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Conversion of units

Metric units are used throughout this report, although many of the 
measurements were made using English units. Thermal parameters are reported 
in the older, more familiar "working" units rather than in the now- 
standard SI (Standard International) units. The following table lists 
metric and equivalent English units, and "working units" and equivalent 
SI units for the thermal parameters

Multiply metric units

millimetres (mm) 
centimetres (cm) 
metres (m) 
kilometres (km)

square metres 
hectares

2 (m )
(ha)

square kilometres-, (km 2 ) 
U010cm2 ) }

cubic centimetres (cm3 )
litres (1)

cubic metres (m3 )

litres per second ( 1 s )

grams (g) 
kilograms (kg)

By 

Length

3.937 x 1CT 2
.3937 

3.281 
3,281

.6214

Area

10.76
2.471

247.1
.3861

Volume

6.10 x 10' 2
.2642

3.531 x 10"^ 
35.31 
8.107 x 10- 1*

Flow

15.85
25.58

Mass

3.528 x 10~ 2 
2.205

To obtain English units

inches (in)
inches (in)
feet (ft)
feet (ft)
miles (mi)

square feet
acres

, acres
square miles

cubic inches
gallons 
cubic feet
cubic feet
acre -feet

(ft2 )
(ac)
(ac)
(mi2 )

(in3 )
(gal) 
(ft3 )
(ft3 )
(ac-ft)

gallons per minute (gal min ) 
acre-feet per year (ac-ft yr )

ounces (oz) 
pounds (Ib)

Temperature: degrees Celsius to degrees Fahrenheit °F = 9/5 °C + 32
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THERMAL PARAMETERS

Multiply "working units" By

Thermal Conductivity

millicalories per centimetre 
second   degree Celsius 
(1CT 3 cal cm-1 s"1 °C"1 ) 0.4187 

Thermal Diffusity

square centimetres per 
second (cm2 s""1 ) 1.0 x 10-* 

Heat-flow (heat-flux density)

microcalories per square 
centimetre   second 
(10~6 cal cm" 2 s"1 ) 
heat-flow unit (HFU)

calories (cal)

4.187 x 10-2

Energy 

4.187

Heat Discharge 

calories per second (cal s"" 1 ) 4.187

To obtain SI units

watts per metre   
degree Kelvin 
(W nT1 °K'h

square meters per 
second (m2 s""1 )

watts per square metre 
(W m-2 )

joules (J)

watts (W)

D
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PRELIMINARY HYDROGEOLOGIC APPRAISAL OF SELECTED HYDROTHERMAL SYSTEMS IN

NORTHERN AND CENTRAL NEVADA
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n        
U By F.H. Olmsted, P.A. Glancy, J.R. Harrill, F.E. Rush, and A.S. Van Denburgh

rr 
} ABSTRACT

{ ' Several hydrothermal systems in northern and central Nevada were 
 ~ J explored in a hydrogeologic reconnaissance. The systems studied comprise

those at Stillwater and Soda Lakes-Upsal Hogback in the Carson Desert, 
I   Gerlach, Fly Ranch-Granite Range, and Double Hot Springs in the Black Rock 
( y Desert, Brady's Hot Springs, Leach Hot Springs in Grass Valley, Buffalo

Valley Hot Springs, and Sulphur Hot Springs in Ruby Valley.
r~ The investigation focused on (1) delineating of areas of high heat 
! '  flow associated with rising thermal ground water, (2) determining the

nature of the discharge parts of the hydrothermal systems, (3) estimating 
heat discharge from the systems, (4) estimating water discharge from the 

| i systems, (5) obtaining rough estimates of,conductive heat flow outside areas 
^ ) of hydrothermal discharge, and (6) evaluating several investigative tech­ 

niques that would yield the required information quickly and at relatively 
T7 low cost. The most useful techniques were shallow test drilling to obtain 
|_! geologic, hydraulic, and thermal data and hydrogeologic mapping of the 

discharge areas.
The systems studied are in the north-central part of the Basin and 

Range province. Exposed volcanic rocks of latest Tertiary and Quaternary 
age are chiefly basaltic. Basaltic terranes are generally regarded as less 
favorable for geothermal resources than terranes that contain large volumes 
of young volcanic rocks of felsic to intermediate composition. Most of the 
known hydrothermal systems are associated with Basin and Range faults which 
are caused by crustal extension across the province. An area of high heat 
flow centered at Battle Mountain and possibly other areas of high heat flow 
may be related to crustal heat sources. However, some of the hydrothermal 
systems studied appear to be related to deep circulation of meteoric water 
in areas of "normal" regional heat flow rather than to shallow-crustal heat 
sources.

Discharge temperatures of thermal springs in the region range from 
slightly above mean annual air temperature (8°-12°C at most places) to 
boiling or slightly hotter. Geochemical data indicate that, in the major 
systems, subsurface temperatures at which thermal waters equilibrate with 
reservoir rocks range from 150° to more than 200°C. These data also indi­ 
cate that the major systems are of the hot-water type rather than the 
vapor-dominated type. Depths of thermal-water circulation probably range 
from 2 to 6 kilometres in areas of "normal" regional heat flow (^ 2 heat- 
flow units) and from 1 to 3 kilometres in areas of high heat flow (*» 3-4 
heat-flow units) such as near Battle Mountain.

Most of the heat is discharged from the hydrothermal systems studied 
by (l) conduction through near-surface materials heated as a consequence of 

Cl thermal-water convection, (2) convection as springflow, and (3) convection
LI



as steam discharge from spring pools, vents, furaaroles, and cracks. The rate ^^ ~ 
of heat discharge by radiation from warm ground and by convection as lateral ^P j 
ground-water outflow is believed to be small in most systems and is not   ' 
estimated.

Estimates of net heat discharge from the systems studied range from 
about 0.8 x 10 6 calories per second at Buffalo Valley Hot Springs to 
about 14 x 10 6 calories per second at Stillwater. These estimates represent 
the approximate magnitude of the excess heat discharge from the thermal  j 
areas that results from the upward convection of hot water from deep sources. j

Water discharges from the hydrothermal systems by springflow, evapo- 
transpiration, steam discharge, and lateral ground-water outflow. Estimated _ 
discharges range from about 0.2 x 10 6 cubic metres per year from the Buffalo . | 
Valley Hot Springs system to about 3 x 10 6 cubic metres per year from the - ' 
Stillwater system.

In most of the hydrothermal systems studied and, by inference, in other ""] 
similar systems in northern and central Nevada, the scale for potential J 
.commercial development for production of electricity or for other uses may 
be constrained by the natural discharge of heat and water. Greater rates 
of production of fluid generally would result in decreases in both temperature 
and pressure in the system. Exceptions to this limitation might occur at 
favorable sites within broad areas of high heat flow such as the Battle 
Mountain heat-flow high. At Buffalo Valley Hot Springs, for example, the ) 
natural discharge of heat and water is small, but, because of the high -3 
conductive heat flow and the low thermal conductivity of the valley fill,
a thermal reservoir might lie within economic drilling depths. T"]

i
V-J

INTRODUCTION W .-^

( 
Objectives of Study ' *

The abundance and wide distribution of hot springs in northern and 1 
central Nevada make this region a promising target for geothermal exploration . _J 
Sporadic test drilling has been done at several thermal areas during the 
past 10-15 years, but few advances have been made in the techniques of r-j 
exploration or in the delineation of geothermal systems. The U.S. Geological ^ 
Survey has selected northern and central Nevada as one of the first regions 
in which to make reconnaissance studies designed as first stages in the ,~ 
exploration and evaluation of geothermal resources on public lands in I 
the western States.  '

The broad objectives of the reconnaissance studies are to develop and 
test geologic, geophysical, geochemical, and hydrologic techniques that 
will find geothermal systems, determine the nature and magnitude of the 
systems and their contained fluids, and determine the flux of heat and fluid 
through the systems. The ultimate goal is to formulate conceptual and - * 
mathematical models-that will describe the system dynamics, both before 
and after development.

Many kinds of data are required for the formulation of the models. 
These kinds of data may be grouped into threee principal categories: 
(1) reservoir parameters; (2) fluid and temperature parameters; and 
(3) system dynamics.
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Reservoir parameters include the three-dimensional distribution of flow 
boundaries, effective porosity, intrinsic permeability, specific storage, 
specific heat, thermal conductivity, and rock chemical and mineralogical 
composition. Some of these parameters may be inferred from surface geologic

] and geophysical evidence, but useful quantitative data generally must be 
obtained by costly deep drilling into the geothermal reservoir.

Fluid and temperature parameters include the three-dimensional distri­ 
bution of temperature, fluid pressure, and fluid quality, both chemical 
and physical. As with the reservoir parameters, drilling of numerous wells 
into the reservoir is required for the acquisition of useful fluid and 
temperature data.

System dynamics concerns the input to, movement through, and discharge 
from, the system of heat and fluid. The last part of the cycle, the discharge, 
is the part most easily studied in the early stages of a hydrologic 
reconnaissance. Moreover, in the types of systems inferred from preliminary 
geologic studies of northern and central Nevada by Hose and laylor (1974), 
the natural rates of discharge of both heat and fluid may place severe 
constraints on the scale of economic development.

Accordingly, this study was designed to (1) delineate areas of high 
heat flow associated with rising thermal ground water, (2) determine the 
nature of the discharge from the hydrothermal systems, (4) estimate thermal- 

j I water discharge from the hydrothermal systems, and (5) obtain rough estimates 
v~~> of conductive heat flow outside areas of hydrothermal discharge, and

(6) evaluate several investigative techniques that would yield the required 
information quickly and at relatively low cost.

Parallel investigations of northern and central Nevada by the U.S. 
Geological Survey are those of the geology (Hose and Taylor, 197M-), the 
geochemistry of the principal hot springs (Mariner and others, 1974), the 
regional heat flow (Sass and others, 1971), and the geophysical studies.
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Numbering System for Wells and Springs

  1
In this investigation wells and springs are assigned numbers accord-

 i 
ing to the rectangular system of subdividing public lands, referred to i

the Mount Diablo baseline and meridian. The first two elements of the  ,.

number, separated by a slash, are, respectively, the township (north) '} 

and range (east); the third element, separated from the second by a  j 

hyphen, indicates the section number; and the lowercase letters following 

the section number indicate the successive quadrant subdivisions of the I 

section. The letters, a, b, c, and d designate, respectively, the north­ 

east, northwest, southwest, and southeast quadrants. Where more than j 

one well or spring is catalogued within the smallest designated quadrant, -^ 

the last lowercase letter is followed by a numeral that designates the

order in which the feature was catalogued during the investigation. For J
_i

example, well number 32/23-14ccd 2 designates the second well recorded in ^^

the S$3 SW% SW3c section 14,T. 32 N., R. 23 E., Mount Diablo baseline and J

meridian. In unsurveyed areas, a land net is projected from the nearest .,-

adjacent surveyed land corners, and location numbers of wells and springs ^

are assigned accordingly. H

In addition to the location number based on the public-land net, rj
all these wells and many other wells are assigned chronological numbers LJ 

within each area of study. The numbers are preceded by letters which ~~] 

indicate the agency (or company) that drilled the well, the area of study,

and the method of drilling. Where more than one well was installed at a j
 ~~j

single site, the chronological number is followed by a capital letter which 

designates the order of installation. The letters USER refer to the U. S. 

Bureau of Reclamation; USGS, to the U. S. Geological Survey. DH indicates 

a drill hole (usually hydraulic-rotary method); AH, an auger hole. For



example USGS BR AH-3B refers to the second augered well at the third site

in the Black Rock Desert area (BR), by the U. S. Geological Survey. Area
U

designations are as follows: BH, Brady's Hot Springs area; BR, Black Rock

Desert area; BV, Buffalo Valley area; CD, Carson Desert area; GV, Grass 

Valley area; RV, Ruby Valley area.

REGIONAL SETTINGn
(] Regional Geology and Heat Flow

p The following summary of the regional geology of northern and central 

Nevada is based in large part on a recent paper by Hose and Taylor (197^). 

)J Heat-flow data are chiefly from Sass and others (1971).

The area of study lies within the north-central part of the Basin 

(J and Range province. The province is characterized by elongate north-

D trending fault-block mountain ranges and intervening basins. Exposed 

rocks are exceedingly varied ajad range in age from Precambrian to Holocene. 

Major rock groups include Paleozoic and Mesozoic sedimentary and volcanic 

rocks; intrusive rocks, chiefly of Mesozoic age; Tertiary volcanic and

LJ sedimentary rocks; and late Tertiary and Quaternary sedimentary and minor

pi volcanic rocks.

The Paleozoic and Mesozoic rocks consist of both miogeosynclinal

j I and eugeosynclinal facies and include diverse types such as limestone,

dolomite, shale, quartzite, graywacke, chert, evaporites, lavas, and their

[J metamorphic correlatives. These rocks were intruded at different times,

p chiefly during the Mesozoic, by magmas that range in composition from 

granite to gabbro.

j



The Tertiary Period was marked "by widespread volcanism, interspersed 

with the deposition of smaller amounts of nonmarine sediments. The volcanic

rocks consist chiefly of lava flows and ash flows of felsic to intermediate
 ^ 

composition which now comprise almost one-fourth of the outcrops of northern
  j

Nevada. The earliest eruptions "began during the Oligocene, and the most  "**v 
j

intensive activity ended about 10 million years ago. I 

Minor volcanism in the province persisted into the Pleistocene. The  """)

late volcanic rocks consist chiefly of flows and cinder cones of basalt, which
 ""> 

are widely scattered throughout northwestern Nevada (fig.l). Flows and ;
,,, )

pyroclastic rocks of intermediate composition are much less abundant than  \

basalt, and silicic rocks younger than middle Teritiary are absent in most ! 

of the region. However, White (written commun., 197^) and Silberman (oral >

communication,197*0 report rhyolite domes of Pleistocene age (l.l, 1.2, and
> 

3.0 m.y.old in the Steamboat Hills and west flank of the Virginia Range

near Virginia City), and a dome on the east flank of the Virginia Range is

1.5 m.y. old. _J

Generally north-trending grabens, separated from the mountain blocks by -j
i

Basin and Range high-angle normal faults, are filled with late Tertiary
 ) 

and Quaternary nonmarine sedimentary deposits. The thickness of the basin i

fill in most valleys is poorly known but probably exceeds 1 km at many 

places. In the northwestern part of the region, the upper part of the fill 

includes predominantly fine-grained strata of late Pleistocene Lake Lahontan.
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Pre-Tertiary structural features are numerous and varied and include 

major thrust faults. On some of the thrust faults eugeosynclinal rocks I 

moved many tens of kilometres relatively eastward over miogeosynclinal 

rocks. Movement on many of the faults has persisted to the present. J 

Present topography began to be outlined during the early or middle "1

Tertiary by Basin and Range faulting. Total throw on some of these, high-
"-7 

angle normal faults may be more than 2 km. The Basin and Range structural

features result from crustal extension, which Thompson and Burke (1973) "i

have estimated amounts to a total of about 100 km across the province. .J

As a consequence, the present crust is notably thinner than that in -~)
it

adjacent regions and may be underlain by a plastic substrate (Stewart,1971).
" ~) 

Probably as a consequence of the relatively thin crust and a high- if

temperature upper mantle, the northern Basin and Range province is

characterized by heat flows substantially higher than the average for J

continental areas (Sass and others, 1971). Data are not yet abundant

and are mostly restricted to mountainous areas, commonly in mining districts.

Therefore, generalizations should be made with caution and with the under- 1

standing that they may be modified when more data become available.

i



0r
iBn 

I

0 
Q

fo
D

Most of the heat-flow values in the northern Basin and Range
? i /r

province range from about 1.5 to 2.5 HFU (cal cm" s" x 10 ) (See 

fig. 1.) Higher values have been measured at a few scattered test holesL\
and a sizable area of uncertain extent, centered near Battle Mountain, 

Li has heat flow values that range from about 2.5 to 3.8 HFU. The localized

o highs may, in part at least, reflect upward-convecting thermal ground

L! water, but the high heat flow in the Battle Mountain area of at least

] | several hundred square kilometres extent may be related to crustal heat 

sources (Sass and others, 1971, p. 6409).
n
LJ However, significant magmatic sources of heat in the upper crust,

j p> such as characterize most of the known geothermal systems of the world 3 are
' 1 '

not known to be present in most of northern and central Nevada. There
i r ,

I \ I are large volumes of silicic to intermediate volcanic rocks in the region, 
. U

but most are more than 10 m.y. old and, according to calculations by

[J A. H. Lachenbruch (oral commun., 1974),have long since cooled to temperatures

p. characteristic of other rocks of the province. Younger volcanic rocks,

U of latest Tertiary and Quaternary age, are widely distributed throughout

j~] the western part of the province (fig. 1). In places, these rocks might

	be associated with shallow-crustal sources of heat. However, most of the 

[J exposures are basalt, which is generally believed to be derived from the 

^ upper mantle rather than from shallow-crustal magma chambers.



Basin and Range Faults and Thermal Springs 

According to Hose and Taylor (1971*) > most, if not all, the hydrothermal ; 

systems of northern and central Nevada are probably related to deep circula- ~] 

tion of meteoric water along Basin and Range faults rather than to shallow 

crustal sources of heat. Knowledge of the distribution of Basin and Range j 

faults is therefore useful in prospecting for geothermal resources. The __ 

known distribution of the Basin and Range faults on which, movement has '-- J 

occurred in Pleistocene or Holocene time, based on a compilation from county ~[

geologic maps by Hose and Taylor (197*0, is shown on figure 2.

( 
Figure 2 also shows the distribution of the major thermal springs -'

in northern and central Nevada. Most thermal springs are either on or ""'

near Basin and Range faults, although the relation of some springs to faults
'1 

is ambiguous. However, mapping of several hot spring areas during this (

study revealed that not all the Basin and Range faults are shown on the ^P ^ 

county geologic maps from wipeh figure 2 was compiled. Most thermal springs ~i
X

not on exposed fault traces probably are nonetheless controlled by Basin ~"j
J 

and Range faults t£4ft are concealed by unaffected valley fills. Signifi-

cantly, many faults have only nonthermal springs, or no springs at all.

10
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Thermal springs may occur singly, in more or less equant clusters, 

in long, linear arrays, or in irregular groups. Single orifices within 

a hydrothermal-discharge area are uncommon; some spring areas contain 

dozens or even hundreds of separate orifices. Discharges from individual 

Cj orifices range from a trickle to several tens of litres per second. Many 

c3 thermal springs are depositing silica, calcium carbonate, or both; other

spring areas contain only fossil spring deposits, which indicates a change 

I j with time of temperature, discharge rate, water chemistry, or a combination 

of these factors.

i r
I Lj . Discharge temperatures of thermal springs range from slightly above

mean annual air temperature (8° - 12°C) to slightly above boiling temperature 

at atmospheric pressure (superheated). On figure 2, only those springs 

j I are shown for which geochemical data indicate a reservoir temperature of at

D

D

least 150°C or in which the maximum temperature of the discharge is at 

least 65°C. Also shown are a few hot wells and fumaroies; all these 

features are listed in table 1.

Subsurface temperatures at which thermal waters are in equilibrium 

with reservoir rocks may be inferred from hydrochemical data. Silica 

concentration of the discharge water is a commonly used index of subsurface 

temperature; other geothermometers include the ratio of sodium to potassium 

r-» (Na/K) and more complex ratios of sodium to potassium plus calcium to sodium

D
D

0
0

0

(Na/K + 1/3 log VCa/Na; and Na/K + 4/3 log Vca/Na) (Fournier and Rowe, 

1966; White, 1965; Ellis, 1970; Fournier and Truesdell, 1973; Fournier, 

White and Truesdell, 1974).

11
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Figure 2.  Map of northern and central Nevada showing Basin and
Range faults, thermal springs, hot veils, and fumaroles
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 1.

Libic l. liu-tr.u'. «;|ir!iiijs. lu-l nulls, oi.il funMdi'-ufi lut wMkli -M >.!» ..Ua! vUln '.lullc.itr   rvcevvulr 
tiMipvva^ure at IWC »r .not* or In wLlch (llsctainje teci|tt<r<i..ur« exce.-Jb :«!>*C.

 1 . ' [Data fro* Mariner and otheia. 1974. except es footnoted]

Discharge Estimated reaervolr temperature 
Spring, well, or funarole Location temperature (*C) 

. ' ' (*C) Silica Na-K Na-K-1/3 Ca Ns.K-4/3 Ca

j Lev Hot Springs Lo/J'.uiMb (p)

j Dixie Valley Hot Springs £>/3S-Ua,d

Flowing well in Stlllwater 19/31-7c

Funarole at Bradv's Hot 
Springs. 22/26-12

Funarole northeast of 
Soda Lake. 20/28- 28c

Sulphur Hot Springs 3 1/59- lib 

Hot Sulphur Spring 41/52. tla

j Unforced hot spring near lie Us 38/62-20

j 'Jnna.-.eci hot spring near Wel'.s 33/62- 17a

i Unnamed hot spring near Carlin 33/52-33

} Unnar.ed hot spring near 
: ~~" Ruby Marsh. 27/53- 2b

\ Kaltl ffct Spring 24/48-33c
i 
] Beowane Hot Springs 31/48- 8d

i ' Baovune "steam" well 32/48- 17b

I Unnamed hot spring at Hot 
i Springs Sanch. 33/40- 5d

! ' . Unnaaed hot spring near 
i Golconda. 36/4O-29d

| ' Double Hot Springs 36/26. 4b
i 
| West Pinto Hot Spring (well) 40/28-3Oa (?)

f ' '"   East Pinto Hot Spring 40/28-29a (p) 

Dyke Hot Spring 43/30-25d

Flowing Mil near B»lt»zor - 
«  Hot Spring. 46/28- 13b

Boltazor Hot Springs 46/28-13b

Spencer Hot Springs 17/45-24a

Unnaaed hot spring In Smith 
Creek Valley. 17/39-11

Buffalo Valley Hot Fprlngs 29/41-23d

Wabuska Hot Springs l5/25-16d

Darrough -stean" well ll/43-17b

Darrough Hot Springs ll/43-17b

Unnamed hot spring in «,/.«,«, 
Jersey Valley. 27/4O-28C

Kyle Hot Springs 29/36- 1*

Unnamed hot spring near Trego 34/2S-3Sb (p)

Unnamed hot apring near 
Black Rock. 35/26- 2b (p)

Leach Hot Springs 32/38-3od

Great Boiling Springs (Ceriach) 3?/.!3-15b

 Geyser" at Fly Ranch 34/23- 2

Suanbott Springs S,6/2O-33a

38 173 162

72 145. 144 .  

159 140

I/ I/ 
96 183" 170~

96

93 163 181 
190 171

90 128

50 167 184

61 140 181

79 . 81 

65 86

72 ' 79

98. 196 194

X 226 238

85 150 .180

74 115

80 140 127

92 165 157 

93 162 145 . . 

66 128 13ft *

90 162 148

80 165 152
 

72 123

86 -143 157
2/

79 123

97 145 152

94 135 131

95 136 127 , 

29 142 -182

77 171 194 *

86 128 120

90 148 117

92 155 176

80   'Ml 175

80 . 125

94 201 208

I/ White, 1970, table H. 27 Te«p«rature of hottest orifice, neaaured by F. H. ttlaat«

-    .   .....-I.J..J,...    ̂̂ a,^^,    ,     ̂    .        ,    ,      ̂      __          _     r ... _ ,.,- ____________

1U

J'

"1 

J

> s

J 
3
n 
j

o

J
in August 1974.
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All these geothermometers must be used with caution; sources of 

! error and limitations of the methods are discussed by Foumier, White, andi n
i O Truesdell (197M-) and by Mariner and others (1974-). Temperatures listed 

in table 1 are those judged by Mariner and others (1974-), who did most 

of the sampling and all the analyses, as being most reliable.

1 1 Regional Hydrology
U

Virtually all ground water in northern and central Nevada is derived 

(J from precipitation within the region. Generally eastward-moving storms 

impinge on the mountain ranges and produce orographic precipitation  

mountain summits may receive yearly totals of more than 500 mm, whereas

J J valley floors, particularly the lower, vestern valleys, receive less
LJ

than 150 mm. Annual precipitation shown on figure 3 is based on maps by 

Hardman (1936) and Hardman and Mason (194-9). These workers had scanty data 

for the higher, mountainous areas; their estimates for these areas are 

based chiefly on indirect methods and are therefore less accurate than the 

estimates for the valleys and lowlands, which are based on weather-station
| L

records. Seasonal variations in precipitation are not large, except that

U less precipitation occurs in the summer than during the rest of the year. 

p^ Most of the winter precipitation is snow.

In ground-water reconnaissance studies in Nevada by the U. S. 

Geological Survey, estimates of ground-water recharge from precipitation 

have been made on the basis of percentages of different ranges of pre­ 

cipitation derived empirically by Eakin and others (1951) from studies

t
0 15



Figure 3- Map of northern and central Nevada showing location of -weather 
stations cited in text and average annual precipitation.
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in eastern Nevada. These authors used the following figures:

Estimated annual precipitation Estimated recharge i precipitation

________(percent)__________

25

20

7

3

0

(mm)

>510

380-510

300-380

200-300

< 200

(in)

> 20

15-20

12-15

8-12

< 8

 I

]
Estimates based on these figures are, of course, uncertain; recharge 

rates are probably highly variable from place to place.

Estimates of recharge to the shallow ground water system

have been made for the areas of the present study, using the figures cited 

above, by Sinclair (1963), Harrill (1970), Eakin and Maxey (1951), and 

Cohen (1964). All these estimates, as well as estimates for the rest of 

the state, are summarized by Scott and others (1971). The amount of 

recharge water that reaches the deep, hydrothermal system which 

is of particular interest in the present study, is unknown.

Because of the high rates of potential evapotranspiration at low J 

altitudes (8-10 times the annual precipitation), little or no water r-j 

from precipitation infiltrates to the saturated zone in the valleys and 

low mountains, except where the water table is shallow (less than about 

1 m depth) and the capillary fringe extends to the land surface. However, 

some of the runoff infiltrates to the saturated zone near the apexes of J 

alluvial fans, where the streams debouch from the mountains onto the valley j 

slopes, especially where the deposits are coarse grained and highly 

permeable. In addition, recharge takes place in the higher parts of 

the mountains, particularly through highly fractured or faulted zones. 

A mantle of coarse colluvium or talus also facilitates recharge in areas J

of relatively abundant precipitation.  - )
\ 18 -"'



in
j In general, ground water moves in the direction of the potential 

| gradient from areas of recharge to areas of discharge, usually in the

j (J lowest parts of the basins. The pattern of flow may be complex, and
i
I p direction and rate of flow may vary markedly with depth as well as areally,
U

Ground-water movement in the shallow zone, not far below the water table,

J j commonly is related closely to the topography   unconfined potent iome trie

divides and topographic divides are coincident or nearly so. However, 

Lj flow in deeper zones may diverge substantially from the flow in the 

r] shallow zone, especially where permeable rocks or permeable zones, suchi !
as faults, fractures, and solution channels extend to considerable depth

r
i

i in older rocks beneath unconsolidated valley fill. Examples of interbasin 
(J

ground-water movement have been recorded in several regions in Nevada
n
LJ where mountains and interbasin divides are underlain by permeable rocks 

|~] such as some of the Tertiary tuffs and pre-Tertiary miogeosynclinal

carbonate rocks. (See Eakin, 1966; Hunt and Robinson, 1960; Winograd, 1962;

j Mifflin, 1968.) Dinwiddie and Schroder (1971) have documented subsurface U '

flow in greatly different directions between depths above 300 m and depthsn
D 
u 
o

of 1,500 - 2,100 m in Little Fish Lake, Monitor, Hot Creek, and Little 

Smoky Valleys in central Nevada.

19
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Figure k,  Map of northern and central Nevada shoving principal areas 
of ground-water recharge and discharge
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Thermal ground water generally circulates at great depths and there- 

fore probably diverges substantially from shallow ground water in directions 

and rates of movement, at least in places. Regional ground-water flow 

at depth also may significantly affect heat flow. Sassand others (1971)
i

attribute abnormally low heat-flow values in a large region in south- 

central Nevada to transport of heat by water moving through carbonate 

1 rocks. Conversely, areas of abnormally high heat flow are at least in 

part related to upward convection of thermal ground water. The areas

j described later in this report belong to the latter category.
I
| Ground-water generally discharges in the lower parts of the basins
I
i (fig. *0. Natural discharge takes place from springs and seeps, as
i
j transpiration by phreatophytes where the water table is within about

 i- 20 m of the land surface, as evaporation from the soil where the water 
ii
t - table is within about 2 m of the land surface, and as inflow to perennial
i
j streams such as the Humboldt River. Artificial discharge consists of 

water pumped from wells, especially in irrigated areas. Some of the 

pumped water percolates back to the water table; the remainder is lost by 

evapotranspiration. None of the region drains to the ocean, so all 

water eventually is discharged by evapotranspiration.

SELECTION OF AREAS FOR STUDY

Selection Criteria

Several criteria were used in the preliminary selection of areas 

for study:

(1) The area contains hot springs having high rates of flow, high 

discharge temperature, and high source temperature.

(2) Subsurface data (test wells or geophysical data) suggest high 

temperature s moderate to high permeability of reservoir rocks, or both.

22



D (3) The area constitutes a hydrologic system that has well-defined 

boundaries.

(4) The area is suitable for shallow test drilling.

(5) The area is reasonably accessible from paved roads or settlements.

(6) Relatively abundant hydrologic data are available.

(7) Relatively abundant geologic data are available.

As an overall guiding principle, an attempt was made to choose areas in which a 

maximum amount of information would be yielded at minimum cost and time. 

, ( Another criterion was used by the U. S. Bureau of Reclamation, with whom 

! the U. S. Geological Survey worked in the Carson Desert, one of the major

j LJ areas of study: The area is near a present or planned electric-power
i

transmission line, a market for electric power, or a market for desalted water*

As time vent on, emphasis on the various criteria changed. Logistical 

problems (criteria U and 5) became important, and two promising areas 

that seemed to satisfy criteria 1 and 2 were omitted. Beowawe, a very 

/ j LJ promising system in the Whirlwind-Crescent Valley area, was omitted 

because part of the area was not suitable for shallow test drilling. 

Steamboat Springs, between Reno and Carson City, was omitted because 

the area already had been studied extensively by White (1968) and others.

D 
Q

D



Areas Selected j 

The location of the areas finally selected for study is shown on 

figure 5. The first two major areas were the southern Black Rock Desert,

especially the Gerlach KGRA (Known Geotherrnal Resources Area) where 

hydrothermal discharge is indicated at the land surface by hot springs; 

and the Carson Desert, particularly the Stillwater-Soda Lake KGRA, where 

two known principal hydrothermal systems do not include hot springs but 

are indicated by wells and other indirect evidence. Initial fieldwork in 

the southern Black Rock Desert involved test drilling in the Gerlach, Fly 

Ranch-Granite Ranch, and Double Hot Springs areas, but virtually all later 

work was done in the Gerlach area. Likewise, emphasis in the later phases 

of the investigation of the Carson Desert was focused on the Soda Lakes- 

Upsal Hogback area the western one of the two known principal hydrothermal 

systems.



CZ
D

 
C.

ZD
 

CZ
D

 
C

D
I
 
 
 

i 
\ 
 .

 1
 

I
 
.
 

I
L

 _
. 
.J

r
_

_
._

 .
- 

--
^

C
L.

J

ro
 

ui

F
ig

u
re

 
5

. 
M

a
p

 
o
f 

n
o
rt

h
er

n
 

an
d 

c
e
n
tr

a
l 

N
ev

ad
a 

sh
ow

in
g 

ar
ea

s 
se

le
c
te

d
 
fo

r 
st

u
d
y
.



Four other areas were added after the investigation was underway. 

Brady's Hot Springs, Leach Hot Springs (Grass Valley), Buffalo Valley 

Hot Springs (Buffalo Valley), and Sulphur Hot Springs (Ruby Valley) 

(fig. 5). Test-well data were available for Brady f s Hot Springs, and 

early production tests indicated high reservoir temperatures (>200 C) in 

comparison with most other geothermal areas in northern and central 

Nevada. Leach Hot Springs, in Grass Valley, 44 km south of Winnemucca, 

was selected primarily because of high subsurface temperature indicated 

by several lines of evidence, accessibility, and suitability for shallow 

test drilling. Buffalo Valley Hot Springs, 46 km south of Battle Mountain, 

is near a chain of late Tertiary or Quaternary basaltic cinder cones and 

associated lava flows along the southeast margin of Buffalo Valley. This 

hydrothermal system is the only one of the present study in obvious 

proximity to relatively young volcanic rocks. Although the rate of water 

discharge is small and indicated reservoir temperature is only moderate, 

the system is within the broad area of high heat flow centered at Battle 

Mountain. Other factors favorable for the selection of Buffalo Valley 

Hot Springs included easy accessibility, moderate suitability for 

shallow test drilling, and concurrent geophysical investigations by 

Lawrence Berkeley Laboratory. Finally, Sulphur Hot Springs, in northern 

Ruby Valley, 91 km by road southeast of Elko, was selected because of 

high indicated reservoir temperature, accessibility, and suitability 

for shallow test drilling.
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METHODS OF INVESTIGATION

In this study, the primary emphasis was on the development and 

evaluation of various reconnaissance methods of studying hydrothermal 

systems of the types found in northern and central Nevada. The following 

sections summarize the activities in approximate chronological sequence. 

A possible sequence for an actual exploration program would be some­ 

what different, as will be explained later.

Collection of Existing Data

The first step in the present investigation, and the logical first 

step in most geothermal exploration programs, is to collect existing data. 

Public agencies and private companies were canvassed for reports and 

information on surface and subsurface geology, temperature and heat flow, 

surface or airborne geophysical surveys, seismic activity, borehole 

geophysics, geochemistry, meteorology, botany, hydraulics, and water 

budgets. Available sources of this information for 19 hydrographic areas 

or groups of areas in northern and central Nevada are presented by Olmsted 

and others (1973). The 19 areas include all the hydrothermal systems 

described in the present report.

27



Hydrogeologic Mapping ^P   | 

Several kinds of maps were made of hydrothermal discharge areas

and surrounding lands at a scale of 1:24,000 or larger, and measurements j 

were made of the discharge, temperature, and specific conductance of hot 

springs. Mapping included geology, especially of structural features and 

rock types related to hydrothermal activity; vegetation, with emphasis on 

classification and description of phreatophytes; soils; and detailed 

mapping of spring orifices. The chief purposes of the geologic mapping 

were to determine whether volcanic rocks young enough to be possible sources  ) 

of heat were present, to assist in delineation of the hydrothermal-discvharge 

system, and to provide a basis for relating chemical character of the | 

discharge to rock types with which the thermal water has been in contact. 

Vegetation and soils were mapped primarily to provide data needed for 

estimating hydrothermal discharge by evapotranspiration. In deriving the   -. 

estimates, empirical annual rates of evapotranspiration were assigned to  ' 

several categories of phreatophytic vegetation on the basis of earlier H 

reconnaissance ground-water studies of hydrographic areas throughout 

Nevada by the U. S. Geological Survey. J

Test Drilling

Thermal and hydraulic data from shallow (10 - 50 m) test holes were J 

used to determine the extent of areas of hydrothermal discharge. In the j 

Carson Desert, test-hole data were also used to prospect for possible

near-surface thermal anomalies between two known anomalies and to estimate

conductive heat flow at a site underlain by fine-grained deposits of low

permeability. J

  j
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n
U Wherever possible, test holes were completed at depths of at least 

30 m in order to avoid significant seasonal fluctuations in temperature, 

Unlike test holes used to determine crustal heat flow, however, test holes

n.; of depths sufficient to minimize the effects of heat transport by ground-t_}

^ water flow were not required. Accordingly, most holes were drilled or
i '

' i bored to depths within easy reach of light-weight drilling or augering

i<~' equipment, generally 50 m or less.
i
L_J

The first U.S. Geological Survey test holes were bored with a truck

n
mounted power auger. The holes were bored to depths of 10-45 m with solid- 

stem auger flights 1.5 m in length and about 10 cm in diameter. The U.S.
i

L., Bureau of Reclamation drilled early temperature test holes in the Carson 

Desert with hydraulic-rotary drilling equipment. Four of the holes were 

drilled and completed to a depth of 50 m; an experimental heat-flow

;   test hole in the Carson Sink was drilled and completed to 153.9 m.

In the first of the auger holes,galvanized-steel pipes of 3.8 cm

^j nominal inside diameter, fitted at the bottom with well points or well

, r~| screens, were installed to the bottom of the hole, or as close to the
i jj

bottom as possible. At many places, soft, caving materials prevented
r~i
! penetration of the pipe and screen or point to the bottom, and a few

j y
j holes had to be completed at depths of less than 10 m. Owing to the

! n: [J stability of the hydraulic-rotary drill holes maintained by the mud cake, 

--* it was possible to complete all the early U.S. Bureau of Reclamation

test holes to the total drilled depth, using pipes that were capped at 

n the bottom and filled with water. The pipes therefore were hydraulically
vi_J

isolated from the adjacent materials and provided only geologic and 

i thermal information instead of the

D
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hydrologic information also provided by the U. S. Geological Survey 

test holes. With the exception of the experimental heat-flow test

hole in the Carson Sink, which was completed with a black-iron pipe of  \

5.1 cm (2 in) nominal inside diameter, all the U. S. Bureau of Recla- . j

mation test holes in the Carson Desert were completed with black-iron -~i
I 

pipe of 3.2 cm GA; in) nominal inside diameter. The small diameter is
 I 

an asset in determining precise thermal gradients because thermal j
J

convection within the pipe is minimized (Sammel, 1968). However, ~~t

the pipes are not accessible to most borehole-geophysical-logging tools. j 

Drilling techniques improved with experience. As a result, most ^

of the later test holes were completed to total drilled depths and J 

better geologic information was obtained. Use of the hoiiowstem auger !
_. i

permitted installation of pipe to the bottom of the hole before the auger
" "} 

i
flights were removed. Hydraulic-rotary drilling was used more often and ; 

cores were obtained of representative geologic materials in the hydro- 

thermal-discharge areas.

In a test hole used for precise measurements of potentiometric head 

or thermal gradient, the annulus between the pipe and the walls of the hole 

is usually filled with cement or other impervious material. The cement 

prevents a hydraulic "short-circuit" of the natural system through the 

annulus. However, for several reasons, the test holes were not cemented. 

First, cementing each test hole would have increased cost and completion 

time substantially. The number of holes completed or the average depth 

might thereby have been reduced by as much as one-half. The hydraulic 

and thermal data obtained from an individual hole was not quite as precise 

as it could have been, however, data was obtained from many more holes from 

greater depths. Second, an envelope of cement around the pipe would have 

precluded obtaining several kinds of borehole geophysical logs that were
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J . 
needed for a reliable interpretation of the materials penetrated by the

test hole. Virtually all the radiation logs, which are the most severely
H ' 
^ affected by a cement-filled annulus, were made through the pipes

PI rather than in the open holes. Finally, the exothermic effect of curing

cement probably would have delayed thermal equilibration of the test hole 

with its surroundings for many days or weeks after completion. Because 

many sites were selected as drilling proceeded on the basis of temperatures

U and thermal gradients measured in recently completed test holes, time was

r~j not available for thermal equilibration of a cemented test hole.
Ll

As a compromise solution, the annulus outside the pipe in most
I !

