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A shallow but buried hydrothermal system with no surface discharge lies
between two centers of late Quaternary bi%atic eruptions, Soda Lakes and Upsal
Hogback, 12 km northwest of Fallon, Nevéda, Figure 1. Mr. Frénk]in Olmsted of
the USGS WRD has collected hydro]ogic'and thermal dataﬁt the the Soda
Lakes-Upsal Hogback area for seven years.‘ He has initiated but cannot
complete a detailed hydrologic/heat flow case study of the area:i:;;Lhas
offered ESL an opportunity to analyse his data and to complete the case study.
The study outline here may be the first of its kind and may generate interest

in continued exploration for non-electrical-generation applications of

geothermal resources.

ESL should pursue this opportunity for innovative research at an area
included in the on-going Industry Coupled Program. The Soda Lakes-Upsal
Hogback area is the only area in Northern Nevada under study with a large

hydrologic data base.

I worked in the field with Mr. Olmsted and several of his collegues from
the USGS during the March 12-15 trip of Carson City and Fallon. This trip
produced the following outline for an integrated earth scéences study of the
Soda Lakes-Upsal Hogback area. Mr. Olmsted has promised complete access to
the data he has collected and partially analysed during the last seven years.
They are avaiable at the USGS offices in Carson,City and Menlo Park. He

welcomes my offer to synthesize his data.

We agreed that the research should follow this outline:
1) Development of a conceptual model of the Soda Lakes-Upsal Hogsback

area. Each element of the model will consist of a distinct set of.
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~ lithologic, hydrologic, and thermal properties.

‘Refinement of the conceptual model . Many shallow wells will be

augered or drilled, logged, and pump-tested. The data from these
wells will be used to develop a stochastic model amenable to

numerical analysis.

The numerical model will be calibrated and used to define the heat

and mass transport-within a shallow, buried hydrothermal system.

I believe Task 1 is compatible with our Industry Coupled Program case

study.

It consists of detailing the variations in hydrologic, lithologic, and

thermal properties within the area as well as possible from the existing data

base.

Figure 1 shows the locations of approximately 75 piezometers (~225

wells) in the Soda Lakes - Upsal Hogback area for which the following data

have been gathered:

h)
i)

Lithologic logs

Gamma-Gamma logs

Neutron logs

Thermal gradient'lqgs

Thermal diffusivity calculations

Vertical hydraulic conductivity calculations
Water Table contours

Piezometric surface contours at a depth of 30 m

Geochemical analyses

The USGS is continuing to collect these data but are analysing only the



geochemistry. Arsenic has been reported in the area. They were interested in

my comments on ESL trace element findings.

‘From the lithologic and bore-hole logs I propose to define the
lithologies penetrated by each of theée wells. Some are less thatn 10 m deep,
others as deep as 500 m; most are 30 or 150 m deep. Once I know the lateral
distribution of the various lithologies, I can create a three—dimensiona]
model of the area. Figure 2 shows the variation in lithology seen at a depth
of 1 m in one small part of the study area. Morrison (1964) has mapped the

regional geology.

|
The general hydrologic setting in the Soda Lakes - Upsal Hogback area
have been presented by Olmsted et al, 1975, Olmsted, 1977, Mﬁff]in, 1968,

~ Glancy and Katzer, 1975,and Rush, 1972. Mr. Patri;k Glancy, USGS WRD, Carson

)
City, is finishing a detailed analysis of the three interconnected aquifer

systems near Fallon. Mr. Glancy has assured me his cooperation: his
hydrologic information will be encorporated into the conceptual model

developed in Task 1 and is summarized below.

The driving mechanisms for the groundwater system is thought to be
infiltration from re]easegfrom the Newlands Irrigation Project and
evapotranspiration. The infiltration recharge can be estimated from f1gures
provided by the Truckee-Carson Irrigation District or the USBR. The
evapotranspiration discharge is proportional to the density of pheatophytes,
particularly the greasewood plant, and the depth to the water table. &r.
Glancy>has mapped the phreatophytes in the Soda Lakes - Upsal Hogback area in

considerable detail. The data from the 75+ prezometer sites reveal the
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attitude 6f the water table.

