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D

bstract

Infiltratino waters take from 24 weeks to less than
two weeks to reach the watertables of individual thermal
systems. based on temporal variability of physical and
chemical parameters. Steamboat and Walley’s hot springs
showed nearly instantaneous responses to precipitation
events; converssly, Farad and Saratoga hot springs
showed lacoged responses of six to 24 weeks respectively.

Chemical and isptopic variability suggessts that
thermal waters have appreciable near-surface mixing,

es to

i

particularly at springs that show rapid respon
precipitation events.

Stable isctopes of oxvygen and hydrogen ranged from
—16.3 to —11.9 and —132.0 to —102.0 respectively,
implyving that recharge waters are derived from widely
varying elevations. The thermal systems derive most of

their rechargs from the Sierra Nevada.
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Introduction

Furpose

Fhysical and chemical data were collected from
September, 1987 to August, 1984, for six hot springs and
two flowing wells along the esastern maragin of the Eierra
Nevada. This study was initiated to further understand
the hydrology and geochemistry of thermal reservoirs,
utilizing a time—-series approach.

To better understand the physical and chemical
controls on each reservoir, it was necessary to study the
geclogy at each spring site. Approximately three sguare
miles were studied at each site for major lithologic
changes and structural controls. This geologic
information was used to justify the individual spring
characteristice and to show the physio-chemical
eimilarities and differences of the springs studied.

Temporal isotopic (7*®0 and &D) variabilities were
investigated toc determine reservoir stability and recharge
characteristics. Time—-series statistics were used to
approximate infiltration rates in the unsaturated zone, to
determine interrelaticnships between measured variables,
and to determine which variables are best correlated to

spring flow.



Frevious Time—-series Work

Time—-series analysis of hydro—geochemical data have
been carried out in several carbonate spring systems;
however, little work of this kind has been done on springs
in igneous and metamorphic terrains. Many significant
relationships have been developed from studies by Bateman
(1970), Shuster and White (1971), Jacobson (1974),
Babuskin, et al. (19753). and Johnson (1280). General
spring discharge characteristics have been modeled and
discussed by Mero (1963%) and Bear (1979).

Many time—series isotopic studies have been conducted
to determine recharge-discharge characteristics and
resonance time relationships. Studies of interest have
been presented by Fontes (1980), Stewart and Downes
(1980), and Gross, et al. (1980).

Studies related to the individual areas are covered

in the introductory information of each spring chapter.
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Methods and Frocedure

Introduction

Spring data were collected from September, 1983 to
August, 1984, totaling F12 samples. Field measurements of
flow, temperature, and pH were made and water samples were
collected on each data collection date (at least
biweekly). Laboratory measurements of pH and specific
electrical conductivity (EC) were made and analyses for
bicarbonate. chloride, and calcium ions were performed on
152 samples (26 samples were also analyrzed for sodium
ions). Historical chemical analysis results were gsed in
the computer program "WATEGA" and in several chemical
geothermometer equations. General statistices were
calculated, such as, m=an, standard deviaticon, and
coefficients of variation, and time—series analyses
(crosscorrelation and lead-lag multiple step-wise
regression) were applied to the temporal data. Geologic
field mapping was conducted to determine the major
lithologic contacts and to determine potential structural

controle for the springs.

Field Methods

Flow measurements were made with a 146 liter bucket

and a stop watch at Farad and Walley®s Hot Springs, and at



two flowing wells in Washoe Yalley. Relative stage
measurements were made at Steamboat and Frison Hot
Springs. V-notch weirs equipped with Stevens Type-F
continuous recorders were used at Bowers Mansion and
Saratoga Hot Springs (30° V-notch and 90" V—-notch
respectively). The weirs were constructed of 2/4 inch
thick plywood and a stainless steel V-notch was screwed to
the wood to insure a sharp crest. OStage at the V-notch
center was measured {(feet) and converted to flow with the

following equation (Daugherty, et al., 1977):

FLOW (lpS) = E(e)*tane/z*hﬁfﬁﬂcgnvs
ct0) = 2.5 1F 9 = BJ0° ar
c(e) = 0.67 if 8 = Z0°

# = V-notch angle,and
conv = 28.32 lps per cfs.

Temperatures were measured with a mercury thermometer
(0 to 100°C). The measurements were taken in the hottest
parts of the springs and the thermometer was allowed to
equilibrate before readiﬁg

A digital Corning pH meter was used for pH
measurements; recalibration was performed at each site
with two pH buffers: 6.86 and 9.18. The buffers were
placed in the spring water until temperature eqgquilibration
was reached. If pH measurements varied substantially from
previous measurements, then the meter calibration was
checked.

Two water samples were collected for major ion
analysis in plastic screw-cap bottles at each site (500 ml

each). Neither sample was acidified or filtered. One



sample was sealed with black electrical tape to insure
minimal contamination and atmospheric eguilibration. The
other sample was brought back to the laboratory and
analyzed for pH, electrical conductivity, and bicarbonate
ion.

An isotope sample was collected at each site in a 10
ml glass wvial with a teflon coated cap. These samples

were also sealed with black electrical tape.

Analytical Proceduress

Laboratory measuwrements of EC were made on each
sample with a Y81 Model 27 conductivity meter. A
calibration curve was established with known conductivity
standards. and all measurements were corrected toc 25°C.
Readinags near S00 Hmhos/cm were corrected for a meter
scale shift; this was only necessary for samples from
Frison Hot Spring.

Laboratory pH meEasurements were made using the same
equipment and technigue as the field measurements, but the
sample temperatures were uniform (24 to Z8°0C).

Bicarbonate ion values were measured {for each sample.
S0 ml of sample was titrated with .02 normal H=S0a and a
pH probe was used to monitor the maximum pH shift (HCO=—
intlection point).

The remaining ions were analyzed in the water
analysis laboratory of the Desert Research Imstitute.

Only the byweekly samples were analvyzed for chloride,



calcium, and sodium ion concentrations. Analytical error
ranged from % to S percent.

Chloride concentrations were measured for 154
samples, by a colorimetric method. Standards, spikes. and
duplicates were used to calibrate curve fitting routines
used to calculate the actual sample concentrations (EFA,.
Method 228.1).

Calcium concentrations were measured for 154 samples
and sodium concentrations were measured for 26 samples by
Atomic Absorption Spectrometry. Standards., spikes. and
duplicates were also used for calibration (EFA. Method

27%.1) .

Computational Frocedures

The computer program "WATEQ" was primarily used to
calculate mineral saturations, cation to anine balance,
and pCO0=. This program is basically designed for low TDS
water, under 75°"C: therefore, the "WATEG" results are anly
approximations. One must alsoc keep in mind that just
because a mineral is over saturated, it will not
precipitate i+ the sample does not plot within the
specific mineral field on the appropriate phase diagram.

The program produces mineral satwation information
such as iap/kt (ion activity product / equilibrium
constant), log iap/kt. and mineral phase. Values of
iap/kt greater thamn 1.0 and log iap/kt greater than 0.0,

sugagest that those minerals are over-saturated:



conversely, values less than 1.0 and 0.0, respectively,
are presumably undersaturated.

The cation to anion balance is calculated by dividing
the sum EFM cations by the sum EFM anions. If this value
is close to one then the analysis is assumed good, or at
least no cmnétituents were overlooked.

The partial pressure of COz is computed with the
following relationship:

pCO= = aHzC0x/Keon,
where, aH=2C0= is the activity of carbonic acid and keco= is
the egquilibrium constant for CO=. Samples with calculated
values above atmospheric pCO=z (-Z.5) will loose CO= (gas)
to the atmosphere, increasing the pH; the reverse is also
true.

Frogram D.3 was also used to calculate pCO= values
for the temporal data. These values were calculated as a
function of EC. pH. temperature, and bicarbonate ion
concentration from the following squation:

aH ¥ aHCO=

pch = -

i0—pkEOD2 % {()—pk1

The program is described in detail in Appendix D.

Twelve chemical geothermometers were applied to
historical chemical analysis results (see appendix C for
equation lists). These equations have been developed
through laboratory experimentation, and by thermodynamic
and kinetic relationships.

It is sometimes difficult to choose the best chemical

geothermometer for a thermal reservoir; the approach used
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in this study was to apply all of the geothermometers in
program D.1 (appendix D) and then throw out thg values
that were meaningless. bGenerally for low—-flow springs
(less than 200 lpm) certain assumptions should be made
(Fournier, et al., OFR):
1) use geothermometers that assume conductive
cooling, particularly for non—-boiling springs,
2) consider the possibility of mixed waters of
differing temperatures,
Z) indicate that temperatures calculated by
conductive cooling are likely to be a minima, and
4) if the Na—-kE-Ca geocthermometer shows a temperature
areater than 25°C, assume mixing water conditions.
The stable isotopes of Hydrogen (H* Frotium and H=
Lor D1 Dueterium) and Oxygen (*®0 and te), listed with
the temporal data in this study, were analyzed on the mass
spectrometer at the Stable Iscotope Laboratory, Desert
Feserch Institute, Las VYegas, Nevada. All values are
reported in del (&) notationm in units of per mill (%) and
were calculated with the following equations:
(D/H) samerLe=~ (D/H) sMmow

aD = X 1000,
(D/H) smow

(*®0/1e0) gamemLe—( 20/ 1e0) amow
!_’I“"D — * ICJOC’.

(130/1'&.0) sSrMOW

where SMOW is a standard ("Standard Mean Ocean Water").

Statistical Methods
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General statistics such as mean, standard deviationy
and coefficient of variation were calculated for each
variable. The following equation was used for the
coefficient of variation:

Standard Deviation

Coef. Variation = ¥ 100 (unitslC % 1),
Mean

and is expressed — percent variation. This statistic is
important for justifying interpretations of temporal data.

A crosscorrelation routine was applied to the data to
measure the interrelationships of the variables (Davis,
FROG 5.2, 1973). This program calculated the correlation
coefficient and t—statistic at each lag position, so a
predominant lag between two variables can be determined.
This technigue loses two degrees of freedom when
calculating the t-statistic, or n—2; where n equals the
number of matches or pairs of observations. The null
hypothesis in this case is correlation equals zero:

He : correlation = 03

therefore, the t-statistic is a two-tailed test.

EXAMFLE 1: Farad Hot Spring. Flow vs. Temperature
zero lag position

correlation = -.72
computed t = —-5.050
He : correlation = 0

Ha : correlation # 0O

o= .10 (,05 in each tail)
n = 246 matched positions
t(24,.10) = + 1.71

The computed t (-5.050) exceeds the t(24,.10);
therefore, reject the null hypothesis and assume
that the correlation is not equal to zero, within a
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10 percent chance of making a type one error.
The t-statistic allows a measure of correlation validity,
but the actual correlation interpretations require some
sub jectivite judgements.

Lead=1lag multiple step—wise linear regression was
applied to the data, in an attempt to produce a meaningful
predictive linear equation for each spring. This routine
initially uses crosscorrelation technigues to find the
best lagged positions between a dependent variable and
several independent variables. Data points are then
removed from the front of each variable string so that the
data is oriented to a maximum correlation position: in
other words, the leads and lags are removed from the
variable strings. At this point multiple step—wisg linear
regression is applied, and a linear equation is produced.

The linear equation is produced in a step-wise
fashion in that independent variables are considered in
the equation one &t a time. The variable of highest
correlation, at any lagged position. is entered first, the
variable of second highest correlation is entered second,
and so on. An F-value (analysis of variance) and a
t-statistic (analysis of regression coefficient validity)
are calculated, so the equation validity can be monitored
as each variable is entered.

The analysis of variance (F-test) is calculated with
the following equation:

MS&

MSp



-
-t

where MS5r is the mean squares due to regression and MSo is
mean squares due to deviation. This test automatically
loses one degree of freedom or n—1, where n is the number
of observations after points are removed from the data
strings. The null hypothesis in this case is lack of fit
between the regressed points and the real points.

EXAMFLE 2Z: Farad Hot Sprinag
Flow is described by Cl1—, HCOx—, and EC

Calculated F—value = 18.335
He = lack of fit

Ha = good fit

of = .01 (one tailed test)
n = 14

degrees of freedom
regression deviation F-value

1 12 .23

2 11 T2l

S 10 b6.95

4 4 6. 42
in this case dfreEsreEssion = I,
and dfpeviaTtion = 10

F-value critical = 6.55
The computed F-value (18.335) euceeds F(Z,10,.01);
therefore, reject the null hypothesis and assume that
the independent variables adequately describe flow.
within a 1 percent chance of making a type one error.
The t—-statistic tests for regression coefficient
validity. This test is identical to the t-statistic

described previously for crosscorrelation coefficient

validity (see example 1).

Geologic Field Methods

Geologic mapping was primarily conducted during the

spring and summer of 1984. Major lithologic changes and
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structures near each hot spring were mapped to further

understand the hvydrogeologic interrelationships. Agueous
ageachemical interpretations were also based on the ‘
flowpath minercleogys. Mapping was generally conducted at

1: 24,000 scale, and should be considered reconnaissance.



Regional Environment

Location

The study area is located along the eastern flank of
the Sierra Nevada Mountains, extending over 80 km from
north to south. This geologically complex area contains
about 11 geothermal areas (Stewart, 1980); however, only
six will be described in this study (figure 1). The
springs covered in this study are as follows:

Farad Hot Spring - Sierra County, California
Steamboat Hot Springs - Washoe County. Nevada
EBowers Hot Spring - Washoe County. Nevada
Frison Hot Spring - Carson City, Newvada
Saratoga Hot Spring - Douglas County. Nevada
Walley®s Hot Spring - Douglas County, Nevada

All of the springs are accessible year-round, either
directly from the highways or via well maintained side
roads. Detailed locations and accessibility descriptions

are covered in the site—-specific introductions.

Geomorphology

The Sierra Nevadan crest ranges from 1,219 to 2,262 m
and extends for 644 km. The Carson Range parallels the
Sierran crest and forms the eastern flank of the Sierra

Nevada Mountains within the study area. This crest varies



‘ WALLEY'S HOT TI{\

Figure 1. Iocation Map
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from 2,124 to 3,048 m and has a very severe relief, with
slopes of I5 degrees. Near the southern portion of the
study area the Genoa Fault scarp is guite apparent,
suggesting the relative youthfulness of this eastern
escarpment.

The Virginia Range and the Fine Nut Mountains make up
the mountains on the eastern side of the study area.