, i test holes was backfilled with drill cuttings or surface materials at
iJ

the site. Where the backfill was well sorted, not in lumps, and fairly 

J dry, a reasonably effective seal was obtained. However, in some holes,

p especially those where the available materials were clayey, cohesive, or
I i

wet, the backfill tended to bridge in the annulus and to leave zones in 

1 which water moves upward or downward in response to vertical potential
UJ

gradients. These zones are indicated by abnormally low thermal gradient 

jj (commonly straddled by intervals of high thermal gradient) and by 

« abnormally low density and high water content on, respectively, the gamma- 

^ gamma and the neutron borehole geophysical logs.

Q
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Borehole Geophysical logging ^fc ~]

After the test holes were drilled, various, types of borehole ~i 

geophysical logs were made, primarily in order to better define the

physical characteristics of the materials penetrated. During the early ~n 

stages of the investigation, natural-gamma logs (hereinafter referred to

as gamma logs) and a few temperature logs were made in the cased holes, ]
,J 

usually several days or weeks after the wells were completed. It soon

became apparent, however, that gamma logs, by themselves, were not | 

sufficient to define the lithologic characteristics and other important »j 

physical characteristics of the materials. Accordingly, other logging

techniques were used, and, during the later stages of the logging program, ~]
J 

single-point resistivity, spontaneous potential, caliper, gamma, gamma-
~~"\

gamma, neutron, and temperature logs all were routinely made of the test ! 

wells. Logging was done chiefly by R.A. McCullough of the U.S. Geological 

Survey, Denver, Colorado, using truck-mounted equipment; some logs were 

made in open holes with a portable "suitcase" logger. The following 

paragraphs briefly describe the logging techniques in the approximate 

sequence in which they were used in the last test holes drilled during 

the present investigation. It should be emphasized that none of the 

techniques, by itself, is as useful as an interpretive tool as several 

techniques used conjunctively.
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t Single-point resistivity logs . Single-point resistivity logs were 

made in fluid-filled holes drilled by the mud-rotary method, commonly at

nU the same time the spontaneous potential logs were made. Unlike multiple-

r-i electrode resistivity logs, single-electrode resistivity logs do not provide
I }
^ information about the chemical character of the formation fluid. They do, 

however, indicate strata of contrasting electrical properties. These logs 

are perhaps the most useful of all the logs in identifying the position 

jj of tops and bottoms of strata. The single-point resistivity log is 

_. regarded primarily as a stratigraphic or lithologic tool. In general, 

«-* water-filled clay and silt strata are indicated by zones of low resistivity; 

fl sand and gravel are indicated by zones of high resistivity.

Spontaneous-potential logs. Spontaneous-potential logs were made in 

I ! conjunction with single-point resistivity logs in a few of the last test 

holes. These logs, which record the natural electric potentials between 

LJ fluid in the borehole and adjacent earth materials, were used primarily 

n as a supplement to the resistivity logs in defining lithologic boundaries. 

As with the resistivity log, an uncased fluid-filled hole is required.

Caliper logs, Caliper logs record the average diameter of the hole, 

as measured by expandable arms or feelers mounted near the bottom of the 

LJ logging tool. Like the single-point resistivity and spontaneous-potential 

pi logs, caliper logs were used only during the late stages of the drilling 

program. They are useful as a supplement to other logs in interpreting 

lithology and also in correcting some of the other logs for effects of 

variations in hole diameter. Although quantitative interpretations of 

LJ the gamma-gamma and neutron logs were not attempted, the caliper logs 

would be required if such interpretations were made.
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Gamma logs.  Gamma logs, record the natural gamma radiation

emitted by the earth materials penetrated by the test hole. During the
i 

study, almost all the gamma logs were made in cased holes, but these logs \

can also be made in fluid- or air-filled holes. The effectiveness of   ,
i

the gamma log as a tool in lithologic interpretation depends on the

differences in abundance of gamma-emitting minerals among the common j

earth materials. If the differences between sand and clay, for example,
n

are consistent,.these materials can be differentiated on the gamma logs. J

At most places, however, interpretations made from gamma logs alone are ,

ambiguous, and other kinds of logs must be used in conjunction with the ;

gamma log for reliable analysis. This proved to be true in most of the 1
_. J 

areas drilled. Clean, quartzose sands are relatively low in natural

gamma radiation and clays tend to be relatively high. Unfortunately, 

many sands contain abundant potassium feldspar, micas, and other high- 

gamma-emitting minerals and commonly are higher in natural gamma - 

emission than the interbedded clay and silt. At a few localities, the " j 

gamma logs were useful in helping to identify beds of silicic ash 

or tuff (very high gamma count) and basalt flows or sediments made 

up chiefly of basalt detritus ( very low gamma count).



^1n Gamma-gamma logs. Gamma-gamma logs are made with a probe that 

contains a source of gamma radiation, separated by shielding from a 

detector that measures the backscattered, attenuated radiation from the 

borehole and surrounding materials. The intensity of the radiation 

measured by the detector is related to the bulk density of the materials, 

and the gamma-gamma log is sometimes referred to as a density log. In 

all the areas of the present study, gamma-gamma logs 9which were made in 

the cased holes, were useful in identifying lithologic types and also 

in determining the top of the saturated zone (or, more correctly, the 

top of the saturated part of the capillary fringe). In the water-filled 

unconsolidated deposits penetrated by most of the test holes, sand and 

gravel are characterized by relatively high density, clay and silt 

by relatively low density, owing to the lower porosity of the coarse­ 

grained materials in comparison with the fine-grained materials. In 

the unsaturated zone, the relation is generally reversed because of 

the higher water content of the fine-grained materials. Some difficulty 

I is encountered in interpreting the gamma-gamma log where the diameter 

1 of the hole is variable, where the backfill in the annulus between the 

i pipe 3ind the wall of the hole is nonuniform, or where the backfill

material differs greatly from the adjacent materials. In a few holes, 

it is possible to identify zones of incomplete backfill or enlarged 

(washed-out or caved) hole by intervals of abnormally low density

QL-' indicated by the gamma-gamma log.
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1
Neutron logs.  Neutron logs indicate the water content (actually 

the hydrogen content) of the borehole environment. In the saturated 

zone, the water content is a function of the porosity of the material; 

clay and silt usually have higher porosity and higher water content than 

sand and gravel. In the unsaturated zone, the relation of water content 

to lithologic type is the same as it is in the saturated zone, so that 

the response of the neutron log to the different materials is not reversed 

above the water table as it is in the gamma-gamma log. The neutron 

logs proved very useful in supplementing the gamma-gamma and other logs 

in lithologic interpretations and, particularly, in identifying the 

water table or top of the capillary zone. Like the gamma-gamma log, the 

neutron log also indicates zones of washed-out hole or incomplete backfill 

in the annulus between pipe and hole wall.

Temperature logs.  Although most of the temperature data used for _.» ;

interpretive purposes was obtained using equipment that does not record 

continuously, temperature logs were made in many test holes in order to

supplement the other data. The primary value of the temperature log 1
.J 

lies in its continuous record of change in temperature with depth. The
- > 

other temperature measurements, discussed in the next section, are

generally more accurate but are made only at discrete points and thus

may fail to reveal thin zones of abnormal temperature or thermal  I

gradient. )
J
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io Measurements of Temperature and Thermal Gradient 

Measurements of subsurface temperature and thermal gradient were 

made in order to identify possible thermal areas, to determine the extent 

of hydrothermal-discharge systems, and to obtain the data needed to estimate 

j ^ heat flow from the hydrothermal-discharge areas and from a few points out-

! M side the discharge areas. In addition, temperatures were measured of 
LJ

discharging springs and of a few flowing or pumping wells.
i n
i [j Maximum-recording mercury-in-glass thermometers 15 cm in length

were used to measure temperature of discharge from most springs and wells, 

for early measurements of subsurface temperatures in test holes, and for 

measurements of subsurface temperatures higher than 100°C. Thermometers 

were calibrated with a laboratory standard mercury-glass thermometer, and 

most measurements are probably accurate to ± 0.5°C. Temperatures in test 

holes were measured by lowering a maximum thermometer attached by wire to 

^ the end of a steel tape to the desired depth, allowing time for equilibration 

Fl (usually about 1 minute), then retrieving the thermometer, immersing it in
U

a water bath kept at about 10° - 20°C, and reading it with hand lens to 

the nearest 0.2°C or 0.5°F (about 0.3°C).

Most of the measurements of temperature and thermal gradient in the 

test holes were made using a portable reel with 152 m of three- 

conductor cable, fitted at the bottom with a weighted probe containing 

a two-bead thermistor, and attached to a miniaturized wheatstone-bridge 

circuit having a digital readout of temperature. The range of the

instrument is 0-100 C; the accuracy of the measurements within this range
+ o o 

probably is well within -0.5 C. However, temperatures were read to 0.01 C,

and the relative error in measurements at adjacent depths probably is 

no more than about 0.05 C. Temperatures and gradients were measured by
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_ 1
lowering the probe in the pipe in 0.6 or 1.2 m increments from a point

just below the water level in the pipe to the bottom or to some other ~~]
J} 

desired depth. The time required for stabilization or equilibration of the

temperature reading was about 1 minute, except where the thermal gradient 

exceeded about 1 C m , when as much as 3 minutes was required.

Temperatures and gradients in some test holes, including the 

experimental heat-flow test in the Carson Sink, were measured by  \ 

Paul Twichell and John Sass of the U.S. Geological Survey, using both, 

portable and truck-mounted equipment having thermistors as sensors. 

Temperatures measured with this equipment are more accurate than those 

measured with the digital thermometer and maximum thermometer, and readings -J 

were recorded to 0.001°C. This equipment is capable of measuring ~~j 

temperatures well above 100°C.

Temperatures at a depth of about 1 m were measured in the hottest 

part of the Soda Lake-Upsal Hogback thermal anomaly in the Carson Desert 

in order to better define the configuration of the anomaly. Measurements 

were made with a thermistor mounted at the bottom of an aluminum wand 1 m 

in length, which was inserted in holes made -with, either a hand driver or 

a soil auger. The thermistor probe was attached by way of a three- ' j 

conductor cable to the digital thermometer used for the measurements in 

the test holes. Readings were made at regular time intervals for periods j 

as much as 40 min and temperatures were extrapolated to equilibrium 

temperature by a method described by Parasnis (1971).
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f In order to avoid the effects of seasonal fluctuations in temperature, 

thermal gradients at depths of less than 10-15 m below land-surface

| 1 datum, were not generally used in calculations of heat flow. Temperatures
LJ

at depths of 30 m below the land surface and thermal gradients within 

|J the depth interval 15-^5 m are the parameters most commonly used in the 

P analysis of the temperature and heat-flow patterns of the hydrothermal-

discharge areas. Temperatures used in the analysis were measured several

I ! j weeks to several months after completion of most wells in order to
j Lj
j minimize the thermal disequilibrium caused by drilling. However, during

the later stages of the field studies, it was learned that temperatures

measured only 2 or 3 weeks after drilling could be used without 

Ljr introducing significant error. Temperatures measured at depths less than

D 10-15 m did provide useful information, especially if measurements were 

repeated at different times of the year. For example, average thermaljn
( ( diffusivity of the near-surface materials can be computed, using the

shallow temperature data to define the depth of the seasonal (winter- 

LJ minimum or summer-maximum) temperature wave. The temperatures at a depth 

j~j of only 1 m obviously have a sizable amplitude of seasonal fluctuation. 

Therefore, measurements made in a given area at this depth had to be 

made within as short a time as possible, and even so, the observed 

temperatures had to be adjusted to allow for changes during the survey.

n
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Water-level Measurements

In addition to obtaining geologic and temperature information, the
"~~] 

other principal objective of the test-drilling program was to \
*J

determine potentiometric heads and directions of ground-water movement.

n
Depths to water in the test holes were measured by the wetted-tape ^', 

method and recorded to the nearest 0.003 m or, in a few less accurate r~i 

measurements, to the nearest 0.03 m. At many sites, the water­ 

bearing zone at the bottom of the hole is confined and an upward or down- i! 

ward potential gradient exists between that zone and the water table. 

Where time permitted and the water table was not too deep, companion test

holes or piezometers were installed by hand or power auger to a depth ~-|
. j 

slightly below the water table in order to define the difference in depth

or altitude between the water table (unconfined potentiometric surface) } 

and the artesian water level (confined potentioraetric surface). The 

difference in water level, divided by the depth of the well point of the 

deeper well below the water table, equals the vertical potential gradient, 

which is customarily expressed as a dimensionless ratio. If the water table 

is higher than the artesian water level in the deeper hole, the gradient 

is downward (negative)j if the reverse is true, the gradient is upward 

(positive). If the annulus between the pipe and the wall of the hole is 

not tightly sealed or is filled with material having higher vertical 

hydraulic conductivity than the adjacent natural materials, the system is 

short-circuited hydraulically and the measured vertical potential gradient 

is less than the true gradient. This situation probably exists at several 

of the test-hole sites, but the magnitude of the difference has not been 

determined.



i '

For many sites where water-table test holes (shallow piezometers) 

j   were not installed, an attempt was made to determine the position of the

water table from the neutron or gamma-gamma log of the test hole. Primary 

[ j reliance was placed on the neutron log, which generally shows a large 

p change in water content of the materials at the water table (actually the 

*"-' top of the saturated part of the capillary fringe). The gamma-gamma log 

P usually indicates a similarly large change in density at about the same

depth. However, in a few test holes, the depths indicated by the two 

J , logs are substantially different, and interpretation of the position

of the water table is highly uncertain. Another source of uncertainty 

L> is the thick capillary zone that is present above the water table in 

f~I fine-grained materials (clay and fine silt). Where such a thick capillary

zone exists, the neutron and gamma-gamma logs probably indicate the top

of the saturated part of this zone rather than the water table. For

these reasons, water-table depths and altitudes interpreted from the

neutron and gamma-gamma logs are much less precise and reliable than those 

n measured with a tape in shallow piezometers. In most holes where the

water table is in sand or other coarse material, the range of uncertainty 

j | may amount to only a few tenths of a metre, and where the unconfined 

/__^ and confined water levels differ by several metres, as they do in part 

t-> of the Soda Lakes-Upsal Hogback area in the Carson Desert, a reasonably 

n reliable estimate of the vertical potential gradient may be made. However,

where the water table is a fine-grained material or where head differences 

i ] between confined and unconfined zones are small, usable data on vertical

potential gradients must await the installation of shallow piezometers.

o



n

n ~ ;j
In many of the test holes, the well points or well screens become

"1 
clogged with silt or clay during installation. As a result, several j

»,j
weeks or months were required for water levels in the pipes to equilibrate n
with the water levels in the aquifers opposite the points or screens in -i

these test holes. The time required for equilibration can be shortened n
 J 

with development by air-lift pumping, surging, backflushing or other
-"A

means. l

""1
I 

,,-i

J

n 
i_j



u
Laboratory Analyses of Cores

 o During the last stage of test drilling, cores were taken of different
I
i l*~>

! [j materials to provide a representative range of geologic, hydrologic, and
! Lj

j thermal properties of the rocks within the several areas of study. Most

i [j of the cores were obtained by driving a brass tube into previously

j P, undisturbed material below the bottom of the drill hole; the cores were

^-' contained in aluminum sleeves 15 cm in length and 6.4 cm in diameter

f" inside the drive tube. Upon removal from the tube, the cores were capped 
f.j

top and bottom and sealed with water-proof, air.-impermeable tape. Generally,

] two 15-cm-long cores were taken from each 30 cm cored interval. One of

the cores was sent to the laboratory of the U.S. Geological Survey, Denvernv,..y Colorado, for geologic, mineralogic, hydrologic, and thermal-conductivity 

P analysis.

Analyses by the Denver laboratory included mineral identification 

and clay-mineral identification, both by X-ray diffraction method; 

carbonate content, by C0« absorption method; particle size; pore-size 

distribution; vertical hydraulic conductivity; and thermal conductivity; 

Bulk density and grain density also were determined.

Thermal conductivity was measured with a needle probe by both 

the Denver and Menlo Park laboratories.

The purposes of the core analyses were to assist in the definitionn*-' of the subsurface geology, to determine physical properties which can be 

n correlated with thermal conductivity so that the thermal-conductivity data

can be extrapolated on the basis of the physical properties inferred from 

I j the borehole geophysical logs, to obtain thermal-conductivity data needed

for heat-flow estimates, and to obtain hydraulic parameters required 

'U for estimates of ground-water-flow rates.
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Chemical Analysis of Water

The major sampling and chemical analyses of the hot springs and wells 

were done by Mariner and others (1974). During the present study, sup- j 

plemental samples from numerous spring orifices were collected and analyzed .<-» 

in order to determine gross variations in water chemistry in relation to 

flow rates and temperatures. In addition, samples were obtained by ; ] 

bailing from several test holes in the Soda Lake-Upsal Hogback area in the 

Carson Desert. The purpose of the sampling and analysis was to determine ;

whether the thermal water could be distinguished from shallow nonthermal
I 

ground water on the basis of chemical differences, and if so, the amount l

and mechanism of mixing of the two waters. Specific conductance was '1
i

measured for all the samples of spring and well waters; a few analyses

included chloride and dissolved solids. !
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Aerial Photography

During the final stages of the field studies, aerial-photography was 

tested as a method of identifying and outlining thermal areas. The Soda 

Lakes-UpsalHogback area and the Brady's Hot Springs area were selected for 

the tests because the most detailed information about temperatures at 

shallow depths and near-surface geologic conditions such as zone of hydro- 

thermal alteration was available for those areas. Although the aerial 

photography was done at the end of the investigation, it would ordinarily 

be used during the initial stages of exploration as means of selecting 

target areas for further study and of selecting optimum sites for test 

drilling and geophysical exploration.

The first technique, tested in January 1974, was oblique aerial 

photography of snowmelt patterns. About a year earlier, a tract surrounding 

a fumarole and an abandoned shallow steam well between Soda Lakes and 

Upsal Hogback was bare of snow a day after a snowfall of 10 cm. The 

pictures, taken from a U.S. Navy helicopter at altitudes of about 100- 

200 m above ground level, clearly revealed this area and also two other 

nearby patches of bare ground. Photographs taken the same day at Brady's 

Hot Springs showed long narrow areas of snowmelt along the fault that 

controls the discharge of the hydrothermal system. Depth of snow outside 

the snowmelt areas was about 8 cm at Brady's Hot Springs and 5 cm in the 

Soda Lakes-Upsal Hogback area. In all the areas, the snowmelt was caused 

by very high rates of heat flow, probably at least 300 times the rates 

outside the thermal areas, according to estimates by D. E. White (written 

commun., 1974) for localities in Yellowstone National Park. It is con­ 

cluded that, given the optimum amount of snowfall and favorable weather

c



conditions a day or so after the storm, snowmelt photography is a valuable

and comparatively inexpensive method of defining areas of high heat flow.

Similar success has been reported by Koenig and others (1972) at Coso --j

Hot Springs in east-central California. White (1969) has used snowmelt

at hydrothermal areas in Yellowstone National Park to derive quantitative i

estimates of heat flow; his methods could be combined with aerial photo-
n

graphy to yield heat-flow estimates of sizable areas at low cost, provided \ 

factors such as topography, vegetation, and geology were favorable. -~.

Vertical color aerial photographs of the same two areas were taken 

in February 1974. The photographs overlap about 60 percent along the j

flight paths so that stereoscopic viewing is possible; the scale is
1 

about 1:6,000. As expected from earlier visual aerial reconnaissance, _j

areas of hydrothermal alteration are revealed clearly on the photographs, ~\
i 

and detailed geologic mapping of the hydrothermal-discharge areas is

greatly facilitated. An unexpected bonus, however, is the correlation of 

a subtle vegetation pattern and color with warm ground in the Soda Lakes- 

Upsal Hogback area. The warm anomalies are those determined by the very 

shallow (1m depth) temperature survey and by the oblique snowmelt 

photography. Inspection of the vegetation on the ground soon after the 

color photographs were taken indicated that the anomalous pattern and 

color resulted from an unusually dense and luxuriant stand of Russian 

thistle (Salsola Kali L. var. tenufolia Fausch).



CONCEPTUAL MODELS OF HYDROTHERMAL SYSTEMS

D Although information is not yet sufficient to reach firm conclusions 

as to the nature of the known hydrothermal systems in northern and 

central Nevada, simplified conceptual models may be formulated on the 

basis of available geological, geophysical, and geochemical data. From 

LI evidence discussed briefly in the section, "Regional setting," it is 

r~j inferred that most, if not all, the systems are related to the deep

circulation of meteoric water in permeable zones associated with Basin 

! and Range faults. Chemical characteristics of the thermal waters

indicate that the systems are of the hot-water type rather than of 

O the vapor-dominated type (White, Muffler, and Truesdell, 1971; Mariner

pj and others, 197M-, p. 27). Sources of heat for the deeply circulating

water are believed to be a hot mantle beneath a relatively thin (^30 km)

I | crust or, possibly in some places, local heat sources within the upper 

part of the crust.

0
p On the basis of the nature of the heat source, two conceptual models 

of the hydrothermal systems in northern and central Nevada are postulated,

}'"( Because of the severe limitations of the available information about the 
0

real systems, each model is highly simplified and generalized and is

nl_j regarded mainly as a guide to methods of further study. The first model 

pj postulates a system in an area of "normal" regional heat flow that is, 

an area in which the source of heat is a hot mantle beneath a relatively 

thin crust and a local heat source in the upper crust is absent. In the 

second model a local heat source in the upper crust is superimposed 

) on the regional heat flow.



Each model has two variants which depend on the characteristics of the 

discharge of the system. Before discussing the features that distinguish 

the two conceptual models, the features common to both are described I 

briefly in the following paragraphs. ^ 

In both models, the thermal water is assumed to be entirely or   * 

predominantly of meteoric origin. Runoff from mountainous areas, and H
j

in a few places, irrigation water, moves downward through permeable 

zones in consolidated rocks or through primary pore spaces in

unconsolidated deposits. Indirect evidence, cited later, indicates that
i

the thermal water may circulate to depths ranging from less than 1 km, _.i

to more than 5 km. At greater depths, the excess of lithostatic over ""}
\ 

hydrostatic pressure is sufficiently large to close all fractures or

other openings, and no appreciable permeability or flow of water exists. ;

At some depth, or perhaps at several depths, water moves laterally 

beneath zones of less permeable rock and is heated by conductive heat 

flow through the underlying impermeable rocks. The nature of the 

permeable zone or zones through which the water moves laterally probably 

varies from place to place. In part the zone may be fault-controlled 

conduit system: either the same fault through which the water moved 

downward from the recharge area or a connected fault. The zone or zones 

also might consist of highly fractured competent rocks, sandy aquifers 

in clastic-rocks, or solution openings in soluble rocks such as lime­ 

stone or dolomite.

The laterally moving heated water eventually encounters a conduit 

or conduit system, generally associated with a Basin and Range fault, 

through which it rises to a zone of discharge at or near the land surface.



r>
The flow of water in these systems is controlled by the hydraulic

p gradient and the intrinsic permeability of the rocks. Generally, but 

not always, the hydraulic gradient has two components: 1) the gradient

j caused by the higher altitude of the recharge area in relation to the 

discharge area, and 2) the gradient caused by the greater density ofnLi the cold recharge water in relation to the hot discharge water. The first 

f~7 component is predominant in shallow, nonthermal ground-water systems, but 

the second component may be predominant in many hydrothermal systems. In 

j i fact, as White (1968, p. Cll) has pointed out, the area of recharge to
L j

^ a hydrothermal system can have a lower altitude than the area of discharge,
\ i
L) In this instance, the potential gradient is dominated by the second

r ; component .

Flow of water through the deep, hot parts of the hydrothermal 

systems is enhanced by the decrease in viscosity with increasing temp­ 

erature and also by the increase in solubility of some common minerals

LJ and mineraloids with increasing temperature, especially those composed

rj of silica. On the other hand, flow may decrease, owing to the precipi-
LJ

tation of other minerals, such as calcite, and silica also may precipitate
i i
) } in the cooler, discharge parts of the system.

^ Model of System Lackinga Shallow-Crustal Heat Source

^ The first conceptual model postulates a hydrothermal system in an

D area of "normal" regional heat flow, about 1.5 - 2.5 HFU. Figure 6 is 

a diagrammatic cross section which shows the inferred flow of ground 

i j . water through the system and its effect on the distribution of temper­ 

ature with depth. As shown by the spacing of the isotherms in the
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j I diagram, the near-surface thermal gradient and heat flow are less than

"normal" (regional conductive values) in and near the area of downf lowing 

cold recharge water and substantially above "normal" in and near the area

r^i of upf lowing hot water. The thermal gradients in the downf lowing and 

upflowing sections, indicated by the spacing of the isotherms, depend

fl in part on the velocities and magnitudes of flow. Where the velocity is 

high the gradient is small, and the converse is true. Where the velocity
n
jj of upflow is sufficiently high, little decrease in temperature occurs in 

pj the conduit until boiling begins at the hydrostatic depth at which the 

uJ vapor pressure of the water equals the fluid pressure caused by the over- 

[~j lying column of water. From this depth to the land surface, the tempera­ 

ture decreases along the curve of boiling point versus hydrostatic depth. 

I I Depths to vhich the water circulates are large because of the 

postulated absence of a local heat source in the upper crust. The 

U depths may be estimated roughly on the basis of the regional heat flow, 

PJ assumed thermal conductivities of the rocks, and the rock-water

equilibrium temperatures indicated by the various chemical geothermo-

jj meters. For example, if the regional heat flow is 2 HFU, the average

thermal conductivity of the rock is 6.0 x 10~3 Cal cm"1 a-l °c-l ( a

reasonable value for granite), and the mean annual temperature at the

p| land surface is 10°C, the water would have to circulate to a depth of

1*.5 km in order to attain a temperature of l60°C and to a depth of 

y 5. T km to attain a temperature of 200°C. If the materials through which 

the water circulated were unconsolidated alluvial or lacustrine deposits 

k» having a low thermal conductivity, say 2.5 x 10-3 cai cm-l s-l oc-l

the depths of circulation would be 1.9 km for l6o°C and 2.1* km for 200°C. 

Actual depths of circulation in the systems where the regional heat 

flow is "normal" for the northern Basin and Range province probably

range from about 2 to about 6 km.
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At shallow depths (less than about 50 m), a system lacking a shallow 

crustal heat source is characterized by a comparatively small area H 

surrounding the points of water discharge (.usually hot springs) where 

the heat flow is greatly above "normal." Outside this area, heat flow ; j 

tends to approximate "normal" values for the region except near places 

where downflow of cold recharge water occurs, where heat flow is less ^ 

than "normal." Extent of the area where heat flow greatly exceeds '""} 

"normal" depends in part on the temperature and flow rate of the rising 

thermal water and in part on whether some of the rising water leaks from 

the conduit into shallow aquifers, as is explained in the section, "Dis­ 

charge parts of the systems." : '

rf
u

Model of System Having a Shallow- Crustal Heat Source A

n
The second conceptual model differs from the first model in that a *"" 

local heat source in the upper crust is superimposed on the regional j
I***/

heat flow postulated in the first model. The dimensions and nature of
 "it

the local heat source are unspecified; the body of hot rock might be jj 

only a few square kilometres in extent, or it might underlie an area of r^ 

several hundred square kilometres, like the Battle Mountain high described ^ 

earlier. The general features of such a system are shown in a |7 

diagrammatic cross section on figure 7.

J
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The important differences between the two models are the depths of 

water circulation and the extent of the area of above-"normal" heat flow. 

In the second model, the water does not have to circulate as deep to 

attain a given temperature as it does in the first model, owing to the 

greater heat flow resulting from the local heat source. For example, 

consider a system within the Battle Mountain high where the conductive 

heat flow might be 4 HFU instead of the "normal" regional value of 2 HFU. 

Depths of circulation would be only about one half as great as those
; n
i 1 | cited for the first model, perhaps on the order of 1-3 km. The area ofj i-j

above-normal heat flow is considerably greater in the second model thann
  ^J in the first, because the area of high heat flow near the discharge

p outlets merges gradually with the surrounding area of above-normal heat flow 
] (J

which overlies the local heat source.

Discharge Parts of the Systems

n[J In addition to the classification described above, which is based 

p, on the nature of the heat source, the hydrothermal systems may be grouped 

^ according to the nature of their discharge parts. Two models of the 

n discharge systems are considered: (1) a system having a nonleaky discharge

conduit, and (2) a system having a leaky discharge conduit.

M The essential features of the nonleaky system are shown diagram- 

_ matically on figure 8. The vertical or nearly vertical conduit system 

bJ is isolated hydraulically from the adjacent deposits or rocks by imper- 

p! meable walls formed by minerals precipitated from the thermal fluid,or the 

conduit system may consist of fractures in impermeable rocks which are 

isolated from other fracture systems. All or nearly all the rising water 

therefore discharges at the land surface as springflow.
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As shown on figure 8, heat is discharged laterally from the conduit
j j 

system by conduction through the conduit walls. Relatively large thermal |

gradients are maintained through the conductive zone. The surrounding
1 

nonthermal ground water is heated, and the heat may be transported J

laterally by convection in the direction of the local hydraulic gradients.  \ 

If the upper part of the conduit system is surrounded by unsaturated 

rocks, heat flow away from the system is almost entirely by conduction. f 

The thermal area surrounding the conduit system, where conductive heat

flow through near-surface materials is above "normal," is of the order of
n 

0.5-5 km on the basis of model studies by M. L. Sorey (oral commun., 1974) \

and data obtained during this study.

Systems in which leakage from the upper part of the conduits is ; 

zero probably are rare or absent. The model described above is idealized 

and is only approached by some real systems.
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Figure 9.

 (top)Diagrammatic cross section of a hydrothermal discharge 
system having a nonleaky discharge conduit.

 (bottom) Diagrammatic cross section of a hydrothermal discharge 
system having a leaky discharge conduit.



A special case of a system having a leaky discharge conduit is one 

where the leakage is into relatively deep aquifers, that is, aquifers at 

depths of hundreds of metres below the land surface. The near-surface 

temperature distribution associated with such a system in an area of 

"normal" regional heat flow may closely resemble that associated with 

a nonleaky discharge in an area having a local crustal heat source. That 

is, the near-surface temperature anomaly would be extensive, but temper­ 

atures, thermal gradients, and heat flow would not greatly exceed "normal" 

values.

Another special case is a system in which shallow, nonthermal water 

is not isolated hydraulically from the thermal water but mixes with it 

as the thermal water rises to discharge at spring outlets. Such a 

system is leaky in the sense that the conduit is not isolated hydraulically, 

but the near-surface distribution of temperature tends to resemble that 

of a system having a nonleaky discharge conduit. Identification of this 

type of system requires more abundant and detailed chemical and hydraulic 

data than were obtained during this study.
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Figure 9 illustrates the essential features of a system having a
n
1 I leaky discharge conduit. In this type of system, some of the rising

thermal water leaks laterally into aquifers. The amount of leakage may 

I.) vary from a small proportion of the upward flow from the thermal reser- 

f~] voir to all the flow, so that no water discharges as liquid at the

land surface. Where the leakage is small, little heat is transported 

laterally from the conduit system"by convection, and the near-surface 

distribution of temperature is similar to that in the nonleaky-conduit 

system. Where the leakage is large, as shown on figure 9, the near- 

surface distribution of temperature is modified greatly because of 

lateral convective heat transport by the movement of thermal water 

through the aquifers intersected by the conduit system. As a result, 

the extent of the thermal area defined by above-"normal" temperaturesn
LI and thermal gradients in the near-surface materials is much greater 

p> than that in the nonleaky system.

0
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ESTIMATES OF HEAT DISCHARGE

Two of the primary objectives of this study are to estimate the

discharge of heat and the discharge of water from the hydrothermal systems. H
L.I 

The estimates are based on an assumption implicit in the conceptual

models described in the preceding section: All hydrothermal discharge 

takes place within a thermal area delineated by temperatures and thermal 

gradients above normal at shallow depths. The thermal area may or may not J 

contain hot springs or fumaroles in its central part.

There are several modes of heat discharge from a thermal area: (1) by 

hot-spring discharge; (2) by lateral movement of warm ground water >! 

beyond the margin of the thermal area; (3) by steam discharged from 

vents or fumaroles or by heated air that escapes from the soil surface; 

(U) by evaporation from hot-water surfaces; (5) by radiation to the 

atmosphere from warm soil and water surfaces; (6) by conduction through 

near-surface materials. Each of these modes is discussed briefly in 

the following sections.

Heat Discharge by Springflow
q

In some of the systems studied, a sizable fraction of the heat dis­ 

charge is by convection as springflow. All this heat eventually is lost '. 

by other processes, such as radiation to the atmosphere from hot pool nsurfaces and by heat of vaporization (evaporation). However, the net J 

quantity of heat discharged from a spring or spring system is most readily   > 

computed as the product of the volume rate or mass rate of springflow and

  
-"-"n 

f
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0 of that remaining at ambient temperature. For example, consider the 

I springflow at Sulphur Hot Springs in Ruby Valley, one of the systems studied:

Weighted-average temperature of springflow: 63°CX Enthalpy: 63 cal g"1 

4J Mean annual temperature at land surface: 8°C, Enthalpy: 8 cal g" 1 

ff% Net enthalpy of springflow: 55 cal g"" 1

Springflow: 8.31s"1 (8.9 x 103 cm3 s"1 ) 

(1 Density of water at 63°C: 0.982 g cm"3

Heat discharge = (55 cal g"1 )(0.982 g cm"3 )(8.9 x 103 cn^s"1 ) 

U - = 0.48 x 106 cal s" 1

The actual rate of heat discharge fluctuates in response to fluctuations 

in springflow, temperature of discharge, and ambient air temperature; the 

type of computation above is useful mainly for deriving rough estimates 

of heat discharge for long periods ,such as a year.

Heat Discharge by Lateral Ground-Water Movement

Convective discharge by lateral movement of warm ground water may be 

significant in hydrothermal systems having leaky discharge conduits or in 

systems having nonleaky conduits where shallow ground water of nonthermal 

origin is heated adjacent to the conduit. However, in this study, 

the margins of the thermal areas are defined so as to include only ground 

water significantly warmer than normal for the depth considered. There­ 

fore, discharge of heat by lateral movement of ground water beyond the 

margins of the thermal area is generally small and is neglected.

59



Heat Discharge by Steam

Convective heat discharge by steam occurs where the temperature of the "^
\

thermal water in the deep reservoir substantially exceeds boiling tempera­ 

ture at 1 atmosphere and where the upward flow in the discharge conduit is j 

sufficiently rapid so that the rising water boils in the upper part of the 

conduit. As an example, consider once again the Sulphur Hot Springs sys- J 

tern, where the reservoir temperature indicated by the silica-quartz ~] 

geothermometer is 186°C (table 1) and the surface boiling temperature is

94°C. If all the heat loss from the reservoir to the surface were in the >
..I

steam discharge (no conductive heat loss), the percentage of the total 

heat loss discharged as steam would be computed as follows : ....,:  

Reservoir temperature: 186°C Enthalpy of water: 188 cal g-1 

Surface boiling temperature: 94°C Enthalpy of water: 94 cal g"" 1 

Ambient surface temperature: 8°C Enthalpy of water: 8 cal g"" 1

(188 - 94) cal g- 1. -      '   *  = 52 percent
(188 - 8) cal g" 1

J
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j [j
The percentage in the above example undoubtedly exceeds the actual 

percentage of heat discharged as steam at Sulphur Hot Springs and represents 

an upper limit probably not approached in most systems in northern andn
L: central Nevada. At Sulphur Hot Springs and the other spring areas investigated,. 

pj most of the springs discharge water at less than boiling temperature. A
; I

substantial proportion of the heat loss between the deep reservoir and the

f j discharge outlets probably results from conduction and mixing of thermal
LJ

and nonthermal water rather than discharge of steam from boiling pools, 

(J vents, or fumaroles. In the systems containing boiling springs, the percentage 

I--; of the convective heat discharged as steam is estimated on the basis of the

computed equivalent volume of water discharged as steam, as discussed later

P in the section,"Estimates of water discharge," and the enthalpy of the steam.
U

pj Heat Discharge by Evaporation from Hot-Water Surfaces

U
The quantity of heat discharged by evaporation from spring pools and

 \
j other hot-water surfaces is significant in many systems. However, most of

this heat is included in that measured as heat discharge by springflow 

j a small amount is not included, owing to the reduction in the measured 

1 springflow resulting from evaporation.

Heat Discharge by Radiation

| Heat discharge by radiation to the atmosphere from warm soil and 

1 water surfaces may be significant near active outlets of fluid discharge,

such as boiling springs or fumaroles, or at other places where ground 

1 temperatures are substantially higher than ambient air temperatures
! <

most of the time. Radiative heat discharge can be determined with an 

J infrared radiation thermometer (Sekioka and Yuhara, 1974) or by snowfall 

~j calorimetry (White, 1969). In most of the systems studied, the areas of

high radiative heat discharge are believed to be small, and the discharge

j by this means is not estimated.
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Heat Discharge by Conduction 

Conductive heat flow is indicated by linear thermal gradients in
n

zones or" beds of uniform thermal conductivity. Such gradients are Jj 

characteristic of many depth intervals penetrated by most of the test -^

holes bored or drilled during this investigation. The thermal gradients,
     I 

together with the estimated thermal conductivities of the materials in
L)

the corresponding depth intervals, form the basis for estimates of con­ 

ductive heat discharge from the thermal areas. Thermal gradients and J 

thermal conductivities were measured by methods described in the section  , 

"Methods of investigation'/

Results of all laboratory measurements of thermal conductivity of 

core samples are given in table 2. The cores obviously represent only a 

very small sample of the materials in which thermal gradients were 

measured. Fortunately, however, thermal conductivities of porous granular 

materials of the types penetrated by most of the test holes do not have *"' 

nearly as wide a range as the hydraulic conductivities of the same j
uJ

materials. For this reason, the data from the cores can be used to infer
n

thermal conductivities of materials having similar properties such as J 

bulk density, porosity, and mineral composition. The errors that result 

from such an extrapolation are much less than those that would result from  ' 

a similar extrapolation of hydraulic properties. Accordingly, the values 

of thermal conductivity listed in table 3 are assigned to various cate­ 

gories of water-saturated unconsolidated and semi-consolidated to consol­ 

idated clastic sediments. If a reasonably accurate description of the ..... 

materials is made on the interpreted log, the error of most estimates of ' * 

the thermal conductivity probably will be well within plus or minus 50 

percent.
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Table 2. Thermal conductivity of saturated core samples from U. S. Geolo­ 
gical Survey test holes.

[Measurements made with a needle probe by Robert Munroe, U.S. 
Geological Survey, Menlo Park, California]

Test 
hole

Depth of 
sample 

(m) -
Material

Thermal conductivity 

(x 10" cal cm"" s" °C*

BR DH-14 10.06-10.21

BR EH-15 14.63-14.78

BH DH-16 3.81-3.96

BH DH-17 8.53-8.66

GV DH-8 28.10-28.25

GV DH-11 37.19-37.34

BV EH-5 14.63-14.78

RV DH-8

BV EH-1 

CD S1H-1

2.29-2.44

3.66-3.81

32.77-32.92

0.70-0.75

CD SIH-42 0.60- 0.65

Lacustrine clay 

Lacustrine sandy clay 

Alluvial gravel; silt

and clay matrix. 

Alluvial silty sand 

Alluvial silty sand

and gravel '. 

Tertiary mudstone 

Lacustrine sand, silt,

and clay.

Alluvial sandy clay 

Alluvial sand 

Vesicular basalt ' 

Sandy clay (hydro- 

thermally altered 

fluvial or eolian sand. 

