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SUMMARY

An extensive hydrogeochemical survey was conducted in southwest
Utah dufing'the sumﬁer ofp1976!

The region contains two distinct types of groundwaier. The sodium—

-cH1or1de variety is intersebtéd in valley wells which are shallower than
‘ apﬁroximate]y 60 meters. The chloride groun&water is a Lake Bonneville
remnant and resemb1és the Roosevelt reservoir fluid. Calcium and mag-

. nesium-bicarbonate waters {ssue out of upland springs and are intersected
_ in wells deeper than approximately 60 meters,

The following table summarizes the crucial.e1ements for all the
therhal‘feafures discuésed fn this report. The following thermal mani-
festations exhibit high geothermal potential; Hatton Hot Spring, Red
Hill Hot Spring, Lava Ridge Warm Well, and Thermo Hot Spring. Geochemistry
indicates temperatures in excess of 180°C at depth. Carbonate scaling, in
each case, can be avoided by casing off Paleozoic sections and producing

-from underlying granitic reservoirs. Production wells in these areas
may be substantially deeper than the current production depth at the
Roosevelt reservoir.

It woqu.be in AMAX's best interest to acquire a substantial Tand
position on the north~tfending structure between the Black Rock Vo]éano
and White Mountain in Mi]}afd County. AMAX should retain the present land

position in the vicinity of Thermo Hot Spring.
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INTRODUCTION

| - Two hundred fifty-six watef'sampTes were collected from the
Fillmore-Milford-New Castie area of Utaﬁ (Figure 1) during the summer of
1976, This reporf will discuss 24 thermal features of the région.
SampTe locations are éhown,on 1 to 62,500 and 1 to 250,000 scale maps at

the end of this feport.

 114°00' 112°00"
|
eiogan | o 50 © 100 150 km
. —— e r— ]
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@ Salt Lake City
e Delta
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Figure 1. Location map for the Fillmore-Milford-New Castle
‘ geothermal area. : .



~ NON-THERMAL CHEMISTRY

Regionalrnon-therma] waters consist predominately Qf the ca]cium—
bicarbonéte and sodﬁum~¢h1or1de types. The calcium-bicarbonate waters
issue from_dp]and springs and from wells which produce water from below
approximately 60 meters. Bicarbonate waters (Table 1, Wi0181) generally
' ‘Cohtain less than 500 mg/1 of dissolved solids. These waters are young
ged]ogica1}y and afe chemically very sfmi]ar over the entire region.

Local variations are dependent on-geology, i.e., Tertiary granites

 contain more fluoride than Precambrian granites.

Regional sodium-chloride waters contain an average of 4000 mg/1 of
dissolved solids and are produced from wells in the Lake Bonneville
 sediments (Table 2,_w10167); Chloride waters are in part connate water

from ancient Lake Bonneviile and also contain some percent meteoric and
groﬁndwaters. Black Rock Cold Well (Table 2, W10167), 35 km north 6f
Mitford, Utah, is approximately one-hundredth as concentrated as present
'day Salt Lake. Weli 1.15 (Table_Z) at the Bonneville Salt Flats is
approximately one-half as concentrated as Salt Lake. Perry (1976) shows
a direct correlation between decreasing dissolved solids in pore waters
of the Lake Bonneville sediments and increasing distance from Salt Lake.
~ Lake Bonneville increased in chemical concentration as the lateral area
| decreased. A chemical record of this change is preserved in the sedi-
ments. These sodium-chloride pore waters are relatively immobile and

older than the deeper calcium-bicarbonate waters.



Table 1. Chemical analvses of regional bicarbonate waters. Units are mg/1 unless otherwise noted.

NA = not analysed, * = does not represent true subsurface conditions, i.e., §§§: >or =1
, Greenville Four Mile
Milford City Section 21 Government Warm Lava Ridge Wah Wah Section 31 Knol1
Warm Well tarm Well Warm Well Artesian Well Warm Well Warm Spring Warm Well Cold Spring
W10285 W10292 W10268 W10184 W10305 W10184 W10303 __W10181

T°C e7.5 24.5 23 22 21 20 19 13.2
Fiow gpm 500 100 5 20 15 5000 - 900 25
pH 7o 8.30 8.68 8.22 7.78 7.43 7.40 8.00
F 1.3 0.8 [ P%: 0.2 1.4 0 1.8 0.6
C1 19 59 32 35 210 35 120 37
S0 34 61 36 13 100 : 13 140 - 85
HC63 190 184 80 110 278 262 260 246
CO3 0 0 6 0 0 0 0 0
Si09 48 30 44 11 76 1 19 14
Na 94 120 67 21 190 21 93 18
K 4.7 4.1 4 1.9 1.4 23 1.4 14 ~ 2:B
Ca 15 20 7 83 - BS 83 - 110 - 95
Mg 5 12 1 29 33 29 31 38
Li 0.1 <0.1 <0.1 <0.1 0.2 <0.1 0.2 <0.1
B 0.4 0.6 0.2 <0.2 0.7 <0.2 0.7 <Q.2
NH~ <0.1 <0.1 <0, 1 <0.1 <01 <0.1 <0.1 <0.1
D3 412 492 276 304 967 456 790 536
TSi02 °C 70 79 66 42 122 42 62 51
TNa/K °C 115*% 85 73 141 * 207* 141* 237* 231*
TNa-¥-Ca *C 80 72 63 5 184 10 72 16
CT/HCO3 _ 0.1 . 0.4 o B 1 0.1 1 il
C1/504 1 1 1 3 2 3 1 .4
C1/B 48 98 160 350 300 350 171 370
C1/Li 190 1180 640 700 1050 700 600 740

