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ABSTRACT 

During the period 1 May 1979 through 31 May 1980 members of the Nevada 

Bureau of Mines and Geology under contract to the U. S. DOE as the state-

coupled geothermal resource assessment team completed two geothermal in-

vestigations in three Nevada locations. The regions studied were selected 

from areas outlined as having direct utilization potential (Trexler and 

others, 1979) and included the Carson-Eagle Valley, Big Smoky Valley and 

Caliente. The Caliente investigations are discussed in a previously issued 

report dated March, 1980. Studies were organized around the completion of 

all or a selected group of tasks in each area. These tasks included: 

Geologic Reconnaissance 
Gravity Surveys 
Aerial Photography 
Fluid Sampling and Analysis 
Shallow Depth Temperature Probe Surveys 
Soil Mercury Surveys 
Shallow Electrical Resistivity Measurements 
Temperature Gradient Hole Drilling 

Goals of the project were to provide regional information about the 

nature and extent of the resources and to offer a critical evaluation of 

the techniques employed. 

Results from our work in the Carson-Eagle Valley demonstrate that geo-

thermal fluids are meteoric waters heated by relatively deep circulation in 

the earth's crust. The dominant structural controls are high angle, large 

displacemen~normal faults which provide conduits for fluid migration and 

dictate resource localization. Identification of these faults was accom-

plished by examining gravity data and abrupt changes in lithology and 

topography. The association of faults with thermal waters is substantiated 

by data obtained from two meter temperature probe studies and water well 

records which reveal linear isotherm patterns in the vicinity of geothermal 

manifestations. Distinctions between thermal and non-thermal fluids can be 

made on the basis of major and minor dissolved constituents while trace 
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elements are of limited utility. Thermal waters were not encountered in two 

temperature gradient wells drilled to depths of 240ft. and 500 ft. in the 

area. 

In the Big Smoky Valley a similar picture of fault-related,deep circula-. 

tion of meteoric waters emerges. Gravity transects, low sun-angle photography, 

linear patterns in two meter probe isotherm configurations and soil mercury 

anomalies all aided in determining the location and orientation of impor-

tant structural controls '. Chemical composition, in terms of major and minor 

dissolved constituents details the similarities and distinctions between hot 

and cold waters throughout the study area while isotopic data demonstrate 

the probable high temperature (>1500 C) history of fluids at the Darrough 

site. Integration of the results obtained from several techniques applied 

in the Darrough vicinity led to the siting and drilling of a 500 ft. well 

which encountered thermal fluid and extended the known resource limits. 

Techniques used to accomplish the outlined exploration tasks are eval

uated on a scale of 1-10. During evaluation consideration was given to 

parameters such as cost, time and manpower requirements, inter-regional 

applicability and the quality and quantity of data obtained. Methods re

ceiving generally"higher ratings include geologic reconnaissance, gravity, 

low sun-angle photography, 1-2 m temperature probes, fluid sampling and 

analysis and temperature gradient drilling. Intermediate rating is assigned 

to water well data and soil mercury surveys, and low rating is assigned to 

shallow resistivity. 

Analysis of major, minor and trace constituents in fluids from Caliente, 

Nevada showed the compositions of hot and cold waters to be essentially in

distinguishable. However, stable light isotopic data indicate that thermal 

fluids are derived from a distinct and homogeneous source. 
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INTRODUCTION 

In 1977 the U.S. Department of Energy Division of Geothermal Energy began 

to formulate a mission-oriented program for the development of geothermal 

resources. The program began with the western states which contain most of the 

geothermal resources in this country. The program consisted of integrating the 

cooperative efforts of participating "state teams", the U.S. D.O.E. Division of 

Geothermal Energy (DOE/DGE), the U.S. Geological Survey (USGS), the National 

Oceanic and Atmospheric Administration (NOAA) and several other contractors 

which the DOE/DGE used in an administrative and technical consulting capacity. 

The main objectives of the geothermal program were to (1) broaden the field 

of technical knowledge of geothermal resources by performing preliminary resources 

assessments, and (2) plan for the commercialization of the resources by creating 

area development scenarios ~sing the most recent information supplied by the 

resource assessment teams. In Nevada the Nevada Bureau of Mines and Geology 

(NBMG) is responsible for resource assessment and the Nevada Department of Energy 

(NDOE) is responsible for commercialization. 

The first objective of the resource assessment team was to define the 

geothermal resource potential on a regional scale by producing a 1:500,000 scale 

map of the state that showed the location of thermal springs and wells and 

ranked areas of highest potential for direct utilization. 

In June, 1979, the NBMG completed a one-year regional assessment for the 

low- to moderate-temperature geothermal resources in Nevada. The 1:500,000 scale 

map entitled "Geothermal Resources of Nevada and their Potential for Direct 

Utilization " depicts both technical resource information for more than 300 

springs and wells throughout the state and evaluates nearly 40 large areas with 

potential for geothermal development on the basis of a numerical scheme developed 

at NBMG. 
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A second objective of the resource team was to stimulate geothermal develop

ment by performing various geological, geophysical and geochemical surveys in 

favorably-assessed areas. These "Area Specific" studies were designed to: 

1. expand the data base of the preliminary assessment 

2. remove some of the risk in exploration by examining areas in 

more detail, and 

3. develop and test scientific exploration methods for low- to 

moderate-temperature geothermal resources. 

The area specific studies began in May, 1979, in two study areas: the Big 

Smoky Valley in central Nevada and the Carson-Eagle Valley in the western part 

of the state (fig. AI). These two areas were selected on the basis of their high 

potential for the development of industrial process heat and residential space 

heating,respectively. In November, 1979, a third study area, Caliente, was 

added to the program. 

Baseline Data 

The investigations began with a search and review Qf all pertinent literature 

including topographic maps, geologic reports, geologic maps, Bouguer gravity 

maps, theses, lithologic well logs and water resources reports. The compilation 

provided both a general understanding of the areas as well as an initial 

direction for the area specific study. 

The following 7.S-minute topographic maps were used in the Carson-Eagle 

Valley study area: Carson City, New Empire, Genoa, McTarnahan Hill, Minden and 

Gardnerville. The Reno and Walker Lake 1:250,000 scale topographic sheets were 

also used. 

In the Big Smoky Valley a combination of 7.S-minute series, 15 minute series 

and 2 degree maps was used. The 15 minute series maps included Austin, Spencer's 

Hot Springs, Millet Ranch, Wildcat Peak, Pete Summit Road, Hickson Summit and 

Diana's Punch Bowl. The 7.S-minute series maps consisted of Carvers, Carvers NE, 

2 
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Carvers SE, Carvers SW, Mt. Jefferson and Jet Spring. The Tonopah and Millet 

2-degree sheets were also used. 

Geologic maps were available in the Carson-Eagle Valley area at two scales. 

A 1:2S0,000 scale geologic map (Moore, 1969) provided a regional framework for 

the study. More detailed stratigraphic and structural information was obtained 

from the available 7.S-minute series geologic maps including Carson City 

(Trexler, 1977), New Empire (Bingler, 1977) and Genoa (Pease, 1979). 

Most of the major geologic structures in the Big Smoky Valley could be 

identified on the : 1:500',000 scale Geologic Map of Nevada (Stewart and Carlson, 

1978). This map, however, was not particularly useful in the vicinity of 

thermal waters where smaller structures which are not mappable units at such 

large scales are generally the features of interest. Somewhat more detailed 

data were obtained from other geologic maps of the area including K1einhampl and 

2iony (1967), Means (1962) and McKee (1968). But an extensive portion of the 

Big Smoky Valley remains unmapped at a scale suitable for area specific studies. 

Regional Bouguer and gravity data from the Reno (Erwin and Berg, 1977) and 

Walker Lake (Oliver and Robbins, 1973) 2-degree sheets were projected onto the 

7.S-minute series base maps for the Carson-Eagle Valley study area. Since the 

contour interval for these data is S mil1igals, the technique helped to delineate 

some of the major geologic structures in the subsurface but failed to resolve 

the minor structural details. 

In the Big Smoky Valley Bouguer gravity data were also available but the 

area included was limited to the region north of latitude 39° (Erwin and 

Bittleston, 1977). This map also failed to provide the information needed for 

the area specific study, and a full scale gravity program was planned to gather 

the necessary information. 

Chemical analyses of both thermal and non-thermal waters were collected from 

several sources from both study areas. Garside and Schilling (1979) provided 
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major and minor element chemical analyses for thermal springs and wells in both 

study areas. Additional water quality data were collected from the files of the 

Consumer Health Protection Services, a Division of the Nevada Department of 

Health, in Carson City. These data pertain mainly to non-thermal waters and 

included only the major dissolved constituents. 

Lithologic logs for residential and agricultural water wells are available 

for public inspection in the Office of the State Engineer, Carson City. Although 

the quality of most of the logs is poor, they have been helpful in determining 

the distribution and depth of warm water aquifers. This is especially true in the 

Pinyon Hills area in Carson City. Oil and natural gas exploration has been 

focused on Railroad Valley in southeas.tern Nevada and data from that area are, 

unfortunately, of little value in this study. Also, the data from mineral and 

geothermal exploration holes remain largely proprietary. 

Geologic Reconnaissance 

The geologic reconnaissance consisted of identification of the important rock 

stratigraphic units and structures in the field. No large-scale geologic mapping 

was involved because of the need to complete the other items within the allotted 

time-frame. 

Much of the reconnaissance was incorporated into other phases of the program 

such as the gravity and low sun-angle photo surveys. In the Big Smoky Valley 

several previously unmapped faults, which were identified on low sun-angle 

photographs, were verified during the geologic reconnaissance. Measurements of 

strike, dip and fracture and fault plane orientations were made in areas where 

a limited amount of geologic data were available. In addition, hydrothermally 

altered areas were examined for evidence of recent thermal spring deposits and 

cemented sediments. 

Several representative samples of the major rock units were collected for 

petrographic examination, and the mineral assemblages were compared to thin 
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sections of chips from the geothermal test holes. X-ray diffractiori techniques 

were also used to identify several microcrystalline and water-soluble mineral 

phases. 

Gravity 

Gravity measurements were selected as a means of obtaining useful sub

surface ·structural information. This choice was based in part on the results 

obtained by other investigators working the Basin and Range region. 

One of the earliest ·studies was carried out in the Virginia City andMt. 

Rose quadrangle areas, Nevada, by Thompson and Sandberg (1958). Their study 

combined gravity data with density measurements of the surrounding sedimen

tary, volcanic and metamorphic rocks. From their data · the authors were able 

to calculate the thickness of the sedimentary rocks in several of the basins. 

A more regional survey was completed by Thompson (1959) ~ri the area between 

Hazen and Austin, Nevada. These measurements depicted a . series of north-south 

trending horsts and grabens bordered by normal faults along which several 

thousand feet of vertical displacement had oc~urred.Stewart (1971) also used 

regional gravity data to characterize the Basin and Range,horst and graben 

structures for several areas in north-central Nevada. He interpreted the 

steep gravity gradients which occur near the basin-range interface as an 

indication of normal faulting. Goldstein and Paulsson (1979) integrated gra

vity data with seismic and deep electrical resistivity survey data in Grass 

Valley and Buena Vista Valley, Nevada. They were also able to estimate a 

basement configuration, fault patterns and depth to the Paleozoic basement. 

Additional reasons for using gravity measurements were the ready avail

ability of the necessary equipment and the relatively high rating assigned 

to the technique by Goldstein (1977) for area-specific ·studies. 

Approximately 400 stations were occupied iri the two areas examined during 

our ·study. Readings were taken using a Worden gravimeter having a scale constant 
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of 0.4656 milligals per division and a working range of 80 milligals. The 

instrument was allowed to thermally equilibrate (as judged by an unchanging 

reading over a five minute interval) for 15-20 minutes before making an initial 

measurement at the first station of a loop. A second reading was taken at the 

initial station as the termination measurement of the loop to establish instru

ment drift. Loop duration ranged from two to six hours with the smaller interval 

being used as frequently as conditions permitted. 

Required elevation data were collected using a digital readout 30-power 

theodolite capable of measuring angles to the nearest three seconds of arc, 

combined with a l2-foot stadia rod. Control was established by tying in all 

measurements to u.s. Coast and Geodetic Survey and u.S. Geological Survey 

benchmarks. In general, the use of this equipment resulted in elevation measure

ment accuracy of approximately one foot over the horizontal distance covered. 

Appropriate lat.itude and longitude data were computed for each station and 

combined with elevation data, raw measurements and instrument drift figures 

entered into a computer program for reduction to a simple Bouguer anomaly 

according to the formula adopted by the International Geodetic Commission in 

1930. Reduction density was 2.67 grams per cubic centimeter. Terrain corrections 

were computed manually using the method of Hammer (1939) and applied to the 

"silllple" data to obtain a "complete" Bouguer value. 

The gravity data for all traverses conducted during this study are presented 

in Appendix II. 

Aerial Photography 

Three approaches were employed in the application of aerial photographic 

techniques to our study areas: a) examination of moderate to high altitude 

ilIlagery, b) low altitude photography along selected flight lines and c) low 

sun-angle photography. Efforts under the first category were limited to scrutiny 

of LANDSAT RBV imagery at 1:250,000 scale and 1:78,000 scale black and white 
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U.S.G.S. aerial mapping photography. This imagery was used to check for the 

presence of regional trends which might be related to the location of geothermal 

occurrences within the area. Work within the second category involved the 

examination of black and white photographs flown at a scale of 1:12,000 along the 

same lines that were used in the gravity traverses. This was done to provide a 

means of searching for possible surface features related to subsurface changes 

as indicated by the gravity data. Low sun-angle photography was available at a 

scale of 1:12,000 for one of the study areas and was flown at a scale of 1:24,000 

in the second area. An appropriate time of year was chosen to maximize sun-angle 

illumination and the photos were taken with 60% forelap and 20% sidelap to allow for 

stereoscope examination. Trexler and others (1978) demonstrated the usefulness 

of the low sun-angle photographic technique in studying geothermal occurrences 

in Nevada. The major use of the technique during our study was in delineating 

near-surface structural features associated with known geothermal manifestations. 

Fluid Sampling 

Thermal and non-thermal fluids were collected in each study ~rea for analysis 

of major dissolved constituents, minor and trace dissolved species ' and oxygen 

and hydrogen stable light isotopic composition. The major goal of this segment 

of the study was to gather information on the nature and possible flow paths of 

fluids recharging the geothermal systems. "This approach has been used with good 

results by several previous investigators as documented by White (1968), Ellis 

and Mahon (1977) and Cusicanqui and others (1975). Additional goals included 

providing a chemical data base compiled with uniform sampling and analysis pro

cedures, and establishing a means of comparing the merits and drawbacks of each 

type of analysis on an area to area basis. 

Sampling consisted of collection of a 250 ml raw unfiltered aliquot in 

screw~apped polyethylene containers for bulk and trace element analysis and 125 

ml in a glass bottle for isotopic studies. In each case an attempt was made to 

8 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 



I 
I 
I 
I 

I 
I 

I 
I 
I 
I 

I 

I 

"top off" the container with liquid to reduce interaction with trapped air. 

Additionally, isotopic sample caps were dipped in hot paraffin prior to appli

cation and the top portion of the vessel was iinmersed in the wax to form 

an airtight seal. Samples of selected thermal fluids were also taken for sul

fide analysis. PreserVation of the sulfide was accomplished by the addition 

of 2N zinc acetate to the fluid at the time of collection. 

Subsequent to collection, the raw and isotopic samples were promptly shipped 

to outside laboratories for analysis. The results of these analyses are listed 

in tabular form in Appendix B. Values for Si02 are derived from an undiluted 

sample using an atomic absorption analysis technique. Reported sulfide figures 

represent total recoverable sulfide, i.e., all sulfur species capable of reacting 

with zinc acetate. 

Temperature Probe Surveys 

Temperature anomalies located near the surface of, the ground can be mapped 

by using thermistor probes buried to a depth of 1 to 2 meters. These surveys 

have been most effective when probes are buried to depths at which diurnal 

effects are insignificant, approximately 1.5 m (Birman, 1969)., However, temp

erature probes to a depth of 1 m have effectively delineated high temperature 

gradients in areas of known geothermal activity (Kintzinger, 1956; Olmsted, 

1977). Seasonal temperature variations have been shown to be insignificant 

below a depth of approximately 6 m, but some temperature variations can still 

be measured at a depth of nearly 25 m. 

Subsurface temperature surveys have been used to locate groundwater 

(Birman, 1969; Cartwright, 1966) , to estimate thermal stresses on the walls 

of underground buildings (Singer and Brown, 1956) and to locate subsurface 

leaks in barge canals (Kappelmeyer, 1957). 

In this study, temperature probes buried to depths of 1, 1.5 and 2 m were 

used to delineate areas of anomalous heat flow. Temperature measurements were 
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made with a DIGlTEC model 5800 series portable thermometer. General purpose, 

vinyl-tipped thermistor probes were used in conjuriction with the thermometer. 

The probes are 3 m in length and are equipped with a standard phone-jack. The 

thermometer is battery operated with rechargeable batteries, and the entire 

unit can be operated in the field for up to 16 hours without the use of an 

external power source. 

Small diameter holes (8 to 9 cm) were drilled to the various depths with a 

gasoline-engine powered auger and a thermistor probe encased in a 2 m section 

of pvc pipe was emplanted. The holes were then backfilled and the entire uriit 

including the phone-jack was covered with soil. The phone-jack was wrapped 

in a small plastic bag prior to burial to protect it from moisture condensa

tion. Spacing between probes varied from 100 to 400 m depending on the size 

of the area under investigation. 

Field tests indicate that reliable temperature measurements may be taken 

within 24 hours of the installation. This short reading . interval is applicable 

only to those areas where relatively unconsolidated materials permit drilling 

times of ten to fifteen minutes per hole or less. In general, the holes were 

allowed 2 to 4 days to equilibrate. After reading the temperatures the probes 

were removed for further use in other areas. 

For large areas, and working with a limited number of probes, the survey 

consisted of a series of sub-surveys. The area of interest was subdivided 

into smaller areas which could then be probed as a single unit. Probes were 

emplanted. into one subdivision, allowed to equilibrate, measured and removed 

for use iri the adjoining subdivision. For internal consistency one probe 

from the initial survey was left in the ground as a standard for the duration 

of the survey. The new temperature measurements could then be related directly 

to the previous measurements. 

The 2 m temperature probe survey was employed in the Carson-Eagle Valley 

study area at Saratoga Hot Springs in the Big Smoky Valley at Spencers's 
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McLeod Ranch and Darrough's Hot Springs and in the Caliente Study area. A 

1 m temperature probe survey was employed in the Carson-Eagle Valley at the site 

of the geothermal test hole number one. 

Soil Mercury Geochemistry Surveys 

Soil mercury geochemistry is one of many types of soil surveys used in 

general geologic exploration. Soil mercury geochemistry has proved relatively 

reliable in geothermal energy exploration (Matlick and Buseck, 1975) and is a 

relatively simple exploration tool to use. The basic principle behind the method 

is that mercury is generally volatile above 80°C and since many geothermal systems 

are higher than 80°C at depth,mercury is released from the rock. The vaporized 

mercury then migrates upward until encountering absorbent clays, which capture 

the mercury. Many of these absorbent clays are found in the "B" or clayey 

horizon of soils. 

Sampling this clayey soil layer provides the sample base for the analysis. 

After collection the samples are oven-dried at about 40-60°C to remove excess 

moisture. Then the samples are sieved to a minus 80 mesh (180 micron) fraction. 

These samples are then geochemically analyzed usually by an atomic absorption 

method or a Jerome gold film mercury detection machine (McNerney and others, 

1972). 

This data base is then analyzed and background values are determined. 

Anomalous regions are then studied to determine what relationship the soil 

mercury values have to the proposed geothermal system (i.e., structure controls, 

areal extent, etc.). 

Resistivity Surveys 

Electrical resistivity drilling surveys were carried out in several areas 

using a Geo-Western X-I type prospecting instrument. This unit is designed 

primarily for traversing,.and the self-contained 200-Watt converter supplies 

11 



sufficient current output to achieve a 500-foot depth penetration under nominal 

conditions. 

The transmitter and receiver are housed in a single unit with a l2-Volt D.C. 

external, sealed, rechargeable power supply. The instrument is used in conjunc-

tion with solid transmitter electrodes and porous plastic potential electrodes 

which are designed for use with a saturated copper sulfate solution. 

A Werner array was employed in both study areas and the electrode spacings 

used were 10, 25, 50, 100 and 200 feet. An attempt was made to use a constant 

electrode spacing of 25 feet for an electrical mapping survey near the McLeod 

Ranch Hot Springs. 

The apparent resistivity (Pa) was calculated using the formula: 

where, 

= 21T "A" Delta V 
I 

"A" is the electrode spacing in feet 

Delta V is the Impressed Potential in millivolts 

I is the current in milliamperes 

1T is 3.14 

The data were reduced by comparing the curves of electrode spacing vs. 

apparent resistivity plotted on 2 X 1 cycle logarithmic paper with two-layer 

model curves. The reduced data yielded a horizontal boundary layer between the 

surface and a second conducting layer located some distance below the surface. 

Drill Site Selection Criteria 

Locations for the slim temperature gradient holes were selected on the basis 

of numerous parameters. The sites were generally located within an area which 

showed anomalous values based on one or more of the field exploration techniques. 

The primary parameters used in siting the holes were structural, proximity 

to known thermal anomalies, soil mercury anomalies, shallow temperature prohe 
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surveys and land availability. Land availability was a key factor iri the 

Carson-Eagle Valley area because much of that area is fee simple land. Thus, 

drilling was conducted on fee land which would have the greatest benefit to 

the maximum number of people. The sites were located on Carson City School 

District property, hole CC-l, and the University of Nevada property, CC-2. 

It was felt that if a resource had been found at either location it would 

have benefited more people than if the holes had been drilled on land owned 

by an individual or group of individuals. 

Temperature Gradient Drilling 

Gradient drilling was implemented during the final quarter of the project 

as a technique to analyze selected areas for low- to moderate-temperature re

sources. The drill sites were selected from the data base which was developed 

from the field and analytical techniques described above, and on the availabi

lity of land and its potential use. 

Five holes ranging in depth from 90 to 500 ft. were drilled. Cumulative 

footage was 1520 ft. which was 170 ft. more than originally planned. This 

additional footage was required because one of the original four holes, BSD-l, 

had to be abandoned due to drilling problems resulting from restrictions im

posed ori the drilling program by the BLM. All five holes were drilled according 

to the guidelines and regulations of the Geothermal Resource Operational Orders 

(GROO's) of the USGS. 

General specifications for the holes were 6 1/2" surface casing to about 

20 ·ft. with a 3" production casing string installed to total depth. Only three 

of the holes were completed to meet the general specifications due to problems 

or logistics which prevented the completion of the other two holes. 

All five holes were drilled by the Rotary Division of Longyear, Inc. 

of Sedalia, Colorado. The drill rig was a Schramm Rotadrill Model CF 15 
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(fig. A2) with a 2565 Gardner Denver compressor and a 5"x6" two stage Gardner 

Denver mud pump. The bits used were a 7 1/2" tricone bit for the 6 1/2" surface 

casing and a 6" Ingersoll Rand downhole hammer or a 6" or 5 7/8" tricone bit 

for the remainder of the hole. 

Of the five holes, four were drilled with air or partially with air and 

mud, and one hole was drilled with only mud. Drilling muds were primarily ben

tonite materials. Air drilling was augmented by the use of foam. 

Generally, the data collected from the drilling and gradient tests made 

after the hole was completed were not encouraging. Only one significant temp

erature gradient was measured. This gradient was found in BSD-2 which was the 

third hole drilled in the Big Smoky Valley. Its gradient was 16.60 C per 100 

meters. One of the holes in Eagle Valley was vandalized before gradient tests 

could be made. Thus, the end results of five holes were that only four could 

be tested and of these four only one provided enough positive data to predict 

the existence of a thermal anomaly. 

The daily on-site drilling logs for each gradient hole are presented ~n 

Appendix III and completion diagrams .are presented in Appendix IV. 
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Figure A 2 . Photograph of Schramm Rotadrill CF 15 drill rig. 



CARSON-EAGLE VALLEYS 

Geographic Setting 

The study area is located in west-central Nevada and occupies portions of 

Carson City and Douglas Counties (fig. Al). The 650-square-kilometer area is 

contained within two distinct valleys, Carson Valley and Eagle Valley. 

Carson Valley, the larger 'of the two, trends north-south. It is approximately 

32 km long and as much as 32 km wide. The elevation of the valley floor vari es 

from 4600 to 5000 feet above sea level. Topographically it is bounded on the 

south by portions of the Sierra Nevada and the Pine Nut Range, on the west by 

the Carson Range, on the east by the Pine Nut Range and on the north by a low 

alluvial divide that separates it from Eagle Valley (fig. Bl). 

Eagle Valley is much smaller. It attains a maximum north-south dimension of 

13 km and a maximum east-west dimension of only 10 km. The elevation of the 

valley floor varies from 4600 to 4800 feet. Eagle Valley is bounded by the 

Carson Range (Sierra Nevada) on the west, the Virginia Range to the north and 

by the northern extension of the Pine Nut Range to the east (fig. Bl). 

The north-flowing Carson River is the principal drainage !or both valleys 

entering the southeast end of Carson Valley and exiting at the east end of 

Eagle Valley. 

The major population centers in this area are Carson City, the state capital 

(pop. 36,712) located in Eagle Valley and Gardnerville-Minden (pop. 3045) 

located at the southern end of Carson Valley. 

Geology 

I 

I 
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I 
Historically the area has been indirectly involved in many geologic studies II 

because of its proximity to the famous Comstock Mining District at Vi rginia 

City, Nevada. More recently, however, it has become the focus of attention for 

environmental geology and earthquake hazard studies. The principal cause of 
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Figure 81 . Oblique aerial photograph of Carson- Eagle Valley study area showing principal physio
graphic features (photo courtesy of Harvey Whitcome, Nevada Highway Department). 
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this is the large-scale urban development which is currently underway in Eagle 

Valley, . -The result is a rather substantial data base for this study. 

The entire area is underlain by rocks associated ··with the Mesozoic grano

diorite hatholith. There are no Precambrian or Paleozoic rocks exposed. 

The oldest exposures are Jurassic-Triassic metamorphic rocks, which appear as 

roof pendants in -the granodiorite. Post Mesozoic deposits include a series of 

Tertiary volcanics that range in composition from andesite to rhyolite. Most 

of the Quaternary formations consist of fluvial and alluvial deposits but a 

very recent basaltic-andesite volcanic vent and its associated flows is 

exposed in the Virginia Range just north of Carson City. 

Moore C1969} has compiled the most comprehensive report on the area. The 

report contains a 1:250,000 scale geologic map which was completed on the 

basis of reconnaissance geologic .field work in the mountain ranges where the 

rocks are best exposed as well as some more detailed work in and near important 

mining districts. A structural interpretation based partly on aerial 

photograph interpretation is also included. 

In addition to the 1:250 , 000 scale map, :geologic maps at a scale of 1:24,000 

have been completed for the New Empire (Bingler, 1977), Carson City (Trexler, 

1977), and Genoa (Pease, 1979) 7. 5-minute quadrangles. 

The geology of the area can be roughly divided into 3 sections (fig. B2). 

The western section is the north-trending Carson Range, the central section is 

the alluviated Carson-Eagle Valley and the eastern section consists of the Pine 

Nut Range and the southern portion of the Virginia Range. Although the rock 

units in each of these sections are distinct the areas are also separated from 

one another by nor.th-trending range-hounding faults. 

The Carson Range consistsota relatively homogeneous mass of granodiorite 

although extensive exposures of early Mesozoic volcanic rocks do appear as roof 

pendants in the batholith. The granitic rocks in this area are mapped as 
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Figure 82, Generalized Geo logic Map of Carson-Eagle Valley Study Area . (mod if ied . 
after Moore, 1969) 
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undivided, non-porphyritic quartz monzonite and granodiorite (Moore, 1969). 

Similar rocks are exposed in .the Pine Nut Range. The Carson Range is a horst

like structure and is oounded on the east by the Genoa fault. The displacement 

on this normal fault is greater than 1200 meters and a recent scarp is visible 

along the base of the range. This scarp is known to have existed since 1854 

when the town of Genoa was first settled. 

The Genoa fault extends from Walley's Hot Springs north and south along the 

range. To the nortb near Hobo Hot Springs the fault changes from a simple 

normal fault to a complex pattern of distributive faulting (fig. B3) (Moore, 

1969}. This pattern of distributive faulting may be the result of regional 

deformation that occurred during the Quaternary at the intersection of the 

northeast-trending Carson lineament (Shawe~ 1965} and the north-trending Genoa 

fault. This abrupt change from north-trending to northeast-trending structures 

has been described as a "knee"-bend structure (Gilbert and others, 1968}. In 

the area of the knee-bend the dominant style of deformation is block faulting 

although warping is also common. 

The Pine Nut Range is a broad mountain block which is sharply upfaulted on 

the east and tilted westward (Moore, 1969}. Metamorphic rocks of Triassic and 

Jurassic age and granodioritic rocks related to the Sierran Batholith are wide

spread in the eastern portion of the range. On the western side of the range 

extensive sections of Tertiary sedimentary and volcanic rocks as well as some 

Quaternary sediments overlie pre-Tertiary rocks. 

The Pine Nut Range is separated from the Virginia Range directly to the 

north by a structural and topographic low (Moore, 19692. A complex sequence 

of interbedded Triassic and Jurassic sedimentary rocks including shale , limestone 

and gypsum crops out near the southern end of the Virginia Range. These rocks 

are also exposed in portions of th.e Pine Nut Range, and the limestones are the 
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host rock for the skarn-type mineral deposits. Gypsum is presently being mined 

at a quarry near Mound House, 12 km east of Carson City. 

Unlike the Carson Range the interface between the Pine Nut ~ange and the 

valley consists of an intricate series of north-trending horsts and grabens 

which are also tilted to the west. The Carson Valley itself has been inter-

preted as the alluviated backs lope of the Pine Nut Range (Moore, 1969). The 

sediments consist of unconsolidated to slightly consolidated Quaternary deposits 

and include gravels, sands, silts and clays. The maximum thickness of these 

sediments has been estimated to be at least 1200 meters. Further north in 

Eagle Valley basement rocks are within 200 to 400 m of where the surface 

Quaternary deposits are considerably thinner. 

In the Carson-Eagle Valley area thermal springs are located near or at 

the periphery of the alluviated basin, and surficial evidence of faulting can 

be recognized at most of the sites. In addition to thermal springs, faults 

are recognized by scarps, abrupt changes in lithology and topography, the 

occurrence of sag ponds and the alignment of cold springs. 

Walley's Hot Springs occur over an area of several acres with an estima-

ted discharge of 600 gpm and a temperature range of 600 to 700 C (Garside and 

Schilling, 1979). The springs are located at a salient in the Carson Range 

(fig. B2) and discharge from portions of the Genoa fault. In 1962 and 1963, 

26 shallow holes were drilled to determine the area of maximum water tempera-

ture (Garside and Schilling, 1979). Temperature profiles obtained for several 

holes indicate that the hot water is confined to a narrow fault zone. The 

fault zone was penetrated several times. In each case, the water temperature 

increased in the vicinity of the fault and then rapidly decreased away from 

the fault. The highest temperature recorded in a drill hole was 83
0

C at 20 m. 