These mountains vary from 1,828 to 2,742 m high and have a
relief similar to the Sierras.

A series of valleys lie between these mountain
complexes, paralleling the north-south trending mountains.
The valleys are, from north to south. the Truckee Meadows.
Washoe Valley, Eagle Valley, and Carson Valley. The
valleys are filled with thick terrestrial sedimentary
sequences and have elevations from 1,311 to 1,433 m (USGS,

map., 19271).

Geology

The study area is located at the boundary between the
Basin and Range Provence and the Sierra Nevada Frovence.
The Basin and Range Frovence covers most of Nevada. and is
characterized by a series of north—trending mountain
ranges separated by alluvial valleys; generally these
sub—-parallel valleys are accounted for by intense
extensional block—faulting (Stewart. 1980). Generally,
the lithology in the southern and eastern portion of

Nevada is predominantly carbonaceous and sedimentary,
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while the northwest portion of Nevada is largely
metamorphic and volcanic.

The Sierra Nevada physiographic provence extends for
approximately 640 km along the California - Nevada border.
This provence is composed of predominantly igneous and
metamorphic rocks: granitic rocks from the Sierra Nevada
batholith constitute about &60% of the exposed rocks
(Norris, et al., 197&6). The Nevadan 0Orogeny
(Mid—Jurassic) produced deformation and uplift of the
sub jacent trocks (volcanics and metasediments) and formed
the Nevadan Mountains - site of the modern Sierra Nevada
(Nortris, et al., 1976).

Granitic intrusives associated with the Sierran
batholith extend into the Basin and Range Frovence,
producing contact and regional metamorphism. Likewise,
block—faulting extends into the Sierra Nevada. The study
area is entirely within this transition zone and is
geologically complex; therefore., local geologic
descriptions will be covered in the site-specific

sections.

Climate and Vegetation

The temperatures in the study area are similar to
those throughout the Northern Basin and Range, with
temperatures ranging from -30 to 10°C in the winter and 12
to Z8°C in the summer (National Weather Service).

Frecipitation predominantly falls in the form of snow
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in the Winter and as rain in the Summer. The snow pack in
the higher elevations can be up to 4,000 mm, while the
valleys may have 0-100 mm. The average precipitation for
the area is about &690-7560 mm in the Sierra Nevada., Z50-300
mm in the Virginia Range and Fine Nut Mountains, and
170-230 mm in the valleys.

The heavier precipitation in the mountains sustains
heavy conifer forests, consisting of pines, firs, and
cedars. The rain shadow effect caused by the Sierra
Nevada produces extreme vegetational changes from the
Sierran crest to the valley floors. Many of the valleys
have been developed for housing and agriculture, but were
previously covered by sage and grasses.

Frecipitation data were collected from six monitoring
stations in the Sierra Nevada (Klieforth, et al., 1984);
table 1 lists the accumulated precipitation over weeks
prior to the data listed. The precipitation stations
covered the entire study area, from Boca Dam in the North
to Sponnef Summit in the South (see figure 1).

The temporal uniformity of precipitation events was
estimated with crosscorrelation statistics. Correlation
coefficients ranged from .?1 to .99; the zero lag
correlation coefficients are listed in table 2. Rased on
this analysis, it was assumed that precipitation event
frequency was relétively uniform throughout the study
area; however, the amount of precipitation that
accumul ated at each station was highly variable. Mass

precipitation variability is caused by several factors: 1)
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station elevation. 2) orographic effects, and Z) storm
track orientation. Figure 2 shows the mass precipitation
between four pairs of precipitation stations, note that
the Thunder Cliff station accumulated about twice as much

precipitation as any other station.



Table 1 (Accumulated Precipitation
Between Sample Dates (mm))

Station Precipitation Sites
Date Boca Frank 0 R Spooner Thunder
Town Summit Cliff
Elev (m) 1700 1600 1950 1740 2210 1890
8/31/83 - = = - = -
Q/13/83 3.4 4.8 7.6 1.3 0.0 8.1
9/27/83 45.0 6.4 2.9 < | 12.7 24.3
10/11/83 31.8 20.6 26.9 12.2 35.1 23.9
10/25/83 10.2 b.6 3.8 1.3 8.6 10.4
117 8/83 44,0 21.8 29.0 24.4 30.5 ?1.2
11/22/84 191.8 210.8 209.3 176.95 232.9 365.8
127 &/83 77.9 b3.9 109.2 83.8 101.1 125.5
12/20/83 50.3 48.8 &60.5 48.8 37.8 101.3
1/ 3/84 79.0 82.8 29:7 39.3 86.9 185.2
1/10/84 0.0 1.8 0.0 0.0 0.0 2.3
1/24/84 8.1 11.7 20.3 18.0 16.0 19.1
2/ 7/83 0.0 0.0 0.3 0.0 0.0 0.0
2/21/84 S4.6 63.8 51.6 44.7 82.7 137.7
3/ &6/84 239 0.3 14.7 10.9 9.7 6.1
3/20/84 38.6 34.5 4.3 346.1 84.6 73:.2
4/ 3/84 0.8 0.0 0.0 0.0 0.0 Sl
4/18/84 26.4 27.7 19.6 25.4 26.9 58.4
S/ 1/84 8.6 3.8 b.4 2.3 3.6 24.4
S/16/84 12.2 9.4 0.0 0.0 1.5 2.1
5/30/84 0.0 0.0 8.4 5.8 0.0 0.0
&/13/84 0.0 7.9 4.1 i.8 16.3 28.4
6/20/84 3.8 12.7 10.4 8.4 0.0 10.7
7/11/84 0.0 0.0 0.0 0.0 1.0 0.0
7/26/84 19.6 4.3 1.8 0.3 6.9 15.2
8/ 9/84 0.0 0.0 11.9 4.8 0.0 1.3
8/23/84 3.8 1.8 0.9 0.0 5.3 QS
Mean 27.4 24.9 25.7 21.:1 20.7 S1.3
Stand Dev 41.7 44.5 44,7 37.8 al.6 81.3
Max imum 191.8 210.8 209.3 176.5 232.9 365.8
Total 716.0 645.7 669.8 941.1 799.8 3I871.35

¥ Precipitation amount = total from the previous data to
the present date.

0 = site on Route 27 at UNR test site.

R = site on Route 27 at Evergreen Hill Road.




Table 2 (Precipitation Crosscorrelation
Coefficient Matrix at Zero Lag)

Boca

Spooner
Summit

Thunder
Cliff

Frank
Town

Frank Thunder Spooner 0 R Boca
Town Cliff Summit

27 .97 «76 « 73 .99 i

.26 .74 .76 589 1

.24 71 .74 1

.97 .26 1

.98 1

1
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Farad Hot Spring

Introduction

Frecise Location

Farad Hot Spring is in Sierra County, California,
about half way between Reno, Nevada and Truckee,
California. Approximately ten warm springs issue from the
roadcut on the southwest side of Interstate 80, near the
Farad Fower Flant.

The spring of highest flow was monitored and is
located in the SW1/4, SE1/4, SE1/4 of Secll, T18N, R17E
(figure Z). This spring is approximately 2.3 km south of
the Farad overpass and can be identified by & Q.3 m
section of four inch AES pipe, cemented in place to

collect and divert water.

Climate and Vegetation

Farad Hot Spring is at an elevation of 1,609 m.
Temperatures range from a low of —-20°C in the winter to a
high of +3Z5°"C in the summer.

Frecipitation in the area generally falls as snow in
the winter and as rain in the summer. The winter snow
pack varies from a trace to 500 mm at the top of Eoca
Ridge.

The precipitation station at Boca Reservoir



Geologic Map Farad Hot Spring Area (geciogy by BLF. Lyles, 1084)
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Figure 3. Farad Hot Spring
Geologic Map



(approximately 7 km south of Farad Hot Spring) mgasured
1,115 mm of precipitation during the study period.
Although this precipitation station is at 1,699 m
elevation, it is assumed that the precipitation event
freguency was relatively uniform from Boca to Farad.
Therefore, the Boca precipitation information can be used
for time-series relationships at Farad Hot Spring.
Foresting operations have removed the conifers from
the southwest side of Boca Ridge, and Manzanita,
Buckbrush, and sage are now predominant in this area. The
northeast side of Boca Ridge has many conifers (pines and

cedars) as well as the ground cover previously mentioned.

Frevious Work

The geology has been described by EBirkland
(1962, 1968) and Lovejoy (1272). Most of this was done on
a regional scale; therefore., it was necessary to remap the
geology within the study area. Limited data were
availéble on the agueous geochemistry of the hot spring

(DRI, unpublished data).



Geology

Lithologic Interpretation

The Fleistocene geologic history of the area has been
covered in detail by Birkland (19262) and Lovejoy (1972).
See appendix A for descriptions of geologic units.

The basement rock in the area is hornblende biotite
granodiorite (Cretaceous age). The exposures of this unit
are restricted to the area near the hot springs (figure
3). These rocks are generally quite competent, forming
steep slopes.

The granitic rocks were covered by andesitic rocks
during the Miocene. This wunit was mapped as a uniform
rock type: however, the rocks range from andesite to
dacite. Outcrops near the top of Boca Ridge are highly
fractured and cooling joints are bent, conforming to the
topography of the ridge. The granitic window has been
exposed by erosion.

During the Tertiary, mudflows (lahars) covered much
of the terrain. This unit is differentially resistant to
weathering, producing lahar islands (about 2-Z m thick)
resting on the andesitic unit. Breecia fragments are
readily obvious from a distance. During the same period a
latitic unit was extruded and crops out in the southern
portion of the study area.

In more recent time, landslide material and river

gravels were deposited. The landslide material is on the



west side of Boca Ridge and was derived primarily from
local volcanic and granitic rocks. The river gravels were
deposited along the Truckee River during high flow.
According to Birkland (196B),., flood water velocities of 20

feet per second were probable during the Fleistocene.
Structure

The regional structural geology is very complexi Lake
Tahoe Basin, Truckee Basin, and Sierra Valley were once
part of a continuous graben structure, which was later
separated into basins by andesitic volcanaoes (Birkland,
1962). The Truckee River was believed to have originally
connected Lake Tahoe to the Feather River, through Sardine
Fass: incised streams from Truckee Meadows migrated
westward, capturing the northward flow (Lovejoy, 1972).

These eastward flowing streams were undoubtedly
partially controlled by fault structures: howeve?, only
one small fault was located in the study area. This fault
trends N40O-50E and dips &0NW, closely paralleling the

portion of the Truckee River immediately downstream.

Hydrology

Several cold springs occur on the landslide contact,
west of Boca Ridge. The silt-rich material apparently
acts as a dam, due to the decreased permeability from the

fractured volcanics to the landslide material. These



springs all have approximately the same conductivity
(about 100 Hmhos/cm). suggesting similar origins and flow
paths. ;

All of the other <springs in the area are located
along the granitic — mudflow contacts. Two cold springs
occur at the northern portion of the granitic unit. Two
hot sprinag zones also occur in this aresa, but are
separated from the cold springs by a small mudflow
outcrop. The cold springs flow approximately 0.03 to 0.5
lps and have a conductivity of about Z00 Hmhos/cm. while
the hot springs flow approximately 0.03 to 1.8 lps and
have a conductivity of about 1,600 to 1,800 Hmhos/cm.

The northern cold springs are apparently controlled
by the sames mechanisms as the cold sprinags sast of Boca
Ridge, but the hot springs issue from joints and fractures
in the granitic rocks. It is unclear i+ there is any
significance betwesn the proximity of the hot springs to
the mudflow—granitic contact.

Foca Ridge is the most probable recharage area for the
hot springs. The canyons above Farad Hot Spring collect
several feet of snow each vyear: however., there is very
little suwrface runoff dus to the high permeability of the
fractured rocks. It is impossible to tell how deep this
water circulates. but it is probable that recharge water
may travel as deep as one kilomster before rising to the

surface (Ellis and Mahon, 1977).

Gepchemistry




Major dissolved Constituents

A water sample was collected at Farad Hot Spring by
the Desert Research Institute (DRI) on October 23, 1270,
and was analyzed by the Water Analysis Laboratory DRI.

The program "WATEG" was used to calculate cation to anion
balance, mineral saturations, pCO=, etc. (table 3).

The water at Farad Hot Spring is a Na-Cl type water,
according to White's classification scheme (1260). All of
the sodium minerals calculated are below saturation.
Generally, high sodium concentrations can be accounted for
two ways; 1) by dissolution of sodium salts, or 2) by
dissolution of plagioclase feldspar (Drever, 1982).
Likewise, the chloride concentrations can generally be
accounted for by dissolution of chloride minerals.

The only minerals near saturation are the silicate
minerals chalcedony, cristobalite, quartz., and tremolite.
The andesitic and granitic rocks in the area contain more
than 50 percent Si0O=z=, on an average (Hyndman, 1972);:
therefore, the observed concentrations of silica can be
accounted for primarily by dissolution of silicate

minerals (Bricker and Garrels, 1967).

Geothermometry

-~

The results from the water analysis of October 23,

1970 were used in several chemical geothermometers. The



Table 3 (Farad Hot Spring WATE@ output)

=1

species

¥¥¥ total concentrations of input species ¥¥x

total
molality

Ca
Mg
Na

K

Cl
S04
HCO3

0.397058e-03
0.205842e-04
0.119724e-01
0.358355e-03
0.104456e-01
0.502206e-03
0.163705e-02

§i02 tot 0.101613e-02

tds

total
mg/liter epm epm fraction
15.9 0.79 0. 060
0.50 0.04 0.003
275.0 12.0 0.909
14.0 0.36 0.027
370.0 10.4 0.798
48.2 1.00 0.077
99.8 1.64 0.125
61.0
= 884.40

X¥¥Xdescription of solution ¥¥%x

analytical
epmcat 13.166
epman 13.087
cation/anion 1.01

ph
1+99

temperature
31.00 deg c

0.102495e-02
-2.9893

pco2 =
log pco2 =
EC = 1518.0
ionic strenagth
0.138384e-01

¥XXkmineral saturations¥xx

iap/kt

0.338%e-02
0, 4232e+00
0.6%916e-08
0.454%e-05
0.5568e+00
0. 2867e+01

0.3226e+01

0.2110e-01
0.3611e-08
0. 2805e-02
0.2451e-05
0.1172e-01
0.9451e-08
0.8265e+01
0.9971e-01
0. 9016e+00

0.4912e-07

0.1301e-12

log iap/kt

-2.46991
-0, 37350
-8.16012
-5.34208
-0.25426

0.45747

-40.50313

0.50847
-1.98376
-1.67576
-8.44240
=2.39212
-5.61039
-1.9312%
-8. 02450

0.91726
-1.00126
=0. 04300
-1.31478
-7.30874

0.95204

-12.88577

-4.83227

phase

ANHYDRITE
ARAGONITE
ARTINITE
BRUCITE
CALCITE
CHALCEDONY
CHRYSOTILE
CRISTOBALITE
DIOPSIDE
DOLOMITE
FORSTERITE
GYPSUM
HALITE
MAGNESIITE
NATRON
QUARTZ
SEPIOLITE(C)
SI02(A,L)
TALC
THENARDITE
TREMOLITE
TRONA
SEPIOLITE(A)
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temperatures calculated ranged from &60.8°C to 165.8°C
(table 4). These temperatures are in question due to the
possibility of significant dilution or mixing of hot and
cold waters near the ground surface (within 20 meters).