Sandi/

1.86; 1.87

2.05; 2.05; 2.03

2.44; 2.62

2.83; 2.69 

0.50

4.86; 3.84; 4.12 

2.93; 2.83

3.74; 3.94; 3.92 

3.45; 3.58; 3.34 

3.54 

2.29

0.50; 0.47

I/ Sample nearly dry 

2/ Porosity * 10 percent
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Table 3* Values of thermal conductivity assigned to lithologic

categories classified in interpreted logs. 
___ [/ill materials assumed to be saturated with water]

Thermal conductivity 

Lithologic category_______________________(meal cm" s" °C" )

Unconsolidated deposits 

Gravel; coarse grav^j clean gravel; gravel and

sand; sandy gravel. 5.0 

Sand and gravel; gravelly sand 4.0 

Sand and scattered gravel; coarse sand; sand; coarse

sand with thin beds of clay and silt. 3.5 

Sand and silt; silty sand; fine sand 3.0 

Silt, sand, and clay; sandy clay; clay and sand; silt;

clay and gravel; clay, sand, and gravel. 2.5 

Clay; silty clay; clay and silt 2.0

Semi consolidated to consolidated deposits

Cemented gravel; conglomerate - 6.0 

Cemented sand; sandstone; sandstone and siltstone;

siltstone and sandstone. 5.0 

Claystone and siltstone; mudstone 4.5



0 Most thermal gradients used in computations of heat flow are measured 

or estimated for depth intervals that include more than one kind of material, 

Virtually all these intervals are in horizontally stratified materials, so 

that, with vertical (upward) heat flow, the situation is analogous to the

U flow of electric current through resistors in series. Therefore, the

n heat flow through a series of beds of different thermal conductivity is 

equal to the thermal gradient from top to bottom of the series of beds,

J multiplied by the harmonic mean of their thermal conductivities. The 

harmonic mean (km) for a sequence of n layers is computed as

LJ

n Kn * I     i   

ITl
where z^ = thickness of layer i and k^ = thermal conductivity of layer i. 

In application, the harmonic-mean thermal conductivity is computed from the 

lithologic log of the well, using the thermal-conductivity values given 

in table 3. On the basis of thermal gradients observed in test holes in several 

areas of study, thermal conductivities of the unsaturated materials above 

! 1 the water table are estimated to be 0.6 times the thermal conductivities of 

corresponding saturated materials listed in table 3. An exception is made

ny for materials in the depth range 0-1 m, which are ordinarily drier and

r-y therefore poorer conductors of heat than the underlying unsaturated materials,

*-* owing to the removal of moisture by evapotranspiration. On the basis of

fl scanty core data, values of thermal conductivity assigned to three general

categories of material in the depth range 0-1 m are:
n Thermal conductivity
" Material ( xlO"3 cal cm" 1 s" 1 "C- 1 )

pi cla/ 1.0u
Silt; sand and clay .8

Silty sand; sand and silt .7w u?

Sand " .5I n
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Temperatures 30 m below the land surface and thermal gradients in the 

test holes are tabulated for the measurements believed to be most reliable  

that is, those measurements unaffected or only slightly affected by thermal 

disequilibrium from drilling, seasonal temperature fluctuations, convection ! 

by upward or downward ground-water flow across bedding, or convection by r» 

upward or downward flow of water in the annulus between the pipe and the 

wall of the borehole. Heat discharge is then calculated by one or both H
*£ I

of two methods, for convenience designated as methods A and B, which are 

described below. - {

Method A. In method A, the simpler but generally less accurate 

procedure, the following assumptions are made:

(1) All heat discharge from the area of the thermal anomaly 

is measured as conductive heat flow in the top 30 m of materials, 

except for heat discharged by springflow and steam discharge.

(2) The thermal anomaly is delimited by the isotherm at 30 m 

depth for which heat flow computed by the method is approximately 

equal to the average for the region generally the 15°C or 20°C 

isotherm and an estimated heat flow ranging from about 2 to 5 HFU.

(3) The heat flow at any point is equal to the thermal gradient 

computed from the temperature difference between the 30 m isotherm 

and the land surface, multiplied by the harmonic mean of the thermal 

conductivities of horizontally stratified materials in the same depth 

range.

(JO The mean annual temperature at the land surface through­ 

out the area of the thermal anomaly, which is used in computing the 

thermal gradient for 0-30 m, is equal to the mean annual air temp­ 

erature at the nearest weather station.

66



n 
U

\ (5) The harmonic-mean thermal conductivity of the materials 

i I from 0 to 30 m depth is constant throughout the area of the thermal 

anomaly and is equal to the average of the computed harmonic-mean
n
LJ conductivities at all the test-well sites within the area.

Because of the simplified assumptions and the uncertainty of the 
ft 
i-1 values of some of the parameters, method A yields only crude, approximate

n answers for most of the hydrothermal-discharge systems described in this

report. For example, the assumption that all heat discharge from the area

j of the thermal anomaly Is measured as conductive heat flow in the top 30 m 

of materials, except for heat discharged by springflow and steam discharge,

4--J introduces significant errors where thermal gradients are modified by upward

p or downward convection or by boiling, or where heat is transported beyond the 

area of the thermal anomaly by lateral ground-water flow. Another significant
n
I i source of error is the estimate of the harmonic-mean thermal conductivity of
 J

the materials 0-30 m below the land surface. The error of the estimate is 
I 
J relatively large where the water table is deeper than a few metres below

Q the land surface, because the uncertainty of the values of thermal 

conductivity assigned to the unsaturated materials is greater than that 

of the values assigned to the saturated materials. It is believed that, 

in most of the estimates, the true heat discharge is within the range of

U 1/2 to 2 times the estimated value.

p Method B. Method B differs from method A in that heat-flow rates

are computed using thermal gradients measured in the test .holes below the

I j water table and below the depth of significant seasonal fluctuation of 

temperature instead of using average thermal gradients from 0 to 30 mnLJ depth computed from temperatures at 30 m and land surface. Method B is

pi inherently more accurate than method A, for three principal reasons. First,

the thermal conductivities of the saturated materials used in method B 

M can be estimated within much narrower limits than the thermal conductivities
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of unsaturated materials, which at most places constitute a significant 

proportion of the 0-30 m depth interval used in method A. Second, in

method B, only those depth intervals are selected for which the thermal
 --\ 

gradients appear to be essentially linear and conductive. In method A, ;

however, the computed gradient from 0 to 30 m probably reflects convection

1as well as conduction at many places and therefore does not necessarily ] 

yield valid estimates of conductive heat flow. Third, method B does not rn 

use a constant thermal conductivity for the entire area of the thermal 

anomaly as does method A. Instead, in method B, the conductivity is
. !

assumed to vary laterally and is defined by the values calculated for '~i

each test hole. 1

The computation procedure in method B is similar in several respects
i 

to that in method A. The major difference is that, in method B, measured

thermal gradient and computed harmonic-mean thermal conductivity for'the I 

corresponding interval are multiplied to give heat flow at each test- 

hole site. Heat-flow isograms are then drawn from the test-hole data, 

and the heat discharge from the area between two isograms is computed as 

the product of the area and the geometric mean of the two heat-flow 

isograms. The heat discharges of the areas between the pairs of heat- 

flow isograms are then added to obtain the total heat discharge from 

the thermal area. The boundary of the thermal area is placed at the heat- 

flow isogram that is believed to represent the conductive heat flow of the 

larger area surrounding the hydrothermal-discharge system.

The procedures in both methods described above provide estimates of 

the total conductive heat discharge from a hydrothermal-discharge system. 

For the purpose of estimating water discharge from the system by the 

heat-budget method, described later 9 it is necessary to compute the
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n

amount of conductive heat discharge that results from rising thermal water, 

for convenience called the "net conductive heat discharge." The net 

conductive heat discharge is computed as the total conductive heat discharge 

minus the so-called "normal conductive heat discharge," which is defined 

as the heat discharge from the thermal area that would have occurred without 

the upflow of thermal water.

n
LJ

u
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ESTIMATES OF WATER DISCHARGE !
i

Water may discharge from a hydrothermal system as flow from springs 

and wells, lateral ground-water outflow, evaporation from soil and water

surfaces, and transpiration by phreatophytes. In water budgets, evaporation  (
\ 

and transpiration are usually grouped under the term evapotranspiration.

Evapotranspiration is the dominant mode of water discharge from each of j 

the hydrothermal systems studied; if a sufficiently large area surrounding
n

a thermal anomaly is included, all water is ultimately discharged by this ...) 

process. In general, not all the water discharge from a thermal area is deep, 

thermal water; some of it is shallow, nonthermal water of local derivation,

which may mix with the thermal water in variable proportions. In this
_ .1

study, two methods are used to estimate the discharge of thermal and
1 

nonthermal water from the hydrothermal systems: the water-budget method J

and the heat-budget method. The assumptions and procedures used in ^^ -, 

computing water discharge by each of these methods are reviewed below, ~J

Water-Budget Method j 

In the water-budget method, it is assumed that the shallow part of 

the hydrothermal system is in hydrologic equilibrium, where inflow equals J 

outflow. Inflow items include recharge from local precipitation and runoff, 

thermal-water upflow from the deep part of the system, and imported water 

(generally insignificant). Outflow items are evapotranspiration, lateral ] 

ground-water outflow,and springflow that leaves the budget area. Upflow 

of thermal water is considered the unknown in the budget, and the hydrologic 

equation is solved for this unknown.
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Springflow. In the systems studied, none of the springflow leaves 

the budget area as liquid outflow; all the water is ultimately discharged 

by evapotranspiration. However, for some purposes, it is useful to

r^i estimate the discharge from spring orifices. (Discharge from flowing or 

pumping wells is either zero or very small and is neglected in the budget

U estimates.) Most of the spring-discharge rates are based on visual

estimates. Wherever possible, the estimates were made at channel sections
n
LJ where the flow velocity was fairly uniform and where the areas of the

pi channel cross sections could be determined within narrow limits. Accuracy

of the visual estimates is believed to be within about ±30 percent for 

\ I discharges of several litres per second, but the percentage errors for

smaller discharge rates probably are larger. A few measurements of 

jj spring discharge were made with a pygmy current meter. The accuracy 

PI of these measurements exceeds that of the visual estimates and is believed 

to be within about ± 15 percent.

Evapotranspiration. Evapotranspiration includes evaporation from 

soil and water surfaces and transpiration by plants. Except for playas 

and other non-vegetated areas, evaporation from ground surfaces is not 

estimated as a separate budget item but is grouped with transpiration.

Evaporation from water surfaces, mostly spring pools, represents 

only a small percentage of the total evapotranspiration discharge in 

the areas of study and is not estimated separately, except for the 

Gerlach and the Sulphur Hot Springs thermal areas. Evaporation rates 

from thermal pools at these two sites are estimated using a quasi-empirical 

mass-transfer equation of Harbeck (1962). The data used in the equation 

are average monthly temperature, humidity, and wind velocity, as measured
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at the Winnemucca WBO AP weather station. The following rates are computed 

and used in this report:

Pool-surface temperature Estimated annual evaporation
(°C)________ _______(metres)_______ ""]

10 1.3

20 3.4   j

40 13

60 36 J

80 88 ""-]
J

 i 
An estimated rate of evaporation from playa deposits, 9 cm yr"" 1 , is j

based in part on a study of rates of upward ground-water flow in near-sur­ 

face deposits beneath Smith Creek Playa in central Nevada by M. L. Sorey J 

(written commun., 1971) and in part on published and unpublished estimates ~~) 

made in other parts of Nevada by the U.S. Geological Survey. Sorey f s *~
"1 

estimate is derived from the degree of curvature of the thermal gradient,
»^+r

which depends on the rate of vertical ground-^water flow (Bredehoeft and 

Papadopulos, 1965; Stallman, 1960; Sorey, 1971). Depth to water at the J 

Smith Creek Playa sites averaged about 3.6 m below land surface (Sorey, ~j 

written commun,, 1971), whereas the depth to water at the sites in this

study ranges from about 0.3 to 1.5 m below land surface. Evaporation rates
  j

for the playa deposits considered in this study therefore would be greater 

than that at Smith Creek Playa on the basis of the smaller depth to water. J 

However, Smith Creek Playa laQks the salt crust present at the surface of ] 

the playa deposits considered in this study, the salt crust is believed to 

inhibit evaporation. For this reason, the evaporation rate for the playas I 

in this study is assumed to be no greater than that at Smith Creek Playa, 

despite the lesser depth to water in the former playas.

72



n
Actual rates of evaporation from playa surfaces probably are highly 

pi variable and depend on several factors, among which are depth to the

water table, salinity of the water, temperature, and nature of the near-

D surface materials. Although the rate for a given location is uncertain, 

the total volume of evaporation from playa surfaces within the thermal 

[J areas studied is small in comparison with the volume of evapotranspiration 

PI from vegetated area. For this reason, large errors in the estimate do

not greatly affect the estimates of total evapotranspiration. 

j j . Ground water is discharged by evapotranspiration where the roots

of phreatophytes penetrate to the capillary fringe or the underlying water

nI J table, or where the capillary fringe extends to or near the land surface.

PI Rough estimates of ground-water evapotranspiration were obtained by

; mapping types of phreatophytic vegetation, multiplying the area covered

j j by each type by an estimated annual rate of water discharge by that type, 
U

and summing the products. Estimates of annual rates are based on data

ny from several sources, including Lee (1912), White (1932), Young and

PI Blaney (1942), Houston (1950), Robinson (1958, 1965), Blaney and Hanson

^ (1965), and Han and Price (1972).
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The estimated rates of evapotranspiration are regarded as approximate; 

the actual rates may vary by a factor of 2 or 3, depending on depth to  , 

water, soil type, salinity of the water, and other variables. J

Lateral ground-water outflows-Lateral ground-water outflow from the ""]
j

budget area is a significant item in most of the systems studied but is
"1 

difficult to estimate accurately. The computation procedure is as follows. j

First, the isotherm that delineates the thermal anomaly is used as the 

position of the transmitting section. From available subsurface geological

data, supplemented by a reasonable guess as to thickness and character of
. ^i 

the materials transmitting water below the depths for which the data are

available, the intrinsic permeability and thickness of the transmitting ;

section are inferred. Next, the average horizontal potential gradient
S 

normal to the transmitting section is estimated using water-level data from

the test holes. Finally, the outflow is computed as the average potential 

gradient normal to the transmitting section multiplied by the product of 

the area of the transmitting section, its average intrinsic permeability, 

and the kinematic viscosity of the water.
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,'U
! Water discharge as steam. An unmeasured amount of water is discharged 

,' U as steam in those systems containing boiling springs. The actual discharge 

P is difficult to estimate. However, for purposes of this study, an

approximate estimate is derived as follows. The example is taken from

j |'i Sulphur Hot Springs, one of the systems studied*
j U
! Total springlow, including evaporation from pool surface: 0*28 x 10 3m3yr~-1 n
: [   Springflow at boiling temperature (from table 16): 0.03 x 10 6m3yr~

r , Reservoir temperature (table 1): 186°C Enthalpy of water: 188 cal g" 1

IJ Boiling temperature at surface: 94°C Enthalpy of water: 94 cal g" 1

| Net enthalpy available for steam: 94 cal g" 1

: Enthalpy of steam-water mixture at 94°C: 543 cal g"" 1
: r  

[ Weight percent of steam at 94°C: 94/543 = 17.3 percent

'r
j ; Discharge of steam and boiling water (as equivalent water)
' ^»

= <T  n 170 KO-03

[
i 1 - 0.173 

j = 0.036 x

M Discharge of steam (as equivalent water) = (0.036 - 0.03) x
U  

= 0.006 x

This discharge is a very small percentage of the total water discharge and 

is neglected. However, as discussed in the preceding section, the heat 

|_j discharged as steam is a much more significant fraction of the total heat 

p discharge that results from convective upflow of thermal water, owing to 

the high enthalpy of the steam.n- .
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Heat-Budget Method

In the heat-budget method, it is assumed that the shallow part of 

the hydrothermal system is in both hydrologic and thermal equilibrium  

that is, the inflow of both water and heat equals outflow. The method 

yields an estimate of thermal-water discharge, provided that the source 

temperature of the water indicated by the chemical geothermometers reflects 

only the deep thermal water and not an admixture of the deep thermal 

water and shallow nonthermal water. Information required to differentiate 

thermal water from a mixture of thermal and nonthermal water was not 

obtained in this study. In the absence of such information, it is 

assumed that the chemical (silica and cation) geothermometers indicate 

the temperature of a deep source or sources.

In order to compute the discharge of thermal water, it is assumed 

that the net heat discharge from the system is derived from rising thermal \

water, which leaves the deep source or sources at the temperature indicated
i 

by the silica or cation geothermometers. (The net he.at discharge equals -J

the total heat discharge minus the discharge that represents "normal" 1

heat flow from the thermal area.) The net heat discharge is based on an
\ 

estimate derived by one of the methods described earlier in the section,

"heat discharge." The net heat content of the water is computed as

the difference between the temperature of the water at the deep source

or sources and the mean annual temperature at the land surface, multiplied

by the heat capacity of water, approximately 1.0 cal g C . The

discharge of thermal water is computed as the net heat discharge from j

the thermal area, divided by the net heat content of the thermal water

at the deep source or sources.
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i i CARSON DESERT

t

Hydrogeologic Setting 

The Carson Desert is a large basin in west-central Nevada (fig. 10).n -.   --_-.. ._..-._.._..    ... ....._..
jj Fallon, the principal center of population and trading, is 90 airline

 n km east of Reno. The Stillwater-Soda Lake KGRA occupies a roughly 
I i 
Lj rectangular area of 91,140 ha in the south-central part of the

n basin. The basin floor, which lies at altitudes of 1,170 - 1,250 m above 
U

mean sea level, is immediately underlain by deposits of late Pleistocene
n .
[_, Lake Lahontan and by Holocene fluvial and eolian deposits. Bordering

n mountains, as much as 1,500 m higher than the basin floor, are formed of
i :
Lj a variety of consolidated to semiconsolidated rocks of Paleozoic, Mesozoic,

and Cenozoic ages. Tertiary lavas and pyroclastic rocks of mafic to felsic 

composition are widespread in the mountains and have been penetrated in
n
[ j test wells beneath the basin fill. Maximum thickness of the unconsolidated 

basin fill overlying the Tertiary volcanic or older rocks is not accurately 

known but probably is at least 2 km.

Basaltic rocks of Quaternary age are exposed at several places within 

the basin. Lone Rock, an isolated outcrop of basalt, possibly a remnant 

of a volcanic plug or neck, rises about 27 m above the surrounding floor 

of east-central Carson Sink. Rattlesnake Hill is a similar outcrop of basalt 

about 1.5km northeast of Fallon. Upsal Hogback is a cluster of several 

cones of basaltic tuff 16 km north of Fallon. The eruptions that formed 

the cones occurred chiefly during an interpluvial time in the late Plei­ 

stocene, when Lake Lahontan was dry (Morrison, 1964, p. 100). Soda and 

Little Soda Lakes, 10 km northwest of Fallon, are within, respectively, 

elliptical and circular craters, 1.6 and 0.3 km in diameter, which are 

rimmed by a mixture of basaltic and nonvolcanic debris blown out by 

repeated gaseous eruptions. According to Morrison (1964, p. 72), the
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earliest eruptions may have been as early as or earlier than the first 

eruptions at Upsal Hogback, 14 km to the north-northeast, but the latest 

eruptions apparently were later than those at the Hogback.

The lowest part of the Carson Desert is occupied by the Carson Sink, 

a large bare playa, mostly dry, which is the sump for the Carson River 

and, at times, overflow from Humboldt Sink. (See fig.10) Before 

development of irrigated agriculture in the southern part of the basin in 

the early 1900 T s, the Carson River was the chief source of water supply 

and ground-water recharge. Irrigation, partly with diverted water from 

the Truckee River as well as with Carson River water, all stored at Lahontan 

Reservoir near the southwest corner of the basin, is now the important 

source of ground-water recharge. Recharge takes place by penetration to 

the saturated zone of both applied irrigation water and leakage of irri­ 

gation-supply water from unlined canals. Only a very small amount of 

recharge to ground water in the basin is derived from local precipitation 

and runoff. Average annual river releases from Lahontan Reservoir are
fi *3

about 4,700 x 10 m . All this water eventually is discharged by evapo- 

transpiration, but a large fraction, probably more than one half, penetrates 

to the saturated zone before it is discharged. In contrast, the estimated 

potential ground-water recharge from the surrounding mountains is only 

1.6 x 106 m3 yr"* 1 (Glancy and Katzer, 1974).

Local patterns of ground-water circulation are complex, but the 

large-scale lateral movement is generally northeast and north toward the 

Carson Sink. Sandy aquifers within a few tens of metres of the land 

surface probably transmit most of the water. Confined ground water at 

greater depths moves more slowly and, in the vicinity of the Carson Sink, 

moves mainly upward across confining beds of lacustrine clay and silt.
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Shallow Test Holes 

Test drilling related to the present study began in 1972. The U.S.
r
[j Bureau of Reclamation installed iron pipes of 3.2 cm inside diameter,

P capped at the bottom and filled with water, in several seismic-exploration

holes drilled by Standard Oil Co. of California at scattered sites in the 

p southern part of the basin. Most of the holes are 33.5 m in depth and

were used to determine temperatures and thermal gradients. During the 
r ~ 
J fall of 1972, these holes were supplemented by four additional test holes,

-, drilled with a U.S. Bureau of Reclamation hydraulic-rotary drill rig to a

* ' depth of 50 m and similarly completed with water-filled 3.2 .cm iron pipes. 

T During 1972 and 1973, the U.S. Geological Survey completed 34 test 

holes in the Carson Desert. Data for these test holes are summarized in
r

table 4. The first drilling was done in an area surrounding the steam 

well north-northeast of Soda Lakes (20/28-28ccb). The purpose was to 

^ determine the extent of the thermal area associated with the steam well

D and believed to be also associated with Soda Lakes and Upsal Hogback. 

Later, holes were drilled in the marginal parts of the Stillwater thermal

nI j area in order to better delineate that feature. Test holes were also

_ drilled between the Stillwater and Soda Lakes-Upsal Hogback areas toI i

LJ supplement temperature information obtained from earlier U. S. Bureau of 

n Reclamation test holes.

D
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Table u. Iht» for U.S. OoolORJcnl &irvcy teat hole.* In Carson Desert

 
Typo of cony lotioni Casing type is indicated by "St" (stool" or "P" (PVC). 

Wells Crtpp.^ and filled with wator aro Indicated by "C". Wells with 
well-point ncrcona at bottom are indicated by "Sc".

Depth to water.tnblpt Obtained from neutron (N) and (or) paama gatma (G2 ) log. 

Accuracy variable.

Static water level; Depth below land-surface datum.

Geophysical logs available; Gamma ("0"), gamma-gamma ("0 "), neutron ("N"), 

resistivity ("R"),. Caliper ("Ca"), Conductivity ("Co"), and temperature ("T").

1
~]

tVpth to water table
Static confined 

watfr level

Well 
niiBber

COW-1
AH-2
AH-3
AH-U
AR-5

AIM
AH-7

AH-8
AH-9
AH-10
AH-11
AH-12
AH-13
AH-1U
AB-IS

A8-16
AH-17
AH-18
AH-19
AIWO
JH-ai
AB-22
AB-23
AB-at
AR-25
4*26

CBB47

W-29

01-30
M-31
n-32
n-33
BMb

location 1

19/C8-9d<S*
20/28-2:bca
20/.-8-l!ibbb
19/27-laad
19/Z8-17bbd
19/27-13ceb
2Q/28-21ebb

20/28- 32e*d
20/28«21ibdd
21/28-21»bb»
21/28- 3Udde
2Q/23»1C*4*
2X/2?  7l»c
19/29-lUacb
19/30-lCcdd

-17abb
20/28- 32aad
20/28-32ade
19/31-29eea
18/n-6dad
l9/31-9«ta
20/31-3Ceed
19/30-25006
l9/31-2Cbod
20/31-l8cbd
19/n-17cW>

20/28-33abe
19/27-12dea
20/28-27cea
20/78-2«edo
20/28-3inab
20/28-28bcb
20/28-28«ad

Dt-pth

jelcw land 
surface)

6.77
26.2
Lit. Ob
M.7

39.6
b3.6
27.7

39.0
39.9
32.9
9.U

22.3
22.3
US.20
b5.20
U5.U8
9.8

bl.8
32.9  
20.79
bS.bS
bi.ia
39.1b
bS.b2
L5.26
bS.b

Lb.5
18.3
Uu8
bO.2
38.7
U5.1
bk.8 
b5.1

Inside 
dlanetei

3.8
3.8
3.8
3.8
3.8
3.8
3.8

3.8
3.8
3.8
3.8
3.8
3.8.
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8

5.1
3.8
3.8

 3.8

3.8
3.8
3.8

Type of 
completion

St, Se
St, Se
St, Se
St, Se
St, Se
St, Se
St, C

St, Se
St, Se
St, Se
St, C
St, Se
St, Se
St, 3e
St, Se
St, Se
St, Sc
St, Se
St, Se
at, o
at, Se
St, Se
St, Be
St, Se
St, 9e
St, 9e

f , Se
St, Se
St, Se
St. Se
St, Se
St. Se
St, Se 
8t, Se

UnJ- 
surface 

altftudo 
. .n)

1,216. S
1,212 .»
1,199
1,219.78
lr22U,96

1,223.31
1,213.26

1,216.27
1,209
1,190
1, 20k

1,207
1,189
1,19!.. 2
1,190.5
1,192.1
1,212.07
l,21b.72
1,196
1,201
1,191
1.183.5
1,191.8
1,190
1, 182.0
i.isa.b
1.2U.67

1,220.05
1.2U.M
1.209.60
1.2U..OO
1.213.68

1,215.97

H-rn-a 
below 
land

e ^.3

9.3
2.1
1.5
8.0
2.3
7.3

2.7
  8.6

2.7
_

10.0
2.5'

1.7.
1.3

< 1
5.1
3.6
6.7
3.6 .
2.6

< 2.8
< 1.8
< 1^ '
< .8
<1.6

1.8
0.6t
 2.5

1.3
*3.0

6.2
6.7 
b.0

Source 
of 

data

i
II
II
II
N
O2

II
M
II

II
II
II
II
M
O2

II
II
II
II
I
O2
o2
II
a2

f

V

Date

7UOb Ob
73 05 15
7305 18
730518
73 05 18
7b03 28

7305 lb
7305 16
730515

.
7U Ob Ob
730516
73 05 16
73 05 16
73 05 16
730515
7305 U»
73 11 27
731127
73 11 27
73 05 17

' 73 11 17
731117
73 11 17
7311 17

7k 03 27,
73 11 27
7k 03 27
73 11 IS
7U 03 28
7k 03 27
7k 03 28 
7k 03 28

K-trrs 
below 
land 

surface

2.33
9.26
2.17
3.72

11.89
6.76

'5.26
8.50
2.bl

.

10.75
2. US
2.60

»0.2U
>»0.30

2.63
U.80
6.81
 
.58

>*0.b6
>*0.2b

.6k
>»1.22
>*0.tt>

3.39
1.73

s.u
0.73
5.59
6.91(1)
5.25 
6.78

C 
Date

7U 03 28
7U02 26
7U02 26
7b 03 06
7b02 17
7b02 17

7b 03 06
7b 02 26
TbO? 26

.

7bOb Ob
7b02 26
73 06 02
73 OU12
73 OU 12
7U0306
7b 03 06
73 Ob 13

 

73 Ob 13
730blb
73 07. 10
73 07 10
72 12 16  
7307 10

74 0> 27

7bOU05
7» 01 27
7b02 20
Tit 03 28
7k 03 27
7k 03 28

 ophjraleal 
logs 

available

o.o2,*
0,02 ,«
0,02,ll
T.Oo.O.O2,*
T,0o,0,02,ll
0,02,»

o.o2 ,*
T,Co,0,02 ,»
0,02,ll
0
Q.Q2,*
T,Co,0,02,ll
T,0,a2 ,M
a, a2,!
a,a2 ,»
t.co.o.a2
T,o,az ,ii
T.a.a2,*
T,0,02,I
T.0,02;*
T,0,02,V
T.0,02
0.02

O.P2 ,*

t.o.a2,*
0,02,ll'

T,0,02,I
0« «2 »
0,0 ,11
Ce,l,a,r,l
I,0,02
c.,1,0, a2,*

..J

J

J
'I
J
*

  I

J
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Experimental Heat-Flow Test Hole in Carson Sink

Using hydraulic-rotary drilling equipment, the Bureau of Reclamation 

f~" drilled an experimental heat-flow test hole near the middle of the Carson

Sink, 43 km northeast of Fallen. The purpose of the experiment was to
i »

determine the feasibility of obtaining a heat-flow measurement in a
i j

relative shallow test hole in fine-grained lacustrine and playa deposits. 

-J It was hoped that upward ground-water movement in the poorly permeable

p; deposits would be so slow that convective heat transfer would be minimal 

LJ The test hole was drilled to a depth of 153.9 m and completed at

n the same depth with 5.1 cm iron pipe, capped and filled with water for 

temperature measurements. Cores were obtained at depths of 61.0 - 62.5 

I m, 91.4 - 93.0 m, 123.4 - 124.7 m, and 150.9 - 152.4 m. Recovery of the 

,-j upper two cored intervals was incomplete, and the samples may represent 

L" only the most cohesive, clay-rich deposits within those intervals. 

p However, on the basis of the borehole geophysical logs, especially the

gamma-gamma and the neutron logs, the cores are believed to be represent-

n[J ative of the average materials penetrated by the drill hole. Thermal

P, conductivity of the core samples was measured with a needle probe by

LJ the Geothermal Laboratory of the U.S. Geological Survey in Menlo Park,

D Calif., the results are given in table 5. The average thermal gradient,

measured in July 1973 with truckmounted equipment and 17-bead thermistor
j~l

jj probe, is 76.4°C km'1 (fig. 11).

The heat flow calculated from this gradient and an average thermal
ni -3 .1 -1 1 
Lj conductivity of 2.07 x 10 cal cm s °C is 1.57 HFU. The

r-j corrected heat flow, using an assumed rate of deposition of the 

lacustrine and playa sediments of 1 mm yr" , is about 1.9 HFU

F] (John Sass, oral commun., 1974).
LJ
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Table 5.--^Thermal conductivity of core samples from U.S. Bureau of

Reclamation heat-flow test hole Alkali Flat 1 in Carson Sink

( Data from John Sass and Robert Munroe, US Geol. Survey, 
Menlo Park, California)

-.3  1 1  1 Thermal conductivities (xlO~ cal cm" s °c~ )

Depth (m)

60.96 - 62.48

91.44

123.44

124.66

150.88 - 152.40(1) 
(2)

151.03

151.79

A

2.44

2.27

2.06

1.91

2.33 
2.03

2.05

2.10

Position

B C

1.67 2.06

2.15 2.08

2.15 2.06

2.04 1.94

2.16 1.91 
2.00

2.03 2.14

2.02 2.11

D Average

1.97 2.04

2.17

2.09

1.96

1.97 2.09 
2.02

2.07

2.16 2.10

n
n
:J

n
LJ

u
n - 

 
Average from 8 samples 2.07 ± 0.02

D

]

J
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Alkali Flat 1), 10 July 1973
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Thermal Areas

The Carson Desert contains two known thermal areas where temperatures 

at a depth of 30m exceed 20° C: the first, centered near Stillwater in 

the eastern part of the Stillwater- Soda Lake KGRA; the second, between | 

Soda Lakes and Upsal Hogback in the western part of the KGRA (fig. 10). __, 

Other thermal areas likely are present, but test-hole data available

during this study are not sufficient to define their location or extent. ~1
J 

Temperature data obtained in test holes between the Stillwater and

the Soda Lakes-Upsal Hogback thermal areas suggest that the two systems |

are not connected, at least at the depths of most of the test holes _
i i

(about U5> m). However, in a few deeper holes (about 150 m ), ..J

thermal gradients generally increase below depths of about 5>0 to 100 m. """]
{

Drillers' logs do not indicate that the deeper materials are finer grained.
TT

Instead, the downward increase in thermal gradient is believed to be |

caused in part by the effects of circulation of ground water derived

from irrigation-water and river-water seepage in the near-surface deposits.

The downward increase in thermal gradient also results from the warming

of the near-surface environment to temperatures above the mean annual

air temperature by large applications of relatively warm irrigation \

water during the growing season. It is possible that thermal systems-   n
exist outside the two known areas but are concealed by the effects li 

of ground-water flow and infiltration of irrigation water in the over­ 

lying deposits.

n

"1
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STILLWATER THERMAL AREA 

P Hydrogeologic Setting
U

The Stillwater thermal area is centered near the small community of

P! .; Stillwater, about 20 km east-northeastof Fallen. The area enclosed by

__, the 20 C isotherm at a depth of 30 m forms an ellipse about 11 km long

L- J (north-south) and 7 km wide. Most of the land is farmed and is traversed

p by both irrigation canals and drains. Stillwater Point Reservoir lies

along the southeast margin of the area; a large tract of marshes and
f ^
j shallow lakes lies to the northeast. The eastern and northern parts of 

r^ the thermal area are within the Stillwater Wildlife Management Area. 

LJ The top of the saturated zone is within 2 m of the land surface 

P throughout most of the area. Deposits within the upper few hundred

metres are chiefly lacustrine clay and silt; interbedded fine to medium
f"""1

  , sand contains water under artesian pressure. Artesian-pressure levels

(confined potentiometric surfaces) in sand strata within 50 m of the 
i 

 -i land surface are above the land surface, and the dominant potential

H gradient is upward. The lateral component of the gradient is northward,
U

toward the Carson Sink. Ground water is discharged from the area by 

j j underflow toward the north and by evapotranspiration; the latter 

undoubtedly is predominant.

'0
n
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Previous Information

General dimensions and near-surface temperatures of the Stillwater 

thermal area were unknown many years ago from numerous domestic and farm 

wells. Deeper subsurface information was obtained in 1964 from the 

O'Neill-Oliphant Reynolds 1 geothermal test well, drilled to a depth of 

1,292 m near the center of the area. The information from the test well

was supplemented by unpublished detailed gravity and magnetic surveys of
f)

an area of 60 km which includes most of the thermal feature. Areal geology

was mapped by Morrison (1964); his maps (pis. 3 and 4) show the traces 

of several faults formed during earthquakes in the summer of 1954. A 

report by Stabler (1904) gives areal variations in salinity and in several 

dissolved constituents of ground water, as well as depths to the water table.

Test Drilling

Nine shallow test holes were bored by the U.S. Geological Survey 

during the fall of 1972 in order to define the limits of the thermal area 

and to obtain geologic, hydrologic, and thermal data. Two additional holes 

(USGS CD AH's 14 and 16) were bored west of the thermal area to supplement 

information from U.S. Bureau of Reclamation test holes and other wells 

bearing on the possible presence of other thermal areas between Stillwater 

and Soda Lakes. Data for the U.S. Geological Survey test holes are given 

in table 4. All the test holes were bored by power auger and 3.8 cm diameter 

galvanized-steel pipes fitted with well points or well screens were installed 

for subsequent borehole geophysical logging, temperature measurements, and 

water-level measurements. Completed depths range from 20.8 to 45.5 m.
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u« Chemical Character of Ground Water 

,-j Water samples were analyzed from the U.S. Geological Survey test holes

near the margins of the thermal area, and Mariner and others (1974) 

f] analyzed a sample from a well in Stillwater, near the center of the

thermal area, which was discharging a small amount of boiling water and
*^r

jj steam. The samples from the test holes (CD AH f s 15, 23, and 24) represent

^ chiefly infiltrated irrigation water of local origin; the sample from the

^ well (l9/31-7cda) probably represents deep thermal water. Depths of the

D samples from the test holes range from 39 to 45 m; the depth and construe- 
 

tion of well 19/31-7cda are unknown.

n\ All four samples of water are similar in gross chemical characteristics,
uJ

although there are significant differences in some constituents between 

-J the thermal water and the nonthermal water from the three test holes.

y 
Dissolved solids range from about 4,500 to 6,500 mg I1" 1 in the samples 

i of nonthermal water and are about 4,300 mg I" 1 in the thermal water.

D
" 

Sodium and chloride are the dominant constituents in both waters. The

thermal water, however, is relatively high in silica, calcium, and fluo- 

IJ ride, whereas the nonthermal water is relatively high in bicarbonate, 

rj More sampling is needed to establish clearly the criteria for distinguishing

thermal from nonthermal water and to provide an index for the amount of 

J J mixing of the two waters.

The reservoir temperatures of the thermal water indicated by the 

[J silica-quartz and-the sodium-potassium-calcium geothermometers were, 

f-j respectively, 159°C and 140°C (table 1; Mariner and others, 1974, table 3).
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Heat Discharge  ;
iv

Only the general configuration of the isotherms at a depth of 30 m is 

known (see fig.12). Also, reliable data on shallow thermal gradients in the ^fc ""j 

central part of the thermal area are not available. For these reasons, only 

a crude estimate of heat discharge is possible, using method A described 

in the section "Estimates of heat discharge",  

A mean annual temperature at land surface of 11°C is used in the ; -'

computation of average thermal gradients. This is the approximate average ~"]
.....'/ 

of the mean annual temperatures at Fallen and Lahontan Dam, the two weather

stations within the Carson Desert. (See table 6 for temperature data for Fallen). i 

The harmonic-mean thermal conductivity for the depth interval 0-30m is
 3 _T 1 -|

estimated to be 2.5 x 10 -> cal cm s QC~ on the basis of the means --> 

computed from the logs of test holes CH AH's 15 and 22-26. This estimate j 

is believed to be more reliable than those made in this study for the other 

thermal areas for two reasons. First, the strata beneath the thermal area j 

appear to be less variable in thickness and character than those beneath 

areas. Strata several metres thick may be traced for several kilometres, 

using their characteristic "signatures" on the gamma-gamma and neutron logs. 

Second, the deposits throughout the entire thermal area are saturated or 

nearly saturated to the land surface. Thus, there is less uncertainty as to the 

value of the harmonic-mean thermal conductivity than in the other thermal 

areas, where the water table is generally deeper. _i 

The estimated total discharge of heat from the thermal area is 15 x 10 j 

cal s"" . The derivation of the estimate is given in table ?  "Normal" heat 

discharge from an-equivalent area would be 1.1 x 10 cal s"1 on the basis l,j 

of an average corrected heat flow of 1.9 x 10 cal cm""^s estimated at the 

Alkali Flat 1 experimental heat-flow test hole in the Carson Sink, 29 km to 

the north. The excess heat discharge, lij. x 10 cal s~ , is interpreted as 

resulting from convective upflow of deep thermal water as depicted in figure 13.
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f^\

The above estimate is regarded as approximate because of the paucity 

of data and the errors introduced by the simplified assumptions of method 

A. Convective heat transfer by ground-water upflow probably affects 

thermal gradients in the uppermost 30 m of deposits, so that the assump­ 

tion of linear conductive gradients in the depth range 0-30 m tends to 

I I yield computed heat-flow values that are too small. In addition, the

thermal area undoubtedly extends beyond the 20°C isotherm at 30 m depth, 

L which is used in the computation of heat discharge. Therefore, it is 

n believed that the actual net heat discharge is substantially greater

U
than the computed value and probably is within the range of 15 to 25 x 

fl 106'cal s'1 .

D Thermal-Water Discharge

Ground water discharges from the Stillwater thermal area by evapo- 

{J transpiration, lateral ground-water outflow (chiefly northward), and

discharge from domestic and farm wells (of which the net discharge is by 

evapotranspiration and is relatively small). An unknown proportion of 

the total discharge is shallow nonthermal water of local derivation. 

Because of the difficulty in determining the proportions of thermal and 

nonthermal water in the total discharge, and because the magnitudes and 

directions of ground-water flow are poorly known, thermal-water discharge 

is not estimated by the water budget method. Instead, a more reliable 

estimate is made by the heat-budget method.