Hobo Hot Springs consists of 6 to 8 small springs with a combined flow 

f 10 20 h · f 300 SOoC. rate 0 to gpm t at range 1n temperature rom to They also 
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occur over an area of several acres and their discharge appears to be directly 

related to several small faults (fig. B4) which have been mapped in that area 

(Moore, 1969; Pease, 1979). 

At the Saratoga site a single spring issues from the base of Hot Springs 

Mountain (fig. B2) and flows at a rate of 100 to 200 gpm. The temperature of 

o this spring is 50 C and several warm and hot wells have been reported to the 

south and east of the spring. The surrounding area is covered by a thick layer 

of eolian sand of Quaternary age, and many of the surface manifestations of 

faults have been obscured. Several faults terminate near the southern end of 

Hot Springs Mountain and have been mapped by Moore (1969). 

There is no surface discharge of geothermal fluids in the Pinyon Hills area 

located 8 km southeast of Carson City (fig. B2) •. Nearly 50 shallow residential 

wells in this area have measured water temperatures that range from 25 0 to 40oC. 

The wells iri this area which range in depth from 60 to 150 m were not drilled 

for their geothermal benefit. The water was intended to be used for drinking and 

bathing but its temperature and hardness all but precluded that possibility. 

Some residents are now considering using the geothermal fluids for space heating. 

Approximately 1 km north of the thermal area, Bingler (1977) has mapped a normal 

fault in the Mesozoic sedimentary rocks. If extended southward the fault trend 

would pass through the center of the thermal area. 

Carson Hot Spring located north of Carson City (fig. B2) flows from the 

contact between an outcrop of Jurassic metavolcanic rocks and the Quaternary 

alluvium. Rogers (1975) has mapped several small faults in the area of the 

springs but none seems to be aligned with the point of discharge. A group 

of normal faults that trend northeast parallel to the Carson Lineament (Shawe, 

1965) occur approximately 1.5 km southwest of the sp.ring. Directly to the 

south several north-trending normal faults have also been mapped. Displace-

ments on these faults have been reported to be as much as 2 m. 
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(after Pease. 1979) 

24 

. I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A small thermal spring flows near the site of the Nevada State Maximum 

Security Prison . which is located at the north end of Prison Hill (fig. B2). 

The temperature of the water is 24°C and the discharge is very small. At the 

nearby Carson Sewage Plant a 60 m deep well produces water at a temperature 

of 32°C. Both of these thermal occurrences are associated with the normal fault 

that occurs at the northwest side of Prison Hill. 

Gravity 

Much of the study area is included in a regional gravity map of the Reno, 

Nevada 1° by 2° quadrangle (Erwin and Berg, 1977). This 1:250,000 scale map is 

a compilation of data from several sources including extensive work by the 

authors. The data are adjusted to U.S. Air Force base stations and the terrain

corrected results are presented in 5 milligal contour intervals. 

In the southern part of the study area below latitude 39°N Oliver and 

Robbins (1973) have compiled a complete Bouguer gravity map of a portion of the 

Walker Lake, Nevada 1° by 2° quadrangle. 

Taken together the maps indicate a large, deep depression in Carson Valley 

that narrows to the north in the vicinity of Hot Springs Mountain (fig. B5). 

A smaller and more shallow depression occurs in Eagle Valley just south of 

Carson City. A portion of the Carson Range, a prominent north-trending topo-

graphic high, extends to the northeast. The gravity contours indicate that it 

is joined with Hot Springs Mountain in the subsurface and forms a barrier between 

Carson Valley and Eagle Valley. 

Although useful for examining regional geologic structures, maps at a scale 

of 1:250,000 cannot be successfully used to delineate those structures that are 

directly responsible for the control of geothermal fluid migration. 

In order to further elucidate these structures and to supplement the 

existing gravity data base, gravity stations were established along three 

cross-valley traverses (fig. B6). 
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Figure B6. Location of gravity traverses CS, HS and 0 F in the Carson-Eagle Valley Area. 
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An attempt was made to locate as many bench marks as possible in order to 

supplement the leveled stations and to check the accuracy of the leveling 

technique. However, many of the monuments could not be located and were pre

sumably removed during highway expansion or maintenance. The calculated 

elevations agree with the existing data which appears on the u.s. Geological 

Surve~ topographic maps for the area. 

A total of 129 gravity stations were occupied in the Carson-Eagle Valley 

Study Area. All of the pertinent station data including latitude and longitude, 

elevation and gravity results are presented in tabular form in Appendix II. 

Topographic profiles and gravity profiles, including both simple Bouguer and 

complete Bouguer data are illustrated for the three traverses in Figures B7, 

B8 and B9. The gravity profile roughly approximate the basement configuration 

and each figure depicts one-half of the length of a particular traverse. 

·The gravity profile for the Carson Hot Springs area, traverse CS - figures 

B7A, B7B- is the least diagnostic of the three. The gravity profile does show a 

slight gradient in the vicinity of the spring which corresponds to a northeast

trending normal fault mapped nearby (Rogers, 1975). The bedrock in this area 

consists of a series of metamorphosed Mesozoic volcanic and sedimentary rocks 

which dip 30° to the south and strike east-west. Based on the lithologic logs 

from several water wells in the area the vertical displacement on this fault is 

approximately 10 to 15 m. In the vicinity of the traverse directional change, 

figure B7A, the gravity data also correspond with Rogers' (1975) interpretation 

of a thickening of the Quaternary deposits. Further to the southeast along 

traverse CS (Figures B7A, B7B) gravity values decrease and peak near the Carson 

River. This gravity high is interpreted to be the buried northern extension of 

Prison Hill. Continuing to the southeast the basement structure is obscured by 

a thick section of Tertiary volcanic rocks, but some displacements can be 

identified in the gravity profile. These displacements correlate well with 
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north- and northeast-trending normal faults : which are exposed at the surface 

to the south in Jurassic and Triassic sedimentary rocks. 

The HS traverse, figure B8, was designed to pass through two geothermal 

areas, Hobo Hot Springs and Saratoga Hot Springs. The gravity profile for this 

traverse shows two prominent gravity highs coincident with two topographic 

highs separated by a gravity low. The topographic expression for the gravity 

low is the flat alluviated surface of the north end of Carson Valley. 

At Hobo Hot Springs faults mapped on both sides of the topographic high 

(fig. B2) correlate well with the steep gradients in the gravity contours (fig. 

B8A2. Similarly, at Saratoga Hot Springs the steep gravity gradient on the 

west side of the topographic high and the gravity low on the east side (fig. 

B8B) correspond to the faults which are exposed just to the south (fig. B2). 

At both geothermal sites the springs are directly associated with both the 

surface manifestations of faulting as well as the basement offset which was 

identified by the gravity profile. 

The final traverse, DF, trends west-east from Walley's Hot Springs (fig. B6). 

The configuration of the gravity profile, figures B9A, B9B, seems to confirm the 

hypothesis for the basement structure proposed by Moore (1969) as a west-tilted 

fault block. The thesis further states that the west side of the valley has 

been filled with a thick section of alluvial deposits of Quaternary age. 

The gravity profile near the hot springs shows an extremely steep contour 

gradient and indicates substantial offset along the fault (fig. B9A). The 

eastern section of the traverse delineates a gravity high which contains several 

irregularities. These irregularities are modest gravity gradients and are roughly 

coincident with the location of several north-trending normal faults (fig. B2); 

the irregularities in the profile probably represent offset along these faults 

in the subsurface. This configuration supports a second hypothesis for the 

basement structure in the Carson Valley, a slightly west-tilted asymmetrical 
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graben. This graben is bounded on the west by the steeply dipping (60°-70°) 

Genoa Fault and on the east by a series of nearly vertical normal faults 

(fig. B2). 

Similar gravity surveys have concluded that steep gravity gradients 

associated with range-bounding faults support the horst and graben hypothesis 

for Basin and Range structure (Thompson and Sandberg, 1958; Thompson, 1959; 

Goldstein and Paulsson, 1979). 

An estimation of the thickness of the Quaternary alluvial sediments can be 

made using the formula T = A/0.013S (Thompson and Sandberg, 1959) where T is 

the thickness of the sediments in feet, A is the difference between the regional 

gravity gradient and the local gravity anomaly and S is the difference in 

specific gravity between the sediments and the bedrock. The number 0.013 

represents the attraction of an infinite slab in milligals per foot of thick

ness, and a value of 0.5 grams per cubic centimeter has been assigned to the 

contrast in specific gravity between bedrock and alluvium. 

Figures BlOA, BlOB show the approximate configuration of the basement along 

traverses DF and CS, respectively. The figures indicate that the alluvial fill 

along both traverses may reach depths of 1.2 km (5000 ft) which is comparable 

to the topographic relief. In both figures the vertical scale has been greatly 

exaggerated so that minor irregularities in the basement surface which probably 

represent small displacements along faults can be more easily identified. 

Aerial Photograph Interpretation 

Aerial photographs were used to trace fault patterns at Walley's Hot Springs, 

Hobo Hot Springs and Saratoga Hot Spring. The imagery for this task included 

the use of black and white vertical photos (scale, 1:12,000), low-sun angle 

photos (scale, 1:12,000) and various scale oblique photos. 
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Vertical and oblique air photos were flown along the lines of traverse used 

in the gravity survey (fig. B6). An attempt was made to correlate observable 

surface features with gravity anomalies. 

The trace of the Genoa fault can be easily identified in the oblique air 

photo (fig. Bll) as well as in the vertical photo (fig. B12). This is a recent 

scarp possibly less than 300 years old and can be traced for more than 20 km 

along the east side of the Carson Range. The displacement along this fault 

scarp varies from 2 to 5 meters and total displacement along the entire fault 

plane may be as much as 1200 meters. The springs at Walley's appear to emanate 

directly from the fault zone. 

Further north at Hobo Hot Springs a series of less extensive faults branch 

out from the larger Genoa fault. In figure B13 as many as 4 hot springs can be 

identified flowing from the fault zone which trends to the northeast. Even 

though the fault can be traced at least 2 km to the northeast the hot springs 

flow only from the small area shown on the photo. 

Although somewhat obscured by eolian sand deposits of Quaternary age the 

trace of a normal fault can be seen just to the south of Saratoga Hot Springs 

(fig. B14). The spring flows from a point along the fault zone. 

Gravity survey data also correlate well· with the surface manifestations 

previously discussed. Gravity profiles in the vicinity of the fault scarps shown 

near Saratoga, Hobo and particularly Walley's Hot Springs all show steep gravity 

gradients near the spring orifices. 

Air photo interpretation is useful in areas that have not experienced 

extensive urban or agricultural development which may obscure fault scarps. In 

figure B15 which is a vertical airphoto of Carson Hot Spring, fault scarps 

cannot be clearly identified. The photo indicates that the housing developments 

surrounding the spring may have already obliterated the subtle topographic 

features which are used to identify recent faulting. 
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Figure B 11 . Oblique aerial photograph of Walley's Hot Springs area; arrows show location of Genoa fault . 



Figure B 12. Genoa fault near Walley's Hot Springs. (Scale 1 :12,000). 
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Figure B 13 . Faults near Hobo Hot Springs. (Scale 1 :12,000). 
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Figure B 14. Fault near Saratoga Hot Springs. (Scale 1 :12,000). 
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The final oblique air photo (fig. B16) depicts the spatial and areal dis-

tribution of hot springs in the north end of the study area. Other important 

features such as the drill site CC-l~ the Mound House gypsum mine and the 

Carson River are also shown. 

Fluid Geochemistry 

Chemical analyses of water samples from the Carson-Eagle Valley study 

area were obtained from several sources. Analyses from the files of the 

Nevada Department of Health Division of Consumer Protection included ca+2 , 

+2 + + -2 -Mg , K , Na , S04 ' Cl , HC03- and CO -2 
3 

The chemical analyses from this 

source pertained mostly to residential and commercial shallow-depth water wells. 

Many analyses of thermal waters were found during the initial literature search 

including Garside and Schilling (1979) who provide major, minor and trace ele-

ment analyses for most of the thermal waters in the st~dy area. In addition 

to published data 13 water samples from thermal and non-thermal sources were 

collected and analyzed for major, minor and trace elements plus stable iso-

topes of hydrogen and oxygen. Table Bl lists the source and location as well 

as all of the pertinent physical and chemical data for each sample collected. 

Data collected from the other sources are listed in Appendix I. 

In general, the waters from the Carson-Eagle Valley study area can be 

divided into three groups based on the analyses of the major dissolved con-

stituents which were listed above. The classification is illustrated in the 

trilinear diagram (fig. B17) which shows the anion, cation and average 

"total" compositions of the fluids (Piper, 1944). 

Iri the trilinear diagram the anion (HC0
3 

-2 SO-2 
+ C03 ' 4 and Cl-) and 

. (+2 +2 + K+) . . d h 11 cat~on Ca ,Mg ,and Na + compos~t~ons are represente on t e sma 

triangles. Fluid composition for a particular sample is represented by either 

open circles (non-thermal fluids) or closed circles (thermal fluids). The 
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Table B 1 Chemical analyses of water from sampled sites: 

Sample Sample Location SC B Ca Mg K Na Li 
Name Number TOC pH lJmhos ppm ppm p.pm ppm ppm ppb 

Hobo Hot SE%, SE~, Sec. 23, 
Spring CWl Tl4N,R19E. 46 7.93 778 2.07 4.34 <0.05 1. 64 142 350 

Walley's Hot NW~,NE~,Sec.22, 
Spring CW2 Tl3N,R19E. 58 9.08 778 1. 55 9.81 <0.05 3.98 130 215 

Job's Canyon swt-t;,SW~,Sec. 14, 
stream CW3 Tl2N,R19E. 3 7.58 62 0.077 7.57 0.994 0.456 4.18 10.8 

Carson River, ~,SW~,Sec.31, 
south CW4 Tl3N,R20E. 3.5 7.98 224 0.429 20 5.07 2.43 15.7 35.1 

City of l1inden SW~,SW~,Sec.29, 
well CW5 Tl3N,R20E. 12 8.08 216 0.291 22 5.64 2.43 12.9 20.1 

Unruh's SE~,NW~,Sec.33, 
well CW6 Tl4N,R20E. 12 8.25 329 0.186 28.1 7.43 5.41 27.6 20.5 

Saratoga SW~,NW~,Sec.28, 
well cm Tl4N,R20E. 26 7.32 1847 0.125 168 <0.05 5.17 159 100 

Saratoga Hot SE~,SW~,Sec.21, 
Spring CW8 Tl4N,R20E 50 8.55 1857 1.37 166 0.10 5.03 161 95 . .5 

Carson Sewage NW~,SW~,Sec.15, 
Plant CW9 Tl5N,R20E. 32 7.83 501 1.19 11. 6 <0.05 0.632 89.5 84.8 

Noble Hurray NE~,SW~,Sec.23, 
well CWI0 Tl5N,R20E. 41 7.26 2470 1.39 270 0.14 5.90 173 120 

Carson Hot SE%,NE~,Sec.5, 
Spring CWll Tl5N,R20E. 50 8.84 515 1.48 2.16 <0.05 1. 64 98.5 216 

Carson River, SE%,sw~,Sec.23, 
north CW12 Tl5N,R20E. 5 8.09 299 0.418 25.3 6.43 3.68 22.4 31. 2 

Dodd well CW13 NE~,SW~,Sec.31, 
T,17N,R20E. 16 8.15 297 0.0515 31. 9 6.62 2.13 18.3 5.0 
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I 
I 
I Carson-Eagle Valley study areas. 

I 
Sample Cl- N03/N02 Si02 S04/S=* C03/HC03 F- As+4 Ba Fe+2 Rb Cs Sr 
Number ppm ppm ppm ppm ppm ppm ppb ppm ppm ppb ppb ppb 

I 
133/ 

CWl 91 <0.01 38.3 .707 72.8 7.83 19.8 <0.1 0.04 13.2 <3 <200 

42.6/ 

I 
CW2 45.5 0.06 72.3 205 1. 90 4.66 167 <0.1 0.03 57 17.2 210 

CW3 0.316 <0.01 21.8 6.15 28.4 0.208 <5 <0.1 0.167 <1 <3 <200 

I CW4 8.18 <0.01 24.6 25.4 82.4 0.185 14.9 0.08 0.192 109 4.2 298 

I CI~5 4.94 1.34 33.8 16.3 100.1 0.110 <5 0.08 0.243 2.2 <3 298 

I 
CW6 7.46 2.55 77.9 34.6 140 0.364 20 0.16 0.03 <1 4.8 210 

617/ 
CW7 39.6 0.869 25.5 .264 23.4 3.26 <5 <0.1 0.066 40.8 4.8 2520 

I 617/ 11. 2/ 
CW8 39 <0 .01 33 .215 4.51 3.26 <5 <0.1 0.04 41.2 <3 2380 

I CW9 19.7 <0.01 35.5 132 47.4 6.42 50.3 0.08 0.447 2.2 4.2 <200 

CW10 34.3 <0.01 43.9 843 26.4 4.14 <5 0.1 0.116 63.9 15.9 2950 

I 13.3/ 
CWll 27.4 <0.01 59.5 89.4 56.7 7.53 75.5 <0.1 0.03 32 24 <200 

I CW12 11. 3 0.75 23.8 37.7 111 0.336 5.5 <0.1 0.192 8.4 5.5 350 

I Cf;/13 3.19 13.4 34.7 18.3 137 0.217 <5 0.08 0.550 '1 4.2 350 

* ~easured and reported as to cal recoverable sulfide. 

I 
I 
I 47 
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CATIONS PERCENTAGE REACTING VALUES ANIONS 

• Thermal Waters (T > 20°) 

o 

o 
Non-Thermal Waters (T < 20°) 

Average Chemical Composition of Steamboat Hot 
Springs Waters (Bateman and Scheibach, 1975) 

Figure 817. Trilinear diagram showing the chemical characteristics of both thermal and non
thermal waters in the Carson-Eagle Valley study area. 
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I 

I 
I 
I 

apexes of the triangles represent 100 percent of the indicated dissolved 

species. The center of each triangle represents a fluid composed of essen-

tially equal amounts of the species designated at the apexes. A 'total' 

chemical analysis for a particular fluid is represented by a point in the 

center quadrilateral which can be derived by projecting the association 

anion and cation compositions from the triangles into the quadrilateral. 

Total analysis for Steamboat Hot Springs fluids (open square) is obtained 

by projecting the cation value (in the left triangle) and the anion value 

(in the right triangle) into the quadrilateral along lines parallel to the 

quadrilateral coordinates. 

Non-thermal waters (T<20
o

C) account for the majority of the plotted points, 

and these also show the largest variation in chemcial compositions. Most of 

-2 the non-thermal waters show C0
3 

+ HC0
3 

enrichment -2 relative to Cl and S04 • 

-2 Some fluids show S04 enrichment which is probably the result of mixing with 

sulfate rich thermal waters. None of the samples have Cl compositions higher 

than 25 percent. The cation compositions of the non-thermal waters is also 

widely distributed but most of the waters consist of approximately 40 percent 

C +2 a , 40 percent Na+ + K+ and 10 percent Mg+2. 

The 'total' analysis shows two categories of thermal waters both of 

which are chemically different from the non-thermal waters. 

waters include Walley's, Hobo and Carson Hot Springs, and plot near the open 

square that represents waters from Steamboat Hot Springs. +2 -2 The Ca -S04 waters 

include samples from the Saratoga Hot Springs area and the Pinyon Hills area. 

These waters plot near the upper apex of the quadrilateral. Chemical variation 

between these two water types is small compared to the non-thermal waters. 

Figure BIB shows the geographic distribution of both thermal and non-thermal 

waters throughout the study area. The name, location and chemical data for each 

of the symbols is listed in Table B2. The chemical similarity of the two types 
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' ... - - - - - - - - - - - - - - -, -TABLE 132. Chemical Data (in milliequivalents per liter) for Symbols in Figure B1R . 

Sample Sample Ca Mg K Na S04 Cl F HCO CO] Data 
Name Number meq/l meq/1 meq/1 meq/l meq/l meq/1 meq/l meq]l meq 1 Source 

Hobo Hot Springs 1 .217 0 .042 6.18 2 . 77 2.58 .412 1.19 0 A 

Walley's Hot Springs 2 .490 0 .102 5.66 4.27 1. 28 .245 0 1.42 A 

Saratoga Hot Springs 3 8.28 .008 .129 7.()0 12.9 1 . 10 .172 .074 .373 A 

Carson Hot Springs 4 .108 0 .042 4.28 1.86 .773 .396 .929 1.372 A 

Job's Canyon Stream 5 .378 .082 .012 .182 .128 .008 .010 .465 0 A 

Carson River South 7 .998 .417 .062 .683 .529 .231 .009 1.35 0 A 

City of Minden Well 8 1.10 .464 .062 .561 .340 .139 .005 1. 64 0 A 

Unruh's Well 9 1.40 .611 .138 1. 20 .721 .210 .019 2 . 29 0 A 

Bennett Well 14 13.98 .093 .139 9.60 22 . 0 1.01 .205 .360 0 C 
V1 
~ 

Dickerson Well 32 .999 .576 .076 .869 .041 .197 .011 2.16 a C 

Maximum Security Prison Well i.l .674 .027 .051 3.56 3 . 08 .593 0 .785 0 B 

Medium Security Prison Well 48 1. 59 .576 .025 .652 .145 .254 .013 2.38 0 C 

Bowland Well 56 16 . 98 2.30 .357 13 . 04 25 . 37 1. 69 .097 2.88 0 C 

Sullivan Well 57 1.04 .411 .051 .869 .020 .141 .007 1. 91 0 C 

Sources of Data: A. AMTECH LABS, this study 
B. Trexler and others, 1979 
C. Nevada Division of Health, public files 



of thermal waters is preserved even for hot springs separated by as much as 

25 km. The figure also indicates the chemical variations in the non-thermal 

waters especially near the Mound House gypsum mine in the northeast corner of 

the study area. 

Trexler and others (1979) have shown that Na+-S04-2 rich fluids are the 

dominant thermal fluids in a region that extends north from the study area to 

Reno and southeast as far as Tonopah. Adjacent to this large region is an 

equally large area in which Na+-Cl- type geothermal fluids are the dominant type. 

This area extends from the Steamboat Hot Springs area north approximately 120 

miles to Winnemucca and as far east as Fallon. ca+2-S04-2 type waters occur in 

both of these regions and include waters from Virginia City, Mound House, the 

Pinyon Hills area and the Saratoga Hot Springs area. The chemical similarities 

of these water types suggest that Triassic and Jurassic age deposits of gypsum 

and anhydrite which are presently being mined at Mound House extend from the 

mine site to the southwest along the west side of the Pine Nut Range. Geothermal 

fluids compositionally similar to the Steamboat Hot Springs fluids probably 

interact with the sulfate deposits in the subsurface and produce the character

istic ca+2-S04-2 type fluids. 

The investigation also included analyses of the following minor and trace 

elements: F-, As+4 , Ba+2, Fe+2 , Rb+, Cs+, and Sr+2. Regrettably, these data were 

of comparatively little value for the investigation. 

Fluoride (F-) was the only minor element that showed any correlat i on to water 

temperature. The data are not conclusive but Figure Bl9 illustrates that thermal 

fluids contain significantly more F- than non-thermal fluids. 

Strontium values for most fluids analyzed (table Bl) " ere. 350 ppb or less with 

the exception of the two samples from the Saratoga Hot Springs area and the one 

from the Pinyon Hills. The strontium values for these fluids range from 2380 ppb 

to 2950 ppb. The characteristic strontium values for these moderately separated 

geothermal fluids (10 km at the surface) are probably due to the chemical 
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similarities between calcium and strontium. Calcium has an ionic radius of 

o 0 
0.99A which is very close to that of strontium, 1.lZA. Strontium is also 

found in greatest amounts in calcium-rich minerals such as calcite (CaCo
3

) 

or anhydrite (CaS04 ) •. Strontianite (SrC0
3

) and celestite (SrS0
4

) are usually 

associated with the respective calcium-rich minerals. The characteristic 

strontium values also indicate that thermal fluids are interacting with gypsum 

and anhydrite deposits in the subsurface. 

The sampled fluids were also analyzed for deuterium (D) and 180 which are 

the stable isotopes of hydrogen and oxygen, respectively. The results of these 

analyses are presented in Table B3. Figure BZO shows the isotopic compositions 

of the sampled fluids relative to the Worldwide Meteoric Line and some of the 

Steamboat Hot Springs fluids. The samples are essentially isotopically iden-

tical 18 with respect to 0 because the magnitude of the difference between the 

heaviest and lightest waters (1 and Z) is not significan~ly greater than the 

magnitude of the error bar (Z 0/00 ). A small distinction does exist however 1n 

the samples with respect to D composition. Most of the thermal waters with the 

o exception of sample number 1, have cD /00 values of -119 or less. High nega-

tive values for D are generally attributed to fluids derived from snow which 

contains the isotopically lightest water. Nehring (1979) has shown waters sam-

pled from the Virginia and Carson Ranges are isotopically lighter than surface 

and ground waters iri the adjacent valleys. For these relatively dilute and 

neutral thermal waters . it appears that a likely source or recharge fluids is 

the snow pack in the Sierras and, to a lesser extent, the Pine Nut and Virginia 

Ranges. 

Chemical geothermometers can be useful for semiquantitative estimates of 

geothermal reservoir temperatures when certain assumptions regarding the 

chemical behavior of thermal fluids have been satisfactorily met. The common 

chemical geothermometers include the use of dissolved SiOZ' ca+Z, Mg+2 KZ and 
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I TABLE B3. 

I Hydrogen and Oxygen stable light isotope 
Analysis results - Carson-Eagle Valleys 

I 
Sample Sample 

15 1800 /00 

I 
Name Number aD%o TOC 

Hobo Hot Spring 1 -115 -13.7 46 

I Walley's Hot 2 -132 -16.3 58 
Spring 

I Job's Canyon 3 -117 -15.4 3 
Stream 

I Carson River, 4 -116 -14.6 3.5 
South 

I City of Minden 5 -120 -14.8 12 
~-lell 

I 
Unruh's ~..[ell 6 -118 -15.4/-15.0 12 

Saratoga f/!ell* 7 -133 -16.0 26 

I Saratoga Hot 8 -130 -16.2 50 
Spring 

I 
Carson Sewa~e 9 -123 -15.4 J2 
Plant 

Noble Murray 10 -130 -16.2 41 

I 1-lell 

Carson Hot 11 -127/-128 -14.9 50 

I Springs 

Carson River 12 -121 -14.0 5 

I 
~Torth 

Dodd ~-lell 13 -120 -14.2 16 

I Saratoga Hell* 16 -133 -16.1 26 

I 
Values separated by a slash indicate duplicate runs on a single sample. 
* Two samples collected simultaneously and submitted under different designat i ons. 

I 
I 
I 
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+ 
Na. The temperature ~stimate ~s based on the variations in the solubilities 

of the dissolved constituents as the fluid temperature ~s increased. One of 

the critical assumptions states that mixing of thermal and non-thermal fluids 

does not occur. The trilinear diagram (fig. B17) illustrates that some mixing 

I of thermal and non-thermal fluids does occur in the study area and essentially 

rules out any serious consideration of chemical geothermometers for use in this 

I portion of the study. 

I 
Silica geothermometers yield accurate results for neutral to slightly acid 

pH fluids (USGS, 1978). Fluids with pH greater than 8 such as some of those 

I listed in table Bl may contain anomalously high concentrations of dissolved 

silica especially in granitic terrains. Table B4 illustrates the use of the 

I chalcedony geothermometer assuming conductive cooling of the fluid. 

Fournier (1979) has re-evaluated the Na/K geothermometer and the results of 

I the use of the revised equation for thermal waters from the Carson-Eagle Valley 

study area are also presented iri table B4. These temperature estimates ranging 

o 0 from 75 C to 134 C are presented only to demoristrate that there is considerable 

scatter iri the data. 

The data indicate that the range of temperature estimates from chemical 

geothermometers at Carson and Walley's Hot Springs is negligible compared with 

the other thermal fluids. These consistent data may accurately reflect maximum 

temperatures that can be expected at economical depths. The estimates at 

Walley's also concur with the maximum temperature measured in a 20 m deep well. 

Shallow Depth Temperature Probe Surveys 

Temperature probe surveys to depths of 2 m and 1 m were conducted at Saratoga 

Hot Springs and drill site CC-l,respectively.At the Saratoga site 232m and 2 

1 m holes were drilled. The thermistor probes were allowed to equilibrate for 24 

I to 72 hours. Eighteen thermistor probes were used at drill site CC-l and they 

were allowed to equilibrate for 5 days. 

Drilling at the Saratoga site was easy because most of the material consisted 
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Table B4. 

Temperature estimate of thermal waters 1n Carson and Eagle Valleys 

Location Depth (m) Chemical geothermometers* 

Chalcedonyl. Na/K2 • 

Hobo Hot Springs 46 surface 57 90 

Saratoga Hot Springs 50 surface 50 134 

Saratoga Hot Wells 55 61 39 110 

Carson Hot Springs 50 surface 79 75 

Walley's Hot Springs 58 surface 89 90 

U.S. Steel Wells 83 30-365 (maximum temperature at 
20 m intersected range-
front fault) 

* Equations for geothermometers 

1. Chalcedony)conductive cooling 

1015 .1 o 
t c = - 273.15 4.655-logsi02 

2. Na/K 

1217 - 273.15 
log(Na/k) t1.483 
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of coarse- to medium-grained unconsolidated sand with some minor lenses of clay. 

These deposits belong to a Quaternary age sedimentary unit of eolian sand and are 

very common along the east side of Carson Valley. The material at drill site 

CC-I consisted of a thin soil horizon (.5 m) which 'was underlain by a thick 

regolith that mantled the Mesozoic volcanic rocks. This material could not be 

penetrated to any significant depth with the hand-operated power auger; a jeep-

mounted auger was used instead for drilling the I m holes in this area. 

o 0 At the Saratoga site the measured temperatures range from 18 C to 35 C and 

the survey covered an area of approximately 25 square km. The highest recorded 

temperature was measured at a probe located nearly .8 km south of the ohot spring. 

The spring itself discharges from a point 60 m northwest of its original orifice. 

It was moved several years ago during construction of a road. 

The configuration of the isotherms (fig. B2l) delineates a linear zone of 

high heat flow which is parallel to the nearby range-bounding fault. The data 

also show that the area of highest heat flow extends for only .8 to 1.2 km in 

a north-douth direction. Temperatures drop off even more rapidly west of the 

thermal high. The isotherms also reveal that the zone of highest heat flow is 

not coincident with the orifice of the hot spring. 

These data suggest that geothermal fluids are rising along a selected portion 

of the fault and produce a linear isotherm configuration as they spread out near 

the surface. Although no fault scarp is exposed or mapped the abrupt topographic 

and lithologic change at the southern end of Hot Springs Mountain (fig. B21) sugg

est the presence of an east-west trending normal fault possibly related to a 

similar fault near Hobo Hot Springs four miles to the west. The intersection of 

such a fault with the existing north-trending fault correlates well with the loca-

tion of the highest recorded temperatures in the 2 m probe temperature survey. 

