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INTRODUCTION

*"“uﬁﬁﬂ Ceothermal'resource assessﬁent in NeQa&a'yas conducted by the State
‘fi_Aagessﬁent Team for the U.S. Department of Enargy, Division of Geothermal
. Energy over the past three years.“,The first phasevbf this'cooperative pro-
gram focused on statewide evaluation of geotﬁermal resources. In meeting
'fthese needs, a 1:500,000 scale map entitled "Geothermal Resources of Nevada
Zand their Ppténtial for Direct Utilization", NVO/1556-1 (Trexier and othefs;
‘1979), was prepared and published. The map dépiata~te5hnical resource infor-
~mation for more than 300‘springs and wells throughout the state and evaluates

40 large areas with potential for geothermal development based upon a numerical

evaluation scheme. R el

The second phase of the cooperative program was a two year contract for

- .area specific investigations to stimulate geothermal development. These area

specific studies employ geological, geophysical andvgeochemical surveys and
'arg-designed to expand the data base of the regional assessment, provide more

detailed resource information, and develop and test scientific exploration

methods for low-to-moderate temperature geothermal resources.

- The first year of area specific studies began in May, 1979 in:two study
afeas: the Big Smoky Valley in central Nevada, and Carson-Eagle Valleys in
west-central Nevada. The two areas were selected on the basis of their high

potential for the development of industrial process heat and residential

‘space heating, respectively. The results of these investigations were re-
‘#otted in the first annual réport, "Assessment of the Geothefmal Résources
| of Carson-Eagle Valleys and Blg Smoky Valley, Nevada", Report No. DOE/NV/
‘vﬁ10039-2 May, 1980. An addztlonal -study area, Callente, was added in
i November, 1979 at the request of DOE. Limited resource evaluation inclu-

" ded geolbgiC‘reconnaissance, two-meter depth temperature probe survey, soil
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.iﬁerdury,‘and fluid geochemistry'techniques. The results of this investigation

- and the selection of two sites for reservoir confirmation wells were reported

in "Assessment of Geothermal Resources of Caliente, Nevada", DOE/NV/10039-1.
During the second year of area specific studies, three locations were
investigated to determine their potential for low-to-moderate temperature

geothermal resources. These areas are Hawthorne, located in west-central

"Nevada, Paradise Valley in north-central Nevada, and the Fallon Naval Air

Station located in the southern Carson Sink of west-central Nevada. The

Paradise Valley and Hawthorne study areas received the full compliment of ex-

‘ploration and assessment techniques, while less extensive investigations were

performed in the Fallon area because of previous geothermal exploration work
by the Navy. The location of the three areas is presented in Figure Al.

Regional definition of the nature of the resource, its extent, and con-

'crols on the extent are the primary objectives of the research. The program

is:brganized around the completion of nine tasks that pertain to resource
evaluation. Each of these work units is briefly described below.
1. Gather and examine existing information including geological,

géqphysical and hydrological literature, chemical data, lithologic and well

completion logs, and appropriate aerial imagery.

2. Acquire relaﬁively detailed iqformation on the subsurface configura-
tion through the use of gravity surveys employing station spacings of approxi-
métely 1/2 mile.

3. Collect and analyze soil samples for mercury content on regional

lf--(aﬁproximately'one—mile spacing) and smaller grids.

4. Obtain low sun-angle photography at a'scale.of 1:24,000 for use in

ki 5;studying subtle geomorphologic manifestations,»pafticularly faults.

- 5. Conduct shallow-depth temperature probe surveys to determine the
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. near surface thermal regime on both regional (1 mile grid) and smaller more
localized- grids. L R P
"6.‘¥Samp1e-therma1 and non-thermal groundwaters and, if possible, meteo-

" ric waters, and analyze for bulk chemical and stable light isotopic composition.

7. Collect and examine bulk rock samples for mineraiogic‘compoéition.

h Anaiyze selected samples for whole rock chemical composition if appropriate.

Compare rock mineralogic and chemical composition with the chemical composi-

' 1 tion and mineral equilibria of sampled fluids.

" -~ 8.  Based on the data obtained from 1-7 above, select sites for drilling

 three to five 100-250 meter temperature gradient holes. Determine lithology,

NJf temperature profile, and fluid chemical composition where possible.

{-_' © 9. .Prepare a report detailing the results of the study.

~ In addition to the area specific resource tasks identified above, a tenth
- work element was initiated which included collecting and analyzing fluid sam-

ples, measuring physical and chemical parameters, and preparing input to the

>3f U.S. Geological Survey GEOTHERM data file'fof springs and wells lacking these

data.

BASELINE DATA

Th; investigations beggn with a ré&iew of alliéertinent literéture

T.‘:'including topographic maps, geologic feport#, geologic méps, Bouguer gravity

 \maps, theses, lithologic well logs, and watervresoﬁrqe reports. This pro-
,vided é general unde;standing of the éreas as weli as.aﬁ ini;ial direction .

n for the area'specific studies. * | |

Samples of thermal and non-thermal waters were collected from several

v.sburces in the study areas. Garside and Schiiling.(1979) provided'chemical
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' data for thermal springs and wells. Additional water quality data were col-

lected from the files of the Consumer Health Protection Services, a Division.

. of the Nevada Department of Health in Carsom City. These data pertain to

" non-thermal waters and include only the major dissolved constituents.

Lithologic logs for residential and agricultural water wells are avail- A

‘able for public inspection in the Office of the State Engineer, Carson City.
-‘Although most logs were difficult to read, they were helpful in determining

- the distribution and depth of many‘warm‘water aquifers. Data from oil and

natural gas exploration in Railroad Valley in southeastern Nevada are, un-

., (fbrtunélely, of little value in this study. Also, data from mineral and

o geothermalkexploration holes are largely proprietary.

SRl T

" GEOLOGIC RECONNAISSANCE

Geologic reconnaissance consisted of identifying important rock strati-
graphic units and structures in the field. No large-scale geologic mapping
was required because most df this work has'alteady been performed.

Much of the reconnalssance was lncorporated 1nto other phases of the pro-

gram such &3 the grav1ty and low sun—angle photo surveys. In the Paradxse

Valley area, several prev1ously unmapped faults were identified on low sun-

angle photographs and verlfled durlng geologic reconnalssance. -In addition, .

: hydrothermally altered areas were examlned for evidence of recent thermal

spring deposxts and hydrothermally—cemented‘sedlments.
Several representative samples of the maJor rock unlts were collected

for petrographlc examination. Th;n sectlons were used to 1nvest1gate

- poss1ble genetic affinities among various lithologies..




D055 GRAVITY

GraVLty measurements were taken to obtain useful subsurface structural
) 1nformat10n. Thls choice was based in part on the results of other investi-
gators worklng the Basin and Range reglon.

One of the earllest studles was carried out in the Virginia City and Mt.

i Rose,NeVada quadrangles by Thompson and Sandberg (1958) Their study com-
' bined gravity data with denSLty measurements of the surrounding sedimentary,

. Vvolcanic and metamorphic rocks. From their data, the authors were able to

'ﬁ‘ ca1cu1ate the thickness of sedimentary rocks in several basins. A more

?egional survey was completed by Thompson (1959) in the area between Hazen

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

ﬁ?endihg horsts and grabens bordered by normal faults along which several
ffhEusand feet of vertical displacement had occurre&.; Stewart (1971) also
used.fegionalAgravity datavfo characterize the Basin and Range horst and
graben sttuctures for several areas in north—central Nevada. He interpreted
the steep graVLty gradients which occur near the Basin-Range interface as an
indication of normal faultipg. Goldstein and Paulsson (1979) integrated
éravify data ‘with seismic and deep electiical resistivity surveys'in Grass
i ﬁelley and Buena Vista Valley, Nevada. $hey were also able to estimate a
ﬁasement configuration, fault patterns, and depth to the Paleozoic basement.
; 1e An additional reason'for'using gravity measurements &as the relatively
ﬁehiéh rating.aséigned to the-technique by Goldstein (1977) for afea-specific
;fstudles. | | . | | |

In the three study areas, 721 gravity stations were occupied.

Readings,

1 wete made wlth a WOrden gravimeter with a scale range of 80 mllllgals. Verti-

cal control was malntalned to +0.1 ft using an HP electronlc tran51t. Station

;
i
i
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Spacing ranged from 0.5 to 1.0’milé, fﬁé'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 termina-

tion measurement of the loop to establish instrument drift. Loop duraticn

"ranged from two to six hours with the smaller interval used as frequently as

- conditions permitted.

; AERTAL PHOTOGRAPHY AND LANDSAT IMAGE ANALYSIS

Three aerial photographic techniques were used in the study areas: moderate

to highualfitude imagery, low altitude photography along selected flight lines,

3

and 1o§'sunéang1e-photography. Landsat imagery at 1:250,000 scale, 1:120,000
u2 blaékbahd,white phétog:aphy, and 1:60,000 scale black and white U.S.G.S.

aerial mapﬁing photography were used under the first technique. This imagery ~

identified regional trends possibly related to the location of geothe -mal

occurrences within the area:, Low sﬁn-ang1e photography was flown at a scale
of 1:24,000 along seleCted'fiightiiines in the “aradise Valley and Hawthorne

study areas, and low sun-angle photégraphy at. 2 scale of 1:40,000 was flown

for the Fallon area. 'Aeria13photograbhy'was lown in October to maximize

sun-angle illumination; the photos'wére takéﬁvwith 607 forelap and 20Z side-

‘lap to-allow for stereoscdpévexamination.‘ In an earlier study, Trexler and

others (1978) demonstrated the usefulness of the low sun-angle photographic

technique in delineating near-surface structural features associated with

known geothermal occurrences in Nevada.




FLUID SAMPLING

Sémples of thermal and non-thermal fluids were collected in each study

' B . : ;
- area for analysis of major dissolved constituents, minor and trace dissolved

specieé, and oxygen and hydrogén-stable light isotopes. The gdal was to

gather information on the nature and possible flow paths cf fluids fecharging

the geothermal systems. This approach has been used with good results by sev-

eral previcus investigators ingiuding White (1968), Ellis and Mahon (1977);
and Cusicanqui and others (1975). A chemical data ba;é was also compiled
using sampling and analysis procedufes wh?ch werebunifcrmly applied to each
area. |

Two fluid samples were collected at each site; one éontained a 250 ml

aliquot and the second an 80-100 ml aliquot. The larger sample was topped-

- off to reduce atmospheric interaction, and preserved in a raw state for the

analysis of anions. After filtration‘to remove particulate matter larger
than 5 microms, a sufficient quantity of reagent grade nitric acid was added
to bring_tﬁe pH of the sﬁaller’sample to-a value of approxi@ately two. These
steps were taken to insure reliable caticn data. Additionally, a 125 ml
sample was collected in glass bottles for isotopic anaiysié. Samble caps
were dipped in hot paraffin prior to application and the top portion of the

vessel was immersed in the wax to form.an airtight seal.

Subsequent to collection, raw and isotopic samples were promptly shipped

to laboratories for analysis. Values for SiO2 are derived from an undiluted

sample using an inddction-coupled plasma or atomic absorption technique.

P

TEMPERATURE PROBE SURVEYS

Temperature anomalies located near the ground surface can be mapped

using thermistor probes buried to a depth of one to two meters. These surveys
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are most effective when probes are: buried to depths at which diurnal effects
are insignificant approximately 1. 5 m (Birman, 1969). However, temperature

probes to a-depth of ln effectively delineate high temperature gradients in

- areas of known geothermal activity (Kintzinger, 1956; (0imstead, 1977).