The heat carried by the thermal water is assumed to be the excess 

over normal conductive heat discharge from the thermal area, as derived 

in the preceding section. Temperature at the deep source of the thermal 

water is based on the silica-quartz geothermometer. (See table 1 and
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  '   \ 
\ ' I 

i-_l

Net heat discharge = 14- x 106 cal s"1 = »*.»* x 101M* cal yr~l

Net heat content of thermal water = (159°C-11°C)(1.0 cal g-

148 cal g-1 ~T
4.4 x 10 cal yr = 3 0 x 1012 g _-! ! 

Thermal-water discharge = 1-If8 x 102 cal g-l

COT 0 '
This is equivalent to a discharge of 3.1 x 10° m yr~ of water at 80 C |

(the approximate near-surface temperature), or to 3.3 x 106 m3 yr"1 at
i 

159°C (the inferred reservoir temperature).  l

6 ^  1 *" ; 
Thus, 3.3 x 10 m yr~ of water leaving the geothermal |

_>.>
reservoir at 159°C would carry 4.M- x 10 cal yr~ of heat, all

of which is assumed to be discharged by conduction through the near- j

surface deposits within the thermal area. An additional 1 million cal s'1 ~i
! 

1^1or 3.2 x 10 cal yr"1 of heat is discharged as so-called "normal" 

conductive heat flow from the area.
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n
Hypothetical Model of Hydrothermal-Discharge System

Alinement of the Stillwater thermal area with high-angle Basin and 

Range faults at Rainbow Mountain 8-10 km to the south and unpublished

I j magnetic and gravity data (O'Neill-Oliphant) suggest that the near­ 
ly-/

surface high temperatures result from rising thermal water along a north-
n
Lj trending concealed fault or fault zone, as shown on figure 13. The rising 

p thermal water causes a mushrooming of the isotherms near the fault. Theu velocity of the upflow is sufficient to maintain the temperature of the

i

 

M water near the temperature of the deep source, which is inferred to be

[I

n
*~ of recharge for the thermal water are unknown. On the basis of the 

M "normal" regional heat flow at the experimental heat-flow test hole in 

the Carson Sink, 29 km to the north and temperatures reported

D

close to 160 C on the basis of geochemical data (Mariner and others, 1974) 

(See table 1.)

The depth and nature of the deep thermal reservoir and the source

from the O'Neill-Oliphant test well, the hydrothermal system appears to 

be related to deep circulation of meteoric water in an area of "normal" 

regional heat flow (the first conceptual model described in the section, 

"Conceptual models of hydrothermal systems") rather than to a shallow- 

crustal heat source (the second conceptual model). The source of the
r~-v

[J thermal water probably lies at a depth of several kilometres, well within 

p. the pre-Tertiary basement. Admittedly, however, the available data are 

^ inconclusive. The sizable extent of the thermal area which is consid- 

M erably larger than the other thermal areas studied suggests that a local

heat source of restricted extent, perhaps of the order of several tens of

square kilometres, may be present.
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Bottom-hole temperatures observed during drilling of the O'Neill- 

Oliphant geothermal test well, which is about 0.7 km west of the inferred
n

fault that carries the thermal-water upflow, indicate a reversal in : j
*," '

thermal gradient below a permeable sand aquifer of probable Tertiary age

at a depth of about 430 m. The temperature in the sand aquifer was LJ

reported to be 156°C (Beuck, written commun., 1964), only slightly less n

than the reservoir temperature of 159°C indicated by the silica-quartz geo-
"*] 

thermometer (table 1). This information suggests that much of the thermal j

water that rises along the inferred fault discharges laterally into the 

sand aquifer, in which lateral flow is sufficiently rapid to maintain high .j 

temperatures for considerable distances from the fault, as indicated ri 

diagrammatically on figure 13.

High temperatures at shallow depths in domestic and farm wells in the i 

central part of the Stillwater thermal area suggest that not all the rising 

thermal water moves laterally into the prominent sand aquifer of probable 

Tertiary age; some of the water rises into the predominantly fine-grained 

Quaternary deposits and discharges laterally into sands within these deposits 

Temperatures at a depth of 30 m exceed 80°C in the central part of the I 

thermal area (figs. 12 and 13). The high temperatures at this depth probably 

result from both upflow of water across the bedding of the predominantly ^j 

fine-grained lacustrine deposits and lateral flow in the relatively permeable , 

sands. However, none of the up flow ing water discharges at the land ~*^ 

surface except by evapotranspiration.
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U
*n SODA LAKES-UPSAL HOGBACK THERMAL AREA

r^ Location

L=* The Soda Lakes-Upsal Hogback thermal area is in the west-central

PI part of the Carson Desert, 12 km northwest of Fallen. The thermal area 
U

is elongated toward the north-northeast and lies between two centers of
PT
[] late Quaternary basaltic eruptions, Soda Lakes and Upsal Hogback (fig. 10)

'- Previous Development

The thermal area is undeveloped except for intermittent cattle
rr 
I j
i-J grazing. Adjacent lands to the south are irrigated with water from

p Lahontan Reservoir. The hydrothermal system is undeveloped at present,

although a steam well (20/28-28ccb) was used in the past for steam baths. 

I j No information about the construction of the steam well is known to be

available, except that the well is reported to have been 18 m deep.

D

0

Test Drilling

During 1972 and 1973, the U. S. Geological Survey drilled 23 test 

holes as a part of this study in order to evaluate the near-surface 

geologic, hydrologic, and thermal characteristics of the area. An 

additional test hole was drilled "by the U. S. Bureau of Reclamation for 

similar purposes. Data for the U. S. Geological Survey test holes are 

summarized in table 4. Locations of the test holes are shown on figure
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Figure 14. Continued J
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I ! Geology

Exposed and near-surface materials in the thermal area are

unconsolidated of late Pleistocene Lake Lahontan and a discontinuous capping 

of eolian and minor fluvial sediments, largely reworked from the Lake 

Lahontan deposits. The areal geology shown on figure 14 is based on mapping 

by Morrison (1964, pi.6), modified during the present study in a small 

area surrounding the old steam well.

The eolian and minor fluvial sediments, chiefly sand, were assigned 

by Morrison (1964) to the Turupah Formation of latest Pleistocene age. 

Birkeland and others (1971) revised its age to Holocene. However, on 

Morrison ! s geologic map of the area (1964, pl.6), these sediments are 

grouped with an upper sand of the Sehoo Formation of Pleistocene age.

[j The Sehoo ! s age was revised by Birkeland and others (1971) to Pleistocene

.-* and Holocene. The sand overlies a clay member of the Sehoo on a surface 

of moderate local relief, as revealed by data from the U.S. Geological 

Survey test holes and by exposures on the sides of wind-scoured depressions. 

Within the thermal area, the capping sand ranges in thickness from 0

! ( to 5 m, and the underlying clay of the Sehoo Formation, from 9 to 10m. In 

the vicinity of the steam well, the capping sand has been altered in

*" '* part to kaolinite and various iron oxides or hydroxides by hydrothermal

F| activity, probably chiefly vapor.

Beneath the Sehoo Formation clay is the Wyemaha Formation,

jj of Pleistocene age, generally sandy in the upper part, but containing

interbeds of clay and silt. The predominantly nonvolcanic deposits inter-
FT
fj, tongue with basaltic sands and lapilli tuff derived from the cinder cones 

^ at Upsal Hogback. The basaltic tuff and cinders at Upsal Hogback are the

*- * oldest exposed deposits near the thermal anomaly; they are probably coeval 

with the lower part of the Wyemaha Formation.

o
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Within the depth range of the test holes, probably all the lower 

deposits belong to the Wyemaha Formation. Morrison (196*0 does not 

specify the age or stratigraphic assignment of the beds underlying the 

Wyemaha Formation within the thermal area. Presumably some of the deposits 

represent early stages of Lake Lahontan.

Bedding in the area is nearly horizontal. Present topography is the 

result chiefly of wind scour during Turupah time (Morrison, 1964). H

Exposed faults or local flexures are rare. Morrison (1964) mapped two

H small northeast-striking faults at the Soda Lakes and two north-  
*_v

trending faults south of Upsal Hogback. The latter two faults bound

an upthrown block of basaltic tuff of Upsal Hogback, flanked by J

generally nonvolcanic deposits of the Wyemaha Formation. H

Although few faults are exposed, the generally north-northeasterly 

alinement of Soda Lakes, Upsal Hogback, and the intervening thermal area j 

suggest faults at depth, possibly along a zone of rupture in the consolidated 

rocks of Tertiary and (or) pre-Tertiary age.

Hydrology N

Ground water moves both laterally and vertically through the 

unconsolidated lacustrine, fluvial, and eolian deposits beneath the area. 

Nonthermal water derived from infiltrated irrigation water and Carson River 

water to the south-southwest moves generally north-northeast, toward the 

western Carson Sink. Thermal water rises from unknown depths, probably 

through open fractures or faults, into the near-surface deposits, where 

it also moves laterally toward the north-northeast, in the direction of 

the potential gradient. The deep, thermal water probably mixes with the



i *

\ much shallower nonthermal water, but the extent of the zone of mixing or 

^ diffusion is not known. Since the early 1900 f s irrigation and controlled

)[i~> river flow have raised the water table throughout broad areas and have

p- greatly modified the natural flow pattern.

vj Throughout the thermal area, the rater table is 1.5 to 10.7 m below

P land surface. Seasonal fluctuations: range from a few centimetres to 
tJ

about 1m. At many places, confined conditions exist at depths greater 
O 
j ] than a few metres below the water table, and the confined potentiometric

,-, surface is either above or below the water table. Configuration of the 

^ > confined potentiometric surface representing a zone 30 m beneath the land

n surface is shown on figure 15.
i j

The map indicates a dominantly north-northeastward lateral potential gradient 
\\

of about 0.0017. The altitude of the confined potentiometric surface

representing a depth of 30 m beneath the land surface was computed by

adjusting the measured water level in the test hole for the difference in
"1 

j potentiometric head between the depth of the well screen and a depth of
J

30 m, using the vertical potential gradient listed in table 8.

' Vertical potential gradients between the water table and screened 

aquifer zones and depths to confined and unconfined water levels in the 

test holes are given in table 8. These data indicate the following 

conditions in the study area:

1. Downward potential gradients in the southwestern part of the
n
y study area reflect downward movement of irrigation recharge water from 

the water table to deeper aquifers.n
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."""I

2. Upward gradients at a few well sites near the hottest parts of 

the thermal area reflect the rise of thermal water into near-surface 

aquifers. A part of the upward movement probably reflects thermo-artesian 

conditions that is, thermal convection in response to the lower density  i

of the hotter water. Data are not available to estimate the relative
« * 

magnitude of thermo-artesian and true artesian effects. j
L. J

3. Vertical potential gradients are nearly zero at a few sites northeast 

of the hottest part of the area.

k. Upward leakage, probably in response to discharge of ground water
i 

by evapotranspiration, is indicated by the vertical gradients in wells in

the northeastern part of the area, near Upsal Hogback.

Although vertical potential gradients greatly exceed the lateral gradients 

at most places, rates of vertical ground-water flow are generally less than 

rates of lateral flow. The contrast results from the extremely low vertical 

hydraulic conductivity of the confining beds of clay and silt as compared 

to the high horizontal hydraulic conductivity of the sand aquifers. Most 

of the large potential gradients are in the confining beds rather than 

the aquifers; the observed vertical gradient is the harmonic mean of very J

high gradients through the confining beds and very low gradients through
. i

the aquifers. *-*

V-t,

" \

J
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Chemical Character of Ground Water

L) . . uWater samples were collected by bailing from nine test holes in the area.

| Before bailing, the test holes were developed by air-lift pumping so that

samples representative of water in the formation adjacent to -the well point 

L) or well screen could be obtained. The gross characteristics of the water, 

P as indicated by the specific conductance, concentration of dissolved solids,

and concentration of chloride, are summarized in table 9. The results 

j i indicate substantial variation in salinity; concentration of dissolved

solids ranges from about 600 to about 6,000 mg 1" , a tenfold variation.

P
i_j This'variation may be caused by uneven mixing from place to place of

p infiltrated dilute (?) river water and irrigation water with more saline

h
ground water.

(I Reasonably complete chemical analyses are available for only three 

samples, from test holes CD AH-4, 8, and 9. These data (not shown in 

table 9) disclose the following chemical characteristics: (1) sodium 

is the dominant cation in all three samples; (2) cation proportions are 

variable; and (3) water from test hole AH-4 is extremely hard, whereas 

the samples from test holes AH-8 and 9 are very soft.

No chemical data have been collected thus far that would allow 

characterization of the upflowing thermal water. Because of the evident 

variability of the shallow nonthermal water in the system, it may be 

difficult to select chemical parameters that would distinguish the thermal 

from the nonthermal water.

o
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Table 9. Chemical analyses of water samples from test holes in Soda 

Lakes-Upsal Hogback Area.

Test

hole

CDAH-2

AH-3

AH-4

AH-8

AH-9

AH-10

AH-12

AH-18

Depth to

top of well

screen

(m)

25.91

if3.56

20.12

37.95

39.32

32.31

21. 46

41.15

Specific Concentration of

conductance Dissolved Solids

(micromhos (mg 1 )

cnT^ at 25 C) Determined Computed 

4,720 2,830

2,370 1,420

5,890

612

2,140

4,150 2,490

9,730 5,840

1,030 . 618

Concentrat ion

of chloride

(mg 1-1)

1,440

507

490

160

990 ^

1,020

3,140

124

  Computed by multiplying specific conductance by 0.6
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Subsurface Temperature Distribution

I The distribution of temperature at a depth of 30 m below land surface
I P
* jj is shown on figure 16. Except for the hottest part of the area, the

j j~i isotherms are based on temperatures measured in the test holes shown on
1 | j
I the map. On the basis of the test-hole data, only one hot center, in the

vicinity of the old steam well, is indicated. However, measurements made1 P[]
at 1 m depth at 100 sites during the later stages of the fieldwork indicated

two separate thermal highs, as shown on figure 16. Both highs are elongated 

p toward the northeast and are separated by a similar-trending area of lower

temperature between the northwestern high centered at the steam well and 

i the southeastern high centered about 70 m west of test hole CD AH-17. The

same pattern is shown on oblique snow-melt photographs taken in January 1974,

r
/ The southeastern thermal high is indicated by a dense growth of Russian

r-v thistle, which is apparent on vertical color aerial photographs taken in

1 ! /
February 1974. The pattern strongly suggests that thermal water rises into

| j near-surface aquifers through somewhat elongate parallel or en echelon

conduits, possibly along concealed faults. That at least a part of the 

jj rising water is boiling is indicated by discharge of steam from the steam 

p well and a fumarole a few metres away and by high temperatures (up to more 

*--J than 90°C) at depths of 1 m in nearby shallow temperature holes. 

PI The most striking feature of the thermal area is its asymmetry.u
The isotherms are elongated strongly toward the north-northeast, in the 

jj direction of the lateral ground-water gradient. The hottest areas are 

P, near the south-southwest margin so that horizontal thermal gradients are 

^ large toward the south-southwest and small toward the north-northeast, 

fl The pattern suggests dispersion of thermal water in the direction of

n̂ in
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Figure 16.. Map of Soda Lakes-Upsal Hogback thermal area showing temperature 

at a depth of 30 m, December 1973.
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n) j regional ground-water flow from two sources of restricted extent. In 

none of the other thermal areas studied is the effect of lateral heat

transport by ground-water flow so striking. 

! P" U

Heat Discharge

p] } The heat carried by lateral flow of thermal water through shallow

sand aquifers is discharged by conduction through the near-surface 

deposits. Thermal gradients measured in most of the test holes are 

affected by vertical ground-water flow, however, so that reasonably 

| accurate estimates of the conductive heat discharge from the thermal

! n: j i area cannot be made. In additon, data are insufficient to define accurately 

j f _ the positions of the cooler isotherms, especially in the eastern and

southeastern parts of the area. For these reasons, only a crude esti­ 

mate of the heat discharge is made, using method A described earlier. As 

in the Stillwater thermal area, the 20°C isotherm at a depth of 30 m is 

J j used as the boundary of the hydrothermal-discharge area, and the mean 

annual temperature at the land surface is assumed to be 11°C. Then
L) harmonic-mean thermal conductivity of the materials in the depth range

-3 -1 1 -1 p 0-30 m is estimated to be 2.3 x 10 cal cm s °C on the basis of

the procedure described in the section "Estimates of heat discharge"

u

«0

I/ Recent data not publicly available from proprietory sources suggest that 

not all the asymmetry of the thermal area is due to lateral transport of 

heat by north-northeastward ground-water flow; a part of the asymmetry 

may be due to leakage of rising thermal water into progressively deeper 

aquifers toward the north-northeast. The recent data also indicate that 

the conduits may be more elongate than is suggested by the temperature

pattern shown on figure 16.
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0
The total near-surface conductive heat discharge, estimated by 

method A, is 3.6 x 10 cal s . Derivation of the estimate is given in 

table 10. "Normal" conductive heat discharge from the area enclosed by 

U the 20°C isotherm at a depth of 30 m is computed on the basis of a "normal" 

n heat flow of 2 HFU:

(21.13 x 1010 cm2 )(2 x 10"5 cal cnf V1 ) = 0.42 x 106cal s"1 

Net conductive heat discharge is then

(3.6 - 0.42) x 106 cal s"1 = 3.2 x 106 cal s""1
[1
U This estimate is considered closer to a minimum than to an average within 

p the probable range of values. Further studies, presently underway, will

; result in an improved estimate, using method B described in this report.

I O Water Budget

Data required for an estimate of thermal-water discharge from the 

Soda Lakes-Upsal Hogback system are not available. Instead, a generalized 

ground-water budget for the tract that includes the irrigated land 

surrounding Soda Lakes as well as the thermal area to the north-northeast 

is presented in table 11.

The magnitude of the outflow in the budget can be estimated within 

narrower limits than the magnitude of the inflow. Lake-surface evaporation

is computed as the product of the free (non-vegetated) water-surface area

2 
(3.1 km ) and a net rate of annual evaporation 120 cm based on

estimates by Rush (1972) and Kohler and others (1959). Lateral ground-water 

outflow toward the north-northeast is computed on the basis of an average 

horizontal potential gradient of 0.0017 determined from figure 15

an effective width of flow cross section of 10 km, and transraissivity of

2 -1 
1,200 m day at a prevailing temperature of 20°C. Discharge by ground-

2water evapotranspiration is computed-on the basis of an area of 20 km and

an assumed average rate of 6 cm per year.
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Table 11 Ground-water budget for Soda Lakes-Upsal Hogback Area

Budget item
Annual volume 

of water

(x 106 m3 )

OUTFLOW;

Evaporation from lake surfaces 

Lateral ground-water outflow 

Ground-water evapotranspiration

3.7 

7.5 

1.2

TOTAL OUTFLOW (ROUNDED) 12

INFLOW:

Seepage losses from irrigation canals

Infiltration to saturated zone from irrigated fields

Seepage loss from Carson River

12

Unknown

Unknown

TOTAL INFLOW (ROUNDED)
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The inflow items in the budget are difficult to estimate within 

reasonable limits. The only item for which a reliable estimate has been 

made is seepage losses from irrigation canals. By a series of tests

' ' to determine effectiveness of chemical sealants in reducing seepage

losses, the U. S. Bureau of Reclamation has estimated the leakage from

U major canals in the present study area at roughly 12 x 10° m^yr" (10,000

p ac-ft yr )(John Gallagher, written commun., 197*0. This item, by itself,
[1

equals the estimated total outflow. Water lost from the Carson River by

! seepage probably does not enter the Soda Lakes area during at least half 

the year, owing to the high ground-water levels maintained by leakage

p
[j from'major canals (Lee and Clark, 1916, p. 683). Underflow of water that 

p has infiltrated to the saturated zone from irrigated fields also may be

similarly restricted. However, present data are too scarce and incomplete 

j ' to evaluate these two items of ground vater inflow to the study area.

The budget items most likely to introduce large errors in the overall
n
( j budget, if sizable percentage errors exist in their evaluation, are the

estimates of lateral ground-water outflow and seepage losses from irrigation 

canals because they are the major items of outflow and inflow.

Nature of Hydrothermal System

Data obtained in this study permits only a sketchy and tentative 

inference as to the nature of the Soda Lakes-Upsal Hogback hydrothermal 

system.

The depth and extent of the thermal reservoir and the source of 

the recharge are- unknown, although the most likely source would appear to 

be the Carson River and the irrigation system to the south. Temperature 

of the source of the rising thermal water is not known but it is probably 

much greater than 105 C, the highest temperature observed in the test 

holes.
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Sparse and somewhat equivocal data from test holes and wells less
f r

than 200 m in depth throughout the Carson Desert suggest that heat flow {

outside the known convective hydrothermal systems, Stillwater and Soda ~~i

Lakes-Upsal Hogback, probably is not much greater than average for the

northern Great Basin region perhaps on the order of 2 HFU. However, *")
-1 

local shallow heat sources of restricted extent cannot be ruled out with

present information. Thus, it seems most likely that the thermal water I 

in the Soda Lakes-Upsal Hogback system has circulated to depths of several 

kilometres, but depths of circulation would be less if a local heat source 

is present.

The distribution of temperature observed in the shallow test holes

in this study suggests that the thermal water rises along steeply inclined, 

perhaps vertical, fault-controlled conduits and discharges into sand 

aquifers between confining beds of lacustrine clay and silt. Some of the 

thermal water nearly reaches the land surface, but none presently discharges 

in hot springs. The thermal water flows laterally in the sand aquifers 

toward the northeast or north-northeast, in the direction of the horizontal 

component of the potential gradient, but also moves more slowly upward 

across the confining beds to discharge ultimately by evapotranspiration.

Mixing of thermal and nonthermal waters probably occurs along the 

margins of the thermal-water upflow and in the shallow aquifers. However,

the mechanisms of the mixing process are poorly understood, and the j
  i

width of the zone of mixing is unknown.
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n
LJ BLACK ROCK DESERT

Hydrogeologic Setting
1S J

o

The southern and central parts of the Black Rock Desert include

n several groups of hot springs and surrounding thermal areas. Three of
U

the areas have been classified as Known Geothermal Resources Areas (KGRA's): 

(j Gerlach, Fly Ranch, and Double Hot Springs (fig. 17). Except for Hualapai 

r~l Flat, which includes Fly Ranch KGRA, the water resources of the region are

*-- largely undeveloped. Ground water is pumped for irrigation use at Hualapai 

P Flat. The hot springs are undeveloped except for bathing and minor stock 

water supply. Gerlach and Empire, the only communities, are in the south-
n
, ! western part of the area, about 145 km by road north of Reno, Nevada. 

, .,, The Black Rock Desert consists of a large playa having several arms

-* or embayments and rimmed by rugged mountain ranges. The playa is nearly 

T ' flat and has an altitude of about 1,190 m above mean sea level. Piedmont 

slopes between the playa and the mountains are generally narrow and occupy
r "^ 
i

i 1 only a minor part of the total area. The mountains are largely of fault- 

block origin and rise to altitudes as much as 2,740 in above sea level in 

the Granite Range, 16 km north of Gerlach. The mountains and bordering

f] Basin and Range faults generally trend north, but there are local departures
U

from the dominant pattern.

jj The mountains are composed of a variety of consolidated to semi-

~* consolidated rocks which range in age from Paleozoic to Cenozoic (middle

^ Tertiary). Volcanic rocks of Teriary age are extensive, but none are

D known to be younger than about 15 m.y. (McKee and Marvin, 197*0. The 

intervening basins are underlain to unknown depths by un consolidated

jj to semi consolidated deposits of late Tertiary and Quaternary age. 

The upper part of this fill consists of predominantly fine-grained

^ deposits of Lake Lahontan (late Pleistocene), overlain by similar



1
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Figure 17- Map of southern Black Rock Desert shoving location of 
test holes, wells, and thermal springs
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EXPLANATION

 v.

Thermal spring

Q CorcUro Black Rock TH-2

Cordero Mining Co. 
test hole and name

BRAH-12Q

U.S. Geological Survey 
test hole and name

o"

Well used as data point, 
and location number

Boundary of KGRA 
(known geothermal resource area)

MO-45'
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playa deposits of Holocene age. Coarse-grained near-shore deposits are

locally abundant, as near Gerlach, and wave-cut shorelines are prominent ~~'

throughout the area on mountain slopes below an altitude of 1,335 m.
-^ 

The playa floor of the Black Rock Desert serves as a sump for the j

Quinn River and local runoff from the bordering mountain ranges. Ground

water also discharges by evaporation from the playa and by evapo- : j

transpiration from the adjacent piedmont slopes, where the water table

is within reach of the roots of phreatophytes. Ground-water discharge

has increased in Hualapai Flat since the advent of irrigated agriculture

in the early 1960's (Harrill, 1969).

Recharge to the ground-water system in the southern and central

Black Rock Desert occurs chiefly in the Granite Range and to a lesser ;
/ \

degree in the northern Black Rock Range and the Selenite Range (fig.17). 

The highest part of the Granite Range, about 16 km north of Gerlach, 

receives more than 500 mm average annual precipitation (fig.3), in large 

part as snow. This area probably is the main source of recharge for 

the southern Black Rock Desert.

Some recharge takes place where storm runoff and snowmelt runoff 

crosses the small alluvial fans and piedmont slopes, but a significant 

part also takes place directly through fractured, weathered, and 

colluvial-mantled bedrock in the higher mountain areas. It is likely 

that most of the recharge to the deep, thermal ground-water system, is 

through the bedrock of the high mountain areas.
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 G Test Holes

P. The U. S. Geological Survey bored or drilled 23 test holes in the 

^ central and southern Black Rock Desert as a part of this study. The test 

p holes range in depth from 1.7 to 45.7 m. All are finished with 3.8-cm

or 5.1-cm pipes fitted with screens or well points to permit acquisition 

( i of hydro logic as well as temperature data. Test-hole data are summarized

in table 12; locations are shown on figures 17 and 19.

U In 1972 the Cordero Mining Company drilled eight temperature test 

n holes in the same area. These holes were finished with 3.2-cm black-iron
u

pipes, capped at the bottom and filled with water. The holes range in 

depth from 111.3 to 274.3 m. Locations are shown on figures 17 and 19.

!rQ
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Table 12 . Data .for U.S. Geological Survey teat holes in Black Rock Desert
»

Type of completion; Casing type indicated by "SI" (steel) or "P" (PVC). 
Wells capped and filled with water are indicated by "C". Wells with 
well-point screens or perforations at bottom are indicated by "Sc".

neutron log. Accuracy about ±o.5 me.tre except in clay where capillary 
fringe may cause larger errors. '

Static water levels Depth below land-surface datum.

Geophysical logs

Veil
matter

aUH-lA
AH-1B
AH-2A

>   AH-2B
AH-3A
AB-3B

i AH-3C
AB-U
AH-feB '

«-5

i *8"6
AH-?

AH-5A

JB-8B
j

AH-9

AB-10A
; AB-IOB

Aft-11
AH-12

MS-13*
j AH-13B

! n-ik
8*05

V' '

Location

32/23-3debl
J2/23-3deb2
32/23-21bbbl
32/23-21bbb2
32/23-lbecdl
32/23-lUeed2
32/23-lbee*3
32/23-21aadl
32/23-2UU2

3a/23-16aabl
32/23-16cael
32/23-19da*l
32/23- 3*abl
J2/23-3aab2

33/23-2a
35/23- JSbel

-35ba2
-35ed

37/26-3«
33/23-35ed»i
33/33-35e4»2
32/23-l$c«a
32/23-10cbal

available : Qamma 2 ("0"), gamma-gamma ("Q
resistivity ("R"), and temperature ("TN

Caoiajt Depth
Depth

( Metres
below land
surface)

UU.2
1.8

bS.l
2.7
6.6

U5.1
2.0

b5.1
1.7

13.1
lib.8
b5.1.
U5.1
1.8

31.1
20.1
27.b
Ul.l
W.l
b5.7
3.1

U5.6
30.8

Inside
diameter

(cm)

3.8
5.1
3.8
5,1
3.8
3.8
5.1
3.8.

' 5.1*

3.8
. 3.8

3.8
3.8
5.1

3.8
3.8
3.8
3.8
3.8
3.8-

5.1
3.8
3.8

Tjrpe of
coa^letioa

8t, SB
P, So
St, 38

.P, 3o
at, sc
at, sc
P, Sc
at, sc
P, SB

at, 8s
at, SB
at, as
at, Sc
P, 88

at, s«
at, a«
at, as
at, a.
'at, so
at, a«
P, Sc
at', as
at, as

Land-
surface

altitude
(»)

I,l9b.8
I,l9li.8
1,197.9
1,197.9

.1,193.3
1,193.3
1,193.3
1,196.6
1,1*6.6

I,211u6
1,205.5
1,196.3  

1,192-U
1,192. b

l,2bO*
1,250*
1,250 *
1,250*
1,230*
1,190.2
1,190.2.
1,201.5
1,210.7

mtres
below
land

surface

-

1-19
-

2.1*
.
-

.86

.
n.bb

(dry)

7.3
b.6
5.8
-

1.26

.

.
11.0
6.2
 .

-

1.13
-

6.1

).

to water table

Source
of

data

H
-

rf
- .
 
M
.

' K

 
' I

. »
 

M

.

.
  *
 
.
 

M
.
-

Date

.'

73 10 Ob
-

73 10 Ob
  .

-
73 10 Ob

.
73 10 Ob

730508
730508
730508

  -

73 10 Ob
 

.
.

730510
7305 10

.
-

73 10 Ob
-
-

"), neutron ("H»),

Static confined 
water level

Haired
below
land ~~ i

surface

*1.87
.

.U»

.
.97

.>»2.0b
.

xl.96
 .-

.

8.32
6.61

>3.55
.

.68
U.U8
11.2k
6.36
.

3.55
.

>»1.22

2.85

'"

]
,-1

.
Geophysical '

Date

73 10 Ob
.

7310CU
.

7310 Ob
73 10 Ob

.

7310 Ob
.

.

73 10 Ob
73 10 Ob
73 10 Ob

.

NV

7210 31
73 0510
730510
7305 10

,,

73 10 Ob
 

731007
731007

logs
available

0,T
 tf

0,02,B,T
.

0,02,I,T

0,02,»,T
.

O.O2,!,!

O.O2,!,!
8,02,»,T

<m?.i,t
/

e.o2,!^
  o,<r,i,T

o,«r,i,T
0,02,I,T

.

0,0?
.

R
*.

Remarks

.

Vater-table^U.'^P

Water-table well
-

  i

Water-tabiu *»il ..,
,

Water-table well; . 
botton filled
with silt.

. J

Water-table wall
filled with nod
bO ok. -J

-.,

|
 

.
Utter-tattle well

"m+iat
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u

to
Heat Flow Outside Thermal Areas

In July 1973, John Sass and R.K. Hose of the U.S. Geological Survey, 

Menlo Park, Calif., made temperature measurements in the Cordero Mining 

Co. test holes in support of this study. Six of the eight holes are within 

areas affected by convection of thermal water and provide data to supple­ 

ment information froifi the U.S. Geological Survey test holes. However,two 

of the holes are in the central part of the Black Rock Desert, at places 

apparently unaffected by local convection of thermal water. The temperature 

measurements in these two holes furnish general information on regional 

p heat flow similar to that obtained from the U.S. Bureau of Reclamation
i L
; experimental heat-flow test hole in the Carson Sink described earlier.
  n

LJ T*16 temperature profile in Cordero Black Rock test hole 1 , 2 km 
i 
' r~, south of Black Rock, is presented in figure 18. The thermal gradient for

the depth interval 54.9 to 204.2 m is 75.8°C km" 1 , about the same as that 

measured in the heat-flow test hole in the Carson Sink. The driller's log
. Li
| of the Cordero test hole reports predominantly clay (probably lacustrine)

i n
j^j throughout the measured interval. The average thermal conductivity of the

_ lacustrine clay is likely about the same as that measured in the cores 
| |

from the test hole in the Carson Sink, that is, about 2 x 10~ 3cal cm' 1

s-loc-l. (see table 2.) The corrected heat flow, therefore, is probably 

not more than 2 HFU not unusually high for the northern Basin and Range 

province.

The thermal gradient in Cordero Black Rock TH-2, 2.5 km west-southwest 

of TH-1, is 61.6°C km"" 1 for the depth interval 68.6 - 274.3 in, even less 

than that in TH-1. The corrected heat flow at the site" of TH-2 may be no 

more than about 1.5 HFU.

n
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Figure l8.w-Temperature profile in Cordero Black Rock 1 
temperature test hole, 13 July, 1973

[Temperatures measured with thermistor equipment 
by John Sass and R. K. Hose, U. S. Geological Survey]
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j Thermal AreasJ
There are several known thermal areas within the southern and central

n
[ j Black Rock Desert area. Three of these have been classified as Gerlach., 

p Fly Ranch, and Double Hot Springs KGRA's. All three areas have been explored 

by test drilling during this study, although in only the Gerlach area were 

sufficient holes drilled to define the extent of the near-surface thermal 

anomaly. In addition to the above three areas, thermal areas of unknown 

extent surround the hot springs near Trigo, 25 km northeast of "Gerlach, 

and West Pinto and East Pinto Springs, 90 km northeast of Gerlach.

Double Hot Springs form two large orifice pools at the north end of 

j   a chain of hot springs some 11 km in length. The springs are probably 

along a Basin and Range fault on the west side of a range of low hills

nj j which constitutes the southern Black Rock Range. U. S. Geological Survey

test hole BR AH-9, 9 km north of Double Hot Springs, encountered warm ground
t

(although no temperatures were measured in this test hole subsequent to

f 1 completion), which suggests that the thermal area associated with the Double
LJ

Hot Springs fault extends at least 9 km north of those springs.

j i The hot springs at Fly Ranch, in the Hualapai Flat area (Wards Hot

Springs on fig. 17), appear to be a part of only one of several localized 

LJ hydrothermal systems, although available information is insufficient to 

f] define the extent and nature of these systems. Test holes BR AH-10A, B,
u

and 11, 2.6-3.1 km northwest of the springs, and flowing thermal wells

D penetrate warm ground, but an unused farm well 33 m in depth only 1 km 

j east of the springs contains water of near-normal temperature. The 

LJ thermal areas near Fly Ranch may be related to a series of subparallel

faults that cross Hualapai Flat in a northeasterly direction (Harrill, 1969, 

~" p. D.

n
Li
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A thermal area of unknown extent is present near the south end of 

Hualapai Flati about 1.5 km south of Granite Ranch and 10 km south of 

Fly Ranch. No thermal water discharges at the land surface. The presence 

of the thermal area was first detected in a farm well, now abandoned and 

filled in. Later, Cordero Fly No. 3 test hole near the old well also 

penetrated thermal water, as did U.S. Geological Survey test hole BR AH-9, 

0.5 km southwest of the Cordero Test hole. The temperature profile in 

the Cordero test hole indicates a reversal in thermal gradient below a 

depth of i*5 m, which suggests lateral flow of thermal water through an 

aquifer at that depth. The thermal water presumably moves into the aquifer 

from much greater depth along a concealed conduit, probably of fault origin.

The thermal area at Gerlach was explored with 18 shallow test holes 

of the U. S. Geological Survey and 3 deeper test holes of the Cordero 

Mining Company. Much more intensive study was made of this thermal area 

than of the aforementioned areas; the results are described in some detail 

in the following section. _

GERLACH THERMAL AREA )
f

Geographic and Geologic Setting '~ J

The Gerlach thermal area is at the south end of the Granite Range j
o

in southern Black Rock Desert (fig.17). Most of the thermal area is  1
!

within the Gerlach KGRA, which encompasses 3,631 ha and includes the J 

town of Gerlach. i

The thermal area includes two major groups of springs and four

individual springs. The larger group, Great Boiling Springs, 1.4 km ] 

northwest of Gerlach, is used for bathing and was the site of a small 

borax works many years ago. Mud Springs, 1.9 km west of Gerlach, is the _ 

source of water for livestock and irrigation of pasture.
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0
"i The hot springs issue from unconsolidated lacustrine and alluvial 

deposits, but the thermal water probably has been in contact with 

granodiorite and related plutonic rocks of the Granite Range throughout 

most of its paths from probable recharge areas high in the range to where 

LJ it rises into the unconsolidated deposits beneath the springs. The 

m distribution of exposed rocks and deposits near the thermal area is shown

on figure 19. Both the unconsolidated deposits and the granodiorite are 

j I altered hydrothermally along a fault west of Great Boiling Springs and 

in places are difficult to distinguish from each other.
n
U Basin and Range faults are prominent, as shown on figure 19.

pi Deposits as young as Holocene are offset. Some faults in lacustrine and

alluvial fan deposits near the hot springs may represent rupture of incomp- 

f j etent materials in response to movement along a single fault zone in the

underlying granodiorite. 

yj The granodiorite is highly jointed within the area shown on figure

n
!9. Spacing of joints ranges from a few centimetres to several metres. 

Approximate strikes and dips of the most prominent sets are listed below:

U Strike Dip

N. 42° - 50° W. 90° - 70° S.W.

U N. 82° - 86° W. 45° - 50° S.

fl N. 18° - 22° E. 40° - 45° N.W.

N. 0 - 2° W. 40° - 45° E.

H - . N. 68° - 72° E. 85° N. - 85° S.

f| Figure 19 also shows lineaments apparent in the field or on aerial 

photographs but of undetermined origin. Lineaments in the Granite Range

ill may be traces of joints or faults; those in the unconsolidated deposits 

may be fault traces.o
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.
Hydrologic Setting

The unconsolidated deposits are saturated at shallow depths through­ 

out most of the Gerlach area. Ground water also occurs in open joints, 

p fractures, and faults in the granodiorite and related plutonic rocks. Recharge

in the contiguous drainage area is insufficient to sustain the discharge of 

f thermal water. Likely source areas for the deep-circulating thermal water have
L J

not been delineated precisely but are believed to be in the higher parts of

nLJ the Granite Range, 10-20 km north of the area of hydrothermal discharge. 

p Shallow ground water locally is unconfined, but, because of the

abundance of clay and silt in the lacustrine deposits, ground water in these 

f i deposits generally is confined at depths of only a few metres below the 

j water table. Because of the generally shallow depths to water, the configuration
! n
I I J of the unconfined potentiometric surface (water table) is similar to that 

of the land surface. (See fig.20a). This suggests that in much of the 

thermal area the water table is analogous to a surface of seepage, except 

that the water discharges by evapotranspiration instead of by seepage. 

Both unconfined and confined potentiometric surfaces (figs. 20a and b) 

indicate mounding of ground water near springs and movement from the Granite 

Range toward the playa.

Vertical potential gradients (fig. 21) are computed from water-level 

measurements in paired test holes, geophysical logs which indicate the water 

table or top of the saturated part of the capillary zone in single test holes, 

and interpolated differences in altitude between unconfined and confined 

potentiometric surfaces (figs.20a and b). The gradients indicate downward 

movement of ground water in a narrow band of coarse-grained deposits adjacent 

to the mountains and upward movement in most of the remaining area. The 

largest upward gradients are near the hot springs and probably are due to

ni | temperature-induced differences in density of the water.
LJ

n
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n

D

f

Principal Hot Spring Groups

The principal hot spring areas consist of 4 small individual springs 

and two major spring areas, Great Boiling Springs and Mud Springs. 

Significant features of the four individual springs are listed below: 

Discharge Temperature
Location Remarks

32/23-10baa 0.19 est.

32/23-10bac 1.0 est.

54.4

boiling

32/23-15acd 1.4 est.

32/23-15cab .06 est.

67.8

49.4

Orifice in alluvium on the up- 

thrown side of a fault scarp.