C1/F 15 74 25 175 150 175 67 62



Table 2. Chemical analyses of regional chloride waters. Units are mg/1 unless otherwise noted.

NA = not analysed, * = does not represent true subsurface conditions, i.e., NCa s opra1
: Na
Roosevelt
Thermal Phillips Phillips Hot Spring GKI Deep Crater Hatton Joseph Meadow Twin Peaks
Power Well Well U.S.G.S. Test Hot Spring Hot Spring Hot Spring Warm Spg. Warm Spg.
Sec. 2 Well 54-3 3-1 9-11-57 W10430 Wiol64 W10261 W10157 W10306 W10248
T°C 260 260 205+ 51 96 83 66 65 34 30
e - - iy — 400 250 100 2 , 2 25
PH 6.00 : 645 6.3 7.9 7.92 7.3 6.48 7.8 £..38 71.62
F 5.4 5 5 7.5 4.4 4.1 4.0 4.6 4.6 S.c
C] 3600 4800 4090 4240 760 1450 1800 1700 1800 2100
S0 58 200 59 7 490 756 1000 1370 1000 400
HC O3 186 200 180 156 220 160 366 396 364 188
€03 0 0 ' 0 0 0 0 0 ' 0 0 0
510, 730 775 560 313 100 59 47 76 57 56
Na - 2100 2400 2437 2500 690 816 1200 1490 1100 1490
K 410 565 448 488 80 48 160 a7 140 14
Ca 8 9 8 22 140 345 490 . 248 530 170
Mg 0.2 19 0.0]1 0 18 68 90 46 93 48
% 24 18 20 0.3 2.0 0.6 3.0 1.9 5.3 0.9
B 25 45 25 38 1.8 0.8 5.4 3ol 5.5 0.6
NH -—- -- — ——— 1.8 — 0.8 --- <0.1 <0.1
TD3 6966 6442 7067 7800 2508 3630 5166 7530 5997 4473
TSi0p °C 270 295 263 213 137 110 99 122 108 107
Tha/% °C 278 312 267 277 201 129 220 80 214 12%
TNa-K-Ca °C 283 296 279 284 : 197 156 204 139 198 93
C1/HCO; 19 24 23 27 3 g 5 4 5 11
C1/50, 62 24 69 58 2 2 2 1 2 5
C1/8 144 107 164 112 422 2400 333 894 327 3500
C1/Li 150 266 204 14133 380 2400 600 460 545 2333

C1/F 666 960 818 565 173 354 450 370 391 404



Table 2. Continued

Salt Pearson Yellow Jacket Dead Crow Black Rock Well 1.15
Warm Spg. Warm Well Warm Spring Warm Spring Cold Well Great Salt Bonneville
W10125 W10286 W10287 W10410 W10167 Lake Brine Salt Flats
T°C é5 16.5 16 25 10 11 24
Flow gpm 1 10 i 0 50 - _—
pH 5.90 7.80 7.40 9.10 7.66 7.8 (7.0)
F 3.8 0.9 0.7 0.7 1.2 5.8 ---
C1 3100 860 1500 830 1800 149,000 72,800
S04 150 <10 <10 <10 240 24,800 6,200
HCO3 224 246 346 206 156 473 ---
CO3 0 0 0 37 0 0 -—-
Si0s 180 32 20 24 , 32 5.1 ---
Na 1800 400 600 460 1000 86,100 46,000
K 260 13 29 10 43 6,700 2,000
Ca 130 100 150 47 200 342 1,500
Mg 20 84 130 77 10 11,300 1,400
Li 19 3.3 4.1 3.0 1.8 58 17
B 25 5.3 5.4 5.2 2 46 ---
NH3 0.18 <0.1 2.6 <0.1 0.5 ——- -—-
TDS 5912 1745 2788 1700 3487 286,000 ---
TSi0p °C 173 82 " 63 70 51 19
TNa/K °C 231 82 112 56 102 152> 458*
TNa-K-Ca °C 231 87 148 .97 148 174* 341*
C1/HCO5 14 4 4 4 12 - 315 -—-
C1/S0, 21 172 300 166 8 6 12
C1/B 124 162 278 160 900 3,200 ---
cl/Li 163 ) 261 366 277 1000 2,600 4,280

C1/F 816 956 2143 1186 1500 26,000



It is important to distﬁnguish-between the Lake Bonneville connate

waters and geothermal leakage for exb10ration'purpose$, Shallow sodium-

- chloride waters are grossly similar to thermé] sodium-chloride waters,

-howeyer, differences ére evident in the C1/F, C1/L1,VC1/B and C_USO4

ratios (Table 3). Future oxygen and hydrogen isotope analysis should also

indicate differences.