Mr; Olmsted has measured the temperature at a depth of 1 m in all holes
drilled in the area. He has analysed his data to estimate the thermal
diffusivity of soils at many locations and haS determined the mean annual air
temperature.. These data can be used to determine the conductive heat flow in-
the area (Fovering and Goode, 1963; Lee, 1977). 1 propose to include these

thermal properties in my conceptual model developed in Task 1.

From these various data the model will be subdivided into several
elements, each characterized by a distinct set of lithologic, hydro]ogic,.and
thermal properties. This model will make it.apparent where there are lapses
in the data. Task 2 attempts to bridge these lapses. Task 3 produces a -

numerical simulation of the heat and mass-transport within the area.

Task 1 uses available data, will require only periodic short trips to
~Carson City and.Menlo Park and a portion of my time, and will produce a
.detailed thrée-dimensioha] model of a shallow but buried hydrothermal system

at an area being studies by the Industry Coupled Program.'

References available on request.



April 4, 1979
MEMORANDUM
TO: H. P. Ross
FROM: W. Frangos
SUBJECT: Initial Review of Soda Lake-Stillwater KGRA Magnetotelluric,
Resistivity, and Gravity Data

First-pass examination. of magnetotelluric and other geophysical data from
the Soda Lake KGRA yields some insight into the structure and configuration of
the area. 1 have also considered the relevance of the various‘geophysica1
techniques to the sorts of questions being posed concerning the case stddy;
The magnetotelluric results, in particular, require interpretation beyond‘fhat
presented by the contractor and by the USGS, since neither adequately
fecognizes the influence of three-dimensional resistivity configurations 6n MT

data.

The data examined includes:

1) 10 tensor MT sites surveyed by Geotronics Corp. in 1975 for Chevron.

2) 4 tensor MT sites surveyed by Geotronics Corp. in 1977 for Chevron.

3) 60 line-miles of dipole-dipole resistivity (A=2000 ft.) surveyed by
McPhar in 1973 for Chevron.

4) a simple-Bouguer gravity map and interpretation by R.R. Wahl dated
1965. ‘

5) 25 tensor MT sites surveyed by Geotronics Corp. for the USGS.



A evaluation of various physical influences upon electrical resistivity
with special reference to the Soda Lake-Stillwater environment is included in

the Discussion section.

Gravity

Gravity data throughout the Carson Sink and immediate surroundings were
gathered, reduced, and interpreted by R.R. Wahl as a student research project
at Stanford University. The lack of terrain corrections (for the complete
Bouguer reduction) is not of major significance to interpreting the data.
Wahl carefully considered rock densities in his two dimensional
interpretations, using ]aboratory determinations on samples as well as known

depths to bedrock.

Significant aspects of his interpretation include the discovery of a
buried bedrock ridge plunging southwestward from Lone'Rock, its highest point,
toward Fallon. This feature is apparently a small Basin and Range horst which
has been inudated by alluvium from the nearby higher ranges. Alluvium and
poorly consolidated sediments on each side of the horst are estiméted to
obtain thicknesses to 10,000 feet. Wahl interprets a basin floor dipping
southward away from Fallon at about 4 degrees; a simi]ar aspect to the west is
likely, supporting the general concept of an acurate system of structures
roughly concentric with Soda Lake tilting the basin floor down to the

southwest.

Galvanic Resistivity

The 2,000-foot gipo1e-dipole data generél]y show a resistive over



conductive geoelectric structure, the under1ying resiétivity often being about
2-3 ohm-m. Thickness and intrinsic resistivity of the upper layer are very
poorly defined by theﬁe results. Several places where the upper layer appears
to be missing may only be thinning zones (i.e., "absent" may only mean less
than, say, 300 feet thick). No shorter spacing information was gathered to
clarify this iséue. At no point is there any indication of underlying

resistive material.

At one point the contractor's report interprets upper layer resistivity
to be about 80 ohm-m. The data appear to me to be poorly suited to such

inference, and the MT results generally contradict this conclusion.

Efectromagnetic coupling effects for the dipole-dipole array on a
two-layered earth can be severe when the upper layer is more resistive than
the lower. Us%ng results computed previously (Frangos and Stodt, 1977) I
estimate that the apparent resistivities presented by McPhar may be low by as

much as a factor of two at the longer separations.

