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THE CHEMICAL COMPOSITION AND ESTIMATED MINIMUM THERMAL
RESERVOIR TEMPERATURES OF THE PRINCIPAL HOT SPRINGS

OF NORTHERN AND CENTRAL NEVADA

By

R. H. Mariner, J. B. Rapp, L. M. Willey, and T. S. Presser

ABSTRACT

Fifty-five of.the principal hot springs in nofthern and central
Nevada have been sampled for chemical analyses. Major element con--
stituents, sodium, potassium, calcium, and silica suggest minimum
thermal-aquifer temperatures of 140°C or more at 16 of the hot
spring complexes. At least five of the hot springs'issue mixed -
waters which may indicate thermal-aquifer temperatures significantly
lower than the true thermal-aquifer temperature.

\

Sodium is. the principal cation in almost all the spring waters.

Four springs in northern Nye County and adjacent Eureka County have

approximately equal amounts of sodium and calcium. Bicarbonate is

the principal anion in most of the spring waters. However, the sampled

hot springs on the western edge of the State have chloride as the

principal anion. A diffuse zone of bicarbonate chloride waters with

or without sulfate separates the chloride and bicarbonate regions.
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- INTRODUCTION
The chemical composition of thermal spring waters is a
valuable aid in exploring for geotﬂermal resources. The principal
hot springs of Nevada were sampled for detailed chemical analyses
during the summers of 1972 énd 1973. The majorfeiement part of
the anélyses has been completed and is being made available at

this time. Complete chemical analyses, isotope data, and mineral

equilibrium data will be presented in a later report.

Godwin and others (1971) list 13 KGRA's (known geothermal
resource areas)AinlNevada.‘ In addition, most of the northwestern’
part of the Staté is shown as an area of potential geothermal
importance. The KGRA's are Beowawe, Lgach Hot Springs, Fly Ranch
(flowing well near Gerlach), Steamboat Springs, Brady Hot springs,
Stillwater;Soda Lake, Darrough Hot ‘Springs, Gerlach (Great Boiling
Spring); Moana Springs, Double Hot~Springs, Wabuska, Monte Neva,

and Elko Hot Springs. Samples were collected from all KGRA's

except Monte Neva, Moana Springs, and Brady Hot Springs. Exploratory:

drilling has altered Brady Hot Springs so that water does not dis-

charge at the surface.

SAMPLE SITE SELECTiON

Sample sites were selected on the basis of temperature data in

Waring, 1965, as well as discussions with R. K. Hose and F. H. Olmsted of

the U.S. Geological Survey. We are indebted to R. K. Hose for visiting
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most of the tgermal springs in northern Nevada, determining which
were suitable for detailed sampiipg, and collecting 19 supplementary
samples.

Tébie 1 lists the spring or well name, lotation, and topographic
map coverage. The distribution of thermal springé and wells from
which water samples were collected is shown in figure l; Spring
names are taken from U.S. Geological Survey topographic maps and
Nevada Bureau of Mines Bulletins, or are local names used by residents
near the spring.

METHODS AND PROCEDURES

Water samﬁles were collected af points as close as possible to
the orifice of the thermal springs or wells. If the spfing had
several‘orifices, then the diécharge from the orifice with the
highest teﬁperature and highest specific conductance was sampled.
Water was collected in a 12-liter stainless-steel pressure vessel
and immediately pressure filtered through a 0.45um (micrometer)
effective pore diameter membrane filter using nitrogen as a pressure.
source. - The filtered water samples were collected and stored in
plastic bottles which had been washed with acid tovremove any trace
contaminantsrprior to use. Ten milliliters of filtered sample
were diluted to one hundred milliliters with distilled deionizea water
to slow the polymerization of silica.

Field determinations were made of barometric pressure, air’

‘temperature, water temperature, conductivity, pH, and alkalinity.