The Si0= geothermometers are less susceptible to
reactions or reequilibrations due to dilution than the
Na—K and Na-k-Ca geothermometers (Fournier,et al.,0OFR:
Benjamin, 1983)3; therefore, the reservoir temperature is

probably about 110 * 258°C.

Time Series Analysis Results

Data were collected for approximately one year at
Farad Hot Spring, from September 13, 1983 to August 23,
1984. During the later portion of the study, data were
collected weekly: however, during this period every other
data point was ignored and the mean sample interval was
1Z2.82 days (Standard Deviation = 2.00 days) (table 5.

Crosscorrelation coefficient results, at zero laaq.
are presented in table 6. 0Only four of the values are
greater than S0 percent, of which only two are greater
than 70 percent. There slso exist several significant
correlations at varying lag positions: however, only the
lagged correlation coefficients of precipitation exceed &0
percent.

There is an inverse relationship between flow and
temperature, and flow and chloride ion at the =zero lag

position (figure 4 and S respectively). This suggests



Table

Geothermoter Results)

4 (Farad Hot Spring Chemical

Thermometer 8i0= Sil= Si0= Na-K  Na-K-Ca Na-KE-Ca
Equation i 2 4 & 8 10
Calculated
Temperature 460.78 8z.73 111532 165.22 156.02 165.78
()
Table 6 (Farad Hot Spring Correlation
Coefficient Matrix)
Ca C1 EC HCO= pH pCO= FLOW TEMF
TEMP .40 .40 0 .38 .33 -5 -.72 1
FLOW -.49 -.78 Q =50 =.36 .36 1
pCO= 0 0 Q -.37 -=1.0 1
pH 0 0 0 . 44 i
HCO= Q 0 Q 1
EC «37 57 1
Cl .61 1
Ca 1
Table 7 (Farad Hot Spring Correlation
Coefficient Matrix at Six Week Lag)
Ca Cl EC HCO= pH FLOW  TEMF  Frecip
Precip -.40  -.63 0 -.38 0 By N ) 1 |




Table 5 (Farad Hot Spring tesporal data)

Date Time

9/13/83 8:10
9/21/83 B:32
10/11/83 B:05
10/25/83 B:03
11/ 8/83 7:42

11/22/83 8102
12/ 6/83 7:47
12/20/83 B8:50
1/ 3/84 8:05
1/10/84 7:32

1724784 T7:12
2/ 7/84 7:18
2/21784 6:74
¥ 2/28/84 6136
3/ 6788 6:39

t 3/13/84 6140
3/20/88 6:37
§ 3/27/84 6:35
47 3/88 b:45
§ 4/10/84 6:38

4/18/8% 7:47
¥ 4/24/84 6:30
9/ 1/8% 6145
$ 5/ 8/8B4 £6:25
3/16/84 7:40

1 5/23/84 9:24
3/30/84 7:34
¥ 6/ 6/B4 T7:59
6/13/84 B8:00
6/20/84 7:52

$ 7/ 5/84 9:45
7/11/84 8308
¥ 7/17/8% 6254
7/26/84 B8:03
1 8/ 2/84 7:47

B/ 9/84 7:56
1 8/16/84 7:16
B/23/84 8:00

Mean
Stand Dev
Coef Variance

T{C)

36.0
36.0
35.5
3b6.0
35.5

35.0
35.0
35.0
34.5
34.5

35.0

35.0 1.60

35.0
35,0
35.0

35.0
35.0
35,0
35.0

36.0
36.0
35.9
36,0

36.0 1.

36,0
35,3
35.3
35.5

36.0
36,0
36.0

36.0 1.50

36.0

36,0
35.9
35,5

35.4
0.5
1.42

Flow EC

pH

1/5 »ehos field

1560
1643

1642
177

et |
enoen on o
=0 0 -0 M

1.57 1712
1.67 1676
1.80 1873
1.99 14672
1,90 1599

1.67 1727
4 1608
1.64 1673
1673
1684

1.61 1&75
1.66 1668
1.76 1583
1.69 1638
1.64 1644

1608

1644

1617

. 1673
1.55 1617

1617
1673
1673
1693
1633

— et bt e e
s = =

LN N on oo wh

k3 F3 LAd = O

.02 1633
.51 1727
1.50 1680
. 1680
151 1754

1.32 1705
1747
1747

1,62 1679
0.12 67.5
7.34 4.0

1800 -

7.69

7.30
7.63

7.31
{7.80)
7.70
7.51

1.73
7.60

.1
7.82
7.56
7.63
7.66

7.60
7.66
7.59

7.48
7.58
7.64
7.63
7.60

7.66
7.7
7.64
1.57
.n

1.70
7,30
1.76

pH
lab

7,61
7.38
7.62
7.67
1.74

1.87
7.67
1.70
7.62
7.36

7.35
7.63
7.51
7.47
7.49

1.6%
7.62
7.66
7.63
7.66

7.56
7.59
7.65
7.50
7.86

7.80
7.64
1.1
g.01
1.73

7.54
7.61
7.69
1.61
7.64

?‘58
7.62
7.62

HCOs (1

Ca

o9/l mg/l mg/l

97.6 356,
97.6 367,
104.9 371,
100.0 36é.
98.9 377.

101,3 378,
98.8 371.
100.0 362.
100,0 337.
98.8 349,

100.0 362,
101.3 373,
101.3 343,
102.3 -

100.0 363.

100.0 -
100.0 358.
100.0 -
100.0 382,
98.8 -

101.3 362,
101.3 -
103.7 360,
100.0 -
106.1 362,

10B.6 -
101,3 362,
97.6 -
104.9 343,
102.5 365,

102.5 -
102.5 373,
104.9 -
103.7 376.
102.5 -

104.9 378.
102.5 -
102.5 380.

102.4 365.
2.0 9.6
2,0 2.6

28.98
30.88
30.88
31.35
31.59

31,12
30,40
29.4b
27,56
28.27
28.98
29.22
29.46

29.22

29.22

28.98

28.74
28.51

28.74

29,22
29.46
29,46
37.98

30.88

30.88
31,59
30.04

1.96
6.54

log
pfﬂz

~2.3b

-2.53
-2.54
-2.61
-2.69
=2,41
-2.62
-2.65
~2.57
=2.31
-2.30
-2.57
-2.43

-2.43

-2.56

-2.57

-2.50

-2.57

=2.71

-2.57

-2.93

-2.66

-2.54

-2.53

-2.50
-2.55
~2.57

0.13
5.06

6'%0 6D
I' z.
- =108
- -115
-13.8 -106
- =107
- =102
-13.7 -106




1

cn

that increases in flow are primarily caused by local
mixing of recharge waters. The recharge water is
presumably cooler and fresher (lower in chloride
corncentration) than the thermal reservoir water. The
coefficients of variation for flow and temperature (7.234 %
and 1.42 % respectively) suggest that the correlation
between them is real and not caused by analytical or
sampling errors. However, the coefficient of variation
for the chloride ions (Z2.61 %) suggests that chloride
variation can be caused by analytical and sampling errors.

There is a weak direct relationship between calcium
and chloride ions and there is a weak inverse relationship
between flow and bicarbonate ions. Although the
coefficient of variation for calcium ion (6.54 %) suaggests
a significant real variation, the variation in the
chloride ions is not significant: therefore. the
crosscorrelation is not valid. The coefficient of
variation of the bicarbonate ions (1.9 “4) shows that the
variation may be due to errors; the correlation is not
valid.

There is a good direct relationship between
precipitation and flow at a six week lag (table 7). About
six weeks after a precipitation event an increase in flow
is noted (figure 6). Several other correlations exist
between precipitation and the independent variables at a
four to six week lag, ranging from —.38 to +.79.

Lead—lag multiple step—wise regression was applied to

the temporal data to get a predictive linear eqguation.
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When solving for flow, the best fit was found with three
variables entered (table 8) (refer to page 10 for
statistical technigue).

The analysis of variance produced an F-value of
25.90, which surpassed the critical F(3,10,.01) equal to
6.55. Therefore reject the null hypothesis of "lack of
fit" and conclude that there is a good fit between the
regressed points and the real points.

The analysis of regression coefficient validity
produced t—-values less than —-3.14 and greater thanm 2.53,
which swrpassed the critical t(13,.023) equal to * 2.16;
therefore. reject the null hypothesis that f is equal to O
(regression coefficient = 0) and assume each coefficient

is valid.

The predictive equation is as follows:

FLOW = 6.79 - 5.90X1073%C1 ~ B8.61X1072%TEMP + 2.34X10"2%FFT. (1)

Summary

Several cold springs occur in the area along with two
hot spring zones. The two hot spring zones issue from
fractured graniti rocks., while the cold springs occur at
contacts between high— and low-permeability geolaogic
formations. Recharge to the thermal reservoir is
primarily from rainfall along Boca Ridge and generally
takes about six weeks to infiltrate to the reservoir.

The water at Farad Hot Spring is a Na-Cl type water,
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Table B (Farad Hot Spring Lead-lag
Multiple Regression output)

Dependent Variable =

Number of Foints = 23
Step 1

Variable Entered = C1

Sum of Squares Reduced in this Step .. .22

Froportion Reduced in this Step ..ue... . 640
Multiple Corr. Coef. Adj. for D.F. ... .800
F-value for Analysis of Variance ..... &7.303
Variable Regression Std. Error of Computed
Coefficient Reg. Coef. t—value
C1 -. 01024 . 001468 —-46.108
Intercept S.36540
Step 2
Variable Entered = Temp

Sum of Squares Reduced in this Step .. D7
Froportion Reduced in this Step seesns 160
Multiple Corr. Coef. Adj. for D.F. ... .894

F-value for Analysis of Variance ..... 27. 875
Variable Regression Std. Error of Computed
Coefficient Reg. Coef. t—value
£1 —. 00791 L.00141 ~-5.612
Temp -. 11347 - 02843 =279
Intercept 8.52101
Step 3
Variable Entered = Frecip

Sum of Squares Reduced in this Step .. .018
Froportion Reduced in this Step ...... .051

Multiple Corr. Coef. Adj. for D.F. ... « 722
F-value for Analysis of Variance ..... Z5.900
Variable Regression Std. Error of Computed

Coefficient Reg. Coef. t—value
C1 -, 00590 00148 —5.98%
Temp —-.0B613 02744 A 1358
precip L 02741 00925 2.931

Intercept 6. 79315




has an average temperature of Z5.4°C,
conductivity of 1.4679 Hmhos/cm. This
saturation with the silicate minerals
cristobalite, gquartz. and tremclite.

guartz chemical geothermometers vyield

temperature of 110xZ5°C.

41

and has an average
water is near
chalcedony,
Chalcedony and

a reservoir

Temporal variations show that infiltration of surface

water (cold, low chloride) causes increased spring

discharge. A linear equation was developed from the

temporal data, solving for flow from measured independent

variables.



Steamboat Hot Springs

Introduction

Early settlers and miners in the area named the hot
springs "Steamboat’., because the fumarole sounds reminded
them of a puffing steamboat (Garside and Schilling, 197%).
. Beveral spas were located here about the time of the
Comstock Lode mininag.

Many attempts have been made to utilize the resources
at Steamboat since these early times. Some of the spas
have used names like Reno Hot Springes., Mount Rose Hot
Springs, and Radium Hot Spring (Garside and Schilling,
1979). The only spa currently operating is the Steamboat
Mineral Spa. Fhillips Fetroleum Company drilled a 930 m
deep well and is in the process of putting in a

geothermally powered electric test-plant.

Frecise Location

The Steamboat thermal area is in Washoe County,
Nevada, about 20 km south of Reno on Highway 395. Most of
the presently discharging springs, fumarols, and gysers
are on the Main Terrace, on the west side of Highway 295
(south of State Route 27).

The spring monitored for this study is on the Main

Terrace (number 24 of White, 1968) and ice located in the
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SWi/4, SWi1/4, SE1/4 of Section 28, T18N, RZ0E (figure 7).

The spring issues from a northerly trending fracture
(approximately 10 m long and 0.1 m wide). This spring can
be most easily found by hiking about 0.2 km at NBOW from

the Steamboat Fost office.

Many interesting fumaroles and gysers occur along the
eastern edge of the Main Terrace. Several flowing and
gysering wells also occur in the area, such as Nevada
Thermal Fower No. 1 on the east side of Highway 295 near

the main terrace.
Climate

Steamboat is at an average elevation of about.1,448
m. Temperatures in nearby Reno range from —-10 to S5°C in
the winter and from 21 to Z8°C in the summer.

Frecipitation in the area generally falls as raing
minor accumulations of snow (about Z0 mm) were observed
during this study. Frecipitation in the recharge area
generally falls as snow in the winter and as rain in the
summer, and was estimated by precipitation information
collected near the maintenance station on the Mount Rose
Highway (State Route 27). This station is at 1,737 m
elevation and collected 547.12 mm of precipitation during
the study period (Kleiforth, et al., 1984).

Although discharge data is no longer collected for
Whites and Thomas Creeks, in 1982 the discharge

hydroghaphs showed peaks during June; this suggests that
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June was the period of highest snow melt and therefore is
also the period of highest potential recharge to the
Steamboat Thermal System. This June peak was also noticed
at Galena Creek in 1982 and 198% (Water Resources Data

Nevada, 1982 and 1983).

Frevious Work

S8teamboat Hot Springs is one of the best known and
most highly studied thermal springs in the world.
Feferences to the mineralization in the area were made as
long ago as the 1870°s, primarily due to Steamboats close
proximity to Virginia City and the Comstock Lode. A
listing of these early works has been compiled by Garside
and Schilling (1979).