Geologic significance of the thinning of the upper layer is posgibly the
upwelling of hot, saline waters from a deep reservoir. Figure 1 (reproduced
from Olmstead, et al, 1975, Figure 13) presents a hypothetical cross section
illustrating a plausible temperature distribution around a fluid flow system
postulated for the Stillwater thermal area. Hot, low-viscosity water above
the vertical "fault conduit" may cause the shallow regions to-be more

conductive than otherwise.
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A NE-SW alignment of shallow 6onducfiVé zones is noted by McPhar roughly.
paralleling the projection of th;-buried ridge intefpreted by Wahl (1965).
Thus the Basin and Range structures may be the conduits confro]]ing thermal
water flow in this area. An alternative geo]ogfc explanation is that the
alluvium may have a higher clay content in the depositional centre of the
basin than nearer the margins. Such a configuration would cause a lower
resistivity upper layer (due to intergranular surface conduction) incidental

to geothermal activity.

Magneto-telluric Surveys

Thirty-nine tensor MT soundings have been taken in the Soda Lake -
Stillwater KGRA by Geotronics in four different surveys. Data packages and
interpretations vary greatly between these surveys, but similar gatherihg and
processing methods are helpful. Three of the four data set have been inverted
into discrete layered earth (i.e., one-dimensional) models, one (the 1975
Chevron data) using a parameter estimation technique and the two USGS surveys
using a generalized linear inverse method. The only inversion results
explicitly available are Chevron's; the USGS presents only grouped,
interpreted cross sections. Both the 1975 and 1977 Chevron surveys have been
inverted to a continuous resistivity vs. depth function via Bostick's "little

inverter."”

All of the one-dimensional interpretations have been assembled into
pseudo-two dimensional ‘cross sections by simply connecting common points
between stations arranged as a profile. As a first-paés procedure, this

technique yields plausible and probably useful information. MNeither the



inferred structures nor the interpreted depths have particular credibility,
however, since three-dimensional structures have been shown (Hohmann and Ting,
1978) to cause major deviations from onejdimensional interpretations. Perhaps
surprizingly, the scale of lateral inhomogeneities giving rise to unwanted
three-dimensional effects is quite large, such that the Soda Lake Region is

not adequately one-dimensional below fﬁequencies of ‘about 0.3 Hz.

A remarkably similar geo-electric section is observed on each MT
sounding, with only minor deviations. The resistivity sequence from the
surface down is moderate, low, moderately high, and very low; typical values
determined by discrete-layer one-dimensional inversion methods are 20, 3, 50,
and 0.5 ohm-meters, respectively (see Figure 2). Stanley et al (1976, e.qg.,
Fig. 6) tentatively assign the following geologic significances to these

inferred layers:

first layer Aeolian sediments & ashes

]

second layer = Quaternary playa sediments

third layer Tertiary volcanic rocks

basement Tertiary and pre-Tertiary sediments

The apparent basement is then interpreted to be a high-temperature, very
saline geothermal reservoir. The first Geotronics interpretative report to
Chevron concludes that the deep conductive region is a magma chamber,
reasoning that "molten rock is the only material that deep (i.e., 8-10 km) in
the earth Tikely to have such a high conductivity.” Both these
interpretations are dubious. The shallow regions are genéra]]y poorly

resolved in these data. Although the instrumental passband permitted analysis

up to frequencies of 256 Hz., few data sets yield acceptible coherencies
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(i.e., > 0.8) above 70 or 80 Hz and many go no higﬁer than 40 to 50 Hz.
Accordingly, the high frequency asymptotes are often poorly defined, requiring
arbitrary fixings of parameters in the inverse solutions. Generally, the data
meeting the coherency acceptance criterion are numerous but poorly grouped; a
great measure of subjectivity is invqlved in hand-smoothed curves fit by the
inversion routines. A notable exception occurs in the 1977 Chevron survey,
where acceptib]e'points in the spectral region 0.1 Hz to 10 Hz are extremely
rare. The interpretation of resistivitiés in this region (corresponding to
the interval from about a few 100 metres to a kilometre) is very subjective,
often without substantial support in the data. Apparently the smoothing
procedure is performed assumming that all errors are random since no
systematic errors are mentioned and the curves seem to be drawn for best fit
without bias. Figure 3 presents a typical suite of Fourier component
resistivities passing the coherency criterion and the smoothed sounding curve

derived from it. This example is drawn from the 1975 Chevron survey.

