperatures, calculated 
using chemical geothermometry. Conductive cooling was assumed for 
the silica method. Different temperatures between the two methods 
suggest that chemical equillbrium has not yet been attained. 

" 
The silica mixing model, based on a recharge water with 30 ppm 

Si02, yields completely different results. For DV 23 a temperature 
between 225 and 2350C was computed. However, the mixing model is . .' 
considered to be unreliable in this case, since the results are 
inconsistent. 

In conclusion, the Dixie Hot Springs system probably shows var­
ious degrees of mixing between thermal and cold waters, which 
accounts for the varying temperatures and electrical conductivities. 
Based upon the structural analysis (Chapter 3), it is likely that the 
springs are fault-controlled. If fault control does exist then the 
colder waters with higher TDS could result from a less direct flow 
path that allows more cooling and more mixing within the alluvium 
which permits more dissolution of soluble salts. It is also possible 
that the low TDS waters are linked to the artesian wells of Dixie 
Settlement, since these are the only low TDS waters in the immediate 
vicinity. The increasing S04 with Cl (Figure 5-3) could also be at­
tributed to cold waters from the Stillwater Range, since only there 
is the correlation between these ions good. Since the HC03 levels 
are low (less than 150 ppm), Dixie is probably not linked to any 
CO2 source at depth. This accounts for the absence of any signifi­
cant spring deposits. Low levels of most trace elements indicate 
that the Dixie Hot Springs system may be a relatively shallow system, 
whereas the high F could be due to the dissolution of ancient CaF2 

. deposits. It is possible that the Dixie system is heated by a more 
extensive sealed geothermal reservoir at depth. 
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Table 5-4. Chemical Geothermometers Applied to 
Dixie Hot Springs Waters . 

.. 
Quartz Na-K-Ca Field Temperature 

Sall)p 1 e No. (OC) (OC) (OC) 

DV23 149 139 73 

DV54 147 137 73 

DH6 142 97 73 

DH15 143 95 52 

DH9 128 100 73 

DV24 122 88 55 
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5.2.4.2 Hyder Hot Springs 
The Hyder Hot Springs system emerges in the middle of the valley, 

where bedrock is apparently covered by a thick cover of alluvium. 
However, the chemical homogeneity of the springs seems to require a 
well-defined, fault-controlled flow system. The springs have de­
posited a vast amount of travertine up to 100 feet thick. Some of 
the springs are surrounded by delicate travertine structures . 

. ,. 
A detailed survey of the system showed that all springs have 

electrical conductivities ranging from 1600 to 1850 micromhos (tem­
perature compensated). Gross chemistry of the springs does not vary 
much, although temperatures d"iffer considerably, ranging from.39 0C to 
750 C. Thus the system is probably relatively homogeneous, issuing 
from one reservoir. 

Hyder waters are of the bicarbonate-sodium-potassium type. The 
bicarbonate levels range between 870 and 936 ppm and are the highest 
among all the hot springs. They are about six times as high as those 
from DF 45-14 but somewhat lower than those from OF 66-21. The high 
HC03 accounts for the extensive travertine deposits. The pH is as low 
as 6.5 in springs with high HC03 and as high as 7.5 in those with low 
HC03. Some evidence of degassing (probably CO2) was found, which 
probably accounts for the inverse correlation of pH with HC03. 

The S04 and Cl levels are among the lowest of the hot springs in 
the valley (108-116 ppm S04' and 47-50 ppm Cl). Sulfate is about as 
low as the first sample from OF 66-21. The relatively high bicarbon­
ate concentrations indicate that Hyder is connected directly to a 
geothermal reservoir. In addition the low S04 indicates a relatively 
deep water with limited capability to oxidize sulfides (Figure 5-3). 
However, no evidence of H2S was found in Hyder, and·the dissolved 
oxygen content was as high as 2.9 ppm in some of the springs. 

Since electrical conductivities and silica levels are relatively 
constant, the silica geothermometer, assuming conductive cooling and 

no mixing, was applied. Calculated temperatures range from l150 C to 
l270 C. The cation geothermometer yielded consistent temperatures 
between l590 C and l620 C. Slight calcite precipitation is possible 
for those springs with highest discharge temperature, but the increase 
in calculated temperature would be negligible in this case. 
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In conclusion, the Hyder Hot Springs system is of one water type 
and thus emerges from a well-defined flow system, with little mixing 
with shallow groundwater. The high HC03 values indicate connection 
to a CO2 source at depth. However, the water chemistry is inconclu­
sive; therefore the relationship of the spring water to the deep 
system is unknown. 

5.2.4.3 Sou Hot Springs 
~ 

Vast amounts of spring deposits are present at Sou Hot Springs. 
The chemistry of the hot springs do not vary considerably, and are 
of an intermediate type. The temperatures range between,.~OoC and 
730 C. The pH is as low as 6.5; a pH of 6.05 was measured but it is 
believed to be too low due to a faulty meter. Among the three major 
hot spring systems, Sou has the highest Ca, Mg and S04 levels. Cl 
levels are comparatively low (less than 100 ppm) as are F and B (DV36 
in Figure 5-4). Sr is the highest among all the hot springs. HC03 
levels are lower (about 300 ppm) than they are at Hyder Hot Springs. 

180 

The silica geothermometer, assuming no mixing and conductive 
cooling, yields temperatures between 105°C and 118°C. The cation 
geothermometer yields temperatures between 93°C and 194°C. The drastic 
changes in the calculated reservoir temperatures are probably associated 
with seasonal fluctuations. 

Evidence of extensive CO2 degassing was found in a flowing well. 
This probably indicates that Sou Hot Springs is connected in some way to 
a CO2-producing reservoir at depth. 