... 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 Browm, 1956), and to locate subsurface

' leaks in barge. canals (Kappelmeyer,-l957).

>In this study, temperature probes}buried to depths of 1.5-—.2 m were used
to‘delineate areas of anonaious temperature highs. General purpose,bvinyl;tipped
thermistor probes were used., The probes'are 3 m in length and are equipped with
a standard phone-jack. ’
Small diameter holes (8-9 cm) were‘drilled to various depths w1th a trailer-

mounted gasoline—powered auger; a thermistor probe encased in a 2 m section of

PVC pipe was emplanted. Spacing between probes varied from 0.25 - 1 mile

- depending on the size of the area‘underJinvestigation.

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
vt'imes of 10-~15 minutes per hole or less. 1In general, the holes were allowed two

- to four days to equilibrate.

 SOIL-MERCURY SURVEYS

Soil~mercury surveys are reliable in-ge'othermal energy exploration. The basic

‘principle behind the method is that mercury is generally volatile above 80° C;

since many geothermal systems are higher than 80 C at depth mercury is released

' ..from the rock. The vaporized mercury then migrates upward untilit encounters

absorbent clays which capture the mercury.;

¢
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_ Sampling this clay soil 1ayer provides the sample base for the analysis
'Afgct collection, the samples are oven—dried at about 40-60 C to remove excess
moigtu:e . The samples are then sieved to a minus 80 mesh (180 micron) fraction,.

and analyzed with a’ Jerome - gold film mercury detection machine. Background -

valucs are determined from this data base. Anomalous regions are then stndied .
. to determine the relationship of soil mercury‘values to the hypothesized

geothermal system (i.e., structure controls, areal extent, etc.).

TEMPERATURE GRADIEl\iT Dl{ILl.lNG
Gradient drilling was 1mplemented during the final'quarter of the project
as a technique to analyze selected areas. for low-to—moderate temperature resources.,
Drill sites were selected based upon.the dataugathered from field and analytical
. techniques, and also based upon the availability_of land;
Three gradient holes were drilled in the ParadiseJValley:study area, each
‘to a total depth of 132 m (400 ft). The holes were cased with 2" diameter
tschedule 40 PVC. Casing in GDS 1 was open, while PVC was capped and nater was
added during installation in the remaining two holes. Two gradient holes were
-drilled in the Hawthorne area, one to 265 m (800 ft), and a second to 132 m
(400 ft). Both holes were cased using 3" pipe and closed at the bottom to
retain a column of water. A complete dlscnssion of maximum temperatores and

gradients 1s presented in the Paradise Valley and Hawthorne sections of this

report. .

10
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INTRODUCTION

- The Hawthorne study érea is Iocate& in west-central Nevéda approximately
fdokﬁiles from the California border. It encompa&ses an area of nearly 120
square miles énd includes a large proporﬁion of the lahd belongihg‘té the U.S.
Army Ammunition Plant as well as £he coﬁmqnities of Hawthorﬁe and Babbitt (fig.
f - Bl). The local population which exceeds 5000, and that of the Military'Reser-

vation make up a strong basis for geothermal energy development, particularly

~ in the area of direct applications such as space heating and/or cooling.
v No surface manifestations of geothermal activity have been identified in
the study region to date. Information on the nature and distribution of the

resource was obtained from several wells drilled within and near the city of

" Hawthorne. Thermal fluids were first discovered in the area during the 1940's

and 1950's when wells were drilled on property which belonged to-the Navy.

Temperatures ranged from a minimum of 16°¢ along the range front near the

southwest shore of Walker Lake to a maximum of 51.5°C in a hole two miles

northwest of the city. A well drilled apﬁroximately one mile southwest of
Hawthorne and 1/2 mile from a warm (34°C) city well encountered thermal fluids

at 99°C. These temperatures were recorded within the past two years, indica-

ting a strong resource potential in the area.

Representatives from both the government and private sectors have ex-

pressed interest in exploitation and development of geothermal resources

over the past few years. DOE and private resource evaluation teams com~ .

. pleted a cooperative study on engineering and economic feasibility of
geothermal resources in the area. The study was initiated at the request
. .of owners of the El Capitan Casino and the MineraIVCounty Commissioners in

“a joint effort to utilize hot fluids produced from the well located on =

e e e e e o

Casino-owned property.

n
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Personnel of the Hawthorne Army Ammunition Plant have also éxpressed an interest
in utilizing geothermal resources as a result of the discovery of shallow depth
(175 m), moderate temperature (90°C) fluids on Army land. Efforts are in pro-

gress to obtain funding for continued development and/or exploration in the

"Hawthorne area.

i - bt

GENERAL GEOLOGY
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The study area lies within the Walker Lake Basin. Although similar to
 other Basin and Range valleys, it is located in a zone of topographic discor-
~ dance. Ranges to the south and west of the zone éxhibitinorthwesterly trends

while those north and east have northeast orientations. Within the zone,

orientations are diverse and follow arcuate patterns. This zone was labeled

the Walker Lane by Locke and others (1940). Some investigators.interpret this

feature to represent a zone of large scale right-lateral displacement. A dis-
‘cussion of various theories regarding'the nature and timing of events within

. the zone is given by Stewart (1980, p. 86-87). Most gharactériétics‘discussed

SR N S SO 5 SV SN WS S ST L S S

in the following paragraphs are presented graphically in a geologic map, Figure
" B2. It is a generalization from the maps of Ross (1961) and Stewart and

"f Carlson (1978).

Rocks exposed within the area range in age from Triassic to Holocene, and

a variety of lithologies 1s present. The Wassuk Range which forms the study

area's western boundary is largely composed of intermediate intrusive rocks.

Altﬁough compositions from diorite to granite are observed, the majority of

&}i,:‘ rocks afe-grénodiorite to quartz monzonite; The diorite rocks are directlyv

"assdciated:with metavolcanié rocks of the Excelsior formation as defined by
Muiler and Ferguson (1936). Ross-(1961,'p;‘28) suégests that the dibritestare

_partly the result of assimilation of the metavolcanic rocks during intrusion

.13
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of the granites. ‘He also proposes (Ross, 1961, p. 30) that the granitic rocks
are probably related to the Sierra Nevada Batholith complex. The Excelsior;"

formation rocks and associated diorites appear to be roof pendants on the

. granites. .In the Lucky Boy Mine area,'marble-and phyllites are locally pre-~

sent in the Excelsior formation. These lithdlogies are probably the result of

“contact metamorphism during intrusion of granitic rocks. The western front of

the Wassuk Range at the latitude of the study area is made up of intermediate

A

vélcanic_rqcks of Tertiary age. South of the primary study area, recent mafic

volcanic rocks are present in the range. This rock type is found in the Aurora

'Crater aﬁd Mud Spring Volcano immediately west of the Wassuk Range. The former

is'dated}af~250;000 years and the latter is determined to be even youngér
(Stewarg; 1980, p.,ld9).

Algrbup of low hills is located immediatély north of Whiskey Flat in the

~ southern po?tion_of‘the sfudy‘area."These hills are largely covered by Quat-

ernary alluvium owing to their near central location in the valley, however, only

limited outcrops are'present; Ross (1961) labels these features as the Tertiary

'Esmeralda formation. Field checking confirms that the northern two groups of

hills are composed of tuffaceous ah&_lacustripe sediments as Ross' map suggests.

The southernmost hill'appeafs_to be:éompoéed of a dark copper-bearing rock
similar to the metavolcanic rocks of the Excelsior formation.

. The eastern boundary éf'the’étudy regioh is formed by the Garfield Hills.

_In their western extent, the mountains consist largely of the same units des~

cribed for the Wassuk Rangé. Howeie:, voleanic' rocks of Tertiary and espedially

‘Quaternary age dominate in this area. Only limited exposures of the Mesozoic

granites are observed. Sizable outcrops of Excelsior formation rocks are pre-

sent in the northwest part of the range. Rock units not seen in the Wassuk

Range include limestone, shales, sandstones, and conglomerates of the Luning,

15



-Gabbs 'and Sunrise, and Dunlap formations,of Mesozoic age and Tertiary felsic

volcanic rocks. Quaternary alluvial deposits cover the valley floor and are -
Occasionally found in topographic lows within the ranges..
Structurally, the Wassuk Range 1s 51m11ar to several other 1arge mountaln

ranges in Nevada. Its eastern flank is well defined by frontal faults, parti-

cularly in the vicinity of Hawthorne. The eastern slope is steep and has deeply ‘

incised canyons. Elevation changes as much as 1500 feet per mlle occur where

Mt, Grant adjoins Walker lake. Conversely, the western slope exhibits a notably
more gentle grade with clearly defined‘frontal fault; only loeally evident. |
Reeent faulting alongtthe“eastern front is evidenced oyrscarps cutting allu-
vium. Ross (1961, p. 56) notes that south of'the study area inAthe vicinity

of Powell Canyon, movement is distributed along several faults. Some of these

‘faults are antithetic. Examination of low sun—angle photography suggests that

a similar structural conflguratlon exlsts in the study area (see sectlon on
"Aer1a1 Imagery )A ' - A .

Structure of the Garfleldiﬂllls is documented in great deta11 by Ferguson
and Muller (1949). A well-deflned perlod of Mesozoic orogeny is recorded by |
the attltude and Juxtap031t10n of beds in the Exce1510r, Lunlng, and Dunlap
formations. Types of documented orogenlc events include folding, upllft,

rapid erosion and deposition, thrust faultlng, and intrusion. Follow1ng

-

the Mesozoic intrusion, large volumes of Tertiary and Quaternary volcanic. rocke
were extruded, particularly in the western part of thevrange. Unlike the |
well-defined frontal fault patterns ofathe-eastern slope of theJWassuk Range,
range front scarps are essentially absent from the Garfield Hills. Relief of
the range is subdued above the surrounding‘alluvium. Data supporting recent

fault movement are not apparent. '

16
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AEROMAGNETIC DATA

An aeromagneﬁic survey was pérformed in 1967 for the U.S. Geological"

survey. Two separate elevations, 9000 and 11,000 feet barometric were used

‘

" in the aerial survey and both are found within the study area. Only a general

discussion is appropriate since the survey was not flown drape and the effects

~of terrain were not taken into consideration. A segment of the map (U.S. Geo-

logical Survey, 1971) is reproduced as Figure B3.

from an ovéfall persbecﬁive, the contoﬁrs'make ué a‘colléction of isolated
closures andvlinéar pafterns. The most prominent feature of thelarea is the
linear pattern thch tfends east-éoutheast within théicarfield‘Hills. This
featﬁre assumes a southeasterly orientafion where it traverses the Walker Lake

Basin. Position of the linear pattern compared with topographic and geologic

. méps indicates that it follows a depression primarily filled with alluvium.

Regions of contour closure located north and south of the linear pattern tend

to correlate with topographic highs and/or outcrops of mafic to intermediate

volcanic rocks. Similarly, closure correlated with rock type are observed along

the western front of the Wassuk Range. A more subtle pattern is observed in the

‘vicinity of Mt. Grant, -extending eastward to Hawthorne and southward to the vici-

nity of the Lucky Boy Mine. Relative differences between highs and lows are

small within this region. A broad,; rather non-descript zone is present west

‘of Babbitt. These poorly-defined patterns may result from the large mass of

¥e1ative1y uniform granitié rocks which form the Wassuk Range.