Table 3. A comparison of ionic.rations for thermal and non-thermal

waters.

THERMAL CHEMISTRY

The scuthwest area of Utah contdins a ‘great diversity of thermal

NON-THERMAL WATERS

Therinal - Phillips Phillips : Biack Rock Well 1.15
Power Wetl Well  Roosevelt Cold Well Great Salt Bonneville
Sec. 7 Well  54-3 3-1 Hot Spring  W10i25 | _W10167 _ ‘Lake Brine salt Flats .

C1/HCO3 - 19 24 23 12 315 ---
C1/504 62 24 69 8 6 12
144 107 164 900 3200 ---
150 266 204 1000 2600 4280
666 - 960 g18. 1500 26009 -

waters. The sodium-chloride, sodium and calcium-suifate and calcium and

: magneSiumebicarbonate types were sampled. The sodium-chloride waters

_predomihate'over all other types in this geographicfkegion.



REGIONAL CHLORIDE WATERS

Roosevelt Area

The Rodseve]f geothermal area was an obvious -target before the
discovery of shallow steam. The Ropéeve)t area is a classic example of
a high enthany geothermal area by virtue.of the young silicic focks |
botﬁ‘intrusive and extrusive,. the generous quantities of siliceous
-sinter dnd the interesting thermal waters. |

An analysis of the last Roosevelt Hot Spring demonstrates the
preciéion with which geochemistry can be used in geothermal exploration.
An analysis of a 56°C oné gallon per minute flow sampled in 1957 15 
shown 1in Téb?e 2 and Figure 2. -The'RooseveTt spring water {s remarkab1y
similar to the Sodium~ch1ofide‘water from-productibn wells with the
- exception of Tithium. Afka]i subsurface temperatures are four to seven
pefcent higher'than average subsurface temperatures heasured in production
we1Ts'(TabTe 2}.

Salt Warm Spring (Plate.T) issﬁes out at 25°C, one kilometer north
of Negro Mag wash. No surface temperature variations have been witnessed
~in eight measurements over a two year perfod., The tepid spring water
céntains less disso1yed,$0]1ds thaﬁ the reservoir water, yét, jon rations
{Table 2) and the general chemical éomposition are very sim{Iér to ther
.reservoir water (Figure 3). This thermal spring water is unlike any
other natural therma1:efficient in the regioh (Figure 4; 5, 6,.and 7).
Silica éubsurface temperatures (170°C) are substantially Tower thanlthe
alkali subsurface temperatures (231°C) which are in tufh lower than the

proven reservoir temperatures.
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Figure 2. A agraphic comparison of Phillips Well 3-1 and a 1957 sample of
Roosevelt Hot Spring. Bars are based on a logarithmic scale.
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Tabie 4. Principle anions and cations for regional thermal and
' . “non-thermal waters.

Name T°C Anjons | Cations

Chloride Waters

Thermal Power Section 2 260 1

> HCO3 > 504 Na > K >Ca > Mg
- Phillips Well 54-3. - : ' 260 Cl > HCOZ = 50, Na > K >Mg > Ca
Phillips Well 3-1 205+ C1 > HCO> > SO4 Na > K >Ca > Mg
Roosevelt Hot Spring ‘ 51 CT > HCO3 > 808 Na > K >Ca > Mg
gKI Deep Test 96 1 > SO4 > HC_3 “Na > Ca »K > Mg
rater Hot Spring . .83 Ci > SO4 > HCO3 Na > Ca >Mg > K
Hatton Hot Spring 66 1 > SO4 > HCO3 Na > Ca >K > Mg
Joseph Hot Spring . 65 c1 >'SO4 > HCO3 Na > Ca »>K > Mg
. Meadow Warm Spring 34 Cl > SO4 > HCO3 Na > Ca >K > Mg
Twin Peaks Warm Spring 30 cl > S0, > HCO3 Na > Ca >Mg > K
Salt Warm Spring 25 4 HC83 > SO4 Na > K >Ca > Mg

o Pearson Warm Well 16.5 1 > HCO3 > SO4 Na > Ca >Mg > K
Yellow Jacket Warm Spring 16 €1 > HCO3 > S0, Na > Ca >Mg > K
- Black Rock Cold Well _ 10 cl > 804 > HC63 Na > Ca >K > Mg
Great Salt Lake Brine S I B cl > SO4 > HCO3 Na > Mg >K > Ca
Well 1.15 Bonneville Salt Flats 24 (S SO4 > HCO3 Na > Ca >Mg > K