Orifice in alluvium on upthrown 

side of fault. Is near out­ 

crop of altered granitic rocks 

Prior to development by ditch­

ing flow was only about 0.19 

is"1 .

Orifice in alluvium. Linear 

feature that may be fault.

Orifice in alluvium along 0.7- 

metre-high scarp.

The most prominent features of the Great Boiling Springs area are shown 

in figure 22. Figure 23 shows the most prominent features of the Hud Springs 

area. Springflow may fluctuate above and below quantities listed in the 

figures but insufficient data are available to document the magnitude of any 

fluctuations.
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Subsurface Temperature Distribution 

The general configuration of the Gerlach thermal area is indicated 

by the distribution of temperature at a depth of 30 m below land surface, ^^

as shown on figure 24 . The map is based chiefly on temperature measurements _^ 
made in July and October 1973 in test holes of the U. S. Geological Survey |

and the Cordero Mining Company. Temperatures measured in hot-spring orifices
| 

are extrapolated to temperatures at 30 m by using thermal gradients in .- !

nearby wells or, where the springs are boiling, by using the relation of ~i

boiling temperature to hydrostatic depth at the altitude of Gerlach

(«" *-" 1,200 m). Control for the temperature distribution in the basement

rocks in the western and northern parts of the thermal area is lacking;

the position of the isotherms shown on figure 24 is based on the assumption

that the thermal area is bilaterally symmetrical.  i

The thermal area is elongated toward the north-northeast and southwest, 

and the hottest parts surround the major hot springs. The elongation is | 

obviously related to the faults that control the positions of the hot springs. 

Close similarity of the temperature pattern to the configuration of the 

unconfined and confined potentiometrie surface (compare figs. 20a, 20b, and --1 

24) also suggests convective heat transport by lateral,as well as vertical 

ground-water movement. The approximate limits of the thermal area are 

defined by the 15°C isotherm; "normal' temperatures at 30 m for the region

are about 13° - 15°C.
Chemical Character of Springflow

nDischarge water from one of the hottest orifices at Great Boiling u 

Springs was analyzed by Mariner and others (1974). Concentration of -» 

dissolved solids is high in comparison with most other hot-spring waters

sampled in northern and central Nevada. Sodium and chloride are the

dominant constituents. Specific conductance determined by Mariner and

others (1974, table 2) is 7,610 ^mhos cm" . Reservoir temperature is W J

167°C by the silica-quartz geothermometer, 175°C by the sodium-potassium ,
0 I

geothermometer (Mariner and others, 1974, table 3). ' '
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Figure 2*4-._Map of Gerlach thermal area showing temperature at a depth 

of 30 m, October 1973.
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Heat Discharge

1
"1

Heat is discharged from the Gerlach hydrothermal system principally "1 

by conduction through near-surface material, by springflow, and by

discharge of steam or heated air. Heat discharge by lateral ground-water I'_ t

movement is not considered significant, because the boundary of the
i
!

thermal area is placed at the 15° C isotherm at a depth of 30 m, where '-J 

the temperature of the ground-water outflow is only slightly above the r~j

"normal" temperature for the area. Heat discharge by evaporation from
 - i 

hot-water surfaces is not estimated as a separate item. Almost all this

discharge is included in the springflow, because temperatures of the 

flow were measured in the throats of the orifices, before significant 

cooling had occurred. Heat discharge by radiation from warm soil or 

water surfaces also is not estimated; data on which to base an estimate 

are not available. However, it is believed that the radiative heat 

discharge is small in comparison to the conductive and convective discharges.

Conductive heat discharge. Discharge of heat by, conduction through 

near-surface materials in the Gerlach hydrothermal system is estimated 

by methods A and B described in the section, "Estimates of heat discharge." ""' 

As in most of the other thermal areas, method B is believed to provide

the more reliable estimate.
The conductive heat discharge is estimated by method A, using the

following assumptions:

(1) Mean annual temperature at the land surface is 11°C, the _j 

approximate long-term mean annual temperature at Gerlach (table 6). ,

(2) The 15°C isotherm at 30 m depth encloses the area of excess ^ 

heat flow related to the hydrothermal-discharge system.

i



p (3) The average thermal conductivity of the materials in the depth
iJ

range 0-30 m throughout the thermal area is 2.6 x 10 cal cm"1 s~loC~\ 

the average of the computed harmonic-mean thermal conductivities of the 

p deposits penetrated by test holes BR AH 1-8, 13, and DH 14 and 15.

Using these values, the estimate of conductive heat discharge by

j~| method A is 5.7 x 106 cal s~ . Derivation of the estimate is given in

!

is o. / x j.u- cax s 

table 13.

U fi The estimate of conductive heat discharge by method B is 4.4 x 10

p cal s , significantly less than the estimate by method A. The deriva- 

^ tion of the estimate is given in table 14.

Heat discharge by springflow. Heat discharge by springflow is

5 3 -1 computed on the basis of an average springflow of 5.6 x 10 m yr at
n
l_j an average temperature of 80°C as

[(80 - ll)cal g"1] [(0.972 x 106 g m"3 )(5.6 x 10 5 m3 yr"1 )] 

= 3.8 x 1013 cal yr'1
i i

= 1.2 x 106 cal s'1
Heat discharge by steam or heated air. The large difference in

temperature between the source of the thermal water (about 171°C, as

P[J indicated by the chemical geothermometers) and the discharge at land

r-i surface (96°C or less), together with the substantial rate of springflow,

suggests the possibility that much of the heat carried by the upflowing 

P? thermal water is discharged as vapor (steam) or as heated air. Theore­ 

tically, as discussed in the section "Estimates of heat discharge" 

L) as much as one half the total heat carried by the thermal water 

p. as it leaves the deep source might be discharged in this manner. However, 

^ the evidence at Gerlach suggests a much smaller discharge. Instead of

appearing in a single boiling spring, most of the springflow is dispersed
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n
TabU 13 . Estimate of conductive heat discharge from (-erlach hydro the raw I «ystea on the basis 

of method A described in t*xt. .
n

Geometric Thermal ./ 
Temperature mean gradient!' 

range temperature - , 
CC) CC) (xlO"3 'C cm' 1 )

15-20

20-30

30-40

40-60

60-80

80-100

100-123

>120

Totals

(1) Based

(2) Based

17.3 2.1

24.5 4.5

34.0 7.9

49.0 . 13

69.3 ' 19

89.4 26

109.5 33

121 37

on 11*C mean annual temperature at the

on harmonic-mean thermal conductivity

Heaty Heat 
fiowtf Area -discharge

(xiO"6 cal cm"2 s~l ) (xlO10 cm2 ) {xlO6 cal s'1 )

5.5 9.0

12 3.3

21 1.4

34 1.5

.49 ' 1.4

63 1.5

StS 2.1

96 .5

20.7  

land surface.

of 2.6 x 10'3 cal cm' 1 s'1  C* 1 .

0.50

.40

.29

.51

.69

1.0

1.8

.48

5.7

Table 14.  Estimate of conductive heat, discharge from Gerlach' hydro-thermal

system on the basis of method B described in the text.

Geometric-mean

gauge in heat flow heat flow

(HTO) (HFU)

2-10 ».S

10-50 22

50-100 71

>100 110

Area Beat discharge

(xlO10 cm2) (x 10* cal s -1)

11.2 ^.50

5.7 1.3

2.7 1.9

.68 .78

Totals 20.3

V.



IH j

throughout numerous orifice pools in which the temperatures are generally 

less than boiling (figs. 22 and 23). It seems likely, therefore, that 

most of the steam produced by boiling in the conduit system as the thermal 

water rises to the surface condenses before discharging to the atmosphere.
n
[J The heat released by condensation probably is discharged by conduction

D 
through near-surface deposits or by augmented springflow.

Data are not available from which to base an estimate of heat

D discharge as vapor. Some heat doubtless does escape as steam from the 
.

few boiling pools or as heated air or steam from vents or cracks, but 
> (

[j it is believed that this discharge amounts to less than 20 percent of
/  i 

 . that by springflow perhaps about 0.2 x 10 cal s .

^ Total heat discharge The estimated total heat discharge from the 

n Gerlach hydrothermal system is the sum of the conductive heat discharge,
L.J

as estimated by methods A and B, the heat discharge by springflow, and

[ j the heat discharge by steam or heated air:
Heat discharge (x 10 cal s~ )

Method A Method B

to

Conduction through near-surface materials 5.7 4.4

Convection by springflow 1.2 1.2

Convection by steam or heated air .2 .2

Total 7.1 5.8 
fl Net heat discharge. The net heat discharge from the system is the
b

total heat discharge minus the so-called "normal" heat discharge the

n heat discharge that would have occurred from the thermal area without the\ i

effects of the upflow of thermal water.

LJ On the basis of method A, the "normal" heat flow at the 15°C 

H isotlLJ isotherm at 30 m depth is 3.4 x 10" cal cm"2 s . Thus, the "normal"

conductive heat discharge from the area enclosed by the 15°C isotherm 

(see table 13) is:

(20.7 x 1010 cm2 ) (3.4 x 10"6 cal cm" 2 s"1 ) = 0.70 x 106 cal s"1 )
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The estimate of net heat discharge by method A is therefore equal to 51
6 -1  J 

the total heat discharge, 7.1 x 10 cal s , minus the "normal"

conductive heat discharge, 0.70 x 10 cal s" , or 6.4 x 10 cal s~ . ^P j 

On the basis of method B, the "normal" heat flow is assumed to be

R 9  1
2 x 10 cal cm s . The "normal" heat discharge is then

(2 x 10~6 cal cm"2 s"1)(20.3 x 1010 cm2 ) = 0.41 x 106 cal s"1 . 

The estimate of net heat discharge by method B is therefore equal to the 

total heat discharge, 5.8 x 10 cal s" , minus the "normal" conductive 

heat discharge, 0.41 x 10 cal s" , or 5.4 x 10 cal s .

Water Discharge

Water discharge from the Gerlach hydrothermal system is estimated 

by the water-budget and the heat-budget methods described in the section 

"Estimates of water discharge"

Water-budget method. Outflow items in the water-budget method are 

ground-water evapotranspiration and lateral ground-water outflow from 

the thermal area. Ground-water evapotranspiration, which constitutes
C. O ]

almost all the outflow, is estimated to be about 1.7 x 10 m yr" . 

Derivation of the estimate is given in table 15. Lateral ground-water 

outflow, computed using the horizontal components of the confined potential

gradient along segments beneath the 15°C isotherm at 30 m depth and an

21 fi 
estimated average transmissivity of 30 m day" , is less than 0.1 x 10

3 -1 
m yr . Thus, the total outflow is estimated to be the sum of ground-water

fi 3 1 
evapotranspiration and lateral ground-water outflow, or 1.8 x 10 m yr" .

This total includes both thermal and nonthermal water discharge.

3



f":

n

in! I_i

I  

LJ

n

Table 15. Estimate of ground-water evapotranspiration within the 
Gerlach thermal area.

i~i . Annual evapotranspiration 
j Type of-vegetation re Depth Volume

(x 1Q3 m2 ) (cm) (x 1Q3 m3 )

Lush grass and tulesj 

includes areas of 

spring-supported 

vegetation and warm

[ ground.

P^ Saltgrass

Greasewood and saltgrass

1 ; Saltgrass, pickleweed, and
L.

fe bare soil.

r Greasewood
L_*

r ~, Playa
li

850

770

1,700

69

1,900

260

100

45

18

24

6

9

850

350

310

17

110

23

Total (rounded) 5,500 31 -i' 1,700r
I/ Average

o
0
n



1
Inflow items in the water budget are recharge from local precipitation

  n...«. *v».w**, ~»i    «w« ..«vw*, «..« «r**v,.. v ~ v«w*M«^ ,,~vv,~ **w« «ww^ «w«*ww«. _J

Recharge from local precipitation and runoff, computed by methods described -n
/r o  » I

by Eakin and others (1951) and Sinclair (1963), is about 0.2 x 10 m yr" . 

Imported water, which consists of water piped to Gerlach from Granite and
*r o -1 - '

Graden Springs in the Granite Range to the north, is about 0.1 x 10 m yr" . 

Upflow of thermal water is computed by balancing inflow and outflow in the . \

hydrologic equation: -^
i

(Thermal-water upflow) = (total outflow) - (recharge + imported water)

= (1.8 x 106 m3 yr" 1 ) - (0.2 + 0.1) x 106 m3 yr" 1 J

= 1.5 x 10 m yr" ~ i

Heat-budget method. The upflow of thermal water is computed using 

the heat-budget method as follows. Temperature of the thermal water 

leaving the deep sources is assumed to be 171°C, the average of the 

temperatures indicated by the silica-quartz geothermometer (167°C) and 

the sodium-potassium geotherraometer (175°C) (Mariner and others, 1974, 

table 3). Average surface temperature is assumed to be 11°C, so the net 

heat content of the thermal water is (171° - ll°C)(l.O cal g" 1 °C"1 ) = 

160 cal g" . Net discharge from the thermal area is 6.4 x 10 cal s"" 

on the basis of the estimate by method A and 5.4 x 10 cal s" by method B. 

Thus, the discharge of thermal water computed by method A is:

6.4 x 106 cal s""1 . 4 . x 5 3 -1 
        ,    - 4.0 x KT g s , or 1.3 x 10U m yr ,

2 -1 1.6 x 10 cal g

at an average discharge temperature of 80°C, and by method B is

5.4 x 10 cal s" 4 .1 63 -1
--- » 3.4 x 10 g s , or 1.1 x 10 m yr .

1.6 x 10 cal g"
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i -.111111 mrnfiitn

The estimate of 1.1 x 10 m3 yr by method B is believed to be the more 

reliable of the two estimates. Both estimates are somewhat less than the 

estimate of 1.5 x 106 m3 yr"1 by the water-budget method. The reason for 

the difference is uncertain. The water budget is dominated by the discharge

m of thermal water by evap©transpiration from areas of phreatophytic vegetation, 

Errors in estimated rates of use by the more heavily water-using types

jfj such as salt grass and tules (table 15) could result in an overestimate by 

the water-budget method. Alternatively, the estimated rates of heat flow
*~*t

used in the heat-budget method could be too small. Further studies are needed
v .

_j to resolve the discrepancy.

Inferred Nature of Hydrothermal System

D
Although the three-dimensional distribution of temperature, litho-

I | logic characteristics, and fluid potential is not known in detail for the 

Gerlach hydrothermal system, some of the broad features of the system may

be inferred with reasonable confidence, 

pi Exposed bedrock is almost entirely Mesozoic granodiorite, and similar

rock underlies most, if not all, of the thermal area. Thickness of the 

rj overlying basinfilling deposits of Tertiary (?) and Quaternary age is not

known; the thickness may exceed 2 km near the center of the basin, but the 

[J deposits probably are much thinner beneath the spring area. The nearest 

^ exposures of Tertiary volcanic rocks are 7 km from the spring area, and 

*-* none of the rocks is known to be less than 15 m.y. in age. Geochemical 

PI data indicate a water-rock equilibrium temperature of about 170°C (table 1,

Mariner and others, 1974). Data from test holes in fine-grained lacustrine 

I j deposits outside the area affected by convective upflow of thermal water

indicate "normal" heat flow for the northern Basin and Range province (about
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1-1/2 - 2 HFU). A local shallow-crustal heat source therefore appears

  ~) 
I

With "normal" heat flow, the equilibrium temperature, and the geology 

inferred above, the depth of circulation of the thermal ground water probably , ; 

is on the order of 3-6 km, well within the granodiorite basement rock. -->,

Primary porosity of this kind of rock is virtually zero. Instead, the
""""*> 

water probably circulates through secondary openings, such as open ;

fractures in the fault zones or in open joints. The nature and extent of

the deep thermal reservoir cannot be inferred with reasonable certainty ]

from available data.
i 

The thermal water moves through faults, joints, and other fractures,

and probably is recharged from precipitation in the higher parts of the 

Granite Range north of Gerlach, and rises along fault-con trolled conduits 

in the granodiorite into the overlying sediments. The rising water moves _\ 

rapidly enough to maintain a temperature close to that of its deep source 

until it begins to boil at a hydrostatic depth of approximately 55-60 m 

beneath the main outlets of Great Boiling Springs. Upward movement is 

slower through the fault zones northwest and southeast of Great Boiling 

Springs, and boiling may not occur in these conduits. The discharge- 

conduit system appears to be of the leaky type. Thermal water probably 

leaks laterally from the upper parts of all the conduits into sandy 

aquifers in the basin-fill sediments, where it moves laterally in the 

direction of the potential gradient. The hot water may mix with shallow 

nonthermal water in some of the aquifers. The thermal gradients below 

some aquifers is reversed, as observed in several test holes down the



 i potential gradient from faults. Heat is discharged chiefly by conduction 

through the predominantly fine-grained sediments near the land surface, by 

springflow, and by steam or hot air escaping from boiling pools, vents, 

and cracks in the ground.

SULPHUR HOT SPRINGS THERMAL AREA 

Locationn
U The Sulphur Hot Springs thermal area is in northwestern Ruby Valley 

and in south-central Elko County (fig. 5). The springs are in sec. 11, 

T. 31 N., R. 59 E., at an altitude of about 1,845 m. Elko, the principal 

center of population and trading in the region, is 97 km by road to the 

northwest. The thermal areas has not been classified as a KGRA, but 

is within lands classified as valuable prospectively for geothermal resources

Test Drillingr""i

U The U. S. Geological Survey drilled or bored 11 test holes at

!
j j| Sulphur Hot Springs as part of this study. Additional shallow holes were

; augered at three of the sites to determine depth to the water table and 

| I 1 vertical potential gradient. Six of the test holes were bored with 

j hollowstem auger during the spring of 1973; five holes were drilled by 

LJ the hydraulic-rotary method during the fall of the same year. All but 

r*} two of the holes have screen or perforated pipe at the bottom and are 

therefore used for water-level measurements as well as for temperature

D measurements. Test holes AH-6 and EH-11 are capped at the bottom and 

filled with water for temperature measurements. Data for the test holes 

are presented in table 16.



Table 16 .--Data for U. S. Geological Survey test holes in 
Sulphur Hot Springs thermal area

Type of completion: Casing type is indicated by "St" (steel) or "P" (FVC). 
Veils capped at bottom and filled with water are indicated by "C". Wells 
with well-point screens at bottom are indicated by "Sc". Plastic well 
casing (PVC) that is slotted or perforated at the bottom are indicated by WS1W .

Depth to water tablet So\irce of data; "G" indicates geophysical logs and
"M" indicates measured. 

Geophysical logs available:
and temperature ("T"). 

Casing

Well 
ssrJber

STiH-l

{ iR-21
j 1H-2B

1H-3*

1H-3B
: 1H-U

\ IB-5

AB-6

ia-7

' 2S-8A
: aa-8B

DE-9

CH-10
IK'11

location

*3A5-*i

2ecdl
2ccd2

Uabdl

Ilabd2
lldbd

llbdc

load*

llaed

12ebal
12cba2

2dab
lUaed
3dda

_ '

Depth
(Metres 
below land
surface)

15.58
U3.98
9.51 ~

35.66

1.51
38.86

38.80

1U.75

6.80

U5.U2
3.05

3U.35
U3.89
12.80

Inside 
dianeter

(er.)

5.1
5,1

3.8/5.1
5.1

5.1
5.1

3.8

S.1

5.1

3.8

5.1
5.1
5.1 .
5.1 .

Type of 
completion

P, 81
P, 51

St/P, SS

P, Se

p, a '
P, Se

St, Sc

T>6

p, a

St, So
P, SI
P, Sc
P, Sc

P» C -V

land.
surface

altitude
(n)

1816.5
1852.9
1852. 9
1838.3

1838.3
1833.7

iaiii.o

1858.U

1833.U

1827.0
1827.0
1816.8
1030.0
1869.0

2 Gamma ("G"), gamma-gamma ("G

Depth to water table
Metres

below 
land

8.2
U.3
3.8
 

.-
 

1.22

Dry

 

~
 

2.3
U.3
1*7

 ute)

Source. 
 of
data

0
0
0 .
 

» \
"

M

 

-

.

r
0
t>
M

Date

73 05 OU
7305 OU
73050U

-

-
 

7310 31

-

-

-
-

731105
731105
7310 20

"). neutron ( WN«),

Static confined 
water" level

Metres
below 
land

surface

10.17
U.61
U.U5

jb.91 
"tp.97

l.UU

f.87 
.16

1.18 
0.16
x -

O.B9

6.08
l.UU
3.02
U.97
-

Date

73 10 18
73 10 18
73 10 Ifl
73 10 18 
73 05 03
7310 31
73 05 03 

.73 10 16
73 10 16 
7310 31

-

73^20 18

73 U 05
731105
73 1022
7310 22

-

V. 1

-->

Geophysical 
logs Remarks

miltbl*

0,« ,H,T iJear gravel pit
G,G2 ,H,T IhsWe fence, £2 < f
0,0 ,B,T Sane site as^^
0,0 ,V,T Qo N bank od^^K-

Sam site as 3*  
0,0 ,N,T Sr. S edge of tra:

0,0 ,H,T NT. W edge e? trail

0,G2,f,T Jh field, >  u Ti 
of driveway.

0*0 ,K,T Oa sinter outcrcc,"" 
UO MH of fence.

- GjCT^M S of fence, 37 s
' . - Same site as 8i

0,0 ,S S of fence Use, i'j
0,02,» S of trail Jet, 3 r.
0,0,1 5B of fence 6 GU 

.^>ssible water
    Uble at 7.5 x.^,

J
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Geology

The rocks in the vicinity of Sulphur Hot Springs include unconsolidated 

rocks of pre-Tertiary age, several kinds of unconsolidated deposits of 

late Tertiary and Quaternary age, and sinter. The surface distribution of

n
[j the various kinds of rocks and deposits is shown on figure 25.

Consolidated rocks are exposed in the Ruby Mountains about 1 km west
n
i.j of Sulphur Hot Springs. According to Hope (1970), the rocks as far west 

p of the springs as the top of the mountain ridge are entirely metamorphosed 

limestone of Paleozoic age. However, granitic boulders on the alluvial fan

I j of Lutts Creek, just north of the hot springs, indicate nearby exposures
u_j

of this type of rock. Much of the coarse sand and gravel in the alluvial- 

i^ fan and lake deposits near the springs contains feldspars and micas, which

r~^ suggests possible derivation of these deposits from a granitic terrane.
!

The unconsolidated deposits include pediment deposits, slope wash,

and colluvium, alluvial- fan deposits, and lake deposits.

The pediment deposits are chiefly coarse sand and gravel which form
  i !

[J a veneer on a pediment between the principal Basin and Range fault along

pi the east margin of the Ruby Mountains and the steep fault-line escarpment
I J
c west of the fault.
r-v The slope wash and colluviura lie to the east of the principal fault.

-* These deposits consist of a poorly sorted, crudely stratified mixture of

[1 gravel, sand, and silt, deposited on a gently sloping alluvial apron

above the highest shoreline of a Pleistocene lake (above an altitude of 
r> 
U about 1,850 m above mean sea level).

The alluvial-fan deposits underlie the alluvial fan of Lutts Creek, 

U about 0.5 to 2.5 km north of Sulphur Hot Springs. These deposits are

typically coarse grained and include boulders as much as 1 m in diameter,

I
but they are poorly sorted and include so much silt and clay that their

n| j permeability is generally low. The lake deposits lie below the highest

n
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Figure 25. Geologic map of Sulphur Hot Springs thermal area showing 
location of test holes.
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D

EXPLANATION

Sinter

Chiefly white to light-gray opaline sinter at Sulphur
Hot Springs and at sites of former hot springs to the
southwest
Qsl, consolidated phase covered by sod in northwest 

part of present spring mound.
Qs2, consolidated and fragments of gravel and sand 

size. On present spring mound, forms irregular 
terraces decreasing in altitude to the southeast

Lake deposits

Deposited in a shallow lake occupying valley floor
and lower slopes of alluvial apron at base of Ruby
Mountains.
Qlc, clay, silt, sand; poorly sorted; mostly soft 

and wet because of shallow water table
Qlg, Gravel and sand, well sorted; forms bar 3-15 m 

higher than adjacent valley floor and oriented 
generally perpendicular to mountain front

Alluvial fan deposits

Gravel, sand and boulders; some silt and clay; poorly 
sorted, chiefly unconsolidated. Surface slope 
decreases from about 0.08 at apex of fan to about 
0.04 at distal margin

Slope wash and colluvium

Gravel, sand and silt; poorly sorted; deposited on a 
gently sloping alluvial apron above level of a 
Pleistocene lake

Pediment deposits

Sand and gravel veneering a pediment underlain by 
limestone

Consolidated rocks, undifferentiated

Probably chiefly metamorphosed limestone within area 
shown on map; granitic intrusive rocks probably-present 
outside mapped area

1

g

M

Contact
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of several shorelines of lakes which occupied Ruby Valley during pluvial 

stages in the late Pleistocene. The deposits are classified on figure 25 

in two major facies: (l) fine-grained lake-bottom deposits, chiefly clay, 

silt, and fine sand; and (2) coarse sand and fine gravel, which form a 

near-shore bar 3-15 m above the surface of the lake-bottom deposits.

The sinter consists of white to light gray earthy amorphous silica 

(probably opal) deposited by both present and ancestral hot springs. . The 

sinter at Sulphur Hot Springs forms a conspicuous mound about 450 m in 

diameter and 2-10 m above the adjacent alluvial apron. The northwest part 

of the mound is covered by sod generally less than 1 m thick and is identified

separately on figure 25.

A major Basin and Range normal fault forms the contact of the

unconsolidated rocks and unconsolidated deposits at the mountain front 

(fig. 25). Another fault was mapped in the unconsolidated deposits, 

parallel to the major fault and about half the distance between Sulphur 

Hot Springs and the major fault. The trace of the second fault is 

concealed by the lake gravel bar on the south and the alluvial-fan 

deposits of Lutts Creek on the north. Other linear features are apparent 1 

on aerial photographs and are shown on figure 25. These features may be 

minor faults. J

Hydrology -f
! 

__i

Most of the ground water and streamflow in the Sulphur Hot Springs 

area originates as snowmelt in the Ruby Mountains. The snowmelt runs > I

off chiefly in the spring and early summer and is used for irrigation.
. ' /

The area north and northeast of the hot springs (fig. 25) receives J 

irrigation water from Lutts Creek, some of which percolates downward to ^ 

the water table. The depth of circulation of the locally derived water 

is not known but probably does not exceed a few hundred metres. The 

deep-circulating thermal water is almost certainly derived from recharge



in the Ruby Mountains to the west, but the exact location and extent of

the recharge area or areas are not known.

Ground water occupies intergranular pore spaces of the unconsolidated 

\ _ deposits and fractures and solution openings of the limestone bedrock and 

j v,_j the sinter. Throughout most of the lowlands the water table is within a
i
i p few metres of the land surface. Depths to the water table increase west-
i U
] ward, toward the mountains. The ground water is generally unconfined but

is confined locally by poorly permeable lenses of lacustrine clay and silt. 

Ground-water movement in the vicinity of the hot springs is generally

southeastward, as shown in figure 26. Movement is from the alluvial apron, 

where streamflow and irrigation water percolate downward to the water table,

I vJ toward the discharge area on the valley floor. Most of the discharge area 

j n that receives flow from the thermal area is southeast of the area shown in
i b
I figure 26. However, water is also discharged by evapotranspiration on the

i n
I j | spring mound and surrounding area, as shown in figure 27.

A mound of hot water underlies the spring mound of Sulphur Hot

jj Springs (fig. 26). A part of the mounding is a result of the thermo- 

pj artesian effect (low-density hot water "floating" in the surrounding cooler 

denser water), but an unknown proportion of the mounding probably results

D also from true artesian conditions. Because many of the spring pools 

overflow, the potentiometric surface of the ground-water body that supplies 

[j . the springflow is higher than the pools.

jj The Hot Springs

n Sulphur Hot Springs, probably named for their odor of hydrogen

^ sulfide, flow from a sinter mound above a southeastward sloping alluvial

pi apron which separates the valley floor to the east from the mountains to 

the west. The mound is roughly circular and has a diameter of about 

450 m (fig. 26). It rises 2-10 m above the surrounding alluvial apron.t
o
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The southeast side of the mound is terraced, but the remainder is a ^fc ; 

smooth low dome.
r-s

The sinter extends to unknown depths within the valley-fill deposits.   

Thickness of the underlying and surrounding valley-fill deposits also is  * 

unknown. The geologic setting suggests, however, that the fill is much ' J 

thinner beneath the springs than it is farther east, toward the axis of 

the valley.

A total of 101 spring pools was inventoried in this study. The 

spring data are presented in table 17. Maps showing configuration of 

the water table, distribution of spring-pool overflow, discharge temperatures 

at spring orifices, and specific conductance of spring-water samples are ~~] 

given on^figures 28 a-d. Many other pools and orifices were not included 

in the inventory because of their small size. \

Thirty-two pools overflow. Maximum flow is from the so-called

"main pool," the largest of the pools. This pool has a surface area of

2 -1 
about 1,200 m ; the overflow rate is estimated to have been about 3.8 1 s "~j

in April 1973. The combined surface area of all the remaining pools is 

about half that of the main pool. Flow from all pools, including the 

main pool, is estimated to have been 8.2 Is"1 in April 1973. The smaller 

overflowing pools surround the main pool, except to the east, where they 

are generally absent, as shown in figure 28b.

Altitudes of the pool surfaces are shown on fiqure 28a. Although the 

main pool is near, the center of the mound, water levels are higher in 11 

smaller pools to the north and south. The highest pool was 3.04 m higher 

than the lowest pool in April 1973.
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The temperatures in the pool orifices ranged from 28° to 96° (super­ 

heated) in April 1973 (fig. 28c.). The hottest pools are in an east-west 

basin array north of the main pool and in a second group east of the main

j   pool. No relations are apparent between temperature and altitude, discharge 

(overflow), or specific conductance of the pools (fig. 28d). Data for Sulphur

[j Hot Springs are listed in table 17.

p Chemical Character of Springflow
U

Water from one of the hottest overflowing pools at Sulphur Hot

, n
1 j   Springs was analyzed by Mariner and others (197M-). The silica-quartz

geothermometer (Fournier, White and Truesdell, 1974) indicates a reservoir 

temperature of 183°-190°C, one of the highest of all the hot springs 

sampled in northern and central Neva'da (table 1; fig. 2). The abundance 

of sinter corraborates the high indicated temperature.

Subsurface Temperature Distribution 

The distribution of temperature at a depth of 30 m below the land

surface is shown on figure 29. The temperature pattern in the central, 

northern, eastern, and southern parts of the thermal area may be inferred

with reasonable confidence on the basis of the test-hole data. However, 

no data are available for the western part of the area. Abnormally high 

r~j temperature and thermal gradient at shallow depth in test hole DH-11 

-* suggest that the major fault 175 m to the west is a secondary source of 

heat, but the extent of the-high temperatures associated with the source 

is unknown. Additional test holes would be required to delineate the
n
(J thermal area associated with the fault.

The thermal area surrounding the springs is crudely circular, but the 

hottest part, at the hot springs, is somewhat northeast of the center of

[I the cooler isotherms. Comparison of the water-table contours (fig. 26)
U

1 ', 163

t



Table 17. Data far .Sulphur Hot Springs, 1973

Htading remarks*
1. Numbered counterclockwise starting et ditch outlet 

fro* SW sid« of Bain pool
2. Approximate
3. Approxiaate
4. Abov« an altituda of 1,800   (73 07 18) 
5«, Above (+) or below (-) main pool water 

level or 1844.46 (73 07 08)

6. Approximate;, first number Is length* 
second is width I to length

7. b*bowl, s-shoal, n-neck
8. Approxiaate
9. Measured generally at deepest point 

(April 1973)
10. Estimated (April 1973) .
11. Sampled 73 07 19

1

Orifice
nuaber

Main pool
' 1

2

3

4

5

. 6

7

8

9

10

11

12

13

14

IS

16

17

18

19

20

21

22

2

Direction 
to 

center of 
main pool
 

N73E

N81E

NS3E

NS2E

N44E

N41E

N27E

IKE

mow
N15H

N19W

HOE

M26W

IBS*
 

N43W

M391I

N40K

N34M

H63W

M71H

K56X

N7JX

3

Distance 
from near 
edge of 

aain pool 
(aetres )

- 

22.9

64.2

78.0

3.7

22.9

. 64.2

22.9

27.5

11.9

59.6

59.6

41.3 .*

36.7

36.7

45.9

48.9

50.5

55.O

45.9

50.5

27.5

13.8

*

Altitude' 
of water 
surface 

(metres)

43.99

44.08

43.54

42.63

44.02

44.14

43.01

44.06

43.64

44.14

43.29

43.2*

43.40

43.55

43.56

42.88

42.87

42.87

42.77

43.19

43.35

43.90

43.88

5

Elevation 
of pool 

in 
reference 
to aain 
pool 

(metres)
-

+0.08

. .45

.1.37

+ .02

+ .15

. .99

+ .07

. .36

+0.15

..70

..75

-.39

..45 .

0.44

.1.12

.-1.12

.1.13

.1.23

..80

..64  

-0.10

-.12

6

Pool . 
dimensions 

(metres)
55 x 35

7.6 x 4.6

6.1 x 3.0

7.6 x 3.0

2.7 x 1.2

5.5 x .9

2.7 x 1.8

3.0 x 2.1

2.7 x 2.4

2.1 x 2.1

2.1 x 1.8

2.7 x .9
 

.6 x .6

1.2 x .9

1.8 x 1.5

4.6 x 3.7

1.8 x 1.5

.9x .6

.5 x .3

.21 x .21

.3 x .3

3.0 x 2.4

1.2 x 1.2

7

Pool 
shape
,s,n

b

b.s

b
.

b

s

s

b

b.s

b

b.s

b.s

 

b.s

b

b

.b.s

b

b.s

 

b

b

b

b,s

8

Maximum 
depth 

of pool 
(metres)
 

2.1

1.5

1.8

.6

.6

.-*

.9

1.2

.8

.6

.3

.5

..2

«9

1.7

.3

i.l.

.1

.1

.2

1.2

.5

s*

Tern. 
per. 
eturerc>
58

60

28

66

67

64

' 81

74

70

60

70

39

79

58

58

81

76

80

67

.86

58

7S

54

10

Orifice 
discharge 
ls-1

3.8

0.1-0.2

<.l

.25. .3

<.l

0

*.l

.1

.1

 

<.l

.1

0

..

<.l

0

0

0

0

0

  0

0

0

<.l
0

11

Spa. 
cif- 
ic

con. 
duct, 
ance

647

636

700

612

625

629

614

625

614

625

609

632

550

621

621

607

621

600

614

669

667

632

625

12

Remarks

.

Undercut .3.9 m on
aost sides.

Discharge flews into
aain pool,

Soall orifice .9 a away.
.15 a ft deept dis.
charge is <1 .1 I/a
flowing when sampled.

Distance 22.0 a

Channel to E.
Distance 11.9.

Rater channels on ell
sides. Distance 8-7  
18.3 a. Steel pipe.
5.1 cm diameter in
orifice.

Altitude is slightly
. higher than no. 10.

Distance 7.3 m.
Roll of wire near.

Distance 12-8- 18.3 a. Not
flowing when sampled.  

Distance 13-14- .92 a

Six-inch vertical wall
above water surface.

.6 a vertical wall
above water surface.

Distance 10U5- 4.88 m
^

Distance 17-16- 2.44 a

Distance 18-17- 3.96 a

Receiving flow when
sampled.

Distance 20-19- 8.3 a
when sampled.

1

,J

J
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Table If.  Continued ' '

1 2

Direction
to

Orifice center of
number main pool

23 S82W

24 S64H

25 S59W

26 S58W

27 S69W

28 S62W

29 S46W
f

30 S53M

 

31 S53W
*

32 S48W
-

33 S47W

34 S45W

35 S39H

36* S32M

37 S27W

38 S26W

39 S35W

40 S2811

41 S23M

42 S23N

j

Distance
from near
edge of

main pool
(metres)

22.9

2.8

6.4

0.3

21.1 .

36.7

50.5

82.6

89.9

91.7

90.8

98.17

75.2

71.56

71.56

71.56*

6.4

30.28

29.36

27.5

4

Altitude
of water
surface

(metres)

43.48

43.97

43.92
 

43.73

43.47

43.53

43.05

42.19

42.15

42.15

42.20  

42.19

42.76

42.81

42.89

42.92

44.36

43.88

. 43.78

43.79

 

5
Elevation
of pool

in
reference
to main
pool

(metres)

-.52

..02

..08

..26

-.53

..46

-.95

.1.80

.1.85

.1.85

-1.80

.1.80

.1.23

-1.19.

.1.10

-1.03

+.37

' -.11

-.21

' -.20

O 76

Maximum
Pool depth

dinensions Pool of pool
(metres) shape (r.etres)

.6 x .6 b.s ' 1.2

1.2 x .9 b.s .6

.06 x .15 n .1

10.7 x 2.4 b.s .9

1.5 x 1.5 b.s 2.4

.6 x .3 B .2
V

1.8 x 1.2 b.s .6

10.7 x 6.1 ' b 1.5

3.0 x 1.5 b .9

.

1.2 x 1.2 b.s .6-

.3 x .2 b .2

1.2 x .9 b 1.5

3.7 x 3.0 b,s 2.1
*

9

.9 x .9 b.s 2.4

.46 x .46 b 1.5

1.2 x .6 b,S 1.5

4.6 x 2.4 b,S 1.2

3.7 x 2.7 b 1.8

1.8 x .9 b 1.5

.46 x .46 b .3

y

Tem­
per-
ature
CO
96

86

96

 

95

80

69

47

68

91

73

64

65

<

75

59

46

82

59

53

65

10 '11

Spe­
cif­
ic

Orifice con-
discharge duct-
(ls-1) ance

0 590

0 632

0 586

0 632

.6 .1.3 598

0 580

^.1 610

See remarks 656

See remarks 636

.1 577

0 568

<.l 632

.1 629

0 600

0 618

0 729

4.1 638

<.l 682

0 560

0 550

12

Remarks
Steel pipe in orifice

Boiling hard.. Distance
25.24 -.4.6 a.

.3 m rim separates 
main pool from no .26

Distance between
27 and 26- 10.1 a
Lunber. in orifice.

Distance 28-27 - 17.4 D

Receives inflow of
.32 1/S (T-32*)
Outflow is 1.53 1/s 
Pool us'ed for
swimming.

Receives inflow of
.32 1/s (T-35*).

Outflow is .63 1/s 
Inflow is from no.
30. Distance
between 31 and 30  
2.8 m«

Distance between 32 
and 31 - 3.7 m.
Not flowing when  
sampled.

Distance between 33 
and 32 - 1.8 m.

9.2 m N of no. 32.
Undercut.

2.8 m N of ditch
running to no. 30.
Temperature in
embayment   71*C.
Too small orifices
2.44 a S and 2.74 m
WSW.

1.8 a N of ditch.

4.6 a N of ditch.
Water turbid.

V4.6 n N of ditch.
 , Hater turbid.

At measuring point of
 j I, .9   deep.

Distance between
39 and 26- 6.4 m.

Distance between 42
__^» A 1 1 A __

43 S23W 29.36 43.80 -.20         0 550
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Table ff*-^Continued

1

Orifice
nunber

44

45

46

47

48

49

£0

51

52

53

54

55

56

57

58

59

60

61

* 62

63

64

65

66

67

68

2

Direction 
to 

center of 
oain pool

S3SN

S37M

S38N

S46W

S46H

S40W

S3SW

S3GM

S23W

S18W

S18N

S18N

S18W

S55N

S40W

S19W

SUM

S14W

S7N

S2E

SlCTf

slow
S10W

S1E

S12W

j

Distance 
frca near 
edge of 

main pool 
(aetres )

44.95

50.46

52.29

62.39

61.47

61.47

66.97

65.14

47.71

. 44.95

47.71

50.46

60.55

155.96

.