Genérally; information on this map provides little additidnal data compared

. to other sources such as topographic ‘and geologic maps.

- 17
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LITERATURE SEARCH

Existing data sources were examined prior to commencement of field studies.

Geology of the area is discussed in Fefguson and Muller (1949), Locke and others

(1940), Muller and Ferguson (1936), Ross (1961), Speed (1977b), and Stewart

(1980). Regional geophysical data for gravity is available in the form of a

Y
UL TTUTR

- 1:250,000 scale.map and accompanying tables (Healey and othérs, 1980). Aero-
| magnetic data in a 1:250,000 scale map is availéble from the U.S. Geological
;'@'~' “Survey (1971). Hydrology and hydrogeology are discussed in Evérett and Rush

- (1967) ﬁnd VanDenburgh»and Rush (1975). A preliminary report-on geothermal
; .ﬁ5¢;¥; ‘ ‘resources contains a compilation of flﬁid‘chémistry (Bohm and Jacobson, 1977).
| ‘.Furthef information én lithology and chemist;f for-Qells located on the mili-

tary reservation are available from records at the Ammunition Plant. Well

‘records filed with the State Engineer's office were also examined.

o o SHALLOW TEMPERATURE SURVEY

0ver 90 hoies were drilled to an aﬁproximate depth of two meters,and‘thér—'
; _%, . mistor probes were implénted. The probes remained undisturbed for a minimum of
| 24 hours before readings were taken. Previous wérk using this techhique demon-~
},;;7" strated that 24 hours is sufficient to obtain temperature§ within 0.1°C of those
7; recorded after the hole returns td a thermal equilibrium state. Locations of
#he probe holes are depicted in,Figures B4 and BS whgre the numbers correspond
-to thoéé 1isted in Table B1l. |
. This.s;udy was‘compieted during three éeéarace trips to the field in

: Septémber, bctobér and Decembéf; 1980. Théréfore; the'data'represent measure-
:menﬁs taken at three points along,thevchaﬁginé édrve of the annual waveé the

'effects of which penetrate to depths greater than two meters. To compensate

i.'-'”' T . )
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Table Bl. Temperature Probe Data . - R ;

U S

. Probe # .~ Date of - . Measured . Correction . " Corrected ,
~ Reading ___Temp (°C) Factor Temp (9C) o
1 . 27 Sept. : 22.8 | NA N
2 27 Sept. 23.9 - e ’
.2 1 Oct. - 23.75.
2 17 Oct. 23.3. A . - . oL
2. 3 Dec. S18.25 0 T AR
3 27 Sept. 23.4 - ‘ - C
4 27 Sept. - 21.0 - o c v ;
5 27 Sept. 22.4 . o L T L
"6 27 Sept. 19.8 I L ' '
7 27 Sept. 21.0
7 1 Oct. 20.9
7 17 Oct. ' 20.6.
- 8" 27 Sept. 21.1 :
9 27 Sept. 22.0 - i,
10 27 Sept. 22.3 - i
11 27 Sept. C22.2° i
12 27 Sept. 21.1 b
13 27 Sept. 21.1 i
14. ' © 27 Sept. 20.5 I3
15 27 Sept. 20.8 i
16 27 Sept. 20.9
17 . 27 Sept. 21.5,
18 27 Sept. 20.9 4 o ' . ;
19 ‘ 27 Sept. » 21.8 - - . ‘ ' ;
20 27 Sept. © 20.8: ' - e
21 . © 27 Sept. 22.3 - L ' : :
22 27 Sept. : 21.2. L - . L
23 27 Sept. o 21,20 ' : : :
24 . 27 Sept. 22.6. ' - S : :
25 - 27 Sept. - - 23.3 R . - i
26 - 27 Sept. 24.7 : S o -
27 - 27 Sept. .. 22.0 S : ' - -
28 . 27 Sept. 18.2
29 . 27 Sept. 18.9 : A , i
30 27 Sept. 19.9" N/A N/A !
31 . . 27 Sept. Probe Damaged - ' = N — ;
31 "~ 18 Oct. 20.25 +0.5. 20.75 !
32 17 Oct.. - 22.8 +0.5 23.3 j
33 .17 Oct. » 23.9 . +0.5 24 .4 :
34 .17 Oct. ‘ 21.0 +0.5 21.5 ;
35 . ' 17 Oct. 23.35. +0.5 23.85 :
36 17 Oct. 26.3 +0.5 26.8 |
37 - 17 Oct.. : 23.65 +0.5 24.15
38 18 Oct. " 21.8. +0.5 22.3
39 18 Oct. 22.3 +0.5 22.8
40 : 18 Oct. 20.75 +0.5 21.25
41 - 17 Oct.. : 19.8 +0.5 20.3
42 - No Station ‘ L. - -
43 - . 18 Oct. - 24.0 +0.5 24.5
44 . 18 Oct. 23.3 +0.5 23.8
45 18 Oct. _ ‘ 23.3 +0.5 23.8 !
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| Table Bl. Temperature Probe Data (Cont.)

oo Probe # Date of - A Measured - Correction Corrected
I Reading ‘ Temp (°C) Factor Temp (°C)
46 18 Oct. . 18.8. ' +0.5 : 19.3
47 - 18 Oct. 19.2 +0.5 19.7
48 . 18 Oct. , 19.95 o +0.5 T 20.45
49 ' 18 Oct. , 20.7 +0.5 21.2
SRS 50 18 Oct. 20.7 +0.5 21.2
DR - 51 R 18 Oct. 17.15 +0.5 17.65
IR 52 18 Oct. 19.3 +0.5 19.8
53 18 Oct. ' 18.7 +0.5 19.2
54 - 18 Oct. A 18.75 +0.5 19.25
55 ' 18 Oct. : - 21.6 +0.5 - 22.1
S 56 - 18 Oct. : 22.55 +0.5 .23.05
- ¥ o 18 Oct. ' 22.75 +0.5 23.25
S . 58 - 18 Oct. . ©23.2 . +0.5 - 23.7
SURIEE 59 - . 18 Oct. 23.1 +0.5 23.6
60 18 Oct. 23.6 +0.5 24.1
61 ' 18 Oct. 24.95 +0.5 25.45
62 18 Oct. 21.1 +0.5 21.6
63 18 Oct. 20.2 -40.5 20.7
64 None ~ " Nome - -
R 65 3 Dec. ' 16.7 +5.7 22.4
. 66 3 Dec. , - 17.7 +5.7 23.4
P 67 . 3 Dec. 18.5 +5.7 | 24.2
o 68 3 Dec. ' 17.3 +5.7 23.0
69 3 Dec. ‘ 16.8 © +5.7 22.5
70 3 Dec. S 17.3 +5.7 23.0
71 3 Dec. ‘ 16.4 " +5.7- 22.1
R .12 3 Dec. 18.5 +5.7 24.2
Lo 73 3 Dec. _ 18.75 +5.7 23.95
: 74 .3 Dec. 17.8. +5.7 23.5
75 3 Dec. : 17.0 +5.7 22.7
76 3 Dec. : 17.2 +5.7 22.9
77 3 Dec. 17.6 +5.7 23.3
S 18 3 Dec. 18.3 +5.7 24.0
e - 79 3 Dec. 18.6 . +5.7 24.3
R 80 3 Dec. _ ©15.9 +5.7 21.6
- . 81 4 Dec. 17.95 . +5.7 23.65
o 82 4 Dec. _ ' 17.0 +5.7 22.7
T 83 - 4 Dec. 17.0 +5.7 22.7
i 84 4 Dec. - 16.5 +5.7 22.2
" 85 4 Dec. . 17.15 +5.7 22.85
. 86 4 Dec. 17.3_ +5.7 23.0
S .87 " 4 Dec. . 17.97 +5.7 . 23.6
ot 88 4 Dec. 3 18.7 +5.7 24.4
i 89 . 4 Dec. 17,9 5.7 23.6
: T 90 4 Dec. - 17.5 +5.7 23.2
oo 9 4 Dec. - 16.0 +5.7 21.7
S 92 4 Dec. 174 45.7 23.1
oo 93 4 Dec. 0 16.4, +5.7 22.1
NI % 4 Dec. . 16.9 - 45.7 22.6
o - 95 4 5.7 23.1

4

Dec- . 17-4
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.',for this problem, selected probes were left undisturbed from one measure-

'.ant period to the next. For example, probe namber 2 was implanted at the

inception of the two-meter temperature study and removed at the study's

termination. Probe number 7 was in place for the first two measurement

periods. Based on the recorded temperature differences between the probes

remaining in place over time and the probes removed early, correction

- factors were calculated to permit comparison of -all data. The‘modified data .

appear as corrected temperatures in Table RL, 7" .

This technique was systematicaliy agplied-torthe Hamthorne study area{
Probes were first placed at intervals of one‘per square miie.: Tne distribution
of temperatures recorded during the'initial pnase provided a basis for'selection
of detailed study areas. Probe spacxngs as - small as 250 meters (820 ft) were
employed‘during the detailed study. This methodology establlshed the preaence
of two regions of elevated temperature Lndlcated by the stlppled patterns in
Flgure BS5. In»addltlon, a trend of lncreaSLngvtemperatures ex1$ts, progreSSLng
from the southern extent of the study area to the central portlon. Temperatures
recorded in the immediate v1c1n1ty of a hot well in the study area (El Capitan
Well - 99 C) were some of the highest measured durlng the study. | ‘
,Isotherm configurations interpreted from temperature probe data'are;ﬁre--
sented in Figures B6 and B7. Regions depicted in these figures approximately4‘
correspond to those delineated oy stippling in Figure 5“’, fhe accuracy of

interpreted isotherms is questionable in the western region (fig. B6). Pat-

terns do not conform to linear arrangements which are usually associated with

© the upward flow of thermal fluids along fault zones. Instead, the data suggest

' . . . ' . .. ,.0 - . .
broad zones with a limited temperature variation (3°C) and localized, irregu-

iarly shaped highs. In some locations within this region, measured temperatures

varied abruptly over small distances. These characteristics make proper place-

~ment of isotherms problematical even with probe spacings as small as 250 m

24

S,

e o o s

By e




i _ Dirt road
G ——3  Military b0undory
‘w=————  Highway
. ————— Asphalt road
TR ﬂx\ Approximate bedrock/
NG

-alluvium contact -
Isotherm in degrees Centigrade

r T
o /2 |

Figure B6. Poss1ble isotherm conflguratlons at a depth of two meters,“
' o . see text for- detall




2 27
‘30 C 29 28

(

3 | 32 ‘ » 32
L - V‘ ——— T7N
N
A
|
\
.
\
' -y
A
‘ [}
1
: T
| .
| ]
. |
” \

Lx o - | | | | gcion interpreted from :
N study, eastern

‘ nf igut
Figure B7 Two-meter isotherm cO cﬁre robe

two-meter depth tempera
segmentvof'study area.

26

et AT s T ¢ L 2y

s

et

Edara

PR P

e




RSN o~ L
T R A WS

(820 ft). The irregular shape and localization of areas with elevated temper~‘
atures may bevpartiaily due to interpretation. It should also be noted that
the accuracy of individual probes is zO;SOC.