Flow rates were estimated based on experience with measured




(o2) *#2N ‘333TTTW {(,S1) 42N ‘yeaq adoyajuy
(o2) *A3N ‘®oonwauuis ¢(,ST) "A3N ‘Aydung

(o2) 43N ‘edonwauuip f(,ST) ‘AN ‘fydung

aoNvA.>uz ‘goonuauutpm ¢ (,6T) ‘adN ‘A311BA JUaD831D

(oZ)"A2N “32TTIH {(,51) 'asN ‘Buyads I0H 1ITEM

(oZ) 4PaN-°"43N ‘oATT ¢(,Z/1-L) AN ‘MN 33eT 4qny

(oZ)*A2N ‘eodnwauupy f(,S1) 43N ‘uyraed

(o0z) OYepI=-‘310~'A3N ‘337waa@oK ¢ (,GT) ‘AaN ‘BaoaEosn]

(oZ) ©oyepI-uyean *A2N ‘ST13M ¢ (,S1) oyepI-‘aaN ‘4310 uyejunoy

(oZ) OuEpI-y®aIN-'A3N ‘STTaM ! (,ST) "ASN ‘28I0H PITM
(o7) OUBpI-yeaf-"A3N ‘sTTaM !(,7/1-L) AN “jBad L3170
(o2) oﬂuvHLs-u:|.>oz ‘STTI2M uA_N\anNM *A3N ‘yBag £31xQ
(o2) ouBpI-yean-*A3N ‘STT3M ‘(,ST) OY¥PI-‘A3N ‘urerderaq
(oZ) OYBpPI-yeaf-‘aaN ‘s1am ¢(,S1) oyepI-yean-‘asN ‘3}221) 28009
(oz) 43N ‘®oonwauuyp {(,61) ‘A3N ‘fa11eA auld
(o2) UP3N-"A3N ‘ON1T f(,ST) "AdN ‘3TTTOWST
(oZ) U®AN-"A3N ‘01T ¢(,Z/1-L) "A3N ‘3s3a ‘oy1d 0

(oz) A2N-"3TTED ‘@eT IaxTeM f(,Z7/1-L) ITIBD-"A3N ‘uaputi

(oZ) ‘AN ‘ouay £(,S1) *aaN ‘1e3earrras

-aaN ‘ouay f(,67) ‘aaN ‘sBupads I0H 2IXIQ *gse ‘¥ ‘"Nzz "1
(o2)

(o2) "83N ‘ouay ¢ (,S1) °4AdN ‘g8utadsg uayly (M ,ENOBIT

‘506 ¥ ‘°N8T ‘I ‘87
c@gy ‘¥ ‘°NIE "1 ‘8
*ggy ¥ ‘°NIE ‘'L ‘L1
cagy "4 ‘°N6Z ‘I ‘11
“agy ' *Nwz 'L ‘g€
.»wnsou ®jaang

+dgs ‘¥ ‘*NLzZ ‘1 ‘2
‘azs ¥ ‘*Nee "L ‘ee
*gz6 *¥ ‘°NIY °lL ‘8

o8
*oes8

*o98

-1

*o98

‘038
*o28

98

‘9cc ‘¥ .rznc *1 ‘y *oes

*4z9

229
tan9
“d0L

azs
‘46
*ass

‘a6l

‘¥
d
4
S
|
RS
S

‘*NgE
‘*NgE
‘*NgY
q-EQ
f*N8Z
‘N1E
n.z‘un

‘L
‘L
'L
‘L
‘L
‘L
L

Ly
‘07
‘91
‘ot
A
‘11
‘12

£3uno) oj13

*238
‘o98
* 028
*098
*228
*228

‘098

‘¥ ‘°Ne1 °1 ‘zz ‘oes

A3junop ser8noq

*F1E ‘¥ °NET "L ‘L 998
‘g 028 #/1 AN pPue G °238
“8uoy ».z L, Z1o6€ 3BT) Ppakaainsup
A3uno) TT¥YLanyd

