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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 northern and central

Nevada have been sampled for chemical analyses. Major element con- ·

stituents, sodium, potassium, calcium, and silica suggest minimum

thermal-aquifer temperatures of 1400C 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 Ehloride 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 geothermal resources. The principal

hot springs of Nevada were sampled for detailed chemical analyses

during the summers of 1972 and 1973. The major-element part of

the analyses has been completed and is being made available at .

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

eluiljbrium data will be. presented in a later report.

Godwin and others (1971) list 13 KGRA's (known geothermal

resource areas ) in Nevada. In addition, most of the northwestern

part of the State is shown as an area of potential geothermal

importance. The KGRA's are Beowawe, Leach 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 Elke Hot Springs. Samples were collected from all KGRA's

except Monte Neva, Moana Springi, 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

1 .
the U.S. Geological Survey. We are indebted to R. K. Hose for visiting

.
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most of the thermal springs in northern Nevada, determining which

were suitable for detailed sampling, and collecting 19 supplementary

samples.

Table 1 lists the spring pr well name, lotation, and topographic

map coverage. The distribution of thermal springs and wells from

which water samples were collected is shown in figure 1. 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 samples were collected at points as close as possible to

the orifice of the thermal springs or wells. If.the spring had

several orifices, then the discharge from the orifide with the

highest temperature and highest specific conductance was sampled.

Water was collected in a 12-liter stainless-steel pressure vessel

and immediately pressure filtered through a 0.45ym (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 to remove any trace

contaminants prior to use. Ten milliliters of filtered sample - .

were diluted to one hundred milliliters with distilled deionized .water

to slow the polymerization of silica.

Field determinations were made of barometric pressure, air•

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

Flow rates werd estimated based on experience with measured

3 'r
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discharges from springs and wells. Water temperatures were deter-

mined with a thermistor probe and a maximum-reading mercury-in-glass

thermometer. Conductivity was measured in the spring using a don-

ductivity'bridge with a temperature compensator. The PH was measured-

directly in the spring using the method of Barnes ( 1964). Alkalinity

I .'
was determined by the method of Barnes (1964) immediately after the

-- sample was withdrawn from the spring.

The supplementary samples are grab samples collected by Richard

K. Hose of the U.S. Geological Survey. These supplementary samples _

were not filtered, nor was the •H or alkalinity determined in the . •'

field. A laboratory determination of pH is reported. in table 2,

along with the laboratory detirmination of total carbonate as

bicarbonate. The laboratory determined PH's of supplementary samples

. from Kyle and Spencer hot springs were- 1.60 and 1. 51 pH units higher

than pH's determined in the field.. Silica was higher in the supple-

mentary samples, 150 mg/1 (milligrams pdr.litef) (filtered) versus

175 mg/1-(unfiltered) for water-samples collected at Kyle Hot Spring.

Only data on filtered samples.from Kyle and Spencer hot- springs are

idcluded in this report.

WATER COMPOSITION

The chemical analyses (table.2) show that, most of the thermal

springs discharge sodium bicarbonate water. However, thermal springs

along the western sid• of the State, Washoe County, discharge sadium,

chlotide waters. Some sodium mixed anion waters occur around the

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

f
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approximately equal molar amounts in the water from Diana' s Punch

Bowl, the springs at P6tts 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. Sp�254cificconductance is hikhest. for; .

sodium· chloride waters such as the dischafge from Great Boilink

Spring at Gerlach and lowest for the sodium calcium bicarbonate or.

calcium-magnesium bicarbonate waters.mentioned-above.

- - .CHEMICAL GEOTHERMOMETERS

- The chemicaf composition of thermal spring �036«terscan be -used

to estimate thermal-aquifer- temperatures• Qualitati*e geochemical

indicators include calcium 'and. bicarbonate contents of near-neutral

waters ( Ellis, 1970 ); magnesium or magnesium to calcium ratios,.low

values indicate high thermal-aquifer. temperatures (White, 1970 );.-•

sodium to calcium ratios, high ratios may indicate high tempera- . 2

tures ( Mahon, 1970 );»chloride to.total. carbonate ratios, highest ratios

in related waters indicatethe highest subsurface. temperatures '

( Fournier and Trudsdell, 1970 );.and 6hloride..to fluoride- ratios,

high ratioh may indicate high temperature ( Mahon, 1970 ). Quantita-

tive estimates of thermal-aquifer temperatures may be obtained ..

from geothermometers based ori silica and sodium to potassium (Na/K)

ratios or sodium-potassium-calcium (Na-1•-Ca) ( Fournier and Rowe,

1966;. White, 1965; Fournier and Truesdell, 1973). The basic

assumptions in using quantitative.geothermometers have been
. I.