A shallow depth temperature probe survey was initiated at Carson Hot Springs 

but was not completed because of drilling difficulties. The area is also highly 

developed and many of the existing structures including several buildings, a 
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swimming pool "" and a paved parking lot "" precluded the deployment of temperature 

probes iri the viciriity of the hot sprLngs. 

The surface material at Hobo Hot Springs consists almost entirely of coarse 

gravel and alluvial fan conglomerates which canriot be drilled with gasoline

powered auger. The area is also a prime grazing pasture for cattle owned by 

the Stewart Indian School, and access was limited to reconnaissance activities. 

A shallow depth temperature probe survey was also completed at the primary 

site for the 150 m temperature gradient hole, CC-l. At this site " the tempera

tures ranged from 6.50 to 8.S
o

C (fig. B22) over an area that measured .4 km wide 

and .5 km long. There are no thermal springs associated with this site but the 

Pinyon Hills thermal area (fig. B2) is located across the valley 2 miles to the 

east. 

The configuration of isotherms (fig. B22) outlines a small area of somewhat 

higher heat floy1 near the south end of the property. This thermal high is bounded 

on both the east and west by normal faults. The thermal area located on the 

horst was thought to be the result of thermal fluids percolating up one of the 

adjacent faults. Subsequent drilling, however, failed to locate thermal fluids; 

the highest temperature recorded in the well was 200 C. The temperature differ

ence shown ori the isotherm map may be the result of solar radiation warming the 

ground surface ori the south end of the property. 

No temperature probe survey was attempted "at Walley's Hot Springs because 

the area surrounding the springs is a swamp. In 1962 and 1963 the Columbia 

Mining Co., a subsidiary of U.S. Steel, drilled 26 shallow holes in the area 

around Walley's Hot Springs (Garside and Schilling, 1979). The maximum temp

erature encountered was 83 0 C "at 21 m depth. 

Figure B23 is a shallow temperature gradient map of the Walley's Hot Springs 

area based ori temperature logs of the 26 holes. The isothermal contours were 

derived using the formula: 
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Tmax-Tal!\b 

Dept~ 

where, Tiso is the isotherm temperature 

Tmax is the maximum recorded temperature 

Tamb is the mean annual amhient temperature 

Dept~ is the depth of maximum temperature 

It should be noted that all of the temperature profiles show reversals at 

various depths and the isothermal contours should not be extrapolated. 

The data show that the highest water temperatures are limited to the fault 

zone not only in an east - west direction but also north and south. This 

observation supports the hypothesis that only a selected portion of the fault 

zone is being used to conduct rising geothermal fluids. 

Figure B24 illustrates the shallow temperature gradients in the Pinyon Hills 

area and was constructed on the basis of existing water well data. A formula 

similar to that described for theWalley's Hot Springs area was used to derive 

the isotherms but the gradient is expressed in units of °C/IOO m. 

The data show that the isotherms form a linear configuration that is parallel 

to the range-bounding fault which is exposed just north of the area. The high-

temperature isotherms show closure and are of limited areal extent suggesting 

that only a portion of the fault is currently conducting geothermal fluids. 

Soil Mercury 

Three soil survey traverses were established concurrently with the gravity 

traverses in the Carson-Eagle Valley area. Time and budget restrictions limited 

the extent of the soil geochemistry studies to the existing traverses although 

the northern traverse, CS, \o7aS expanded to cover a larger area. 

In general, the data show anomalous mercury values adj acent to kno~"ll thermal 

anomalies and the Sierran front indicating a possible thermal source at depth 
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Figure 824. Spatial relationship between Pinyon Hills Wells shallow temperature gradi<:nt 
and nearby mapped faults. Contour interval is 20'C ; ball is on downthrown 
side of fault (after Singler . 1978) 
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along the Sierran front. The highest anomalous values greater than 6000 parts 

per billion are located ori the CS traverse along the northern Pinyon Hills. 

The closest geothermal anomaly is the Pinyon Hills area which is 2-3 km south 

of this ~ercury anomaly. 

Further research of this anomalous area revealed that nearby is a site for 

several gold and silver mills operated during the mining of the Comstock Lode 

from approximately 1850 to 1900. These mills used mercury amalgamation to 

process the ore~ Therefore; the anomalous mercury values for these soils is 

certainly artificial. Thus, this particular mercury soil geochemistry anomaly 

can riot be directly related to a geothermal anomaly. Figure B25 shows the 

anomalous soil mercury areas in the Carson-Eagle Valley area. 

A detailed soil mercury survey was conducted on the property selected for 

the location of one of the gradient holes, CC-l. Figure B26 shows the results 

of the survey. The northeast trending zone is subparallel to a fault trending 

north-northeast iri the east central portion of the study area. 

Electrical Resistivity Surveys 

Using a Werner array for the electrode spacing which ranged from 3-60 m 

(10-200ft), electrical resistivity drilling surveys were attempted at Carson 

Hot Springs and Hobo Hot Springs. The results were not very diagnostic. The 

data for the Carson area show a conducting layer at 13 m (42 ft) below the 

surface but this may simply be the top of the water table. Unforturiately, no 

large scale electrical mapping could be attempted due to the presence of many 

buildings and recreational vehicles on the property. 

A similar experiment was attempted at the Hobo Hot Springs and a conducting 

layer ,las found at 15ft. below the surface. Here, too, electrical mapping was 

riot attempted. 

This task was originally intended to aid in the location of unexposed faults, 

Unforturiately; the benefits of using electrical methods are not matched by the 
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Figure 8 25 . Are3S of anoma lously high soil mercury values in the Carson-Eagle Valleys . 
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cost of implementation. The method is time consuming and the results are ambi

guous. Three other methods, a1r photo interpretation, soil analysis for mercury 

and shallow depth temperature probe surveys can be implemented more quickly and 

more economically over a wider range of conditions and produce results that are 

more uneq~ivocal. 

~rill Site Selection Criteria in Carson-Eagle Valley 

The two gradient holes iri the Carson-Eagle Valley area, CC-l, and CC-2 

were located on the basis of land availability as well as geologic structure 

criteria. Much of the property iri the area is fee simple land is owned by 

individuals. The holes were located on public land to avoid a possible conf lict 

of interest. The possibilities for selection included properties owned by the 

Carson City School District; the Carson City municipalities and the State of 

Nevada. 

The final site selections were based on several parameters. CC-I was sited 

east of Carson City on property o,med by the Carson City School District (fig. 

B27). This site is located betweeri two kno~m thermal anomalies, Pinyon Hills 

to the east and the Carson City Sewer Plant to the west and is also the loca

tion of a proposed new school building. The actual drill site was located on 

the basis of temperature survey combined with the presence of a soft, muddy 

zone surrounded by frozen ground. 

CC-2 was selected ori the basis of land availability and was located on 

property owned by the University of Nevada System near the Western Nevada 

Commuriity College. This area also showed evidence of snow melt patterns 

indicating a possible high heat flow area and was situated in an area of 

recent faulting (fig. B3). 

Other sites had been considered but they did not meet the requirements 

needed for a gradient hole site. 
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Figura 827 . LOC3tions of temperature gr3dient holes CC-1 and CC-2 in the Carson-Eagle Valley. 
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Carson-Eagle Valley Gradient Drilling 

The first two gradient holes of the project were drilled in Eagle Valley 

during the month of February, 1980. The holes were located on opposite sides 

of Eagle Valley (fig. B27) and were designated CC-l and CC-2. 

CC-l was located between two thermal anomalies within Eagle Valley, 

Pinyon Hills to the east and the Carson City Sewer Plant to the west. Drilling 

began on 12 February at approximately 4:30 p.m. uSl.ng a 7 1/2" tricone bit to 

drill a large enough hole for the 6" surface casing. Drilling was carried out 

by a single crew on a l2-hour shift with project personnel on hand to monitor 

the return temperatures and log the cuttings during the entire shift. 

A single joint (22 ft) of 6" casing was installed in the hole on the morn

ing of the l3th. The 7 1/2" tricone bit was replaced v7ith a 6" Ingersoll Rand 

downhole hammer which was used to drill the remainder of the hole. Drilling 

continued at a moderate rate until the 15th when the drill string became stuck 

1n the hole due to caving. 

Only m1nor rotation, one to two turns, and a few inches of vertical move

ment were obtainable. This movement continued all day but resulted 1n an 

overheated hydraulic system which had to be shut down to cool. 

At approximately 6:00 p.m. the drill string began to work free and by 

10:30 p.m. the entire string was out of the hole. Unfortunately, the hammer 

had twisted off at an internal joint leaving the hammer box sub still attached 

to the string. A decision was made to try fishing the tool out the next day. 

The first attempts to recover the hammer were made on the morning of the 

16th using the string to try to fish the tool out and by washing out the hole 

with a1r. These methods were unsuccessful, and a decision was made to switch 

to mud to clean out the hole and then attempt to recover the tool. Additional 

parts were needed to convert the rig to mud drilling. A decision was made to 
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take the next day off while the parts were shipped via alr freight from 

Denver, Colorado. 

Drilling began again ori the 18th using a tricone bit and washing the hole 

out with mud. Some circulation was lost but was regained by adding l ost circu

lat,ion material, LCM, to the mud. The operation .las stopped near mid-shift 

because of inclement .leather. Very 10., temperatures, high .lind and rain mixed 

with snow produced unsafe working conditions. 

With improved vll:!ather conditions washing of the hole continued on the 19th. 

By 9:4S a.m. the drilling string had reached the top of the hammer and the hole 

appeared stable. The 'string was tripped out and the bit was replaced with the 

hammer sub. An 'attempt to spear the hammer with 'its own sub was made and the 

hammer was recovered ori the first effort and slowly removed from the hole. The 

bit was put back ori the string and drilling continued. 

The target depth of SOO 'ft, was reached 'at 2:00 p.~. on the 20th, and 

casing was prepared for iristallation on the 21st. 

Prior to iris taIling casing on the 21st ' the hole was flushed with Barafos 

to break do.m the drilling mud. The casing operation was started and was nearly 

complete when logistic problems caused a 24 hour delay iri the casing operation. 

Following the correction of the problems, the casing operation was routinely 

completed ori the 22ndat about 1:00 p.m. 

CC-2 .Tas located iri the wes tern Part of Eagle Valley (fig. B27) on property 

owned by the University of Nevada. The drill site is situated in an area of 

recent faulting. There are reports of rapid snowmelt in that area as well. 

CC-2 was spudded in at 7:30 p.m. on February 22 after improvements on the 

road leading to the site were made. These improvements allowed the drill rig 

to reach the site. Drilling rates with the 7 1/2" tricone bit were rapid 

because t he material consisted of decomposed grariitic rock. At the end of 
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the first day of drilling the depth of the well was 95 feet. Drilling was 

·stopped because the surface casing had not arrived on site. 

Drilling resumed at 12 : 00 p.m. ori the 23rd after 97 feet of 6" surface 

casing had been installed. A 5 7/8" tricone bit and an air-foam medium v7ere 

used iri this drilling operation. A total depth of 240 feet was reached at 

about 2:00 p.m. and the gradient casing ·string was iristalled by 4:30 p.m. 

Drilling progress charts for both CC-l and CC-2 are shown in figure B28. 

Results of Temperature Gradient Drilling 

Soon after completion of CC-l a temperature profile was completed using a 

DIGETEC temperature sensor attached to a 1000 foot cable for down-hole measure

ments. The results of the temperature log are illustrated ~n figure B29. The 

diagram ori the left shows the actual measured temperature as a furiction of 

depth. The gradient is positive but the maximum temperature recorded was 

only 20
0

C. at 500 feet. The diagram ori the right illustrates the change ~n the 

geothermal gradient with increasing depth. This diagram indicates that normal 

geothermal gradient for this area was perterbated betweeri the 300 and 400 foot 

interval. This was the result of large volumes of cold ground water which 

were encountered ·at all intervals during drilling. 

No warm water intervals were encountered during or after the drilling of 

CC-l. There appeared to be some indicatiori that vTarm or hot water v7as encoun

tered during the final phases of drilling. Unforturi~tely, a wet thermistor 

probe connection was found to be the cause of the anomalously high temperatures. 

The lithologic log for CC-l is illustrated in figure B30. Most of the 

drilled material consisted of slightly metamorphosed (greenschist facies) 

volcanic breccias and mudflov7s of Triassic and Jurassic age. These rocks are 

among the oldest exposed iri this study area and have been described as roof 

pendants in the granodioritic batholith which underlies the entire area. 
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GENERAL LITHOLOGIC LOG 
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Samples of the drill chips from several intervals were examined with a 

polarizing microscope and X-ray diffraction equipment. The petrographic ana

lyses revealed a fine~ to medium-grained highly altered and highly variable 

mineral assemblage. The original rock appears to have been of volcanic origin 

containing micro-phenocrysts of plagioclase and pyroxene in various ·stages of 

alteration and obliteration. Many of the samples showed a vuggy texture, and 

these voids were often filled with calcite and quartz. Sericite, chlorite 

and epidote are widespread in all the samples and probably reflect the alter

ation episode prior to and during emplacement of the grariite batholith. Minor 

.minerals included magrietite, biotite and potassium feldspar. The mineralogic 

composition was consistent throughout the 500 foot interval and there is no 

indicatiori that the contact betweeri the lower Mesozoic metamorphic rocks and 

the upper Mesozoic intrusive rocks was reached. 

No temperature gradient profiles could be measured in CC-2 because the hole 

was vandalized shortly after ·it was completed. The locked cap ori the well bore 

was destroyed and the well bore was filled with debris. An .attempt was made to 

remove the clog with a small cable tool but the hammer could not dislodge the 

obstruction c Apparently the hole had been filled with sand to a level 60 feet 

below the surface. 

During the drilling a small amount of cold water was encountered but the 

level of static water was not measured. 

The lithologic log for hole CC-2 is presented in figure B3l. This diagram 

shows grariite bedrock overlain by almost 200 feet of alluvial material, prim

arily a decomposed granite. The alluvial material is mineralogically identical 

to the basement material. Both uriits contain abundant plagioClase, quartz and 

perthitic potassium feldspar. Accessory minerals include biotite, hornblende, 

magrietite and sphene. Small volumes of more mafic mineral assemblages were 
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present iri the drill chips and these were probably parts of xenoliths which 

are widespread iri the batholith. 

Summary and Conclusions 

Normal faults associated with Basin and Range style deformation are the 

major 'strUctural controls for geothermal fluidsiri the Carson-Eagle Valley study 

area. These faults can be identified on the surface by abrupt changes iri topo

graphy and lithology and can also be seen in gravity profiles along traverses 

normal to the strike of the fault. Total displacement along these faults 

appears to beat least 1.5 km and may be as much as 3 km. Portions of these 

fault zones are presently conducting rising geothermal fluids to the surface. 

Lineament analysis supports previous interpretations which suggest that the 

orthogonal intersections of faults along major range fronts in the Basin and 

Range and the Sierra Nevada Front provide major zones of weakness iri the upper 

crUst (Trexler and 'others, 1978; Trexler, "1979). In many cases only one of the 

orthogonal fault patterns reaches the surface~ This faul; plane intersection 

may be a zone of enhanced permeability which provides the iriitial conduits for 

rising thermal fluids. A model of this hypothesis is illustrated in Figure B32. 

Near-surface temperature measurements from 2 m probes and shallow depth 

water wells reveal a linear isotherm configuration iri the area surrounding the 

rising geothermal fluids. The lineation is probably the result of thermal 

fluids that spread out along the zone of most recent faulting. 

Chemical analyses of fluids from the 'study area indicate significant compo

sitional differences in major dissolved coristituents betweeri thermal and non

thermal fluids. Non-thermal fluids show greater chemical variation and appear 

to be mixing with the two varieties of thermal fluids in this area. Chemical 

geothermometers are of l~ttle value for these fluids ,and maximum reservoir 

temperatures based on direct measurements in shallow wells probably range from 

900 C to lOOoC. Stable isotopes of hydrogen and oxygen indicate that the thermal 
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fluids are compositionally similar to the non-thermal fluids and are ultimately 

derived from meteoric waters. Some of the thermal fluids are, however, slightly 

isotopically lighter than the non-thermal fluids and these are probably derived 

from the snow-pack in the nearby Carson, Virginia and Pine Nut Ranges. 

No thermal fluids were encountered in the two temperature gradient holes. 

Based on shallow, warm water wells and a 2 m depth temperature probe survey the 

geothermal reservoirs in this area appear to be narrow zones of limited areal 

extent. 

Although the geothermal resources in this area are low- and moderate

temperature and are of limited extent commercial development is currently 

underway at Walley's Hot Springs. Plans have also been made to use the thermal 

waters at Saratoga Hot Spring for space-heating in a new residential subdivision. 

The Carson Hot Spring is currently being used as a spa but may be tapped to heat 

a new commercial office complex. The Pinyon Hills area geothermal resource is 

now being used to heat some residences. There are no planned uses for Hobo Hot 

Springs at the present time. 
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BIG SMOKY VALLEY 

INTRODUCTION 

The Big Smoky Valley is situated in central Nevada. It begins at a point 

12 miles east of the town of Austin and extends approximately 100 miles in a 

southwesterly direction to reach a southern terminus near Coaldale Junction 

some 40 miles to the west of Tonopah. Hydrologically and topographically the 

valley is divided into northern and southern sections by a physiographic high 

near the mining community of Round Mountain. Our study area was limited to the 

northern section (fig. AI) and contains three geothermal resources located at 

the points labeled Darrough's,. McLeod and Spencer's in figure CI. The area 

was chosen for study based on its "high" potential rating for industrial 

process heat direct utilization (Trexler and others, 1979). 

Geologically the region is complex with a lithologic history extending from 

the pre-Cambrian to the Holocene. Rocks comprising the Toiyabe Range which 

forms the valley's western boundary within the study area include Pre-Cambrian 

and Paleozoic siliceous, argillaceous and calcareous sediments and metasediments, 

Paleozoic lavas, Mesozoic intermediate to acidic intrusives, Tertiary lavas, 

tuffs and sediments. The Toquima Range forms the valley's eastern limit and 

contains Paleozoic siliceous, argillaceous and calcareous sediments and meta

morphic rocks, Mesozoic intermediate intrusives and Tertiary intermediate flows 

and silicic ash flow tuffs. Quaternary to recent alluvial, fluvial, lacustrine 

and playa deposits form the valley floor. 

Structural features of the region are also indicative of a long and complex 

history. Evidence can be found for regional metamorphism folding from a scale 

of near invisibility to several tens of feet in amplitude, large scale low angle 

faulting related to the Robert's Mountain Thrust, large displacement high angle 

faulting largely associated with the Basin and Range tectonics, small to moderate 

scale faulting in alluvial materials and numerous intrusive events. 
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Figure C 1 . Location of Big Smoky Valley geothermal resources investigated during this study. 

84 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

J 

I 
I 
1 
I 
I 
I 
'I 



._------------------------------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

Generalized geologic maps (figs. C2, C3) outline the distribution of some 

of the lithologies andstrtictural features of the 'study area. More detailed 

information is available in Ferguson and Cathcart (1954),. Kleinhampl and Ziony 

(1967), . Means (1962),. Meinzer (1917),. McKee (1968),. McKee (1972), . McKee (1976), 

Speed and McKee (1976) and Stewart and Carlson (1978). 

GEOTHERMAL RESOURCE INVESTIGATION 

The techniques and equipment used to conduct the investigation of the geo

thermal resources within the Big Smoky have been described in the introduction 

of this report. This section reviews the data gathered, discusses the specifics 

of and problems associated with the application of the techniques in this study 

area and presents possible interpretations of the results. 

Geological Reconnaissance 

Because of limited accessibility and time considerations our study was 

devoted to field stratigraphic and structural examination in this area. Samples 

of some of the major rock types were collected in the range near the geothermal 

occurrences and were made into thin sections for study. This was completed as 

a preliminary step in choosing appropriate samples for whole rock chemical ana

lyses for use in determining possible fluid recharge paths (by comparing whole 

rock chemistry to that of the thermal fluids). Unfortunately, because of pro

blems associated with the fluid analyses which will be discussed under a 

separate heading no whole rock analyses were performed. 

An area of altered rocks along the range front of the Toiyabe Range and in 

the vicinity of the McLeod Ranch hot springs was also visited. Examination of 

the rocks revealed no currently active or recent geothermal phenomena, that the 

rocks were highly altered tuffs which have been placed in the present position 

by block faulting and that the alteration is probably the result of pre

Quaternary hydrothermal processes. 
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Alluvial processes along the range fronts bounding the valley have remained 

active over a considerable period of recent geologic time. This activity has 

essentially eliminated any clear definition of fault plane dips iri the area. 

Thus,no attempt was made to measure these angles. The orientation of faults 

and their rela~ionship to the present geothermal occurrences are more easily 

studied using aerial photographic techniques .and will be discussed under that 

topic. 

Gravity 

Prior to our ·study only a limited amount of gravity data was available for 

the area in the form of a 1:250,000 scale Bouguer gravity map by Erwin and 

Bittleston (1977). This map provides regional trends for the section of the 

study area from the McLeod Ranch northward. In general, their data indicate a 

basin with the western side dipping more steeply than its eastern counterpart 

and the deepest segment occurring along the valley's central axis. The five 

milligal contour interval used on the map does not provide sufficient detail 

to accurately define the location of range bounding faults. For this reason 

and the complete lack of data for the study area's southern portion, a series 

of traverses were completed with emphasis on the data-deficient area. 

Approximately 250 stations were occupied along six traverses. Four of the 

traverses were oriented approximately normal to the valley's central axis while 

the remaining two maintain a nearly north-south direction (fig. C4). Station 

spacing varied from 0.4 to 0.54 kilometers which provided both a practical work

ing distance for theodolite measurements and a sufficient data density for our 

purposes. A short description of the individual traverses follows. Traverse ~ 

(Spencer's) the "simple" and "complete" Bouguer anomaly curves are plotted with 

the corresponding topography in Figures CSa and CSb. Evidence of the western 

range bounding fault system is seen as a group of inflections in the curve at and 

to the left (northwest) of the point labeled BM6034 in Figure CSa. From BM6034 
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Figure C4. Locations of gravity traverses in Big Smoky Valley. 
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moving to the right (~outheast) .the subsurface slopes downward in two gentle 

approximately linear segments to a point about 35,000 feet from the beginning of 

the traverse. .This point appears to be the location of the greatest thickness 

of valley fill encountered on the traverse. For comparison purposes the thick

ness of the alluvial materials can be roughly estimated using the formula of 

Thompson and Sandberg (1958) with a density contrast of 0.Sg/cm3 (2.7 bedrock, 

2.2-alluvium). Applying the formula to that density contrast and the 15 milligal 

difference in gravity between the regional value and this locality yields a 

thickness of approximately 2300 feet. Proceeding southeastward the subsurface 

configuration takes a rapid rise towards the surface to a local high in the 

vicinity of Spencer's Hot Springs (fig. CSb). At this point the valley fill 

thickness estimated using the same formula . is only 460 feet. It should be 

noted that the traverse line does not pass directly through the surface geothermal 

expression at Spencer's. It is displaced approximat.ely oI.1e half mile to the 

southwest. Howeve~ this smne trend is apparent on the regional map and it does 

suhstantiate the presence of a subsurface structural feature which is likely 

related to the localization of the hot springs. Continuing southeastward the 

gravity data indicate a graben structure which rises into an undulating segment 

of bedrock.. 

Traverse MR - The line of this traverse passes within 100 meters of the 

geoth.ermal springs and therefore provides an on site picture of the subsurface 

configuration (figs. C6a, C6b). Gravity data indicate a very well defined, large 

displacement fault on the valley's western edge. Moving eastward (to the right) 

three approximately linear segments are present in the curve from 6,000-14,000 

feet, 14,000-18,000 feet and 18,000-23,000 feet. It is likely that these 

segments represent a series of step-faulted blocks whose long axes parallel the 

current range front trends. At approximately 23,000 feet the curve takes a 

steeply inclined dip that correlates with the location of the thermal springs. 
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From this point eastward the curve becomes nearly linear and level reaching its 

lowest point at approximately 41,000 feet after a slight change in slope. Apply

ing the previously used formula the depth of valley fill is computed to be approx

imately 5100 feet. Following the curve to the east (fig. C6b) a series of slope 

changes are apparent and probably related to a series of blocks formed by tectonic 

activity acting on rocks of the Northumberland caldera complex. The origin of 

the feature at 81,000 feet is not clear but it may result from a tilted block or 

buried body of higher density. It is apparent that along this traverse the 

valley's western boundary dips notably more steeply than does that of its eastern 

edge. 

Traverse OMC - Traverse OMC does not pass in the vicinity of any known surface 

or subsurface geothermal activity and was conducted to determine the nature of the 

subsurface configuration between the Darrough's and McLeod Ranch resources. As 

was the case along MR, the western side of the valley is defined by rather steep 

changes in slope. However, at this location these changes occur in only three 

approximately linear segments (0-4,000, 4,000-12,000 and 12,000-22,000 feet) 

(fig. C7a). The direction changes shown are the result of available road con

figurations. Maximum computed depth of valley fill along this traverse is 

approximately 4,100 feet and occurs in the vicinity of 37,000 feet horizontal 

distance (fig. C7b). The subsurface configuration resembles that of MR in its 

more gentle slope and step faulted nature as the Toquima Range front is approached . 

Traverse D - In the vicinity of Darrough's Hot Springs the closure of the 

northern segment of the Big Smoky Valley is evidenced by the nearly six mile 

shorter transect distance compared to traverses MR and OMC (figs. C8a, C8b) . 

This traverse passes through the area of known surface and subsurface geothermal 

expressions at this location and its subsurface configuration closely resembles 

those of MR and OMC. Like MR the location of the hot springs correlates well with 

a steeply dipping slope change on the gravity curve which is most likely the 
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result of large displacement on a fault at -this point. Computed maximum valley 

fill thickness occurs in the vicinity of 27,000 feet horizontal distance and has 

a value of approximately 3,SOO feet. This figure also tends to indicate sub

surface closure of the valley. 

Traverses SA and SB - The purpose of these lines was to test for the presence 

of a subsurface structure which might be related to the Pritchards_ Station Line

ament described by Ekren and others (1976). North-south orientations were used 

to accomplish tbis objective. Traverse SA (fig. C9) possesses a single well 

defined inflection point while 8B (fig. CIO) has two and possibly three slope 

cbanges. Consideration of the overall pattern produced by contouring at a five 

milligal interval using data from OMC~ 8A, SB and D does not show any relation 

between the inflections on SA and SB. The slope changes on SB appear to be a 

function of the step faulted nature of the valley's eastern boundary while the 

single inflection along SA seems to be a local anomaly. 

Summary 

Gravity data indicate the presence of subsurface structural features associ

ated witb all three of the known geothermal resources in the study area. In the 

north (Spencer's) this feature occurs along the valley's eastern boundary while 

in the central (McLeod Ranch) and south (Darrough's) the structures are located 

along the steeply dipping frontal faults of the Toiyabe Range. Additional infor

mation includes the assymetrical nature of the subsurface in the central and 

southern portions of the area and the subsurface closure of the valley as it 

approaches Round Mountain. 

Aerial Photography 

Imagery used to examine the Big Smoky study area included: 1:250,000 RBV 

LANDSAT, 1:7S,000 9"x9" B&W, 1:24,000 low sun-angle 9"x9" B&W and 1:12,000 

9"x9" B&W along gravity traverse lines. The LANDSAT and 1:7S,000 scale photos 

were available through the EROS DATA CENTER while the remaining work was flown 
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during the course of our investigations. RBV LANDSAT images proved to be of no 

use in determining hot spring localization. This was in large part due to poor 

image quality· and the presence of snow during the mid-May flyover. Photography 

at 1:78,000 helped to a limted degree by providing a base for regional trend 

investigation and allowing the possible relationship between large scale (longer 

than 5 Ian) linear and curve-linear features· and geothermal occurrences to be 

examined. However, the most useful aerial imagery technique applied during our 

work was low sun-angle photography (LSAP). Regions flown using LSAP are labeled 

"A" and ":8" in figure Cll. The missions were conducted late in the year (December) 

to increase available flight time, and between 5 and 18 degrees solar elevation 

to maximize light-shadow contrast as indicated in Walker and Trexler (1977). 

Forelap and sidelap were incorporated to aid stereoscopic study. These restric

tions combined with the selected scale of 1:24,000 which permitted detection of 

small displacement alluvial fault scarps resulted in the successful application 

of this technique to the study area. 

Examination of the low sun-angle imagery revealed information on both the 

physiographic expression of the geothermal occurrences and the presence of local 

structural features which appear to be related to resource localization. For 

example, figure CU is a frame taken over the Spencer's Hot Springs area. Ground 

study has shown the springs and wells to be located in a region of undulating 

topography which is related to the deposition of calcareous sinter. The areal 

extent ' of this sinter is clearly defined in the photograph and stereoscopic study 

points out the generally raised nature of this feature. No fault traces are 

seen which can be related to the geothermal phenomena. Fault traces and line

ations which appear to be related to hot spring localization as well as a 

distinctive physiographic expression are revealed in LSAP taken in the vicinity 

of the McLeod Ranch occurrence. The bounding faults in the Toiyabe Range 

approximately one mile south and four miles west of the hot springs possess a 
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Figure C 11 . Low sun-angle photography areas in Big Smoky Valley. 
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notable sawtooth appearance (fig. C13) and this pattern is repeated though some

what distorted in nearby alluvial materials. The approximately orthogonal 

nature and spatial orientation of these faults is duplicated in the shallow 

probe isotherm configuration and will be referenced in the discussion of that 

technique. Moving northward along the range fr.ont . a strong N45°W lineation is 

observed in the orientation of canyons and rock fracture patterns. The extension 

of this lineation from one of its major expressions as depicted in figure C14 

passes directly through the surface geothermal manifestations. This linear also 

parallels one of the faults depicted in figure C13 and thus appears to represent 

a definite local structural trend. Topographically the McLeod Ranch occurrence 

possesses a readily distinguishable roughly circular expression as shown in 

figure CIS. Surface examination has shown this feature to be a large diameter 

low profile tuffa mound. 

The geothermal manifestations at the Darrough site ·aredeveloped in alluvial 

fan materials and do not exhibit a distinctive physiograPhic expression. LSAP 

flown over the resource does demonstrate the presence of a structural feature 

which is likely related to the localization of the thermal fluids. If the trend 

• 
• • 
• • 

of the range bounding fault visible in the left portion of figure C16 is extended III 
northward a colinear fault scarp is encountered in alluvial fan materials. Further 

extension of this line in the same direction, as depicted in figure Cl7 shows 

. that it passes through the zone of known surface and subsurface geothermal occur-

rences. This same line correlates well with the distinct inflection in the 

gravity curve discussed earlier and defines a trend which parallels that found 

in the two meter probe isotherm configuration (discussed in a later section). 

Black and white 9"x9" format photography was flown along gravity traverse 

lines to check for surface features which could be associated with subsurface 

changes in gravity profiles or areas of anomalous high mercury as determined 

during soil sampling. This effort did not prove useful. Scale of the imagery 
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Figure C13 . Range bounding faults southwest of McLeod Ranch Hot Springs area. Low sun-angle photo
graphy, scale 1 :24,000. Note N45°W orientations. 



Figure C14 . Lineaments described by canyons and fracture patterns immediately northwest of McLeod 
Ranch resource. Extension of upper dashed line to lower right (southeast) passes directly 
through geothermal springs. 