Sulfate Waters
‘New Castle Hot Well 96 50, > HCO, =C] Na >Ca>K > Mg
Thermo Hot Spring 83 SO4>_HCO3 > C1 Na >Ca>K > Mg
Red Hill Hot Spring . 75 SO4>’C1 >HCO3 Na >Ca>K > Mg
Sulfurdale Warm Well - 38 504:>C1 >HCO3 Ca >Mg>Na> K
‘Dotson's Warm Spring ' .32 804:>HCO3 > (1 Na >Ca>Mg> K
SESK 16 Warm Well 20 SO4>-HC03 >C1 Ca >Na>Mg> K
Sulfurdatle Bubbling Pool 5 SO4> Cl >HCO3 Ca >Na>Mg = K
Bicarbonate Waters

Milford City Warm Well 27.5 HCO3:>SO4 >Cl Na >Ca>Mg> K
Section 21 Warm Well L 24.5 HC03>SO4 > (1 Na >Ca>Mg> K
Government Warm Well 23 HC03:>SO4 > (] Na >Ca>K > Mg

- Greenville Warm Artesian Well 22 HCO3:>C1 >SO4 Ca >Mg>Na> K
Lava Ridge Warm Well ' 21 HCO3:>C1 >SO4 Na >Ca>Mg> K
Wah Wah Warm Spring : 20 HC03:>C1 >SO4 Ca >Mg>Na> K
Section 31 Warm Well - 19 HCOZ >S50, >C1+ Ca >Na>Mg> K
Four Mile Knoll Cold Spring 13.2 HC03:>SO4 >C1 fa >Mg>Na> K
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Plate 1. Salt Warm Spring, W10125, 25°C. This spring is indirect
- leakage from the Roosevelt reservoir.

Discrepancies between silica and alkali geothermometers generally imply
disequi1ibrium and dilution. Various dilutions of the Roosevelt geothermal

fluid (PhitTips Well 54-3) were made with local groundwater (Table 5).

Table 5. Dilutions of Rooseve]t'Reservoir fluid with average groundwater. -

DILUTION

Phillips |

Well 50-3
N 2800 1992 1608 1344 792 480
K 565 469 - 379 316 186 113
ca 9 3w 52 6 75

$i0, 775 643 519 434 ' 256 155
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A graphic comparison of Salt warm'Spring (W10125) and
Bars are based on a logarithmic scale.

Roosevelt Hot Spring.
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Figure 8 is a plot of the resulting subsurface temperatures versus the

'd11ﬁti0n5_seen in Table 5. The diagram indicates that the reservoir

*  Alleli Geothermometer
¥ 5i0, Geothermometer

T=C

e
200-
100+
0+ ; ~ : : .
10 08 0.5 0.4 0.2

Dilution

- Figure 8. Reservoir_fluid dilution versus subsurface temperatures.

~ fluid has internal equilibr{um; i.e., the equilibrium temperatures are
the same. Second, as dilution proceeds the discrepancy between silica
and alkali temperatures 1ncréases. Lést1y, the alkali temperatures are
hardly affected by dilution while the 511fca geothermometer's temperature
decreases as a direct function of.dﬁ1ut10n.~.The‘discrepancy in the
equilibrium temperatures for Salt Spring (Table 2) probably results from
dilution. A ch10r1de~entha]by mixing model indicates a 70 percent hot

water fraction and a subsurface temperature of 245°C.



Thérmodynamic mineral equilibria compilations can be useful in pfe-
dicting scale formation. They are usefd1 despite the lack of considera-
tion for kinetic constraints. -Whenkthermodynamicg predicts that a
mineral will not appear, it cannot precipitate. When thermodynamic
;predictions indicate that‘a mineral wi]i pkecipitate then it may appear
as scale or it may remain completely suspended in the fluid because of-
nonadherence.. Pfecfpitation kinetics govérn the rates at which minerals
precipitate3from.so1ut10n; A saturated ﬁineral or mineral assemblage
" may not come out of solution if the kinetics of the précipitation reactions
are very slow. |

The Rooseve1t_resérvoir fluid (Table 6) as indicated Sy Phillips
Wells 54-3 and 3-1 1is saturated with the hydrated sodium silicates.
kenyaite,-mégadite and for 3-3; quartz. -Mineral equilibria computhtions
“at 150°C-1ndicate saturation with more Si]ica.minerals;. kenyaite,
magadite, quartz,‘chélcedony, and cristobalite.  Silica minerals become
- even more satufated below 150°C. The quantity'of‘metaiiiferous siliceous
sinter of the Roosevelt aréa'is profound and is the result of cooling
reservoir water to temperatures of boiliné or below. Accofding1y, the
after-flash Tiquid may'pfesent scaling ﬁrdb1ems if the temperature'ié‘ 7
aT]owed_to drop below 125°C. Scaling will vary from well to well depend-
ing on the individual water chemistry., A thorough ana]ysislof potential
 sca11nQ at various ﬁH, eH and temperature conditions will proceed at a
latter date using the Helgeson-Herrick geochemical code (Mi11er,‘1977).

Analysis by the U.S;G.S. indicates that the fTuids from all the
14

Phillips production wells contain. no He or ¢ A water age in excess

of 30,000 years is indicated.



Table g.

Phillips Well
Phj]]ips Petro.