-1
/\

.'

* /
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enumerated by Fournier, White, and Truesdell (1974) as follows:

1. Temperature dependent .reactions .occur at depth.

2. There is an adequate supply of the constituents that are

· · used as a basis for • geothermometry. •

3. Water-rock equilibrium 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

surface. .

'. ,

5. There is no dilution or mixing. of'the .hot water coming.._-

from d•pth-with shallow water.

- The silica deothermometer is'based--on the.sol»ility of q.-tz'-

( Fournier and Rowe, 1966 ). The cation geothermometers are based.on ': ,

exchange reactions between 'silicates and the aqueous phase ( White, m

1965; Ellih, 1970; Fournier- and Truesdell,.1973). .Fournier and ••: •.

Truesdell ( 1973).have shown•«that" datasfor.most· geothermal waters

cluster near ·'a straight line when the function log (Na/K) +·B log

(",/58/Na)- is•plotted versus the reciprocal of absolute temperature..• . -'

Beta (B) is.4/3 for solutions that have eqdllibrated below 1000C'; ·- ..••••·

and 1/3 for solutions that have equilibrated above 1009C. · The Na/K

geothermometer should be used only for near-neutraland alkaline

waters that do not deposit travertine and have ,/ER/Na of one' or

less ( Fournier and Truesdell, 1973 ).

Fournier, White, and Truesdell (197t) present a set of guide-

lines for determining which subsurface-temperature • estimate may best

indicate the thermal-aquifer temperature.. • Thehe: authors recommend

.•6

.

*: /
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a procedure based on the temperature and discharge of the spring.

A large discharge is taken to be 100 1pm (liters-per"minute) or

more, •whereof,a. small discharge is less than about 20-lpm. Boiling

springs having large discharges may be considered to have cooled .

adiabatically, whereas boiling'springs having small discharges may

have cooled by conduction. Boiling springs-discharging between 20.. '-

: and 100 1pm are.in a range. where the.selection of the adiabatic or ·•.

•1•ducti•e silic. estim-ate of-1.surfice temperat.re becomes- --- 1 -1-- -111-

, Large discharge springs with temperatures below boiling.may .

be either a mixed water or water which has equilibrated with rock../-

only slightly hotter than the measured spring temperature. ThJ

mixed waters are produced by the mixing of high :temperature (>1000C)

water and 8old meteoric water..If the Na-K-Ca geothermometer

indicates a.temperature of more than 25'e above the -easured spring .

temperature, then thf• water should be. treated as -a mixed water by z -- .

the method of Fournier and Truesdell (1974)...: Estimated. equilibriuin :I':-

temperatures for. low discharge springs.with 'temperatures below boiling •

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

woter or woter which has cooled by conduction. The equilibrium • -• - •

temperature estimates for the mixed waters, table 3, represent

• minimum.thermal-aquifer temperatures. The underlined numbere_a

tels-3-.represent.ths3kestl'L,sstimate of t•rmal--i!suti*E-•ei,Eeraltws.. ·

Precipitation of calcium carbonate at the unnamed hot spring

( Hot Springs Ran"ch ), the flowing well neab Gerlach, Hot,Hole, the

.
/ /
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Steam Geyser at Needle Rocks, and the flowing well in Stillwater,

make' the Na-K-Ca subsurface-te®erature estimates doubtful for

.

these samples. Thermal-aquifer temperhtures estimated from the

-chemical analyses indicate 16 different spring . complexes where

the waters have circulated through rock having a temperature of

at.leait 140'C. The flowing well in Stillwiter, Beowawe Hot Springs,

Wabuska Hot Springs, Leach Hot.Springs, Great- Boiling Spring, and .