Figure B7 details the inferred two-meter depth isotherms for the eastern

region. Characteristics of the patterns here are similar to those observed to

the west. Well-defined linears are abseht, and isolated irregularly-shaped
zones of elevated temperature are once again present. Abrupt temperature

variations over short distances were not detected, however, sampling-density

was lower for this area.

| De%pi;g limitations dutlinéd aﬁove, the shallow-depth temperature probe
study élgéﬁly‘delimits regions of elévated temperature in the study area. This
is par?icularly meaﬁiﬁgful in Hawthorng’since there are no surface manifesta-
tions ;f g;otherhél resources. The sélecﬁion of test hole drill siteS'wés
largely based upon data»obtained from this technique. V

PHOTO  IMAGERY

Imagery used to examine~thenﬁaW£horne study area ranged in scale from
1:24,000 to 1:250,000. Two forms of 1:250,000 scale color imagery, false
color computer-enhanced Landsat, aﬁa natural color Skylab were employed.

Black and white photbg:aphy.included U~2, Army Map -Service'Missions, and

~ a low sun-angle mission flown for our study. Scales of the three sets of

photographs are 1}120,000, 1:60,000 and 1:24,000, respectively. The smaller
scale photographs were used to sé#@gh for regional structural features and to

examine the areal distribution of rock types. Fault locations and linear and

curvilinear features were investigated on the larger scale imagery.

>'Examination of Skylab and Landsat pﬁofééraphs re#eéls only a limited -
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. number of regional-scale linear features .surrounding the study area. The most

'«Steward and Carlson (1974). Ekren and others (1976) 4l

conspicuous linear alignment occurs'éiong the trend of the Walker Lane'(iocke .

and others, 1940) and is particularly apparent in the Gillis and Gabbs Valley

‘_ranges. Range front boundaries on the eastern slope of the Wassuk Range‘are

also clearly visible. An analysis of lineaments (Rowa
1
concluded that there are few.regional features in the.

there was little correlation between photo image linea.

regional linear which they name'tﬁe Pancake Rahge Line:
verses the CGarfield Flat and Whiskey Flat and passes‘s¢
area. The feature is actually an S-shapéd curvilinearé
fore, does not present é single orientation. Late Teré'

i
trusive rocks may mask the presence of regional-scale 1’

\

Low sun;angle pﬁotography was flown over most of th~area“UGﬁﬁaEa“by Uu.s.
Highway 95 to the north and a topographic rise separating Waiker Lake Basin
from Whiskey Flat to the south. The Garfield Hills and Wassuk Range are the
eastern and western boundaries, respectiveiy. This imagery pr§Vidéd the
gréatest amount of detailed information on the location and direction of
offset along faults; as well as the nature and orientatiop of other features
in the area. |

Linear and curvilinear features iﬁterpreted from low sun-angle photographs

are shown in Figure B8. .The majority of these linears repfesent traces of

faults or suspected faults; however, some depict drainage paths or topographic

features which do not appear to be directly reslated tc faultiﬁg. All features

appear to fall into one of three general orientations: a NW-SE. trend defined

by the bounding faults of thé eastern flank of the Wassuk Range and other

28
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ngpatallel raults; a NE-SW attitude exhibired by faules ahd drainages in the
vallef(s-western.area; and a N-S textﬁrallgrain represented in the south-central
bportion of the valley. Range front fault traces and escarpments are notably
absent 1n alluv1um along the. western front of the Garfield Hills.

The~eastern frontal zone of theﬁWessuk Renge exhibits well-defined feulﬁ?
traces unlike the western front of the Garfield Hills. These faults are both
‘4present in bedrock and alluvium;. There are good examples of scarps in allu-
vium in the region between the mouth of Cat Creek and the airfield runways east
of Babbitt (figs. B9, B1l0). It is likely thae éeme movement has taken place .
following the last high stend of Lake'Lahonten‘apbroximately 12,000 years‘B.P.,
sinceAsome of these scarps lie belo&lthis level. Fault scarps'are not co-
‘located with Qells contaiﬁingvthermei water wiph one exeeptioh whereitﬁe
well was éeliberately sited along rhe fault"treeerliv | |

A large number of faults in bedrock andAalluvium'is presenr along the
jessuk front approximately .three miles'west,of Hawtherne.’]A‘complex of horstsr
and grabens appears to be present within this zone, Fauits with-blocﬁs down-~ |
thrown toward the range and the:valley,are a phenomenon also observed iﬁ the
vicinity of Powell Canyon (Ross, 1961, p. 56). ., ';;‘ 3_. 1::_ ;g

U-2 and AMS photography provided little ad&itioeal inforhacion.‘tlnkeertain

instances, 1:60,000 scale AMS imagery aided in delineating contacts between cer-
S - ' Lo

R

tain rock units.

TEMPERATURE PROFILING OF WEiLS

Measurements of temperature as a function of depth were completed in four
wells in the Walker Lake Basin.  Two profiles were taken from existing holes at
the Army Ammunition Plant, and the remaining pair was acquired from geothermal

test wells. . A third profile in one of the Army Plant wells was abandoned when
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the ptobe became entangled. Data from the two thermal wells formerly on Navy

“land are presented in Table B2. Fluids in both wells are essentiallyuiSOther-

sal and are around the same temperature. These holes are separated by a dis-

”-;nnce of neerly 11 km (7 mi) and are located near‘opposite'sides of the Walker

Lake Basin (fig. B11l, HAAPS and HAAP 3).
 Two geothermal test wells drilled and cased with three-inch diameter

threaded pipe were filled with water for the purpose of temperature profiling.

Their designations are HHT-1 and HHT-2; their Iocations are shown in Figure Bl1l.

Leaks de?eloped at threaded pipe couplings causing water loss. At HHT-1 which
xs dr111ed to a total depth of 255 m (800 ft), temperature profiling was limited

to the 1nterva1 between approxlmately 73 m (240 ft) and TD. Only the bottom

17 m (55 ft) of the 120—meter (395 ft) HHT-Z contained fluid at the time of

proflllng.. - SN
Three §eparate temperature profiles were completed on test well HHT-1. The,
first wesiperformed one week after well completion and is labeled "23 April 81"

in Figﬁre‘BlZ. Three intervals, each with a lower gradient than the overlying

interval, were found at. 82-98 m (270-320 ft), 98-122 m (320-400 £t), and 122-

146 m (400-480 ££). From 146-177m (480f580 ft) temperatures were essentially

isothermal and attained the maximum Eenneteture recorded,in the well. A dis-
tinct temperature reversal occurs below 177 m (580 ft). Although the tempera—
ture probe was callbleted before use, it would not stablllze for some readlngs
due to a 1eak in ‘the cable shleld In spite of these problems it 'is believed
that temperatures recorded during proflllng were within +3 degrees centigrade
of those actually present.r Furthermore, the shape of the curve is accurate.
A second set of proflles was pertormed on HHT—l three weeks follow1ng

completlon. The first of these labeled "6 May 18" in Figure Bll represents

conditions in the well before the addition of 416 liters (110 gal) of water.

33.



- Table B2.

Temperature data from Hawthorne. Army Ammunltxon
Plant, wells 3 and 5.

. HAAP well No.

Jk

*well pumped immediately prior to measurement

HAAP well No.

4 Dec. 1980

~ Depth in ft.

5

260
280
300
320
340
360
380
400
420 -
440
452

2 Dec. 1980

Depth in ft.
210

220
240
260
280
300
320
340
360 -
380
400

Temperature.

%

39.7
40.0
40.1
40.0
39.9
40.1
40.2
40.3
40.3
40.3
40.3

Temperature

°c

40.3
40.5
40.7
40.8
40.8
40.8 -
40.8
40.8
40.8
40.8
40.8
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A second curve labeled "8 May 81" was drawn from data colleciedv24 hours after

the addition of water. . The level of weil water was increaséd only 1lm (36 ft)

“after this addition.

_ General characteristics of all three profiles are similar. Each has a

. © zone of positive gradient, an isothermal layer, and a segment in which the

temperature decreases with depth. There are, however, certain notable differ-

ences. Isothermal zones of the second and third curves are approximately twice

" the thickness of -that encountered during the first measurement period. Gradients.
. in the zones where temperature decreases with increasing depth are lower for the

. 6-May and 8-May curves. Maximum temperatures encountered during the first pro-

file are 6°C greater than those of subsequent measurements. And lastly, the.
shape of tﬁe ﬁrofile-ébove isqtherm;l layers of the latter curves is convex as
opposed to the linear-to-concave shape of the same region of the 23 April plot.
A combination of factors is prbbably responsible for changes between the
profiling periods. Poor transfer between thermal and non-thermal fluids and
the well cagingAis perhaps thé most influential factor. HHT-1 was drilled
using mud to prevent caving of alluvial ﬁaterials. During drilling, the mud
bec;me_notiéeably thicker due to high temperatures. It is likely that the .
mud formed a relatively impermeable wall caké after standing'since it was not
flusﬁed before insertion of the casing. The steel casing is a second important
factor- If_éxpoéed to a hot zone'Such as.that which appears to be present in
HHT—I, thé césing ﬁends to conduct heaﬁ_in both directions, particularly if

external thermal sources or sinks were insulated by the mud cake suggested

- above. Thickness of the isothermal.layer tends to increase and the magni-

tude of the negative gradient decreases. These chénges follow the pattern

,’obServed in HHT-1 over time. Other influential factors include the upward

higﬁation 6f‘héat via well-bore cdnvection; and the-lack'of cold shallow

37.



~ groundwater as noted during the drilling of HHT-1. The lack of cpol ground-
waters at levels less than 63 m (200 ft):is documented in well logs from the.
‘surrognding area.

vOne‘profile was completed on test'hble HHT-2, and the data are plotted'iﬁ’ '

Figure B13. Water loss problems were severe at this site limitihg the length

of the profile. Little can be deduced about’ temperature-depth relationships

‘at this location due to limited data. Because the temperature is over 60°C

at less than 122 m (400 ft) below the surface and the gradient is definitely

positive, deeper drilling at this site may be warranted.

SOIL-~-MERCURY SURVEY

Sixty-four soil samples were collected for analysisvéf soil-mercury con-
teﬁt in the ﬁawthorne study area. Samples were collgé;ed from an éverage depth
of 25 cm (2 ﬁt) and dried at 30°%¢ ($4°F) before being analyzed on a géld-film
app#rafus. ~The analytical fééults are listed.in Table B3. Collection loca-
tions and sample numbers used ih the table correspond difectlYito those used
for tﬁo-meter temperature probes (see figs. B4 andlB'S)° | |

Variations in the data are due to several factors. The highest measured

value, 127 ppb, is suspect. It occurred at sample location 30, an area of possi-

ble contamination. Also, errors associated with operation of the analytical

apparatus, and sample'in‘homogeneities limit precision ét.any selected site
to -+15%. If the 127 ppb value isvexcluded based on contamination, tﬁe sta=
tistical parameters for tﬁe reﬁéiniﬂg data are X = 18vppb, o = 8 ppb. Since
30 represents 99.7% of the area under a norﬁal distfibution.curve, it is
reasonable to adépt the mean élus or minu§-3cbas the4boﬁnds for "normal"
values. Using this formula and excluding the previously discusséd high

value, 43 ppb becomes the minimum for anomalous points.
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Table B3. Results of Hawthotne'soil-mercury survey,

v'Sé@ple i

Saiple i

 Mercury Conc. (ppb)

Hercury Conc.-(ppb)' :

1 38 28 15
2. 18 29 13
3 2 LU 127
b 19 31 16
5 38 36 0
6 . 2 38 16
7 13 39 28
8 16 40 24
.9 23 41 19
10 17 43 18
11 20 44 A
12 19 45 15
13 16 46 19
1% 17 47 20 -
15 14 49 12
16 16 51 9
17 12 52 - 18
18 12 53 1
19 13 54 21
20 13 55 17
21 24 56 . 27
23 58 57 12
24 14 58 11
25 13 59 STAR
26 18 60 15
27 15 63 17 .
| 64 . 200
o




The 8011-mercury data conflrm that thla techn1que is not useful for

.'resource exploratlon in the Hawthorne study area. Ounly one data point is

consxdcred both valld and anomalous (fig. Bl4). Rather'than suggesting

trends which define regional anomalies, the data reflect a relatively narrow

range of background values. In addition, neither the anomalous point or even

the high "normal" values are co-located with points of elevated temperature

" recorded during the shallow-depth temperature'probe'studyf Finally, data

gathered on a small grid Spacing, approximately 244 m (800 ft) in the imme-

diate vicinity of the 99° ¢ E1 Capitan well, are essentially all at background

levels. One of the lowest recorded values occurs adjacent to the well.