The possibility must be raised that the modes have been identified
‘incorrectly on some of the soundings. This may readily be a consequence of
three-dimensional resistivity environment wherein the usual terms TE and TM
.tend to lose their meaning. The TE mode is generally the more conductive and

yet a number of soundings show a lower TM resistivity.

After discussion with Phil Wannamaker (University of Utah Geology and
Geophysics Department), it seems unlikely that the omnipresent deep conductive

1 . . .
zone is either a geothermal reservoir or a magma chamber. Instead, because

near-surface three-dimensional inhomogenities tend to cause an upward bias of
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interpreted depth, it seems moré probable that the very conductive material is
the upper mantle. Wannamaker (verbal communication) says that depths
estimated by one-dimension fits are frequently shallow by a factor of 2-3 in
three-dimensional models he has computed. Such error in these data would be
approximately correct for the thickness of the crust in western Nevada

(roughly 15-20 km).

One poséib]e indication of a deep heat source might be a conductive
portion of the resistive layer. The data were examined for such a feature and
no clear evidence for one was found. The problem may be that, since this
layer is not thick enough to reach its asymptotic resistivity, we are always.
dea]ing with a conductivity-thickness product. MT cannot differentfate
between thin portions and conductive portions of resistive layers without

asymptotic values.

Discussion

In evaluating electrical surveys of geothermal areas, it is worthwhile to
consider the»phenomena which effect electrical properties changes in order to
understand the significance of any interpretation. In general, electrical
methods are employed on the premise that four phenomena associated with
geothermal systems all tend to produce anomalously conductive rock in or near
the system. These effects are i) heating of pore fluids, ii) increased
salinity of pore fluids, iii) increased porosity (or rather, permeability) due
to wall-rock alteration, and iv) increased clay content due to wall-rock
:alteration prbducts.. With reference to the Soda Lake-Stillwater KGRA, it

appears that pore-fluid heating may be the only significant effect, the latter



three being outweighed by other variations within the system. Etach effect is
briefly examined below with special reference to its applicability in the Soda

Lake-Stillwater system.

Saline solutions become more conductive as they are heated largely due to
a decreaselof viscosity which leads to increased mobilities of the
charge-carrying ions. At higher temperatures the effect is reversed since the
number of ions available decreases due to ion association. Figure 4,
generalized from Quist and Marshall (1969), summarizes this phenomenon for
water with a salinity of roughly 700 milligrams/litre. It is readily apparent
that a resistivity decrease by a factor between 4 and 10 may be expected due
to heating effects alone in the Soda Lake-Stillwater system. Fluid
temperature ranges based on drillhole measurements and geochemical inferences
might be 20°C to 100°C on the low end or 0°C to 150°C on the high. The
shallow conductivity variations mapped by the dipole-dipole survey may thus be

due to temperature differences of near-surface groundwater.

Note that for hydrostatic head, i.e., unconfined water such as probably
exists here, fluid pressure increases at roughly 100 bars/km, and temperatures
of 300-4000C at depths of 2-3 km would result in relatively resistive
material. Stanley et al (1976) hint at such temperatures and a linear
extrapolation of temperature and gradient observed at the bottoms of holes
1-29 and 44-5 comes near to 300°C at depths of 3 km. This speculative
mechanism wou]d‘provide an exp]ahation for several aspects of the remarkab]y
uniform geoelectric section observed in the MT data over this demonstrably

heterogeneous and. structurally complex area, in addition to misinterpretation
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due to three-dimensional effects.

Salinity of the pore fluids has a direct influence on their conductivity,

since
J fluid = & % "oy 2§
where
N; = number of ions of ith species present
Z; = valance of ith species
X = proportionality constant incorporating various physical

constants and water properties
the summation is taken over all species present

In many geothermal systems, the hydrothermal fluids are considerably more
saline than other nearby fluids. At Soda Lake-Stillwater such may not be the
case however. This is the basin for a large region of internal drainage and
the remnant of a Pleistocene lake and the groundwaters are naturally quite
saline. Soda Lake, for example, has salinites to 61,000 milligrams/litre and
. well waters are reported in the range 600 to 6,000 mg/1 (OIlmstead, et al,
1975).