3-1

T°C 205+

Carbonates

Silicates Kenyaite
Magadite
Quartz

Gibbs Free Energies in Kcal/mole for regional chloride waters.

Positive values imply

saturation, O values imply equilibrium, and negative values imply undersaturation.

Phillips Well

Phillips Petro.

54-3

260

Kenyaite 19.7
Magadite 13.3

Roosevelt
Hot Spring

51

Kenyaite
Magadite
Crysotil
Diopside
Chalcedony
Cristobalite
Clinenst
Cristobb

OO —=— P O0wn
v v w ow W & W N
WHhoOoOwwwkso

GKI Deep
test
W10430

96

Huntite
Dolomi te
Calcite
Aragonite

Tremolite
Talc
Crysotil

Diopside

Magadite
Sepiolite
Clinenst
Magnesite
Kenyaite
Quartz
Chalcedony

NN S
M W O oo

LU OO~ oD O

Crater
Hot Spring

83

Dolomite
Huntite
Calcite
Aragonite

Tremolite
Talc
Crysotil
Diopside
Quartz
Magnesite

W10164

2.4
1.9
1.3
12

2.5
1.9
3.6
2.3
0.4
0.4

Hatton
Hot Spring
W10261

66

Dolomite 0.6
Calcite 0.4
Aragonite 0.3

Talc 2t
Quartz 0.5
Chalcedony 0.1

Joseph
Hot Spring
W10157

65

Huntite
Dolomite
Calcite
Aragonite

— N w P
OO~

Tremolite
Talc
Crysotil
Diopside
Magnesite
Quartz
Magadite
Chalcedony
Cristobalite
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Table 6. continued

Meadow Twin Peaks Salt Pearson Yellow Jacket Black Rock

Warm Spring Warm Spring Warm Spring Warm Well Warm Spring Cold Well Great Salt L
W10306 W10248 | W10125 10286 W10287 W10167 Lake Brine White Sage Flat
, : : Cold Well
34 30 25 16.5 16 10 11 15.5
Dolomite 2.0 Dolomite 0.8 Calcite 0.4 Calcite 0.2 Calcite 0.1 Huntite 6.3 Calcite 0.004
Calcite 1.1 ~Calcite 0.4 Huntite 0.4 Aragonite 0.2 Aragonite 0.1 Dolomite 3.3
Aragonite 1.1 Aragonite 0.4 Aragonite 0.4 ‘ Calcite 0.4
Huntite 0.8 Aragonite 0.4
Tremolite 7.8 Termolite 8.3 Kenyaite 2.9 Talc 7.6 Talc 3.9 Talc 1.7 Talc 11.2 Quartz 1.
Talc 7.4 Talc 7.9 Quartz 2.0  Tremolite 6.5 Quartz 0.9 Quartz 1.2 - Tremolite 11.0  Chalcedony 0.
Quartz 1.2 Quartz 1.2 Magadite 2.0 Quartz 1.1 Chalcedony 0.2 Chalcedony 0.6 Crysotil 1.6 Cristobalite 0.7
Chalcedony 0.6 Chalcedony 0.7 Chalcedony 1.4 Chalcedony £.8 - Cristobalite 0.3 Quartz 1.2
Cristobalite 0.4 Cristobalite 0.4  Cristobalite 1.2  Cristobalite 0.2 Mirabilite 0.7
Jnesite 0.02 Silicaam 0.7 Magnesite 0.1 Chalcedony 0.6
Cristobb 0.4 Cristobalite 0.3
Silicgel 0.3 Gypsum 0.1
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Three sodium-chloride water discharges occur 11 km west of SaTt
Warm Spring.. The Water§ issue‘out-near the east bank of the Beaver
River. Pearson Warm Well (w10286), Dead Crow Warm Spring (NlO@]O)\and
Yellow Jacket Warm Spring (W10287, Table 2, Plate 2) produce water whiﬁh
is similar to the Roosevelt reservoir fluid with regard to boron, lithium,
“and ammonia. Mixing models indicate‘that,these waters contain in
excess of 70 percent groundwater. Chemistry indicates last equilibration
atlapproximate1y 150°C.for'w10287. One thermal gradient well in the
'vicinity.exhibits normal gradients. Thesg waters may represént 1gékage
from the Rooseve1t Dome fault which has.fTowed down fhe topographic
gradient to the Beaver River.. Further study with hydrogen and oxygen

isotopes should be conducted.

Plate 2. Yellow Jacket Warm Spring, W10287, 16°C
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CRATER HOT SPRING

Crater or Abraham Hot Spr1ng is in Juab County dbout 28 km north-
west of De]ta. The spring issues from a 120 square meter manganous
mound of travertiné.' The mound is on the east flank of a Quaternary
baéa]t flow which has been fau1ted'north—south bost eruption. ,The
spring produces 83°C water at 250 ga11ons per minute.
The water is the sodium—ch10ride variety (Table 2 and 4 N10164)
and contains significant concentrations of calcium, magnesium and relatively
minor amounts of lithium and boron. The waters are mixéd with'aphrOximate1y

40 percent groundwater and have also suffered significant conductive

‘cooling.