--------------------------------------------------------~----------------------------------~-, 

I 
I 

Figure C15 . Low sun·angle photograph over McLeod Ranch Hot Springs, scale 1 :24,000. Note roughly 
circular pattern which reflects extent of the broad low tufa mound. 



- - - - - - '.- - - -

Figure C16 . Low sun-angle photography of range bounding and alluvial fault traces southwest of Dar
rough's Hot Springs, scale 1 :24,000. Note colinear trend as shown by dashed line. 

- - -
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was 1:12,000 but it did not provide additional information when compared to that 

flown at 1:24,000. 

Summary 

Photo imagery used to examine the Big Smoky Valley consisted of black and 

white prints ranging in scale from 1:250,000 (LANDSAT) ,to 1:12,000. LANDSAT 

imagery was of poor quality and lacked necessary detail. Large scale linear 

and curve linear and 'other regional features were examined using available 

1:78,000 scale photos. The greatest amount of useable data was derived from 

1:24,000 scale low sun-angle photography. It provided pertinent information 

on localstrtictural features which show likely relationships to thermal spring 

locations as well as physiographic distinctions associated with the occurrences. 

Photography at 1:12,000 scale did not prove useful. 

Fluid Sampling and Analysis 

Sixteen fluid samples were collected in the Big Smoky Valley area during 

the study. Two thermal wells and six thermal springs were sampled. In addition, 

six non-thermal springs and two non-thermal wells were sampled. Results of 

chemical analyses for major, minor and trace constituents are listed in Table 

CI along with a sample designation and temperature measured at collection. 

Values for pH represent measurements made in the laboratory during analysis. 

Figure Cl8 depicts the generalized chemical composition of the sampled fluids 

using modified Stiff diagrams. The data depicted in the figure demonstrate a 

marked compositional difference between thermal and non-thermal fluids in the 

Darrough's and McLeod Ranch regions while sampled hot and cold waters in the 

Spencer's Hot Springs area possess notable similarities. A more detailed 

discussion of these relationships follows. 
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Table Cl. Chemical analyses of fluids from. Big Smoky Valley. 
- .. . . - -----_ . .. - .. - - .. _. - .- _ . .•. -. - --- .. - .... 

... -_. - - --- .. -- -

Sample Sample Location SC B Ca Ma K Na Li 
Name Numb~ toe pH umbo. PPlll PpID PPlll PPlll PPIIl ppb 

Darrough's well SWocs~~ec. 7 
(800 ft) DBl TllN.R43E 90.5 8.77 432 0.700 1.12 <0.05 3.30 98.8 349 

Darrough north SlI~ec.8 
spring DB2 TllN.R43E 71.2 8.72 444 0.S7S 1.35 <0.05 2.72 94.2 324 

Darrough south S~~ec.18 
spring DBJ TllN.R43E 68 8.68 440 0.590 1.44 <0.05 2.20 91.1 309 

Darrough's ~ec.8 
pool DB4 TllN.R43E 95.5 8.85 465 0.630 1.24 <0.05 3.00 98.2 328 

Aqueduct ~~ec.lJ 
stre .. D8S TllN.R42E 1.8 7.75 US 0.060 20.1 1.42 Q.683 5.29 5.5 

Barker ~~lolScSec .15 
Creek D86 Tllli.R44E 3.9 7.69 102 0.077 ll.8 1.98 0.646 8.08 2.94 

Jake's ~~~ec.24 
well DB7 TllN.R43E 10 7.83 175 O.llJ 20.5 1.81 1.40 15.4 13.2 

Spencer ~.c.24 
73 S81 Tl7N.R4SE + 72.5 8.14 1021 3.33 14.9 9.06 36.6 181 1810 

Spencer-39 Dead ~.c.24 
Burra- SB2 Tl7N.R4SE + 38.8 7.89 848 1.46 25.2 16.5 22.4 100 594 

well north of NWJr; Sec.18 
L1nka Mine S83 Tl7N.R46E + 8.22 808 1.39 30.4 17.5 18.0 95.4 464 

Upper Ophir NWJr;S~ec.33 
Creek OB1 TlJN.R42E 5.8 8.05 249 0.136 34.3 8.84 1.20 4.31 2.83 

Lower Ophir ~~~ec.34 
Creek OB2 TlJN.R4~ 3.7 8.21 289 0.077 40~4 9.15 1.38 5.37 4.13 

11cl.eod 88 S~~ec.34 
Spring MBl T13N.R43E + 87.9 8.59 2318 3.47 10.4 2.49 38.3 52S 1670 

Mcl..eod 63 S~ec.34 
Spring MB2 TlJN,R43E + 62.7 8.17 2466 3.61 18.4 9.02 40.2 537 1780 

Fault ~.c.16 
Spring MB3 Tl4N,R43E 13.6 7.97 177 0.204 28.5 2.45 0.796 6.80 2.08 

Decker Bob SlolScS~ec .18 
Creek M:B4 Tl4N,R43E + 6.7 S.ll 187 0.082 36.8 3.00 0.796 4.84 3.9 

*Measured and reported as total recoverable sulfide. 
+Unsurveyed area - township and range location •• timated. 
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Sample Cl- N03/N02 51°2 5°4/5 •• C03/HC03 po- Aa+4 Ba Fe+2 Rb Cs Sr 
Number ppm ppm ppm PpIIl PpIIl PpIIl ppb ppm ppm ppb ppb ppb 

I -
47/ 21.1/ 

DBl 12.2 0.13 122 0.439 119 14.2 86.4 <0.1 0.03 25.3 58.8 <200 

I 52.9/ 16.7/ 
DB2 U.8 0.07 112 1.37 125.9 13.7 78.8 <0.1 0.04 19.8 44.7 <200 

49.4/ 11.2/ 
DB3 11.6 0.07 108 0.464 125.7 13.1 41.5 <0.1 0.04 16.5 41.7 <200 

50.7/ 22.3/ 
DB4 13.5 0.04 114 0.910 108 14.2 58.6 <0.1 0.091 21.5 49.8 <200 

DB5 1.10 0.36 9.91 3.56 71.9 0.106 <5 <0.1 0.066 2.1 4.2 298 

I DB6 2.02 <0.01 25.5 2.71 57.3 0.129 <5 <0.1 0.04 2.0 3.6 <200 

I DB7 3.82 0.85 35.5 7.44 86.1 0.264 0.08 0.04 2.7 3.6 210 

35.8/ 

I 
SBl 22.9 <0.01 93.5 • 0.249 525 0.466 28.7 0.344 0~167 2SO 209 848 

35.0/ 
SB2 13.3 0.06 46.7 0.273 444 2.10 38.7 0.21 1.78 100 50.8 1500 

I SB3 15.2 1.03 58.6 48.8 390 1.94 26.5 0.16 0.04 83.5 7.31 866 

I OBI 1.71 0.03 U.7 7.53 143 0.U9 5.3 Q.21 0.03 <1 3.6 298 

OB2 2.38 0.06 U.7 17.9 155 0.145 6.0 <0.1 0.04 <1 4.8 316 

64.7/ 40.1/ 
MBl 48.2 <0.01 107 0.345 1380 U.7 149 0.344 0.14 449 216 419 

64.5/ 
MB2 48.2 0.25 162 0.361 1420 13.1 163 0.252 0.04 374 171 333 

MB3 3.05 1.20 17.2 9.21 93.6 0.192 <5 0.08 0.066 <1 <3 316 

MB4 1.39 0.71 20.9 3.71 143 0.264 <5 <0.1 0.066 <1 <3 '402 

11S 



Major .2 ~ Dissolved Components 

The composition of Big Smoky fluids plotted as percent equivalent per 

million of major cations and anions is shown in figures C19, C20 and C2l. 

Sample designations in these figures correspond to those used in Table Cl in 

figure CIS. In some instances compositions of several fluids from a given area 

are so similar that plotting them as individual points is not practical. Where 

this occurs a larger symbol with a compound designation such as "MBl,2" or "DB-l 

- DB-4" is used. Points with designations such as "Sec. 12" represent results 

obtained from records of the Nevada State Department of Health. The number re-

presents the section in which the water source is located. "Sec. 12" is a well 

from TllN,R34E and "Sec. 30" is also a well in the same township. 

Similarities and contrasts in fluid cation characteristics for the system 

C +2 Mg+2 N + b d· d· f· 19 a - - a can e stu ~e ~n ~gure C • The hottest Spencer's thermal fluid 

o sampled (72.5 C) is labeled SB-l in the figure. A second sample of thermal water 

collected at the same site (SB-2, 3S.SoC) ,along with a nori-thermal fluid from 

that area (SB-2, approximately l7oC) lie along a straight line extending from 

SB I h ·d· f h C ++ M ++ .. - to t e ~ po~nt 0 tea - g Jo~n. This straight-line relationship 

suggests that the composition of SB-2 may result from mixing SB-I and SB-3 

type fluids. Disregarding SB-3, the remainder of the non-thermal liquids sam-

pled and those analyzed by the Department of Health are grouped iri the upper 

half of the diagram and are relatively calcium rich. A distiriction between cold 

waters from the vicinity of the Toquima Range and those near the Toiyabe Range can 

also be made. The former (DB-7, DB-6, Sec. 12)are notably more sodium rich while 

the latter (DB-S, MB-3, MB-4, Sec. 30, DB-I, )B~2) ~re relatively more calcium 

+2 + + and magnesium (Sec. 30, OB-I, OB-2) rich. Shifting to the system Ca -K -Na 

(fig. C20) ,similar distributions are observed. However, the range in variation 

with respect to potassium content is distinctly more limited. Once again OB-I and 

OB-2 are part of a distinct grouping. +2 The anomalous Mg values of OB-l and OB-2 

are likely related to dolomite and greenstone rocks through which this creek 
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passes. No ready explanation is apparent for the relatively high potassium 

content of these samples. 

-2 -2 +Geothermal fluids when plotted in terms of the anions S04 -C0
3 

+HC03 -Cl 

do not possess the uniform distribution apparent in the cation plots (fig. C2l). 

Hot waters from McLeod Ranch and Spencer's are found mixed within a grouping of 

cold waters near the C03+2+HC03+ apex. Thermal fluids from the Darrough site, 

however, display a distinct displacement from other waters and are in relative 

terms decidedly more sulfate and somewhat more chloride rich. This unique 

character of the Darrough hot waters will also be apparent in their isotopic 

characteristic. 

Silica is an important nonionic constituent of geothermal fluids. Frequently 

it is used to estimate reservoir temperatures using a chemical geothermometer 

developed by Fournier and Rowe (1966). No attempt will be made to apply this 

technique to fluids sampled during our study because we feel that the assumptions 

necessary to obtain meaningful results cannot be adequately demonstrated to hold 

in our systems. However,it is interesting to study the silica content in terms 

of the solubility of various polymorphs. This can be accomplished by plotting 

the values obtained from analysis ona'graph whose axes are log molality Si02 and 

temperature. The assumption is made that the activity coefficient for this 

species is unity and therefore that activity equals molality. For convenience 

the solubility curves are also plotted (fig. C22). These curves are drawn from 

the data given by Walther and Helgeson (1977). 

All of the fluids sampled plot above the curve for alpha-quartz and are thus 

saturated with respect to this phase. The majority of the points fall between 

the curves for alpha-cristobalite and beta-cristobalite. Exceptions to this are 

MB-2 and SB-3 which fall between beta-cristobalite and amophous silica. Silica 

content does not appear to be simply a function of temperature. In certain cases 

it may be possible to explain the silica levels of various fluids from a given 
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area as heating or cooling of solutions with little or no change in S102 content 

(e.g. Sa-I, SR-2~ SR-3~ or DR-l~ DR-2, DR-3, DR-4). Rowever,this explanation 

does not hold for MB-l~ MR-2 .wnere .the higher silica is associated with the 

lower temperature. More detailed study would be required to determine the 

possihle source orsourceswhichcontrioute to -the distribution of silica in the 

fluids sampled. • 
Trace Constituents • Nine elements are grouped into the trace category although their levels may 

equal or exceed those of some of -the components discussed under .the major and • minor heading. Included in this subdivision are - R+3 Li+ F- As+3 Ba+2 Fe+2 . , " , , , 
I Cs+, Rh+ and Sr+2. Analytical results for these elements are given in Table Cl. 

Some relationships associated with .the distribution of .these elements are I 
reasonahly straight-forward while others are nO.t clear from the data available 

from this study. A comparison of the levels of these elements in thermal versus I 
non-thermal fluids is presented in Table C2. .The information presented in the 

I 
Tahle C2. Relative change when comparing thermal to non-thermal fluids 

. a:=enrichment, B.=o.oth enrichment and depletion occur, N=approxllnately I 
equal level in Doth.} 

Element .As+3 B+3 Ba+2 Cs+ r Fe+2 Li+ Rb+ Sr+2 I 
Relative 

Change E E B E E B E E B I 
I 

table does indicate that concentrations of certain trace constituents could be 

used to distinguish hot from cold water on a local oasis e.g., Darrough's or I 
Spencer's. Care should be exercised in applying this approach because levels of 

these constituents in thermal fluids vary considerably from one location to 

another while their concentrations in cold waters throughout the study area are I 
similar. The nature of trace element concentration with respect to temperature 
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varies both with location and the element being considered. + For example, Rb 

levels at Spencer's and Darrough's both increase with increasing fluid temper

ature. However, Spencer's concentrations of this element are as much as an order 

of magnitude greater than those at Darrough's even though the latter has measured 

temperatures nearly 23°C greater than those recorded at the former. Consideration 

of the information in Table 1 demonstrates that in the thermal fluids sampled, 

arsenic levels are generally higher in lower temperature fluids. The above 

relationships indicate that fluid trace element chemistry is significantly vari

able throughout the study area. It should be noted that the geothermal sites are 

located within (McLeod), or near (Darrough's, Spencer's) playa deposits which 

may explain some of this complexity. 

Stable Light Isotopes 

Fourteen of the sixteen fluids sampled within the Big Smoky were submitted 

for analysis of hydrogen and oxYgen stable light isotopic composition with the 

aim of using the results to aid in understanding the nature and possible paths 

of recharge within the geothermal systems. Analysis results are listed in Table 

C3 and plotted along with a worldwide meteoric water line in Figure C23. A 

cross present in the lower center of the figure depicts error bars constructed 

from data supplied by the analysts. The data plotted in Figure C23 indicate 

within analytical error limits that thermal fluids at Spencer's and McLeod 

Ranch are heated meteoric waters with a possible slight oxygen shift resulting 

from interaction with carbonate rocks which are present in the respective areas. 

Calcium carbonate (tuffa and calcareous sinter) are being deposited at both of 

these sites from thermal fluids fUrther substantiating this hypothesis. 

Clayton and others (1968) have presented data demonstrating oxygen shifts in 

fluids in equilibrium with carbonates in the Salton Sea system at temperatures 

as low as 100°C. Fluids from Spencer's also lie along an approximately straight 

line indicating the possibility of mixing discussed earlier. It is also 
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Table C3., Hydrogen and oxygen stable light isotope 
Analysis results - Big Smoky Valley 

Sample Sample 
Name Number cSD%o 01800 /00 TOC 

Darrough's well DB-l -131 -8.4 90.5 

Darrough's north 
spring DB-2 -130 -6.7 71.2 

Darrough's south 
spring DB-3 -128 -15.1/-15.0 68 

Darrough's pool. DB-4 -129 -8.1 95.5 

Aqueduct stream DB-5 -123/-122 -10.8 1.8 

'Barker Creek DB-6 -125 -15.9/-15.2 3. 9 

Spencer 73 SB-l · -141 -15.4 72.5 

Spencer 39 
Dead Burrow SB-2 -143 -15.9 38.8 

Well north of 
Linka Mine SB-3 -141/-141 -17.8 

Upper Ophir 
Creek OB-l -132 -16.0 5.8 

Lower Ophir 
Creek OB-2 -126 -11.2 3.7 

McLeod 88 
Spring MB-1 -132 -17.7 87.9 

McLeod 63 
Spring MB-2 -125 -16.3 62.7 

Fault Spring MB-3 -132 -15.1 13.6 

Values separated by a slash indicate duplicate runs on a single sample. 

I 
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interesting that Spencer waters possess distinctly lower deuterium concentrations 

than fluids sampled farther south in the valley. This may result from higher 

recharge elevations or a greater component of snow melt but no data is available 

upon which definite conclusions can be drawn. 

Data from the Darrough's Hot Spring area appear to represent a more complex 

scenario. Three of the four thermal fluids sampled at Darrough's exhibit an 

oxygen shift of seven to nine per mil. Although a minor amount of carbonate 

rocks are present in the Toiyabe Range near the Darrough's surface geothermal 

site, chemical analysis has shown the fluids to be deficient in calcium by more 

than an order of magnitude compared to non-thermal fluids in the area. In 

addition, these springs are not depositing tufa. Based on these facts and the 

magnitude of the oxygen shift it seems. reasonable to postulate that these fluid 

isotopic compositons are the result of a relatively high temperature thermal 

history. Comparable isotopic shifts are present in th~ Salton Sea system (Ellis 

and Mahon, 1977, Figure 3.1) where Clayton and others (1968) ~etermined isotopic 

equilibrium with fine-grained silicates to have occurred at fluid temperatures 

in excess of lSOoC). Such temperatures at the Darrough's location are not impro

bable as one of the fluid samples (DB-l) comes from a well with a recorded temp

erature of l290 C at a depth of 800 feet. One of Darrough's thermal fluids 

exhibits an isotopic composition falling within the meteoric range. This is 

thought to be the result of recharge which occurs along a relatively shallow 

path possibly in alluvial materials where it is heated by conduction. 

Two non-thermal fluids exhibit oxygen isotopic shifts with a magnitude of 

about one half or two thirds that was found in the Darrough's thermal waters .(fig. 

C23). Chemically these cold fluids are similar to other non-thermal waters 

sampled (the two points labeled Ophir Creek were collected from different ele

vations along the same stream). Both of the samples displaying the shift were 

taken at points along the bounding faults of the Toiyabe Range approximately six 
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miles apart. In consideration of the above it is suggested that the isotopic 

composition of these fluids results from the mixing of a fluid . similar to the 

shifted thermal fluids ·at Darrough's, with those of a type resulting from pre

cipitation in the range. Thermal fluids migrating upward along the range bound

ing fault could dissipate heat via conduction with minimal chemical alteration 

because their recharge path keeps them in contact with the same rock types 

encountered in their downward migration. 

Summary 

Analyses of major and minor dissolved constituents demonstrate the distinc

tive riature of the Darrough's resource compared to ·other Big Smoky geothermal 

locations. 'It is also rioted that all thermal fluids sampled exhibit relative 

calcium depletion when compared to local cold waters. Silica content of all 

fluids indicates saturation with respect to quartz and mOst values lie between 

the solubility of alpha- and beta-cristobalite. No simple relationship between 

Si02 content and temperature is readily apparent. 

Trace element chemistry shows certain elements to exhibit increasing leveis 

as temperatures increase for all thermal fluids at a given site while others 

appear to have random temperature associations. Levels of these trace consti

tuents vary widely from one location to another but are generally enriched in 

the thermal fluids when compared to local meteoric and groundwater values. 

Isotopic analysis of thermal and non-thermal fluids indicate that waters 

which recharge the geothermal systems are of meteoric origin. Darrough's fluid 

isotopic compositions show large oxygen shifts which are likely related to a 

relatively high temperature recharge history. And finally, samples collected 

along the bounding 'faults of the Toiyabe Range suggest mixing of meteoric and 

thermal fluids where meteoric waters cross the faults. 
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Shallow Depth Temperature Probe Surveys 

The distribution of temperatures at a depth of two meters was determined for 

all three of the resource areas in the Big Smoky Valley. Initially a series of 

two meter holes was attempted at the Spencer's location, but this endeavor met 

with liIIiited success due to the presence of a layer of calcareous sinter at 

approximately 1.3 meters depth and a poor design of cutting bit for use in such 

material. Only five holes were completed in the vicinity of surface geothermal 

manifestations and they seemed to indicate a rapid drop in temperature as one 

proceeds laterally away from a surface thermal expression. In addition to the 

five holes iri the vicinity of the thermal springs and wells ·at Spencer's~ three 

·other holes were drilled at distances of approximately 1 and 2 1/2 miles (1.6 

and 4 km) from the area of known geothermal occurrences .. These holes exhibited 

temperatures comparable to those recorded in holes drilled as close as 300 ft. 

(91.5 m)from thermal spri~gs and wells at the Spencer's site. This limited 

work was completed during mid-october. 

A second two meter depth temperature study was undertaken in the Spencer's 

Hot Springs area in mid-November. Use of a more effective bit design permitted 

the completion of 15 holes. The location of the majority of the holes and the 

isotherm constructed from the data obtained are depicted in figure C24. Back

ground temperatures determined during this investigation were 6_8oC lower than 

those recorded in mid-october. This difference likely reflects seasonal ambient 

changes. Daily highs for the first study period averaged lSoC while those of 

mid-November fell to _loC. Inforuiation from this study generally supports the 

earlier obserVation of rapid decrease in temperature With short lateral movement 

from the location of a thermal spring or well. This phenomenon combined with the 

sample point spacing resulted iri the limited nature of the isotherm configuration 

shown in figure C24. Based on the available data it can be concluded that the 
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Figure C 24 . Two meter probe isotherm configuration at Spencer's Hot Springs. 
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near surface thermal manifestations at Spencer's occur as relatively localized 

phenomena which appear to be separated from one another and riot related to any 

(as yet discernible) trend. 

o The sample point labeled 31.5 e in figure e24 is approximately twice the 

magnitude of the next highest temperature recorded during the study but is not 

associated with a spring or well. Probe hole location is within a few feet 

(3 meters) of a topographic high, covered with an anomalous amount of foliage 

which could be suspected of being a former spring in a tufa mound. The temper- I 
ature recorded seems to substantiate this hypothesis and indicates a potential 

usefulness of the shallow depth probe in delineating buried near surface thermal 

phenomena within a local study area. 

A total of 16 holes of two meter depth were drilled on a rectangular grid 
I 

pattern with 800 foot (244 m) .spacing between points at the Mcleod Ranch Hot I 
Springs. All of the holes were drilled and the probes implanted within a single 

day. Temperatures were measured shortly after sensor implantation and at times 

approximately 16, 24 . and 36 hours after implacement. It was found that temper-

o atures became stable to within 0.1 e (as detected by' our sensors) after a period I 
of 24 hours. This agrees with stabilization times determined during the limited , 

work done at the Spencer's location during mid-october. 

A diagram of the interpreted isotherm configuration based on the two .meter 

study at McLeod Range is presented in figure e2S. The material drilled was 

largely playa silt with varying amounts of clay. Mud was frequently encountered I 
at a depth of 1-1.5 m and standing water was encountered in one hole at a depth 

of 1.3 m. Based on these observations , it can be concluded that the isotherm I 
patterns are derived from measurements taken in water rich to saturated materials 

and are not representative of a strictly conductive temperature distribution. 

Examination of the isotherm configuration reveals two interesting phenomena: -I 
the two meter depth thermal highs are not coincident with surface geothermal 

I 
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manifestations (shown by solid circles in fig. C2S) and the presence of two 

linear trends. No expl~nation of the displaced highs is readily apparent from 

ourstudy~ However~ the linear features do correlate with ·other data previously 

discussed. The two linears alluded to are described by (1) the co1inear arran

gement of the subsurface thermal highs and surface hot springs-orientation 

approxiuiately N4SoE, and(2) .the distortion of the isotherm pattern along an 

approximately N4SoW direction. These features parallel the directions rioted 

iri the section describing low sun-angle photography over this location. On-site 

examiriation indicates the presence of a 2SoC spring within 10 feet (3 m) of the 

hot spring labeled "63" in figure C2S. This information ~ combined with the 

nature of the distorted pattern . indicates the possibility of a fault allowing 

nori-therma1 fluids to enter the hot spring site along a N4SoW trend. 

A relatively detailed shallow-depth temperature probe ·study involving 29 

two~eter holes was completed 'at the Darrough's Hot Springs site. The isotherm 

configuration prepared from the accumulated data is shown in figure C26.Study 

of the patterns iri the figure indicates that the thermal fluids migrate iri the 

near-surface along distirict paths which extend eastward from the approximate 

locations of the springs labeled "71" and "68". These paths may be former 

channels in the alluvial materials through which the hot springs surface. 

The pattern extending from the 6SoC source is rather well defined while that 

from the 7loC spring is rioticeably more irregular. This is interpreted to be 

the result of the influx and mixing of non-thermal fluids iri the near surface 

environment. Non-thermal fluids were present as a standing body of water in 

a region surrounding the aOc isotherm during the ·study. Temperatures within 

this region were the lowest recorded. 

In addition to the eastward pattern caused by fluid migration, a second 

linear feature is described by closure of the isotherm pattern about an axial 

high. The presence of alluvial materials containing cobble- and boulder-size 
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Figure C 28. Two meter probe isotherm configuration at Darrough's Hot Springs. Scale of the figure 
prohibits probe locations from being depicted. 
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rubble prohibited drilling in the area to the west of the road (indicated by the 

dashed line) which in turn results in the abrUpt termination of the isotherms. 

However, a sufficient amount of data are available to assign a general orienta

tion to the axial high of between NlSoE and N20oE. A marked inflection in the 

slope of the gravity curve derived for this location is coincident with the 

lineation axis. Furthermore, if this axial trend is extended to the southwest 

it is seen to be the same trend described by the range-bounding fault and allu

vial faults discussed under the section devoted to low sun-angle photography. 

Summ.a:y 

Two-uieter depth temperature probe-studies at the location of the three known 

geothermal resource sites in the Big Smoky Valley have indicated the usefulness 

of the technique in defining the distribution of the resource in the near surface 

environment. Isotherm configurations at the Darrough and McLeod ranch sites can 

be related tostrtictural features present in the Toiyab~ Range and nearby alluvial 

materials. At the Spencer's location no structural correlation could be deter

mined but the isolated nature of the individual springs is demonstrated and a 

subsurface thermal high is located in a mound which may have been developed by 

a formerly active thermal spring. It was found that alluvial materials and 

calcareous sinter can present formidable obstacles to drilling when using a 

handheld power auger. 

Soil Mercury 

Six soil survey traverses were established concurrently with the gravity 

traverses in the Big Smoky Valley area. Due to time and budget restrictions 

sampling was limited to the gravity traverses and short extensions beyond the 

traverse limits. Lithologic variations along the traverses and poor sampling 

control due to the lack of developed soil horizons caused widespread vari-

ations iri the mercury values. Several samples show mercury concentrations 
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less than 1 ppb, which is probably related t~ insufficient sampling depth. In 

addition, several point anomalies had to be disregarded because samples collected 

on either side of these anomalies did not exhibit sufficient mercury levels to 

establish the area surrounding the points as an anomalous region. 

In general, areas of high Hg concentrations did correlate with known thermal 

anomalies. Many of these areas are in. close proximity to slope changes along 

gravity profiles substantiating the postulated structural control of the thermal 

anomalies. A definable northwest trending linear anomaly is outlined in the east

ern portion of the OMC traverse. However, correlation with gravity profile inflec

tion in the vicinity is uncertain. The interesting fact about this northwest trend 

is its parallel and subparallel relationship to several surface lin.eations in the 

mountain ranges on either side of the valley. A similarly oriented linear pattern 

defines a structural direction which appears to play a major role in the locali

zation of the McLeod Ranch Hot Springs. Figure C27 shows the anomalous regions 

found in the Big Smoky Valley. 

Shallow Electrical Resistivity 

Shallow resistivity measurements were conducted only at the McLeod Ranch 

site in the Big Smoky. The survey consisted of a Wenner array with an electrode 

spacing of 25 feet (7.6 m) used for mapping and 10, 2~ and 50 feet (3.05, 7.6 

and 15.2 m) for vertica~ electrical sounding (VES). Because the survey was 

undertaken after the two meter temperature study some knowledge of near surface 

material, composition and distribution was available. R-R' on figure C28 shows 

the location of the mapping line. A VES at point R with electrode spacings of 

10, 25 and 50 feet (3.05, 7.6, 15.2 m) indicates a highly conductive layer 

between depths of penetration of the 25 and 50 (7.6 and 15.2 m) spacings. 

The layer was so conductive that our equipment could not supply a sufficient 

amount of current to register a potential. Assuming this conductive layer to 
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Figure C 27. Areas of anomalously high soil mercury values in the Big Smoky Vallev· I 
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represent a water saturated zone, mapping ' was conducted with a 25 foot (7.6 m) 

electrode spacing in a northerly direction towards R'. 'It was hoped that the 

resistivity would drop significantly in the vicinity of R' which is known from 

drilling to be nearly saturated 'at a depth of 1.5 m. No notable decrease was 

noted. An electrode spacing of 50 feet (15.2 m) ~ear R' failed to penetrate 

the conductive ' layer encoun~ered ' at R and the survey was discontinued. 

Results of the 'study were 'at best indeterminate and the time expended in 

gathering the information excessive in view of the results. To use this method 

to locate near surface but buried faults would require 6-8 mappin~-lines 

each requiring two man-days. The information obtained would be from a distinctly 

limited area, and if similar highly conductive materials were encountered ' the 

effort would likely be wasted. 

Summary 

A shallow resistivity 'study was conducted at only one geothermal resource 

site in the Big Smoky-McLeod. The survey produced ambiguous results and re

quired too much time to be considered an effective exploration method when 

bounding in highly conductive layers found at this location. 

Temperature Gradient Drilling 

One primary and two alternative sites were selected prior to the commence

ment of drilling in the Big Smoky. Primary status was assigned to the Darrough's 

area while second and third choices were Spencer's and the Ophir-Moores Creek 

region respectively. Several criteria were used to make the selection as des

cribed below. Highest priority was assigned to the location we felt had the 

greatest potential of extending the limits of a known resource. 

The decision to site the hole in the primary (Darrough's) ~rea was made 

after consideration of the numerous complimentary lines of evidence discussed 

previously. To review~ these include 1) a distinct inf1ection ,in the gravity 
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profile beloW the known surface and subsurface manifestations,(2) an area of 

anomalously high soil-mercury levels in the same position,(3) ~he linear pattern 

of shallow temperature isotherms and its colinear orientation with(4) the linea

tion described by the range-bounding fault trace and alluvial fault trace to the 

southwest of the geothermal expression. Also considered was the relatively high 

(1290 C) ~emperature recorded from the 800+ foot well situated within th~ area 

defined by the hot springs. 

Fewer positive and supportive criteria were available to aid in choosing 

secondary sites. The Spencer's site was selected on the basis of the coincidence 

in location of a soil-mercury high and a relatively high shallow temperature probe 

measurement. Additionally, a slight inflection in the gravity profile was noted 

in the vicinity. A northwest trend of soil mercury anomalies combined with 'steep 

changes in the slope of the gravity profile led to the choice of the Ophir-Moores 

Creek alternate. 

Drilling activities in the Big Smoky Valley study area were carried out 

during the last week of March and first week of April, 1980. A decision was 

made to apportion the remaining footage on the contract (610 ft.) between the 

Darrough's (BSD) ~nd Spencer's (BSS) ~ites (fig. C30). In keeping with the 

restrictions discussed above, drilling'at BSD-l began with air although a 

limited capacity portable sump was available. A chronological description of 

drilling operations and their associated problems follows. 