FLUID GEOCHEMISTRY

'Fifteen water samples were collected and ahalyzed for- bulk themistry and
oxygen and hydrogen-stable 1ight isotopic composition to help explain the nature

of thermal fluids and flow and/or recharge paths. Results of the analyses for

major and minor dissolved constituents are presented in Table B4. Data repor-

ted for samples taken during the present study are designated using the letters

"HAW" followed by a one or two digit number. Data taken from literature sources

are indicated by other appropriate alphanumeric combinations.

Two problems are aSSOC1ated with the analyses results for the HAW series.

48111ca concentratlons reported by the analysts of the HAW series are consis-

tently lower than those reported in the literature although both samples were

taken from the same fluid source. For example, two measurements of silica made

~on fluid extracted from the same locatlon, HAW-6, 1n May and August 1980

reVealed values of 78 and 74 ppm, respectlvely. Our sample taken in October,

.. 1980 contained only 40.8 ppn acoording to the results reported to us. The

problem again is apparent when comparlng reported values in the two SiO‘2

s
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Table B4. Fluid Chewmistry in the lMuawthorne study area,

: Sample

§10, 8510 Carion/

(Coreyville)

13 3 <0.01 0.170 <0.3 5.8  10.2 0 90.3

: ) ’ Te:P- Na K Li Sr At ¢l ' 5°:. co3 Ilct)3 } :l-‘ This Other Anions
Designation c : ’ - . Study Study (Equiv.)
HAW-1 . ' ‘ .9 .
(1AAP 1) ' 42/51 185 8 0.17 1.03 <0.3 68.9 384 0 43.9 1.96 18.8 31,34. 1.12
lAw -2 41 276 10 0.60 1.11 <0.3 89.2 491 0 5.2 7.48 32.3 50MAAP  1.10
(UAAP #5) - ' ’ A

L MAN-Y 124 165 7 0.04 0.555 <0.3 85.8 369 0 85.4 1.61 13.9 23.8%¢  1.17 -
(HAAP 16) o AR ) )
HAW-4 ' 40.8/ 242 16 0.22 0.426 <0.3 105 35 - 0 117 5.15 38.1 s4¢ .
(HAAP ¢3) | 85 . . 1 . . | 2
1AW-3 , 123 95 & 0.03. 0.160 -<0.3 95.5 325 0 100 0.747 16.3 30% '1 15
_ (HAAP 24) ‘ RS T ' ) )
HAH=6 B v ‘
. 97/ 260, 11  0.50 1.46 <0.3 85.2 436 0 95.2 7.28 40.8 J6DRT  1.02
(EY Cap) o : ’
HAW-7 ' - ' . '
( 6.5/ 26 3 0.06 0.553 109 6.8 1390 o 0 1.89 39.0 1.02
Aluw Cr) :
-y 9.7/ 18 2 <0.01 0.208 <0.3 6‘.0 3.1 0 109.8 10.315 ’-14-2 1.29
(llOt}‘gBHr:od £x) : ’ ’ " o ’
HAW-9 6.9/ 12 1 <0.01 ¢ ll26 <0.3 3.63 . 12.0 -0 100 0.097 10.9 . Y
(Cottonwood Cr) e : ‘ - - . : ) '

2500 -
tAR-10 3.1/ 9 2 <0.01 0.140 <0.3 3.06  4.51 O 102.5 0.085 15.4 I9HAAP  1.20
(Cottonwood €r) ' T '

-~ 9000° :
_HAN-12 5.7/ 0.092 12.4 1.19
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Table B4, 'Fluid chemistry in the Hlawthorne sfudy area (Cont.)

i o . : Si02  Si0y Cation/
Sawple Temp. pi Ca Mg  WNa K. Li St Al €l $0, €Oy HCO,  NO, ¥ B This Ocher  Anions
Designation - C - I o Study Study (Equiv.)
HaN-13 4.1/  71.9160 27.8 69 "6 0.02 0.957 <0.3 45.8 177 0 390.4 <0.05 0.710 0.131 18.5 a7
(Cottonwood Spr) - N ‘ ‘.
ARON 35.0/ 7.4 99.4 13.4 82 6 0.02 0.987 <0.3 21.4 272 O 136.6 1.59 0.179 0.103 14.9 25¢ 1.14
BAW-15 - : . : i S ; s :

" (Cogey Canyon Well)ll.l/ 7.5 87.4 14.1 -28 4. 0.020.669 <0.3 16.0  96.9 O 180.6 1.54 ‘0.163 0.067 9.5 1:03

' HAW-16 3.5/ 7.2 21.9 0.66 212 3 0.40 123 <0.3 4.k 68.2 O 4.0 018 7.89 1.83 2.3 1.29

f: (Walker Warm Spr) - : : ' ' : ‘ T - :

BLIM* L miTE : ey Lo

: (Whiskey Flat /&3 -~ 6.0 0.9 116 - -~ 64 109.° 779 47 01 4.8 - 37 -

- Windmill) . : - . . . -
6/31 b2 % : y , ,
(Whiskey Flat /11 8.1 30 13 4 - — 38....93 0 80 -~ = - -— -
Irrigation) . . . )

NaD2# /21.5 7.5 82 9.7 1B7.5 1.9 -  -- <= 85.6 405 0 134 - 1.09 - . 58.4 -
NAD7# /21 8.6 18.2 0.25 135 boh v =- == a= 60.4 204 0. 61 -~ - 3.35 e 136 C e
NADS /26,5 7.4 1% 8.4 13705 1.4 = - -- 52,9 193 - .0 259 - 2.85 -- 43,9 -
* = Data from Everett, D.E. and Rush, F.E. (1367)
¥ - = Data from Bohm, B.W. and Jacobson, R.L. (1977)

HAAP = Data from Nawthorne Army Ammunition Plant records..
! - ‘DRI = Data from files of Desert Research- ‘Institute, Unlver51ty oE Nevada System, Reno.

Data preceded by a slash were extracted from a- .source independent oi our work.




“'coiumnS,in Table B4. Lengthy discussions with the analysts together with re-

iﬂt]v ,nalysis-of égverai sambles'faiied to produce any satisfactory explanatién of
'f:  f.‘ this prbblem.» Due to this ﬁnusual-situation, ail silica concentra;ions.from
b our sﬁhdy éhould be considefed suspect; |

In addition to low silica values, several analyses from the HAW sample

‘geries exhibit reiatively poor ionic balances. Ordinarily this would imply

that an important species was omitted from the analysis suite. However, the

f y*:ﬁ* Analysis suite was comprehensive. The completeness of the analytical suite

and the composition of probable source rocks for dissolved constituents argue
strongly against omission_error; Reaﬁalysis of several samples produced simi-
lar values. Literature déta describing the same fluid sources indiéate lower
calqium and higher Bigarbonate values than our anaIYSes; Such differences bias
the ionic balances toward the cation side, which is also the nature of the im-

‘balance observed.in our data.

| ;'1 The sampling program design makes.it possible to trace changes in fluid

E‘T" composition moving down the h&drologic grédient. For example, sampies HAW-10,HAW-9,
HAW-8 were collected at elevations of 2743 m (9000 ft), 2286 m (7500 ft), and
1463 m (4800 ft) along Csttonwood Creek. Data presented in Table B4 indicate

-~ that concéntratiﬁns of mos; dissolved comstituents increése with deéreases in
e‘leiration' for Cottonwood Creek waters. Sample HAW-12 represents meteoric
surface water'collected near the source of borey Creek. HAW-15 and HAW-13
are grqundﬁaters from pfégressively lower elevations. Once again, décreasing

, élevation.corresponds to higher cdncentrations:ofbdissolved coﬁstituents.

}&"' : These trgnds suggest that significant increases in-the conceﬁtfation of dis~

’} % "?A‘  solved speéies take piace simply with migration down the'hydraﬂlic'gfadient.

ﬁﬁiﬁ.‘ It i%-also generalized from Table B4 that'groundwaters contain notably higher

i T levels of dissolved constituents than surface fluids at the same elevation. -

TR TSI
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Gross chemical characteristics of fluids in the study-area and surrounding.

:regibn_are shown in the.férm of a trilinear plot in Figure B15., The cutoff for

designation as a thermal fluid is afﬁifrafily set at 25°C, Sample compositions

"tend to fall into one of three groups with respect to cations. One of these

~assemblages is located near the Na+K’apek'éhd.inc1udes samplés 2, 4, 5.‘16.

i.could be made if stable light isotopic data were available for all samples.

NAD7, and BLM. A second more_calcidm and magﬁesium-rich collection is de-

fined by numbers 1, 3, NADS, and NAD2. And finally, samples 5, 8, 10, 12, 13,

14, éndvls constitute a third g:oup;'.The'lac;ef group coﬁsists'primarily of
dool surface waters and groundwateréli'lf anioﬁs arebuéed‘for comparison,
waters can be described as those whiéhilié'égéve the 502 864 line, and those»
which fall below it. Décreasing elevatioﬁAapﬁéiently.correlatés to decre;sing
relative CO3 + HCO3 content as demonstrafed»b;fmeteoric surf;ce watéfs (10,
12, 8) and ngundwatefs fhat are probably directly':élated_to these s&rface
fluids (13,-15). This phenomenon is also partially a result ofviﬁcfeasiqg\
SO4 content as elevation decrea§es. ‘ | ; | |

The colinear arrangement.of selected poiﬁts in Figure 315 sﬁggeéféitéét
some water compositions may result f%bm mixing. Samples 1,'ﬁAD2 apdéﬁ dé%iﬁe
one line. In addition to being colinear, the relatiVe.spacing of.thg poiﬁts
and thelir seqﬁence along the line is maintained in all three ségmentsbofé;he
plot. .This further substantiates‘Fhe mixing hypothesis. ‘The same siﬁuacion

also exists for samples 6, NAD8 and 12. A further test of the hypothesis

Unfortunately, samples from sites NAD2 and NADS could not be'obtained during

the study period.