Plate 3. Crater (Abraham) Hot Spring, W10164, 83°C. The water

: issues out of a recent]y faulted Pleistocene basalt
flow and deposits copious quantities of manganous
travertine.



The maximum subsurface temperature is approximately 160°C. The waters

are well saturated with carbonates (Table 6).and are likely a result of

deep circiulation in a major fault zone which presently is devoid of

magmatism,

Hatton Hot Spring.

Hatton Hot Spring and Meadow Warm Spring TsSue out eight km south-

west of the town of Meadow in Millard County (Plate 4). They emerge

' from-the,same féu1t system that the 0.45 m.y. White Mountain Rhyolite,

the historic Ice Spring Basalt flow and the Pleistocene Black Rock

volcano arose. Hatton Hot Spring has deposited almost 1.6 square kilometers

of metalliferous travertine.

Plate 4. Hatlon Hot Well, Wi0261, .66°C. The spring issues out
B of a major fault outlined by recent basaltic and
rhyolitic eruptive centers. The original hot springs
have deposited a 1.6 kilometer ridge of hard tan
-travertine. : , ‘
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Both springs produce sodium~chioride water with approximateTy 5000
m§/1 of dissolved 301ids. They are chemically a1md;t identical (Figures -
4 through 8). The waters are rich in lithium, boron, and ammonia. The
- thermal waters have lost temperaturé'both by conductive cooling enroute
- to the surféce and by mixing. Mixing models indicate a 48 percent cold

~water fractioh and an original temperatufe of approximately 185°C.  The
“alkali geothérmometer'indicates subsurface témperatures of'aﬁproxima£e1y
‘zob°c. |
The Hatton and MeadOW'Springs-aré both saturéted with carbonates

(Table 5). The Spring'waters'are probably heated in a carbonate reservoir,

however, a substantial granitic reservoir may underly the Paleozoic R

carbonates.

 The_Hatt0n area is véry'attractive. The area boasts the youngest
rhyq]ite and basalt flow in Utah, vast amounts of metal bearing travertine
and Tntereéting thermal waters. Héat flow may be masked by a cold
shallow artesian_underf1ow which has been used for irrigation'sihce the
early 1900's, |
Monroe Area :

:Three hot springs, issue out of the central Sevier Valley in Sevier
County. - Red Hil1 Hot Spring (Plate 5, W10155), Monroé Hot Spring, and
Joseph Hot Spring (Plate 6, W10157) deposit Targe amounts of travertine
and issue out of major‘fau1t5. Red Hi1l Hot Spring has the highest fIQw
of 40 galions per_minﬁte while Jpseph Hot Spring produces two ga110ns

per minute.

25
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Plate 5. Red HiTl Hot~Spring, W10155, 75°C, issues from a
' concealed range front fault and deposits a manganous
travertine. ' '

Plate 6. Joseph Hot Spring, WI0157, 65°C, issues from the
Dry Wash Fault. The water deposits.ferrugjnous travertine.



Joseph Hot Spring produces sodiumfch10ride water with 7530 mg/1 of

dissolved solids. The water contains high concentrations of boron,

1ithium, calcium and magnesium (Table 2) and is saturated with carbon-

ates (Table 6). 'Geothermometers indicate a subsurface temperature of
140°C.  The water chemistry does not indicate mixing.
Red Hi1l Hot Spring {Table 4 and 7) produces sodium-sulfate water.

The water may contain over a 60 percent cold water fraction of the shallow

'sodium—sulfate water. The original water may be the sodium-ch]bride

variety similar to Jbseph Hot Spring. The deep reservoiY temperature

may be 1in the'vicinity of 180°C. = Hydrogen and oxygen isotope studies

are necessary to confirm groundwater dilution.

“Twin Peaks Area

A 30°C warm spring (PTate 7) dssues out of the northwest flank of

North Twin Peak,'a‘Tertiary rhyolitic volcanic center. Similar water

was encountered at 70 meters, 1.2 km west of the spring while drilling a

thermal gradient hole.

Plate 7. Twin Peaks Warm Spring, W10248, 30°C, issues from
the flank of a Tertiary rhyolitic eruptive center.
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. The spring produces sodium-chloride waters which have equilibrated
at about 100°C (Table 2 and 4, W10248). There is no evidence of mixing
with groundwaters, Thermodynamics indicates saturation with carbonates
(Table 6). The waters are not geothermally interesting in spite of
thefr sodium-chloride nature.

A.é1°C warm well issues out-éix km southeast of North Twin Peak.
‘The well was drilled in alluvium on the west flank of a Pleistocene
basaTt flow called Lava Ridge (Plate 8). The well is 35 meters deep,
'exhibits a7139?C/km gradient and produces 21°C water.
The well produces dilute sodium-bicarbonate water which contain 23
-hg/] of potassium (Table 1 and 4, W10305). The watér is saturated with
Carbonates_and deposits minor calcite in the storage tank (Table 9). The
water is strongly mixed and has been coojed significantly by conduction.