A significant problem with drilling was encountered 'at location BSD-l which 

resulted in the drilling of a second and successful hole :at nearby BSD-2 (fig. 

C29). The problem revolved around restrictions imposed by ~he Bureau of Land 

Management (BLM) ?ecause chipping fragments were found during site examination 

by a BLM geologist. These restrictions included a prohibition against the 

digging of a mud sump. In accordance with their request; BSD-I was drilled 

using air and foam in thick alluvial fill. This endeavor ended in failure 
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and was abandoned after the five day effort produced a caving hole less than 200 

feet in depth. Seeking to avoid future BLM limitations, permission to drill on 

private land was acquired from a landowner, and approval of this approach was obtained 

from DOE. Using mud, a successful 500-foot hole was completed in similar materials 

in three days. 

29 March - BSD -1 spudded in ·at 1300 With a 7 7/S" triconebit. Very coarse 

alluvial cover: difficult dri~ling. Operations · terminated Oat 16:30 - water truck 

requires filling. 

30 March- Owner of a local ranch agrees to supply water to the drilling 

contractor. Drilling is resumed at 11:30 and progresses slowly. All circula

tion is lost between 50 and 75 feet and only partial fluid recovery occurs above 

this interval. ·At the 75 foot level the drill ° strin~is tripped out and prepara

tions made to install a 6" ·surface casing. A blockage is encountered at 50 feet 

which prevents further movement of the casing. It is decided to ·cease operations 

and drill ahead of the casing the following day. 

31 March - Activity begins with the iristalIation of a 5 7/S" bit which is 

run dowri the hole inside the casing. ·It is hoped that drilling ahead of the 

casing with the smaller diameter bit will permit the casing to be driven with 

the top head drive unit (kelley). The casing is finally set to 75 feet ·at 16:30 

and drilling continues with the 5 ·7 /S" bit. ·Attempts to maintain a heavy foam 

consistency are hampered by significant groundwater influx. Drilling ·stopped 

Oat 100 feet because of excessive caving. Mud and portable tank will be used 

the following day. 

1 April - The morning is used to rig up for mud drilling. Over 400 gallons 

of mud are pumped downhole Without returns. Lost circulation material is pumped 

downhole but returns are riot gained. Drilling with an air-foam-mud mixture be

gins at 12:50 and continues until lS:OO Oat which time a 200 foot depth is 

attained. The drill string is tripped up into the cased section of the hole 

and operations termiriated for this day. 
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DRILLING PROGRESS CHART FOR aso-I. ass. AN D aSD-2 
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2 April - Rig requires recentering and string must be tripped out for 

replacement of a bit with a defective bearing. Drilling resumes at 14:00. 

Caving occurs and progress is severely hindered. At 15:30 a decision is made 

to abandon the effort before the string becomes jammed in the 'hole. During 

string removal continued caving of coarse material occurs. The string is out 

at 16:30 and mobilization to BSS site is ordered. 

3 April - BSS is spudded in at 14:00 using a 7 7/8" tricone bit. Drilling 

proceeds rapidly in the fine alluvium and playa silts reaching a depth of 78 

feet by 16:00. Casing of 6" diameter is run to total depth by 17:40 and the 

string is tripped into the hole and daily activity terminated. 

4 April - Activities at BSS are halted while discussions are carried out 

with DOE Nevada Operations and the owner of the private land immediately north 

of BSD-l regarding the prospect of drilling a second hole in the primary target 

area. The dialogue results in a decision to return to the Darrough area and 

drill on private land using mud. 

5 April - BSS is abandoned and the drill crew leaves the area to obtain 

additional supplies required for the new hole. Drilling is scheduled to be 

resumed on 7 April. A rider is added to the original footage allowed iri the 

contract to permit a total depth of 500 feet at the new location. 

7 April - Operations at site BSD-2 with the digging of a mud pit and 

erection of the rig. 

8-11 April - Drilling begins at 09 :00 on 8 April. A single length .of 6" 

surface casing is set to a depth of 22.5 feet and drilling continued using a 

5 7/8" tricone bit. Progress is rapid and problems minimal. A comparison of 

drilling rates for BSD-l and BSD-2 (fig. C3l) demonstrates the marked increase 

in efficiency of the mud method in the alluvial materials. Total depth - 500 

feet is attained at 19:30 on 10 April and the hole cased the following day 

using 3" steel pipe. 
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Results of Temperature Gradient Drilling 

Of the three gradient holes drilled in the Big Smoky Valley 'study area 

only one, BSD-2,had a good gradient and bottom hole temperature. Figure C32 

is a plot of the gradient for BSD-2. As can be seen from the diagram~ this 

hole has an excellentgr~dient, 14.30 C/IOO m, ~d ~ ~~ bottom hol~ temp

erature of 2S.SoC w~s recorded at 471 feet approximately one month after the 

hole was completed. Additional gradient measurements after this showed no 

major changes in the gradient. 

The results of this gradient hole helps expand the known extent of the 

Darrough's resource as no subsurface evidence had ' indicated that the resource 

extended west of the highway (see figure C29)., 

Figures C33, C34 and C35 are the general lithologic logs for gradient 

holes BSD-l, BSS and BSD-~ respectively. Holes BSD-l and 2 were drilled along 

the alluvial boundaries of the valley, whereasBSS w~s drilled in the north 

central portion of the valley in the playa silts and fine sands. Drilling 

rates with air were best in the finer playa silts and sands (BSS) whereas 

drilling rates with mud were much better than drilling rates with air in the 

alluvial material of BSD-l and 2. 
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SUMMARY 

Evaluation of Exploration ·Strategy 

In addition to the geothermal resource assessment of three areas in 

Nevada~ the techniques employed in each area were evaluated on the basis of 

useful data derived from the methods • . The evaluation :(table 01) considers 

the applicability of the contractual tasks to only low- and moderate-tempera

ture geothermal resource exploration. Exploration programs for potential 

high-temperature : electricity producing resources may employ some of these 

techniques Dut generally rely heavily on extensive drilling. 

The tasks for this ·study are rated on a scale of 1 to 10 for each area 

·studied. The rating system is somewhat sUbjective and is strictly rel~ted to 

. the areas ·studied. Appropriate comments for each task are included. 

In general~ tasks that provided abundant information for little time, 

effort or money expended have the highest ratings. Those tasks that could 

be integrated with ·other parts of the program to facilitate data interpretation 

are also favorably evaluated. The lowest ratings are awarded to time-consuming 

tasks that provide little or dubious data. 

Review of geologic literature includes published reports, maps and thesis 

studies and constitutes one of the mOst essential tasks in any exploration pro

gram. The moderate to high ratings for this .task reflect the quality and 

availability of geologic data. The scale of the available data should, however, 

be closely matched to the scale of the project. Regional geologic maps ·at a 

scale of 1:250,000 are adequate for regional geothermal assessments but should 

be supplemented by more detailed work in a site-specific program. 

Properly conducted gravity surveys can furnish abundant data at low cost. 

The surveys conducted during this ·study did provide abundant data but required 
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nearly 6 man-mrinths to complete the field work alone. An additional 5 man

mOnths were consumed during data reduction and interpretation. Although . the 

cross-valley traverses were useful for a regional interpretation, a grid-like 

pattern would be much more effective especially for a site-specific effort. 

Also, data extrapolation between distant traverses may lead to erroneous inter

pretations. The resultant data from gravity surveys are easily integrated with 

existing gravity data and can be very valuable if depth to bedrock is known from 

either well-log data or seismic surveys. 

Low sun-angle photographic surveys represent a component of imagery analysis 

that is particularly well suited to geothermal exploration programs. Economi

cally :attractive geothermal resources iri the Basin and Range are generally assoc

iated With recent faulting. Subtle topographic features such as fault scarps 

are easily identified on air photos and greatly facilitate mapping and 'struc

tural interpretation. However, ground verification of any linear feature is 

essential. Ground-disturbingactivities . such as agricUlture, surface mining 

and urban activities ma~ ' destroy' parts or all of the target fault scarps. 

Natural erosion and deposition may also conceal the faulted topography. 

Direct measurements of geothermal resources provide the most valuaDle data 

in any assessment program. Drilling is the mOst reliable method of obtaining 

subsurface temperatures but high drilling costs can limit the number and depth 

of planned holes. Drill-hole siting becomes a critical factor when funds are 

limited. 

Shallow depth temperature probes have been used iri this study to outline 

near-surface temperature anomalies. Temperatures measured 2 m below the ground 

surface are usually riot affected by diurnal temperature variation. The effects 

of the annuaI temperature variation can be minimized if the reading interval 

for the temperature survey is small. Temperature corrections may be necessary, 

however, in areas where extreme inhomogeneous conditions occur iri the soil, 
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shade-cover, moisture content or topography_ Holes may be hand-augered or 

drilled with a truck-mounted rig in clay-rich or cobbly soils. The technique 

is applicable to regional 'studies Dut may be mOst helpful for locating wells 

in site-specific program. 

Collecting existing water well data broademthe data base and helps to 

reduce the costs of fluid analysis programs. This is true only in areas for 

which reliable data are available. Although very little useful data was avail

able for the Big Smoky Valley area principally due to the small population, 

there was a tremendous amount of useful data for the Carson-Eagle Valley area. 

The available data include water chemical analyses~ temperature measurements 

and lithologic logs. These data should be thoroughly evaluated prior to use 

in the assessment. 

Shallow resistivity surveys received the lowest rating because the time 

required to implement the task was high and the resultant data was dubious. 

The technique is especially useless in the vicinity of .hot springs where con

ductive saline brines saturate near-surface layers and show no resistance at 

all. This technique was eliminated from the program and was replaced by the 

soil-mercury sampling task. 

Soil samples collected along the gravity traverse lines generally showed 

high concentrations of mercury in the vicinity of faults. These faults were 

identified by geologic mapping and air photo interpretation and generally 

corresponded to the location of ·steep gravity contour gradients. This tech

nique also requires considerable evaluation; mercury anomalies can also be 

caused by analyzing · soils with an above average clay fraction and may lead 

to erroneous interpretations. Low mercury values may also arise from a 

remobiliiation of soils. 

The fluid sampling task was used to distinguish the chemical characteristics 
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of thermal and non-thermal waters. In general, the major dissolved consti

tuents provided the required data but trace and minor dissolved constituents 

were also used in the final interpretation. Isotopic analyses revealed a 

meteoric source for most of the sampled fluids, but fluids from Darrough's 

Hot Springs in the Big Smoky Valley appear to be chemically and isotopically 

different from local meteoric waters and probably represent a more complex 

heating history. Chemical geothermometers have been reliable indicators of 

subsurface temperatures in fluids that demonstrate little or no mixing with 

non-thermal fluids. MOst of the fluids sampled here, however, have probably 

been mixed with shallow, cool,ground water. It should also be noted that 

commercial analytical laboratories may not provide reliable results for all 

samples and care mUst be exercised in laboratory selection. 

Temperature gradient holes were drilled in the study areas to obtain reli

able subsurface temperature information, to possibly identify new sources of 

thermal fluids and to obtain reliable lithologic data. The data from the 

drill holes support the hypothesis that the geothermal fluids are limited in 

areal extent. The thermal fluids apparently rise along portions of faults 

and fault plane intersections. 

Problems associated with drilling included the site-selection process and 

drilling fluids used. Although drilling permits for test holes can be easily 

obtained, primary drill sites in urban areas can raise conflict-of-interest 

problems and may result in law suits. Drilling on public land requires bonding 

and permitting procedures. Drilling with air is advantageous for eventual down

hole fluid sampling. but mud is often needed to support the wellbore walls in 

unconsolidated material. Mud-drilled wells should be thoroughly flushed prior 

to sampling and fluid disposal may become problematic on both private and public 

land. Despite the logistical and technical problems, drilling represents the 

ultimate test of the assessment program. 
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Caliente Study Area 

In addition to the major efforts conducted in the Carson-Eagle and Big 

Smoky areas, a smaller scale investigation was completed in the city of 

Caliente, Nevada and its immediate surroundings. The results from the 

majority of the techniques applied are detailed in a report published 

earlier this year (Trexler and others, 1980). However, data from isotopic 

analysis of fluids were not available at publication time. These data 

and their interpretation are discussed below. 

Although major, minor and trace chemical constituents of thermal 

and non-thermal fluids do not show any clear distinctions, the hydrogen and 

oxygen-stabl~ light, isotopic data presented in Table D2 and plotted in Figure 

DI indicate a prominent contrast. Thermal fluids are clearly grouped separately 

and within analytical error, present identical signatures. From their 

position in relation to the meteoric water line (Fig. Dl) ·it seems reasonable 

to assume they are derived from meteoric water precipitated at a higher 

elevation than local non-thermal fluids and probably recharge from a 

single source. It is interesting to note that cold waters 9 and 6 form 

a distinct set. These fluids were collected in the southern portion of 

the area and display a similar distinct grouping in terms of major and 

minor dissolved constituents. Sample 7 which lies isotopically between the 

9, 6 and thermal groups is chemically similar and may represent a mixing 

of these two types of waters. Because no isotopic data are available 

from fluids surrounding the Caliente area, no conclusions as to the source 

of the recharge can be drawn at this time. 
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Table D2. Hydrogen and oxygen-stable light 
Isotopic analysis results - Caliente 

Sample Sample 
01800 /00 Name Number oD%o TOC 

Wallis Well CW-2A -109 -14.6 67.0 

Hospital rein-
jection well CW-3A -109 -14.4 29.2 

Hot Springs 
Motel well CW-5A -106 -14.3 45.0 

Clover Valley 
Wash CW-6A -88/-84 -11.7 12.0 

Meadow Valley 
Wash CW-7A -97 -13.1 5.0 

Van Kirk Well CW-8A -109 -14.4 42.8 

Caliente City 
Well CW-9A -84 -12.1 15.0 

Values separated by a slash indicate duplicate runs on a single sample. 
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Appendix I 

Chemical Analyses of Water from Thermal and Non-thermal 
Sources: collected from the files of the Nevada Department 
of Health, Division of Consumer Protection Services. 
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Table i . Chemical data for water in Pinyon Hills area. Source Nevada Division of Health • 

Depth Ca Mg Na+K Cl F C03/HC03 S04 TDS 
Name Location TOC pH m. ppm ppm ppm ppm ppm ppm ppm ppm 

Bennett T15NR20E 
well no. 1 Sec. 23 44 8.03 39 280 1.14 214 36 3.9 0/22 1056 1554 

Bennett T15NR20E 
well no. 2 Sec. 23 44 8.14 277 7 105 34 4.3 0/32 840 1552 

Bennett T15NR20E 
well no. 3 Sec. 23 39 7.81 37 280 0 226 37 4.2 0/29 1090 1529 

Bennett T15NR20E 
well no. 4 Sec. 23 38 7.98 37 26'4 10 113 34 4.2 0/32 840 1517 

T15NR20E 
Brown well Sec. 23 43 8.43 49 272 5 150 33 4.4 6/37 913 1614 

H 
I Everson T15NR20E ' N 

well Sec. 23 29 8.33 28 181 26 196 33 4.0 0/37 873 1501 

Hackett T15NR20E 
well Sec. 23 27 7.95 296 5 231 38 3.7 0/51 1120 1662 

Hurin T15NR20E 
well Sec. 23 43 8.31 48 277 ' 12 90 34 4.3 6/41 820 1606 

Lagliamonte T15NR20E 
well Sec. 23 45 8.22 46 277 2 147 33 4.3 2/29 913 1563 

McKinzie T15NR20E 
well Sec. 23 42 8.1 269 12 110 32 4.0 0/34 859 1554 
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Table l . Chemical data for water in Pinyon Hills area. Source Nevada Division of Health . 

Depth Ca Mg K Na Cl F C03/HC03 S04 TDS 
Name Location TOC pH m. ppm ppm pmm ppm ppm ppm ppm ppm ppm 

Merrimac T15NR20E 
well III Sec. 2 C 7.97 49 17 8 85 43 .61 0/259 66 453 

Merrimac T15NR20E 
well 112 Sec. 2 C 7.70 21 65 21 4 50 28 .52 0/273 57 432 

Merrimac T15NR20E 
well 113 Sec. 2 C 7.95 48 14 4 38 15 .52 0/220 37 297 

Mills T15NR20E 
well #1 Sec. 2 C 7.82 21 87 24 10 71 42 .54 0/154 276 661 

Mills T15NR20E 
well #2 Sec. 2 C 8.07 59 35 4 6 28 9 .74 0/61 78 255 

Bowers T15NR20E 
H well Sec. 2 C 7.65 27 33 10 6 27 13 .44 0/117 57 234 I 
w 

Bowland T15NR20E 
well Sec. 2 C 8 . 00 27 340 29 14 300 60 1.86 0/176 1218 2325 

August T15NR20E 
well Sec. 2 C 7.75 30 94 27 18 242 64 1.15 0/439 425 1101 

Schreinert T15NR20E 
well Sec. 2 C 7.52 30 630 60 18 544 195 .92 0/222 2786 4338 

Maximum 
security T15NR20E 
prison well Sec. 16 W 8.8 13 .5 .33 2 82 21 0/48 148 

Burgess T15NR20E 
well Sec. 23 W 8.6 61 265 0 5 173 33 4 8/10 889 1587 

Matthews T15NR20E 
well Sec. 23 H 7.31 30 262 1 4 176 34 3.2 0/12 1036 1546 

C: Cold; W: Warm; H: Hot; TDS: Total Dissolved Solids 



Table 2 . Chemical data for water in Saratoga Hot Springs area. Source Nevada D!~is~on of Health. 

Depth Ca Mg · K Na Cl F C03/HC03 S04 TDS 
Name Location TOC pH m. ppm ppm ppm ppm ppm ppm ppm ppm ppm 

rmer well T14NR20E 
Sec. 28 H 8.5 25 170 0 4 182 40 3.42 4/2 707 1175 

Hofer well T14NR20E 
Sec. 27 H 7.76 177 0 4 177 41 3.2 0/15 600 1193 

Seaman well T14NR20E 
Sec. 33 C 8.14 33 19 5 4 41 8 1.5 0/144 36 247 

McGowan well T14NR20E 
Sec. 33 C 7.9 117 1 5 152 28 3.6 0/24 553 926 

Hickman well T14NR20E 
Sec. 33 C 7.75 34 19 4 5 69 28 1.54 0/139 54 284 

H Quirk well T14NR20E 
.!. Sec. 33 C 7.8 18 4 4 53 9 1. 75 0/146 38 254 

Cave well T14NR20E 
Sec. 33 C 7.8 65 i 4 121 25 3.08 0.107 267 602 

Ford well T14NR20E 
Sec. 33 C 8.1 35 21 6 4 41 8 1.58 0/134 43 245 

Kuperus well T14NR20E 
Sec. 33 C 7.6 20 4 6 52 17 1.3 0/102 70 269 

Longstrom T14NR20E 
well Sec. 33 W 8.8 60 14 0 1 132 35 4.72 H)/17 202 461 

Pierce well T14NR20E 
Sec. 33 C 7.7 19 7 4 45 8 1.4 0/159 35 235 

Medium 
security T14NR20E 
prison well Sec. 4 C 7. 73 107 32 7 1 15 9 .26 0/146 7 118 
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Table 3, • Chemical data for water in Carson Hot Springs area. Source Nevada Division of Health. 

Depth Ca Mg K Na Cl F C03/HC03 S04 TDS 
Name Location TOC pH m. ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Carson Hot T15NR20E 
Spring Sec. 5 50 9.41 3 0 1 103 30 8.1 3417 98 307 

T15NR20E 
Carson well Sec. 5 C 8.87 18.3 7 0 1 96 27 8.1 10/67 94 307 

T15NR20E 
Odum well Sec. 6 C 7.58 27.5 19 8 2 19 4 .22 0/132 1 142 

Thoreson T15NR20E 
well Sec. 5 C 7.64 27 10 2 19 5 .12 0/144 11 168 

T15NR20E 
Stanley well Sec. 5 C 7.46 31.4 26 5 1 27 4 .19 0/137 10 182 

H Dickerson T15NR20E I 
\.II well Sec. 8 C 7.25 20 7 3 20 7 .22 0/132 2 148 

Pagliaro T15NR20E 
well Sec. 5 C 7.9 17 6 2 15 0 .14 0/95 2 107 

Brockuche T15NR20E 
well Sec. 5 C 7.89 16 5 '1 12 2 .15 0/100 0 105 

T15NR20E 
Frisbee well Sec. 5 C 7.72 16 4 2 14 1 .13 0/95 0 95 

T15NR20E 
Barker well Sec. 5 C 7.70 18 4 2 16 3 .13 0/105 1 119 

T15NR20E 
Fitts well Sec. 5 C 8.13 55 17 6 2 17 2 .2 0/102 1 106 

Tl5NR20E 
Rudolph well Sec. 5 C 8.09 34.7 15 3 2 22 0 .19 0/102 4 144 



Table cont. 

Depth Ca Mg K Na Cl F C03/HC03 S04 TDS 
Name Location TOC pH m. ppm ppm ppm ppm ppm ppm ppm ppm ppm 

T15NR20E 
Hubert well Sec. 5 C 7.81 50 18 5 4 15 2 .14 0/98 6 138 

Roulette T15NR20E 
well Sec. 6 C 7.65 45.7 15 6 2 17 0 .21 0/102 2 125 

T15NR20E 
Ruby well Sec. 5 C 8.11 20 6 2 . 20 5 .16 0/124 3 122 

CCWD No. T15NR20E 
7 well Sec. 6 C 8.16 170.7 16 2 2 17 1 0.05 0/105 4 98 

Schoenfelder T15NR20E 
well Sec. 5 C 8.03 24 22 5 2 14 3 0 0/110 1 128 

Sullivan T15NR20E 
well Sec. 7 C 7.89 42 21 5 2 20 5 .15 0/117 1 125 

H 
I 
0\ 
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Appendix II 

Gravity data from traverses in Carson-Eagle Valley 
and Big Smoky Valley study Areas 

III 



GRAVITY DATA OF SPENCER TRAVERSE 

Elevation Theoretical Observed Siaple Coaplete 
Station Latitude Longitude (Feet) Gravity (Iilg) Gravity (ag) Bouguer (ag) Bouguer (ag) 

BM 6034 39 24.13 116 56.44 6034 9801 27.48 9795 53.22 -212.22 -211.0 

S 1 39 24.31 116 56.52 6073 9801 27.74 9795 52.16 -211.20 -210.0 

S 2 39 24.35 116 56.73 6114 9801 27.80 9795 50 . 30 -210.66 -209.4 

S 3 39 24.37 116 56.84 6125 9801 27.83 9795 49.63 -210.70 -209.4 

8 4 39 24.42 116 56.98 6133 9801 27.90 9795 50.16 -209.77 -2011.4 

8 5 39 24.54 116 57.11 6159 9801 28.08 · 9795 50.02 -208.52 -201.2 

S 6 39 24.86 116 57.20 6243 9801 28.55 9795 41.42 -206.55 -205.3 

H S 7 39 25.04 116 57.46 6333 9801 28.82 9795 42.94 - 205.90 -204.4 
H 

N 8 8 39 25.12 116 57.67 6394 9801 28.94 9795 39.60 -205.70 -204.2 

!'I 9 39 25.27 116 57.89 6480 9801 29.16 9795 35.00 -205.36 -204.0 

8 10 39 25.43 116 58.00 6535 9801 29.39 9795 32.04 -205.25 -203.1 

811 39 24.93 116 56.40 5986 9801 28.66 9195 54.41 -215 .09 -213.9 

S 12 39 23.78 116 56.26 5931 9801 26.96 9795 56.25 -214.49 -213.4 

8 13 39 23.61 116 56.10 5911 9801 26.71 9195 51.73 -214.32 -213.4 

8 14 39 23.38 116 55.87 5873 9801 26.31 9795 59.01 -214.98 -214.0 

8 15 39 23 . 18 116 55.69 5846 9801 26.07 9795 59.87 -215.44 -214.5 

8 16 39 22.95 116 55.47 5824 980125 . 74 9795 60.55 -215.74 -215 .0 

8 17 39 22.71 116 55.26 5812 9801 25.38 9795 60.16 -215.90 -215.3 

- -



S 18 39 22.46 116\ 55.03 5193 9801 25.01 9195 61.62 -215.81 -215.1 

S 19 39 22.24 116 54.83 5118 9801 24.69 9195 62.26 -215.15 -215 .. 4 

S 20 39 22.00 116 54.60 5163 9801 24.33 9195 62.15 -216.41 -215.1 

S 21 39 21.19 116 54.42 5152 9801 24.03 9801 61.16 -211.14 -216.1 

S 22 39 21.62 116 54.24 5142 9801' 23.17 9195 61.24 -218.02 -211.5 

S 23 39 21.42 116 54.04 5732 9801 23.48 9195 60.51 -218.99 -218.5 

S 24 39 21.23 116 53.88 5124 9801 23.20 9195 60.09 -219.61 -219.3 

s 25 39 21.00 116 53.66 5118 9801 22.86 9195 ·59.56 -220.22 -219.1 
H 
H 

S 26 39 20.19 w 116 53.46 5106 9801 22.55 9195 60.21 -219.92 -219.5 

S 21 39 20.61 116 53.28 5100 9801 22.29 9195 60.11 .-220.12 -219.9 

S 28 39 20.38 116 53.09 5693 9801 21.95 9195 62.11 -218.26 -219.0 

s 29 39 20.20 116 52.89 5681 9801 21.68 9195 63.64 -216.83 -211.6 

S 30 39 19.98 116 52.11 5686 9801 21.36 9195 65.18 -215.02 -214.8 

S 31 39 19.19 116 52.56 5618 9801 21.08 919561.85 -212.55 -212.3 

S 32 39 19.61 116 52.36 5613 9801 '20.81 9195 10.10 -209.13 -209.5 

S 33 · 39 19.43 116 52.19 5611 9801 20.55 9195 13.23 -201.06 -206.8 

S 34 39 19.24 116 52.02 5669 9801 20.21 9195 14.50 -205.63 -205.4 

S 35 39 19 .. 06 116 . 51.85 5669 9801 20.00 9195 13.36 -206.51 -206.3 

S 36 39 18.89 116 51.69 5669 9801 19.15 9195 12.16 -206.85 -206.5 

S 31 39 18.68 116 51.50 5685 9801 19.44 9195 11.42 -206.92 -206.1 



R 3& 39 18.50 116 51. 33 5108 98tH 19. 18 9195 68.55 -208.15 -208.0 

S 39 39 18.32 116 51.11 5135 9801 18.91 9195 65.92 -208.90 -208.6 

S 40 39 18.14 116 50.98 5163 9801 .8.65 9795 64.25 -208.19 -208.6 

S 41 39 17 . 94 116 50.80 5192 9801 18.35 9195 63.25 -201.94 -201.6 

S 42 39 17.72 116 50.59 5843 9801 18.03 9195 59.68 -208.12 -201.6 

S 43 39 17 .52 116 50.39 5865 9801 11 . 13 9195 59.01 -201.18 -206.9 

S 44 39 17 . 31 116 50.22 5913 9801 11.42 9195 51.50 -205.50 -205.1 
H 

S 45 39 11.10 H 116 50.03 5970 9801 11.11 9195 55.51 -203.11 - 203.3 ..,. 
S 46 39 16.90 116 49.84 6021 9801 16.82 9195 52.83 -202.13 -202.2 

s 41 39 16.13 116 49.61 6069 9801 16.51 9195 49.35 -203.44 -202.9 

S 48 39 16.53 116 49.51 6083 9801 16.21 9195 48.91 -202.14 -202 . 3 

S 49 39 16.31 116 49.28 6111 9801 15 . 95 9195 46.55 -202 . 14 -202.3 

S 50 39 16.12 116 49.11 6168 9801 15.61 9195 42.19 -203.16 -202.6 

S 51 39 15.95 116 48.96 6211 9801 15.42 9795 40.09 -202.61 -202.0 

S 52 39 15.76 116 48.79 6253 980115.14 9195 31.38 -202.93 -202.3 

S 53 . 39 15.57 116 48 . 61 63()l 9801 14.86 9195 34.21 -202.89 -202.0 

- '- -- -
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GRAVITY DATA OF TRAVERSE OHC 

Elevation Theoretical Observed Simple Complete 
Station Latitude Longitude (Feet) Gravity (mg) Gravity ( .. g) Bouguer (.g) Bouguer ( .. g) 