Modified Stiff diagrams provide a method of depicting areal variations
of bulk chemistry. This format is used in Figure Bl6. The shape of the

symbols in Figure B16 suggests that certain waters are similar. For example,
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l'samplés 2, 4, 6, 16, and NAD7 exhibit marked parities although they are widely

. spatially distributed. Differences between groundwaters in the Wassuk Range:

and those of the Whiskey Flat are delihéated by comparing symbols 13 and 15

'to number 6/31b2. Lastly, the anomaloﬁs»compositiqn of surface waters in

Alunm Creek is indicated by symbol 7.. Field examination of the rocks through
which Alum Creek flows demonstrates that a zone of intense hydrothermal alter-
ation exists near the headwater. Clay minerals are present in large quantities

and sulfides are also found in the altered rocks. The low pH (3.2) and high

‘aluminum content of the stream waters probably result. from acids released

during sulfide weathering.

Trace Constituents

Tréce element concentrations may be useful to a limited extent as a tool

‘to distinguish thermal from non-thermal fluids .in:the Hawthorne area. Concen-

trations of borom, fiuoride, lithium, and strontium are plotted for most

samples in Figure B17. Lithium maintains a clear distinction between concen-

tration level in hot versus cold waters. For boron, fluoride and strontium,

cold water concentrations are preséht which approximate or exceed those of hot
fluids. Sample 14 is noteworthy because levels of all four trace constituents

are comparable to those observed in cold fluids, even though a temperature of

" 35°C was measured at the sample site.

Stable Light Isotopes

Data on the hydrogen and oxygen stable light isotopic compositiohs for

.15 study area fluids are listed in>Téble,BS and plotted in‘Figure B18. The

point labeled "3" in Figure B18 exhibits a relatively large 180 shift rela}

tive to the meteoric water line and compared to other samples. This shift

is not the result of water-rock interaction; it was caused when the sealed
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Table BS. RESULTS OF FLUID ISOTOPIC ANALYSIS, HAWTHORNE AREA

SAMPLE DESIGNATION

618o oloé _

SD o/oo

. HAW-1 - -
-2
© =3

-15.2
-15.3
~13.6
-15.6
-15.3
 -15.4
-14.8
-15.2
-15.3/-15.5+
-16.1
16.2
-15.7
=15.1

"15 .2

 -15.2

-16.2
-15.8

126,
-127.
=124,
~123.
-132.
L\-i3o._

-119.
-115.
1.
-127.
-119.
-123.
-122.
-124.,
-133./-131.%
-124.

of a single sample.
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-1004
=110
-120
- =130
-140
| "HAAP well no. | - 52°C 9 Cottonwood Cr. 7500° - *
2, HAAP well f0.5-41°C 10 Cotionwood Cr. 9000
150 - 3 HAAP wellno.6-24°C . Il Walkér Warm Spr. = dup.
) q _NAAPweun03—40°C5- 12 Correyville ~dup. :
! 5§ HAAP wallno.4—23°C 13 Corey Can., Cottonwood Spr.
6 Ei Cop well 99°C “j4 HUD well no. 5-35°C
. 7. Alum Creek 15 Corey Canyon Wall
-160 8 Coitonwood Cr. 4800, 16 Walker Warm Spr. —34°C
- . 17 Correyvilie — dup.
_ 0 T T T — Y T T T T m
220 - -19 -18 ) -8 15 -14 -I3 12 -1 -10
_ . . 6'%0%e
Figure B18. Stable light isotopic composition of Hawthorne area

reference SMOW. . :
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sample bottle cracked before énalysis énd exposed the fluid to atmospheric

‘ oxyéen; Since the deuterium value should not be significantly affected by

this process, it may be used for discussion purposes. Error limits reported

_ by the analysts are :}oloo for deuterium and 19.20/00 for oxygen. These

Aiimits are depicted to scale in Figure B18 as a cross in the lower left-hand

corner of the plot.

In general, the loéatioﬁ of points in Figure B18 shows a relatively small
Variétion among maﬁy of the wéters; and the deviatioﬁ"shrinks even further
Vhen analytical errgf.liﬁits are considered. Samples 11 and 16, and samples
12 and 17 are analyses of duplicate aliquots collected during a single viéit.

Waters 7, 8, 9, and 10 are taken from surface streams with 8, 9 and 10 re-

*presenting differeht'élevations along the same water body. Number 10 was
_collected at the highest elevation 2744 m (9000 ft) and exhibits the iso-

_tbpically lightest signature. However, samples 8 and 9 are indistinguishable

within analytical ervor limits even though they differ by approximately 823 m

(2700 ft) in colléction-point e1ev§tion. This situation méy reflect the

nature of infeed watérs at differént élevations along the main cfeek.
_Data'derivga‘from samples of meteoric surface waters in the Hawthorne

area suggest that the slope of the worldwide mateoric water line given'by

Craig (1963) may not be appropriate for use in this region. A line with a

‘slope calculated from linear regressioﬁ of the Hawthorne data (samples 7, 8,

9, 10, 12, and 17) is shown in Figure B18 as the "local meteoric water line".

. This ‘line has a slope approximately equal to 5 indicatiﬂg that the local

system may be a "closed basin" with respect to meteoric water cycles.
Craig (1963) found similar slope lines for meteoric waters collected in
Africa. The slope is the result of a complex isotopic exchange process that

occurs in areas with high evaporation rates. Because Hawthorne area meteoric -
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sﬁ;faée<waters can be correlated with such a well-defined line, the-"loéal“

‘line will be used for discussion purposeé;».-

" Most of the waters sampled'during the study pefiqd appear to be isoto-

gt somn

3y

 pically directly related to local meteoric waters of the type sampied in the

ey

Wassuk Range (fig. B18), Howevef,‘a few fluids do stand apart. The isoﬁope

data of Table B5 have been plotted in terms of §D-Cl plots (fig. B19) as a o o ~§'

means of highlighting the similarities and differences between sampled fluids.

D

One of the most striking features of the plot is the clear distinction in
chloride content between variqus saﬁple groups. Saﬁples 1, 2, 3,-4, 5, and

| 6 takéh ffoﬁ wells drilled in alluvium contain notably higher chloride levels
than other fluids. This implies that the well waters obtain chloride ffom an
‘ailuvial source or follow a different recharge path thaﬁ other area gréundé
‘waters. Sample 14 was collected from a well drilled in alluvium located'
approximatély‘l km east of the sample 6 site. Its Cl content places it iﬁ

a relatively low level grouﬁ similar ‘to ofher groundwater (sample 15). fﬁese'
relatiénships support the hypothesis that different recharge paths ére'resv
ponsible'fbr the high éhlq;idei;alpés of samples 1;6. Sample 13, a spring
water from Corey Canyon, pﬁggésses.an‘intermedi;té chloride level possibly
deriveé from a recharge path similar to that which feeds the wells of the |

high chloride group.

1

Deuterium values for the 15 wateré d§ not appear to'be systeﬁatically.
reléted to chloride content (fig..B19). Changes in the heavy hydrogen iso; : "fV _ %é-
tope can be correlate& with‘variafions in recharge elevation. Wéters‘cal_
lected from elevations less than'2300 meters (samples 7, 8 ahd 9) haye'GD :
values less than 1200/06 and are labeled "group I" in Figure Bl9. Samplés
12, 17 and 10 collected at 2400 and 2700 m;ters are pléced into a.seéond,

grodp (11, fig. B19) along with related groundwatérs and well waters. An |

o
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elevatlon fdnctlonal relatlonshlp identifies a thlrd group in whlch lsotopl-

cally llghter recharge 1s occurrxng. Samples 11, 16, 6, and 5 (flg. B19)

' define this group. Elevations greater than 2700 meters are 11m1ted to relaj'

.tively"small portions of the Wassuk Range and the Sierra Nevada which are

several kileﬁeters to the west of the”stﬁdy area. Thus, possible recharge
regions are areally restricted-and may be the same for fluide collected from
spatlally w1de1y distributed sources. Fluid 180 compositoﬁs fall into ;
relatlvely narrowv range spaenlng only 1.4 ®/00 (fig. B18) Maximum "oxygen
shifts" occur for samples 5 and 6 and are approximately 2.5%/00 if the |

plotted values are true values. However, if analytical error limits are

. taken into con51derat10n, the apparent shift may be as little as 1.6 /oo.-'
‘Sample 6 was collected from a well that produces f1u1ds with a temperatere
‘greater than 99°C. Therefore, the "shift" may represent that expected for
‘area thermal fluids. Catbonates are present in the regional section but .

only to a very limited extent in the vicinity of the Lucky Boy Mine. It

is possible, although unlikely, that they contribute to the oxygen "ghift"

"since this would require a recharge path which opposes the regional hydro-
. logic gradient.
There is no clear definition of recharge and/or reservoir processes due .

_to the limited range of isotopic eompositions, uncertainties introduced by

analytlcal error limits, and general lack of well—deflned trends in iso-
topic compositions. All fluids appear to be related to meteoric recharge

from the Wassuk Range. The limited "oxygen shift" observed in a few fluids

could result from short circulation times, relatively low temperature

o . . . . . .
- (<150°C) water-rock interaction, high water/rock ratios, or a combination .

of these factors. - :7t AT R B . R
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Chemical Geothermometers

l,“d ’~. : i Many approaches to pfedict subsurface'fluid temperatures_use fluidl‘
: ﬂ','. l composition and the temperature dependence of specific reactions. Perhaps

the most widely known and universally applied of these chemical geothetmoe
| meters are those developed by Fournier and Rowe (1966) and Fournier and

VTruesdell (1973). Values calculated from concentrations of silica, sodium,

potassium, and calcium using the equations given by Fournier in*Rybach and
IV | Mutfler, (1980, p. 13) are shown for selected study area fluids in Table B6.
Historical data for silica were used for computation purposes because of
analytical uncertainties previously discussed. Samples HAW-4 and BLM each
-:" "© . have tuo”ualues for the cation geothermometer. Numbers following the slash
are computed w1th a magnesium correction factor after the procedure deve-
loped by Fournler and Potter (1979) |

The most conspicuous feature of the data in Table B6 is the genetally

,

moderate maximum temperatures indicated by both the silica and cation geo-

/

T e,

thermometers. - Nine'of the ten samples listed have calculated maximum

temperatures below 125%. Sample NAD7 is the only exception. Fluids from

Lo this well contain the highest~Silica level of any recorded for the entire

¢ e g

region. Silica concentration in ﬁAD? is nearly a factor of two greater
S ) . R ) . . . -

than that recorded in the hottest well (HAW-6, 99°C) in the area. There
o are three possible explanations of this phenomenon: the historically re-

ik ;ﬂ: A : ported silica value is erroneous; the silica phase which controls the

P concentration is not quartz; and the 5111ca value is real and regulated
AL',, by quartz equilibrium. The first explanatlon must be considered Since

ij_W& 1( ~no other data are available to substantiate or refute it. Furthermore,

samples taken during the study whlch generated the NAD7 value notably

[UE——

‘;.ﬁVf.“ -A'disagree with silica data acquired during other 1nvestigatxons. Table 3




Table B6.Calculated Geothermometers for fluids in the Hawthorne Study Area.