The maximum subsurface temperaturé may exceed 180°C.

Plate 8. Lava Ridge Warm Well, W10305, 21°C

28



29

REGIONAL SULFATE WATERS

At‘least 15 hot springs issue out of two:para11e1 nortthrending en
echeion ridges-]ocatéd abdut’25 km west of Minersville in BeaverlCOUnty.
The ridges mark a ﬁprth—trending fault system in the EScalante Val]ey.
The ridges consist mostjy ofrsand held tqgether by moisture, vegetation
and a travertine containing 22 percent silica. The maximum surface
temperatufe.fs 83°C; The combined spring;flow is about 200 gallcns pér

minute‘(P1ate 9).

‘Plate 9, Thermo Hot Spring, WI10121, 83°C, issues out of
north-trending mounds consisting of moist wind-
blown sand and a gray travertine.
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Thé Thermo Hot Springs prdduée rather di]ute (]699 mg/1) sodium-
squate water {Table 4 andr7). The waters éreVEnriched'in fluoride,
,lithium;_bOPQn and ammonia.' They,are similar to the New Castle Hot
Wells (Table 7, W10254) with regard to the §i0, versuﬁ C]/HCQ3 ratio and
Cl1 versus' Fl (Figureé 4 and b, ﬁeépectivély). The waters are saturated
witﬁ aAsuite of'fgneous and metambrphic minerals and carbonates (Table
- 8). Severe carbonate scaling will occur if the deep feéervofr fluids
~contain the‘high calcium concentrations of the hof springs.

‘The Thermo waters are mixed with approximately 60 percent calcium-

: fich gfoundﬁaters. The ch]oride—entha]py.and si11ca¥enthalpy mixing

models predict éubsurface températures of 202°C and 206°C,'réspe6tive1y.

" This is in good agreement with the alkali geothefmometék (198°C). The
bulk of the calcium in the Springrwater comes'from the cold water fraction
as a resﬁ]t oF‘mixing.

Sulfate watefs (Table 4) are generally younger tHan chloride waters.

‘Su1faté waters are assoéiated with quick rechérge circulation systems.

The older chloride waters of the Roosevelt, Yellow Sfone,_Néw Zealand .
and Japanese_gebtherma] areas ﬁssue from enormous s]ow recharge hydro-
thermal systems. Heat flow data for thé Thermo area is in agreement

‘with the chemical interpretatfon and would indicate a small convecting
Tiquid-dominated system.

| The indicated 200°C subSQrface temperaturés'are adequate for electric
-production; Calcium carbonate sca]ing-éhou]d'not be.substantiaf if the

reservoif f}uid cﬁniains less than 25‘mg/1 of calcium.

New Castjer ; | : _

| .A;TSZ"meter’we11 south of NeWcéstle jn Iron Counﬁy (Plate 10, W10254)
'prdduces boiling water ‘at the rate of 1000 ga11ons'pef minute. Témperature5=

of 107°C ‘at 100 meters and 105°C at 150 meters have been measured.



Plate 10. New Castle Hot.We]T, W10254, 95.6°C {flashing).
-~ Water emerges from concealed underwater pipe.

The well produces sodium-sulfate water (Tables 4 and 7) that is
similar to Thermo Hdt.Spring with regard to S1'O2 Versus C1/-HCO3 and the
C1/F ratio (Figures 4 and 5, respectively). The water has equilibrated
at approximately 155°C; The chemistry does not evidence mixing. -

The‘Néw Castle water may ascend up the west range front fault o%
the Dixie Mountains at the edge of the Enterprise Valley éﬂd disperse in

alluvium- for about 1.6 square kilometers. Gradient measurements made by

‘several companies active in the area substantiate this.
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Dotson's Warm Spring
Dotson's or Radium Warm Spring issues out of the south bank of the
Beaver River about 1.5 km east of Minersville (Plate 11). Waters flow

from Paleozoic limestone at 32°C. The total flow 1s about 30 gallons

per minute.

Plate 11.- -Dotson's Warm Spring, W10120; 32°C. The spring
issues from a fault in Paleozoic limestones

Springs produce dilute (1232 mg/1) sodium-sulfate water (Tables 4
and 7). They are not partitularly enriched in any 1dn and are similér‘
“to the majority of the warm thermal watefs of the area (Figures 4 throﬁgh

7). Maters were last in equilibrium about 80°C and have cooled sme‘
sequently by conduction. Chemistry does not indicate dilution. The
waters are in equilibrium with carbonates (Tabie 8). The'MinersviT1é

thermal watefs probably represent a small Tow temperature hydrothermaT'
system'Tocated in the east—wést fault zone that separates the southérn

Mineral Mountains from the Black Mountains.



Dog Valley.Area

Two 270 meter holes were drilled in 1958 by T. Paxton. Drillers' logs

indicate hot (83°C) white bad-tasting water that stock would not drink.
Theidescriptions indicate that theserwere acid-sulfate waters{
A samp1{ng device was sent down each of these wells. Full pene-.