155.96 -

47.71

61.47 *

60.55

57.80

53.21

50.46

49.54

46.79

44.04

36.70

 4

Altitude 
of watar 
suxface 

(metres }

43.*J
*

43.30

43.28

42.75

42.93

42.95

42.84

42.93

43.57

43.45

43.57

43.57

43.37

41.32

41.86

43.60

43.35  

43.36

43.44

43.33

43.57

43.60

43 .61

43.77

43.62

5  b r
Elevation 
of pool 

in 
reference 
to oain Pool 
pool dimensions Pool 

(metres) (metres) shape

.0.73

..70

..71

.1.24

.1.06

.1.04

.1.16

.1.07

. .42

. .45

. .42

- .42

. .63

. -2.67

-2.14

..39

-.65

-.63

..55

..46

*.42

  -.40

..39

,.23

-.38

.9 x .6 b.s

.15 x .18 n

.09 x .09 n

.27 x .27 n

.3 x .27 b .

.9 x .6 ' b

.6 x .6 :b.s

.46 x .3 b.s

.9 x .6 b.s.n

.6 x .3 b.n

.24 x .18 n

.9 x .6 n

.27 x .27 n

7.3 x 4.9 b.s
"

4.6 x 2.4 s

.24 x .24 s.n

.9 x .6 b.s.n

2.4 x 1.5 b.a.n

2.1 x 1.8 b.'s.n

.27 x .21 s.n

1.2 x .9 b.s

.12 x .12 n

.46 x .3 n

.43 x .43 b

.76 x .43 b

B

Maximum 
depth 

of pool 
(aetres)

* 0.9

.9

.3

1.2

.2

.5

1.8

.6

2.4

1^.8 '

1.5

2.4

.2

 1.8 "

 

.6

1.8
 

^ 2

1.5

.3

A

.9

1.5

. .2

1.5

y IQ ill i*

Spe- 
elf- 

Ten, ie 
per. Orifica con. 
ature discharge duct- 
(*C) (1 s-1 ) anca Remarks

52

89

82

76

 76

71

63

71

31

53

76

75

57

55

87

92

69

70

74

69

66

95

45

70

38

0

0

0

' 0

0

0

0

0*

.1
0

0

0

0

See remarks

*.3

0

0*

.3

0

0+

0  

0

0

0

0

636

574

561

512

598

517

467

458

602
673'

590

593

575

648

600

583

629

600

609

559

568

561

618

564

507

Distance 44-40-20 18.3 m
distance 44-29-20.2 a.

Slightly larger diameter
neck, .3m S, 1.22 a
deep, No. 45 is  
2.8 a SW.

In grass, SW of No. ;

5.5 a W of no. 47

11.0 o W of no. 48
and 9.2 a N of no. 46.

.92 a S of ditch to
no. 30.

1.8 m S of ditch. Not
"  flowing when sampled.

4.6 a W of 52; south
end of line of 3«

4.6 a W of no. 52 and
1.8 n S of no. S3.

North end of line of
3 (nos. 53.55).

10.1 m N of no. 55.
Rlowing whan sampled.

NE of no. 30. Tem­
perature not at
maxioum depth.
Inflow to orifice *
.95 1/s (37* )« Out.
flow. 1.26. 1/s.

4.6 a S of fence

5.5 m S of ditch to
no. 30c

5.5 m B of no. 60.
Lumber (4"x8*)in
orifice.

9.2. * W of no. 61

2.8*. m S of ditch to
no.. 30. 4.6 a to
N-S ditch  linement.

3.7 a If of no. 59

.6 m N of no. 64

3.7 a S of no. 65

15.6 m W of no. 66

8.3 a SW of no. 65

n

and 9.2 m SE of 
no. 67. Small 
orifice (.15 m x .06 m) 
2.8 o SE. slightly 
wans. Small orifice 
(.06 a x .06 a) 
6.4 a SSE.
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Tabl« If. Continued

1i
f"

Lr.
r~7
i .
U

0I ;
Ul-J

r
L J

l

Orifice 
number

69

70

71

72

2

Direction
to

center of 
aain pool

Sic

SOT

S2E

SUE

, J

Distance
fron near
edge of

nain pool 
(metres )

33.03

25.69

17.43

9.17

4

Altitude
of water
surface 

(metres)

44.25t
44.03*

44.31

44.30

5
Elevation 
of pool 

in 
reference
to main
pool 

(metres)

40.26

+ .04 '

+ -32.

+ .31

o

Pool
dimensions 

(metres)

1.2 x .9

.9 x .9

2.1 x 1.2

3.7 x 3.0

V

Pool 
shape

b

n

.
b

b

a

Maximum
depth

of pool 
(metres )

  .9

1.5

1.2

1.5

»

Tern.
per
ature
CO

64

56

61

72

10

Orifice
discharge 
(ls-1)

0+

0*

1

.2 - .3

1 11

Spe­ 
cif­ 
ic

con­
duct­ 
ance

629

648

632

625

12

Remarks

5.5 m SSE of no. 69.
Not flowing when
saapled.

8.3 m S of no'. 70

11.0 m SW of no. 71.
Discharge flows into

'

73

74

S38E

S47E

24.77

22.94

44.16

43.88

+ .16 '

- .11

4.0 x 3.0

1.2 x 6

b.-s

b.n

.9

.9

66

90

.2 . .3

0

621

600

main pool. Small
orifice 1.8 n N.

Distance between no. 73

.

75

76

S49E

N86E

22.02

87.16

43.88

43.30

-  i!2

- .70 15 x 9 s.b .9 . 1.5

and 74 " 2.8 m. 
Complex of 5 orifices 
over a distance of 
-3.7 m.

  O. 596 Complex of about 25
small orifices with­ 
in a circle having 
a diameter of 7.3 m. 

' . All are saall.

60 .1 - .3 723 -Turbid and swampy

n

D

nu

D 
G
'H
U
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and the isotherms (fig.23) does not indicate rapid transport of

heat by lateral flow of ground water in very shallow aquifers like that

in the Soda Lakes-Upsal Hogback area in the Carson Desert . The
n
[J southerly extension of above-normal temperatures may be related to the

P occurrence of earlier hydrothermal activity south of the present hot springs
i
LjJ as reflected by sinter deposits just west of test hole AH-1 (fig.25).

Another possible explanation of the wide spacing of the isotherms south

of the hot springs is that thermal water rises into and flows laterally

\
I in aquifers at depths greater than 30 m in that part of the area.

i o

Heat Discharge

Most of the heat discharge from the Sulphur Hot Springs hydrothermal 

system is by conduction through near-surface materials and by convection 

in springflow and steam discharge. Boundaries of the thermal area are 

drawn so as to minimize heat discharge by lateral ground-water outflow. 

Heat discharged as evaporation from hot-water surfaces is included in 

that measured as springflow. Radiative heat discharge from warm soil or 

water surfaces may be significant locally, but the areas of high radiative 

L-* discharge are only a small fraction of the entire thermal area. The total 

Pi heat discharge by radiation is believed to be small and is not estimated
U

as a separate item in the heat budget. 

j j Conductive heat discharge. Discharge of heat by conduction through

near-surface materials at Sulphur Hot Springs is estimated by method 

U A described in the section, "Estimates of heat discharge." The total

(H conductive heat discharge is estimated to be 1.^*3 xlO cal s~ . Derivation

Li
of the estimate is given in table 18.

n
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  r"
i !   An attempt was made to estimate conductive heat discharge by method
| U

B, but data are insufficient to define heat-flow isograms in the western

part of the area, along the major fault 1 km west of the springs. Computed 

heat flow at test hole DH-11, about 175 m east of the fault, is 58 HFU, 

which is higher than the heat flow at any of the other test holes and
f ^

'. ' probably about as high as that on the margins of the spring mound. A
i .)

heat-flow high is very likely associated with the fault as well as with 

  ! the hot springs, but the extent and configuration of this second high 

I" -. cannot be determined with present data.

Method B does, however, provide the most reliable data that indicate 

the-magnitude of the heat flow near the margin of the thermal area. 

Computed heat-flow values at test holes DH-8A and DH-10 are respectively 

4.8 and 3.9 HFU. Both sites are a short distance within the thermal 

f- area, as defined by the 12°C isotherm on figure 29. Therefore, the so- 

called "normal" heat flow on the margin of the thermal area may be about 

3 HFU. Using this heat flow over the thermal area, the "normal" heat 

discharge is estimated to be

109  6   9-1 fi ' ~* 1 
(12.0 x 10 cm )(3.0 x 10 cal "cm s ) = 0.36 x 10 cal s_ r.;

Therefore , the net conductive heat discharge that results from the rising 

thermal water is estimated to be total conductive heat discharge minus 

"normal" heat discharge for the area,

(1.43 - 0.36) x 106 cal s"1 = 1.07 x 106 cal s"1 .

Heat discharge by springflow.   Convective heat discharge by spring-

' n ^ e-i! t I flow is estimated to be 0.48 x 10 cal s on the basis of an average
_X 

flow of 8.9 1 s from the spring orifices (spring -pool overflow plus

evaporation from pool surfaces), an average discharge temperature of 63° C, 

and a mean annual air temperature of 8°C.
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Heat discharge by steam.  As discussed in the sections a " Estimates 

of heat discharge" and "Estimates of water discharge," only a part of the 

heat loss between the thermal reservoir and the land surface is represented

by steam discharge. The discharge of steam from boiling pools (as equivalent
6 3 -1 ~*-i 

water) is estimated to be 0.006 x 10 m yr , as explained in the section,
WtuJ

"Estimates of water discharge" . The heat discharged by this

steam is computed as the product of the mass flow rate and the enthalpy j

of the steam: ^

(6 x 10 g yr" )(5^3 x 10 cal g" ) = 3.3 x 10 cal yr" fcj

= 0.10 x 106 x 106 cal s"1 ~j
fci***

The remainder of the heat loss between the thermal reservoir and 

the land surface is believed to be included in that -measured as conduction j 

and as springflow augmented by the steam condensed in and near the conduit 

system.

Net heat discharge. The net heat discharge from the hydrothermal 

system that results from the conyective upflow of the thermal water is j 

computed as the sum of the net conductive h.eat discharge, the convective 

heat discharge by springflow $ and the convective heat discharge by steam:

(x 106 cal s"*1) J

Net conductive heat discharge 1.07 

Convective heat discharge by springflow .48 

Convective heat discharge by steam .10

Total (rounded) 1.6
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Water Discharge

Ground water discharges from the Sulphur Hot Springs thermal area 

by springflow, evapotranspiration from the spring-mound area, and lateral 

subsurface outflow. Total ground-water discharge, which may include 

nonthermal as well as thermal water, is estimated by the water-budget 

method. Thermal-water discharge is estimated by the heat-budget method.

Water-budget method. Discharge from the spring mound includes 

overflow from the orifice pools, evaporation from the pool surfaces, 

evapotranspiration, and lateral subsurface flow.

Thirty-two pools overflow. The estimated total overflow discharge is
1 ^r o I

8.2 1 s" (0.26 x 10 m yr" ). About half the total originates from the 

main pool. The above conclusions are based on observations made in 

April 1973. Slightly different flow rates were observed at other times.

Average annual evaporation from the surface of the orifice pools is

3 3 estimated to be between 17,000 and 25,000 m , or about 20,000 m of water. This
i | 2
LJ estimate is based on a water-surface area of 1,700 m , an average water

n temperature of 40°-45°C, and an average annual evaporation rate of 10-15 m. 

Evapotranspiration of ground water from the spring mound is by two
n
y processes: (l) evapotranspiration by phreatophytes rooted in a shallow 

r-j water table and (2) plant use of water that reaches the surface by

upward seepage from the western and northern flanks of the spring mound.

O on these two flanks of the mound, dense low vegetation covers an area of 

2 about 8,000 m . The discharge rate in this area is probably about

D l 2 120 cm yr" . In 'the remainder of the area, about 45,000 m , the principal

p, phreatophyte is saltgrass, but some rabbitbrush is also present. The

^ discharge rate is probably about 10 cm yr" . Thus, from the entire area
3 _i 

of the mound, the evapotranspiration discharge is about 14,000 m yr

n
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n
Lateral flow in the subsurface from the hydrothermal system to the 

regional ground-water system is likely because of the higher fluid potentials 

in the hydrothermal system. The rate of flow probably is small, however, 

owing to the low permeability of the sinter and cemented deposits surround- { 

ing the spring conduits. No estimate of the lateral subsurface outflow _ 

is attempted. -~j

Ground-water discharge from the hydrothermal system in the spring- """) 

mound area is summarized as follows:
n

Discharge j 

(xlQ m yr" )

Spring-pool overflow 0.26

Evaporation from pool surfaces .020

Evapotranspiration .014  '

Total (rounded) 

Heat-budget method. Upflow of thermal water from the deep part of

the hydrothermal system is computed, using the heat-budget method, as ^J 

follows. Temperature of the water leaving the deep reservoir is assumed .,, 

to be 186°C on the basis of the silica-quartz geothermometer (table 1; w- 

Mariner and others, 197M-, table 3). Mean annual temperature at the land j 

surface is assumed to be 8°C on the basis of data from the Ruby Lake 

weather station (table 6). Net enthalpy of the water is j

(188 - 8) cal g"1 = 180 cal g"1

Net heat discharge from the hydrothermal system is estimated to be 1.6 x -J 

10 cal s" , as described in the preceding section. Thermal-water j
WMMJ

discharge is therefore

1.6 x 106 cal s"1 (1.018 x lO"6 m* g"1^3 - 16 * 10? s"1 yr"1 ) J

1.8 x 102 cal g"1
= 0.29 x 106 m3 yr"1

at an average discharge temperature of 63°C.



tl

n[j Comparison of two estimates. The two estimates of thermal-water

discharge are in good agreement, which suggests that virtually all the
»

"1 i LJ discharge estimated by the water-budget method represents thermal water

("I having a source temperature indicated by the silica-quartz geothermometer.
Li

If any admixed waters from shallower sources are included in the

I 1 discharge, the temperature of the deep source must be higher than the 

r, 183°-190°C indicated temperature.

LJ
n Inferred Nature of Hydrothermal System

The depth, extent, and nature of the thermal reservoir are unknown. 

[ It seems likely, however, that carbonate rocks like those exposed in the 

p Ruby Mountains west of Sulphur Hot Springs contain secondary openings formed 

LJ or (and) enlarged by solution which provide channelways through which ground

[1 water circulates to depths of several kilometres. 
(J

Presence or absence of a local crustal heat source cannot be determined

P(_J from present data. Ambiguous data from the shallow test holes drilled in

f

this study indicate above-average heat flow (^3 HFU) outside the thermal area, 

but deeper drilling is needed to confirm or deny this interpretation.

Sources of recharge to the hypothermal system likewise are not known 

specifically, but the most likely general area is th.e higher part of the 

Buby Mountains, several kilometres west of the hot springs.

Distribution of temperatures at depths less than 50 m suggests that the 

thermal water rises nearly vertically in a conduit system under the spring 

mound.

The configuration of the conduit system is not known, but the principal 

Basin and Range fault at the east base of the Ruby Mountains probably contains 

the principal deep conduits for the rising thermal water. Other faults, toward 

the east, may be branches of the main fault and may provide avenues for the

n
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thermal water to rise into the present spring mound, which, is 1 km east of 

the main fault.

The upflow of thermal water may be sufficiently rapid so that the deep ; 

reservoir temperature of 180° - 190°C indicated "by the silica- quartz geothermo- H 

meter (table 1; Mariner and others, 197*0 is maintained until the boiling
; j

point is reached at a hydrostatic depth of about 100 - 110 m beneath the j 

spring mound. _
!

Little heat may be lost until this point is reached, except by conduction _j 

laterally through the walls of the conduit system. :~j

Distribution of shallow temperatures suggests that discharge of water
* "] 

from the conduit system into near-surface aquifers in the Tertiary and Quaternary

sediments is small. Leakage into zones deeper than about 50 m is not precluded

by available data, however. ,_!

LEACH HOT SPRINGS THERMAL AREA

Location _  * 

Leach Hot Springs are in Grass Valley, in Pershing County, about 45 km 

by road south of Winnemucca, Nevada (fig. 5). The springs are at the base 

of a low fault escarpment near the east side of the valley, in the SE^j ; 

sec. 36, T. 32 S., R. 38 E., Mount Diablo baseline and meridian. The 

surrounding area is used intermittently for cattle grazing, and the spring- 

flow is used for watering stock and for irrigation at a ranch just west of 

the springs. An area of 3,612 ha surrounding the springs has been classified 

as the Leach Hot Springs KGRA.  

Test Drilling ._

Eleven test holes were drilled near Leach Hot Springs as a part of *-J 

this study. The holes were drilled by the hydraulic-rotary method and range

in depth from about 17 to about 50 m. The first seven holes were drilled in

  *U4«« ay4.-u.~6 ^ --.- ~J «  ---- -   ____ --   ___- -___--
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Table 19. Data for U.S. Geological Survey test holes in

the Leach Hot Springs thermal area

Well number; Wells 1-7 drilled during June 12-19, 1973, using rotary rig 

and "Revert" mud. Wells 8-11 drilled during October 29 - November 2, 

1973, using rotary rig and "Revert" mud.

Type of completion; Casing type is indicated by "St" (3.8-cm nominal 

inside diameter steel) or "P" (5.1-cm nominal inside diameter PVC, 

topped by 2-m length of 5.1-cm steel casing). Wells capped and filled 

with water are indicated by "C". Wells with well-point screens at 

bottom are indicated by "Sc".

Depth to water table; Depth below land-surface datura, obtained from 

neutron (N) log.

Static water level; Depth below land-surface datum.

2Geophysical log available: Gamma ("G"), gamma-gamma ("G "), neutron ("N"),

resistivity ("R"), and temperature ("T").

nu
D
nLJ

nu
n
U

Well 
number

OVDH-1
GH-2
DB-3

W-lt

W-5

OW
DH-7

EH-8

0-9

DH-10
DH-11

a. Nay

location

33/38-ldbc
32/39-30«ec

-31ebb
32/38-25dde

32/39- 31cad
31/38-laac

32/38-25ccd

-35dba

-36dcb
-J6ada
-36bdb

Depth 
( metres 

below land 
surface)

1*5.17
50.05

1*9.99
1*9.83
27.10

1*5.02
50.90

UU.8
1*5.02

17. 31*
U*. 81

not have reached equilibri

Casing

Inside type of 
diameter completion 

(cm)

5.1
5.1
5.1
5.1
5.1
3.8
5.1
5.1

, Sc

t C
, c
, c
. c
t, Sc
, 3c

, Sc

3.8 St, Sc

3.8 St, Sc
3.8 St, Sc

\m water level.

Land- 
surface 

altitude 
(m)

1,1*07.3
I,li68.5

1.U52.1*

1,1*29.5
1,1*81,9
1,1*26.2

1,396.0

1.39U.2
1,1*17.9

I,li32.6
1,1*01.2

Static confined 
Depth to water table water level

Metres TKllPBS 
below Source below 
land of Date land 

surface data surface

12.6
U0.8

22.2

23.6
>«7.1

16.7
26.1*
23.2

36.2

73 11 15 12.38
73 11 lb

73 11 13

73 11 Hi

73 U 13

73 11 15 16.37
73 11 09 26.33

73 11 09 23.16
73 n a30.M

5.77

29.5 H 73 U 13 29.32

Date

73 12 Hi
_

-

-
.

73 12 U*

73 12 15

73 12 13
74 08 07

73 12 15
73 12 15

V.
«.

Geophysical 
logs 

available

0,0*, ,T
G,G2, ,T

0,02, ,T

0,0*, ,T
0,02 , ,T

0,G2 , ,T

0,G2, ,T
G,G2 , ,R,T

G,02, ,T

°'!2 
0,0^,H,R,T

Approximate 
depth to 
Tertiary 
sedimentary

p'
6.'- '

18.6 i") *

9.1>
U7.2

>U5*.0

^

30.6 (?)

o
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Table 20 .--Data for selected water wells near Leach Hot Springs-/

Depth 
Location (metres)

31/38-26abb

31/39-32abc

32/38- 18acc

-33bcc

-36cba

33/38-32bab

60

90

41

76

45

18

Perforated 
interval 
(metres)

52-56

53-88

40-41

43-76

30-45

17-18

Land- 
surface 

altitude 
(metres )

1,472

1,460

1,378

1,401

1,398

1,352

Static water level 

Metres Date

46

42

24

b/ 39

b/ 25

9

47 07 12

58 05 22

55 09 22

73 10 29

73 06 14

61 10 03

State 
log 

number

309

4082

270

8621

6424

269

a/ Data from Cohen (1964, table 8) and files of Nevada State Engineer. 

b/ Depth below land-surface datum; datum for other water levels unknown.
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ri I in the fall of 1973 by the U.S. Geological Survey. Because of the substantial 
u 

depths to water in parts of the area, four of the holes were furnished with

1 H
j | pipes capped and filled with water rather than with pipes fitted with well 

points. The test-hole data are given in table 19.

Data for selected water wells near Leach Hot Springs are presented in 

table 20. Static water levels were measured in two of these wells 

during this study.

Geology

Rocks exposed near Leach Hot Springs range from consolidated rocks 

of Paleozoic age to unconsolidated alluvial and colluvial deposits of 

Holocene age. Areal distribution of units classified in this study is

shown on figure 30. The springs issue from late Pleistocene or Holocene 

alluvial deposits, but the thermal water undoubtedly has flowed through

older rocks like those exposed nearby to the east.

The consolidated rocks of pre-Tertiary age are grouped into one unit 

on figure 30. Included in this unit are the Pumpernickel Formation, the 

Havallah Formation, the Koipato Group, and the China Mountain Formation 

(Tatlock, 1969).

The Pumpernickel Formation, of Pennsylvanian and Permian age, is the most 

extensively exposed unit on the west flank of the mountains east of Leach 

Hot Springs. The exposed rocks include greenstone (altered lavas), dark- 

gray chert, argillite, and minor sandstone and limestone, all of probable 

eugeosynclinal affinities.

The Pumpernickel Formation is overlain by, or is in fault contact with, 

the Havallah Formation of Pennsylvanian and Permian age. Within the area 

P. of figure 30, the Havallah consists chiefly of chert, quartzite, and 

^ somewhat calcareous slate.

G i79
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Geology by F. H. Olmsted, 1973
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Figure 30. Geologic map of Leach Hot Springs thermal area showing 
location of test holes.
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LEACH HOT SPRINGS AREA 

EXPLANATION

Alluvium

Unconsolidated fluvial deposits 
ranging from gravel to silt and 
clay. Forms thin pediment cover 
on flanks of mountains but thickens 
valleyward. Caliche fragments and 
coatings locally abundant

Fragmental sinter

Pebbles, granules, and sand-size 
fragments of white to light-gray 
opaline sinter downslope from 
Leach Hot Springs

Old sinter

inHard, dense chalcedonic sinter, 
places associated with partly 
silicified and kaolinized alluivum; 
exposed on upthrown side of Leach 
Hot Springs fault

Old gravel deposits

Unconsolidated to semiconsolidated 
deposits of local provenance 
ranging from boulders to silt and 
clay. Obscurely bedded, slightly 
deformed (tilted). Exposures 
deeply dissected

« DH-1

Test hole

Sedimentary rocks

Predominantly fine-grained semicon- 
solidated deposits ranging from 
silicic ash and tuff and tuffaceous 
sand to claystone, mudstone, and 
marl. Slightly to moderately 
deformed. Characteristically 
pale gray, yellow, or green

M 
H

Tuff

Greenish-gray to pink welded tuff 
of rhyolltic or rhyodacitic 
composition

Consolidated rocks, undivided

Includes wide variety of unmeta- 
morphosed to slightly metamorphosed 
sedimentary and volcanic rocks. 
Chert, argillite, greenstone, and 
silicic to intermediate flows and 
pyroclastic rocks are most promi­ 
nent within area of map

Basalt

Dense, dark gray to brownish-gray 
holocrystalllne rock composed of 
plageoclase laths, pyroxene, 
altered olivine(?) and opaque 
minerals

Contact

Dashed where approximately located 

U
D

Fault
Dotted where concealed. 
U, upthrown side; D, downthrown 
side
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The Koipato Group, of Permian age, is exposed in the bedrock i
i

outlier near the southeast corner of figure 30. There it consists

  n  _-_., _- -_ - v __ r~__ _._ __ j.g.*^^^**_ _ -__ -- j
intermediate composition.  * 

The Koipato Group is overlain unconformably by, or is in fault J

contact with, the China Mountain Formation of Triassic age. Within the H

area of figure 30 , the China Mountain Formation includes light-colored

chert or fine-grained quartzite, limestone, dolomite, and argillite. I

Basalt of unknown age crops out in a low hill on the upthrown side 

of a fault 1.2 km southeast of the hot springs. The basalt is dark gray, 

weathers to brown or brownish gray, and contains abundant plagioclase, ""| 

pyroxene, altered olivine, and opaque minerals.
"i

Tuff of Tertiary age (Tatlock, 1969) crops out in a small area on i 

the west margin of the bedrock exposures, about 3 km northeast of the 

hot springs. The rock is greenish gray to pink and appears to be a welded _j 

tuff of rhyolitic or dacitic composition.

Overlying the consolidated rocks of pre-Tertiary and Tertiary age are 

unconsolidated to semiconsolidated sedimentary rocks which range in age 

from late Tertiary to Holocene. These rocks comprise the following units, 

shown on figure 30s sedimentary rocks (Tertiary); old gravel deposits 

(Tertiary and (or) Quaternary); and alluvium. In addition, two units, 

designated as old sinter and fragmental sinter, are exposed near the hot

springs.
The sedimentary rocks of Tertiary age underlie buried pediment

surfaces, are exposed in several ravines in the eastern and northeastern 

parts of the area, and are penetrated by several of the test holes beneath 

alluvium of Quaternary age. The rocks are semiconsolidated and include 

claystone, mudstone, marl, tuffaceous sand, silicic ash, and tuff. The 

beds are slightly to moderately deformed; dips of as much as 30° were
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I I observed in the northeastern part of the area. The near-surface parts of the

f!
conduits that carry the flow of the hot springs are probably within the 

LJ Tertiary sedimentary rocks. 

H The old gravel deposits form hilly exposures on the west flank of

the mountains east of the hot springs and may underlie the alluvium farther 

j west. These deposits are unconsolidated to semiconsolidated, obscurely bedded,

and form an ill-sorted assemblage of debris-flow, colluvial, and fluvial
T

!~J deposits which range from boulders to silt and clay. The deposits are. mildly

PI deformed; gentle easterly dips were observed at a few localities.
j |

Unconsolidated deposits, classified on figure 30 as alluvium, blanket 

i j the older rocks throughout most of the thermal area. The alluvium ranges

from gravel to silt and clay and at most places is poorly sorted and
, i
LJ obscurely bedded. Caliche forms fragments and coatings on pebbles in many

PJ exposures and was observed in test-hole cuttings. In the eastern parts of 

the area, the alluvium forms a pediment veneer only a few metres thick,

U but the thickness increases westward, toward the axis of Grass Valley, 

particularly west of the hot springs fault.
n
[J The old sinter is exposed on the upthrown side of the hot springs 

ri fault scarp from just south of the hot springs to a point about 0.6 km
j !

northeast of the hot springs (fig. 30). The sinter is composed chiefly 

I of dense chalcedony rather than the opaline sinter now being deposited and 

is commonly associated with partly silicified and kaolinized alluvium.

n
y The sinter may have been reconstituted from opal to chalcedony considerably 

fro after the time of original deposition.

^ The fragraental sinter is composed of pebble-, granule-, and sand- 

fl size fragments of white to light-gray opaline sinter downgradient from

Leach Hot Springs. The fragments obviously have been distributed by

the runoff from the springs.
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The Leach Hot Springs area is traversed by numerous faults. Faults 

within the pre-Tertiary rocks are not shown on figure 30. The faults 

shown are Basin and Range normal faults on which the downthrown sides 

are toward the west or northwest.

Most significant to this study is the somewhat sinuous fault that 

extends generally northward from the hot springs. The trace of this 

fault is concealed south of the hot springs, but several prominent 

cracks in the alluvium 1.5 km south-southwest of the springs (fig.30) 

may represent response of near-surface materials to displacement along

the buried southerly continuation of the hot springs fault.

A fault marked by a low escarpment in the alluvium about 0.6 km

east of the hot springs may be a branch of the main hot springs fault, 

although the traces of the two faults do not appear to join northeast 

of the springs. The trace of the eastern fault is concealed south of 

the exposure of basalt on the upthrown side, but the fault 3-4 km south 

of the hot springs very likely is the same fault (fig. 30).

A third Basin and Range fault marks the west edge of the bedrock 

exposures from a point east of the hot springs northward for about 3 km. 

Farther south, the fault trace is concealed by pediment gravel (alluvium), 

but the older gravel deposits and the sedimentary rocks of Tertiary age 

apparently are cut by the fault.

Hydro logy

Precipitation is the source of virtually all ground water in the 

Leach Hot Springs area. The quantity of thermal water discharged by the 

springs is much greater than the quantity of recharge in the approximately 

5 km2 drainage area tributary to the hot springs. However, precipitation

in the adjacent mountainous area is capable of generating much of the

2 flow. For example, the recharge in the 106 km area that includes the
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n
!

u
drainage basin of Sheep Ranch Canyon about 10 km northeast of the springs

f o i 
and Panther Canyon 14 km southeast of the springs is about 1.2 x 10 m yr

on the basis of the relation of recharge to altitude and precipitation
I i
LJ used by Cohen (1964; p. 19). The quantity is about three times the 

[~] estimated discharge of thermal water. Thus, although the specific
U

recharge areas that feed the deep-circulating thermal system are unknown,

i n
  i j n° great lateral distance of ground-water movement seems necessary. The 

i most probable source areas are generally east of the hot springs, in theI n
j IJ Sonoma Range.
i

H The sedimentary deposits are unsaturated to depths of more than 20 m 

in most of the area surrounding the hot springs. However, depths to the

water table are less than 20 m immediately adjacent to the springs and in
L j

the area southeast of the ground-water barrier that extends south-southwest
n

of the hot springs, in sec. 1, T. 31 N., R. 38 E. Ground water is both 

confined and unconfined throughout the thermal area. Because of widespread

u
lenses of clay and silt, ground water may be confined at depths only a

I i few metres below the water table. 
U

The general ground-water-flow pattern and the configuration of the

water table are shown in figure 31. Ground-water barriers (along faults) 

and upwelling thermal water exert important controls on directions of

M movement. The barriers and the thermal water appear to redirect the flow

__ of nonthermal ground water, particularly south and east of the springs.
i j
I-* Vertical components of ground-water flow apparently are small in

a most of the area. Where the water level in the pipe and the water table ' 

indicated by the neutron log approximately coincide, as in holes DH-1,

7, 8, and 11 (table 19), ground-water flow presumably has little if any
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U
, vertical component. However, at the site of DH-9, between the two areas 

; L"J of emerging thermal water, the potential gradient indicates a predominantly

! H upward flow, whereas at DH-6, downgradient from the hot springs, a downward 
!_i

component of flow is indicated. Unfortunately, vertical potential gradients
n
[_) are not known at DH's 2-5 and 10, so the picture of vertical ground-water

movement is incomplete. 

L ? Water-level and temperature data (figs.31 and 33) suggest that

 ; areas of upwelling thermal water are related to the hot springs fault.
I ;

C~J Although the thermal water emerges as springflow at only two places, the 

1 area-of upwelling apparently extends at least 600 m northeast of the

springs.

[_] Ground water discharges at the land surface as springflow and evapo- 

j . transpiration. Some thermal ground water may also leave the hot-spring

area as subsurface outflow. Estimates of ground-water discharge are

I given in a later section, 
LJ

The Springs

n
LJ Leach Hot Springs are at the base of a fault escarpment about 6-10 m 

pj in height. Materials exposed near the springs consist of ill-sorted

alluvial and colluvial gravel, hydrothermally altered gravel deposits,
f i
| chalcedonic old sinter, opaline young sinter, and tufa. The springs include
' ^ * »

at least 29 identifiable orifices within an area of about 3,000 m . A

warm spring about 670 m south-southwest of the main spring cluster appears 

ri to be controlled fay the same fault, but the trace of the fault is concealed

there fay unaffected alluvium. 

~] The main spring cluster consists essentially of two linear arrays of

orifices, both oriented about N. 20° £., parallel to the trace of the fault 

___ (See fig. 32  ) The western array forms a narrow linear zone about 30 m

n
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EXPLANATION 
 O'/

Spring pool and orifice
2.1 

Nunibor indicates orifice referred to in table S^

indicates location of orifice

Channel carrying hot -spring discharge 

Dashed where in culvert beneath road

^:iv^ri
Pool or marsh with grass or tules 

Figure 32.   Sketch map of Leach Hot Springs
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west of the fault trace, which is inferred to be at the base of the escarp­ 

ment and along the western edge of the exposures of old sinter shown on

fl figure 30. The eastern array lies along the fault trace.
i i
i, i

The spring orifices are characterized by a broad range of flow 

I I rates and temperatures (table 21). Total discharge from orifices 1-29

in November 1973 was about 11-1/2 1 s"1 , of which almost 80 percent was 

from six major orifices in the western linear array. The 30-m offset of 

these orifices from the fault trace suggests that the zone of principal 

discharge has migrated westward with time as former conduits became clogged 

I | and finally sealed near the land surface by mineral precipitation (principally

sinter). The limited data in table 22 suggest that total spring discharge 

1_J ney not vary much with time. The average discharge, used later in estimates

n j

J-T of discharge of heat and water from the hydrothermal system, is estimated 

U to be 12-1/2 1 s~ , or 0.40 x 10 m yr"" . Weighted-average temperature

of the spring discharge, computed from table 21, is 79.6°C for orifices

1-29 and 77.5°C for all orifices (1-30).

LJ
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Table 21. Temperature, discharge, arid'chemical character of flow from
individual orifices at Leach Hot Springs

Temperature 

Orifice 1938 1973-74

1
2 
3
4
5

6
7
7A
8
9

10

11
12
13
14
14A

15
16
17
17A
18
19

20
21
22
23
24

25
26
27
28
29

j Total

30

Total

85

Imt t̂

 
83-1/2

75-1/2
73
 
 
59-1/2
67

73-1/2
94
95-l/2b
 
 

91
 
78

 

___
 
79-1/2

.
   

72
 
71
 
 

flow, orifices

 

83.3-85.0
83.3-85.0 
77.5-78.8
81.9-83.6
82.2-83.6

72. $-80. 8
62.8-70.0
73.6
33.9
34.4
43.3

65.3-66.4
91.1-92.3
86.9-93.6
70.3-72.8
75.0-75.4

94. 2-95. 6b
91.7-95.0
74.2-77.8
77.8
80.8-82.8
71.9-83.4

38.1-47.2
47.2
80.6-81c4
78.6-80.6
78.1-79.2

67.2-70.3
66.9-68.1
47.2-56.1
70.6-71.4
41.5-48.6

1-29

34.5-39.0

flow* all orifices

Discharge 
(litres per 
second)±/

1.7

2. Id

.42
< .01

.34

.34
*..

< .01
<.01
<.01

.06

.06

.71d

.01

.23d

<.01
<.01
,59d

.06

.06

<.01
< ,01
2 e Od
2.0d
.11

.08
< .01
< .01
,03d
.40

11.3

0 59

11.9
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Specific 
conduct­ 
ance!/

(micromhos 
per cm 
at 25°C)

796
.    

 
 

__
773
   
 
 
 

797
833
784
 
 

613
 
803

 
 

819
 
788
 
 

797
 
 
796
890

 

812

 

Chloride
(CD 

(ms 1-1)1'
28

:: -.-
__.
28
     
 
 
 

 
32
28
 
 

15
 
 

 
 

__
 
28
 
 

«._
 
 
 
30

 

28
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u
I

LJ Footnotes

! ! 1. Temperatures for 1938 measured by Dreyer (1940,p.22)sometime between
( i

1 Sep. and 15 Oct., and may be accurate to nearest 0.6°C (1°F).n
Ll Temperatures for 1973-74 measured one or more times from 6 May 1973 

p to 24 September 1974. Boiling indicated by "b". Measurements in 

1973-74 were made using a single maximum thermometer, lowered as 

: deeply as possible into orifice. Accuracy probably about ± 0.3°C.

2. Discharges are measured, estimated, or calculated by difference 

LJ (the latter values are indicated by "d"). Data collected Nov. 1973.

r~J Accuracies generally range from i 50 percent or more for the smallest
L .. .

quantities to I 10 percent or less for the largest quantities.

ni i i Recorded values do not include an allowance for loss by evaporation

but such a loss probably represents a very small part (perhaps 1-2 percent) 

U of the total flow, 

p 3. Samples collected 2 Nov. 1973 except: Orifice 29, 14 Nov.

n

n
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1

J
Table 22. Total discharge of Leach Hot Springs orifices 1-29,

1947 and 1973-74 I

Discharge

Date (1/s) Source of data

47 05 05 11 Current-meter measurement, files of U.S. Geol. Survey

73 11 13-14 11-1/2 Table orifices 1-29

74 01 22 12 Estimate based on staff -gage reading

74 04 05 13-1/4 Do.

74 05 31 14 Do.

74 07 05 13-1/2 Do.

74 08 06 13 Do.

74 09 24 12 Do. n
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, i
i j Chemical Character of Springflow

The general chemical character of water from Leach Hot Springs is

indicated by the analysis from Mariner and others (1974, p.13) listed in
' }
; j table 1. (The sample was collected from orifice 13 but may have included
(_d

a small amount of overland flow from orifice 12; see fig. 32 and table 21.)n
xJ The dissolved solids, which are dominated by sodium, bicarbonate, and 

p| silica,total about 580 mg 1~ . Estimated reservoir temperature is 155°C

by the silica-quartz geothermometer, or 176°C by the sodium-potassium-calcium 

geothermometer (table 1, Mariner and others, 1974, table 3).

Determinations of specific conductance and chloride for selected 
i j 
Li orifices (table 21) provide an index of chemical variability from spring

r-i to spring. Specific conductance ranges from 613 to 890 micromhos per cm,
1 j   -,

although samples from major orifices (flow-rate more than 0.5 Is" ) have

"1 a smaller range, from 784 to 812 mmhos cm"1 . No systematic variation 
.U

in chemical character with orifice location or discharge temperature is

apparent.

Subsurface Temperature Distribution

The extent and configuration of the thermal area are indicated by 

the distribution of temperature at a depth of 30 m below the land surface,

as shown on figure 33. The isotherms have a roughly elliptical pattern 

centered at the hot springs. The long axis of the ellipse trends north­ 

eastward, in the direction of the fault that controls the position of the 

hot springs. The 15°C isotherm approximately defines the outer limit of

the thermal area. The area is about 3.0 by 3.9 km and has an extent of

2 about 8.5 km .
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Figure 33.   Map of Leacli Hot Springs thermal area showing temperature at 
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The hottest area extends from the springs northeastward about 600 m, 

along exposures of old sinter and hydrothermally altered alluvium. Temp­ 

eratures at a depth of 30 m within the narrow, elongate area probably 

exceed 100°C somewhat above the land-surface boiling temperature of about 

95.5°C.