K748
9/1
/1
/1
9/t

9/1

9/1

9/l
9/t

K74
/1
VAt
LZA

9/1

L7A¢
/1

as
s

MS

MN

N

nr 16SoSTT Buot “N \Sol% "ABT) pakaainsupn

as
aN

BEEEB

=

MS
as

g8ujadg J0H arvwojoyjaeqd

- Suyads

11oM ,uB338, dMBMO]

jurod

g8uyadg J0H FaITeEM

ysaey £qny aeau SBujads
" ujypaep aweu SBujads

s3uyads
(e1114838g 3SS) Butads
(110A1983Y 38I0H PITM) Bupads

s112M awau SBujads

sT12M asau 3ujads
8utads

(M22a) 10H) SBuyads

s8uyads 30H amding

s3utads

uor amem0aq

g3ujadg J0H

~ N O 3 0

j0y pauwswup ZT
j0y paweuun I

anydyng 30H 01
j0Y paweuuf
J0y paweuuf)
30y pewsuufl
0y pawsuuf]
J0H 1®BI2UlH
Butads 3TN
j0y pauwwuu(]

~“ N M & NN O I~ © O

310H 10H

J0H sLa1T1EM 1

" 2938ATTFIS UT 113M Bupmold €
s8utads J0H £311®¥A 2IXTA T
s8uyads 304 397 |

a8e12A00 dew ojydeadodol

uo}3IBI07

1124 a0 8Buyads

s11am pue sSujads joy pa3oaTas jo a8wiasoo dew oyydpadodo3 pur uo}3IeV0T-=°1 ITQEL

i ‘




u , (o2
. (o2) "neN

(aZ) "aaN

(gZ) "aaN

*A3N ‘yedouoy ¢ (,S1) "A3N ‘sBujads waepy
‘3BTTIN £ (,61)
32TTIR £ (,51)
‘3BTTIH £ (,51)

(o) *naN ‘yedouoy ¢

‘a3N ‘Imod young s, BuUEBLQ
*A3N ‘1mod young s,BuBLQ

“A3N ‘1mog Yyoung s,euEiQ

- ‘3406 ‘¥ Ny 'L ‘oz

(o2) *a2N ‘yedouog ¢

(o2) "A3N-"3778D ‘ayeq aq1eM {(,z/1-L) "43N  ‘ST1Tsepos

(02) ‘A3N-"3ITBD ‘ayEy ayyepm £(,S1) *ASN ‘uo3Buyriem
| (oZ) °AdN ‘yedouol ¢ (,ST) *AsN ‘Bysnqep

(o2) “aeN «100:50::«3 $(,S1) °*naN ‘sButradg orezyng
(oZ) 43N ‘321T1IM ¢ Z

(62) 43N ‘edonmauuiy ¢ (,S1) *aaN ‘saepap ayg

(o2) “A3N ‘33TTTH ¢ (,S1) "aeN ‘sSujads joH l3duadg

(oZ) OYepI-‘310-"4AdN .uu«sumnuz £(,ST) °"aaN “jeag s8uyads 3j0H
(o2) uoBa1p-epeaaN ‘ehjp £(,S1) *aaN “qeaqg a233ng

(oZ) "aaN ‘®oonmauuty {(,z/1-L) ‘AaN kuom.uom

(o2) uo8aip-epeaaN ‘eda $(,S1) *2a0-"4aaN ‘juiog peoaryey
aouv uo8ai1p-epeAaN ‘BAp (,S1) *@ap-*aaN ‘ojuaq

Ao~v uo8a1Q-epBAIN ‘BAp £(,S1) *2a0-*asN ‘ojuag

(oz) uo8aip-epeaaN ‘ehp “A_mwv *adN “qBag aayyng

(o2)

(o2) wo8aip-epeaay

(o2)

(02)

(oZ) ""A3N ‘®OONWAUUTM £(,ST)