In conclusion, Sou is probably a relatively shallow hot spring 
system. The low Si02 temperature, low F, Band Cl arid high Ca and 
Mg are indicative of relatively shallow circulating meteoric water 
that is heated to low temperatures. 

5.2.4.4 Well SR2-A 
The measured temperature of the discharge water was 65°C (DV30). 
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Ca and Mg levels are significant, indicating the influence of cold 
water. The Cl/S04 is very similar to that of the water from White 
Rock Canyon, indicating the influx of water from the Still'o',ater Range . 

.. 
F, Band Sr are also significant. Application of chemical geothermom-
eters yields 91 0 C for the cation method and l390 C for the silica 
method. The different results indicate inadequate chemical equili~ 

bration of warm water at depth. However, the silica method seems to 
be more re1iable. SR2-A is probably fed by a mixture of hot water 
from depth and cold recharge water from the Stillwater Range. 

5.2.4.5 Deep Wells OF 45~14 and OF 66-21 

183 

A discussion of the water chemistry with special reference to the 
alteration mineralogy was given in Chapter 4. In this section the deep 
wells will be compared to the hot spring systems and the recharge 
waters. It must be indicated that more than 95% of our data is related 
to shallow groundwater systems and hot springs. The deep well samples 
are the only ones that represent deep thermal waters. However, the 
samples from OF 45-14 and OF 66-21 are not the most reliable because of 
suspected contamination from drilling operations and/or shallow ground­
water. This is especially true of the samples from OF 66-21. Never­
theless, certain gross chemical features of the deep waters can be 
inferred from the existing samples. 

OF 45-14 (OV90) has relatively low levels of Mg and Ca and high 
Cl and S04' which clearly indicate thermal waters. However, HC03 is 
low, much lower than in Sou Hot Springs. F is comparable to Hyder Hot 
Springs but much lower than in Dixie Hot Springs, whereas B is much 
higher than in any of the hot springs. 

Application of the silica geothermometer (assuming no steam loss) 
indicates a reservoir temperature of 2l6oC for OF 45-14. Since the 
silica content at the sampling temperature is at the saturation level 
of amorphous silica, precipitation of amorphous silica might be ex­
pected in the ascending hot water. Thus, the silica temperature might 
be even higher. The cation geothermometer yields 1930 C. 

In OF 66-21 (OV82, OV93) the Cl and Na levels are about three 
times as high as in OF 45-14, although samples OV82 and DV93 are 
probably contaminated to a large extent. The S04 levels are comparable 



to the hot spring systems. HC03 levels are extremely high. Band F 
are comparable to those of OF 45-14. Generally the fluids from OF 
66-21 can be considered as Na-Cl waters, high in HC03. 

The silica geothermometer yields a temperature of 1900 C (assum­
ing no steam loss) and the cation geothermometer gives 1390 C for 
OV82. For OV93 l760C was calculated with the silica method and 1480C 
with the ~ation method. The silica method is considered to be more 
reliable. OV82 is from a depth of about 4700 feet and OV93 from 
about 9500 feet in OF 66-21. 

5.3 Conclusions 
The preceding discussion about the chemistry of the three hot 

spring systems indicates that it is unlikely all three systems are 
linked to a common source. The Dixie Hot Springs system seems to be 
isolated from a deep CO2-supplying reservoir, and its waters probably 
originate from the Stillwater Range and/or other sources. The Sou 
and Hyder systems are different from each other as well as from the 
Dixie system as was seen in Figure 5-1. The comparatively low Cl 
levels in all three systems make a connection to a deep geothermal 
reservoir that supplies the deep wells unlikely. High HC03 levels 
could be produced by the upward diffusion of CO2 from a source at 
depth. The fact that the maximum temperatures in all three systems 
are about the same (750C) is conspicuous. F increases with Si02 if 
F is greater than 1 ppm, a relationship that applies to all the hot 
springs but not to the deep wells (Figure 5-5). 

It is clear that the two deep wells tap waters that are differ­
ent from all the other thermal waters in the valley. Additionally, 
OF 45-14 is apparently different from OF 66-21. The most significant 
differences are the higher HC03 in OF 66-21 and a TOS level almost 
double that of OF 45-14. However, since samples from OF 66-21 are 
undoubtedly contaminated to an unknown extent, these differences may 
be more apparent than real. 

The origin of HC03 is unclear. One source cauld be the oxida­
tion of organic materials at depth, evidence of which was found in 
some of the sedimentary rocks at depth (T. Bard, personal communica­
tion). Another source could be the dissolution of limestones under 
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acidic conditions. Fracture zones could allow the CO2 to escape to 
shallow aquifers, thus accounting for the high PC02 in most shallow 

groundwaters. 
504 probably originates from the oxidation of sulfides as well 

as 'the solution of 504 minerals. However, the level of 504 is prob­
ably limited at depth by the limited supply of free oxygen due to 

'lack of deep-reaching circulation. This constraint might be active 
" 

in both OF 45-14 and OF 66-21, thus accounting for the comparable 

levels of 504' 
It is still not clear how the three hot springs are related to 

the deep reservoir{s) tapped by OF 45-14 and OF 66-21. The collec­
tion and analysis of valid samples from the deep wells might provide 
more information, as might the isotope data. Age determinations 
using 14C would prove useful in determining circulation depths. 

5ulfur isotopes would be helpful in determining the sources of 504' 
In summary, there appear to be different thermal systems in 

Dixie Valley. Their interrelationships are not clear" but it seems 
that there is little interaction among them other than occasional 
CO2 transfer and conductive heat transfer. 
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