Fresh water influx from surface sources and outflow to the even more
saline Carson Sink complicate the situation, making groundwater salinites

variable independently of the geothermal waters.



Increased porosity greatly enhances conductivity as expressed in the
familiar Archie's Law

7
CT'rock o water 525

where

]

= conductivity

[t}

g
55 porosity

= an empirical parameter dependent upon petrofabric,

usually in the range 1¢ m £2

In systems of uniform natural porosity, hydrothermal dissolution of rock
matrix can produce anomalous conductivity increases through porosity effects
alone. Soda Lake-Sti]]water rock porosities are innately highly variable.
The Tertiary and Quaternary sediments are terrestrial deltaic and lacustrine
deposits with a large range of porosities on all geometric scales. Dikes,
sills, and intercollated volcanics further complicate the situation. The
basement rocks, being largely volcanics, are also predictably inhomogeneous.

Thus porosity variations are anticipated to serve poorly as a guide to

hydrothermal sources and reservoirs at Soda Lake-Stillwater KGRA.

Clay content is also anticipated to have a poor spatial correlation with
hydrothermal activity for reasons similar to those cited for porosity. Clay
distribution is predominantly due to sedimentary processes, not hydrothermal
ones. Clays increase rock conductivities by allowing surface conduction
between ion exchange sites within their 1attfces. Waxman and Smits (1968)

give the following formula for the influence of clays on rock conductivity.



T rock = 75'“(6fﬁater + BQv) 4
where, in "practical units", B = 3.83 {1-0.83e'1/2 a_wate_'}
where

a, ¢,¢+ t» are as in Archie's Law
and

Qv = jon exchange capacity of a rock in e$uiva1ents per litre of

pore volume, dependent upon types of clays present and

to the amount of each type
In regions of highly conductive pore waters, the clay content may dominate
rock conductivity. Assuming a plausible 1 ohm-m for fluid resistivity at Soda
Lake-Stillwater, variations in the second term in the above formula will be
twice as important as variations of the first. Waxman and Smits (1968) report
Qv values ranging over a factor of 200 (i.e., from 0.01 to 2.0), which is of
the same order as the range of water conductivities. Thus rock resistiyities

may be expected to be as strongly influenced by irregular sedimentary

variations as by thermal effects at the Soda Lake-Stillwater KGRA.

2, Fresewger

W. Frangos

WF /smk
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PHILLIPS PETROLEUM  COMPANY

DEL MAR, CALIFORNIA 92014
BOX 752 714 755-0131

NATURAL RESOURCES GROUP
Energy Minerals Division
Geothermal Operations

December 28, 1977

Dr. James A. Whelan

Department of Geology & Geophysics
University of Utah

Salt Lake City, Utah 84112

Dear Jim,

Enclosed is the reference list you requested for the
Fallon area. Bob Forest, Manager of our Reno Office, has
informed me that there is very little published information
available.

If you have specific questions about the Fallon region,

you might consider calling Bob as he has worked ihe area
for many years. _

Very truly yours,
N Q\*&Q
. Lo, Richard C. Lenzer
Geologist
RCL/dhk

Enclosure



4

SELECTED REFERENCES

FALION ARFA, CHURCHILL COUNTY, NEVADA

Billings, W. D., 1945, The plant associations of the Carson Desert region,
western Nevada: Butler Univ. Bot. Studies, ve. 7, pe 1-35.

Byerly, Perry, 1956, The Fallon-Stillwater earthquakes of July 6, 1954, and
August 23, 1954: Historic Introduction: Seismol. Soce. America Bull.,
Ve l+6 pc 1"[&00 '

Ferguson, H. G., and Cathcart, S. He, 1924, Major structural features of some
western Nevada ranges: Washlngton Acad. Sci. Jour.! Ve 14, no. 15, ps 377.

Garside, L. J., 1974, Geothermal exploration and development in Nevada through
1973: Nevada Bur. Mines and Geology Report 21.

1973, Water for Nevada (The Future Role of Desalting in Nevada)
Nevada State Engineer's Office.