(o2) ‘4N .uuu:ea::«B.mA_mAV

uo8aiQ-epeaay ‘efp ¢
‘efp ¢

uoBaap-epeaay ‘eLp ¢

uo8aap-epeAdN ‘BAA ¢

*AadN ‘*u3ly eupz

*A3N ‘*ujy eupgm

“028 #/1 MS
“ALy ¥ N9 L ‘z *998 /1 AN
‘dLy ¥ “CNp1 L “zz c9@s /1 as
*dLy "4 "Ny 1 ‘zz *o3s 4/1 aS
'@y ¥ °NIT L ‘g °oes
‘HEY ¥ “°NIT ‘L ‘g ‘o098

£3uno) afN

“dGE ¥ ‘N9 ‘I ‘67 ‘o9 /1 as

*d€T '™ ‘°NZT 'L ‘91 ‘o998 /1 dS

(14

it
*36€
*dgy
(M 15911 * Buot

£3uno) 1eIdUTR

¥ UNST 'L ‘91
£3uno)H uodg

‘938 H/1 dS

‘¥ “*N6Z L ‘ez

o A-E.—. ‘3 nﬂ.m *23g

¥ Nz L ‘ez to9s g1 AN

LAy 16%06€ *3IBT) pakaaansup
£3uno) aapueq

‘938 /1 3S

‘417 ‘¥ “°NIy ‘L ‘0z *9°8 /1 AN

"HIE ¥ °N#y 'L ‘p °93s /1 AN
"GEY "¥ “°NSE "I ‘1T ‘938 4/1 MS

*H8Z M “N9% 'L ‘81 998 H/1 MN
*d8Z ¥ ‘*Now 1 ‘g1 .oun.q\H MN
38T "W "N 9% "1 ‘g1 ‘93s n/1 MN
*30E ¥ *NEw 1 ‘sz ‘098 /1 IS

(Mi L9 o8TT * BUOT ‘"N, 12,1% 3B1) pakaninsup
(M,8908TT *8uoT‘*N,0Z,I% *3B1) pakaainsup

*ayT ‘¥ “°NO¥ 'l ‘gz ‘oss
39T *¥ “*N9E "L ‘4 -oes
*30% ¥ “*Nog ‘1° ‘6z
“F0y sy e Ne ele 1 e
£3uno) 3groquny

* 238

*Oo9s8

%/1 a8
9/1 3S

s8utadg waem awau

Suyade wamm paweuup

8utads 30H youwy 8,3304

1s0d youngd s, BueFq avau Buyads 30H

140g yound s, BUBTQ

~—s38utads 304 ySnoaaeq

11°A ,ueals,, ysnoaaeq

s8utads epog

s3uyads 304 ®peAaN
sButadg 304 eysnqey

s8utads j0H Lay1ep oreyyng

(£311®A %221D y3jus) w:«unm 30y pawwuu()
Acomz ay3j jo £syrep) Buyads joy paweuup
g3utadgs 30N aaouadg

s8ujads J0H aygy

&N O 3 n O

9~
ﬂ\
-
H\

Burads 30H paemoH z1

304 I0H 11

s8utadg joy Sog

Burads 3j0H a0zmyreg 6

Butads 30H 10zEyEg IBau 1yam Butmold g
Suyadg 3oy ox»n. L

Buyadg 104 o3juyg 3I8BT 9

(1134) Butads 30H ojuyd 389M

8MOpEAN 1271p10S UT sButads Joy paweuug 9
sB8uyadg 304 arqnoq ¢

BpuOdT09 aeau 3ujads Joy paweuupn g
I

(youey sBujads 3joH) Butrads 3oy pawwuupn

38812400 deu ojydeasodog

' uot3eo0]

1124 10 Bujads

- vu:cﬂucoo

s{1am pue s3ujads 30y

P2322198 jo 28813400 dew djydei8odo3 pue UO}IBDOT--"] 21qRL




(o2) "A3N ‘oudy {(,z/1-L) °"#3N ‘jeoqueaisg

(o2) °"3T1BO-"42N ‘2012407 !
(oZ) 311BD-"43N ‘30012407 ¢(,ST) ‘AN ‘yoe112n
(oZ) "3T18D-"43N “oo1aa01 ¢ (,T/1-L) AN ‘g)00y 21p23N 3yl

Aomv *AIN .uuu:ﬁu:ﬁ«k _A.m.c *AaN ~nm=ﬂuaw 30H yowaT
(o2) "3T1EO-'A3N “jyooraaoT !
(o2) °"FTTEO-"A3N 40073407 !