_ C Quartz v o R
Sample Quartz No. Maximum. : A Amorphous Measured - ~ . =Cristo- B-Cristo-
Designator - Steam Loss .. Steam Loss. ~Chalcedony - Silica Na-K-Ca Temperature . Balite Balitg

! 81.8. 85.2 . 50.6 - -30.9 71.8 51 3.0 -13.5

HAW-2 1018 102.6 71.9 -14.0 93.6 41 s14 . 4T
CHAW-3 701 74.9 38.3 40.6 612 24 20.7 _23.9
 HAW-4 1054 105.7 75.8 | -10.9 158.8/112% 41 55.0 8.0
HAW-5 794 83.1 48.1 -32.9 446 23 29.6 - -15.6
HAW-6 122.4 ;  - 120.2 %.2 3.8 9.7 97 71.8 23.9
CHAW-14 7200 766 . 403 =39.0 47.8 BT 22,5 -22.2

@ - BLM 88.3 90.8 .- 57.4 -25.5 152.5/107% 43 38.2 =77

S mp2 . 109.2 108.9 79.8 e 7.§ 80.3 28 58.7. 11.5
MADT7 1551 1477 130.5 33.2 77.0 2 ~ 1000 55.5

w8 958 1 o4 655 191 6h3 w s -o08

*Na-KrCa'Valﬁglwith Magnesiuq Correcﬁion of'Foﬁrniér_gnd Potter (1979)?,’
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of Bohm and Jacobson (1977) under the heading NAD1 offers an example of this.

B3 b il 2t

;}‘»,;‘,fhe contention that quartz does not coptréllsilica level in NAD7 is supporﬁed
. b} the largeldiscfepancy betweén the quartz and the‘cgtion geothermémeter
"“f femperatures. No evidence supports the hypothesis that the reported vélue
' .for NAD7 is real and quartz-controlledg
B If the data in Table B6é are considered with reépect to agreement between

silica and cation geothermometer temperatures, the samples fall into two groups..

:ﬂ Q,;: ".Group one éontains samples HAW-1, HAW-2, HAﬁ—B, HAW-4, and BLM and shéws closest
;; ﬁF':. gg?éement between quartz and Na—K-Ca.tgmpératures. Samples HAW-5, HAW-6, HAW¥14,
| ﬁADZ,and NADS form a sécond célléction. Comparison of chalcedony and cation
n :'numbers yieids the'smallest disparityzbetween calculated.temperatures for the
‘ second group. NAD7 does not fall into either assemblage which casts greater
doubt on the validity qf"the reportéd silica value. The»significance of the
groups‘is not clear; however, it is ihteresting to note that both the chalce-
dony and cation temperatures for HAW-GIare within SOC of temperatures measured
: duiing pumping at a rate of 2500 1/min (660 gﬁm). This may suggest that the
_fwo groups are the result of differenﬁ recharge paths, one controlled by chal-

-cedony and another regulated by equilibria with quartz.

Source for SO7-

| ﬂ o _' - Sulfate is a major dissolved constituent in all 'study area groundwaters.

O f;:fv The highést measured level, 1390 ppm, occurs in a samﬁle collgcted from Alum

| Creek. This correlation may indicate the source for the constituent in area
waters. Field gxaminétion of the rocks through which Alﬁm Creek flows demon~-

‘.str#;es that a highly altered zone isvpresént_in graﬁiﬁic rocks near the
headwater. The zone contains disseminafed éulfides. When pléced in contact _.
Qith qugehated éuiface wéters; these minéréis_react to produce sulfuric aéidl'

;‘ﬂ“ " and release iron. Rock minerals, ﬁar:icularly feldspars,'are then attacked
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by‘the acie, releasing alpminum andfcaiciem into ihe solution. . fhis mechanisp:‘
accounts for ehe high eaicium,,eluminpm- and sulfate content and iow pH obeerved
in Alﬁm Creek waters. Aifhough not;sh0wn=in Table BA,the iron content of the
creek is also at least two orders of magnltude higher than any other water
sampled. ngh iron content further substantlates the ox1dat10n—ac1d production
hypothes1s.v Similar zones containing sulfldes may exist at other locations below
the surface in granitie rocké of the Wassuk Renge; |
Granitic rocks are net the only 11tholog1c type known to contalnvsulfldes..

Dlssemlnated pyrlte is present in a hand spec1men collected near the mouth of

North Canyon. thhologlc type 1s_metavolcaq1c, and the rocks are_part of the

.1oose1y—defined Excelsior formation diécussed,by'Ross (1961). This rock type

is also present over much of the study regioﬁ.as roof pendants on Mesozoic

granites. -Its presence in the subsurface is unconfirmed although suspeeted

Jbased upon areal distribution;

Buried evaporltes or oxldatlon of HZS are other pos51b1e sourcee for the
sulfates. A gypsum dep031t is present along the western slope of the, Wassuk
Range approximately 48 km (30 m1) north-northwest of Hawthorne. Slmllar”
dep051ts may be present along the recharge path of sampled groundwaters;
Calcium-to-sulfate mole ratios calculated from_analy51s of thermal flu;ds
aie noﬁably different from 1. This suggests tpat gypsum or anhydrite ie not
likely to be a major source of'Sozf. Hydpogen su}fide ié not presentéae a
detectable odor in any sampled fluid. In additioﬁ, the pH of all area ground-.
waters 1s neutral to basic.  Therefore, it is highly unlikely that near—sprface h

oxidation of the gas is a source of sulfate. Deep subsurface sulfate contri- -

butions from H,S oxidation are indeterminate.

60

ki 3 bk

R

ERE N

L AR e T S it

R b B el

PRGN I S




GRAVITY SURVEY

A detailed gravity‘suryey using a grid spacing of approximately 0.8 km

“(0.5 mi) was conducted -in the Southern Walker Lake Basin to obtain subsurface
- structural information. Existing data in the form of a 1:250,000 scale map

‘contoured with a 5 milligal interval (Healey and others, 1980) was not useful.

Data from the survey conducted for this project is shown as a complete Bouguer
contour map in Figure B20. The subcontractor performing the work failed 'to

tie his work into any known gravity base stations in the area. The values

 selected for contouring were chosen with regard to the reduction program.

These.limitations permit qniy relative changes to be discﬁssed and prohibit
correlation with regional absolute éravity data. |

'Seﬁeral prbmineng characteristics are noted on the regional scale map
aepicted-in Figure B20. A strong north-northwesterly linear trend does not
p&rallel the Walker Laﬁe described by Locke and others (1940) and instead,
éofresponds to,thé general attitude of the contours seeﬁ on the 1:250,000
scale ﬁap by ﬁealey and others (1980). It'maf'represent a second or third
order phenomehon_related to Walker Lane tectonics or the imprint of a later
tectonic event upon Walker Lane trends. This trend ends at a point which

is the convergence of a south-southwesterly and‘southeasterly trend located

“in the southern extent of the study area. The southeasterly direction paral-

lels the Walker Lane. The contours also define a relatively broad region of

limited variation and localized highs and low closures. The region of limited

. variation covers most of the basin. General assymetry of the valley is sug-
-gested by ;teep:gradiepts found. along the eastern front of the Wassuk Range

- which:conCrast with gradual gradients bouﬁding,thé western Garfield Hills.

. Figure B2l suggests several relationships between thermal well locations,'

surface fault traces, and subsurface configuration defined by gravity.. Fault
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Figure B21,

Thermal wells and fault traces.

A __ Fauit trace

@ Thermal well




and suspected fault traces shown in the flgure are those observed on 1ov sun—

-angle photographs. Although several traces parallel or subparallel gravity

contours, others Cross gravxty lines at angles between 45 and 90 degteca.
Th1s suggestslthat these_contoors are probably controlled by subsurfnca topo-;
graphic changes in bedrock materials as opposed to vertical fault disolaccmentg
The:hottest test hole, HHT-1, is sited in a location where these circumstances
exist. On the other hand, the E1 Capitan well (99°C) is sited aloné contoure'
which are subparallel to traces of a fault and a euspected fault., This is in
direct opposition to the situation described for HHT-1. Both wells are loc-
ated in a region of gradual change in gra&ity between Hawthorne and the steep-
front of the Wassuk Range. A thirdbwell containing thermal fluids is shown in
Figure B21 (HAAP #5). It is located in enAatea where gravity contours have a
marked inflection which is not co-located with any surface fault traces. These
inflections ‘appear to be correlated with the location of thermal fluids, and'
are one of the criteria for siting the second test well, HHT-2,

VA high closure occurring in the sontheast corner of ﬁawthotne is one
of the most curious features on the contonr map shown in.Figure B21. Thie
featute is unlike any other obse:yedAin the region of the'gravity survey,
A dense object of limited ateal extent is inferredo The?magnitnde of this

relative high is equal to values measured at elevations of 1768 m (5800 ft)

along the Wassuk front. Possible explanations for the phenomenon include an

erosional or tectonic remnant of bedrock, an intrusive igneous body in the"
valley fill, a buried mafic volcanic center, or densification of allivium

by deposition related to hydrotheimal activity. A two-meter depth tempera-

" ture probe implaced near the southeast cormer of the city measured a higher

temperature than other probes in the area. However, a 183 m (600 ft) city

‘well which is nearly co-~located with the center of the gravity high produces
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- cold groundwaters. The relationship of this feature to area geothermal

. phenomena, if any, is uncertain.

" TEST HOLE DRILLING

A total of 366 m (1200 ft) of 15 cm (6 1n) hole was allotted for the

3'test hole dr1111ng program in the southern Walker Lake Basln. A varlable-
“:depth drilling program was developed based upon the general absence of shallow

&fgroundwaters (100 m/328 ft) and the known depth to thermal fluids in the El

Capitan well (180 5/590 ft). Under this program, two or three holes would be

_ drilled depending on the temperatures observed during drilling.

The full 244 m (800 ft) length allotted to drilling in the area .west of

- Hawthorne was expended in a 31ng1e hole.. Drilling a 122 m (400 ft) hole near

the Garfleld HlllS used up the remaining footage; Locations of the -test holes

. are NW :, NE/, SEX, Sec. 29, T8N, R30E (HHT-I 264 m) and SW%, SE%, Sec. 4,

T7N "R31E (HHT 2, 112 m) (flg. B22).
Slte selectlon 1nvolved the following»considerations in order of decreas-

'ing importance: comparison of data generated from different exploration

- techniques, land status for acquiring permission o drill, and site accessi-~

bility. 1In choosing a location for test hole HHT-1 a comparison was .made

 between the two-meter isotherm patterns and fault scarps in alluvium west of

Hawthorne (fig. 323) An irregular, somewhat linear-segment of 24°C line
forms an 1ntersectlon w1th a fault trace in the alluvium approxlmately 1. 6

km west of the c1ty 11m1t. Chemlcal similarity of fluids taken from thermal

. wells was another factor in dr111 site selectlon. These parltxes are shown

1n_Flgure B24 by modified Stiff diagram symbols labeled"2" and "6". A
simple Bouguer gravity contour map indicating a distinct inflection in

gravity contours was also used in the site selection process. Permission.
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to drill on U.S. Army property was obtained prior to site selection, and a
network of. dirt roads provided easy access.
Site selection for test hole HHT-2 relied heavily upon two-meter isotherm

patterns and marked inflections in the gravity contours. Chemical evidence for

- a possible 'thermal fluid-source'is given by the similarity of fluid composition

between western thermal wells such as numbers 2 and 6, and the eastern thermal

well 4 on Figure B24. This site is also located on U.S. Army property, and is

accessible via a paved road.

Both test holes encountered thermal fluids. A discussion of temperature

"depth relationships in these wells is given in the section titled "Temperature

K"Profiling of Wells.,”

Return Temperatures

' . o ' . .
Two probes capable of measuring 1007C were used to monitor input mud
temperatures (mud pit) and outlet mud temperatures (surface casing perimeter)

as drilling progressed. Temperature records generated from this procelure

-were used to construct the return temperature-versus-depth profiles shown
- in Figures B25 and B26. Temperature measurement: were taken primarily for
.drilling safety since no blow-out preventer was used. A return temperature

: ) . X ’ .
. 0f 757C was chosen as a cutoff. Because this temperdture was never attained,

it was assumed that fluid temperatures above the cutoff were not encountered,

"however, this assumption was incorrect. Temperature profiles measured in
‘the wells after casing (figs. B12, B13) indicate that return temperatures

" o : .
.. are from 32° - 40°C lower than maximum recorded temperatures.