An extensive geologic and time—cseries evaluation was
initiated by Thomas, White, and Sandberg in the 1240%s.
This work is encompassed in three papers by the U.S.
Geological Survey: Thompson and White, (1964), White, et
al. (1964), and White, (1968).

Several preliminary isotopic studies were conducted
in the 19530%s and 1260°s by White (1948). A recent study
of environmental isotopes was conducted by Nehring (1980).

Geothermal resource evaluations have been conducted
by Bateman and Scheibach (1975), Yeamans (1987), and Flynn

and Ghusn (1984).

Geaol ogy
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In about 1945 the U.S. Geological Survey started a
detailed study of the Steamboat Springs area. The reports
by Thompson and White, (1%9&64), and White, et al. (19464)
give very detailed geologic descriptions and should be
reviewed by the reader. as the geologic map and lithologic

descriptions are primarily from these sources.

Lithology

There are five major lithologic units in the area: 1)
meta—-sedimentary rocks, 2) hornblende-biotite
granodiorite, 3) basaltic andesite, 4) alluvium, and 5)
sinter (figure 8).

The meta-sedimentary rocks cropout in the southern
portion of the study area. According to Thompson and
White, (1964), these rocks are Triassic hornfels with
local schist and tactite; the most intense metamorphism is
near the agranitic contact.

The regional granitic composition ranges from
granodiorite to guartz monzonite, but granitics in the
study area are predominantly Cretaceous hornblende-biotite
granodiorite (Thompson and White, 19464). Granitic
outcrops cover much of the study areaj; outcrops are
moderately to highly fractured., and are in varying stages
of decomposition due to intense hydrothermal alteration.

The basaltic andesite is Fliocene to Fleistocene

according to Thompson and White, (19464), and White, et
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al., (1964). Flows in the western portion of the study
area are vitric basalts, with small hornblende and olivine
crystals noticeable on fresh surfaces. These flows cover
most of the granitic rocks in the southern 1/4 of the
study area (figure 8). Hydrothermal alteration is not as
noticeable in these rocks as in the granitics.

The alluvium is composed of coarse sand and gravel at
the bottom of the unit and boulder gravel near the surface
(White, et al., 1264). No distinction was made between
pre—-Lake Lahontan sediments and post—Lake Lahontan
sediments on the geologic map (figure 8)3; however, White,
et al., (19464) break the Buaternary rocks into 14 different
units.

Sinter has been deposited in two distinct areas at
Steamboat: 1) High Terrace, and £) Main Terrace and Low
Terrace. According to White (1268)., sinter deposition in
the High Terrace started at least Z million years ago
(dated by a basaltic flow covering the sinter). The High
Terrace is predominantly composed of opal, while the
younger (main and lower) terraces are composed of
chalcedonic deposits. The younger sinter has been
deposited somewhat uniformly for the past 0.1 million

yvears (White, 19873).

Structure

The meta—-sedimentary rocks in the area were folded by

pre—-Cenozoic tectonism: presently the rocks trend NIZIO-S0E
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and dip 45" to 70" (Thompson and White, 1964). Cenoczoic
block faulting caused doming in the northern Carson Range,
raising the range as a normal fault blocl: (Thompson and
White, 194&4).

Three major sets of faults have been identified in
the Steamboat Hills area: 1) a set trending northeast,
paralleling the awxis of the hills, 2) a set trending
northwest, at nearly right angles to the first, and 3) a
set trending north, predominantly in the hot springs area
(Thompson and White., 1944). Thermal studies by Fhillips
Fetroleum show & distinct thermal boundry south of
Steamboat Hill, trending approximately northeast and
dipping steeply southeasterly (Yeamans, 198%). This
boundry coincides with a northeast trending fault; Fhis
fault apparently does not allow warm water to migrate
southeast toward Steamboat Valley.

The north-trending faults dip to the east and act as
a conduit for the ascending hot water. Siesmic actiwvity
in the area has been relatively moderate for approximately
the past 100 vears (White, 1983), but minor earthquakes in
the area have a direct é%fect on the discharage

characteristics of the springs (White, 1%9&68).

Hydrol ogy

Steamboat Creek is the most prominent stream in the
area; this stream flows northerly from Washoe Lake to the

Truckee River, east of Sparks (figure 7). Average annual



flow in Steamboat Creek near the hot springs is about
10,408 hm™/year (for 22 years af record) (Water Resources
Data Nevada, 19837). Galena, Whites, and Thomas Creeks are
west of Steamboat in the Carson Range and flow easterly,
with flows of 0.25 m®/sec, 0.33 m®/sec, and 0.24 m~/sec
respectively (Water Resources Data Nevada, 1982). Flow
from Galena Creek is diverted for irrigation or flows into
Steamboat Creek, while the other two creeks (Thomas and
Whites) recharge the alluvial aquifer west of Steamboat
and eventuslly flow into Steamboat Ditch.

A hypothesis was posed by White (1250) that most of
the thermal system recharge was from Steamboat Creek,
based on local hydrologic parameters and hydrothermal
conduction theories; however, recent work by Nehring
(12B80) showed isotopic evidence disproving this and
suggesting a bulk of the recharge is derived from
collection basins to the west. Nehring (1980) also showed
the recharge waters are primarily derived from the
watersheds between Galena Creek and Evans Creelk (about 15
km=) (fFigure 7).

Recharge waters near the Carson Range frontal fault
would have about 400 m of head above the water table &t
the Steamboat Main Terrace, equaling about 4.1X10® N/m=
(600 psi) (White, 1983%). White (1948) hypothesized a deep
convective magma body (100 km™®) as the heat source at
Steamboat; this magma conducts heat through relatively
silicified rock, heating metioric water, producing =a

convective cell as water becomes less dense. This type of



system has been termed a mixed convection system
~(combination of free and forced convection) by Combarnous
and Bories (1973).

Discharge at Steamboat is accounted for three ways:
1) from spring discharge, 2) from well discharge, and 3)
from subsurface flow to Steamboat Creek, all totaling
3.7X107= n=/g (590 GFM) (White, 1968). Temporal
observations of spring and well discharge characteristics
were highly wvariable; discharge varied from predominantly
flowing, to gysering, to fumarolic activity. Fortunately,
the spring monitored in this study remained flowing for

the entire study period.

Geochemistry

Major Dissolved Constituents

A water sample was collected by Nehring on June 11,
1977 at spring number 23; spring 23 is 20 m due north,
along the same fracture as the spring in this study
(White’s spring 24, 1968). The analysis results (Nehring,
1980) were entered into the computer program "WATEQ" to
calculate mineral saturations, cation to anion balance,
pCO0=, etc. (table 9).

The water at Steamboat is a Na-Cl type water. The
sodium is primarily derived from dissolution of

plagioclase feldspar and dissclution of sodium salts;

likewise, chloride is thought to come from dissolution of



Table 9 (Steamboat Hot Spring WATEE output)

¥¥% total concentrations of input species XXX

total total epm
species molality mg/liter epm fraction
Ca 0.105053e-03 4.2 0.21 0.007
Mg 0.700999e-06 0.017 0.00 0.000
Na 0.294346e-01 675.0 29.4 0.927
K 0.210234e-02 82.0 2.10 0.066
Cl 0.253646e-01 897.0 25.3 0.740
S04 0.147149e-02 141.0 2.93 0.086
HCOZ= 0.596407e-02 343, 0 999 0.174
Si02 tot 0.478857e-02 287.0
F 0.116090e-03 2.2
B tot 0.417326e-02 45.0
Li 0.112690e-02 7.8
tds =  2504.22
XXX description of solution XXX
analytical ph
epmcat 32.875 7.30 pco2 = .0961221
epman 34.388 log pco2 = =-1.28
cation/anion 0.956 temperature ec = 3600.0
95.50 deg ¢ ionic strength

0.34555%9e-01

XX¥ mineral saturation XXX

iap/kt

0.3100e-02
0.1191e+00
0.7645e-05
0.53334e+00
0.3527e+01

0.1558e-02
0,3071e+01
0.1515e-01

0.9614e-02

0.2921e-02
0.9545e-05
0.3343e+03
0.1417e-02
0.638%e+01
0.1532e-01
0.1167e+01

log iap/kt

—2.350865
-0.92421
-5.11665
-0.27292

0.54739
-35.40408
-2.80732

0.48733
-1.81949
-2.01711
-56. 60659
-2.33445
-5.02021

2.52445
-2.84852

0.80541
-1.81463

0.06692
-3.30212
-1.07360
-2.17800

phase

ANHYDRITE
ARAGONITE
BRUCITE
CALCITE
CHALCEDONY
CHRYSOTILE
CLINDENSTITE
CRISTOBALITE
DIOPSIDE
DOLOMITE
FLUORITE
GYPSUM
HALITE
MAGADIITE
MAGNESITE
CQUARTZ
SEPIOLITE(C)
SI02(A,L)
TALC
TREMOLITE
SEPIOLITE(A)




minerals (Drever,1983%) and evaporative concentration.

The only minerals found in the water near saturation
were the silicate minerals chalcedony, cristobalite,
magadiite., and quartz. 8ilica is primarily derived from
dissolution of silicate minerals along the flow path
(Bricker and Garrels, 19&67).

As previously mentioned, sinter. composed of opal and
chalcedony, make up the major terraces at Steamboat. Gold
and silver have been detected in the sinter, and dark grey
silicious spring precipitates contain as much as 15 ppm
Au, 150 ppm Ag. 0.01 percent Hg. and 3.9 percent Sb
(Silberman, et al., 1979, and White. 1983Z). The dark
precipitate generally forms during high flow (White, 1983)

and was first observed during this study on May 14, 1984.

in wells cause problems in producing geothermal wells.
Frecipitates are deposited in the well bore and discharge
pipes as the fluids ascend, due to CO= gas enrichment and
decreases in pressure (White, 1968). As CO= gas is
evaolved in vapor phase, equilibria shifts, HCO=— ion
decreases, and CO=%- jncreases (2ZHCO=—<— CO=(g) +H=0(g)
+C0===). This phenomena causes the pH to increase
dramatically (from 8.5 to 8.9 in wells, compaired to 6.0
to 8.2 in springs) and allows suitable conditions for

abundant mineral growth (White, 1968).

Geothermometry



The water analysis from Nehring (1980) was used in
several chemical geothermometers. for results see table
10. Calculated reservoir temperatures ranged from 157.5
to 28Z.3°C. The Si0= gecthermometers gave the lowest
readings, undoubtedly due to precipitation of silicate
minerals. The reservoir temperature is probably about
2F0X20°C, which is in agreement with Nehring's (1280)
results and is very close to the highest observed

temperature of 227° (Yeamans, 19873).

Time Seriec Analysis Results

A time—series study was conducted by White from 1945
to 19252 (White, 1968): White found that four major factors
influenced discharge characteristics at sprinags., vents,
and wells: 1) barometric pressure. 2Z) precipitation
events, 2) earth tides, and 4) siesmic activity. An
inverse relationship was noticed betwesen barometric
pressure and water level (or flow); a direct relationship
was observed between precipitation and discharge, with
precipitation leading discharge by one to three days
(depending on soil saturation and precipitation volume)
(White, 1%&8). Earth tides and siesmic activity appeared
to be less responsible for discharge variations, but did
in some cases have an observed effect.

For this study., data were collected for approximately
one year at Steamboat Hot Springs from September 29, 1983

to August 2E, 1984. The mean sample interval was 13.60
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Table 10 (Steamboat Hot Spring Chemical
Geothermometer Results)

Thermometer SiD= Si0= Si0= Si0= Si0=

Equation i 2 3 4 3

Calculated

Temperature 157.49 180.34 170.03 205.97 189.17
(C)

Thermometer Na-K Na-K Na-KE-Ca Na-K-Ca Na-Li

Equation 6 7 8 10 i1

Calculated

Temperature 234.25 215.72 236.19 230.60 283.30
(C)

Table 12 (S5teamboat Hot Spring Correlation
Coefficient Matrix)

Ca Cl EC HCO= pCO= pH TEMF  FLOW  FRCIF

FRECIF 0 0 0] ~« 00 -.42 .36 0 Cr1 i
FLOW 0 =87 bl =70 -.62 .60 0 1
TEMF 0 =07 0 0 0 0 1

pH 0 0 -.46 -39 -1.0 1

pCo= Q 0 .47 .45 1

HCOs .46 .50 .36 1

EC 0 .37 1

Cl 0 1

Ca 1

Table 13 (Steamboat Hot Spring Correlation
Coefficient Matrix at Varying Lag Positions)

Var 1 Var 2 Lag Corr. Coef.
PRECIF leads Cl by 16 weeks .61

pH leads HCO= by 8 weeks SH 4 |

EC leads HCO= by 8 weeks .58

n




days (standard deviation = Z.20 days) (table 11). A
concrete weir was cemented to the sinter for flow
measurements, unfortunately the weir was stolen by vandals
sometime between February 21 and 28; therefore, only six
months of flow data was recorded.

Crosscorrelation coefficient results at zero lag are
presented in table 1Z. Eight of the values are 50 percent
or greater, but one is 70 percent or greater. There are
also several significant lagged correlations (table 13).

There is an inverse relationship between flow and
bicarbonate ion, which suggests that during the first six
months of the study when flow increased a decrease in
bicarbonate ion was observed; however, the coefficient of
variation for bicarbonate ion shows that all of thg
variation can be accounted for by analvtical and sampling
errors.

An inverse relationship exists between flow and
electrical conductivity, suggesting that increased flow is
caused by fresher water:; a direct relationship alsoc exists
between flow and pH, which may be a similar phenomena to
the EC relationship. These relationships are also
questionable due to the low coefficients of variation.

There is a fair direct correlation between flow and
precipitation. which suggests that infiltration to the
water table occurs in less than two weeks (figure ).
White, (1268) noticed flow changes orne to three davs after
precipitation events.