S (,2) *#3N ‘moonwauuim f(,GT) ‘AN "UIK utey
(oZ) °"AeN ‘esonwauuty ¢ (,ST) "A3N f*u3jy uyen

(o2Z) "A3N ‘Eddnuauuly £(,S1) *AaN ‘sasoW "IK

307 ¥ °N8T ‘1 ‘€€ "998 4/1 AN
‘ggz ‘¥ NyE L ‘g t9s ,
sggz ¥ ‘Nz 1 ‘ST 998 %/1 MN
(M, 070611 *BU0T "N, 6,07 *381) pakaainsug
£3uno) a0YyseM
‘@gg "M *NgE 1 ‘9¢ *9%8 4/ IS
(MBS o8TT *BUOT ‘"N, LS 0% "3®1) pakaaansupn’
(M Lo611°8U0T “*N ,9%,0% *38T) Pakaaansup
‘36€ ¥ ‘°NSZ "I ‘9T *998 4/1 M
+age ¥ ‘°N9z ‘I ‘67 998 /1 IS
‘o9 "W ‘*N6Z "1 ‘1 928 /1 MS
*30w ¥ ‘*NLz "1 ‘8T 928 4/1 MS
A3uno) Bupysaag

= sSuyadg 3soqueals &
yoey1an awau [1am Buimord ¢

Suyadg Buyyyod 381H T

! . (s300¥ a1paaN) uumhmu weals |
gButads 30H yowa T [

jooy yoeIg asau Buyads oy pawsuun 9
089211 aeau SBujads j0Y pawsuuf) ¢
A:ucnw aamo7) Bujads joy paweuup 4
s8uyads 304 nos ¢

s8uyads 04 o914 T

(Ka11eA Kesaar) Bujads 3oy paweuun |

a8ei1an0d dew mqnmnuwoaOF

u0T3IBI0T

1134 10 Buypads

panupuod--s112m pue sB3ujads 3oy pajda[as jo 28e12na00 dew djydealBodoj pue uojjed0]--‘1 d1qEL |

|
|
|
|
(o2) 42N ‘edonwauuipm ! (,6T) 42N ‘g8utads 30H ardy

AN




. \\

| NEVADA
L

-

38 ‘.\.J‘/ ! ii __________
“  ESMERAL[DA '
= : [N
N ; !
18" \—— I 4 S
I i :
S ;
% i
37 L
~ HSCET R

NT S -
N 1
54 i
BN .

Q\h. '!! o

SCALE i
- BS.V.___
N
IC.)O,L? IQO'MILES
100 0 100 KILOMETERS _
Figure 1. Map of the State of Nevada showing the location of sampled thermal
‘ springs and wells. The numbered dots correspond to sampled springs

and wells listed by county in tables 1, 2, 3, and 4 of the text.
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discharges from springs énd wells. Water temperatures were deter-
mined with a thermistor probe and é maximum-reading mefcury—in—glass
thermometer. Conductivity was mgaéured in the spring using a con-
dpctivify 5riége with a temperature compensator. The pH was measured.
di;ectly in the spring using the-method of Barnes (1964). Alkalinity
was determined by the method of Barné; (1964) immediately after the
sample was withdrawn from the spring. |