Hance, J. H., 1914, Potash in western saline dep051ts. U. S. Geol. Survey -
Bull. 540, p. 457-469. '

Hewett, D. F., 1924, Deposits of magnesia alum near Fallon, Nevada: U. S.
Geol. Survey Bull. 750, p. 79-86.

Knapp, S. A., 1898, Occurrence and treatment of the carbonate of soda deposits
of the Great Basin: Mining and Scientific Press, v. 77, pe 448,

Lintz, Joseph, Jr., 1957, Nevada oil and gas drilling data, 1906-1953:
Nevada Bur. Mines Bull. 52.

MacDonald, J. R., 1950, A note on the age of the Truckee formation: Am. Jour,
Scie, Ve 248, p. 581-583.

Morrison, R. B., 1964, Lake Lahontan: Geology of southern Carson Desert,
Nevada: U. S. Geol. Survey Prof. Paper 40l.

Morrison, R. B., 1952a, Stratigraphy of Lake Lahontan and associated Quaternary
deposits in the Carson Desert area, near Fallon, Nevada (abs.): Geol. Soc.
America Bull., v. 63, no. 12, pt. 2, p. 1367.

1952b, Late Quaternary climatic history of the northern Great Basin
abs.): Geol. Soc. America Bull., v. 63, no. 12, pt. 2, p. 1367.

1958a, Stratigraphic sections, auger-hole logs, soil-profile sections, .
and driller's logs of wells drilled for water, oil, and natural gas in the
southern Carson Desert area, near Fallon, Nevada: U. S. Geol. Survey
open—file report.

1958b, Late Quaternary stratigraphy of the southern Carson Desert
Fallon) area (abs.), in Problems of the Lake Lahontan Basin- a symposium:
Nevada Unive, pe L4—7T.

1958c, Geology of Hidden Cave, near Fallon, Nevada, in Great Basin
Archeol. Conf., 5th,Nevada Univ., Abstracts (mimeo.).

1961a, Lake Lahontan stratigraphy and history in the southern Carson

Desert (Fallon) area, Nevada, in Short papers in the geologic and

hydrologic sciences: U. S. Geol. Survey Prof. Paper 424~-D, p. D111-D114.



Page, B. M., 1965, Preliminary geologic map of a part of the Stillwater Range,
" Churchill County, Nevada: Nevada Bur. Mines Map 28,

Papke, Keith G., 1976, Evaporites and brines in Nevada playas: Nevada Bur.
Mines and Geology Bull. 87.

Phalen, W. C., 1919, Salt resources of the United States* U. S. Geol. Survey
Bull. 669.

Russell, I. C., 1885, Geological history of Lake Lahontan, a Quaternary lake of
northwestern Nevada: U. S. Geol. Survey Mon. 11.

Schilling, J. H., and Garside, L. J., 1968, Oil and gas developments in Ne@ada,
1953-1967: Nevada Bur. Mines Report 18.

Schrader, F. C., 1947, Carson sink area, Nevada: U. S. Geol. Survey open-file
' report} may be consulted at Mackay School of Mines, Univ. of Nevada, Reno.

Schrader, F. C., 1947, Geology and ore deposit§ of the Carson Sink quadrangle,
" Nevada: U. S. Geol. Survey open-file report.

Slemmons, D. B., 1956, Geologic setting for the Fallon-Stillwater earthquakes
of 195L4: Selsmol. Soc. America Bull., v. 46, no. 1, p. 4=9.

Stanley, G. M., 1949, Elevations of some Lake Lzhontan shorelines (abs.): Geol.
SOC. America Bu].].., Ve 60, Pe 19145.

Steinbrugge, K. V., and Moran, D. F., 1956, Damage caused by the earthquakes of
July 6, and August 23, 1954: Seismol. Soc. America Bull., v. 46, no. 1,

p. 15-33. :
Strahorn, A. T., and Van Duyne, Cornelius, 1912, Soil Survey of the Fallon area,
Nevada: U. S. Dept. Agriculture, Field Operations of Bur. Soils, 1909,

pe 1477-1516. _
Willden, Ronald, and Speed, Robert C., 1974, Geology and Mineral Deposits of
Churchill County, Nevada: Nevada Bur. Mines and Geology Bull. 83.