Due to the extremely complex nature of this



Table 11 (Steamboat Hot Spring temporal data)

Date  Time

9/29/83 11:45
10/11/83 8:58
10/25/83  9:09
11/ 8/83 9:02
11/22/83 9:44

12/ 6/83
12/20/83
17 3/84
1/10/84
1/24/84

7:02
9:44
9:22
B:32
8: 14

2/ 1/84
2/21/84
t 2/28/84
3/ b/84
1 3/13/84

8:19
1:47
7:36
7:44
7:33

3/20/84
¥ 3/21/84
4/ 3/84
1 4/10/84
4/18/84

7:36
7136
7:46
7:43
9:08

1 4/24/84
3/ 1/84
$ 5/ 8/84 7:22
3/16/84 8:48
¥ 5/23/84 10:17

7:36
7:36

5/30/84 8:33
1 6/ 6/84 9:06
6/13/84 8:59
6/20/84 B8:42
47/ 5/84 10:37

7/11/84
1 7/17/84
1/26/84
18/ 2/84
8/ 9/84

9:00
g:01
B:56
B:53
8:57

$ B/16/84 B:16
8/23/84 9:20

Hean
Stand Dev
Coef Variation

T(C) FLOW EC pH pH
{lps) Mmhos field lab

87.0 0.86 3570 - 7.20
B6.0 0.73 3660 - 7.18
B4.5 0.76 3587 7.23 7.34
B7.0 0.B6 3718 7.42 7.32
91,0 1.12 3541 7.35 7.34
88.0 1.04 3541 7.85 7.51
92.5 1.04 3643 - 7.25
93.0 0.77 3812 - 7.06
90.5 0.77 3581 7.18 6.89
21,0 0.75 3773 - b, 4%
B9.5 0.47 3654 7.6B 7.05
88.5 0.49 3791 7.12 7.02
90.5 - 3770 6.88 6.90
89.0 - 3716 b.86 6.82
B9.0 - 3806 7.47 7.22
- - 3694 &.71 b.85
90,0 -  3p31 4.80 6.89
90.0 -  34SB 4,76 6,77
88.0 - 3715 7.20 7.00
BB.0 - 3776 - 5.97
92.0 - 3837 4.90 6.81
89.0 - 3624 - 7.04
1.0 - 3bBO 6.55 7.06
92.0 - 3625 6.54 6.94
91,0 - 3596 7.1B 7.02
92.0 - 3625 4.92 7.04
90.0 - 3568 6,96 7.2
91,0 - 3458 b.74 T.13
9.5 - 3576 71.03 7.15
94,0 - 3376 6.B3 7.035
92.0 - 3622 6.85 6.8B
92,5 - 3675 b.B8 7.15
91.0 - 3649 6.80 7.04
91.0 - 3610 6.B4 7.10
92.0 - 3635 b.89 7.14
86,0 - 3667 7.19 7.34
93.0 - 36T b.73 T7.34
89.8 .82 13456 7.07
4.8 .18 76.6 .20
2.9 21.2 2.1 2.84

HCOs (]
ng/l mg/l

307.
312,
317,

323.
283,

17,
897,
904,
904.
B76.

305.
306.
307,
303,
3.

873.
B76.
BA3.
876,
B30.

314, 904,
321, 904,
327.. =
320, 938.
3536 -

320, 897,
322, -
321, 879.
322, -
332, 938.

329, -
328, 917.
327, -
331, 897.
335, -

333, B73.
328, -
318, B73.
314, Bbb.
2. -

309, 890,
310, -
305. 879,
303. -
304. B8éé.

300, -
300, Beb.

314, 892,
11.2 20,6
3.6 2.3

Ca log
ng/l pCO2

3.24 -1.31
a.16 -1.49
3.18 -1.63
3.24 -1.61
5.31 -1.468

3.91 -1.82
5.80 -1.56
5.54 -1.36
3.80 -1.20
5.92 -0.99

3.92 -1.35
3.597 -1.31

3.44 -1.11

5.65 -1.14

3.86 -1.06

3.88 -1.25

5.86 -1.32

5.57 -1.21

3.96 -1.31
6.25 -1.42
J.62 -1.44

3.49 -1.18

1.88 -1.35

4,73 -1.47

4.85 -1.67

S.594 -1.38
0.35 0.21
6.41 15.5

6o
I.
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hydrothermal system, it is impossible to desipher the
lagged correlation results; therefore, no attempt will be
made to analyze these relationships.

Lead—lag multiple step-wise regression was not
applied to this data, due to the limited amount of flow

data collected.

Summary

The Steambeoat thermal system has been studied
extensively over the past Z0 years by research
institutions and by geothermal development companies.
Several geothermal wells have been drilled in the areaj
monitoring of these wells and several hot and cold. springs
have yielded significant results.

Isotopic studies show that most of the recharge comes
from the Carson Range to the west; however, time—-series
analysis show a quick discharge response after
precipitation events (less than two weeks) and is
primarily caused by near-spring infiltration.
Mountain—front infiltrating water migrates downward along
fractures and faults. and is heated by rocks in contact
with a convecting magma body. After heating, fluids
ascend along fractures due to convection and a hydraulic
gradient (mixed convection).

Approximately Z.7X10"% cubic meters of moderately
saline water are discharged from Steamboat thermal system

each second, via three paths: 1) from spring discharge, 2)
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from well discharge, and 3) {from subsurface flow to
Steamboat Creek.

The water at Steamboat Hot Spring is a Na—-Cl type
water, has an average temperature of 8%9.8°C, and has an
average electrical conductivity of 3,656 Hmhos/cm. Thick
sinter deposits in the area were composed of opal and
chalcedony, and spring water was near saturation in the
silicate minerals chalcedony, cristobalite, magadiite, and
quartz. Dark grey spring precipitates contained
measurable concentrations of gold and silver, and
precipitation was observed during high discharge.
Carbonate mineral precipitation has been observed in wells
and is formed due to rapid changes in pressure and
temperature.

Most of the hot springs in the area are near boiling
(about 20°C). Na—-K and Ma—k-Ca chemical gecthermometers
yielded a reservoir temperature of ZI0X20°C, which is
close to the highest observed down-hole temperature of
22T

The highest variations were observed on the
parameters of flow, pCO=, and calcium ion. Significant
correlations were observed between flow versus bicarbonate

ion, flow versus EC, and flow versus precipitation.
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Bowers Mansion Hot Spring

Introduction

Bowers Mansion was built by the Bowers family, who
were involved with banking in Virginia City during mining
of the Comstock Lode. The mansion was donated to Washoe
County and is now a county park. The hot spring was
previously used to heat a swimming pool., but the spring is

no longer used.

Frecise Location

EBowers Mansion Hot Sprimg is in Washoe County,
Nevada, about halfway between Reno, Nevada and Carson
City. Nevada. Bowers Mansion is a State historical
Landmark and is run by the Washoe County Farks and
Recreation Department.

The county park is on 0ld Highway %95, about 1.5 km
south of the north junction of 0ld and Mew Highway 395.
The hot spring issues from a fault immediately behind the
ranger®s house, and is located in the SE1/4, NW1/4, NW1/4
of Section 3, T1&6N, RIPE (figure 10). The hot spring
flows into a concrete collection box (2 m long, 1 m wide,
and 1 m deep) and is diverted via a steel culvert for
approximately 10 m to an old swimming pool; this old pool
now acts as an irrigation water supply for the park.

Two flowing wells were alsc monitored in Washoe
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Yalley, one on the east side and one on the west side of
Washoe Lake. West Washoe flowing well is approximately 10
meters west of new Highway 3293 South and is about 3 km
north of the EBelview Exit (NW1i/4, NW1/4, SE1/4 Sec 11,
Ti6N, R19E). The well discharges into a small ditch which
flows to a pond near tHE center of section 11. Eoat Ramp
flowing well is at the Washoe County boat ramp. west aof
Lakeside Drive in New Washoe City (NEl1/4, SEi1/4, SE1/4,
Section 1, T1&6N, R1?E). This well discharges into a ditch

connected to Washoe Lake.
Climate and Vegetation

Bowers Mansion Hot Spring is at an elevation of about
1,561 m. Temperatures range from —10 to S°C in the winter
and from 21 to ZB°C in the summer.

Frecipitation generally falls as rain, but
approximately 200 mm of snow accumulated during the study
period. A precipitation monitoring station at Franktown
(about 1 km south, elevation = 1,600 m) recorded 645.7 mm
of precipitation during this study (Kleiforth, et al.,
1984). Although data were not available from the Little
Valley monitoring station, Little Valley has historically
accumul ated about 18 percent more precipitation than the
Franktown site.

Vegetation in the Sierra Nevada consists of thick
coniferous forests, primarily pines and cedars. Young

deciduous trees occur along streams and at springs.
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Manzonita and buckbrush are generally thicker on
south—facing slopes than on north—-facing slopes. and
meadows are covered with grasses, tobacco weed, bitter
brush, and holly. The alluvial basin is covered with

grasses and sages.

Frevious Work

Geologic studies have been conducted in the area by
Thompson and White (19464) and by Tabor and Ellen (19735).
geotechnical studies have been conducted in the Slide
Mountain area by Tabor and others (1983) and by Watters
(19873) .

The hydrogeclogy of Washoe Valley has been
extensively described by Rush (1967) and by Arteaga and
Nichols (1983). while the hydrogeochemistry has been
described by White and others (19464) and by Armstrong and
Fordham (1977). GSelected Sierran cold springs were
sampled for major ions and stable isotopes by Nehring

(1980).

Geol ogy

The Geology near Bowers Mansion has been described by
Thompson and White (1964), and has been mapped by Tabor
and Ellen (1979). In conjunction with the Ophir Creek
Debris flow (May, 1983), more recent geologic /

geotechnical studies have been conducted by Tabor and



others (1983), and by Watters (1983). The geologic map by
Tabor and Ellen (1975) was used in this study. with only .
slight modification (figure 10). Refer to appendix A for

descriptive geology.

Lithologic Interpretations

The oldest rocks in the study area are Cretaceous
granitic rocks (Tabor, et al., 19735), and have been mapped
as hornblende—-biotite grancdiorite. Outcrops are
moderately to highly fractured, and jointing is abundant
near Slide Mountain. Most of the agranitic outcrops in
Little VYalley are in varying stages of decomposition and
most of the sediments in Little Valley are derived from
weathered granitic rocks.

Three GBuaternary units were mapped in the study area;
however, about 20 units were distinguished by Tabor and
Ellen (1975). The mapped units are as follows: 1) basin
alluvium composed predominantly of granitic sands,
gravels, and boulders, 2Z) Slide Mountain debris flows are
composed of granitic silt to boulder sized material,
derived from Slide Mountain and are generally located
along the Ophir Creek flood—-path, and 3) alluvial fan
material is composed of granitic sand and gravels located

east of the mountain front.

Structure
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A distinct, high angle, normal fault controls the hot
spring at Bowers Mansion. This range front fault trends -
about N10OE and is mappable for several kilometers north
and south of the hot spring (figure 10).

A second major N10O-20E trending fault occurs about 2
km west of Bowers Mansion. This fault is located at the
base of Slide Mountain and controls Little Valley; it is
mappable for more than 20 km. Field approximations of
fault dip were used to generate a hypothetical geologic
cross—section (figure 11).

Geotechnical studies by Watters (1983) concluded that
joint failure planes within the granitic rock of Slide
Mountain caused a May 198% rock avalanche. and produced &
debris flow as slide material displaced the water in Upper

and Lower Frice Lakes.

Hvdrology

The regional hydrology of Washoe Valley has been
studied by Rush (1967) and by Arteaga (1984). UWater
guality investigations have been conducted by Rush (12&7)

and by Armstrong and Fordham (1977).

Regional

The predominant agquifer in Washoe Valley is formed by

alluvium; the aquifer covers approximately 7,285 hm=® and

is about 152 m thick (Rush, 19267). Rush (1967) estimated
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the transmisability to be 0.0072 m2/sec to 0.0216 m=/sec
and_the storage coefficient was approximately equal to the
specific yield - 15 percent.

Recharge to the valley aquifer is accaunted for
several ways: 1) by precipitation infiltration, 2) by
seepage loss from streams on the valley floor, and 3I) by
underflow from consclidated rocks (Rush., 19467). A
groundwater level contouwr map was developed by Rush (1967)
and by Arteaga, et al. (1283); groundwater {flows toward
Washoe Lake, which dischargee at the north end of the
valley into Steamboat Creek (figure 7).

A water budget was proposed by Rush (19&87) for 1945
conditions and is summarized as follows:

inflow = 40.6%2 hm=/yr,

outflow = EB.22 hm™/yr, and

difference = +2.47 hm™/yr;
therefore, 2.47 hm™ of water per year are in excess.
Arteaga and Nichols (1983) proposed a new water budget
using refined techniques. and suggested inflow egualed
outflow (65,433 hm=/year, each): therefore, it was
suggested that no further development of Washoe Valley be
allowed.

Water gquality varied markedly from one side of Washoe
Valley to the other, and differing hardness and
conductivity zones have been delineated by Rush (12&67). A
detailed water guality study in New Washoe City was
conducted by Armstrong and Fordham (1277) and showed zones

of high fluoride, nitrate, and iron; these ions are not
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derived from surface waters and are presumably from the

geologic formations.
Debris Flow

On May Z0, 1983F. an avalanche on Slide Mountain
displaced the water in Upper and lLower Frice lLakes; this
caused a water—flood debris flow in Ophir Creek. Recause
the area has been historically prone to debris flows, an
extensive study was carried out in 1977 and the 100 vear
peak flow was estimated to be S5 m=/sec (Glancey. et al..
1977). According to Glancey tpersonai communication,
198%) . the previous peak flow estimate was off by one to
two orders of magnitude due to the unexpected lake. water
displacements.

The 1983 debris flow covered about 2 km of 0ld
Highway 3295 and deposited approximately 100,000 to 150,000
m= of material over about 200,000 m® of valley floor
(Watters, 1983). The flood stage was from six to seven
meters above the stream—bed at the canyon mouth (Watters,

1983).
Local

Eowers Mansion Hot Spring issues from fractures, near
ground level, along the range front fault previously
mentioned. The hot spring discharges into the old EBowers

Mansion swimming pocol, via a steel culvert. A Z0° V-notch
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weir was installed between the culvert and the pool, and a
Stevens type—-F continuous recorder was installed so that -
flow measurements could be made. A four inch (10 cm)
steel pipe also runs from the concrete collection box to
the old pool: no measurements could be made from this
pipe, because the discharge was below water level. The
average flow at the spring was 2.59 liters per second,
varying markedly due to local pumping. The hot spring was
used in the past to heat the old swimming poal (now used
for an irrigation water source), and may be used in the
future for space heating.