Comparison of the temperature pattern (fig. 33) with the configuration 

of the water table (fig. 31) suggests that transport of heat by lateral

'M ground-water flow is not nearly as significant as that at the Soda Lakes- 
U

Upsal Hogback or Gerlach thermal areas. If appreciable quantities of
f~7

M thermal water discharged into shallow aquifers instead of at the spring

P-J orifices, the lateral transport of heat in the direction of the ground-
j >
 ' water potential gradient would produce a thermal anomaly elongated toward

H the west or northwest instead of toward the northeast. It is inferred
LJ

that, if any significant amount of thermal water discharges laterally

from the spring-system conduit or conduits, it does so at depths greater 

than the 40-50 m penetrated by most of the test holes.

Heat Discharge

Heat is discharged from the Leach Hot Springs hydrothermal system 

chiefly by conduction through near-surface materials, by convection as 

springflow, and by convection as steam. Each of these modes of heat 

discharge is discussed briefly below.

Conductive heat discharge. Conductive heat discharge from the 

thermal area is estimated by both methods described in the section, 

"Estimates of heat discharge." The estimate by method A is considered 

less reliable than that by method B because of the considerable thickness 

of unsaturated material in the depth range 0-30 m in which the estimated 

thermal conductivity is more uncertain than it is in saturated material.

n 
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The following values are used in the derivation of the estimated 

Total conductive heat discharge by method A:

Mean annual temperature at the land surface = 9°C
-3 -1 -1 -1 

Harmonic-mean thermal conductivity, 0-30 m = 2.1 x 10 cal cm s °C
2 Boundary of thermal area = 15°C isotherm at 30 m depth (8.45 km )

Using these values, the estimated total conductive heat discharg-e

6  1 from the thermal area by method A is 0.99 x 10 cal s . Derivation of

the estimate is given in table 23.

Net conductive heat discharge from the thermal area is computed using 

an estimated "normal" conductive heat flow of 2 HFU:

[0.99 x 106 cal s""1]- [(2.0 x 10~"6 cal cm""2 s""1 )(8.45 x 1010 cm2 )] 

= 0.82 x 106 cal s""1

Total conductive heat discharge from the thermal area is estimated
c _*t _

by method B at 1.00 x 10 cal s , about the same as the estimate by I 

method A. The distribution of heat flow within the thermal area, as 

interpreted from the heat-flow values computed at the test-hole sites, ^ 

is shown on figure 34. Derivation of the estimate is given in table 24.

Net conductive heat discharge is estimated by method B, using a "~~
2 .-, 

"normal" heat flow of 2 HFU and a thermal area of 8.03 km :

[(1.00 x 106 cal s"1 )] - [(2.0 x 10"6 cal cm" 2 s^XS.OS x 1010 cm2 )]
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Table 23 ....tut li:i.itr of c."iu.tu. llvr Nral i.(isil\.Ji.;<' fi.'m l.r.ictt H«'t '.iprliu;3 
hy< ho the IYI. 11 syslivi \:n tlte Ku. Is o( im«t.l.v<vJ A «.i«:;crlbvd in 
the text.

«»

 -Ct-u ,-U'M T»tt r:....i ik.il., Heat 
tf   nun gr.ifHi-rit- fl, .«.« ' Ar,.-, clirch.i 

*-- ».-~i.ji ti ipr:\iU;iv
/r.-\ /«'\ / i,,--' */   -'x I -^ -? - . > / tfl ''% 'i.__\±)._________i.^.J_______(x!(^ C c:^ )__ (yui Ca'. I.; :: ) (x!u u. ) (/.'.. c-^' 1

j ) 15-20 17.3 2.8 , s ' 9 ^.« 0-32

|_J 20-30 24.5 5 . 2 / 11 l.tJ .17

30 - 40 34.6 8.5 18 .51 .092

r~] . ' 40 - cO 4V.j 13 .17 - ..:; . .11 

Li 60 - eo o3.3 20 4.1 .:- .10

80 - 100 89.4 27   S? .1: .10
n   : '   .  
j j '- .'00 - i:0 10P.5 3* 71 .11 .073

> uo :2i ; 37 ' 7? .c: .oiv

Total , 8.45 0.99U
jj   Based on harwonic-mean thermal conductivity of 2.1 x 10"3 cal on" 1 s" 1

  Based on 9"C mean-annual temperature at land surface

Table 2*. Estimate cf conductive heut discnarve :'rcr. Leach Hot Strings
hydrothermal system on the basis of method B described in 

. the text.

n
U

0
i-^~-*z

n

Geone trie-mean Area .Heat discharge 
Range in heat /low heat flow , - , - , 

(H?U) (HrU) (x.0 l0 cr^) (x.06 cals" i )

2 - 10 4.5 4.85 0.22

10 - 20 14.1 1.3* .28

20 - 50 31.6 .SS .28

5C - 100 70.7 .30 ' .21

^X1 10J .0: ' .01

Total 3.03 1.00

n
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Figure 34. Map of Leach Hot Springs thermal area shoving estimated near- 
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1 ni t]
Convective heat discharge by springflow. Heat discharge by spring- 

flow is estimated using the following data:

j 1 Average springflow = 12-1/2 Is = 12.5 x 10 cm s 
Li

Weighted-average temperature of springflow = 77.5°C;
r~j

j enthalpy =77.5 cal g" 

r ~ Mean-annual temperature at land surface = 9°C;

enthalpy = 9 cal g 

p Net enthalpy of springflow =68.5 cal g"

Density of water at 77.5°C = 0.973 g cm"

| i Heat discharge = (12.5 x 103cm3 s"1 )(68.5 cal g"1 )(0.973 g cm" 3 ) 

i _., = 0.83 x 106 cal s"1
i ; i

*-' Convective heat discharge by steam.  Heat discharged as steam from

i n boiling springs is estimated using the following data:
I_) _n c o _i 

Boiling-spring discharge (volume rate) = 0.78 1 s = 0.025 x 10 m yr~

j j Density of water at 95°C = 0.962 g cm"
[   c _3 

Boiling-spring discharge (mass rate) = (0.962 x 10 g m )

ll (0.025 x 106 mV"1 ) = 2.4 x 1010 g yr"1
_i 

Reservoir temperature (SiC^) = 155°C; enthalpy of water = 156 cal g

Boiling temperature at surface = 95°C; enthalpy of water = 95 cal g" 

Net enthalpy available for steam = 61 cal g" 

Enthalpy of steam-water mixture at 95°C = 542 cal g 

Weight percent of steam in discharge = 61/542 = 11.3 percent 

Heat discharge by steam = (0.113)(2.4 x 1010 g yr"1 )(5.42 x 102 cal g"1 )

= 1.47 x 1012 cal yr"1 = 0. 05 x 106 cal s"1
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Net heat discharge from hydrothermal system, The net heat discharge 

from the Leach Hot Springs hydrothermal system is computed as the sum of 

the net conductive heat discharge, the heat discharge by spring-flow, _,

and the heat discharge by steam: Heat discharge
(x 1Q6 cal s-1)

1Net conduction through near-surf ace materials 0.84 J

Convection by springflow .83 1

Convection by steam .05

Total 1.7 J

J 
Water Discharge

1Discharge of thermal ground water from the system includes spring- ^^ -J 

flow, steam (as equivalent water), evapotranspiration, and subsurface "1

outflow. The magnitude of the discharge is estimated by both the water-
n

budget and the heat-budget methods. . J

Water-budget method. The dominant mode of discharge is springflow. 

On the basis of measurements made from November 1973 to September 1974,   J

the average springflow is estimated to be 12-1/2 Is , or O.M-0 x 10
3 -1 '~J 

m yr . (See tables 21 and 22.)

Discharge of steam (as equivalent water) probably is very small. 

On the basis of data given in the preceding section, the discharge is

(0.113K2.4 x 1010 g yr"1 ) = 0.0028 x 106 m3 yr"1

(0.962 x 10* g nT 3 ) H
MwJ

or less than 1 .percent of the discharge as springflow, o
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  1
u

The discharge of thermal ground water by evapotranspiration is

fn|j difficult to estimate. Some of the thermal area is occupied by phreato-

r-, phytes and irrigated cropland (compare figs. 33 and 35), but most of this

LJ vegetation probably is supported by percolating springflow rather than by

r~] thermal ground water that has not previously emerged at the land surface. ' .1

This inference is supported by the fact that the depth to water is greater

n
j'i than 20 m throughout most of the area downslope from the springs occupied 

by phreatophytes or irrigated crops (fig. 35). Evapotranspiration of

thermal ground water occurs only near the springs and may amount to no

Li
n more than about 0.012 x 10 m yr on the basis of an area of 60,000 m

f;

i

ti

and an estimated water use of 20 cm yr . Total evapotranspiration of

thermal water, most of which is probably infiltrated springflow, is

6 3  1 
estimated to be about 0.056 x 10 m yr~ on the basis of areas and use

rates given in table 25.

Lateral subsurface outflow of thermal water cannot be estimated

within narrow limits from present data. A very rough estimate of 0.06 x

63-1 
10 m yr is made on the basis of an assumed width of transmitting

section of 1,000 m, an average potential gradient of 0.017, and an

2 -1 average transmissivity of 10 m day .

Total discharge of thermal water is then estimated by the water-n
u budget method as:

x 10 m yr"

Springflow 0.40

Steam discharge (water equivalent) .003

Evapotranspiration .012

Lateral subsurface outflow .06

Total 0.48

n
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Hypothetical Model of Hydrothermal-Discharge System

No test drilling to depths greater than 50 m has been done at Leach 

Hot Springs. For this reason, only the general nature of the hydrothermal-

ri discharge system, can be inferred with reasonable assurance. 
!   '
^ If no local shallow source of heat is present beneath the thermal area

! n depth of circulation of the thermal water may be estimated within broadj u
limits from the quotient of the heat flow outside the area affected by  p

^J convective upflow and the thermal conductivity of the rocks. The 
i 
! - s Leach Hot Springs area lies within the "Battle Mountain high" (heat-flow

' LJ high) of Sass and others (1971, p.6407,6409) where heat-flow values ranging
I
! PI from 2.5 to 3.8 HFU were determined at several test-hole sites. The 

LJ
highest heat flow x*as, in fact, measured at Panther Canyon, only 7 1/2 km

n
j i I southeast of the hot springs. However, less reliable data from test

I
i n holes drilled immediately outside the thermal area during this

investigation indicate heat flows of perhaps no more than 2 HFU. Thermal 

conductivities of the Tertiary and pre-Tertiary rocks probably range 

from about 4 to 8 x 10~~ 3 cal cm"1 s"1 °C~ . ( See tables 2 and 3 for 

Tertiary sedimentary rocks; also Birch, and others, 1942, table 17.)

«

Thus, thermal gradients outside the thermal area may range from:
fi ? 

2 x 10" cal cm" s

A i 8 x 10 cal cm s C
2.5 x 10 °C cm (25°C km"1 )

fi p 
to 3.8 x 10" cal cm" s

4 x Kf3 cal cm" 1 s" loC

9.5 x 10" °C cm" (95°C km" ). On the basis of the quartz-silica geo- 

thermometer, the reservoir or equilibrium temperature of the thermal water 

is about 155°C (table 1; Mariner and others, 1974, table 3 .) The depth of 

circulation would therefore be within the range of 155° - 9 °C to

95°C km" 1 

155° - 9 °C , or 1.5 to 5.9 km.
25°C km" 1
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The thermal water probably rises along a steeply inclined conduit 

or conduit system associated with the hot springs fault. As in most of ^^ ' 

the other systems discussed in this report, the rate of rise may be 

sufficiently rapid so that the temperature of the water decreases but

slightly until it boils at a hydrostatic depth of perhaps 40-50 m ~]
LJ 

beneath the springs.

As discussed previously distribution of temperatures at

depths of less than 50 m suggests that most of the thermal water discharges 

from the spring orifices, rather than from the conduit system laterally 

into shallow aquifers. Heat is lost by conduction through the walls of 

the conduit or conduit system, and shallow ground water of nonthermal 

origin is heated as it approaches the spring area. Some of the water 

boils all the way to the surface and steam is discharged from a few 

boiling spring pools. ^J

The fault immediately east of the hot springs fault may also transmit "~j 

thermal water upward, but data are insufficient to confirm or deny this 

possibility. Additional test drilling may indicate that faults other than 

the main hot springs fault also are the loci of near-surface high- 

temperature anomalies. LJ

BRADY'S HOT SPRINGS THERMAL AREA J

Location and Geologic Setting

The Brady's Hot Springs thermal area is on the northwest flank of 

the Hot Springs Mountains, in the western part of Hot Springs Flat, in H 

Churchill County, Nevada. The area is about 27 km northeast of Femley,. 

Nevada, and is traversed by U. S. Interstate Route 80. A large part of 

the area has been classified as the Brady Hot Spring KGRA, which encompasses 

about 2,346 ha.

206



LJ

Liu-3

_ |

| I J

n

Table 25 . Estimated average annual evapotranspiration of dominantly 

: thermal water at Leach Hot Springs, for natural conditions.

-, ,. . , Phreatophytes Area - .
P ° 

water
(x 10 m ) (m)

Evapotranspirationr -3 -3 
(m/yr) (x 10 m /yr)

Dense saltgrass, with or 

without greasewood and (or) 

rabbi thrush. 28

Dense to scattered saltgrass

with greasewood or rabbitbrush. 73

Greasewood, with or without

0.3? 0.25

.18 13

rabbitbrush. 

Scattered greasewood

Total

310 

580

990

(a) 

(a)

 

.06 19 

.03 17

56

(a) Depth to water table exceeds 20 m throughout most of area;

phreatophytes apparently use thermal ground water percolating in 

unsaturated zone above water table.

n
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Heat-budget method. Discharge of thermal water is computed by the 

heat-budget method, using the following data:

Reservoir temperature (table 1) = 155°C; enthalpy of water = 156 cal g" 

Mean-annual temperature at surface = 9°C; enthalpy of water =9 cal g"  ^ 

Net enthalpy of water at source = 147 cal g" '--'

Net heat discharge = 1.7 x 106 cal s"1 = 5.4 x 1013 cal yr""1 T~j
6   3 '"" 

Density of discharge water at 77.5°C = 0.973 x 10 g m~

5.4 x 1013 cal yr'"1 A 0.973 x 106 g m"3 J 
Water discharge = 1.47 x 10^ cal g"1 ' ~~

= 0.38 x 106 m3 yr"1 J 

If the reservoir temperature of 176°C from the sodium-potassium- ]

calcium geothermometer (table 1) is used instead of the silica-quartz
"~ I 

temperature of 155°C, the estimated water discharge is I

5.4 x 1013 cal yr"1 'i 
1.69 x 102 cal g"1 * °' 973 X 10 « m"

= 0.33 x 106 m3 yr"1 J

  iW*"*

Discussion of water-budget and heat-budget estimates. The j 

estimate of thermal-water discharge by the water-budget method, 0.48 x 

106 m3 yr"1 exceeds the estimates by the heat-budget, method, 0.3 8 and 0.33 .J 

xlO6 m3 yr"1 , by perhaps .significant margins. The reason for the differences i

in the estimates is uncertain. Possibly, the estimated heat discharge used
r 1 

in the heat-budget method is too small. Alternatively, the estimates
WM-J

of evapotranspiration and lateral subsurface outflow and the measurements
 1

of springflow used in the water-budget method may be too large. Or, J 

the springflow may include admixed shallow ground water of nonthermal r-j 

origin. More data are required to refine the estimates of discharge of 

both water and heat from the hydrothermal system.
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The hot springs, no longer flowing since several deep geothermal test

holes were drilled and tested in the early 1960 f s, are along a fault or

Li
fault zone that traverses a pediment and alluvial apron at the foot of

: ! the Hot Springs Mountains. Alluvial-fan and pediment deposits predominate 

at the surface, but many other rock types are exposed or occur beneath
n
LJ these deposits (fig. 36).

r^ Four main types of rocks are exposed near the thermal area:

(1) volcanic rocks of Tertiary and possibly early Quaternary age* chiefly 

; basalt, in the mountains east of the springs;. (2) sedimentary rocks of 

! Tertiary age consisting of sandstone, shale, tuff, diatoraite, and minor
n
[J limestone; (3) lake deposits, mostly clay, silt, and sand, and tufa

ri coatings, all of late Pleistocene Lake Lahontan; and (4) coarse alluvial-i i i i
( i fan and pediment deposits. In addition, the rocks and deposits along the

! j major fault, referred to for convenience as the Hot Springs fault, have

been altered to many different minerals, and sinter has been deposited by 

LJ hydrothermal activity. Distribution of the mapped units is shown on

r-i figure 36.* i

^ The former hot springs, warm ground, hydrothermally altered deposits, 

and other manifestations of hydrothermal activity all are controlled by the 

Hot Springs fault. The fault is a normal fault of unknown displacement,

nU dipping steeply westward, with the downthrown side to the west. Other

*~ faults and linear features were mapped by Anctil and others (1960) and

^ were mapped from aerial photographs during the present study (figs. 36 and 37)

H| The Hot Springs fault zone within the thermal area was mapped in

detail during this study (fig. 37). Mapped features include steam vents,
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]
Figure 36. Geologic map of Brady's Hot Springs thermal area shoving 

location of test holes.
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extinct spring orifices, areas of snowmelt caused by geothermal flux 

observed during February 1974, and areas where the hydrogeologic environ­ 

ment has been altered by hydrothermal discharge associated with the springs. 

The alteration includes deposition of tufa, sinter, and salts, silicification 

of rocks, oxidation of metalic elements to orange, yellow, and white deposits, 

formation of kaolinite, and the noticeable discharge at the land surface of 

either heat or vapor. In addition, figure 37 shows the sites of large- 

diameter exploratory wells.

Test Drilling

Twenty-two test holes were bored or drilled at 21 sites by the 

U. S. Geological Survey and the U. S. Bureau of Reclamation in order to 

determine shallow subsurface temperatures and thermal gradients and to 

evaluate the movement of ground water. Locations of the test holes are 

shown on figure 36, and selected data for the test holes are listed in 

i table 26.

i 1 Hydrologic Setting

Discharge of thermal water in the Brady's Hot Springs area is small 

U enough to be derived from local ground-water recharge. However, deep 

n» circulation is suggested by the high water temperatures. Boundaries of

bJ the deep circulating system were not delineated by this study. The recharge 

{ j area of the thermal system could be outside the local drainage area.

Ground water occurs in alluvial and lacustrine deposits at shallow 

y to moderate depth in the western part of the thermal area. Depth to the

pi water table generally increases farther east, toward the Hot Springs
1,1

Mountains, where most ground water occurs in joints and other fractures

in the sedimentary and volcanic rocks of Tertiary age. An exception to 

the eastward deepening of the water table is a narrow zone along the Hot
n 
J
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Table ?6.  lUta for U. S. Survey tc-;!t in Prndy's Hot Springs

tht'rmaT ariM. ,

Typo ff compVHont Caoing typo indicated by "St" (stool) or "P" (PVC). 

Wolla capped and filled with water arc indicated by "C". Wells with 

well-point screens or perforations at bottom are indicated by "Sc".

Depth to wator tablet Depth below land-surface datum. Obtained from

neutron log. Accuracy about 20.5 metre except in claya where capillary 

fringe nay cause larger errors.

Static water level; Depth below land-surface datum.

2
Geophysical logs available; Gamma ("0"), gamma- gamma ("0 "), neutron ("M"),

 i

resistivity ("R"), and

Casing

Hell 
Mber

BCM-U

BUR-IB
BUH-2

BUR-3
BUB-U
BUR-5
BUR-6
BUK-7
BUR-8

BUR-9
BflH-io
BUR-11
BOM-12
BUR-13 
BUR-lh
BOB-15

 DM*

BMMT

BUK-18

BU*-19
BUS-20

tepth 
(Mtres 

Location below land 
surface)

22/26-i:ebbl

22/26-i:?b2
22/26-12eeb

22/26-lUeb
22/IS-U.bab
23/26-3£:ed
23/26-35abd
23/26-2dbb
22A6-Uad«

22/26-15ddd
22/26-12<Ub

23/26-35cbd
23/27-r.Mb

22/26-2Ucc '
22/76-Uce

22/26-lJbab

a/26-llad»

22/26-lcM

22/26-laa*

22.3

5.5
M.S

28.3
21.lt
30.2
16.6

35.1.
36.0

18.6
U3.3
31.1
50.6
3U.7 
20.lt
18.6

lk.3

Uu5
.

15.2

15.8
26.8

diarteter 
(en)

3.8

5.1
3.8

3.8
3.8
3.8
3.8
3.8
3.8

3.8
5.1
3.8
5.1
3.8
3.8
3.8

3.8

3.8

3.8

3.8
3.8

type of

St, St

*, Se
St, Se

St/Ss
St, So
St, Sa
St, SB

St, Se

St, Se
r, e
St, Sa
T, e
St, Se 
St, C
St, Se

St, Sa

St, Sc

St, SB

St, C
St, Se

temperature ("T"). 

Dppth ta vf.f? t
Land- 

surface 
altitude

1,21,1.1,

1,2])1.U
1,21*2. U

1,239
1,237
1,251
1,251.8
1,21,3
l,2Ut

1,235
1,292

T
1,281

1,261
1,256

i,asb '

1.2U2

1.2US.7

1,267
1,250

Ketrts
bilow Sour:« 

 land of 
surface di'.i

2.0

2.20
2.3
 _

3.2
_

13.1
Uu5
3.7
7.7
  .

6.3
>U3.9

6.1
>50.3 (7)

lul

 
'«

t-
_
3.8
- 1

5.9
m_m

>15.8
T

i
X
o2
_
o2
_

g
O8

 
 
 
o2
I
I
 

J
 
_
-
_

I
 

.
mm

t
 

Static eoRf'.ntd
i^l* v\'. pr levol

ttttrcs 
below 

Ott« land Bate 
aurfacc

73 11 29

71.05 20
731129

_

73 11 28
_

 731119
731203

731128
731119

_

73 12 Ob
73 7

73 1119
73 1129
73 U 28 

  73 ll 28
 
_
-

" _

731201
-

73 » 0?
^^

73U30
 

2.28 
al.96

7312 14 
7U06 09

Geophysical 
legj P.c-.irks

O.OST

1 

-|

  -- Vater-table v*U
2.52

 2. US
3.26
2.9b

13.53
lit. 72
U.28
8.U2

 8.I.C
1.83
_

6.58
 

luW

k.37
 6.35
2.85

 3.61
3.W

 3.30

6.65
 6.58

11.21
^** *J *

73 12 16
71.06 09
73 U 28
7312 01
73 12 01
7312 01

73 U 28
7312 01
7t06 09
7312 01
 

73 12 01
 

7311 28 .

7311 29
Tit OS 20

731129
7k 06 09
731130
71.0609

7312U
  ThOS W

7311 »
 rt. ft* ««

O.O2,!

o,o2
G

  0,02 ,H,T
0,02,»
o,o2,*
OkC2,*,!

o,o2
o-o2,"
0,02,»
0,Q2,"

0,02,R
  Water table as nti

in aonulss.

o,oz,»,»

O.O2^

O.O2,!

J

 . ^

\

 ']
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. J
ucred

'1

J

"1

, J
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, 

ii^f

Springs fault, where an elongate mound of thermal water is present at 

shallow depths. The fault seems to function as a long, narrow steeply- 

inclined aquifer, nearly perpendicular to the gently dipping aquifers in 

the alluvial and lacustrine deposits.

The general direction of ground-water movement in the shallow rocks 

l.J and deposits is indicated by the configuration of the water table (fig. 38). 

n Two flow patterns are suggested. One is the movement of nonthermal water 

U toward the west and south. The other pattern is upward movement of thermal 

H water along the Hot Springs fault, as indicated by a steep-sided water-table
L. ]

mound. 

j Except for the upward flow in the vicinity of the Hot Springs fault

and also in the narrow gap at the south end of Hot Springs Flat, vertical 

j components of ground-water flow are not well understood. Static confined

water levels in wells not near the fault are generally somewhat lower than

the water table indicated by the neutron or gamma-gamma logs (table 26). 

| However, in almost all the wells, the difference could represent the

thickness of the saturated part of the capillary zone rather than a water 

,J table higher than the confined potentiometric surface. For example, the water 

-, table indicated by the gamma-gamma log in test hole BHAH-1A in the late fall 

L-' of 1973 was about 0.1 m higher than the static confined water level, but the 

n water table actually measured in shallow test hole EHAH-1B in the late spring
LJ

of 197^ was about 0.1 m lower than the static confined water level in AH-lA
i |

J (table 26). Vertical potential gradients are believed to be small except near 

the Hot Springs fault and in the gap south of Hot Springs Flat, at the site of 

U BHAH-9, where sizable upward gradients are indicated.

l

f;
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Ground water discharge from the thermal area is in part by evapo-

}nI transpiration and in part by lateral subsurface outflow toward the south. 

Prior to attempts to develop thermal water, discharge from Brady's Hot

U Springs was reported to be about 3.2 1 s -1 (Waring and others, 1965, p.34). 

D.E. White (written commun., 1974) estimated a springflow of about 

1.3 1 s before the geothermal test drilling but after diversion of the 

flow to a swimming pool; he believes that the estimate of Waring and 

others (1965) is too large. In 1973, only a small amount of steam discharged 

from several mud fumaroles and vents along the fault trace.

a
Effects of Initial Development on Hydrologic Conditions

Test drilling by Magma Power Company caused some change in the 

hydrologic regimen of the thermal flow system. These changes were

U described by Osterling and Anctil (1960, p.3-5). Their description is

fl as follows:

"An interesting result of Magma Power Company's drilling has been

r the gradual spreading of geothermal activity along the Brady Thermal fault 

Prior to the drilling of Magma #2 steam well, the only thermal activity at

U the surface was the hot springs pool (180°F) located 130 feet S23°W from

H the well #2, two fumeroles (204°F) immediately north of the hot springs, 

and one fumerole a short distance south of the Springs (Alien, 1960, oral

[ communication).

u Alien (1960) stated that after the #2 steam well blew in, steam vents

y gradually worked open to the north and the original hot springs pool was

pi desiccated. Some mud pots located 220 feet N23°E of the #3 well were born 

with explosive force. Numerous areas of hot, moist ground developed, most 

with some steam escaping from cracks. At a depth of one or two inches at
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these latter areas, the ground is too hot to touch. Where the Brady Thermal 

fault crosses U. S. Highway 40 in Section 1, the zone of thermal activity 

is about 200-300 feet wide. On the east side of the highway, the creosote
!

is boiling out of the base of a telephone pole. A few feet to the north, j 

where an access trail enters the highway, there is an area about 4-5 feet  , 

in diameter where, on May 24, 1960, the ground was hot and moist but steam ' 

would escape only after the passing of a vehicle on the highway. Apparently ~1 

the ground vibration was sufficient to squeeze out some steam through small 

cracks and holes." I 

"The formation of many new thermal areas at the surface seems to --, 

follow a set pattern, various stages of which were observed. Initially, ' 

the ground becomes moist and dark, then the lower few inches of sagebrush 

become burnt and brown. Next, large circular cracks develop and the ground 

slumps in the center of the area to depths of up to 2 or 3 feet. Sagebrush, J 

as pointed out by Alien, is commonly located in the center of the newly ^P 

formed hot spots, apparently because the steam finds more permeability along -J 

the root system. Some of these areas are dangerous ground to cross because ~1

of the possibility of caving into a steam-filled hole or crevice. Many
"" ~\

show evidence of undercutting after the slumping. At some sites, sulphur ,. I 

crystals are forming on the ground. There were some 105 of these surface 

phenomena as of May 24, 1960, most of which were induced as a result of J 

the tapping of a main steam-filled fissure (Brady Thermal fault) by n 

Magma #2 and #3 steam wells.

11 The increased activity may be due to the progressive lowering of the 

water table by the blowing wells or simply to steam escaping through the 

uncased portions of the well bores into the adjacent fault zone. J

11 By mid-1961, all but a half dozen or so of these new phenomena were 

dormant."
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has now ceased, but discharge of steam and heated air continues. In the ^^ __^ 

computation of heat discharge from the thermal area, it is assumed that    

all heat is discharged by conduction through near-surface materials and  """]
<.,j 

by convection as steam. Radiative heat discharge may be substantial,

as suggested by snowmelt patterns (fig. 37), but data are not available j 

to make a reasonable estimate of this quantity. The estimate of net 

heat discharge from the system is therefore believed to be conservatively L I 

low. ^i 

Conductive heat discharge.  Conductive heat discharge is estimated

Both estimates are highly uncertain, because the eastward, northward, and

1southward extent of the cooler parts of the thermal area is unknown. Unlike .J

most of the other thermal areas described in this report, the estimate of '~i

heat discharge by method B is believed to be no more reliable than that ^^ "

by method A at Brady's Hot Springs, principally because of the great j

extent of the hottest area, where conductive heat flow is difficult
n

to estimate. J 

Total conductive heat discharge is estimated by method A, using the ,-, 

following data:
n

Boundary of thermal area is 15°C isotherm at 30 m depth (42.9 km ) 1 

Mean-annual temperature at land surface = 11°C (about the average of

the long-term mean-annual air temperatures at Fallen (table 6) and J

Lahontan Dam in the nearby Carson Desert)

-3 -1-1 Harmonic-mean thermal conductivity 0-30 m = 2.5 x 10 cal cm s  >

°C (the average of the values computed from the logs of 20 test holes). r '/
~J 

Using the values above, the total conductive heat discharge estimated

by method A is 7.8 x 10 cal s" , Derivation of the estimate is given

in table 27,
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j j Because of these effects the exact subsurface distribution of temper-
L_J

TU
ature and the precise pattern of ground-water flow prior to development 

cannot be determined. Data collected during 1973 include residual effects 

of the above described phenomena.

U Chemical Character of Ground Water

r |

  j No data on chemical character of the ground water in the Brady's 

Hot Springs area were obtained in this study. Harrill (1970) reports
FI
[j analyses of waters from three wells and a spring in or near the thermal

r-» area.

''"" One of the wells, a steam well near the center of the area (22/26-12c),

produced thermal water having a dissolved-solids concentration of 2,600

L -1 -1 mg 1 , chiefly sodium chloride, and a silica concentration of 242 mg 1r"'

 _ (Harrill, 1970, table 9). The silica concentration indicates a reservoir

r-, temperature of about 182°C, according to the silica-quartz equilibrium

J curve shown by Fournier and Rowe (1966, fig. 5).

. "I Water from stock well 23/26-33ac, in western Hot Springs Flat about
LJ

5.8 km west-northwest of the center of the thermal area, had a specific 

L? conductance of 1,800 uhos cm -1 (Harrill, 1970, table 9) which

indicates a dissolved-solids concentration substantially lower than that 

of the sample from the steam well.

A sample from well 22/27-30c, a stock well 5 km south of the center 

of the thermal area, had a specific conductance of 13,200 umhos cm ~^ ; 

chief dissolved constituents were sodium and chloride (Harrill, 1970, table 9) 

Spring 22/26-35a, about 2 km west of the stock well, produced water having 

a specific conductance of 12,000 umhos cm" 1 ; almost as high as that 

from the stock well. The high concentration of dissolved solids (chiefly 

sodium chloride) in the ground water in this area probably results from high 

rates of evaporation from a shallow water tablej salt was produced in 

earlier times from numerous evaporation ponds near the spring cited above.
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Subsurface Temperature Distribution

The Brady's Hot Springs thermal area has an elongate, banana-like ^^ "-i 

shape, as indicated by temperatures at a depth of 30 m in the test holes

; (figure 39). The pattern is obviously related to the Hot Springs fault.
i
I Although test holes were bored or drilled at 21 sites, control is not
! "1 
I sufficient to determine the northward or southward extent of the cooler _j
I

parts of the thermal area, and the inferred temperature pattern on the  ^

eastern side is based on only one test hole, DH-10. Hot water may rise
' !

along some of the faults other than the main Hot Springs fault, but the 

available data are insufficient to confirm or deny this possibility.

Temperatures near the fault in sec. 12, T. 22 N., R. 26 E. and in ! 

parts of the adjacent sections to the north and south probably exceed 120°C --, 

at a depth of 30 m. Boiling probably occurs within much of this area.  ' 

(Owing to high temperatures, most of the test holes in the hottest area ~] 

were not bored or drilled to as deep as 30 m, and the temperatures shown 

on figure 39 are extrapolated to 30 m, using either the gradients near j 

the bottom of the holes or the boiling point vs. hydrostatic-depth curve 

where appropriate.) ^

Temperature profiles in several test holes west of the hottest part ~~j 

of the thermal area indicate that hot water moves westward from the Hot 

Springs fault through shallow aquifers. This pattern of movement is much M 

more prominent in the northern part of the area, north of the southern 

edge of sec. 12, T. 22 N., R. 26 E., than it is to the south. u

Heat Discharge r]

Before attempts at development by geothermal test wells in the early
n

1960's , heat was discharged from the Brady's Hot Springs hydrothermal .J 

system by convection as springflow, as well as by conduction through near- 

surface materials, convection as steam discharge, radiation from warm 

ground, and evaporation from pool surfaces and moist ground. Springflow
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"1

Net conductive heat discharge is computed as the difference between
 i '

. i 
heat flow is assumed to be 2 HFU on the basis of data developed for

Hmethod B. The net heat discharge is then I

[7.8 x 106 cal s"1] - C(2 x 10"6 cal cm"2 s"1)(^2.9 x 1010 cm2 )] = ~")
6-1 -1 

6.9 x 10 cal s

Total conductive heat discharge estimated by method B amounts to H
6  T

8.5 x 10 cal s , slightly more than the estimate by Method A. Heat- 

flow values used in the estimate are shown on figure 40, and the 

derivation of the estimate is given in table 28.

Net conductive heat discharge by method B is estimated using an ...J 

assumed "normal" heat flow of 2 HFU, slightly more than the heat flow ~i 

computed for two of the test holes believed to be outside the thermal
;--^

area Cfig. M-0). The estimate of net conductive heat discharge is then [
»»j

 
[8.5 x 106 cal s"1] - [(2x 10~6 cal cm"2 s~1 )(55.3 x 1010 cm2 )] J

= 7.4 x 106 cal s"1 "j
--J 

Largest elements of uncertainty in the estimate are the extent of

the area of relatively low heat flow (2-10 HFU) and the heat flow in J

the hottest area. In deriving the estimate, it is assumed that the total

area having a heat flow of 2-10 HFU is three times the area between the

2 and 10 HFU isograms on the west side of the thermal area between the

north, edge of sees. 35 and 36, T. 23 N. , R. 26 E. and the south edge of

sees. 22 and 23, T. 22 N., R. 26 E., where data are available. It is

also assumed that the average heat flow in the area enclosed by the 100

HFU isogram is 141 HFU the geometric mean of 100 and 200 HFU. However,

extent of the snowmelt observed in January 1974 suggests that the

average heat flow within this area may be much greater than that used in

derviving the estimate.
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Table 28 . Estimate of conductive heat discharge from Brady's Hot Springs
hydrothermal system on the basis of method B described in the text

~)

Range in heat flow 
(HFU)

2-10

10 - 50

50 - 100

^100

Geometric-mean 
heat flow 
(HFU)

4.5

22.4

70.7

14 li/

Area 

(x 1010 cm2 )

42.5

8.5

1.9

2.4

Heat discharge 

(x 106 cal s"" 1 )

1.9

1.9

1.3

3.4

Total 55.3 8.5

I/ Assumed range, 100 - 200 HFU '-1  J

o
3
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i ( Convective heat discharge as steam. The rate of convective heat 

discharge as steam cannot be estimated within narrow limits. However, 

a crude estimate can be made by assuming that all the pre-development

[~7 springflow (mass flow rate) is now discharged as steam. The actual 

rate of steam discharge probably is less than this estimate, but the

[ I error introudced may be offset, at least in part, by the omission of 

heat discharge by radiation and evaporation from the estimates of net

IJ heat discharge.

As discussed earlier, the springflow before development 

may have been about 1.3 1 s~ (20 gpm). Heat discharge as steam is

then estimated using the following data:

3 3  1 -3 
Steam discharge (mass flow rate) = (1.3 x 10 cm s )(0.972 g cm )

= 1.26 x 10 3 g s" 1 = 4.0 x 1010 g yr"1 

Enthalpy of steam-water mixture at 95°C = 542 cal g 

Heat discharge as steam is computed to be

(4.0 x 1010 g yr"1 )(5.42 x 102 cal g"1 ) = 2.17 x 1013 cal yr"1

fi  1 
= 0.69 x 10 cal s"

Net heat discharge from system. Net heat discharge from the Brady's 

Hot Springs hydrothermal system is computed as the sum of the net conductive 

discharge and the convective discharge as steam

(x 106 cal s"1 )

Method A_____Method B

Net conductive heat discharge 6.9 7.4 

Convective heat discharge as steam .69 .69

Total (rounded) 7.6 8.1 

As explained above, the actual rate of net heat discharge probably exceeds 

both of these estimates, perhaps by a significant margin.
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Water Discharge

Data are insufficient to estimate the discharge of water from the 

Brady's Hot Springs hydrothermal system, except by the heat-budget 

method.

The following data are used in deriving the estimate:

fi T 14 1 
Net heat discharge (method B) = 8.1 x 10 cal s -2.56 x 10 cal yr

Mean-annual surface temperatue = 11°C;
204 cal g'1

, 14 . -1 R 
2.56 x 10 cal yr ^ (0.972 x 10 g

1.93 x 102 cal g"

o nReservoir temperature (test well data) =2 00 C; enthalpy of water = (
w*l

enthalpy of water= 11 cal g --J 

Net enthalpy of water in reservoir 193 cal g ~"|

Density of water at assumed discharge temperature
of 80°C = 0.972 g cm ^

Density of water at assumed discharge temperature of 80°C = 0.972 g cm \-J

Water discharge is then ,. J

L e _ 3 A*a
c 3 _i. 

= 1.4 x 10 ra yr

Hypothetical Model of Hydrothermal-Discharge System ; 1
v<l?

Presently available data indicate that all thermal-water discharge 

in the Brady's Hot Springs thermal area moves upward along a conduit *w 

system associated with the principal (Hot Springs) fault. Other faults H
-i«*"J

in the area may transmit some thermal water, but data points are not

nspaced closely enough to confirm or deny this possibility. (See fig. 39J \
T-**J~

No water presently discharges at the land surface along the Hot Springs

fault, although some steam escapes from fumaroles and irregular vents in ~J

sees. 1 and 12, T. 22 N., R. 26 E.
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f
j j The temperature pattern (fig.39), the heat-flow pattern (fig.40),
uJ

the configuration of the water table (fig.38), and vertical potential 

gradients all suggest that thermal water rises along the Hot 

[~] Springs fault, in the segment approximately from the northeast corner

o
of sec. 1 southward to the west-central part of sec. 13, T. 22 N., R. 26E. ;

O
{ { then moves laterally (chiefly westward) in aquifers in unconsolidated
U->

deposits and in joints and other fractures in the underlying consolidatednL) rocks. Temperature profiles in some of the test holes installed during 

t"l this study show that much of the lateral movement of thermal water is

within a few tens of metres of the water table, in the most permeable 
/-  
j } alluvial and lacustrine deposits.
k.->

As discussed earlier, data are insufficient to determine whether 

UJ- any of the faults east of the Hot Springs fault carry thermal-water 

'""T upflow. If they do, temperatures east of the Hot Springs fault probably
N

would be higher than those shown on figure 39. Near-surface conductive 

I i heat flow in this area also would be greater than that shown on figure 40.u
Temperature of the rising thermal water is assumed to be at least

q(J 200°C on the basis of geothermal test-well data obtained in the early

f*-r 1960's. Depth of circulation and source of the thermal water are not

^ known. However, thermal gradients measured in shallow test holes west

jj of the thermal area during this study suggest that conductive heat flow
*< >

outside the area affected by thermal-water upflow and discharge into 

shallow aquifers may be no more than about 2 HFU (fig.40) about average 

for the northern Basin and Range province. The implication is therefore 

clear that, unless a local crustal heat source is present beneath the 

eastern part of the thermal area, the thermal water must circulate to depths 

of several kilometres in order to attain the observed temperatures.