OHC-1 38 52.15 116 59.13 6581 9800 80.41 9194 60.44 -225.10 -222.5 

OHC-2 38 52.13 116 59.43 6468 9800 80.38 9194 65.30 -221.00 -224.5 

OHC-3 38 52.09 117 09.22 6400 9800 80.32 9194 67.15 -228.51 -226.3 

OHC-4 38 52.18 117 09.51 6310 9800 80.45 9194 13.03 -228.82 -226.5 

OHC-5 38 52.33 111 09.85 6223 9800 80.61 9194 18.42 -228.88 -227.5 

OHC-6 38 52.55 117 09.98 6174 9800 81.00 9194 82.81 -221.68 -226.5 

OHC-7 38 52.82 111 01.18 6084 9800 81.39 9194 90.11 -225.64 -224.5 

OHC-8 38 52.99 111 01.37 6022 9800 81.64 9194 94.83 -225.49 -224.4 

OHC-9 38 53.08 117 01. 59 5966 9800 81.17 9194 97.13 -226.08 -225.3 
H 
H 

VI 
OHC-10 38 53.19 111 01.81 5906 9800 81.94 9195 01.14 -226.43 -225.3 

OHC-11 38 53.31 117 02.19 5845 9800 82.11 . 9795 04.09 -221.32 -226.5 

OHC-O 38 52.12 116 09.28 6691 9800 80.36 9194 53.42 -225.12 -222.6 

OHC-1A 38 52.15 116 09.12 6113 9800 80.41 9194 53.51 -224.06 -221.5 

OHC-12 38 53.47 111 02.47 5195 9800 82.35 9195 07.22 -221.43 -226.8 

OHC-13 38 53.57 117 02.17 5155 9800 82.49 9195 09.42 -221.17 -221.4 

OHC-14 38 53.66 117 u2.91 - 5129 9800 82.63 9195 11.83 -221.06 . -226.9 

OHC-15 38 53.17 111 03.23 5109 9800 82.79 9795 13.25 -226.99 -226.1 

OHC-16 38 53.86 117 1J3.50 5687 9800 82.92 9795 14.31 -221.39 -227.0 

OHC-17 38 53.93 117 u3.15 5661 9800 83.02 9195 15.24 -228.12 -227.7 

OHC-18 38 54.03 111 04.07 5621 9800 83.17 9795 16.41 -229.08 -228.8 



OHC-19 38 54.12 117 04.38 5601 9800 83.30 9795 16.99 -230.25 -230.0 

OHC-20 38 54.18 117 04.58 5578 9800 83.39 9795 17.66 -231.05 -230.8 

OHC-21 38 54.26 117 04.83 5561 9800 83.51 9795 17.86 -231.99 -231.6 

OHC-22 38 54.33 117 05.08 5549 9800 83.61 9795 17.78 -232.89 -232.5 

OHC-23 38 54.40 117 05.37 5537 9800 83.71 9795 17.51 -233.98 -233.6 

OHC-24 38 54.48 117 05.58 5535 9800 83.83 9795 16.88 -234.85 -234.5 

OHC-25 38 54.55 117 05.80 5534 9800 83.93 9795 16.34 -235.56 -235.3 

OHC-26 38 54.60 117 06.08 5531 9800 84.01 9795 15.52 -236.63 -236.2 

OHC-27 38 54.55 117 l/6.42 5521 9800 83.93 9795 14.87 -231.80 -231.3 

OHC-28 38 54.53 117 06.80 5511 9800 83.90 9795 14.61 -238.63 -238.3 

H 
OHC-29 38 54.53 117 07.12 5507 9800 83.90 9795 13.18 -239.71 -239.3 

H 

a. OHC-30 38 54.55 117 07.43 5506 9800 83.93 9195 13.18 -240.39 -240.0 

OHC-31 38 54.41 117 07.77 5510 9800 83.73 9195 l2.02 -241.11 -240.6 

OHC-32 38 54.37 117 08.08 5514 9800 83.61 9795 11.65 -241.18 -240.6 

OHC-33 38 54.32 111 08.36 5518 9800 83.60 9195 11.14 -241.37 -240.8 

OHC-34 38 54.30 117 08.70 5532 9800 83.57 9795 10.96 -240.68 -240.2 

OHC-35 38 54.28 117 09.05 5558 9800 83.54 9195 09.90 -240.16 -239.5 

OHC-36 38 54.43 117 CJ9.10 5551 9800 83.76 9795 10.83 -239.50 -238.1 

OHC-37 38 54.63 117 09.10 5552 9800 84.05 9795 11.49 -239.44 -238.1 

OHC-38 38 54.88 117 09.12 5.54"lt~ 9800 84.42 9795 11.87 -239.91 -239.3 

OHC-39 38 55.12 117 09.13 "5540 9800"84.77 9795 l2.24 -240.13 -239.3 

OHC-41 38 55.15 117 £19.52 5555 9800 84.81 9795 l2.58 -238.94 -238.0 

OHC-42 38 55.15 117 09.70 5566 9800 84.81 9795 12.77 -238.09 -237.2 

- --



OHC-43 38 55.38 117 09.73 5561 9800 85.15 9795 13.01 -238.49 -237.5 

OHC-44 38 55.58 117 09.73 5560 9800 85.45 9795 13.33 -238.51 -237.5 

OHC-45 38 55.82 117 09.73 5554 9800 85.80 9795 14.04 -238.52 -237.5 

OHC-46 38 55.92 117 10.10 5570 9800 85.95 9795 14.60 -237.15 -236.0 

OHC-47 38 56.00 117 10.45 5589 9800 86.06 9795 15.93 -234.79 -233.7 

OHC-48 38 56.07 117 10.75 5607 9800 86.17 9795 16.47 -233.28 -233.5 

OHC-49 38 56.15 117 11~08 5622 9800 86.28 9795 18.24 -230.72 -228.8 

OHC-50 38 56.22 117 11.38 5633 9800 86.39 9795 19.34 -229.07 -226.7 

OHC-51 38 56.30 117 11.72 5664 9800 86.50 9795 21.03 -225.63 -223.7 

H OHC-52 38 56.35 117 11.95 5689 9800 86.58 9795 21.77 -223.47 -222.4 
H 

...... I 
OHC-53 38 56.42 117 12.25 5725 9800 86.68 9795 22.69 -220.49 -217.6 

OHC-54 38 56.48 117 12.57 5767 9800 86.77 9795 22.45 -218.30 -215.7 

OHC-55 38 56.55 117 12.86 5807 9800 86.87 9795 21.56 -216.89 -214.0 

OHC-56 38 56.63 117 13.15 5856 980Q 86.99 9795 19.75 -215.88 -212.6 

OHC-57 38 56.70 117 13.40 5900 9800 87.09 9795 18.01 -215.08 -211.0 

OHC-58 38 56.68 117 13.72 5965 9800 87.06 9795 14.84 -214.33 -210.0 

OHC-59 38 56.63 117 13.95 6047 9800 86.99 9795 10.55 -213.62 -208.2 

OHC-60 38 56.45 117 14.32 6205 9800 86.73 9795 02.07 -212.35 -205.5 

OHC-61 38 56.47 117 14.57 6507 9800 86.75 9794 84.99 -211.34 -204.0 



GRAVITY DATA OF MCLEOD RANCH TRAVERSE 

Elevation Theoretical Observed Siaple Co.plete 
Station Latitude Longitude (Feet) Gravity (alg) Gravity (aa) Bouguer Cag) Bouguer (ag) 

MR 7 39 2.56 117 9.95 5564 9800 95.71 9795 35.96 -225.91 -223.8 

HR9 39 4.05 117 12.04 6882 9800 97.90 9794 78.24 -206.74 -198.3 

HR 8 39 4.14 117 12.15 6753 9800 98.03 9794 85.99 -206.86 -200.0 

HRlO 39 4.00 117 11.87 6419 9800 97.83 9794 98.50 -214.19 -205.9 

HRll 39 3.87 117 11.73 6145 9800 97.64 9795 11. 77 -217.16 -210.0 

HR 12 39 3.69 117 11.48 6003 9800 97.37 9795 17.35 -219.84 -214.0 

H HR 13 39 3.54 117 11.29 5934 9800 97.15 9795 19.84 -221.27 -217.0 H 

00 , HR 14 39 3.40 117 11.10 5867 9800 96.94 . ~795 22.97 -221.95 -217 .9 

HR 15 39 3.19 117 10.84 5776 9800 96.64 9795 26.87 -223.21 -220.2 

HR 16 39 3.05 117 10.60 5719 9800 96.43 9795 29.27 -224.02 -220.6 

HR 17 39 2.94 117 10.3b 5660 9800 96.27 9795 31.65 -225.01 -222.1 

MR 18 39 2.76 117 10.18 5619 9800 96.00 9795 33.38 -225.48 -222.8 

HR 22 39 1. 82 117 9.93 5492 9800 94.62 9795 36.19 -228.91 -227.0 

HR 23 39 1.72 117 9.66 5471 9800 94.47 9795 35.13 -231.08 -229.5 

MR 24 39 1.64 117 9.41 5462 9800 94.36 9795 33.61 -233.02 -231.5 

HR 25 39 1.54 117 8.96 5465 9800 94.21 9795 31.72 -234.59 -233.4 

MR 26 39 1. 55 117 8. 70 5459 9800 94.22 9795 30.83 -235.85 -234.6 

HR 27 39 1. 52 117 8.38 5462 9800 94.18 9795 28.92 -237 . 54 -236.3 

.. --



- -
HR 28 39 1.52 117 8.18 5473 9800 94.18 ·· .9795 25.25 -240.55 -239.4 

HR 29 39 1.46 117 7.95 5476 9800 94.09 9795 23.63 -241.90 -240.7 

HR 30 39 1.44 117 7.74 5463 9800 94.06 9795 23.54 - 242.74 -241.8 

HR II 39 1.47 117 7.22 5442 9800 94.11 9795 24.07 -243.51 -242.5 

HR 32 39 1.50 117 6.70 5438 9800 94.15 9795 23.99 -243.88 -243.2 

~R 33 39 1.49 117 6.29 5449 9800 94.13 9795 23.08 -244.12 -243.4 

HR 34 39 1.49 117 5.87 5452 9800 94.13 9795 22.95 -244.06 -243.5 

HR 35 39 1.49 117 5.41 5455 9800 · 94.13 9795 22.64 -244.19 -243.8 

HR 36 39 1. 50 117 5.01 5459 9800 94.15 9795 22.66 -243.95 -243.6 

H I HR 37 39 1.51 117 4.60 5463 9800 94.16 9795 21.56 -244.83 -244.5 H 

\0 HR 38 39 1.52 117 4.19 5467 9800 94.18 9795 21. 75 -244.40 -244.0 

HR 39 39 1.53 117 3.81 5466 9800 94.19 9795 22.05 -244.18 -243.9 

HR 40 39 1.54 117 3.27 5476 9800 94.21 9795 21.93 -243.71 -243.2 

HR 41 39 1.58 117 2.88 5490 9800 94.27 9795 23.47 -241. 39 -241.0 

HR 42 39 1.58 117 2.54 5499 9800 94.27 9795 23.67 -240.65 -240.3 

HR 43 39 1.59 117 2.23 · 5512 9800 94.28 9795 23.96 -239.60 -239.2 

HR 44 39 1.59 117 2.23 5528 9800 94.28 9795 23.69 - 238.91 -238.4 

HR 45 39 1.69 117 1. 57 5554 9800 94.43 9795 22.70 - 238.49 - 238.0 

HR 46 39 1.83 11 7 1. 26 5584 9800 94.63 9795 21.16 - 238.43 -237.8 

HR 47 39 1.96 117 .91 5614 9800 94.83 9795 19.93 -238.06 - 237.4 

HR 48 39 2.10 117 . 67 5642 9800 95.03 9795 18.81 - 237.71 -237.0 



MR 49 39 2.24 117 .37 5674 9800 95.24 9795 17.86 -236.94 -236.3 

Hi 50 39 2.36 117 .14 5701 9800 95.41 9795 17.36 ~_21~.99 -235.3 

MR 51 39 2.51 116 59.80 5733 9800 95.63 9795 16.87 -234.78 -234.0 

MR 52 39 .45 116 56.06 6419 9800 92.61 9794 80.60 -226.86 -225.5 

Hi 53 39 .57 116 56.28 6387 9800 92.78 9794 81.90 -227.66 -226.4 

MR 54 39 .69 116 56.61 6318 9800 92.96 9794 84.90 '-228.98 -227.8 

Hi 55 39 .87 116 56.90 6264 9800 93.22 9794 90.72 -226.67 -225.5 

MR 56 39 .98 116 57.10 6224 9800 93.38 9794 91.07 -228.88 -227.7 

MR 57 39 1.13 116 57.31 6179 9800 93.61 9794 93.52 -229.34 -228.0 

IH 
,H 

MR 58 39 1. 27 116 57.54 6128 9800 93.81 9794 97.22 -228.91 -227.7 
t-' 
0 

MR 59 39 1.41 116 57.76 6080 9800 94.02 9795 00.19 -229.03 -22 7.8 

HR 60 39 1. 56 116 57.98 6035 9800 94.24 9795 03.26 -228.88 -227.8 

MR 61 39 1.69 116 58.19 5996 9800 94.43 9795 05.67 -229.00 -228.0 

HR 62 39 1.84 116 58.42 5948 9800 94.65 9795 08.20 -229.57 -228.5 

HR 63 39 1.99 116 58.69 5902 9800 94.87 9795 10.47 -230.28 -229 .3 

HR 64 39 2.10 116 58.95 5862 9800 95.03 9795 11.56 -231.75 -230.7 

HR 65 39 2.19 116 59.20 5821 9800 95.16 9795 13.05 -232.86 -232.0 

HR 66 39 2.29 116 59.41 5789 9800 95.31 9795 13.86 -234.12 -233.7 

MR 67 39 2.40 116 59.60 5755 9800 95.47 9795 14~96 -235.21 -234.3 



GRAVITY DATA OF TRAVERSE 8A 

Elevation Theoretical Observed Simple Complete 
Station Latitude Longitude (Feet) Gravity (mg) Gravity (mg) Bouguer (.g) Bouguer eag) 

8A-2 38 58.38 117 11.57 5747 9800 82.21 9795 08.48 -228.91 -226.6 

8A-3 38 53.12 117 11.57 5746 9800 81.83 9795 08.32 -228.75 -226.4 

8A-4 38 52.90 117 11. 55 5740 9800 81.51 9795 08.12 -228.99 -226.5 

bA-5 38 52.65 117 11.53 5732 9800 81.14 9795 07.98 -229.24 -226.5 

8A-6 38 52.40 117 11. 52 5722 9800 80.77 9795 08.10 -229.36 -226.5 

8A-7 38 52.08 117 11.52 5703 9.800 80.30 9795 08.24 -229.88 -227.0 

BA-8 38 51.80 117 11. 52 5682 9800 79.89 9795 07.97 -231.01 -228.0 

BA-9 38 51.52 117 11.50 5664 9800 79.48 9795 09.55 -230.09 -226.9 

8A-1O 38 51. 25 117 11.48 5662 9800 79.09 9795 10.07 -229.29 -226.0 
H 
H 

8A-11 38 51.00 117 11. 48 5678 9800 78.72 9795 09.19 -228.85 -225.0 
I-' 
I-' 

8A-12 38 50.72 117 11. 47 5678 9800 78.31 9795 08.97 -228.66 -224.4 

BA-13 38 50.43 117 11.45 5665 9800 77.88 9795 09.30 -228.68 -224.3 

8A-14 38 53.62 117 1l.58 5745 9800 82.57 9795 09.19 -228.68 -226.5 

SA-15 38 -53.83 117 11. 58 5741 9800 82.88 9795 09.78 -228.63 -226.5 

8A-16 38 54.07 117 1l.60 5732 9800 83.23 9795 10.80 -228.51 -226.4 

8A-17 38 54.28 117 1l.62 5724 9800 83.54 9795 12.00 -228.10 -226.0 

SA-18 38 54.53 117 1l.63 5719 9800 83.90 9795 12.77 -227.99 -225.7 

8A-19 38 54.80 117 11. 63 5709 9800 84.30 9795 14.07 -227.70 -225.5 

8A-20 .38.55.07 117 11.65 5698 9800 84.70 9795 15.26 -227.55 -225.4 

8A-21 38 55.30 117 11.67 5689 9800 85.04 9795 16.46 -227.23 -225.1 

BA-22 38 55.52 117 11.68 5683 9800 85.36 9795 17.47 -226.91 -224.8 



GRAVITY DATA OF TRAVERSE 8B 

Elevation Theoretical Observed Simple Complete 
Station Latitude Longitude (Feet) Grav! ty (mg) Gravity (mg) Bouguer ( .. g) Bouguer (.g) 

HB-1 38 51. 05 117 02.66 6001 9800 78.79 9794 87.28 -231. 45 -230.0 

8B-2 38 51.3Cl 117 02.64 5973 9800 79.16 9794 89.39 -231. 39 -230.1 

88-3 38 51. 54 117 02 . 68 5921 9800 79.51 9794 92.89 -231.36 -230.1 

88-4 3H 51. 77 117 02 . 68 5887 9800 79.85 9794 95.56 -231.07 -229.9 

88-5 38 52.02 117 02.73 5859 9800 80.22 9794 97 . 11 -231. 57 -230.3 

HB-6 3b 52.23 117 02.73 5849 9800 80.53 9794 98.20 -231.39 -230.3 

tl8-7 38 52.43 117 02.75 5840 9800 80.82 9794 99 . 47 - 230.95 -229.9 

bB-B 38 52.67 117 02 . 78 5819 9800 81.17 9795 02.00 -230.03 -229 . 0 

H I 8B-9 38 52.8H 117 02.75 5804 9800 81.48 9795 03.36 -229.88 -228.9 
H 

..... 
b~-lO 38 53.07 117 02.77 5790 9800 81. 76 9795 04.50 -229.86 -229.0 N 

8B-11 38 53.32 117 02.78 5768 9800 82.13 9795 07.81 -228.23 -227.4 

HB-12 38 53.82 117 02.73 5762 9800 82.86 9795 10.60 -226.54 -225.0 

8B-13 38 54.02 117 02.73 5779 9800 83.15 9795 10.07 -226.35 -225.6 

88-14 38 54.27 117 02.73 5792 9800 83.52 9795 10.92 -225.08 -224.4 

88-15 38 54.43 117 02.75 5794 9800 83.76 9795 11.63 -224.48 -223.9 

88-16 38 54.62 117 02 . 68 5767 9800 84 . 04 9795 14.06 -223.95 -223.3 

- ~ - ~ - - - - - . . - - ~ 
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GRAVITY DATA OF DARROUGH'S RANCH TRAVERSE 

Elevation Theoretical Observed Simple COllplete 
Station Latitude Longitude (Feet) Gravity (lIIg) Gravity (1118) Bouguer (1118) Bouguer (1118) 

o 2 38 49.17 117 12 .83 6728 9800 76.03 9794 50.91 -221.44 -210.0 

D 1 38 49.16 117 12.75 6536 9800 76.02 9794 60.82 -223.03 -211. 7 

D 3 38 49.28 117 12.10 6106 9800 76.19 9794 83.84 -226.00 -219.6 

D 4 38 49.25 117 12.34 6253 9800 76.15 9794 76.05 -224.92 -216.4 

o 5 38 49.25 117 11.83 5974 9800 76.15 9794 90.19 -227.52 -228.7 

D 6 38 49.27 117 11.57 5856 9800 76.18 9794 97.02 -227.80 -223.7 

D 7 38 49.27 117 11.27 5743 9800 76.18 9795 02.41 -229.19 -225.3 
H 
H D 9 38 49.32 117 10.61 5559 9800 76.25 9795 08.37 -234.34 -231. 3 
...... 
I..l D 10 38 49.34 117 10.32 5549 9800 76.28 9795 07.45 . -235.89 -233.5 

o 11 38 49.37 117 10.03 5548 9800 76.32 9795 06.57 -236.87 -234.6 

D 12 38 49.39 117 !L72 5544 9800 76.35 9795 05.88 -237.83 -235.7 

() 13 38 49.42 117 9.41 5543 9800 76.40 9795 05.52 -238.30 -236.5 

J) 14 38 49.46 117 9.06 5542 9800 76.46 9795 05.01 -238.93 -237.5 

D 15 38 49.49 117 8.70 5541 9800 76.50 9795 04.92 -239.12 -237.6 

D 16 38 49.58 117 8.34 5539 9800 76.63 9795 04.70 -239.59 -238.9 

D 17 38 49.82 117 8.22 5536 9800 76.99 9795 04.90 -239.93 -239.3 

n 18 38 49.76 117 7.88 5538 9800 76.90 9795 04.05 -240.57 -239.7 

D 19 38 49.70 117 7.57 5538 9800 76.81 9795 03.67 -240.86 -240.0 



o 20 38 49.64 111 1.26 5542 9800 16.12 9195 03.42 -240.18 -240.0 

D 21 38 49.51 111 6.92 5548 9800 16.62 9195 03.13 -240.61 -239.8 

o 22 38 49.49 111 6.53 5550 9800 16.50 9195 03.13 -239.11 -239.0 

o 23 38 49.41 111 6.25 5559 9800 76.38 9795 04.19 -238.65 -237.9 

D 24 38 49.33 117 5.96 5512 9800 76.27 9795 04.28 -237.66 -236.9 

o 25 38 49.28 117 5.62 5591 9800 76.19 9795 04.93 -235.80 -235.0 

o 26 38 48.32 117 1.48 6769 9800 74.78 9794 39.91 -228.13 -223.6 

o 27 38 48.40 117 1. 81 6636 9800 74.90 9794 48.62 -228.13 -225.4 

o 28 38 48.47 111 2.18 6494 9800 75.00 9794 56.12 -229.25 -226.6 
H o 29 38 48.51 117 2.44 6398 9800 75.06 9794 61.50 -229.68 -227.0 H 

..... 
~ o 30 38 48.54 117 2.70 6305 9800 75.11 9794 61.63 -229.18 -226.5 

D 31 38 48.59 111 2.98 6205 9800 75.18 9194 13.32 -229.56 -227.1 

o 32 38 48.68 117 3.24 6104 9800 75.31 9794 78.12 -230.35 -228.0 

D13 38 48.79 117 3.48 6007 9800 75.47 9794 83.98 -231.08 -228.9 

o 34 38 48.91 117 3.71 5908 9800 75.65 9794 89.48 -231.69 -229.8 

D 35 . 38 48.99 111 4.02 5805 9800 75.11 9194 95.40 -232.07 -230.2 

o 36 38 49.06 117 4.32 5745 9800 75.87 9795 00.36 -230.81 -229.2 

o 37 38 49.10 117 4.53 5694 9800 75.93 9795 02.74 -231. 55 -230.0 

o 38 38 49.13 111 4.83 5650 9800 75.97 9795 04.65 -232.33 -231.0 

o 39 38 49.19 117 5.10 5623 9800 76.06 9795 05.25 -233.43 -232.4 

o 40 38 49.24 117 5.38 5601 9800 76.13 9795 05.66 -234.41 -233.5 

-- -- ... 
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GRAVITY DATA OF TRAVENSE CS 

Elevation Theoretical Observed Simple Complete 
Station Latitu4e Longitude (Feet) Gravity (mg) Gravity (ag) Bouguer (ag) Bouguer (mg) 

CS-1 39 07.15 119 37.87 5272 9801 02.46 9795 75.63 -183.21 -182.18 

CS-2 39 07.37 119 37.87 5667 9801 02.79 9795 80.12 -182.64 

CS-3 39 07.42 119 38.06 5644 9801 02.86 9795 80.99 -183.23 

CS-4 39 07.68 119 38.1.3 5598 9801 03.24 9795 85.74 -181.62 

CS-5 39 07.87 119 38.63 5487 9801 03.52 9795 89.70 -184.60 

CS-6 39 08.07 119 38.75 5422 9801 03.82 9795 94.56 -183.93 

CS-7 39 08.29 119 38.84 5352 9801 04.14 9795 97.63 -185.39 

H CS-8 39 08.58 119 38.91 5215 9801 04.57 9796 06.70 -184.96 
H 

..... 
I..A 

CS-9 39 08.78 119 39.15 5123 9801 04.86 9796 10.54 -186.94 

CS-10 39 09.13 119 39.39 5073 9801 05.38 9796 17.39 -183.61 

CS-11 39 09.23 119 39 . 72 5008 9801 05.52 9796 21.07 -183.97 -182.76 

CS-12 39 09.36 119 39.97 4985 9801 05.71 9796 22.33 -184.28 

CS-13 39 09.48 119 40.13 4922 980i 05.89 9796 26.34 -184.23 

CS-14 39 09.62 119 40.47 4892 9801 06.10 9796 28.91 -183.67 

CS-15 39 09.81 119 40.81 4777 9801 06.38 9796 36.55 -183.21 

CS-16 39 09.97 119 40.96 4807 9801 06.61 9796 35.38 -182.81 

CS-17 39 10.18 119 40.95 4712 9801 06.92 9796 42.61 -181.59 

CS-18 39 10.33 119 41.27 4657 9801 07.14 9796 47.97 -179.75 

CS-19 39 10.54 119 41.31 4602 9801 07.45 9796 53.24 -178.09 

CS-20 39 10.69 119 41.09 4596 9801 07.67 9796 55.43 -176.49 



CS-21 39 10.86 119 41.12 4606 9801 07.92 9796 54.37 - 177.20 

CS-22 39 10.84 119 41.34 . 4633 9801 07.89 9796 52.73 -177 .18 -175.85 

PllMPHS-23 39 10.84 119 41.67 4612 9801 07.89 9796 52 . 06 -179.11 

CS-24 39 10.99 119 41. 13 4614 9801 08.11 9796 51.90 -179.37 -178.56 

CS-25 39 11.ll 119 42.01 4646 9801 08.32 9796 47.96 -181.60 -180.89 

CS-26 39 11.32 119 42.13 4647 9801 08..60 9796 47.79 -181.99 -181. 27 

CS-27 39 11.22 119 42.46 4620 9801 08.45 9796 47.96 - 183.29 -182.58 

CS-28 39 11.08 119 42.83 4622 9801 08.25 9796 45.05 -185.88 -185.17 

CS-29 39 10.94 119 43.2 4632 9801 08.04 9796 42.76 -187.36 -186.59 

CS-30 39 10.81 119 43.45 4636 9801 07.85 9796 41.25 -188.44 -187.57 

CS-3l 39 10.69 119 43.13 4640 9801 07.67 9796 39.37 -189.91 -189.16 
H 
H 

..... CS-32 39 10.59 119 43.94 4642 9801 07.52 9796 36.43 -192.57 -191. 74 
0\ 

CS-33 39 10.86 119 43.93 4657 9801 07.92 9796 40.45 -188.05 -187.22 

CS-34 39 11.15 119 43.93 4672 9801 08.35 9796 42.36 -185.67 -184.89 

CS-36 39 11. 43 119 44.18 4687 9801 08.76 9796 41.57 -185.97 -185.05 

CS-37 39 11.41 119 44.48 4683 9801 08.73 9796 41.19 -186.56 -185.68 

BH R3l6 39 11.60 119 44.90 4704 9801 ·09.01 9796 39.19 -187.58 -186.51 

BH 4697 39 11.57 119 45.23 4697 9801 08.97 9796 40.17 -186.98 -185.89 

CS-38 39 11. 90 119 45.24 4745 9801 09.45 9796 38.10 -186.65 -185.56 

CS-39 39 11 . 91 119 45.57 4729 9801 09.47 9796 37.86 -187.87 -186.69 

CS-40 39 12.22 119 45.63 4899 9801 09.92 9796 27.82 -188.16 ;-186.37 

CS-41 39 12.58 119 45.75 5279 9801 10.45 9796 03.97 - 189.75 -188.14 

CS-42 39 12.89 119 46.08 5970 9801 10.91 9795 61.06 - 191.65 - 189.57 

... - - WI 
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GRAVITY DATA OF TRAVERSE HS 

Elevation Theoretical Observed Simple Complete 
Station Latitude Longitude (Feet) Gravity (mg) Gravity (mg) Bouguer (-g) lSouguer (.g) 

HS-1 39 03.76 119 50.00 4931 9800 97.47 9796 01.63 -199.98 · ·~97.28 

HS-2 39 03.82 119 49.87 4905 9800 97.56 9796 03.97 -119.29 -196.67 

HS-3 39 03.66 119 49.85 4874 9800 97.33 9796 06.48 -198.40 -196.12 

IIS-4 39 03.49 119 49.60 4820 9800 97.08 9796 10.60 -197.28 -195.13 

HS-5 39 03.34 119 49.33 4690 9800 96.86 9796 16.75 -198.70 -196.41 

"S-6 39 03.47 119 49.16 4710 9800 97.05 9796 16.96 -197.48 -195.36 

H IIS-7 39 03.56 119 48.96 4701 9800 97; 18 9796 17.19 -197.93 -195.76 
H 

..... BM 4653 39 03.95 119 48.28 4653 9800 97.75 9796 20.42 -198.15 -196.7 ..... 
IIS-8 39 03.68 199 48.08 4647 9800 97.36 9796 18.31 -200.22 -198.97 

HS-9 39 03.74 199 48.48 4753 9800 97.44 9796 15.53 -196.73 -194.97 

HS-10 39 03.62 119 48.54 4656 9800 ,!7.27 9796 20.26 -197.64 -195.88 

liS-II 39 03.62 119 48.68 4701 9800 97.21 9796 17.69 -197.52 -195.68 

HS-12 39 04.37 119 40.03 5694 9800 98.37 9795 69.85 -186.88 -185.61 

IIS-13 39 04.45 119 lQ.71 5840 9800 98.49 9795 61.52 -186.57 -185.3 

IIS-·14 39 04.25 119 40.26 5591 9800 98.19 9795 77.58 -185.16 -184.08 . 

HS-15 39 04.07 119 40.43 5452 9800 97.93 9795 84.98 -185.83 -184.87 

HS-16 39 04.01 119 40.63 5390 9800 '97.84 9795 88.01 -186.43 -185.76 

IIS-17 39 03.99 119 40.97 5302 9800 97.81 9795 91.31 -188.38 -187.74 



8S-18 39 04.04 119 41.23 5245 9800 91.89 9195 92.34 -190.85 -190 . 25 

HS-19 39 03.91 119 41.48 5181 9800 91.69 9195 95.64 -190.83 -190.23 

8S-22 39 03.53 119 41.92 5010 9800 91.14 9196 05.48 -181.45 -186.81 

BM 5136 39 03.56 199 41.58 5136 9800 91.18 9196 00.95 -188.01 -181.55 

IIS-23 39 03.35 119 42.12 5058 9800 96.81 9196 01.40 -185.99 -185.12 

8S-24 39 03.23 119 42.38 501" 9800 96.69 9196 05.59 -186.54 -185.51 

8S-25 39 03.04 119 42.56 4965 9800 96.41 9196 11.53 -186.98 -186.11 

8S-26 39 02.92 119 42.11 4911 9800 96.24 9796 11.58 -189.64 -188.65 

IIS-21 39 02.80 119 42.97 4859 9800 96.06 9196 13.20 -191.32 -190.59 

US-28 39 02.83 119 43.18 4824 9800 96." 9196 14.94 -191.13 -190.81 

US-29 39 02.83 119 43.40 4788 
H 

9800 96.11 9196 16.23 -192.60 -191.60 
H 

..... US-3D 39 02.83 119 43.72 4746 9800 96.11 9196 18.16 -192 .59 -191.88 
OQ 

IIS-31 39 02.93 119 44.05 4131 9800 96.25 9796 18.59 -193.45 -192 .10 

HS-32 39 02.91 119 44.42 4693 9800 96.22 9196 11.38 -191.26 -196.59 

8S-33 39 03.65 119 50.86 5311 9800 91.31 9195 13.99 -204.30 -198.16 

8S-34 39 03.52 119 51.08 5510 9800 91.12 9195 58.10 -204 •. 22 -194.63 

8S-35 39 03.75 119 50.65 5164 9800 91.46 9195 83.22 -204.40 -199.28 

HS-36 39 03.80 119 50.39 5056 9800 91.53 9795 91.18 -202.39 -198.19 

8S-37 39 03.83 119 50.01 4944 9800 91.58 9796 00.43 -200.50 198.22 

US-38 39 02.99 119 44.51 4696 9800 96.34 9796 15.39 -199.19 -198.55 



- ... _ ; . -, _ " - III 

H5-39 39 03.15 119 44.50 4697 9800 96.58 9796 16.37 -198.38 -197.59 

H5-40 39 03.43 119 44.50 4697 9800 96.99 9796 17.46 -197.71 -196.64 

H8-41 39 03.48 119 44.82 4670 9800 97.06 9796 16.29 -200.58 -199.62 

115-42 39 03.45 119 45.15 4655 9800 97 .• 02 9796 16.45 -201.27 -200.52 

H5-43 39 03.42 119 45.45 4650 9800 96.97 9796 15.61 -202.36 -2~)l.29 

H5-44 39 03.48 119 45.78 4642 9800 97.06 9796 13.93 -204.61 -203.52 

115-45 39 03.49 119 46 . 10 4634 9800 97.08 9796 16.26 -202.71 -201.66 

) 

H 
H 

~ 
\0 



GRAVITY DATA OF TRAVERSE DF 

Elevation Theoretical Observed Simple COlllplete 
Station Latitude Longitude (Feet) Gravity (lIIg) Gravity (m~) Bouguer (lIIg) Bouguer (lIIg) 

DF )0 38 58.80 119 50.28 5475 9800 90.18 9795 61.76 -199.92 -190.94 

8M 4694W 38 58.77 119 50.00 4694 9800 90.14 9796 01.23 -207.27 -199.93 

BM 4685 38 58.52 119 50.18 4685 9800 89.77 9796 02.10 -206.56 -199.96 

Bt-l 4676 38 58.27 119 49.83 4676 9800 89.40 9795 98.96 -209.88 -205.73 

OF 32 38 58.27 119 49.48 4680 9800 89.40 9795 98.16 -212.44 -209.21 

DF 31 38 58.26 119 49.28 4679 9800· 89.39 9795 94.99 -213.66 -210.55 

8M 4678 38 58.27 119 49.03 4678 9800 89.40 9795 93.58 -215.14 -212.14 

BM 4688 38 58.26 119 47.91 4688 9800 89.39 9795 91.66 -216.45 -215.09 

DF 33 
H 

38 58.25 119 47.56 4690 9800 89.37 9795 91.97 -216.00 -214.67 
H 

N DF 34 38 58.25 119 47.28 4695 9800 89.37 9795 92.11 -215.56 -214.38 
0 

8M 4698 38 58.23 119 46.70 4698 9800 89.34 9795 93.53 -213.93 -213.01 

BM 4694E 38 58.57 119 46.68 4694 9800 89.84 9795 94.39 -213.81 -212.89 

IlF 2 38 58.57 119 45.75 4711 9800 89.84 9795 98.62 -208.56 -207.96 

BM 4714 38 58.57 119 45.59 4714 9800 89.84 9795 99.59 -207.41 -206.82 

DF-1 38 58.57 119 45.47 4715 9800 89.84 9796 00.46 -206.52 -205.93 

DF-3 38 58.57 119 45.32 4718 9800 89.84 9796 01.58 -205.18 -204.64 

DF-4 38 58.58 119 45.16 4721 9800 89.86 9196 02.78 -203.81 -203.29 

8M 4743 38 58.56 119 44.47 4143 9800 89.83 9196 05.51 -199.68 -199.38 

8M 4761 38 58.56 119 43.93 4167 9800 89.8.3 9796 01.09 -202.72 -202.45 



H 
t-i 
N 
N 

OF 27 

DF 28 

DF 29 

38 59.27 119 38.04 

38 59.27 119 37.82 

38 59.32 119 37.52 

....... . - _ .. 