AN olympic size swimming pool exists approximately
100 m north of the hot spring and about &0 m from the
range front fault. During excavation for this pool,
another hot spring was found; this spring flows
unrequlated through a grate in the pool fleoor and, along
with a hot well, is used as the heat source for the pool
(Tom Coyle, personal communication, 1984).

A hot well was drilled on January 24, 196%, about 100
meters north of the original hot spring; it is about
halfway between the new pool and the range front fault.
The well log submitted by the driller indicated the total
depth as 204 m; the upper 232 m were sealed with concrete
to decrease the cooling effect of surface water. This
well intersected the range front—-fault at a depth of about
230 m (figure 11). The well pumping volume was monitored
during the study at an in-line flow meter between the pump

and the pressure tank: the well pumped 14,114 m™ during
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the 2.5 month summer swim season and approximately 26,206
m= during the off season.

Stable isotopes (4D = —-102.73, 72®0 = -14.79, Garside
and Schilling, 197%9) suggest that the recharge is
primarily derived from about the same elevation as the
recharge to Slide Mountain Spring (5D = —-105.5, 418Q =
-14.24; Nehring, 1980). Although this relationship does
not pin—-down the exact recharge area, it does suggest some
kind of slight anomalous isotopic enrichment is occuring
in this recharge area. Topographic and geologic controls
show Tahoe Meadows and Little Valley as the most suitable

locations for recharge to Bowers Mansion Hot Sprinag.

Geochemistry

Maior Dissolved Constituents

A water sample analysis result was obtained fraom
Washoe County Farlk data files. This data was entered into
the program "WATEQ" to calculate mineral saturations,
cation to anion balance, pCO=, etc. (table 14).

The water at Bowers Mansion Hot Spring is a MNa—-HCO=
type water. Sodium is generally accounted for two ways:
1) by dissolution of plagioclase feldspar, and 2) by
dissolution of sodium salt minerals (Drever, 1982).
Bicarbonate ion is a secondary product of carbonic acid,
which in granitic terrains is derived several ways: 1)

through weathering and dissolution of granitic minerals



Table 14 (Bowers Hot Spring WATEG output)

XXX total concentrations of input species XXX

total total
species molality mg/liter epm epm fraction
Ca 0.499151e-04 2.0 0.10 0.044
Mg 0. 0. 0.00 0.000
Na 0.217553e-02 50.0 2.17 0.953
K 0. 66512605 0.26 0.01 0.003
Cl 0.110038e-03 3.9 0.11 0.049
S04 0.322806e-03 31.0 0.65 0.290
HCOZ 0.14678%e-02 89.54 1.47 0. 660
8i02 tot 0.187291e-02 112.5
FO4 0.263316e-05 0.25
Fe 0.100304e-05 0.056
Li 0.158572e-04 0.11
Sr 0.605065e-04 5.3
Be 0.203935e-05 0.28
tds = 298.5946
XXk description of solution XXX
analytical ph
epmcat 2.803 2.40 pco2 = 0.939750e-05
epman 2.231 log pco2 = -5.0270
cation/anion 1.256 temperature EC = 250.0
43.00 deg c ionic strength
0.280656e-02
XXX mineral saturations XXX
iap/kt log iap/kt phase iap/kt log iap/kt phase
0.5386e-03  -3.26B76  ANHYDRITE 0.5998e+01 0.77803  AUARTZ
0.4352e-00  -0,36132  ARABONITE 0.2000e+01 0.30109  SIDERITE
0.2080e+01 0.31808  BARITE 0.7317e+00  -0,13568  SI02(A,L)
0.6215e+00  -0.20657 CALCITE 0.3871e+01 0.58778  STRONTIANITE
0.363%e-01  -1,43900 CELESTITE 0.1632e-08  -8.78719  THENARDITE
0.2302e401 0.36201  CHALCEDONY 0.1716e-09  -9.76557 THERMONATR
0.2450e+01 0.38908 CRISTOBALITE 0.3383e-14  -14,47064  TRONA
0.3817e-03  -3.41831  BYPSUM 0.2551e-01  -1,59328  WITHERITE
0.5015e-08  -B.29970 HALITE 0.5905e-01  -1,22879  MHCALC
0.8331e+03 2.92067  HYDRDXYAPATI
0.8810e+08 7,94495  MACKINAWIITE
0.5207e-02  -2.2B338 MABADIITE
0.2144e-08  -B.66B79  MIRABILITE
0.1360e-05  -5.86A50  NAHCOLITE
0.7872e-09  -9.10390  NATRON




such as plagioclase feldspar., potassium feldspar. and
biotite. which causes subsequent bufferinag of pH (Eohm,
1984), 2) by hydrolization of soil CO= gas (Feth, et al.;
1964; Drever, 1982), and Z) from possible CO= sources at
depth such as dissolution of Limestone at low pH,
metamorphic reactions and/or magmatic eminations (Bohm,
1984).

The computer proogram "WATER" showed several minerals
above saturation, including silicates, sulfates,
carbonates., and hydrolysates. Althouah most of the
minerals are near satuw-ation limits, some of the silicates
are highly saturated. The only observed precipitant was a
light blue mineral precipitating on & copper pipe that
discharged into a chlorine tank: this mineral was

presumably chalcanthite.
Geothermometry

The water analysis results from the Bowers Mansion
files were entered into several chemical geothermometers;
for resulte see table 15. The calculated temperatures
ranged from 11.6 to 14Z.%9°C. The calculated temperatures
are in guestion due to the possibility of near-surface
mixing. The Si0=z geothermometers are generally less
susceptible to reactions and reequilibrations than the
Na—F and Na-K-Ca thermometers (Fowrnier, et al.. OFR:

Ben jamin, 1983). Therefore, reservoir temperature is

estimated at about 100X£20°C.



Table 15 (Bowers Hot Spring Chemical
Geothermometer Results)
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Thermometer Si0= Si0= Si0= Na-F Na-K Na-K-Ca Na-K-Ca Na-Li
Equation 1 2 4 b 7 8 8 11
Calculated
Temperature 93.31 115.82 143.88 49.92 11.56 29.79 £8.87 127.08
(C)
Table 17 (Bowers Hot Spring Correlation
Coefficient Matrix)
Ca Cl EC HCO=  pCO= pH FLOW  TEMF FRECIF
FRECIP 0 0 0 0 .42 -.42 0 0 i
TEMF 0 0 0 4] Q 0 0 1
FLOW a7 0 0 0 0 0 1
pH 0 0 .48 0 -1.0 1
pCO= 0 0 -.48 0 51
HCO= a 0 a 1
EC 0 72 1
Cl 0 1
Ca 1
Table 18 (Bowers Hot Spring Correlation
Coefficient Matrix at Varying Lao Fositions)
Var 1 Var 2 Lag Corr. Caoef.
HCO= leads Ca by 2 weeks =08
EC leads Ca by 2 weeks .64
Cl leads Ca by 12 weeks 73
Cl leads HCO= by 8 weeks —. 63
EC leads HCO= by 4  weeks -, 36
PFT leads EC by 6 weeks .67
PFT leads TEMF by 4  weeks .48




Time Series Analysis FResults

Data were collecfed at Bowers Mansion Hot Spring for
approximately one year, %ram September 13, 1987 to August
Z1, 19B4. The average sample interval was 12.5 days
(standard deviation = 2.00 days) (table 14).

Crosscorrelation coefficient results are presented in
table 17. Only two coefficients were greater than S0
percent, with one areater than 70 percent. A good direct
correlation exists between EC and chloride ion, suggesting
that most of the variation in EC can be accounted for by
variation in chloride ion concentration: however, the
coeficient of variation suggests that all of the chloride
variability may be due to analvtical and sampling errors.
Therefore. this relationship has limited validitvy.’

The only other correlation of significance is between
flow and calcium ion. This phenomena is presumably caused
by increased dissolution of calcium salts from fractures
that are normally dry during low flow. Several
statistically significant lagged correlations are listed
in table 18.

Lead—lag multiple step—wise linear regression was
applied to the data in an attempt to produce a predictive
equation for the spring (table 1%9). This statistical
approach cannot be used in this case because the
variability in flow cannot be suitably accounted for by
the independent variables; this is analogous toc a poor

cation to amnion balance that suwggests that one of the



16 (Bowers Hot Spring temporal data)

Date Time

/15783 11:41
@/27/83 12:02
10/11/83 9:44
10/25/83 10:07
11/ B/83 9:56

11/22/83 10.52
12/ 6/83 10:06
12/20/83 11:09
1/ 3/84 10:19
1710/84 9:3

1/24/84 9

2/ 7/84 9::

2/21/84 8:
¥ 2/28/84 B
3 I/ 3/94 13

3/ &/84 B:42
3 3/13/84 2:40
3/20/34 B:47
% 3/27/84 B:36
4/ 3/84 B:44

t 4/10/84 B8:41
4/18/84 9:55
t 4/24/84 B8:20
S5/ 1/84 B:09
t 3/ B/84 B:24

S5/16/84 9:34
% 5/23/84 11:13
5/20/84 9:31
T &/ 6/84 10:13
6/13/84 9:53

6/20/84 9:3
¥ &£/28/84 12:47
7/ 5/84 11:30
7/11/84 9:352
7/17/84 9:04
7/26/84 9:51

1 B/ 2/84 9:44
8/ 9/84 9:45
8/16/84 9:135
8/23/84 10:34
8/31/84 14:54

Mean
Stand Dewv
Coef Variation

TiO)

45.5
46.0
45.0
45.0
45.5

45.2
0.48
1.1

EC
Hmhos

25
3
240
243

239

)} 239

239
247
262
250

250
232
256
249

pH pH
field lab

8.20
- 9.13
= 9.23
- 9.07
8.49 8.83

8.72 8.79
= 8.80
= (9.31)
- (2.29)
8.78 8.91

- 8.98
9.76 9.27
8.75 9.1
8.72 9.47

No Sample. =

307
251
245
248
248

252
252
239

e
253

239

259
265
233
259
254

251

8.70 9.29
3.7 9.32
8.75 9.22
B8.68B 9.35
8.44 9.25

8.74 8.99
- 8.90
8.84 B.92
- 2.10
8.91 9.2

?.26 9.18B
B.95 9.23
9.04 9.32
B.84 9.42
F.11 9.39

?.12 9.14

No sample. =

291
261
261

260
254
260
280

250

16.9
4.7

?.11 9.40
9.20 9.25
9.07 9.27
7.01 9.24

8.95 9.33
9.04 .33
8.95 9.27
?.07 9.27
?.05 -~

2.14
= |

- -
2429

HCO=
mg/l

a3.
84.
87.
84,

BS.

8z,
B3.
85,
85.
84.

87.
8s.
84.
83.

84,
83.

Cl1
mg/1

o -0 0 m

4
3
3
4

D
.
L2 R

Ca
mg/l

2.93
2.93
3.07
3.22
3.27

L Gl L
r

M
(S ]

log
pCO=

-3.85
-4.07
-4.16
-4.01
-3.77

-3.74
=3.75
-4.25
-4.23
-3.86

-3.91
-4.21
-4.06

-4.09
0.19
4,587

6‘-0
Yo

-14.8

6D

=109
=105

-104

76



Table 19
Multiple Regresion Output)

(Bowers Hot Spring Lead-lag

16

Dependent Variable Flow
Number of Foints =
Step 1
Variable Entered HCO=
Sum of Sguares Reduced in this Step
Froportion Reduced in this Step

Multiple Corr. Coef. Adj. for D.F. .

F-value for Analysis of Variance ....

Variable Fegressiaon Std. Error of
Coefficient Reg. Coef.
HCO= 16018 . 04448
Intercept —10.842352
Step =2

Variable Entered pH
Sum of Sguares Reduced in this Step
Froportion Reduced in this Step
Multiple Corr. Coef. Ad;i. for D.F. .
F-value for Analysis of VYariance

Variable Fegression Std. Error of
Coefficient Reg. Coef.
HCO= « 151860 . 03689
pH 1.14264 41745
Intercept -20.57172

-
-t

Variable Entered Ca

Sum of Sguares Reduced in this Step
Froportion Reduced in this Step
Multiple Corr. Coef. Adj. for D.F. .

Step

F-value for Analysis of Variance .....

Variable FRegression Std. Error of
Coefficient Reg. Coef.
HCO= . 13676 . 03431
pH . ?2409 . 39481
Ca . 62084 R 2 s
Intercept —19.31296

. 2.149
- .481
. 693
» 12.971
Computed
t-value
Z.602
i .B48
. . 120
3 .819

13,239

Computed
t-value

4,109

2.737

N
079
. 844
12.000

Computed
t—-value

Z.988
2.341
1.951




Table 19 continued
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Step 4
Variable Entered Temp
Sum of Sguares Reduced in this Step ..
Froportion Reduced in this Step
Multiple Corr. Coef. Adj. for D.F. ...
F-value for Analysis of Variance

Error of
Coef.

5td.
Reg.

Regression
Coefficient

Variable

HCO= « 13817 « Q3372
pH - 73415 . 41881
Ca . S0657 L I2672
Temp —. 22661 . 18881
Intercept -7.089255
Step S

Variable Entered Cl
Sum of Squares Reduced in this Step ..
Froportion Reduced in this Step ......
Multiple Corr. Coef. Adj. for D.F. ...
F-value for Analysis of Variance

Variable Regression Std. Error of
Coefficient Reg. Coef.
HCO= « 11375 . 04630
pH 62821 . 44709
Ca « 2852 « 33372
Temp =S BERLT . 19242
C1 -. 00879 + 01119
Intercept -4, 42068
Step 6

Variable Entered = EC
Sum of Squares Reduced in this Step ..
Froportion Reduced in this Step
Multiple Corr. Coef. Ad;. for D.F. ...
F-value for Analysis of Variance

LR )

Variable

HCO=
pH
Ca
Temp
Ci
EC
Intercept

FRegression
Coefficient

L 10501

. 28814

. 84840

-. 11346
—-. 04497
2197
-11.&63359

Error of
Coef.

Std.
Reg.

- 04180
.441320
. 24571
.1818%
02198
.01187

: 129
. 029
. 88%
?.690

Computed
t-value

4,097
1. 753
1.550
—1.200

+OS7
T B s
. 846
7. 6086

Computed
t—value

2.457
1.405
1.584
=1. L3
-. 786

. 256
. 057
. 880
B.44&

Computed
t-value

Z2abl2
653
2.454
-. 624
—-2.046
1.851




79

constituents was omitted. In this case, the pumping rate
from the fracture was not monitored gdequately (appendix -
B, 1)

During the summer, volumetric flow measurements were
made approximately twice daily - when the pool inlet water
was turned on and when it was turned off. These
measurements gave a general idea of how much water was
pumped during a given time, but the pumping rate was not
constant because the pump was on a pressure system (figure
12). Crosscorrelation was not attemped to show the
relationship between spring flow and pumping rate, due to
the ambiguity of the pumping rate at any given time.