The supplementary samples ére grab samples collected by Richard
K. Hose of the U.S. Geological Survey. These supplementary samples
were not filtered, nor was the ﬁH or alkalinity détermined in the
field. A laboratory determination of pH is reported. in table 28
along with the laboratory detérmination of total carbonate as
bicarbonate. The laboratory determined pH's of sﬁpplementary samples
from Kyle and Spencer hot springs were 1.60 and 1.51 pH units higher
than pH's déterminedvin the field.. Siliéa was higher in the supple-
mentary samples, 150 mg/1l (milligrams per 1liter) "(filtered) versus
175 mg/l (uﬁfilte?ed) for water'éamples collected at Kyle Hot Spring.'
Only data on filtered samples from Kyie and Spencer hot -springs arev
included in this report.

WATER COMPOSITION

The chemical analyses (téble.2) show that most of the thermal
springs discharge sodium bicarbonate water. However, therﬁal springs
along the western sid# of the Staﬁe, Washoe Coﬁnty, discharge sédiuma
chloride waters. Some sodium mixed'anion waters occur around the

Black Rock Desert in Humboldt County. Sodium and calcium occur in

10
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approximately equal molar amounts in the water from Diana's Punch
Bowl, the springs at Potts Ranch and East Ruby Marsh, and Walti
Hot Springs; Water from Nile Spring is a calcium magnesium

bicarbonate type.

The waters range in pH from 6.47 at Walti Hot Springs to 9.38
at the Beowawe "steam" well. Specific conductance is highest for
sodium chloride waters such as the discharge from Great Boiling
Spring at Gerlach and lowest fér the sodium calcium bicarbonate or
calcium-magnesium bicarbonate waters mentioned above.
| CHEMICAL GEOTHERMOMETERS
The chemical composition of-fhermal spring waters can be used
to estimate thermal—aqﬁifer témperatures; ‘Qualitative geochemical
. indicators'include calcium ;and,bicarbonate contents of near-neutral
waters (Ellis, 1970); magnesium or magnesium to calcium ratios, low
values igdicate higﬁ thérmal—aquifer températures (White, 1970);
sodium.éo calcium‘ratios, high ratios ﬁay indicate high tempera-
tures (Mahon,v1970);.chlo;idé to total. carbonate ratios, highest ratios
in related waters indicate the hig‘r;est subsurface temperatures |
(Fournier and Truesdell, 1970); and chloride to fluoride ratios, !
high ratios may indicate high temperatuie (Mahon, 1970). Quantita-
tive estimates of thermal-aquifer temperatures méy be obtained
from geothermométers based on silica and sodium to potassium (Na/K)
ratios or sodium-potassium-calcium (Na—%—Ca) (Fournier and Rowe,

19663 White, 1965; Fournier and Truesdell, 1973). The basic

assumptions in using quantitativegeothermometers have been
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enumerated by Fournier, White, and Truesdell (1974) as follows:

1. Temperature dependentvreactioﬁs occur at depfh.

2. ‘There is an adequate supply of the conétifuents that are

usedras a basis for éeothermometry..

3. Water-rock equilibriuﬁ occurs at the reservoir temperature.

4. .There is negligible re-equilibrium at the lower tempera-

tures as the water flows from the reservoir to the
sufface.

5. There is no diiution or mixing of the hot water coming .

from dépth’with shallow water.

The silica geothermometer is based on the solubility of quart£ L

’(Fournie£ and Rowe, 1966). The cation geothermometers are based on '
. exchange reactions between silicates and the aqu'eous pha.sé (White,
1965; E1lis, 1970; Fournier and Tfuesdell,.1973). Fourniepvand
Truesdell (1973) have shown that data for most geothermal waters
cluster near a straight line when the function‘log (Na/K) + B log
(VE%/Naj'is plotted versus the feciprocai,of absolute temperature.
Beta (B) is 4/3 for solutions that have equilibrated below 100°C
and 1/3 for solutions that ﬁave equilibrated above 100°C. The ﬁa/K
geothermometer should be used only for.near—negtral and alkaline
waters that do not aeposit travertine and have /Ca/Na of one or
less (Fournier and Truesdell, 1973).