\ -

Steamboat Springs, all have 'estimated minimum thermal-aquifer

temperatures of at least 140«C and are in areas designated as known • •

geothermal resource areas by Godwid and others ( •971). Other areas '.•

of geothermal potential not in known geothermal resource areas are .-

Lee Hot SDrings and Dixie Valley Hot Spring-' in Chyrchill County·

Sulphur Hot Springs and two unnamed hot springs near Wells in Elko

County, Pinto Hot Springs, Baltazor Hot Spring, and an unnamed hot ' •

spring (Hot Springs Ranch ) in Humboldt County, an unnamed hot spring

( Smith Creek Valley) in Lander County, as well as Kyle Hot Springs

and: unnamed hot spring ( Jdrsay Valley) in Pershing County. Dixie

''

Valle• Hot Springs, Mineral Hot Springs, an unnamed-hgt spring (near

Weils ), Doubie Hot Spring, and Dyke Hot Spfing-may. be mixed waters.

The thermal-aquifer temperatures.estimated from the water compositions

may » significantly below the true thermal-aquifer temperature.

GEOLOGIC SETTING

Nevad•,·part of the Basin and Range Province, consists of

roughly pardllel fault-block mountain ranges separated by alluvial-

filled valleys. Exposed rocks range in age from Precadbrian to

'4 %

4, . .t

.t

21



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 western Pershing and northern Humboldt

Counties, as well as neab the Sierra Nevada of California. - Cenozoic

volcanic rocks and related sedimentary.rocks are predominant in

Washoe, northern Humboldt, northern Elko, Churchill, western Lander,

and Nye Counties.

The types and ages of rock exposed near the springs as well

as selected references ·on the geology of the area around the spring

are listed in table 4. Most of the thermal springs are along.

permeable zones associated with faults. Quaternary alluvium and
- -

lacustrine rocks cover the fault lines along which many of the

springs issue.

TYPES OF THERMAL SYSTEMS

White, Muffler, and Truesdell (1971) discussed vapor-dodinated

and hot-water-dominated systems. They state that.thermal springs ,

associated with either vapor-dominated or hot-water-dominated

systems have distinctive physical and chemical characteristics.

Vapor-dominated systems are found in impermeable rocks while hot-

water-dominated systems are found in relatively permeable rocks.

The permeability. associated with hot-water-dominated systems may

be either fracture permeability or distributive permeability.

Vapor-dominated systems have thebmal springs with low discharges

+ 1 .)

,. 1

*

l
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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 ). The few thermal

springs of near-neutral pH dischabge sodium bicarbonate waters having .

chloride contents of less than 20 mg/1. Hot-water-dominated systems

have thermal springs with high total 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 a few liters per minute..

The sampled hot springs in Nevada have chemical compositions

characteristic of hot-water-dominated systems. Several warm springs

having low specific conductances contain less than 20 mg/1 chloride

and are neutral to slightly acid in pH. These warm- springs are in

equilibrium with rock at 6r very near the temperature of the spring.

SUMMARY

Sixteen of.the thermal spring complexes of northern and central

Nevada have chemical compositions that indicate thermal-aqilifer

temperatures of at least 1400C. Sodium is ·the principal cation in

these waters, .while the anions may. be bicarbonate, chloride, or a

mixture of chloride, bicarbonate, and sulfate.

.'

Eight of the thermal springs having estimated thermal-aquifer

temperatures of 1400C or more have a poorly developed regional

trend. This regional trend extends from- Wabuska Hot. Springs in

Lyon County, northeast through Churchtll, Pershing, and into south-

- eastern Humboldt County. The Stillwater Range °f Churchill County .

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

4.
'.

.
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*

27



.

*'
having estimated thermal aquifer temperatures of 1400C or more along

this' trend include Wabuska Hot Springs in Lyon County, Lee Hot

Spring, Stillwater flowing well, and Dixie Valley' Hot Spring in

Churchill County, Kyle, Leach,.•and an unnamed hot spring ( Jersey

Valley) in eastern Pershing.County, and an unnamed hot spring ( Hot

Spring 'Ranch ) in southeaitern Humboldt'County. Eight other areas •

scattered over the State where estimated thermal-aquifer temperatures

• exceed 1400C include Sulphur Hot Springs in Ruby Valley, and two -

unnamed hot springs near Wells in Elko- County, Beowawe in Eurdka

County, Pinto Hot Springs and Baltazor Hot Springs in Humboldt

County, Great Boiling Spring and Stedmboat Springs in Washoe County,

and an unnamed 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 Hurtboldt .

• County,•nd Double Hot Spring in Humboldt County, hate significant;·

ge6thermal potential.
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