5248 

5290 

5390 

9800 90.87 

9800 90.97 

9800 90.94 

9795 69.93 

9795 66.75 

9795 60.26 

-206.06 -205.58 

-206.82 -206.31 

-207.28 . -206.70 



-- -- - -

OF 5 38 58.56 119 43.69 4779 9800 89.83 9796 02.29 -200 . 80 -200.54 

DF 6 38 58 . 57 119 43.42 4790 9800 89.84 9796 01.49 -200.95 -200.76 

DF 7 38 58.57 119 43 . 15 4805 9800 89.84 9796 00.22 -201. 32 -201.13 

DF 8 38 58 . 57 119 42.92 4820 9800 89.84 9795 99.14 -201.50 -201.30 

DF 9 38 58.57 119 42.63 4832 9800 89.84 9795 97.65 -202.28 -202.28 

" 
DF 10 38 58.49 119 42.43 4836 9800 89.72 · 9795 97.08 -202.49 -202.32 

DF 11 38 58.46 119 42.10 4861 9800 89.:68 9795 95.72 -202.30 -202.15 

OF 12 38 58.43 119 41.83 4882 9800 89.64 9795 94.97 -201. 75 -201.59 

OF 13 38 58.41 119 41.47 4895 9800 89.61 9795 94.96 -200.94 -200.75 

DF 14 38 58.38 119 41. 29 49Q4 9800 89.56 9795 94.86 -200.46 -200.27 

OF 15 38 58.42 119 41.05 4916 
H 

9800 89.62 9795 94.67 -200.00 -199.75 
H 

N BM 4962 38 58.56 119 40.57 4962 9800 89.83 9795 94.19 -197.91 -197.61 
..... 

OF 16 38 58.62 119 40.33 4975 9800 89.91 9795 93.81 -197.60 -197.23 

OF 17 38 58.62 119 40.08 5005 9800 90.00 9795 91.38 -198.32 -197.95 

OF 18 38 58.75 119 39.83 5018 9800 90.11 9795 89.98 -199.05 -198.22 

DF 19 38 58.83 119 39.62 5031 9800 90.22 9795 90.67 -197.70 -196.82 

OF 20 38 58.92 119 39.41 5043 9800 90.36 9795 89.78 -198.00 -197.35 

OF 21 38 59.02 119 39.24 5082 9800 90.50 9795 87.21 -198.38 -197.97 

010' 22 38 58.93 119 39.08 5107 9800 90.37 9795 85.15 -198.80 -198.39 

OF 23 38 58.98 119 38.83 5123 9800 90.44 9795 81.42 -201. 65 -201. 23 

IlF 24 38 59.05 119 38.59 5150 9800 90.55 9795 79.12 -202.42 -201.98 

OF 25 38 59.11 119 38.33 5213 9800 90.64 9795 73.62 -204.24 -203.75 

OF 26 38 59.14 119 38. 25 5223 9800 90.68 9795 73.15 -204.15 -203.66 



Appendix III 

Daily on-site drilling logs of 
CC-l, CC-2! BSD-l, 

BSS, BSD-2 
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carson City, NV 

School Site Well CC 11 

Longyear Co., Drilling Contractor-Sedilia, CO 
Crew: 

NBMG Personnel 
J. Bruce, D. Trexler, T. Flynn 

13 Feb 80 

Comment: Longyear crew arrived in Carson City on 12 Feb and set up rig at 
approximately 1630 hrs. 

13 Feb 

0700 

0801 

0805 

0810 

0815 

Longyear crew arrives (0800 CO time) 
Set up and used tricone bit to set 22 ft of hole for surface casing . 

J. Bruce arrives site 

T. Flynn arrives. 

J. Bruce, T. Flynn discuss project with Gil Speaker, Longyear 
Tool pusher. 

Drill crew putting on hammer 

0835 Trexler arrives on site with equipment 

0845 First sample taken at 20 ft with hammer 

0850 

0900 

0905 

Start drilling with hammer 

Pause in drilling to install temporary probe 

Start drilling again. Move Carryall to front of rig for equipment 
set up. Return air temperature 10.0°C @ 25 ft. Sample taken. 

0910 30 ft depth sample taken. Return Temperature. 

1000 Drilling slows down a bit. Been taking samples at 5 ft intervals. 

1010 

1015 

1030 

1034 

1040 

Up to the 90 ft interval now. 

Temperature probe is buried in chips 

Depth 100' dry 

TO 110 still dry - trouble with chips not coming out of the hole -
water truck not here yet. 

112' chips moist 

Well starts to make water 
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1050 

l110 

l120 

l145 

Water truck is here and the crew has rigged-up for foam. 

Moved temperature probe closer to collar (C) - removed PUC pipe. 
Placed another in the foam barrel (FB) 

C-17.l 
FB- 3.1 

Break in the action to repair "0" ring. 

Vernon Rowley, Director R&D Carson City School District visited. 
Phone 885-6316 

Temperature check FB- 3.4 
C-17.1 

"0" ring change - 11:l5-l1:35 

1200 Trouble with drilling hole caving - chips filling in preventing 
per.cussion tool from working properly. 

1215 

1245 

1315 

1345 

1400 

FB- 3.7 
C"17.4 

Still having trouble with the hole - difficult to get by the 
130 ft mark. 

FB- 3.6 
C"15.0 

New section on rig . 

FB-4 
C=-16.4 

Drill pace has picked up - Jim Bruce back from Reno - Gil arrived 
with fuel for rig. Put up hard-hat signs. 

FB=- 3.5 
Ca 17 

Still drilling with difficulty - fracture zones - depth 160 ft. 
Bridging problem repeating causing surge on returns. 

1435 FB=- 4.0 
C=17.l 

Adding bentonite and quik gel to thicken up foam, trying to 
stabliize hole. A lot of sluffing of hole. 

1510 FB- 4.2 
C-15.4 

Hole continues to sluff - Flushing hole at every rod length change. 

1580 Bruce/Trexler halt drilling, fluid runoff downhill is causing a lake 
on road below, need to develop some runoff control. Gill Specker, 
Longyear, has T.D. at shift end 175'. 
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1535 Tripping out of hole 

1545 Rod binding in trip out during last two joints 

1555 Rods out of hole 

1600 Discussed with Gil Speaker what time backhoe will arrive for work. 
Approximately 9:00 AM. 

1615 Secure site and depart for office. 
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Day 112 

0800 

0805 

0815 

0845 

14 Feb 80 

Bruce arrives at site. H.P. & Greg (Longyear) already on site 
~ppingrig for drilling. Greg brings in full load of water. 
John (H.P.) mentions he heard press release on morning TV news, 
story associated with public hearings in Sparks today. 

Trexler arrives 

Flynn arrives - backboe should arrive approximately 9 AM this 
morning to dig sump. 

Rig prepped and ready to drill, waiting for backhoe. Check hole 
visually - no water visible, but appears to be bridge at about 
40 ft . 

0930 Move water truck to off load drill pipe. Truck stuck in mud, 
still no backhoe. 

1000 Trexler and Flynn go into town for errands. Move water truck out 
of mud and place off tail end of rig. 

1005 Begin transferring rod off truck. 

1010 Truck getting stuck in mud again, stopped offloading rod . 

1030 Backhoe arrives. 

1045 Unloading backhoe down by 5th St. construction. 

1130 Trexler to Reno 

1200 Backhoe working on water pit - drill stem is being lowered i nto hole. 

1215 

1224 

1230 

1235 

1255 

1308 

1330 

One rod apparently plugged as no air return coming up annulus. 
Changed rod. 

HR water at approximately 130-135 ft. Blowing water with each 
joint now. 

Sump almost complete. Blowing lots of water, depth 160 ft. 

Reach TD begin drilling. Koenig arrives. 

180 ft sample taken some chips - soft - chlorite rich? Gray-Green. 

FB- 1.4 
C-32.5 

185 ft sample taken. Soft green material as vein filling i n grey 
green fine to medium grain metavolcanic. 

Drilling with heavy foam reached 200 ft level. Sample taken . 
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1415 Continued use of heavy foam. 

C-38.7 
FB- 4.5 
T-17.5 

1430 Reached 220 ft interval - still drilling with foam. Aids the 
chip lift. 

1445 New stem. Heavy foam. 

1500 

1520 

C-43.8 
FB- 5.8 
T~16.5 

Sample taken at 225. Shows two rock types. 
lots of water. Heavy foam still being used. 
up at site (Longyear, Denver). 

Still much water in formation - heavy foam. 

Formation providing 
Gary Ferguson shows 

Reached 230' level. 

1530 Sample taken at 235' level. Same stuff - John Woods suggests may 
have to use tri-cone bit to get water and chips out of hole . 

C~43.8 

T-16.8 
FB- 4.2 
EP-16.8 
Envirolab probe in sump. 

1545 Sample taken at 240' interval. Mixed bag - formation still 
producing mucho water - sump pit filled to top with foam -
about 1/2 way with water. 

1600 FB- 6.8 
C=44.2 
Ts 16.2 

1615 Reach 250' level. Sample taken. Same stuff - still lots of water. 

1625 FB- 7.9 
Cs 44.2 
Ta 17.3 

1635 Sample at 255'. Same materials - very small amount of sample. 

1650 Sample at 260'. Same rock types plus what appears to be a piece 
of quartz from a vein. 

1705 

FB- 7.2°C 
C~40.2°C 
T-16.9°C 

EPs17.2°C 

Sample taken at 265'. Similar materials to inverval above. 

1712 EP probe 17.1°C (downstream in return flow). 
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1720 Sample taken at 270'. Same materials but smaller fraction of 
friable rock. 

1730 EP - 16.6~C 

1750 Sample taken at 275'. Same materials 

1755 EP-17.2 
FB- 8.2 
C-44.3 
T-13.9 (in air) 

1803 Reached 280' level. 

EP-17.0 

1820 Begin to close down shift. 

1830 B,egin to secure rig for shift end. 
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Day 3 15 Feb 8.0 

0725 Trexler arrives at site. No crew, water level 15 in. below top of 
Berm. 

0740 Flynn arrives at side. No crew. Set up temperature probes, water 
bucket. 

08.0.0 Crew arrives; Ken, John, Craig. 

0810 Ken begins backPo~ work to expand sump. Crew readies rig for 
drilling. 

083.0 Foam barrel 
Truck 
Collar 

(FB)-lOOC 
. (T)-llOC 
(C)-2aOC 

0835 Set up Envirolab probe in return water chanel . No temperature 
recorded • 

.093.0 Drill stem stuck in hole - due to caving. 

0955 Gary Ferguson arrives at site. 

1015 Drill stem still stuck in hole. John goes for fuel. Gary Ferguson 
says it looks grim! 

105.0 Ken shuts down rig for fuel filter replacement . 

lass Ken starts up rig aginG 

113.0 Craig goes for more water. 

1255 Rig still stuck. Moved up about 18". Gary digging supplemental sump . 

1305 Craig back with water truck. 

133.0 

1430 

Jim Bruce arrives - still stuck in hole . Trexler back to Reno . 

Forest King shows up for a 10 minute chat . Very happy we are 
drilling here. 

1445 John Hancock shows up to see .what is happening. Still stuck. 

15.00 

155.0 

Shut down rig to let hydraulic cool down - getting too hot to be 
effective. 

Ken Taylor, 246.0 Pinyon Hills, C.C., stopped by to check on well 
condition. He just had well drilled by Forest King. Having 
problems with Forest King. Tom Flynn going over to temperature 
log Mr. Taylor's well. 

16.05 Start rig up again to try to free string. Still Stuck. Rotation 
a little less now. 

161.0 George Ghusn arrives. 
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1620 

1640 

17lS 

1740 

1815 

1835 

1845 

1900 

1908 

1916 

1955 

Ken (driller) starts enlarging sump. 

Ken takes over on rig trying to free string. 

Flynn returns from Pinyon Hills. Probe cable gets tangled. He 
will try again tomorrow. 

Ferguson arrives with casing 30' lengths. Rig capabilities can 
handla 24' length. 

. 
Rods unstuck and pulled up 3'. Still binding, but looks good. 

Rods still binding and stuck but about 8' out of hole now. 

Ghusn leaves site. 

First joint free, ready to disconnect. Need one more foot to 
disconnect, still binding about 19' off bottom. 

First joint free, but crooked. 

First joint in rod rack. 

32' off bottom and still stuck, but gradually coming out •. 

2002 Second jdint out of hole. 

2005 

2008 

Third joint out of hole. Joint really tight, doesn't want to break. 

Third joint out; fourth joint out but tight. Appears that ho~e is 
free. Binding part appears to be about 40' off bottom. 

2010 Joints coming out good now, but highly torqued up. 

2040 Out of hole, but hammer twisted off probably at bottom of casing. 
Hammer wedged about 50' down. 

2100 Secure site. 

0900 

0945 

16 Feb 80 

Bruce arrives, crew just beginning to run down rods trying to fish 
out rod which is about 30' off bottom; wash out hole as they go 
down to try to clean around tool. 

Tom and Pat arrive. 

0955 Tom and Pat depart to measure Ken Taylor's well. 

1005 Gary Ferguson arrives. About 18' off bottom. 

1015 Tripping out of hole to switch over to mud parts for mud drilling. 
Should be at airport around noon. 

Del Landing, President of Carson City School Board drops by . Asked 
how operation was going. He is familiar with drilling as he owns a 
portion of an oil and gas rig. 
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Day #5 

0800 

0815 

0830 

. 0945 

0950 

1000 

1015 

1045 

1110 

18 Feb 80 

Bruce anives at site, crew prepping rig for operation, no work on 
17 Feb. Tool still in hole, converting rig to drill with mud and 
try to retrieve tool. 

Greg anives with water truck. 

Gary Ferguson arri~es with parts for mud drilling. 

Put tricone bit on to clean out hole, and running in to clean ?ut 
hole with mud to fish out hammer. 

Adding LCM (cottonseed) directly down the hole, loosing circ, added 
about 1/2 bag. 

Mixing more mud. Have used all mud in mud pit 12'x6'x4' deep, 
adding 5 bags bentonite. 

Hipres.pop-off valve on compressor keeps blowing off. 

Replace gasket on regulator. 

Running string into hole and washing out. 

1115 2nd joint ·added.. 25' returns gained. LCM seems to be working. 

1130 Mud pump intake clogs, have to clean. 

1135 3rd joint added. 

1145 4th joint added. 

1155 5th jOint added. 

1202 6th joint added, 120' • 

1209 8th joint added, 160' 

1215 9th joint added. 

1240 11th joint added. Shutting down due to weather. 
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Day 6 

0900 

0915 

0920 

19 Feb 80 

Flynn arrives. Drilling with mud approximately 2 in over the bit 
which is at the 280' interval (± 2'). The drillers plan to wash 
out the hole over the bit and will attempt to recover it with a 
custom-made friction socket. This will be further described when 
it is fabricated. Ken, John and Craig have been at site since 0800. 

Jim Bruce arrives. 

Gary Ferguson arrives with casing for friction socket. 

0945 Drillers start tripping stem to begin fishing operation. Carryall 
get stuck in mud behind rig. 

1015 We get carryall unstuck. 

1040 Tricone bit is being removed from stem, replaced with hammer sub. 

1045 Drillers are attempting to spear bit with sub. 

1120 Final drill stem is being lowered into hole. Getting ready to 
spear bit. 

1125 On top of hammer, working rod up and down on hammer. 

1128 Appear to have snagged hammer, slowly rotating trying to screw into 
hammer. 

1130 Both Ken and John feel its been snagged. Begin pulling out of hole. 
Rod binding at about 4' off bottom, same spot as when we were stuck. 
John feels that this is where the tool came off before. 

1140 About 6' of bottom coming up very slowly, still some binding. 

1225 Running back in hole with tricone bit. 

1300 On bottom and ready to drill. 

1305 Drilling. Install temperature probes; one at intake end of mud pit; 
one at return end of mud pit, and one in casing still. 

1318 290'. No sample. 

1340 300'. Sample taken. John intQ town for diesel. Raining cats and 
dogs plus wet snow. Mud samples have very fine cuttings and a lot of 
cottonseed shells. Drilling rate pretty good. 

1350 305' sample. 

Cr 19.5 returns 
Mp 11.4 mud pit 
Cc 19.0 collar 

Raining and cold winds from southwest. 
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1405 Drilling pro ceding quite well. Still using mud. 
identify in field. Weather continues t .o be bad. 
interval. 

Mp 13.0 
Cr 19.8 
C1 21.8 

Chips too fine to 
Down to 315' 

1430 Drilling at 325' mark. 

Cr 21.8 
Cc 21.8 
Mp 11. 6 

Unable to make field description due to fineness of cuttings and 
cottonseed content. 

1450 Down to 335' interval . No recovery at 330'. 

1500 Cr 21.8 
Mp 12 . 3 

1505 Collected sample at 340' level. Still impossible tosee any chips 
for identification. They are very small, black, and obscured by 
both mud and cottonseed . The weather continues to be very cold, 
windy, and very rainy. Drilling continues at a good pace with 
mud . . . 

1520 Samples recovered at 345' are b1ack- fine-medium grained metavolcanics . 

1530 

Some felsic material present. Slight break in weather. Still windy 
and cold. -

Mp 11.2 
Cr 23.1 
Cc 21.9 

Temperature of return beginning to rise at 350' level. 

1550 Sample recovered at 355' interval. Looks like same stuff - still 
very fine grained - using sump pond to remove mud and cottonseeds . 
Clouds are breaking- up overhead, but some rain is still falling 
from clouds to southwest. Rig continues to drill with mud, but 
more slowly now. 

1600 Cr 24.2 
Mp ll.O 
Cc 22.2 

Return mud continues to increase in temperature. 
Drilling is slow - about 357' mark. 

1630 Sample at 360' mark. Forest King shows up. 

1645 Cr 24.1 
Mp ll.6 
Cc 22.4 

At 365' mark sample taken. Fares t King gone. 

1700 Sample taken at 370' level same stuff. The weather had held off , 
rain wise, until now. Rainy again, but looks like it might stop 
soon. Drilling continues with some hard spots. 
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1705 

1715 

1730 

Sample · taken at 375' level same stuff. 

Sample taken at 380' same stuff. Gary Ferguson leaves site. 

Cr 24.0 
Mp 12 In stream flow - not in mud pit. 
Cc 22.8 

Temperatures seem to be holding steady. 

Sample collected at 385' level. Looks like same stuff - possibly 
more andesitic but hard to tell with all the mud. 

1745 Sample taken at 390' level. 

Cr 23.3 
Mp 12.5 Things have cooled a bit. 
Cc 23.1 

1750 Sample taken at 395' mark same stuff. 

1800 Sample at 400' - begin to wash out to trip stem. 

Cr 28.0 and falling 
Mp 12.7 
Cc 22.5 

1845 All 400' of stem tripped out of hole. Tricone looks good - Rig down. 
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Day 7 

0815 

0820 

20 Feb 80 

Flynn arrives at site, Ken, John and Craig are putting drill stem 
into hole. Weather is clear and cold 

Temperature probes set up at 

Collar Cc 
Mud Pit Mp No temperatures taken yet. 
Mud Return Cr 
Forest King was here for 10 minutes. Told Flynn about some 
geothermal projects he has.going with P. Langston at Carson Hot 
Springs and a possible project at Wabuska. He now has a portable 
unit to measure AT at known flow rates in a hot well bore. 

John says a gentleman reporter from the Appeal was here - asked 
if anything positive had been found - Ken told him about the 
72°F mud returns - John told him to come back later to chat with 
Flynn. 

0900 All 400' of stem in hole, drilling begins. 

Cr 25.1 
Mp 9.3 
Cc 21.5 

0915 Samples at 405' and 410' - same black stuff • . 
. . 

0930 Small sample taken at 415'. Flynn asked Ken to move bucket closer 
to the hole in order to catch a larger sample. Drilling goes well. 

Cr 22.9 
Mp 12.0 
Cc 22 . 1 

0935 Good sample taken at 420' Chips are coarser and rock looks 
like a medium-fine grained basic rock - no visible alteration -
many chips mud stained. 

0945 Sample taken at 425' level. Looks like the same stuff. Weather 
getting bad - snow and wind. 

0955 Sample taken at 435' level - same stuff. 

1010 

Cr 25.8 
Mp 17.7 
Cc 22.3 

Sample taken at 440'. Looks the 
bag. Medium-fine grained-muddy. 
smooth. Took some photos of mud 
of Ken and John. 

same - black-white grains in this 
Weather has cleared. Drilling 

drilling and catch bucket - also 
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1023 Sample taken at 445' level. Some grains show medium-grained 
black-white (salt/pepper) mineralogy. Drilling still smooth, 
weather OK 

Cr 27.2 
Mp 18.8 
Cc 24.7 

1035 Sample taken at 450' level. Sample resembles grabs - black-white 
medium grained. Difficult to see any alteration. Drilling still 
smooth, weather holding. 

1045 Sample taken at 455' level. Sample continues as fine-medium 
grained black-white rock. Gary Ferguson arrives at site. 
Weather holding. Drilling smooth. 

1100 Gary Ferguson says mud flow rate is 250 GPM. Drilling looks like 
is tougher now. 

1105 

1130 

1145 

1200 

1215 

1220 

Cr 26.3 
Mp 19.2 
Cc 24.2 

Sample taken at 460' level. Rock looks the same. Fine-medium 
grained black and white minerals - Gary says that hole will be 
chemically cleaned with LFN-OX (lignite). We plan to perforate 
la' intervals to the water ' table, leave the top 6" casing and 
cement to 20' level. 

Sample taken at 465' level. No lithologic change. Gary backs 
up casing truck to drill rig. Temperature holding steady. 
Drop here - steady. 

Cr 26.3 
Mp 15.8 
Cc 24.5 

Sample taken at 470' level. Lithology unchanged 

Sample taken at 475'. Lithology unchanged. 

Crew preparing casing for hole. Fitting couplings on tubes. 

Cr 26.8 
Mp 17.5 
Cc 24.6 

Sample recovered at 480' level. Lithology unchanged; crew still 
working on casing cooling. Weather is blowy and colder. 
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1240 Sample taken at 485' level. Lithology unchanged. Crew still 
working on casing couplings. 

Cr 26.6 
Mp 15.0 
Cc 25.1 

1250 Sample taken at 490' level. Lithology unchanged. One more 15' 
drill stem to go'. Crew continues to work on casing. 

1300 Last 15' section of drill s!em now being rigged in. 

1305 Drilling continues smoothly on last drill stem. 

Cr 27.5 
Mp 19.4 
Cc 25.5 

1320 Sample collected at 495' level. Lithology unchanged. Gary starts 
work on perforating casing at 10' intervals. Ken says they will 
trip the stem when hole is completed, change to ~ slightly smaller 
bit, go back and flush hole. 

1330 Jim Bruce arrives at site. 

Cr 28.3 
Mp 19.2 
Cc 25.5 

Gary will cut slots from 320'-500'. 

1350 Reach 500' level. Sample taken. Lithology unchanged. 

Cr 32.0 
Mp 20.8 
Cc 25.5 

Based on jump in temperature, Jim told drillers to go another 5'. 

1400 Tom runs into town, to bank and for coffee. 

1415 Reach 505'. Use as T.D. 

Cr 33.0 
Mp 20.6 
Cc 25.5 

1415 Preppingfor tripping out of hole, then will run in and clean hole 
out with Barfos (cleans out mud by breaking it down). 
Circulating to clean out hole. 

1425 Still circulating about l' off bottom. 

Cr 32.8 
Mp 20.6 
Cc 25.6 
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1430 Beginning to trip out of hole. 

1515 

1535 

1600 

Flynn returns. Gary and Bruce talk about CA."Iing hole. Gary 
wants to shut down after tripping out .and Barfos the hole tomorrow, 
because otherwise the crew would probably not finish casing the 
hole until late tonight. 

Out of hole with string. 

Rig down and secure site. 
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Day 8 

0930 

1000 

21 Feb 80 . 

Bruce and Flynn arrive at site. 6 inches of snow on ground and 
s.till falling. We pulled two cars out of ditch in Washoe Valley. 
Crew here since about 0800 includes Gary,· Ken, John, Craig . All 
500' of drill stem in hole • . Draining mud pit into water sump in 
preparation for chemically washing the hole. Saw short article 
and photo in Nevada Appeal about our drilling. KOLO ran the TV 
interview last night. 

Circulating with Barfos. 

1020 Mud out of hole only Barfos returns. Now getting ready to trip 
out. 

1030 Cleaning temperature probe and other equipment in truck. Tripping 
out. Bruce and Gary go to check other site. 

1150 Bruce and Gary return, second site inaccessible due to over 12" 
of snow. Will probably have to get a blade to clear road. 

1150 Out of hole and breaking bit off rods, and stacking rods on truck. 
Getting ready to run casing. 

1200 Running casing into hole, 189' of slotted casing will be put in 
hole first. 

1255 Tenth Joint of casing in the hole, all 9 joints which are slotted 
are in the hole. 

1330 Dick Wiliford showed up and asked to see the driller's license. 
Nobody has a driller's license and the operation is shut down 
until we can get a licensed driller on site. 
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Day 9 

1210 

1215 

1257 

22 Feb 80 

. ·-Crew · ·arrives • 

Casing setting begins 

Last segment of casing bottoms in hole. Ten 23' sections with 
couplings were used to complete the hole. 

III-19 



Carson City, NV 

Community College Site Well - CCI2 

Longyear Co., Drilling Contractor, Sedalia CO. 

CCU2 

Crew - Ken Dfaart 
John Woods 
Greg ? 
Darrel Nfkuda 

NBMG Personnel - T. Flynn 
B. Koenig 
J. Bruce 
D. Trexler 
G. Ghsun 

1500 Begin to grade road for rig. 

1600 Set up rig at site. 

1630 Bruce leaves. 

1720 No drilling yet • . Koenig and Flynn check out. 

1830 S tart drilling. 

1930 Shut down drilling at 95'. Some caving, most material is 
decomposed granite. 

22 Feb 80 

2000 Rig down. Day 2 23 Feb 80 

0830 Flynn and Bruce arrive. No drillers yet; at cctn picking up vehicles. 

0900 John and Ken arrive, Greg sick, bring backhoe with them. 

0910 John and Ken return to CeDI to pick up casing truck. 

0940 George Ghusn arrives. Bruce and Flynn setting up temperature 
probes. 

0950 John and Ken return with casing truck, waiting on Gary Ferguson 
who is picking up 7" casing to case hole as DG wants to cave. 

1015 Trexler arrives. Drillers reached 95' level last night and quit. 

1045 

1050 

1100 

Need more casing. Lithology is D.G. all the way down. Some large 
cobbles in some samples. No water yet. 

Gary and Darrel arrive with casing, buttress joint casing, so we 
will have to weld joints • 

Start up rig. . Ready to run casing. 

Running first joint casing . 
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1105 Welding first joint casing. 

IllS Two joints in the hole. 

112S Third joint in the hole. 

1145 Fifth (last) joint casing in the hole, 97' (2' exposed. Will try 
to clean out hole bottom with tricone and are going to let casing 
settle the exposed 2'. 

1150 Getting ready to clean out hole. 

1155 Running rods into hole, new tricone bit on, will work out hole with 
air till water volume increases. 

1210 Depth 100'. Running sixth rod in hole. Drilling rat - 1'/25 sec. 
• 25'/minute. Material appears to be G.D. 

1213 Cutting window into casing. Refueling. 

1219 Dennis and Tom set up temperature sensor. Drilling underway again. 

1223 -105 sample taken (ST) 
Barrel Temperature (B) 12.5°C 
Return Temperature (R) 21.0°C 

1225 - 110 ST 

1226 - 115 ST 

1227 Fitting 7th rod in hale. 
ST At 120' 

1234 ST - 125' 

1236 ST - 130' 

1238 ST - 135' 

1240 ST - 140' 
7th rod 

1245 Reach water table, or water seam at 140', water volume decreased 
below 140'. 
ST - 145' 

1246 ST - 150' 

1247 ST - 155' 
Lith - D.G. 

1250 ST - 160' 
Lith - D.G. 
8th rod down hole 
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1255 ST - 165' 
Lith - D.G. 

1257 ST - 770' 
Good OL D.G. 

1300 B-5.5°C R-12.0oC Depth 175' 
Sample taken same D.G. - 180'. 

1302 Hit something hard at almost -180'. 

1306 ST - 180' 
Lith D.G. + chips of bedrock . or boulder. 
9th rod down hole 

1311 ST - 185' 

1313 ST - 190' 

1315 ST - 195' 

1318 ST - 200' 
10th rod down hole 

1321 11th rod being installed. 

1322 B-5 • .J°C R-16.2°C Very little fluid coming up ~ Depth 205'. 

1324 ST - 205' 
Lith - D.G. 

1333 ST - 210' 

1335 ST - 215' 
Lith - some aplite, in D.G. 

1337 ST - 220' 
11th rod down hole 

1347 Drilling resumed. 

1350 ST - 225' 

1352 ST - 230' 

1354 ST - 235' 
R-17.3°C at 235' 

1355 ST at 240' - last one. 
Begin to flush hole. 
Some epidote in aplite dikes. 

1408 Drillers tripping out. 

1425 Last drill stem tripped out of hole. 

III-22 



I 
I 

I 

. , 
I 

I 
I 

1435 Casing truck has been moved into position for unloading. Crew 
begins to case the hole. Bottom casing is plugged. No casing will 
be perforated. George goes to CC-l to change locks. 
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Preliminary Temperature Profile at CC-l 
25 Feb SO 

1000 Arrive at site - ,nobody around. Role has not been cemented. 
2'x2' space dug out around casing. 3'-4' - Begin to set up 
Envirolab cable. 