Fournier, White, and Truesdell (1974%) present a set of guide-
lines for determining which subsufface—temperature estimate may best
indicate the thermal;aqﬁifer temperature. These authors récommend

‘I" | ; 5
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a procedure based on the temperature and discharge of the spring.

A large discharge is taken to be 100 1lpm (liters per minute) or
more, whereas a small discharge is less than about 20 ipm. Boiling
sprinés ﬁavipg 1arge dischargeé may be considerea to have cooled .
adiabatically, whereas boiling springs bavipg small discharges méy

have cooled by conduction. Boiling springs discharging between 20

"and 100 1pm are in a range where the selection of the adiabatic or

conductive silicé estimate of ;ubsurface temperature becomes
subjective.

.Large dischargé springs with temﬁerafures beiow boiling may
béAeither a mixed water or wéter whiéh has equilibrated with rock
only sligﬁtly hotter than the.measured épring temperature. The

mixed waters are produced by the mixing of high temperature (>100°C)

water and cold meteoric water. If the Na-K-Ca geothermometer

indicates a temperature of more than 25°C above the measured spring
temperature, then the water should be treated as a mixed water by
the method of Fournier and Truesdell (1974). Estimated.equilibrium

temperatures for low discharge springs with ‘temperatures below boiling

~are difficult to interpret. The discharge may be either a mixed

water or water which has cooled by conduction. The equilibrium

'tempefatdre estimates for the mixed waters, table 3, represent

minimum .thermal-aquifer temperatures. The underlined numbers in
table 3 represent the "best" estimate of thermal-aquifer temperature,
R e e o AN s b T > il Y At A er ey S e P S oo - AR e S v b T & e B

Precipitation of calcium carbonate at the unnamed hot spring

(Hot Springs Ranch), the flowing well near Gerlach,,Hot Hole, the

- 16
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Steam Geyser ét Needle Rocks, and the flowing well in Stillwater,
make the Na-K-Ca subéurface—temperature estimates doubtful for

these samples. Thérmal-aéuifer temperatures estimatéd from the
chemical analys;s indicafe 16 gifferent spring complexes where

the waters have circulated through rock having a tempefature of

at least 140°C. The flowing well in Stillwater, Beowawe Hot Springs,
Wabuska Hot Springs, Leach Hot Springs, Great-Boiling Spring, and

\

Steamboat Springs, gll have'eséimated minimum thermal-aquifer
temperatures of at least 140°C and are in areas'designatéd as known
géothermal resource areas by'Godwin énd dtﬁers (19715; Other areas
of geothermal potential not in'kndwn geothermal resource areas afe
Lee Hot Springs and Dixie Valley Hot Springs in.Churchill'County,-
Sulphur Hot Spriﬁgs and two unnamed hot springs near Weils in Elko
County, Pinto Hot Springs, Baltazor HotFSpring, and an unnamed hot
spring (Hot Springs Ranch) iﬁ Humboldt County, an unnamed hot spring
(Smith éreek Yalley) ih Lander County, as well as KyleAHot Springs
and an unnamed hot spring (Jersey Valley) in Pershing County. Dixie
Valley Hot Sppings, Mineral Hot Springs, an unnamed hot spring (neaf
Wells), Double Hot Spring, and Dyke Hot Spring may be mixed waters.
The thermal—aquifer temperatures estimated from the water composiéions
may be significantly below thé‘true thermal-aquifer temperature.
GEOLOGIC SETTING
Nevadp, part of the Basin and Range Province, consists of

roughly parallel fault-block mountain ranges separated by alluvial-

filled valleys. Exposed rocks range in age from Precambrian to -
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Quaternary. Precambrian and Paleozoic rocks crop out in the mountain

ranges of eastern Lander, Eureka, and southern Elko Counties (Mont-

gomery, 1965). Mesozoic sedimentary and volcanic rocks are—widespread

in Pershing and southeastern Humboldt Counties: Mesozoic granitic
intrusive rocks are common in ;estern Pershing and northern Humboldt
Counties, as well as near the.Sierra Nevada of California. Cenozpig
volcanic rocks and related sedimentary rocks are predominant in
Washoe, northern Humboldt, northern Blko, Churchill, western Lander,
and Nye Counties.