227



n
  BUFFALO VALLEY HOT SPRINGS THERMAL AREA

Location

Buffalo Valley Hot Springs are in sec. 23, T. 29 N., R. 41 E., in
n

western Lander County, Nev. The springs are in southeastern Buffalo

Valley, 47 km by road southwest of Battle Mountain. They occupy a low

mound near the foot of the slope on the southeast side of the valley at   *

an altitude of about 1410 m above mean sea leavel. The springflow is """J
4-J

undeveloped except as a source of drinking water for livestock. The area
~] 

surrounding the springs has not been classified as a KGRA but is within

lands classified as being valuable prospectively for geothermal resources.

J 
Test Drilling

In the fall of 1973, the U. S. Geological Survey placed six drill 

holes and three auger holes in the hot springs area in order to determine 

the extent of the thermal area and to estimate discharge of heat and 

water from the hydrothermal system. All the test holes are within 1.8 km , ( 

of the center of the spring mound. They range in depth from 24.8 to 47.9 m, 

and all but one, DH-9, are fitted with well points. Test hole DH-9 is ij 

entirely above the water table and is capped at the bottom and filled with r>

Llwater for temperature measurements. Data for all the test holes are given

in table 29. 71
 »! >

Geoldgy

Exposed rocks and deposits near Buffalo Valley Hot Springs include ; 1 

tuff of middle Tertiary age, basalt of late Tertiary or early Quaternary "]
age in the form of cinder cones and lava flows, and unconsolidated valley *J 

fill and spring deposits of Quaternary age. Areal extent of the geologic 

units mapped in this study is shown on figure 41
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Table 29. Data for U.C. Joological Survey test holes in the Buffalo

Valley Hot Springs thermal area

Well number: Test holes 1-5 drilled during 9-12 October 1973, test hales 

6-9 drilled during ?5-C7 October, 1973. 1>st holes 1 an*! 5-9 drilled 

using rotary rig; "Revert" mud used in wells 1 and 6-9; bentonite 

mud used in well 5. Test, holes 2-4 drilled using solid-stem aufer. 

Depth; Depth conpieted, in feet below lar.d-surf ace datwn. Test holes 

2-8 encountered only unconsolidated se-itr.antary deposits. In test 

holes 1 and 9, these deposits are underlain by basalt at 29.9 and 

21.0 m, respectively.

Type of completion: Casing type is indicated by "St" (3.8-cra ncainal 

inside diameter steel) or "P" (5.1-cm nominal inside diameter PVC, 

topped by 2-m length of 5.1-cm steel casing). Casing capped and 

filled with water is indicated by "C". Casings with veil-point

screens at bottom are indicated by "Sc".

2 Depth to water table: Obtained from neutron (N) or gamma-gamma (G )

log.

Geophysical logs available; Gamma ("G"), gamma-ganaa ("G "), neutron 

("N"), resistivity ("R"), and temperature ("T").

Depth to water table

Well
number

BVDH-1

AH-2

AH-3

AH-4

DH-5

DH-6

DH-7

DH-6

DH-9

Location

29/41-26dbc

-24cca

-23add

-23caa

-26aba

-23dda

-27aaa

-24bab

-24dda

Depth

32.55

44.71

26.88

35.05

42.31

47.85

4S.11

44.77

24.78

Typ« of
completion

P.Sc

St.Sc

St.Sc

St.Sc

P.Sc

St.Sc

P,Sc

St.Sc

. St.C

Land- 
surface 

altitude
(m)

1,409.4

1,409.1

1,406.0

1,404.2

1,405.1

1.408.2

1,404.5

.1,409.7

1.U29.S

Metres 
below 
land- Source 
surface or
datum data

4.4 N

3.0 N

<1.2 ' G2

4.3(?)' G2

1.1 N

<1 (?)

<1 (?)

2.8 N

(?)

Date

73

73

73

73

73

73

73

73

11 08

11 07'

11 06

11 06

n 07

11 07

11 08

11 06

 

Static confined 
water level

Metres 
below 
land- 
surface
datum

5.44

>*1.01

.51

.51

1.11

>+2.68

.52

2.72

 

Date

73

73

73

73

73
?i"

 .

73

73

11 08

11 09

11 06

11 06

n 07

 11 07

11 08

U 06

~

Geophysical 
logs

available

G,G2 ,N,R,T

G,G2,N,T

G,G2 .N

G,G2 ,N

G,G2,H,T

G

G.G2.N

G,G2 ,K,T

G,G2,M,T
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j ( The oldest unit exposed within the area of figure,41 is the Fish

Creek Mountains Tuff of early Miocene age. Fission-track and potassium- 

argon ages indicate an age of 24.3 +0.7 ra.y. (McKee, 1970). Outside

("~7 the area of study, the Fish Creek Mountains Tuff unconforraably overlies
i h

VI

the Caetano Tuff of Oligocene age, various dark lavas and tuffaceous

j I sedimentary rocks of Oligocene (?) age, and a granitic pluton of
L J

Jurassic (?) age. The granite is exposed within the drainage areas of inter-nLJ mittent streams that enter the mapped area from the east; boulders of

'--] granite are locally abundant on the alluvial fans east of the hot springs.
j i

The Fish Creek Mountains Tuff is a large ash-flow sheet which erupted 

1 J from the central part of the Fish Creek Mountains southeast of Buffalo 

Valley. As determined by McKee (1970), the tuff is rhyolitic, with 

recognizable phenocrysts of sanidine and quartz, ranges in thickness from

about 30 m near the margins to about 900 m near the center of the

3 mountains, and probably has a. total volume of more than 300 km . Along the

southeast side of the mapped area, the tuff is light pink, gray, or 

yellowish-brown, contains abundant lithic and pumice fragments as well as 

crystals of quartz, sanidine, and biotite, is slightly to moderately 

welded, and is generally porous and vesicular.

Extruded from vents cutting the Fish Creek Mountains Tuff and older 

) 1 rocks are several basaltic cinder cones and associated lava flows. The 

cones appear fairly fresh and uneroded, but some are tens to hundreds of 

metres above the present western base of the Fish Creek Mountains. They 

probably predate the last faulting that elevated the Fish Creek Mountains 

relative to Buffalo Valley. The general northeasterly alinement of the 

cones, parallel to the base of the mountains and to at least one high- 

angle normal fault in the Fish Creek Mountains Tuff (see fig.41 ), suggests 

extrusion of the basalt along a Basin and Range fault or fault zone.
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Potassium-argon dating has recently established the age of the basalt as

about 3 m.y. (E.D. McKee, oral commun., 1974), either latest Pliocene

or earliest Pleistocene, according to various time scales currently accepted.

The basalt is typically dark gray, or red where oxidized, highly  I 

vesicular, and locally contains abundant zeolites. Olivine is present, , , 

as well as pyroxene and plagioclase. Most samples examined in the field 

contain xenoliths of rhyolite tuff and xenocrysts of quartz and sanidine H
u

derived from the underlying Fish Creek Mountains Tuff and older tuffs

and flows. Not all the basalt is vesicular. A dense, platy flow rock ^ !

crops out at the southern edge of the mapped area (fig. 41). An isolated ^

exposure of somewhat vesicular basalt at the southwest corner of the area,

6 km southwest of the hot springs, may be related to the cinder cones and ;

flows to the east, but the correlation is uncertain. Vesicular basalt

penetrated in two of the test holes, BV DH's 1 and 9, at depths of 29.9 j

and 21.0 m, respectively, probably represents the westward subsurface ^P

extension of flows exposed to the east. The thin alluvial cover on the -J

flows at these sites attests to the slow rate of deposition along the east "1
%«j 

side of Buffalo Valley during the past 3 million years.

The unconsolidated valley fill consists of alluvial-fan deposits, , i 

lacustrine deposits, playa deposits, and spring deposits. Total thickness 

of these deposits is unknown, but gravity data (U.S. Geol. Survey, unpub- J 

lished data,1973) suggest that the fill is much thicker beneath central -'J 

and west-central Buffalo Valley than it is on the east side, near the hot

The alluvial fan deposits are grouped into two facies on figure 41: 

heterogeneous deposits, and basaltic detritus. Both facies are generally t 

an ill-sorted mixture of gravel, sand, silt, and clay, which represent 

deposition by muddy water or mud flows during short-lived storm runoff 

from the Fish Creek Mountains. The heterogeneous deposits include abundant
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tuff and some nonvolcanic detritus, as well as fragments of basalt derived 

from the cinder cones and flows on the east side of the valley. The 

basaltic detritus consists entirely or almost entirely of basalt clasts of 

various sizes in a matrix of sandy silt and clay.

At tinus during the late Pleistocene, Buffalo Valley was occupied by lakes, 

( j which have left their record as shorelines at several levels up to about
LJ

1,417 m above mean sea level. Below the top shoreline the alluvial-fan 

LJ deposits have been reworked by lacustrine processes, which have left beach 

p ridges, gravel bars, and fine sands and muds of the lake bottom. Lake-
h

bottom deposits are recognized in some of the test holes as gray or greenish- 

j j 9ray chemically reduced clay and silt.
v .J-

Playa deposits of Holocene age overlie the lacustrine deposits in central 

jj Buffalo Valley. The deposits resemble the lacustrine deposits, and the 

subsurface contact of the two units is vague and arbitrary. Salts have 

accumulated in the near-surface playa deposits ,owing to evaporation of 

ground water, but wind has removed much of the salt crust in parts of the

 

playa. 
I"! The spring deposits consist of clay, silt, and fine sand on the mound

of Buffalo Valley Hot Springs, and a surrounding larger area of older 

Ij spring deposits. The deposits are in large part calcareous; some of the 

hotter spring orifices are rimmed by travertine. No sinter has been 

observed in the spring deposits.

No fault is obviously associated with the hot springs, although a 

northeast-trending Basin and Range normal fault was mapped in the mountains 

to the east (fig. ^1), and the linear pattern of the basaltic cinder cones 

and associated lava flows suggests a northeast-trending fault or fault 

zone. A fault or faults having a similar trend may be present beneath the 

springs or between the springs and the mountains to the east. Delineation 

of such possible features would require the use of various surface geo­ 

physical techniques and test drilling.
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 ) 
Hydrology ; ;

-,/ 
The relatively small discharge of thermal water in the Buffalo

valley Hot Springs area doubtless is fed by precipitation. The deep- 

circulating thermal ground water may have originated as recharge in the ~) 

Fish Creek Mountains, east and southeast of the thermal area. No great 

distance of lateral movement seems necessary for the thermal water. [
i i

Sedimentary deposits on the valley floor adjacent to the hot springs
T|

are saturated at depths of 3 m or less. As land-surface altitude increases  j

to the east and south, water depths increase also: at well DH-9, 1.7 km *- -
  \

east of the springs, the depth to water exceeds 25 m; and at stock well

29/41-34adb, 3.2 km southwest of the springs, the depth to water is j
i_J 

about 11 m.

Adjacent to the springs, the regional water table is almost flat,

as shown in figure 42. Directions of movement for the nonthermal ground 

water are generally northwestward, from the upland recharge areas toward

the valley floor. Superimposed on this regional flow system is an area

of upwelling thermal water evidenced at land surface by the springs. The

H resulting mound of hot water is due in part to true artesian conditions,
wi

and in part to thermo-artesian conditions, but the relative magnitude of 

the two components is unknown. LJ 

Nonthermal ground water discharges at the land surface by evaporation ^ 

and transpiration. Thermal water also is dissipated by these mechanisms,

and in addition it discharges as springflow. Estimates of total thermal-
«~j

water discharge are given in a later section,

1The Hot Springs ;J

Buffalo Valley Hot Springs occupy a low mound about 450 m in diameter ;->

and about 3.5m in altitude above the surrounding valley floor. ^

The number of active or recently active springs exceeds 200. The

springs differ considerably in appearance: some are merely damp, grass- 

filled depressions; others feed pools as large as 2 m in diameter
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Source

Hot spring

Well 29/41-34adb

Specific 
conductance 
(micromhos )

^1,500

914

Chloride 
(mg/1)

29

161

I

(the average pool diameter may be about 0.5 m); and others issue from 

travertine mounds. Few of the springs yield much water. Only one 

orifice yields more than about 0.1 1 s"1 , and most yield less than 0.01
T

1 s~ . The combined flow of all springs in October 1973 may have been 

on the order of only 0.6 1 s~^". Measured or if ice -throat temperatures of 

flowing springs range from 31° to 79°C.

Chemical Character of Springflow

The general chemical character of water from Buffalo Valley Hot 

Springs is indicated by the analysis from Mariner and others (1974, p. 12) 

listed in table 1. The dissolved solids, which are dominated by sodium 

and bicarbonate, total about 960 mg 1~*. The silica geothermometer 

indicates a reservoir temperature of 125°C (table 1; from Mariner and 

others, 1974, p. 18).

Specific-conductance data for the flow from four of the principal

orifices (table 30 , fig. 43) indicate only a small range in salinity

from spring to spring. -i

.~l
The thermal ground water is chemically different from the non- vs

 *-** 
thermal water of nearby well 29/41-34adb (3.2 km southwest of the * j

i   J
springs; 16% m deep; water temperature 14.4°C after 30 minutes pumping).

The chemical contrast is shown by the following data: -\
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Table 30.- Temperature, discharge, and specific conductance of flow

from individual orifices at Buffalo Valley Hot Springs,

5 August, 1974.

>

Orifice Temperature

(fig. 52) (°C) *

1 78.8

9 70.0

31 71.6

177 71.8

Estimated

discharge

(litres

per

second)

<0.006

< .006

< .013

< '.003

Specific

conductance

(micromhos

per cm

at 25°C)

1,460

1,480

1,470

1,440

HO*

C77

PRILL. 

H
  fe

9r
_L _.

Figure 43 . Sketch map of part of Buffalo Valley Hot Springs mound 

showing location of orifices sampled in August 1974.

0 237



Subsurface Temperature Distribution 

The distribution of temperature at a depth of 30 m below the land

surface, as measured in the test holes in the fall of 1973, is shown in
 . \ 

figure M4. The general shape of the thermal area is fairly well defined,
. ;

but the configuration of the 15°C isotherm is uncertain, except southwest

of the hot springs. More data especially are needed to determine the j

northerly and easterly extent of the thermal area. r\

The striking feature of the temperature pattern is the small extent

of the nearly circular area centered at the hot springs where the temper- { 

atures are above 30°C, and the general asymmetry of the cooler part of 

the thermal area where temperatures are between 15°C and 30°C. Alternative j 

explanations of the observed temperature patterns are given later, in the ,~ 7 

section "Hypothetical model of hydrothermal-discharge system." ~ j

Heat Discharge "f
J 

Heat discharge from the Buffalo Valley hydrothermal system is chiefly ^^

by conduction through near-surface materials; convective discharge as ^j 

springflow is small, and little or no heat is discharged as steam.

Conductive heat discharge. The conductive heat discharge that *~j 

results from convective upflow of thermal water is estimated by methods *)
V 1

A and B described in the section, "Estimates of heat discharge." Both 

estimates are uncertain because of the paucity of temperature and thermal- i 

gradient data in most of the outer part of the thermal area. The magni­ 

tude of conductive heat discharge near the hot springs also is difficult -,J 

to estimate because the relative importance of conductive and convective   j 

heat discharge in the top 30 m is poorly understood in this area.

The following data are used in the estimate of total conductive heat (
-i J

discharge by method A:
2

Boundary of thermal area is 15°C isotherm at 30 m depth (12.2 km )
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H
Mean-annual temperature at land surface = 9°C, about equal to the ,j

long-term mean-annual temperature at Winnemucca (table 6)
-3 -1 -1 -1 - 

Harmonic-mean thermal conductivity 0-30 m = 2.5 x 10 cal cm s °C

(the average of values computed from the logs of 9 test holes) {
^}

Using the values above, the total conductive heat discharge estimated
n

6  1 i by method A is 1.38 x 10 cal s . Derivation of the estimate is given u

in table 31. n 

Net conductive heat discharge is computed as the difference between v:l

the total and the "normal" conductive heat discharge. The "normal" heat -~)
J 

flow is assumed to be 4 HFU on the basis of data developed for method B.

n
The net conductive heat discharge is then ;

H
[1.38 x 106 cal s"1] - [(4 x 10"6 cal cm"2 s""1 )(12.2 x 1010 cm2 )] J

= 0.89 x 106 cal s""1 n

Total conductive heat flow estimated by method B is 1.16 x 10 cal

-1 O s , somewhat less than the estimate by method A. Heat-flow values used

in the estimate are shown on figure 45, and the derivation of the estimate nis given in table 32. ^j 

Net conductive heat discharge is estimated by method B, using an ^ 

assumed "normal" heat flow of 4 HFU, slightly more than the heat flow ^ 

computed for BV DH-7, believed to be just outside the thermal area ; 1 

(fig. 45). The estimate of net conductive heat discharge is then

n
[1.16 x 106 cal s"1] - [(4 x 10~"6 cal cm"* 2 s"1 )(ll.l x 1010 cm2 )] U

= 0.72 x 106 cal s"1 .
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Number is cordvctive tell f/ow./n H?U (* /0~*<xt/ crt'

Figure H-S. Map of Buffalo Valley Hot Springs thermal area showing near- 

surface conductive heat flow. n 
J



[I
tfl Table 32   Estimate of conductive heat discharge from Buffalo Valley 

Hot Springs hydrothermal system on the basis of method B 
described in text.

LJ

-^ Range in Geometric-mean Area
Pj heat flow heat flow ln ^ 
U (HFU) (HFU) (x 10 cm )

o
J j 4-10 6.3 8.18

10-20 14.1 2.23 /  -i  

(j 20 - 50 31.6 .41

p >50 63.22 .31 

LJ

Q

U I/ Assumed range, 50 - 80 HFU

0

Heat discharge

(x 106 cal s"1 )

0.52

.31

.13

.20

1.14
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Convective heat discharge as springflow. As stated earlier , 

the springflow in October 1973 may have been about 0.6 1 s . Weighted- 

average temperature is not known within narrow limits. The temperatures 

of the springs having the largest flows average about 70° - 80°C. (See 

table 30.) For the purpose of the estimate of heat discharge, the 

following values are assumed:

Weighted average temperature of springflow = 72°C. Enthalpy = 72 cal g 

Mean-annual temperature at land surface = 9°C Enthalpy = 9 cal g
T

Net enthalpy of springflow 63 cal g

 1 6 3  1 Spring discharge = 0.6 1 s =0.02x10 m yr
6 3 

Density of water at 72° « 0.977 x 10 g m"

Heat discharge is then

(0.02 x 106 m3 yr"1)(0.977 x 106 g nf 3 )(63 cal g"1 )

= 1.2 x 1012 cal yr"1 ,

= 0.038 x 106 cal s""1

q 
Net heat discharge from system. Net heat discharge from the Buffalo ^J

Valley Hot Springs hydrothermal system is equal to the sum of the net ,.. 

conductive heat discharge and the convective heat discharge as springflow: ^

t ^ « 6 ,   1 » r'v-'"i
(x 10 cal s ) J 

Method A Method B

HNet conductive heat discharge 0.89 0.72 J

Conductive heat discharge as springflow .038______^038

Total (rounded) 0.93 0.76 J.



%

tl

o

j 1 Water Discharge

Thermal ground water discharges from Buffalo Valley Hot Springs

system as springflow, evaporation, transpiration, and perhaps as lateral 

f~7 subsurface flow away from the spring area. The magnitude of the discharge

is estimated by both the water-budget and the heat-budget methods. 

J I Water-budget method .  Springflow may total about 0.61s , or

c q T
about 0.02 x 10 m yr . The estimation of evaporation plus 

transpiration is difficult, primarily because the areas actually fed by

0 thermal ground water are unknown. Figure 45 shows the distribution 

of phreatophytes in the hot springs area. For lack of positive informa-

r~j tion, it is assumed that the spring mound and the area of dense to very 

scattered saltgrass and rabbitbrush surrounding it are fed by dominantly
n
i \ thermal ground water. Table 33 gives estimates of evaporation and

transpiration based on this assumption.

Because no springflow leaves the mound, and because estimated 

j 1 water-surface evaporation is a small quantity, most of the springflow must

percolate back into the ground and dissipate subsequently by phreatophytic 

1! transpiration and soil-surface evaporation. Therefore, the total in
c <a i *

. table 339 0.17 x 10 m yr" , represents the actual amount of thermal 

'-^ water believedto be discharged as springflow and evapotranspiration. 

ri The quantity of thermal water that flows away from the hot-spring

area in the subsurface cannot be estimated with available information. 

1j Heat-budget method. The following data are used in deriving the

estimate of water discharge from the Buffalo Valley Hot Springs hydro- 

^ thermal system by the heat-budget method:

n Net heat discharge (method A) = 0.93 x 106 cal s" 1 = 2.94 x 10 13 cal yr" 1

(method B) = 0.76 x 106 cal s" 1 = 2.40 x 1013 cal yr" 1
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Table 33. Estimated average annual evaporation and transpiration of 

dominantly thermal ground water at Buffalo Hot Springs

Depth to
Evapotransp irat ion 

F[ Type of water loss Area water (ffl ^^ (^e

32 
(xlO m ) (m)

o
Water-surface evaporation 0.04 0 a/12 <0.001 f~-\ 

\ j 
(j Transpiration by dense to

r-> scattered saltgrass, plus

soil-surface evaporation 120 0-1 .18 .022 

Transpiration by moderately

dense to very scattered 

j saltgrass with or without 

p> scattered rabbitbrush,

plus soil-surface 

F] evaporation 1,260 *g-3 .12 .15

fj Total (rounded) 1,380     .17

o a. Adjusted for elevated temperature, assuming an average water-surface 

temperature of 40 C.

247



Reservoir temperature (table 1) = 125°C Enthalpy of water = 125 cal g"" 1 

Mean-annual surface temperature = 9°C Enthalpy of water = 9 cal g" 1

Net enthalpy of thermal water at source = 116 cal g"" 1 

Density of water at assumed discharge temperature of 72°C = 0.977 g cm"1 

Water discharge is then

.94 x 1013 cal r

1.16 x 102 cal " 1

using the he at -discharge estimate by method A, or

2M X 1Q cal (0.977 x 106 g »-3 = 0.21 x 10* m3 yr' 1
1.16 x 102 cal g"1

using the heat discharge estimate by method B.

Comparison of heat-budget and water-budget estimates.   The estimates

of thermal-water discharge by the heat-budget method, 0.26 x 10 6 m3 yr" 1 

(using heat-discharge estimate by method A) and 0.21 x 10 6 m3 yr" 1 (using 

heat -discharge estimate by method B), exceed that by the water-budget method, 

0.17 x 10 6 m3 yr" 1 , by perhaps significant margins. The heat -budget esti­ 

mate based on method B is believed to be the most reliable of the three 

estimates . The water-budget estimate is believed to be 'too small for two 

principal reasons: (1) lateral outflow of thermal ground water is not inclu­ 

ded; (2) the area of phreatophytes supported by thermal water probably is 

greater than used in the estimate. Alternatively, other errors in all 

three estiamtes could account for the differences. More data are needed to 

resolve the discrepancies.

Inferred Nature of Hydrothermal System

The nature of the Buffalo Valley Hot Springs hydrothermal system is 

even more enigmatic than that of the other systems studied. Heat flow out­ 

side the thermal area seems to be greater than normal for the northern



ft

Basin and Range province. Temperature of the thermal reservoir indicated 

by the silica-quartz geothermometer, 125°C, is substantially less than that 

of the other systems; depth of circulation of the thermal water is corres-

J j pondingly less if, as seems likely, the average thermal conductivity of the 

rocks overlying the reservoir is no greater than that of the other systems.

[j Assuming an average thermal conductivity of 2i to 3i x 10 3 cal cm~ 1 s" 1 °C~ 1

p and an average heat flow of 3-4 x 10~"6 cal cm^s"" 1 outside the thermal area, 

jj the depth of circulation would be only about 0.7-1.4 km. Materials at such

J ,' depths might consist of valley fill or of Tertiary volcanic or sedimentary

rocks of moderate porosity and permeability.

P[J The hot springs are not obviously related to a fault having surface ex-

r-t pression. However, the deep part of the conduit system that feeds the springs

probably is along a fault or fault system. Distribution of temperatures at
f~*~>

depths less than 50 m suggests a conduit system dipping steeply eastward or

southeastward or, possibly^ conduit system that leaks laterally into aqui­ 

fer toward the east or southeast. The upflow of thermal water from the 

reservoir is not rapid enough to maintain high temperature until the water 

boils. Heat of the rising water is lost by both conduction through the 

walls of the conduit system and mixing of thermal and nonthermal waters, 

but the relative magnitude of the two processes cannot be determined from 

present data.

INTERPRETATION AND EVALUATION OF FINDINGS

Recapitulation of Objectives

As outlined in the introduction, the objectives of the study were 

to (1) delineate areas of high heat flow associated with rising thermal 

ground water, (2) determine the nature of the discharge parts of the 

hydrothermal systems, (3) estimate heat discharge from the hydrothermal
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systems, (4) estimate thermal-water discharge from the hydrothermal

systems, and (5) obtain rough estimates of conductive heat flow outside

areas of hydrothermal discharge, and (6) evaluate several investigative "~>

techniques that would yield the required information quickly and at

relatively low cost..
i

Not all the techniques required for a comprehensive study of hydro-
H 

thermal systems were evaluated or used. For example, recharge areas .j

for the systems were not delineated; nor were determined the patterns of

ground-water circulation through the systems, the location, extent and nature

of the thermal reservoirs, or the complex chemical reactions of rocks and

thermal fluids. Instead, attention was focused on the discharge parts

of the systems, particularly on the natural discharge of heat and water. _'

Not only is this last type of information easier to obtain than the other

types mentioned above, but the findings of this study tend to confirm

the inference made from geologic studies by Hose and Taylor (197M-) that

the natural rates of discharge of both heat and fluid may place severe

constraints on the scale of economic development of the systems.

Delineation of Areas of High Heat Flow

Areas of high heat flow associated with rising thermal ground water 

were reasonably well delineated during the study. The following thermal 

areas were outlined by shallow test drilling: Stillwaterj Soda Lakes- 

Upsal Hogback; Gerlach; Brady's Hot Springs; Leach Hot Springs; Buffalo 

Valley Hot Springs; and Sulphur Hot Springs. In addition, some infor­ 

mation was obtained about thermal areas at Fly Ranch, Granite Ranch, and 

Double Hot Springs in the Black Rock Desert, and about parts of southern 

and central Carson Desert outside the Stillwater and Soda Lakes-Upsal 

Hogback thermal areas.
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Not all the thermal areas were equally well delineated, however, The 

western extent of the Gerlach thermal area was not explored, owing to

f the difficulty of drilling in the rugged exposures of granodiorite in
\

that part of the area. The north and south ends of the thermal area 

j associated with Brady's Hot Springs were not defined, and the eastward

extent also is poorly known. The thermal area associated with Sulphur 

| ' J Hot Springs was defined with fair accuracy, but the extent of a nearby 

i ( < subsurface hydrothermal-discharge system associated with the major Basin 

! and Range fault west of the springs is unknown.

i r! I . Shallow-temperature data appear to be adequate to identify and de­ 

lineate hydrothermal systems in which the fluid discharges at the land

| ^--; surface or into shallow aquifers, at depths of less than, say, 100 m.

j p However, information obtained from the southern Carson Desert suggests 

that test- drilling much deeper than 50 m may be required to identify 

systems in which the near-surface thermal effects of convection of ther­ 

mal water at depths of perhaps several hundred metres are masked by 

rapid circulation of overlying nonthermal ground water and by changes in 

the thermal regime caused by application of large amounts of irrigation

water for many decades.
The extent of the thermal areas studied is given in table 34. A

thermal area is defined as an area in which the near-surface conductive 

heat flow that results from convective upflow of thermal water is signif­ 

icantly greater than the conductive heat flow in the surrounding area 

unaffected by the upflow of thermal water. Different criteria for the 

boundaries are used for the various thermal areas, depending on the kind 

of data available. Boundaries based on heat-flow values used in esti­ 

mates of heat discharge by method B described in the section, "Estimates

i

o
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Table 34. Extent of thermal areas studied in northern and central Nevada

Thermal area 

Stillwater 

Brady's Hot Springs 

Soda Lakes-Upsal Hogback 

Gerlach

Sulphur Hot Springs 

Buffalo Valley Hot Springs 

Leach Hot Springs

Extent 
(km2)

59.1

55.3

21.1

20.3

12.0

11.1

8.0

Assumed boundary

20°C isotherm at 30 ra

2 HFU isogram

20°C isotherm at 30 m

U HFU isogram

15°C isotherm at 30 ra

4 HFU isogram

15°C isotherm at 30 m

 i

j

J
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|IJ Of heat discharge" are believed to be more reliable than boundaries based 

[^ on temperature at 30 m depth used in estimates by method A. Thermal 

areas estimated by method A are generally too small.

*-- Nature of Discharge Parts of Hydrothermal Systems

p(J Only partial success was achieved in attaining the second objective 

O of the investigation   the determination of the nature of the discharge
Is

parts of the hydrothermal systems. Some of the systems studied those 

]/! at Gerlach, Brady's Hot Springs, Leach Hot Springs, Fly Ranch, and Double
I U
j Hot Springs clearly are associated with Basin and Range faults. Thesenj U discharge systems appear to be steeply inclined conduits in or near the

0 fault zones. Other systems those at Stillwater, Soda Lakes-Upsal Hogback, 

and Sulphur Hot Springs probably are associated with faults, but the 

|j faults are not obviously exposed at the springs or in the center of the 

thermal anomalies. Buffalo Valley Hot Springs are even less obviously 

related to a fault.

All the systems studied thus far appear to contain steeply inclined 

discharge conduits. Some conduits are very leaky, such as those at 

Stillwater, Soda Lakes-Upsal Hogback, Brady's Hot Springs, and Gerlach. 

Others such as those at Leach, Sulphur, and Buffalo Valley Hot Springs, 

appear to leak at only small to moderate rates, at least in the upper 50 m.

Further studies of discharge systems are needed, using surface geo­ 

physical methods, additional chemical sampling, additional test drilling 

(both shallow and deep), very shallow temperature measurements, aerial 

photography, and remote sensing.
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Summary of Heat-Discharge Estimates ) \

The net heat discharge that is, the heat discharge that results ^ 

from convective up flow of thermal water was estimated for all the systems
«~s

for which sufficient shallow subsurface temperature and hydrogeologic ;

data were obtained. The surface or near-surface heat discharge from most

of the systems includes three major components; (1) conduction through , j

near-surf ace materials; (2) convection by springflow; and (3) convection  ^
  i 

by steam discharge. -'

Relatively crude estimates of near-surface conductive heat discharge *~1
«-- ^

were made by method A, which uses the temperatures measured at a depth 

of 30 m in the test holes. In four of the seven areas, more refined ' 

estimates were also made by method B, which uses the conductive thermal   

gradients in the saturated zone. Virtually all the net heat discharge ^JU 

is conductive in the Stillwater and Soda Lakes-Upsal Hogback systems, H 

which have no springs associated with them.
n

The net heat discharge includes convection by springflow in the '

Gerlach, Leach Hot Springs, Sulphur Hot Springs, and Buffalo Valley Hot ^

Springs hydrothermal systems and by steam discharge in the Brady f s Hot --J

Springs, Gerlach, Leach Hot Springs, and Sulphur Hot Springs systems. H
0

The estimates of net heat discharge are summarized in table 35.

Heat discharge from the Steamboat Springs hydrothermal system, estimated J 

by White (1968), is included for comparison. The values range from less 

than 10 cal s" to more than 10 cal s . Because of errors inherent in ~4 

the estimates, the actual heat discharges of the systems listed in table "^

  
<T_-/

J
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D
0

Table 35. Estimates of net heat discharge from hydrothermal systems 

studied in northern and central Nevada.

(See text for explanation of methods of estimates.)

Net heat discharge 

(xlO6 cal s"1 )

Method of
estimate of

conductive heat
discharge

D
D
n 
LJ

D

Stillwater

Steamboat Springs (White, 1968)

Brady's Hot Springs

Gerlach

Soda Lakes-Upsal Hogback

Leach Hot Springs

Sulphur Hot Springs

Buffalo Valley Hot Springs

»
11.8

7.6
8.1
6.4
5.4
 

1.7
1.7
1.6

.93

.76

A

A
B
A
B
A

A
B
A

A
B
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Most of the hydrothermal systems studied are fairly small in terms 

of the total heat discharge. For example, Wairakei, a well-known hot- 

water geothermal system in New Zealand has a natural heat discharge of

8  1 
about 1 to 1.5x 10 cal s" , according to several estimates summarized

by White (1965). Fournier, White, and Truesdell (1967) estimated a
Q 1

heat discharge of 4.7 x 10 cal s~ from the Upper, Midway, and Lower 

Geyser Basins of Yellowstone National Park. Heat discharge from the 

Long Valley, California^,geothermal system is about 4 x 10 cal s~ , 

according to a recent estimate (M. L. Sorey, oral communication, 1974)

Summary of Water-Discharge Estimates

Estimates of thermal-water discharge were made for six of the seven 

systems for which heat discharge was estimated. Total water discharge 

(thermal and nonthermal) was also estimated for one of the systems 

(Gerlach). The results are summarized in table 36. Methods used in

the derivation of the estimates are explained in the section, "Estimates 

of water discharge". An estimate of the water discharge from 

the Steamboat Springs hydrothermal system by White (1968) is included 

in table 36 for comparison.

Estimated discharge of thermal water from the systems studied ranges 

from about 0.2 x 10 ra yr"~ to about 3 x 10 m yr" . Errors in the 

estimates based on the heat-budget method probably are about the same 

proportionately as those of the heat discharge that is, the true values 

may lie within the range of about one-half to double the estimated values. 

Where independent estimates by the water-budget were made, and the figures 

are in reasonably close agreement, as they are for Gerlach and Brady f s 

Hot Springs systems, the range of probable values is believed to be 

smaller than it is for the estimates by the heat budget only.
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n

Table 36.--Estimates of water discharge from hydrothermal systems 

studied in northern and central Nevada.

feee text for explanation of methods of estimates. Estimated 

reservoir temperatures based on the silica-quartz geothermometer)

'

n 
[i

!J
i]'n 

 o
[i
D

System

Stillwater

Steamboat Springs
(White, 1968)

Gerlach

Brady's Hot Springs

Leach Hot Springs

Estimated
reservoir
temperature(°C)

159

>200

171

P-200

155

Water discharge
(x lO^m^yr" 1 )

Total Thermal

3.1

2.2

1.8 1.5 

1.3

1.1

 

l.i*

  .46+

Method -of

estimate

Heat budget, A

Water budget

Water budget 

Heat budget, A

Heat budget, B

Heat budget, B

Water budget

.38 Heat budget, A

v_j

D
D
0

 

Sulphur Hot Springs 186

...

Buffalo Valley Hot
Springs 125

 

.38

.29

.29

.17

.26

.21

Heat budget, B

Water budget

Heat budget, A

Water budget
Heat budget, A

Heat budget, B
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Interpretation of Estimates of Regional Conductive Heat Flow

Results obtained during this study from test holes 154-274 m deep 

in the Black Rock and Carson Deserts indicate that estimates of regional 

conductive heat flow may be obtained at low cost at sites in fine-grained 

lacustrine and playa deposits. At such sites, upflow of ground water is 

so slow that the effect of convection on the thermal gradient is minimal, 

and the observed gradients are essentially conductive.

Results to date also indicate that holes deeper than about 50 m 

probably are not required; valid heat-flow estimates can be made using 

thermal gradients in the depth range 15-50 m. However, corrected 

estimates require data on the rate of deposition of materials in this 

depth range.

On the basis of rather sparse data obtained to date, heat flow in 

both the Black Rock Deserts outside thermal areas appears to be about 

1.5 - 2 HFU. Crude data from shallow (<50m) test holes outside the Brady's ..;

Hot Springs and Leach Hot Springs thermal areas Indicate similar values. 1
 J 

However, heat flow outside the thermal area at Buffalo'Hot Springs may be

about 3.5-4 HFU, and the heat flow outside the Sulphur Hot Springs thermal ; j
Uu>

area in northern Ruby Valley may be about 3 HFU. The estimates for Buffalo

Valley are within the upper range of more accurate values obtained in deep  ?

test holes near Battle Mountain, about 30 km to the northeast (See fig. 1; H
LJ 

Sass and others, 1971). As interpreted by Sass and others (1971, fig. 4),

Buffalo Valley is .within the area of the Battle Mountain (heat-flow) high. ; -
  \

Leach Hot Springs also is within the Battle Mountain highj the relatively
r>

low heat-flow values indicated in the shallow test holes outside the thermal J 

area therefore are difficult to interpret. Deeper test drilling near 

Leach Hot Springs is needed to resolve this problem.
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P Significance of Estimates of Heat and Water Discharge 

9 Allowing for the uncertainties in the estimates, most of the systems
n
LJ studied in northern and central Nevada appear to have small to moderate 

  p rates of discharge of heat and fluid (chiefly water). In the developed

geothermal systems of the world, the .quantity of heat and fluid stored
1 p
! 1 ' Tj! the thermal reservoir, and other reservoir characteristics such as
I ( ,

depth, permeability, and temperature, are of far greater significance
n

, I in terms of productive capacity than is the flux of heat and fluid through 

; p the system. In most of the Nevada systems, however, the scale of poten­ 

tial commercial development for production of electricity or for other uses 

!. may be constrained by the natural discharge of heat and water. The reason
I L

for this is that, in most of the systems, developments within economic

j L, drilling depths probably would be restricted to small tracts surrounding
i

the conduits carrying the upflowing thermal water, and the rates at which 

fluid could be withdrawn by wells for long periods probably could not
j r-A
i J ' exceed the natural upflow. Greater rates of production almost certainly

would result in decreases in both temperatures and pressures in the

i
'") 

i 
j system. Hose and Taylor (197*0 report that venting of test wells in the

p Beowawe, Nevada, system during the early 1960 r s caused large decreases in 

temperature and pressure, which provides dramatic empirical support of

\ j the conclusion above.

Theoretically, it would be possible, of course, to drill production

I wells outside the discharge systems. However, as discussed in the section, 

"Conceptual models of hydrothermal systems," depths of thermal reservoirs

*J in areas of near-normal regional heat flow (/y2 HFU) might be as great as

{"] 5 or 6 km beyond present economic drilling depths .and the permeability 

at these depths might be insufficient to allow adequate rates of fluid

j ! production.
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Exceptions to the seemingly unfavorable prospects described above ' ; 

might occur at.favorable sites within broad areas of high heat flow, ^h H^ LJ
such as the Battle Mountain heat-flow high. For example, Buffalo Valley

j V

Hot Springs, a system within the Battle Mountain heat-flow high, the 

natural discharge of heat and water is small. However, owing to the above- 

average heat flow over a considerable area, depth of circulation 

of thermal water might be one half or less that in areas of "normal" 

regional heat flow. The thermal reservoir might therefore be within 

shallower, more permeable rocks or deposits. Furthermore, the reservoir 

would more likely be within economic drilling depths.

Thus, it would appear that, in northern and central Nevada, the 

most favorable targets for exploration are within broad areas of high 

heat flow, such as the Battle Mountain high, rather than the relatively 

restricted convective thermal systems in areas of "normal" regional heat flow.

n

L-
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