A continuous recording barometer was located at
Bowers Mansion from August =1, 1984 to September E{ 1984
(figure 1% and appendix B.3). Time series studies by
White (1948) at Steamboat Hot Springs showed a significant
inverse correlation between barometric pressure and stage;
the stage would rise to a new equilibrium when the
atmospheric pressure decreased, and vice versa. This
phenomena was also cbserved in Carson Valley flowing wells
(Maurer. 1984). Crosscorrelation was not a powerful
enough technigque to measure a correlation between these
two parameters, and no further analysis will be made on
this data.

Temporal data was also colleced on two flowing wells
in Washoe Valley. one on the east and one on the west side
of Washoe Lake (se= appendix B.4 and B.S5. respectively).

A direct correlation of .96 was calculated between the
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flow measurements of the two flowing wells (figure 14).
The fluctuations in well discharoge were caused by
precipitation events and variations in lake level. No
cignificant correlations were observed between the flowing

well discharges and Bowers Mansion Hot Spring discharge.

Summary

Bowers Hot Spring is apparently controlled by =a
high—angle normal fault, &t a contact between granitic
basement rocks and valley—fill alluvium. A well
intersects this fault at about 2Z0 m; pumping directly
affects the spring discharge. The hot spring discharge
was measwad with a 30" V-notch weir eguipped with a
continuous recorder: average flow egqualed 2.5%9 lps.

The water at Bowers Hot Spring is & Na—-HCO= type
water and had an average EC of 250 Hmhos/cm. The
dissolved ions are presumably derived from the dissolution
of minerals such as plagioclase feldspar and potassium
feldspar, from hydrolization of soil CO=, and from
possible CO= sources at depth. 8Silica chemical
geothermometry suggested a reservoir temperature of 100
+20°C.

Temporal analysis showed that increased calcium ion
may be caused by dissoclution of calcium salts from
fractures durina high flow. Lead-lag multiple step—-wicse
linear regression showed that the independent variables

measured cannot account for the high variability in f1low;
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this is presumably due to the erratic pumping from the hot
well.

Time—series comparisons of flow fram the two wells in
Washoe Valley show that flow is predominantly controlled
by stage fluctuations in Washoe Lake. The flow
variability at Bowers Hot Well was independent of the
flowing well fluctuations. Chemical variations in the
flowing wells appeared to be very stable; therefore,
correlations between these variables were considered

insignificant.



Frison Hot Spring

Introduction

The Maximum Security Frison was originally the
Governor®s Mansion, and the hot spring was used to supply
spas for the Mansion guests. When the Mansion was
converted into a prison, the hot spring was used to heat a
greenhouse which supplied flowers to the state offices in
downtown Carson City. Frisoner riots caused a prison
lock—down in the 1970°s: at that time the greenhouse was

abandoned and the hot spring was no longer utilized.

Frecise Location

Frison Hot Spring is at the Maximum Security Frison,
Carson City, Nevada. The spring discharge is inside a
greenhouse about 30 meters southwest of the main prison
gate.

The spring is located in the SE1/4, NWi/4, SEL1/4 of
Section 16, T15N, RZOE (figure 15). The spring issues
from fractured rock in the bottom of a concrete walled
channel (20 m long, .79 m wide, and .90 m deep). The
channel discharges into a duck pond below water level;
therefore, the duck pond water level directly influences
the channel stage. making the stage measurements relative

at best.
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Climate and Vegetation

Frison Hot Spring is at an elevation of 1,411 m.

Most of the precipitation at this elevation falls as rain,
with up to 60 mm accumulating as snow in the Winter.
Annually, approximately 250 mm of precipitation fall in
Eagle Valley, about 760 mm in the Sierra Nevada, and about
S00 mm in the Fine Nut Mountains (Arteaga and Durbing
1978).

The area near the prison is predominantly grassland,
while the vegetation of Frison Hill is mostly sages and
grasses. Juniper and pinyon pine stands are common in the
Fine Nut Mountains; the Sierra Nevada has many thick
stands of pines and cedars, as well as desert sage-and

grass groundcover.

Frevious Work

Geologic studies have been carried out in Eagle
Valley by Zones (1958), Eisinger (1260), Moore (196%9), and
Bingler (1977). EBingler mapped the New Empire (7.57)
quadrangle at a scale of 1:24,000. This map was used in
this study area.

The hydrology. hydrogeclogy, and geothermal
evaluations of Eagle Valley have been carried out by Worts
and Malmberg (1966). Arteaga and Durbin (1978). Trexler
and others (1979 and 1980), and Szecsody and others

(1282).
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Geology

Geologic studies have been carried out in the area by
Zones (1958), Eisinger (19460), Moore (1%96%), and Ringler
(1977); therefore. the geology was field checked and the
geologic map by Bingler was used in this study area (scale

1:24,000)., See appendix A for descriptive geology.

Lithologic Interpretations

The oldest rocks in the study area are Jurassic,
dacite porphyry and metavolcanic breccia (figure 15).
These unites have been moderately to highly metamorphosed,
and in some areas the dacite porphyry grades to spotted
hornfels. DOutcrops are highly fractured and jointed. but
are guite competent and resistant to weathering (Moore,
19692 and Eingler. 1977).

A skarn zone or contact metamorphic zone occcurs
between the metamorphic rocks and the Cretacious granitic
rocks to the south. The granitic rocks are predominantly
hornblende-biotite granodiorite and are intruded into the
older metavolcanics of Frison Hill and Hot Spring Mountain
(Eisinger, 1960).

Tertiary sedimentary rocks crop out in the immediate
vicinity of the State Prison. Sandstones and siltstones
are competent due to calcite cementation. Much of this
area could not be thoroughly investigated due to the

security of the prison.
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Structure

Frison Hot Spring is located along a prominent
N1O-20E normal fault. This fault is quite obvious on
aerial photographs and extends about 1.2 km south and 2.5
km north of the State Frison. This structure may be a
continuation of the fault controlling Saratoga Hot Spring
to the south. According to Bingler (1977), the prison
spring fault dips to the west, but field checking could
not verify this.

A series of sub—-parallel, northeast—-trending, normal
faults in the northern portion of the study area are
mappable for about 1.5 km. All of the faults cut Tertiary

and older units.

Hydrology

The hydrology and hydrogeochemistry of the area have
been studied by Worts and Malmberg (1966), Arteaga and
Durbin (1978), Katzer (1980), and Szecsody (1983).

According to Worts and Malmberg (19&6), the
groundwater of Eagle Valley is contained within one large
unconfined aguifer. Groundwater recharge is predominantly
accounted for by: 1) mountain front recharge, 2)

streamflow infiltration, and Z) deep percolation

(Szecsody, 1983). Approximately 95 percent of the natural
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recharge comes from the Carson Range to the west, while
the remainder comes from the Virginia Range to the narth:
and the Fine Nut Mountains to the east (Worts et al.,
19663 .

The aquifer apparently has two discharge locations to
the Carson River: 1) to the northeast, near New Empire,
and Z) to the south. between Frison Hill and Hot Spring
Mountain (Worts et al., (1%46), and Arteaga and Durbin,
1978). Fumping fields in these dischatrge areas could
intercept valuable groundwater that is presently not
utilized (Arteaga, et al., 1978).

Two other geothermal areas occur within Eagle Valley
and appear to have similar characteristics to those
observed at Frison Hot Spring: 1) Carson Hot Spring, about
S km north of Frison Hot S5pring, and 2) Finyon Hills
thermal area, about 2 km to the east of Frison Hot Spring
(Trexler, et al.,1979). Northerly—-trending normal faults
also control these thermal areas, according to Trexler, et

al. (1980).

Geochemistiy

Major Dissclved Constituents

An extensive hydrogeochemical study was conducted by
Szecsody and others (1983). A water sample was collected

at Prison Hot Spring and was analyzed by the Water



21

Analvsis Laboratory (DRI) for masior cations and anions.
The results from this analysis were run though the program
"WATEQ" to calculate mineral saturations, cation to anion
balance, pC0=, etc. {(table Z0).

The water at Frison Hot Spring is a Na-50s type
water. Calculated sodium mineral saturations are well
below saturation limits. Sodium can generally be
accounted for two ways: 1) by dissoclution of sodium salts,
and 2) by dissolution of plagicclase feldspar
(Drever,1%782). Sulfate concentrations can commonly be
accounted for two ways: 1) by dissolution of
gypsum/anhydrite, and 2) by oxidation of pyrite
(Drever, 1782).

The only minerals near saturation are the silicate
minerals chalcedony. cristobslite, guartz, talc, and
tremolite. The high concentrations of silica are
primarily derived from the dissolution of silicate

minerals (Back and Freeze., 19832).

Geothermometry

The water analysis, from Szecsody (1983), was used in
several chemical geothermometers (table 21). The
calcul ated reservoir temperatures rang from Z8.2°C to
151 .2° C. Because the hot spring discharges into a large
pond, it is probable that significant cold-water mixing
may have occured at the spring discharge.

The Eil=z= geothermometers are less susceptible to



Table 20 (Prison Hot Spring WATER output)

¥X% total concentrations of input species XXX

total

species molality

Ca 0.424301e-03
Mg 0.987515e-05
Na 0.365508e-02
K. 0.588413e-04
C1 0.592543e~-03
S04 0.158288e-02
HCOZ 0.4644307e-03

5i02 tot 0.616014e-03

total
mg/liter

—

b

a1}

e
Gtd LT K

NOR =N RO
SO OoDWOoOMO

epmcat
epman
cation/anion

tds =

d
(4]
"
m
B
o

epm epm fraction
0.85 0.185
0.02 0.004
3.65 0.798
0.06 0.013
0.59 0.135
3.16 0.719
0.64 0,144

¥¥¥ description of solution XXX

analytical

4,582
4,403
1.041

ph
8.490

temperature
35.00 deg c

0.127383e-03
-3.8949

pco2 =
log pco2 =
EC = 650.0
ionic strength
0.612371e-02

XXX¥ mineral saturations XxX¥

iap/kt

0.1473e-01
0. 6084e+00
0.3915e-07
- 0.3917e-04
0.8155e+00
0.1502e+01

0.4697e-02
0.14658e+01
0.3719e+00
0.2243e-01
0.1445e-064
0.1147e-01
0.4298e-07
0.8252e-02
0.7791e-09
0.4182e+01
0.7486e+00
0.4739e+00

0.247%e-14

log iap/kt

-1.83173
-0.21578
-7.40732
-4, 40703
-0.08856
0.17455
-37.99195
-2.32821
0.21950
-0.42957
-1.64919
=6.84003
-1.94034
~7.366735
-2.08342
-9.10843
0.62138
-0, 12574
-0.32428
0.14206
5.49374
-14. 60577
=3. 67973

phase

ANHYDRITE
ARAGONITE
ARTINITE
ERUCITE
CALCITE
CHALCEDONY
CHRYSOTILE
CLINOENSTITE
CRISTOBALITE
DIOPSIDE
DOLOMITE
FORSTERITE
GYPSUM
HALITE
MAGNESITE
NATRON
QUARTZ
SEFIOLITE(C)
SI02(A,L)
TALC
TREMOLITE
TRONA
SEPIOLITE(A)




Table 21 (Prison Hot Spring Chemical
Geothermometer Results)

Thermometer Si0= Si0= Si0= Na-F Na-K  Na—-kE-Ca Na-K-Ca

Equation 1 2 4 b 7 8 10

Calculated

Temperature 38.20 59.60 88.27 125.86 91.30 191.19 135.88
(C)

Table 23 (Prison Hot Spring Correlation
Coefficient Matriwx)

Ca Cl EC HCO= pCO= pH STAGE TEMF FRECIF

FRECIP O 49 0 .44 0 0 0 -.45 1
TEMF a - 51 .62 .48 0 0 0 1
STAGE 0 0 0 0 0 0 1

pH -.45 0 0 0 -.99 1

pCO= .47 Q Q 0 1

HCO= 0 Q o] 1

EC 0 -.42 1

C1 .38 1

Ca 1
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reactions and reeaguilibrations due to dilution tham the
Na—kE or MNa-kE-Ca gecthermometers (Fournier. et al.. OFR;:
Eenjanmin, 1982): therefore, the reservoir temperature is

probably sbout 70Xx20°C.

Time Series Analvsis Results

Data were collected for approximately one vear at
Frison Hot Spring. from September 22, 1987 to August 23,
174, The mean sample interval for the study period was
1Z.7 days (standard deviation = Z.2 days) (table 2Z).

Crosscorrelation Coefficient results., at zero laog.
are presented in table Z3. Only two values, out of 21,
are greater than S0 percent. Likewise., there are only
three lagaged correlations that are areater than S0
percent.