The types and ages of rock exposed near thé springs as well
aé selected references -on the geology of thé area around the spring
are listed in table 4. 'Mést of fhe thermal springs are along.
permeable zones associated with faults. Quaternary‘élluvium and
lacustriné-rocks cover the fault lines along which’many of the
springs issué.

TYPES OF THERMAL SYSTEMS

White, Muffler, and Truesdell (1971) discussed vapor-dominated
and hot-water-dominated systems. They state thatvfhermal springé ,
associated with either vapor—dominated or hot-water-dominated
systems have distinctive physical and chemical characteristics.
Vapor-dominated systems are found in impermeable rocks whilé hot-
water-dominated systems are found in relatively permeable rocks.
The perheability.associated with hot-water-dominated systems may
be eitber fracture permeability or distributive permeability.

Vapor-dominated systems have thermal springs with low discharges

22
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(100 1pm or less) of sulfate waters. These sulfate waters are low
in chloride and often strongly acidic (pH 2 to 3). Tﬁe-few thermal
springs of near-neutral pH discharge sodium bicarbonate waters having .
chloride contents of less than 20 mg/l. Hot-water-dominated systems
have thermal springs with high éotal discharges (several hundred
to-several thousand liters per minute) of chloride-rich waters.
Individual springs associated with hot-water-dominated systems may
have discharge rates as low as ; few liters per minute. .

The sampled hot springs in Nevada have 9hemical compositions
charactéristic of hot—ﬁater—dominated systems. Séveral warm springs
h;ving lqw specific conductances contain less than 20 mg/1 chlofiée
and are neutral to slightly acid in pH. These.warm'éprings are in
equilibrium with rock at or very near the tempera&ure of the spring.

SUMMARY

Sixteen of the thermal spring.éomplexes of northern and central
Nevada have chemical compositions that indicate thermal-aquifer
temperatures of at least 140°C. Sodium is the principal cation in
these waters, while the anions méy_be bicarbonate, chloride, of a
mixture of chloride, bicarbonate, and sulfate. |

-~

Eight of the thermal springs having estimated thermal-aquifer

temperatures of 140°C or more have a poorly déveloped regional

trend. This regional trend extends from Wabuska Hot Springs in
Lyon County, northeast through Church}ll, Pershing, and into south-
eastern Humboldt County. The Stillwater Range of Churchill County

and East Range of Pershing County parallel this trend. Hot springs

27




having estimat.ed thermal aquifer te_rnpera;cures of 140°C or more along
this trend include Wabuska Hot Springs in Lyon County, Lee Hot
Spring, Stillwater flowipg well, and Dixie Valley Hot Spring 1n
Churchili Count;r, Kyle, Leach, and an unnamed hot spring (Jersey
Valley) in eastern Pershing County, and an unnamed hot spring (Hot

Spring Ranch) in southeastern Humboldt County. Eight other areas

scattered over the State where estimated thermal-aquifer temperatures

" exceed 140°C include Sulphur Hot Springs in Ruby Valley, and two

unnamed hot springs near Wells in Elko County, Beowawe in Eureka
County, Pinto Hot Spr.'ings' and Béltaz_o_r Hot Springé in’ Humboldt
Ck;unty, Great Boiling Sprin‘g a.nd Steamboat Springs in Washoe County,
and an umllamed hot spring in southwestern Lander County. Additional

hydrologic data may indicate that the springs issuing mixed waters,

. Mineral Hot Spring in Elko County, Dyke Hot Spring in Humboldt .

County, and Double Hot Spring in Humboldt County, have significant

geothermal potential.
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