1010 Cable in place - probe at 100' level. Allowing 3-5 minutes for 
equilibration. 

1025 Drill crew arrives to cement hole. Break down probe. 

1045 Out of hole. C~enting begins. 

DEPTH TEMP TIME 

100' 15.6 1015 

150' 15 . 9 1020 

300' 17.S 1030 

400' 19.1 1033 

459' 19 . 6 1036 
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29 Mar 80 

Big Smoky Valley Drilling Proj&ct 

Darrough's Site - Hole BSD 

NBMG Personnel: J. Bruce, B. Koenig, G. Ghusn 

C01IIIIlents: Begin drilling 1: pm. Hole begun in alluvial material, no water, 
air only • . 
Sample 1 10' 0.5 em frags appear to be Darrough Felsite in fine 
grained (0.5-1 mm) matrix 
Hole blown @ :12',cobbles of grey chert and Darrough Felsite (DF) 
came to surface. 
Drilling stopped @ 1:45 pm hole caving - depth befor·e caving :15' 
3:07 pm drilling restarted using foam-water-mud-thickeaer. 

0900 Meet drill crew @ site, begin search for H20 for drill rig. 

1000 Wine Glass Ranch will allow water to be taken from their pond 
(owner - Carl Hass (sp?». 

1115 Water truck @ rig, start up rig to warm up. Putting new 7 7/8" 
tri-cone bit, H20l. 

1134 Begin drilling. 

1157 1st 20' regular rod mounted, drilling continues. 

1203 20' sample taken, many rock types of varicolored cherts, colors 
vary from black to reddish purple. 

1235 50' sample, samples have been collected @ 5' intervals, mostly 
coarse-m.ed coarse alluvium. Rough going at 50'. 

1240 Losing circulation @ 50'. Return temp 15°C. 

1243 Circulation regained. 

1250 New 20' section added. 

1303 60' sample taken, losing circulation, chips now average 0.2 em size 

1304 

1325 

1340 

1358 

55' lost circulation. 

65' sample still small chip size. 

No sample between 65'-7.5' 

30 Mar 80 

New 20' rod added, circulation lost @ 75'. 

Newly added rod pulled, foam in. compressor, attempting to regain 
circulation. 
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Darrough's Site - BSD 

30 Mar 80 cont . 

1413 Second 20' rod removed. 

1427 3rd rod removed. 

1433 4th removed (a string being pulled to inspect the bit) . 

1448 String being reinserted, groundwater in hole @=55' (former zone of 
lost circulation). 

1543 Circulation established to 75', string being removed for placement 
of surface casing. 

1615 String out. 

1700 Casing movement blocked @ 50', operations suspended for this day. 

31 Mar 80 

0800 Arrive on site, surface casing " in to a depth of =50', stopped by 
an obstruction. 

0830 Water being circulated to clear the hole. 

0850 Casing cut and drilling within casing with" smaller bit begun. 

0935 String being pulled, one joint pulled. 

1000 Tilt mast to slide cut casing back over the string. 

1010 Rewelding ~asing together, now have 61 ft of casing string. 

1025 Driving casing & blowing out annulus. Casing down to about 53 ft. 
Blowing approximately 40 gpm of water from the formation. 

1040 Driving casing by blowing cuttings out below casing and then forcing 
casing down with rod tong on top of casing. Casing depth 54.5 ft . 

1120 Cut a notch in the casing to act as a "blooey line and are cleaning out 
the hole and driving the casing with the power head, best method 
to date. 

1200 Casing beginning to drive better because added an 18" sub to the 
string, thus cleaning the hole at a greater distance ahead of the 
casing. 

1245 Casing down to 58 ft driving casing seems to be going much easier . 

1255 New rod on - switched to foam. 

1305 Sample taken @ =75'. 

1312 Sample taken @ =80'. 

1330 Change from 20 ft joint and replaced with a 15' joint so bit is not as 
far ahead of the casing. Added a 10 ft section of casing . 

III-26 



I 
I 
I 

Darl:'ougb.~ s S1.te - BSD 

31 Mar 80 cant. 

1350 Welding casing together, total casing string 71 ft. Approximately 
58 ft in the hole. 

1405 Begin driving casing again, by 1410 have driven 2 ft more. 

1530 70 ft of casing in the hole, changing the 15 it joint and 
replacing with a 20 ft joint. Adding 7' more to the casing 
string (total casing string 78') will try to drive 5 more 
feet of at casing. 

1550 Begin driving casing again. 

1610 Surface casing set to 759 - blowing hole using air. 

1635 New 20' section being added,hole @ = 80' • 

1640 Foam added, drilling continuing. 

1720. 100' depth achieved. 100' sample may not be representative - material 
averages 1-2 mm, no large chips. 

1740 Rig shut down for the day, hole sluffed about last 5 feet. 

1 Apr 80 

0750 Arrive at site. 

0800 Rigging up for mud drilling to prevent hole collapse. 

0854 New tri-cone bit installed 

0930 Hook up mud pump and begin to mix mud. Valve on mud pump is leaking. 
So shut down & begin repair of valve. 

1050 Hole being filled with mud. 

1115 =400 gal of mud pumped but no returns. 

11ll Switching to · air to unplug hole plus mud being mixed in water truck. 

U50 Start drilling with air-mud mix @ 105'. Temp is 10.2e. Sample taken 
@ 105' .- rock frags contain a previously unseen rock whico appears 
to be a poorly sorted subangular white sedimentary rock (a quartzite) 
and possibly contains feldspar frags. 

1255 110' sample taken, same materials. 

1300 115' sample taken, same materials. 

1305 

1310 

120' sample taken, same rock types. Size of frags avgs. 0.3 em 
(smaller than previous 5 samples (2). 

New 20' rod added. 
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Darrough's Site - BSD 

1 Apr 80 cont . 

1310 Return T • 12.4°C. 

1320 l25' sample same roc~ types, fine to pebble size chips, return 
13 . rC. 

1330 130' same rock types (bit sticking) mostly fine frags 3 mm, re
turns 13. 6 ° C. 

1333 135' same rock types, size 2 mm - pebble. • 

1337 Return T • 14.1oC. 

1344 140', return T • 14.5°C, drilling markedly slower, possibly a 
boulder. 

1352 1401 sample same rock type, larger frags made up of altered OF . 

1418 Still drilling hard material @ 140'. 

1425 New 20' rod being added. 

1450 

1455 

1510 

Foam added to prevent collapse. 

145' sample taken, 1 frag of possible opaline sinter otherwise 
same rock types . 

150' sample, no sinter like frags present, return T - 14.3°C. 

1520 155' sample generally sam~ r9cks but some ball like clay material 
present. 

1526 Return T • 14.2°C. 

1530 160' sample, same material including ball clay which is iron stained . 

1538 String broken new 20' rod being added. 

1547 

1603 

1620 

1630 

1642 

165' sample, same materials, more clay balls plus vf grained thinly 
bedded sandstone or quartzite fragment. 

170' sample - limited amount of sample - heavy foam being used -
ball like clay absent. 

175', return T - 16 . 2°C. Sample taken similar materials, no clay, 
possible opaline frag. 

180' sample taken some materials, limited amount of sample,frags 
largely ~3 mm. New 20' section of drill rod being added, rerum 
T - 18°C. 

185' sample, same materials,tuff, quartzite, chert, OF, large frags 
avg . 1-2 em plus 1 clay ball. 
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Darrough's Site - BSD 

1702 

1718 

1723 

1730 

1800 

1 Apr 80 cont. 

190' sample, very limited sample, higher prop~tion of lighter 
colored materials, chert, tuff, all frags < 1 em, most < 0.3 em. 
No clay balls, return T • 15.3°C. 

195' sample, very limited amount of material, same frags, no clays, 
again greatest amount of material light colored, chert absent, return 
T • 14.3°C. 

200' sample, some darker materials again present (DF), no clay, 
occasional chert frag. 

String being pulled for shutdown. 

String binding of about 125-130 ft. 

1822 Shutdown. 

0815 

0830 

0945 

0950 

1030 

llOO 

lllO 

ll25 

1249 

1254 

13ll 

1400 

1539 

2 Apr 80 

Arrive on site. 

Rig being realigned with hole. 

Longyear welder arrives (Longyear toolpusher) 

Rig shutdown to cutoff casing. 

Rig centered. 

Begin running rod down the hole. Water level approximately 30 ft 
down the casing. 

Rod down to 85 ft, blockage, will drill thru it. 

Hole appears to have caved from 85-110 ft. 

200' depth reattained, new 20' rod being added. 

201' return T - l4.5°C. 

String being tripped out to inspect for possible bit loss. 

String up, bit in tact - bearings tight, new bit being added 
(5 7/8" bit). Will try to run 5 7/8" bit into hole, if binding 
problems occur then will probably go with 5" casing. 

Role continually caving, cannot be drilled further,at most 3" 
casing could be set to 150' if lucky, hole will be abandoned' 
and sealed. 
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Big Smoky Valley Drilling Project 

Roles BSDll & BSSll 

0830 Arrive at BSD 11. 

0900 Begin breakdown of rig at BSD· #1. 

3 Apr 80 

1030 Rig down and on the road to Spencer's site (BSS #1). 

1100 Bruce departs to locate rig at BSS 11. 

1150 Bruce meets rig at BSS #1, while Koenig & Ghusn help restore 
BSD 11 to an acceptable environment. 

1215 Frenchie arrives at Frontier to set up his trailer . 

1330 Frenchie and Bruce begin set up of rig at BSS 11. 

1350 Rig up and Pinkie arrives, send Pinkie to get water at Spencer's 
(55 gals). 

1440 Pinkie returns, start drilling. 

1430 Down to 25 feet some caving on the hole. 

1450 Adding second 20'joint, total string length now 58', depth 30', 
return T, 17.7°C. 

1455 @ 50 ft formation a littler harder, 500 Ibs wt. on bit. 

1515 55 ft, return T, 19.8°, still a stiff formation. 

BSS 11 

1520 String binding @ about 50-55'. 

1540 Depth 65', hole is sluffing in due to big annulus and lack of good 
air flow, only minor problem. Can get lift by adding foam, but not 
very well. Will try to drill to about 85' and set casing (6") . 
Return T, 16.9°C, very little air return. 

1600 Will case hole at 78' depth and try to drive any excess casing down, 
current depth 75 ft. 

1610 78' depth, tripping out to set casing. Hole staying open now, 
occassional sluff. 

1730 Last joint of casing being run down. 
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BSS 11 

3 Apr 80 cont. 

1740 String with new 6" tri-cone being reinserted. 

1745 2nd joint being added • . 

1820 Casing in the hole except for 2' joint which will be welded on 
tomorrow. Rods also in the hole. Casing depth 80', string 
length 82'. 
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Big Smoky Valley Drilling Project 

Role BSD 2 
(280' north of BSD) 

NBMG PersotUlel: Trexler, Koenig 

1430 Arrive on site. 

·1530 Rig erected and leveled. 

1613 Backhoe arrives to dig mud pit. 

1718 Mud pit complete - shutdown for day. 

0800 Arrive on site. 

0810 Mud being mixed in pit. 

0850 Drilling begins with centralizer and large tri-cone. 

7 Apr 80 

8 Apr 80 

0909 Role drilled to lS' - new 20' rod added above stabilizer. 
(Samples have been taken @ 5, 10, and 15 feet). 

0930 String being pulled to set casing (6") to 22.5 feet. 

Sample log 

1: Chip size varies from 1 mm-2 cm. Rock types include gray and 
gray-green and tan chert, various phases of the Darrough Felsite (DF), 
black groundmass with white plag phenocrysts, reddish-purple groundmass 
with white plag phenos and quartz. Also present is a very fine 
grained green (light) rock with small frags which may be plag and 
contains disseminated spots of iron staining - possible green mdneral
this rock may be a phase of the DF or an altered phase of it, also 
present is a fine grained whitish rock which appears to contain quartz, 
feldspar, and ferromags which are being altered to goethite - may 
be intrusive or extrusive. 

10' Chip size 1 mm-O.S em, same rock types,perhaps a somewhat greater 
proportion of chert materials. 

15' Chip size 2 mm-S mm, same rock types, some DF frags showing 
epidote alteration - plus what appears to be a micro breccia or 
pyroclastic rock with a feldspathic matrix/groundmass with angular 
,quartz, feldspar, and rock chips? Rock has a light greenish white 
overall hue, some reddish purple chert. ' 

20' Chip size 0.5-2 em, same rock types plus a whitish quartz and 
feldspar bearing chip which appears to be igneous and has some iron 
staining but no visible ferromags. 
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BSD 2 
8 Apr 80 cont. 

0950 Casing ~ll not set to 22.5',must be cut. 

0952 Driller and helper leave to get welder at Manhattan. 

U23 

1201 

1215 

Crew returned - casing cut - 6" bit will be used with regular 
drill rod to clean hole ahead of casing being driven. 

Second 20' section of drill rod being added. 

Bit caught on ~asing, weld broken. 

1230 Casing being rewelded. 

1250 25' sample, chip size 0.3-1.0 em, same rock types ,p'lus about 15% 
cohesive clay material. 

1256 Casing set to 22.5'. 

1301 

1304 

1308 

1312 

1315 

30' sample, chip size 0.5 em-2.0 em, most are large, still has clay -
iron stained - majority DF little or no chert. 

35' sample, almost totally cohesive clay, a few frags of DF. 

40' sample,chip size 0.3~1.0 ~=50% cohesive clay, 50% ,rock chips 
samp rock types b,ut still limited chert. ' 

New 20' section of drill rod being added. 

Return T • 13.5°C. 

1318 45' sample, chip size =0.6 em, 70% black & white DF, 25% clay, 
remainder previous rock types. 

1325 50' sample, chip size 1 mm-l.5 em, about 50% cohesive clay (no 
contains small rock frags) 50% previous rock types chert included. 

1328 Return T • 12.8°C. 

1330 55' sample, chip size 2 mm-1.5 em, 80% DF, >15% previous rock types, 
<5% clay. 

1335 60' sample, chip size 2 mm-15. em, mixture of previous rock types, 
more chert, ' <5% clay. 

1340 New 20' section of drill rod being added. 

1345 Return T • 11.6°C, sump 11.6°C. 

1349 65' sample 90% iron stained cohesive clay, 10% DF and previous 
rock chip size 4 mm-2 em. 

1357 70' sample, chip size 1 mm-0.5 em, 85-90% previous rock types, 
5-10% iron stained clay. 
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BSD 2 
S Apr SO cont. 

1401 Circulation lost a =72', sump intake cleaned, circulation 
regained. 

1408 

1409 

1410 

1415 

1417 

75' sample, 50% non iron stained clay, 50% previous rocks chip 
size :&0.75 em. 

SO' return T • 12.9·C. 

12: sample, chip size 0.3-2.0 em, 40% sandy clay with small rock 
chips and limited iron stain, 60% previous rock types. 

New 20' section of drill rod being added. 

85' sample, 95% cohesive sandy clay, 5% previous rocks chips =1 ClIl, 

some iron stain on clay. 

1421 Return T - 13.6·C. 

1423 90' sample, chip size 1 mm-l.5 em, >90% previous rock types, <10% 
clay With little iron stain. 

1426 95' sample, chip size 3 mm-l em, >95% previous rock types, <5% clay. 

1429 =100' return T - 14.0·C. 

1430 100' sample, >90% previous rock types, >proportion of chert and 
whitish igneous rock compared to DF, <10 clay. 

1433 New 20' section of drill rod added. 

1438 

1441 

105·t sample, chip size 2 mm-O.S em, mostly 0.3 mm, >90% ];!revious 
rock types, <10% cohesive sandy clay. 

110' sample, chips 3 mm-l em, >60% previous rock types, <40% sandy 
clay with some iron stain. 

1445 Return T - l4.5°C. 

1448 115' sample, chip size 2 mm-l em, >90% previous RX, <10% sandy clay. 

1450 120' return T • l4.7°C. 

1451 

1453 

120' sample, 50% previous RX, 50% sandy cohesive clay, chip size 
3 mm-l em. 

New 20' drill rod added. 

1458 125' chip size 0.3 cm-l.5 em, >70% sandy clay, <30% previous RX. 

1502 · 130' chip size 2 mm-0.8 em, >90% previous RI, <10% clay. 

1506 
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BSD 2 
8 Apr 80 cont. 

1510 135' chips 1 ~0.5 C1Il, 235% sandy brown clay, 65% previous RI, 
mostly DF. 

1513 =140' return T • lS.3°C. 

1520 

1526 

1530 

1539-

1547 

1554 

1602 

1610 

1618 

1620 

1625 

1630 

1633 

1640 

1644 

1647 

1706 

1710 

1715 

140' sample, rock chips, fine sand - 0.5 em, 230% brown sandy clay, 
70% previous RI. 

New 20' drill rod· added. 

145' sample, chips fine sand - 1 ClIl, =SO% previous RI, 50% cohesive 
clay with small frags, clay no ~ not iron stained. 

Return T • lS.6°C. 
150' sample, chip size 4 mm-lclll, 5% white clayey sand, _80% brown 
clay with sand, 15% previous RI. 

155' sample, 1 mm-O.S C1Il, white sandy clay not present, 30% brown 
sandy clay, 70% previous RI. 

160'return T - lS.8°C. 
160' sample, 1 mm-O.S C1Il, =50% brown sandy clay, 50% previous RI. 

New 20' sect~on of drill rod added. 

=162' drilling difficulty increases notably • . 

165' sample, 3 mm-2 ClIl, 30% brown sandy clay, 70% previous rocks 
mostly DF. 

170' sample, 2 mm-1 ClIl, >90% previous RX, <10% brown sandy clay. 

=172' return T - 16.0°C. 

175' sample, 2 mm-l C1Il, 60% brown sandy clay, 40% previous RI. 

180' return T - 16.1oC, sample chip size 1-4 mm, 80% br~ sandy 
clay, 20% previous RX. 

New 20' drill rod being added. 

185' sample, chips 1-4 mm, 50% brown sandy clay, 50% previous RX. 

=189' return T - 15.2°C. 

190' sample, chips 1 !DIIl-5 lDIIl, 70% previous RI, 30% brown sandy clay. 

195' sample, 90% DF chips 2 mm-S !DIll, 10% brown sandy clay - drilling 
more difficult 190-195. 

=198' return T - 1S.2°C. 

200' sample, chips 2 mm-1 ClIl, 60% most previous RX (little chert), 
40% brown sandy clay. 
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BSD 2 
8 Apr 80 cant. 

1720 String being tripped out for bit change. 

9 Apr 80 

0750 Arrive on site. 

0800 New 6" tri-cone being put on • . 

0810 Standing water in hole at approx. 25'. 

0847 Hole open to 196', drilling begins. 

0852 New 20' rod being added. 

0903 205' sample, chip size 1 mm-0.6 em, 20% sandy brown clay,. 80% previous 
rocks. 

0912 210' sample, size 2 mm-4 mm coarse sand and chips, 50% s~dy brown 
clay, 50% previous RX. 

0918 Return T - 14.4°C, depth 2214'. 

0920 215' sample, 85% previous ax mostly chert, 15% brown san~Lclay, 
chips 2 mm-5 Mm. 

0930 ~ sample, 2 mm-l em, 80% previous ax, 20% brown sandy clay. 
Return T * 15.1o C. 

0932 New 20' rod being added. 

0941 225' sample, 70% previous RX, 30% brown sandy clay, 2 mm-5 Mm. 

0947 =227' return T - 15.6°C. 

1012 230' sample, 2 mm-O. 5 em, 50% brown sandy clay, 50% previous rock 
types largely OF. 

1020 235' sample, same description as 230'. 

1024 11ud pump overheating, drilling stopped to remedy. 

1030 Drilling again started. 

1038 =239' return T - 16.9°C. 

1041 240' sample, 2 mm-S mm, 70% previous RX, 30% brown sandy clay . 

1043 New 20' rod being added. 

1052 =242' return T - 16.7°C. 
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BSD 2 

1056 

1104 

1108 

1113 

1124 

1126 

---------------------------, 

9 Apr 80 cant. 

245' sample, cUp 2 mm-5 ium, 70% sandy clay, 30% rock same as 240'. 

250' sample, chip 2 mm.-I em, 50% chips rock same, 40% coarse sand, 
10% sandy clay (brown). 

~253' return 17.6°C. 

255' sample 60% brown sandy clay, 40% previous rock types, chips 
2 mm.-0.8 em. 

260' sample 75% previous rock types, 25% brown sandy clay, 2 mm.- 1 em. 

New 20' rod being added. 

1147 =261' return T - lS.5°C. 

1200 265' smaple, chips 4-S mm., 85% brown sandy clay, 15% previous RX. 

1207 

1211 

=268' return T - lS.SoC. 

270' sample, 2-4 mm., 60% rock chips same types as previously, 40% 
brown sandy clay. 

1222 274' return T - 19.1oC. 

1226 

1243 

1248 -

1253 

1307 

275' sample, 3-S mm., 70% brown sandy clay, 30% previous RX. 

=279' return T - 19.5°C. 

280' sample, 2-6 mm., 80% brown sandy clay, 20% previous rock types. 

New 20' rod being added. 

=2S4' return T - 19.7°C. 

1312 2S5' sample, 50% brown sand-clay, 50% previous RX, chips Z mm.-I em. 

1322 =290' return T - 19.9°C. 

1322 290' sample, 2 mm.-5 mm, 70% brown sand-clay, 30% previous rock types. 

1338 295' sample, 65% brown sand-clay, 35% rock chips same type + small 
chips of a kelly green color (not epidote) 2 mm-5 mm.. 

1347 =299' return T - 20.1oC. 

1352 300' sample, 1-5 mm., 65% same type rock chips, 35% brown sandy clay . 

1355 New 20' rod being added. 
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BSD 2 
9 Apr 80 cont. 

1412 305' sample, chips 1 ~6 mm, 75% rock chips are same type, 
25% sandy b;rown clay. 

1415 305' return T • 20.3·C. 

1428 =309' return T • 20.S·C. 

1501 310' sample, 2 mm-6 mm all rock chips >95% DF - preceded by 
dGUfficult drilling 308-310'. Probably a boulder. 

1505 =312' return T • 20.7·C. 

1514 315' sample, 2 mm-8 mm rock chips, 80% mostly DF, little chert, 
20% brown sandy clay. 

1531 320' return T • 20.0·C. 

1532 320' sample,S mm-l mm, 60% sandy brown clay, 40% previous RX. 

1533 Sump T • 20.3·C, 15.42 ret~ T • 19.2. 

l,!$40 String being tripped out for bit inspection and seal repair~ 

. 10 Apr 80 

0800 Arrive on site - new 5 5/8" tri-cone bit being added. 

0820 String being lowered. 

0827 Role has some blockage at =55'. 

0845 Pr~e lost on mud pump. 

0905 Pr~e regained - rod insertion continuing. 

0925 Drill rod has a plug in core blocking mud flow - may be a plugged 
bit - string being tripped out to locate the problem. 

1026 Bit at surface - being removed for inspection. Plug was a rock 
a join between sub and first 20' rod plus other obstructions in 
core of sub. 

1047 Float sub valve and float sub cleaned - string being reinserted. 

1153 Drilling started at =315 t • 

1157 =320' return T - 16.0·C. 

1201 New 20' section of drill rod being added. 

1210 325' sample, 1 ~12. em, 70% chips of previous rock types mostly 
DF, 30% brown sandy clay. 
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U20 

1220 

I 1224 

I 1230 

1232 

1235 

1343 

1353 

1401 

1403 · 

1413 

1422 

1424 

1426 

1440 

1447 

1448 

1454 

1459 

1501 

I 

10 Apr SO cont. 

=330, return T - l6.8°C. 

330' sample, 1 mm-8 mm, 65% sandy brown clay, 35% previous RX -
more chert and greenish (light) frags. 

335' sample, 2 mm-8 .mm chip size, 65% sandy brown clay, 35% previous 
RX, more light green fine grained rock and chert than previously seen. 

340' Sample, 2 mm-l em, 60% brown sandy clay, 40% previous rock 
types more DF than 335, return T • l7.0oC. 

String held at 240' and washing in preparation for replacement of 
leaking swivel seal. 

Rig shutdown for seal repair. 

Rig up - new 20' rod being added. 

345' sample, >50% sandy brown clay, ~50% rock chips of previous 
types 3 mm-8 mm. 

=249' return T - l7.7°C. 

350' sample, 2 mm-6 mm, 60% rock frags of previous type~, 40% brown 
sandy clay. 

355' sample, 2-6 mm, 60% brown sandy clay, 40% previous RX. 

=359' return T - lS.2°C. 

360' sample, 1 mm-7 mm, 60% previous RX, 40% sandy brown_clay, with 
some gray-white sandy clay. 

New 20' section of drill rod being added. 

365' sample, 80% sandy brown clay, 20% previous RX, 1 mm-7 mm. 

=369' return T - l8.9°C. 

370 I sample, ~50% brown sandy clay, ~50% previous RX mostly DF 
3 mm-1.2 em. 

375' sample, 65% brown sandy clay, 35% previous RX more chert and 
others, less DF 3 mm-9 mm. 

=379' return T - 19.1oC. 

380' sample, 2 mm-9 mm, 80% sandy brown clay, 20% previous RX. 
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1503 

1519 

1525 

1526 

1542 

1546 

1548 

1553 

1603 

1609 

1612 

1622 

1627 

1632 

1637 

1645 

1645(42) 

1647 

1651 

].659 

1701 

1707 

1716 

1717 

1731 

10 Apr 80 cont. 

New 20' rod being added. 

~ sample, 2 mm-9 1IIIIl, 65% brown sandy clay, 35% previous RX. 

=389' return T • 19 .• S·C. 

390' sample, same description as 385'. 

39S' sample, 1 mm-S 1IIIIl, 7S% previous RX, ,25% brown sandy clay. 

=399' return T • 19.7·C. 

400' sample, 2 1IIIIl-7 1IIIIl, 70% previous RX, 30% brown sandy _clay. 

New 20' ro~ being added. 

405' sample, 2 mm-7 1IIIIl, !,SO% previous RX, >50% sandy brown clay. 

409' return T - 19.9·C. 

ilO' sample, 80% sandy brown clay, 20% previous RX, 2-7.mm. 

415' sample, 1 mm-6 mm, 60% sandy brown clay, 40% previa.us . RX. 

=419' teturn T • 20.2·C • . 

New 20' section being added. 

420' sample, l-S 1IIIIl, SO% sandy brown clay, 50% previousRX. 

425' return T - 20.2·C. 

425' sample, 2 1IIIIl-5 mm, 80%' sandy brown clay, 20% previo~s_ RX. 
NOte: bit practically pushed through fr01ll 421-427' fault? 

Drilling very slow @ =428'. 
I 

430' sample, 2-5 mm, 70% rock chips almost all OF, 30% brown sandy 
clay, return T - 20.6·C. 

435' sample, 2-4 mm, 60% sandy brown clay, 40% previous RX. 

=436' return T - 2l.0·C . 

Still =436, drilling very slow. 

440' sample, 2 mm-7 mm, 80% sandy brown clay, 20% previous RX. 

New 20' rod being added. 

.ill..:.. sample, 2 mm-6 mm, 75% sandy brown and whitish gray sandy clay. 
25% previous rock types. 
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1735 

1739 

1744 

1752 

1755 

1800 

1814 

1820 

1825 

1827 

1830 

1832 

1848 

1905 

1910 

10 Apr 80 cant. 

=438' return T • 21.3°C. 

450' sample, 2-6 lDIIl, 75% previous RX mostly DF, 25% brown sandy clay . 

.ill: sample, 2-6 !DIll, 75% brown sandy clay, 25% previous RX. 

=459' return T • 21.6°C. 

460' sample, 65% previous RX (good amount of chert), 35% sandy 
~ clay, 2-6 lDIIl. 

New 15' rod being added. 

~ sample, 2-4 !DIll, =50% sandy brown clay, =50% previous RX. 

=469' return T • 21.6°C. 

470' sample, 1-5 lDIIl, most <3 !DIll, 85% previous RX, 15% sandy brown. 
clay. 

=473' return T • 21.8°C. 

475' sample, 2 lDIIl-5 !DIll (some 8 lDIIl-l em), 90% sandy brown ~lay, 10% 
previous rock types. 

New 15' section of rod being added. 

480' sample, 1-4 !DIll, >90% brown sandy clay, <10% previous rock, 
return T - 21.6°C. 

485' sample, 2-7 !DIll, >90% sandy brown clay, <10% previous RX. 
return T • 22.1oC. 

490' sample, 1-4 mm, >90% sandy brown clay, <10% previous RX. -
long sampling small amt., sample probably lost much fines - easy 
drilling . 

1913 New 15' rod being added. 

1924 495' sample, 2-4 !DIll, 65% sandy brown clay, 35% previous RX. 

1926 =498' return T • 22.3°C. 

1933 500' sample, 2-4 mm,same description as 495 - total depth -
drilling stopped - hole being flushed with mud. 

1938 String being tripped out. 

2029 Mud being circulated. 
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11 Apr 80 

0748 Arrive on site. 

0838 String trip out complete . 

0900 Begin setting of 3" casing. 

1109 Casing (3") set to TD (500') - hole will be flushed with 
Barofos . 
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Appendix IV 

Scnematic Well Completion Diagrams for test holes 
drilled in Carson-Eagle Valley and Big Smoky Valley 
study Areas. 

IV 1 



SCHEMATIC 

S' of Cav. In 

CC no. I 

WELL COMPLETION DIAGRAM 

C=:Ji-----l.ockabl • . Cap 

IV2 

Bottom 190' is slotted with 
2-6" slots every ten fe.t. 

Total Depth = SOS· 

• • 
- • 

• 
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I 

I 

I 

I 

I 

I 

I 

I 

I 



I 
I 
I 
I 
I 
I 
I 

CC no. 2 

SCHEMATIC WELL COMPLETION DIAGRAM 

NOTE: CC no. 2 was 
VGndaliztd after completion. 
Lockable cap welS braken 
off and material dumped 
down the. hole relUltint In 
a bIockave ot 6!5 feet. 
Attempts to break throuVh 
foiled. 

Cap Installed on Bottom 
of Casinv 

L---.l,---- L.ockable Cop 

IV3 

~~~...- 9!5' of 6" Surface Cosinv. 

o.compaHd Granite CCI¥ed In 
on 3" Cosinv. . 

Total Depth= 240' 



Cemented 

17/1': Hole Drilled 
to 81 J but Caved as 
was BeinQ Driven. 

8S0-1 

COMPLETION METHOD 

IV4 

e" Butt Joint CasinC) 

Surface CasinC) Depth = 15' 

Majority of Open Hole 
Collapsed During Drilling 
Thus Hole was Abandoned 

Total Depth= 200' 

• 

I 

I 

I 



I 
SCHEMATIC 

I 
I 

BSD-2 

WELL COMPLETION DIAGRAM 

IV 5 

----Threaded Cap 

Bottom 110' is slotted with 
2-6" slots every ten teet. 

Total Depth = ~o~ ' 



· Cemented 

ass 
COMPLETION METHOD 

IV6 

Welded Cap with Rtmavoble 
- Plue) for Access to Hole 

77/8" Hale with 6" Butt Joint 

Cosine) Installed to T. O. 

Total Oepth= 80· 