_ tration was not achieved due to caving and, as a result, no watek was

retrieved.

REGIONAL BICARBONATE WATERS

Government Warm Well

deernment Warm Well (Plate 3), 11 km east of Thermo Hot Springs,
produces 23°C sodium-bicarbonate water (Tables 1 and 4). The water does
not deposit sinter and is similar to the many other warm dilute thermal
waters of the region (ngures 4 through 7). The watér’haé equilibrated
at about 60°C and is not mixed. The thermal effluent of Government Warm
Well probably results from circulation in a fault in the Tertiary Need1es

Range Formation visible near the well.




Plate 13. Government Warm Well, W10268, 23°C, produces warm water
from a fault in the Tertiary Meedles Range Formation.

Mi]ford Warm Wells

Seven wells in and around the city of Milford (PTate 14) produce
1afge volumes of 25°C to 27.5°C water. The city of Milford uses fbur of

thesé wells for the municipa] water supply, The wells are no deeper

than 130 meters.



Plate 14. Milford City Warm Well, W10285, 27.5°C. Well is
' 124 meters deep and supplies municipal water.

The wells produce dilute (412 mg/1) sodium-bicarbonate water (Tables

1 and 4, W10285) that contains minor concentrations of fluaride (1.4

N

- mg/1) and .boron (0.4 mg/1). The waters are chemically similar to regiona1

thermal and non-thermal waters (Figures 4 through 7). Geothermometeks
indicate last equiiibrétionAat approximately 80°C. Dilution by ground-
water is not -evident.

:The Milford waters may arise from a circutating hydrofherma1 systém

associated with the northeast extension of the Pass Fault.
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Gréenvi]]e Warm Artesian Wells

Three artesian wells produce 22°C water, 1 km south of Greenville

(Plate 15). Total flow is approximately 45 gallons per minute.

Plate 15. Greenville Warm Artesian Weli, W10185, 22°C.

The wells produce very dilute (309 mg/1} calcium-bicarbonate

water {Tables 1 and 4, W10184). The general Water.chemistry mplies
a very low temperature regime}' The waters probab1y equilibrated below
50°C. Maters are saturated with carbonates (Table 9) and déposit

minor amounts of travertine on piping.
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Table 9. Gibbs Free Energies in Kcal/mole for regional bicarbonate waters. Positive values imply

saturation, 0 values imply equilibrium, and negative values imply undersaturation.

’ ' Four Mile
Section 21 Government Greenville Warm Lava Ridge SW 31 Knall
Warm Well ‘ Warm Well Artesian Well Warm Well Warm Well - Cold Spring
W10292 W10268 W10184 W10305 W10303 W10181
T°C - 24.5 23 , 22 21 19 13.2
Carbonates DoTomite 1.0 Dolomite 1.4 Dolomite 0.9 Dolomite 0.1 Calcite 0.7
Calcite 0.3 . Calcite 0.7 Calcite 0.3 Calcite 0.1 Aragonite 0.7
Aragonite 0.3 Aragonite 0.6 Aragonite 0.2 Aragonite 0.1 Huntite 02
: Huntite 0.1
Silicates Tremolite 171.5 Tremolite 11.6 Tremolite 9.0 Tremolite 8.7 Talc 2.0 Talc 6.0
Talc 9.5 Talc 9.0 . Talc 8.0 Talc 8.6 Quartz 0.8 Tremolite 3.5
Quartz 0.9 Quartz 1.1 Quartz 0.4 Quartz 1.5 Chalcedony 0.2 Quartz 0.7
Crysotil 0.5 Chalcedony 0.5 Chalcedony 0.9 Chalcedony 0.1
Chalcedony 0.3 Cristobalite 0.3 Cristobalite 0.7
Cristobalite 0.1 : Silicaam 0.2
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Wah Wah Warm Spring
Iwah Wah Warm Spring (Plate 16) produces at léast 5,000 gallons
per minﬁte of 20°C water. The spring issues out of the east flank of
© the Wah Wah Mountains in the vicinity of a range front fault. The water

has depositéd 1.4 square kilometers of travertine.

Plate 16.  Wah Wah Warm Spring, WIQI184, 20°C. The water issues
from a range fault and has dep051ted a 0.7 x 0.6 km
travertine mount.

The spring produces dilute calcium-bicarbonate water (Table 1 and 4,
W10184) that reach a subsurface temperature which is slightly higher than

the surface outlet temperature. The water is similar to regional non-

thermal waters as seen in Figures 4 through 7.

Section 21 Warm Well

~T. Paxton owns a warm well, 8 km northwest of Dog Valley (Wi0292,
Plate 17) in section 21, T24S, R7W. The welil is 152 meters deep and

produces 24.5°C water.



The well produces. dilute sodium-bicarbonate water (Table 1 and 4)
which is similar in composition to regional thermal and non-thermal
waters {Figures 4 through 7). Dilution is not evidenced., Chemistry

indicates last equilibration at approximate]y'?S”Cﬁ.

Plate 17. Section 21 Warm Well, Wi0292, 24.5°C.
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