Wilson, Roland V., 1965, Bibliography of graduate theses on Nevada geology:
Nevada Bur. Mines report 8.



OREGON

IDAMHO

SOLDIER MEADOW ©

FLY RANCH

-

. Q
SAN EMIDO DESERT

t

P ———
SFLY RANCH NORTHEAST
& TREGO
® GERLACH
NORTHEAST ©
GERLACH

©BALTAZOR HOT SPRINGS

°PINTO
HUMBOLDT

O DOUBLE HOT SPRINGS

RYE
PATCH

o
LEACH

[+
FERSHING me

COLADO
DIXIE VALLEY L

BRADY-HAZEN

MOANA SPRINGS
STEAMBOAT SPRINGS

o

[CoUuGLAS]
CARSON CITY]
STOREY

STILLWATER- '
SOOA LAKE
SALT WELLS
BASIN
OwABUSKA

D2MO 2D

l o ELKO HOT SPRINGS

SEOWANE 0 RUBY VALLEY

o
HOT SPRINGS POINT

MONTE NEVA
©

(WHITE PINE]

PXMY$CM

WILSON HOT SPRING

ESMERALDA

0 50 100
]
MILES
0 50 150
ot =
KILOMETERS

KNOWN GEOTHERMAL RESOURCE AREAS

IN NEVADA

WARM SPRINGS

o
DARROUGH HOT SPRINGS

NYE

LINCOLN

Ip»+4C




R 2 VENE /7wz; /] wiezial Ll oy
: ) 2 ¢ / //é p ,25)’
//nvn W.,MZ ,4/7/_/4 5; Ao~ gAfa . a
Dn/wé/,; Wﬂi&f ;5 7 //n.r, u’f /e V'(/n /f/nd 23/3
L5
' § .
{ 3!
Wx,ma/ /40 Tees J'dl.r.y{‘n a7 Ia;Ja Lo Ke
Fetry vl ,/"L-
) )+ | GR
:F . - N ‘ c e B ; ‘q .

et Adams W ]L, é944> Chemlcal/’&nalysis of,M/nicipal w f

: // L Water .Supplies, Bottled aneral W’aters and :

" Hot Sprlngs Nevada: Pub.«—Seiz._Dlv-—,—-Um:v- -
.,' of Nevada Dept.- of—-FooéﬁandvDrug's« .

L
N

;L A/ L{/ “7/:/ D?ftafF :/am/DAg,

f ) 2.4 T /“ v' I\lf it J,

i— . 'h- .

: v ;
L a
L ,_' X P S A s SN

3
f

' iner R. H Presser, T.S., Rapp, J.B., and Willey, L.
/Mar M. (197145 Chemical properties of some of the major
T{\ . hot springs of northern Nevada [Abst]: GSA Abs. with
' Prog., vol. 6, no. 3, p. 214.

7

NOm G
j\l ’S‘ /‘) ’rﬁ:’ ‘:‘:‘C""Lﬂ ces ///Z? l’ﬁry

N\ ' M!’Ni )Jlllgvﬁ-v\/
LG ey Geeslde



/ﬂﬁ\ Huxel, C. J~//(l96ﬂ),ﬁﬂﬁﬁﬂ;'Ground,wééer in Mason R

Valley, Lyon County, Nevada: Nev=Dept.. of G&NR,

BukrNow 38" Newol Lo, Gonsersi.oud N,
[Cesonitos (ster /ﬂ?c’faaw.r L. 38.

- . TRy TV TR TR T AU TT Y Y s e e TNy s AL ay .
M Koemg, J.B., Anderson, D.N., and Huttrer, G.W. (1975)

Exploratlon and_development of geothermal resources

in the United Mgmtes 1968-1975: Broe=2rd United

Nations Symp7-én +ke Devel. and Use of Geothermal

Resources %n5an Franelsco, €atifrs=iag=2027, 1975,
.Rg;' ’V 1 p. 139—-1’42

AG'

QééVV{;_A%ﬁ%é 4?2“A¢“54W4

&l

v

P — e

e s e _._-__.._._-—.—_-—.ﬂ

M — Koenlg, J B (1971) Geothermal exblor'ation in the

, western United States: = Geothermics, Spec. Issue 2,
e . v. 2, pt. 1, p. 1-13.

5 <PS