There is & direct relationship between temperature
and electrical conductivity (EC). and an inverse
relationship between temperature and chloride ion. The
coefficiente of variation for temperature and EC (1.&2%
and 8.81%4 respectively) suggest that the variability in
temperatuwe is real and cannot be accounted for by human
or analytical errors; however, the EC variability may be
partially due to analytical errors. The coefficient of
variation for chloride ion (1.81%) suggests that all of
the variation could be caused by induced =rrrors;

therefore. the relationship between temperature and EC is



Table 22 (State Prison Hot Spring tesporal data)

Date

9/22/83
10711/83
10/25/83
11/ 8/83
11/22/83

12/ 6/83
12/20/83
1/ 3/84
1/10/84
1/24/84

2/ 7784
2/21/84
$ 2/28/84
31 6/84
1 3/13/84

3/20/84
1 3/27/84
4/ 3/84
¥ 4/10/84
4/18/84

1 4/24/84
3/ 1784
1 5/ 8/84
3/16/84
¥ 5/23/84

3/30/84
¥ b/ b/B4
6/13/84
6/20/84
$7/5/84

T/11/84
t 7/17/84
7/26/84
$ B/ 2/84
8/ 9/84

1 B/16/84
8/23/84

Hean
Stand Dev
Coet Vari

Time T(C)

13:20 41.0
12:15 41.0
13:11 40.5
13:52 40.0
13:45 39.5

12:24 38.5
11:42 39.5
15:09 39.0
13:27 39.0
12:02 39.5

12:38 39.5
11.14 39.5
11:32 40.0
10:50 40.0
11:19 40.0

11:15 -

11,07 40,0
11:38 40.0
11:32 39.0
12:19 40.0

10:38 41,0
10:37 41.0
10:57 40.5
12:03 41.0
13:40 41.0
13:06 41,0
13:06 40.0
12:53 40,0
13:49 41.0
14:01 41.0

12:36 41.0
11:57 40.5
12:03 40.3
11:48 41.5
12:06 41.0

12:04 40,5
13:41 40,0

39.9
0.6
ation 1.6

Stage
(cm)

40.6
39.4
39.4
43.2
48.3

44.5
41.9
43.2
41.9
38.1

29.2
36.8
34.3
34.3
I3

330
30,9
29.2
31.8
30.95

30.5
32.4
30,5
30.5
30,35

47.0
38.1
40.6
35.9
61.0

39.7
39.7
8.4
3b.8
31.8

30.5
20.3

38.9
9.9
25,5

EC

pH

pH

HCO=

pehos field lab g/l

330
350
479
491
491

329
302
300
460
486

490
3l
498
503
A87

489
480
497
506
525

a3
a19
528
524
524

312
502
330
360
360

360
504
504
332
332

308
507

914
26.2
sll

8.44

8.33

8.71
8.66
8.63
B.72
B.68

Bl?i

8.84
B.83
8.79
B.58
8.82

B.61
8.7
8.92
8.60
B.53

8.83
8.81
B.98
9.07
9.00

8.8b

8.64 8.98

Blb‘
8.61

B.68

8.73
8.82
8.80

8.92
8,63
8.60
B.68
B.59

8.63
8.65
8.50
B.62
B.63

8.55
8.50

8.95
8.62
8.60
8.73
8,64
8.38

B.43
B.63

8.72
8.55
8.95
8.92
8.95

8.74
B.70
8.80
B.B4
8.9

.83
8.83

8.77

1.81

37.
38.
40.
39.
44,

43,
41.
43.
43.
39.

38.
38.
38.
8.
40.

39,
40.
40.
38.
40.

39,

k|
o

39.
41,
A1,

9.
39.
M,
40,
40.

39.
40,
A,
38.
41,

40.
40.

L1
rg/1

19.8
20.1
20.2

21.2

21.1
21.2
21.1
20.9
20.6

20.6
20.8

20.1

20.8
20.8

20.8

20.6

19.8
20.5

20.6

19.8

19.5

20.0

40.0 20.7
0.16 2.2 0.4

i)

1.8

Ca log
sg/l  pCOz

18.17 -4.18
1B.17 -4.15
17.87 -4.08
18.78 -3.89
18,48 -4.08

19,38 -3.88
19.08 -4.19
19.38 -4.19
18.93 -3.87
19.08 -3.84

18.48 -4.15
18,78 -4.09

18.48 -4.35

18.78 -4.17

18.63 -4.24

18.32 -3.90

18.32 -3.95

23.34 -3.11

18.02 -4,02

18.17 -4.21
18.17 -4.21

18.02 -4.05

18.32 -4.08

17.72 -4.24

17.87 -4.13

19.01 -4.07
1,22 0.16
6.43  3.83

gilﬂ

1]
x.
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the only potentially significant correlation observed for
Frison Hot Spring (figure 16).

The only significant lagged correlations are between
temperature versus chloride ion (R = —-.5%9, temperature
leads Cl— by two weeks), stage versus temperature (R =
-.72, Stage leads Temperature by 12 weeks), and
precipitation versus pH (R = -.5&6, precipitation leads pH
by eiéht weeks) .

Lead-lag multiple step-wise regression was not applied

to this data. due to poor correlations between variables.

Summary

Prisun Hot Spring is controlled by a north—-trending
fault on the east side of Eagle Valley. This fault forms
a contact between metamorphic and granitic rocks to the
east and valley—fill alluvium to the west.

The water at Frison Hot Springs is a Na-504 type
water, and had an average EC of 525 Hmhos/cm. The sodium
and sulfate ione are presumably derived from dissoclution
of basement rock minerals and salts such as plagioclase
feldspar and gypsum—anhydrite., and by oxidation of sulfide
minerals. Silica chemical geothermometers produced an
approximate reservoir temperature of 70x20°C.

Time—-series analysis showed only fair correlations
between variables, due to 1) the submerged nature of the

spring discharge, Z) ponding of the discharge water, and

2) locsl pumping.
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Saratoga Hot Spring

Introduction

Frecise Location

Saratoga Hot Spring is in Douglas County, Nevada.
about half way between Minden - Gardnerville and Carson
City. Saratoga Hot Spring is on Vicky Lane, about Z.2 km
east of Highway 292 and about Z.4 kEm north of Johnson
Lane.

The hot spring is in & gully on the west side of
Vicky Lane. near the U-shaped house (SW1l/4, SW1/4, SE1/4
Sec 21, Ti14N, RZOE) (figure 17). The hot spring i§5ues
from a pile of concrete rubble; apparently the rubble was
dumped there to stabilize the roadside. Saratoga Hot
Spring has reportedly been diverted from the vard of the
house Z0 m east of the current discharge. via a clay pipe
(Staffen, 1984).

A concrete building and dam exist at this site. The
dam was built several years ago by a previous owner to
pool water for bathing: currently this facility is not
used. Flow measurements were made with a 20° V-notch
weir, inplaced at the downstream end of the dam underflow
channel. A stilling well was constructed on the
downstream side of the weir and a Stevens Type—F
continuous recorder (7 day clock) was installed. From

this point the hot water creek flows about 1 km west, then



Geologic Map Saratoga Hot Spring Area (geology by B.F. Lyles, 1084)
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north about 1 km to a marsh area at the sewage treatmenf
facility. then north about Z km to the Carson River.
Several more hot springs occur in the center of the
Incline Village Sewage Treatment Facility. approximately
1.5 km NSSW of Saratoga Hot Spring (NE1/4, NE1/4 Sec 20,
T1i4N, RZOE). These springs will from here on be called
Saratoga NarsH Hot Springs., and reportedly will be
preserved within the sewage ponds (Roland. personal
communication, 1984). These springs contain large
quantities of fish and snails., although the average
temperature is about Z8"C. According to Vinyard (personal
communication, 1984), these fish are mosquito fish
(Gambiusia affinis) and were probably planted at the
springs to cut down mosguito populations: musquitn‘fish

thrive in warm water, as do the snails.
Climate and VYegetaticn

Saratoga Hot Spring is at an elevation of 1,423 m.
Temperatures range from —10 to 5°C in the winter, and from
15 to 41°C in the summer. Frecipitation agenerally falls
as rains: however, small accumulations of snow were
observed during this study. The average annual
precipitation at Saratoga is about 254-Z05% mm (Spane,
1977). The Sierra Nevada accumulates approximately 2-Z m
of snow annually, while the Fine Nut Mountains only
accumul ate about 0.5 m at the higher elevations., due to

the rain—-shadow effect from the Sierra Nevada.
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The vegetation near.Saratha Hot Spring is
predominantly desert sages and grasses. The hot water
creek supports several old cottonwood trees and greasewood
along its banks. Many pinyun pines occur on Hot Springs
Mountain, primarily in the canyons and at the hiagher
elevations; groundcover in this area is generally desert

sages and grasses.

Geology

Geology in the Hot Spring Mountain area has been
described by.Eisiﬁger (19260), Moore (196%9), Spane (1277),
and Bingler (1977). 0Geologic field mapping was conducted
at a scale of 1:24,000, and was completed in four days.
The descriptive geclogy from this area is listed in
appendix A. Low sun—angle aerial photographs were used to

delineate major lineations and structural trends.
Litholoagic Interpretations

Ten major lithologic units occur within the study
area. A geologic map was produced from the field mapping
effort and is presented as figqure 17.

The oldest rocks in the area have been mapped as late
Triassic to early Jurassic, based on fossil occurrences in
the Fine Nut Mountains (Moore, 196%9). These rocks make—-up
five units at Hot Springs Mountain and are composed of

moderately to highly metamorphosed sedimentarv rocks and
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volcanice. The most extensive metamorphic unit in the
area has been mapped as meta-dacite porphyry. Local
metamorphism has produced epidote hornfels or spotted
hornfels. This unit presumably has sedimentary and
volcanic interbeds throughout; these have been mapped as
meta—andesite, metasedimentary rocks. meta-welded tuff and
breccia, and mottled metasedimentary rocks (in decreasing
abundance respectively). Metamorphism and structural
complexities make depositional history interpretations
difficult; however, Moore (1246%9) and Spane (1977) have
interpreted the metamorphism to be due to intrusion of
Sierran batholith granitic rocks.

Two granitic units have been mapped at Hot Spring
Mountain. Granodiorite porphyry is transitional with the
meta—dacite porphyry on the east side of Hot Spring
Mountain. A greater abundance of spotted hornfels is
apparent along this contact. ERioctite-hornblende
granodiorite intrudes meta—andesite in the northern
portion of the study area. This granitic is a
continuation of the grancdiorite at Frison Hill to the
north, according to Eisinger (1260), Moore (1946%9), and
Spane (1977). Aplite and granodiorite dikes and sills
cause contact metamorphism in the meta—-andesite.

Three Guaternary sedimentary units have been
correlated to Bingler's (1977) New Empire guadrangle
geologic map. to the north. These units have been field
checked, after being located by aerial photoagraphs, and

are as follows: 1) windblown sand is deposited in most



103

canyons, and borders about 80 percent of Hot Springs
Mountain, 2) flood-plain deposits formed by the Carson
River, and Z) alluvial—-plain deposits occur to the north,

between Hot Spring Mountain and Frison Hill.

Mineral Deposits

A mineralized area occurs in the southeast 1/4 of
section 22 and has been explored by several adits, shafts,
and prospect pits. These workings total approximately Z00
m of tunneling, and generally follow a hydrothermal
alteration zone. The zone trends approximately N6OW and
dips about &6ONME, and is about 0.75 to Z m wide.

The mineralization consists of guart:z veining'and
silicification, with occurrences of crystaline calcite,
chrysocolla., barite, and pyrite. Dump samples at the
upper wventilation shaft (SW1/4, NE1/4 Sec 22) contained
well—formed barite crystals, as vein material. and small

pyrite crystale in the wallrock.

Structure

Several faults were located within the study area.
Saratoga Hot Sprinmg is controlled by a north—-south
trending structure which is apparent on aerial photographs
for a length of approximately 2 km. Several other hot
springs (Saratoga Marsh Hot Springs) occur about 1.5 km at

NSSW of Saratoga Hot Sprinmg (NE1/4, NE1/4 SecZO T14N
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RZ0OE). These springs appear to follow the same general
structural trend as Saratoga Hot Spring, but the area has
been disrupted by the Incline Village Sewage Treatment
Facility and all surface lineatione have been destroyed.

Several other lineaments are noticeable on aerial
photographs and some were mapped as faults upon field
verification. Most of these structures follow a N7S—-80E
trend. The fault in the south center of section 22
(figure 17)., has a near vertical dip to the east.

A shallow temperature survey was conducted at
Saratoga Hot Spring by Trexler and others (1980), and
showed a clear relationship between temperature-probe
isotherms and fault structures. The highest temperatures
occured aleng the Saratoga Hot Spring controlling fault,
forming the 24°C isotherm.

Gravity studies were conducted by Trexler and others
(1980) to determine the basement rock configurations. A
19 km traverse was completed in the Saratoga area and
showed a large structural low about 2 km west of Saratoga
Hot Spring. A éeparate gravity study by the U.S.
Geological Survey sugaests the presence of a large steeply
west—dipping structure in the same areaj; this structure
appears to control the eastern boundary of Eagle and

Carson Valleys (Maurer. personal communication. 1983).

Hydrology

The hydrology of Carson Valley has been studied by
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Fiper (196%), Glancy and FKatzer (1975), and Spane (1277).

Regional

The east and west forks of the Carson River start
high in the Sierra MNevada, join in Carson VYalley, and flow
through Carson. Eagle, Dayton, and Churchill Valleys
before emptying into Lahonton Reservaoir. The average
Carson River discharge at the south end of Carson Valley
is 11.8 m¥/sec or 238,927 hmn¥/year, for 44 years of record
(Water Resources Data Mevada, 198%). Up to 3.1 m™/sec can
be diverted from the East Fork of the Carson River south
of Gardnerville by the Danberg Ranch:i the Danberg Ranch
reportedly controls most of the surfacewater rightg in
Carson Valley (Briant, 1984).

Recharge to alluvial aguifers is accumul ated three
ways: 1) by infiltration of precipitation. Z) by surface
runoff from mountainous areas, and %) by overland flow
within and subsurface underflow from adjacent intra-basin
mountainous areas (Spane, 1977). Spane (1977) estimated
annual recharge for Carson VYalley aquifers to be
approximately 54,450 hm=,

A large part of western Carson Valley is
characterized by artesian wells and groundwater discharge
to the Carson River; Carson River is a gaining river
through much of Carson Valley (Spane, 1277). Inspection
of Spane’s (1977) potentiametric surface contour map shows

the area just west of Hot Sprinags Mountain as a
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groundwater discharge area. Much of this area is now
covered by the Incline Village Sewage Treatment Facility.
After dikes were constructed for leach ponds. soil that
previously appeared dry produced water that accumulated on
the south sides of dikes. CQGuick conditions were observed
locally as large boulders were dumped into marsh areas to

support the dikes.

Local

Saratoga Hot Spring, as previously mentioned, is
controlled by a large west dipping fault. Fracture flow
at Saratocga was relatively uniform during this study (less
than 3 percent variation), averaging Z2.35 1/s.

Recharge to Saratoga®s thermal reservoir could come
from three sources: 1) the Pine Nut Mountains, to the
east, 2) the Carson River. and Z) the Sierra Nevada. to
the west.

The Fine Nut Mountains are in the rain—-shadow of the
Eierra Nevada and accumulate relatively small amounts of
precipitation (highest elevation precipitation = about 660
mm; Spane, 1977). Stable isotopes (4D = —170 and &i®g =
—-16.2; Trexler, et al.. 1980) from Saratoga Hot Spring
suggest that recharge water accumulated at elevations
above 2,286 m (Szecsody, 1980);: therefore, it is assumed
that very little if any recharge comes from the Fine Nut
Mountains.

The Carson River is at the same eleva