Lithologic Descriptions

Both HHT-1 and HHT-2 were completed to total depth in alluvium. The

,rock_types which compose the alluvial fill vary somewhat from one side of.
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the Qaliéy'to the other (figs. B27 and B28). This reflects that differing

;éurcé regions supply the mate;ials, Rock types from HHT-1 éan be diréétly
%elated to the intefmediate.intruSive and metévolcanic rocks of the Wassuk

]Range. Lithologies bresent in HHT-2 are rich in basic ;o acidic flow rocks
jgnd‘tuffs and tuffaceous sediments.'

An interesting correlation is noted if clay content is plotted versus

depth in the two test holes (fig. B29).. In both cases, clay content is less

" than or equal to five percent to a depth of approximately 67 m (220 ft). Be-

~yond this point, a marked increase occurs to approximately 76 m (250 ft) where

'both curves begin a rapid decrease. A second zone of relatively high clay con-

tent is found in both holes between 92 and 122 m (300-400 ft). At approximately

122 m, a zone in which both white and brown cohesive clays is observed in HHT-1

, and HHT-2. These correlations suggest a uniform depositional environment in

the basin. Unfortunately, no other sufficiently detailed lithologic descrip-

tions are available for comparison.

SUMMARY

General Geology

The study area lies within a region of physiographicAand structural
discordance termed the Walker Lane by Locké and others (1940). Its eastern
boﬁndafy is the Garfield Hills which record an iptense period of orogeny
during the Mesozoic era. The Wasguk Range forms a western boundafy and.is a
west-dipping ;edtonicall?-tilted_bLéck. Ages of :ocks exposed within the
area vary from Triassic to Holocene,and a yariety of lithologies is present.
Rock types include intermediate intrusive; metavblcanic, 1imited‘marble

and phyllite, mafic to intermediate flows, intermediate to felsic tuffs,
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FigUre B27. Lithologic; log and description - test hole HHT-1.
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HHT-2

‘Alluvium, angular to subrounded fragments com=-

posed in varying proportions of: -quartz, k-
feldspar, DG, mafic volcanics (basalt?), light
colored fine-grained tuff containing biotite
flakes, fine grained poorly sorted tuffaceous
sediment, reddish-purple aphanitic volcanics
(andesite), red porphyritic rhyolite, green
and brown chert, and epidote. Above 30 ft.
some pebble size frags, from 30-220 ft, 2 mm-
10 mm, 220-400 ft.<5 mm. Occasional cobble
and/or boulder size material encountered during
drilling. Clay content variable from 5% to
>70% by visual estimate.-

Lithologic log and description -~ test hole HHT-2.
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tuffaceous sediments, and clastic sediments.

Aeromagnetic Map

-High énd'low_closures on the map generally follow the outcrop patterns of

~volcanic rocks or topogréphic features. This is probably in*part,én effect of

the non-drape method of data collection. Wi;hin the vicinity of the city of

' Hawthorne, the contour patterns record only subtle changes.

Shallow Depth Temperature Survey

- This study involved the empla;ément of éver 90 fwo4metgr probés on both
regional and reduced scales, Tﬁo pegions:bfjelevated temperatures were de-
lineated. They are located in theyHachorﬁélvicinity along the eaétern front
of the Wassuk Range and western front of tbéncérfield Hills, respecﬁively.

The regions are composed of broad zones of limited temperature variation and

,contain irregular non-linear localized highs as indicated by isotherm config-

urations.

Photo Imagery

Both B & W and color imagery were examined. Scales‘frbm 1:24,960E£6
1:250,000 were used. Identified regional features are limited to wélkeé Lane
linears énd frontal structures of the eastern Wassuk Rgnge« Low sun-aégie
photography proved mostlusefuli{ It demonstrated the presence of thrég ggn—
eral linear trends: NW-SE, NE~SW and N-S. There is also a lack of éault

traces and escarpments along the western front of the Garfield Hills.

e

Soil-Mercury Survey

This technique was notnuseful for exploration in the Hawthorne area.. No
trends were observed and only a single anomalous value was measured. Low

background values were'recordédfin the immediate vicinity of the El Capitan
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well which contains 99°C fluids.

Temggrafure Profiling of Wells

Two previously existing wells and two test holes drilled for this study

were profiled. The two existing wells proved to be essentially isothefmal
“over vertical distances of 60 meters. They are separated by nearly 11 km and

‘have nearly identical temperatures. Temperature depth relationships in our

244-meter test hole HHT-1 demonstrate the presence of three distinct zones

at increasing depths: a povsitive gradient zohe, an disothermal zone, and a

- negative gradient zone.

' Gravity Survey

A relatively cIosely éﬁaced grid of 0.8 km was employéd during data col-
lection.. Several features are distinguishable. Many area attitudes follow a
,stfong NNW trend. 'This trend does not follow the Walker Lane but does corres-

pond'to.the generél orientation of contours shown on the 1:250,000 scale

regional map of Healey and others (1980). A Walker Lane trend is present

- -within the southern portion of the survey. Like the aeromagnetic patterns,

: gravity‘contours indicate a region of subtle variations in the vicinity of

Hawthorne. Some of the gravity contour trends parallel surface fault traces

~while others are clearly discordant. Hot well locations correspond to both

‘of these cirCumstances. ‘Hot well lqcations also correspond to inflections
iﬁ cOntours;v Finally, an‘area‘of high closure exists under Hawthorne which
_may be.explained'by an e;osional or tectonic bedrock remnant, an igneous
Aintrusive, a buriéd ﬁ#fic voleanic center, or densification related. to

-mineral deposition.

Fluid Geochemistry

Fifteen samples were:colrected and analyzed for bulk chemical and stable

light isotopic-éompositipn. ﬁumerous functional relationships can be described

L
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‘elevations. Waters tend to fall into several groupé based upon‘cation or

 limited ‘

from the data. Concentrations for the ﬁajority of dissolved constituents

increase when moving down the hydrologic gradient. Groundwaters contain

higher total dissolved solids than surface waters collected at the same

anion relative percents; Certain spatially widely separated fluids exhibit

marked chemical similarities. There is a distinction between cold ground-.
'waters in the Wassuk Range and those in Whiskey Flat. Lithium content may

~also be useful for distinguishing thermal and non-thermal fluids.

Isotopically, the fluids exhibit a limited compositional range. Most

. waters seem to be related to meteoric recharge in the Wassuk Range. Only.

180 "shifts" are observed. ‘This could result from short'circulation

e o . . .
times, a temperature <150 C for water-rock interaction, a high water to rock
" ratio, or a combination of these factors. Geothermometers suggest an upper

- limit of 125°C for equilibration temperatures.

High sulfate content of thermal fluids is probably related to the oxida- .

 _tion of sulfide minerals found in granitic and/or metavolcanic rocks within

the area.

Test Hole Drilling and Associated Lithologies.

Two test holes were drilled to test for the presence of geothermal fluids
and to determine temperature-deptﬁ relationships. Thermal fluids were encountered
in both wells. HHT-1l in the area west of Hawthorne shows a maximum tempera=-'"

ture of 90°C, and HHT-2 near the Garfield Hills shows a maximum of 61°c. Each

.well is completed in alluvium. They haveisimilar clay content versus depth

relations, and both possess a two-color clay zone at approximately the same
level. These similarities suggeé; a uniform depositional history for allu--

vium on both sides of the valley.*_ f'fAQ_ R - ' o
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- CONCLUSIONS

‘Four important parameters characterize geothermal resources in the

‘Hawthorne study area. Greater knowledge of these parameters will aid resource

exploratioh and>development in the future. They are:
1) areal distribution of thermal fluids,
2) recharge paths and associated fluid ehemieal variations,
5) , subsurface controls on fluid flow, and

4) heat source.

 These variables are all part of a complex system and are not independent.

Waters with anomalous heat conteht are found over a wide area in the south-
ern WaikeefLake Basin and surrounding region. The majority of these fluids
occursin wells dti}led in alluvium; however, HAW-16 is an exception.' It occure
as a theraal spting of low flow rate in a-narrow:canyon along the Walker'RiQer
west ef>the Wassuk Range.'.This'iocation places the spring approxihateiy 18 km ~
to the west ef'the "ciusterf of thermal fluids found'in wells of the Army Ammu-
nition Plant. Another hot ;ater iabeled "BLM" is also widelyAseparated from

the "cluster". Like the fluids farther north it is a well-water in alluv1um

although it is located nearly 18 km from the main grouping of thermal waters.
-Some of these flulds exhlblt notable chemlcal s1m11ar1t1es in addition to
‘:above-normal temperatures. Slmllarltles between mode of occurrence, measured
'temperature53 and huikvane‘isotepic‘compositioh suogest that'some of the ther-

‘mal fluids may be related to a common and p0551b1y w1despread source.

Concordance and d1scordance are both ev1dent when comparlng bulk chem1c31
comp051t10ns-and measured temperatures of‘thermal waters. These 51mi1ar1t1es
and contrasts are probably the result of dlfferlng recharge paths of various
f1U1dS- For. example, 1f fluid HAW-6 (99° C) represents a: relatlvely unchanged

sample of the geothermal fluld source, then waters such as HAW-2 (41 C)'and
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HAW-4 (41°C) are probably from the same source. ‘This conclusion is baged

?.group probably occurs along very similar lithologic paths. Temperature dis—L

fluids is a function of water-rock interaction along different recharge/flow

:‘Awhich could produce such changes argues against this hypothesis.

upon the chemical similarity of fluids from three wells. Recharge to this,:

parities could result from simple conductive cooling. Fluids areally dis-.:

tributed between the wéters discussed above, such as HAW-3 and NADZ; are

relatively enriched in calcium and magnesium, anﬁ relati&ely aepleted in
sodium. However, their anion compositions are comparable to thoSe_df HAW-6,
HAW-2 and HAW-4. Ihe‘majority of wells in the “cluster" around Hawthofﬁé

follow a similar pattern of consistency inAanionic composition céupied_with :
variable calcium, magnesium and sodium concentrétions. If.HAW—6 is a parent

fluid, it seems reasonable that the relative enrichment of Ca and Mg in other

paths within the alluvium. The mixing of various fluids might also explain

the compositional variations. However, lack of a well-defined end member

Parameters which govern fluid movement and distribution in the near sur~
face (<500 m) environmeﬁt of the Hawthorne geothermal résourceAcannot‘bé |
clearly deduced from available data. As previously discussed, the reéource
appears to be present over a large region although, with one excepcioﬁ,’ic
does not exhibit any surface manifestatioms. No @irect correlations betwee§ .
range front faults and geétherﬁal fluids are demonstrated'withinbthe detailﬂié »
study area. Orientations of faﬁlt scarps in alluvium in tﬁé érea west of -
Hawthorne do not correlate with isotherm patterns ffom the tﬁo~ﬁe£e£ probe if
study. Also, there are no anomalously high soil-mercury conéentratiqns éf 
trends related tovfault locations. Reliable.temperatﬁre profiles from Cﬁgg&-,
mal wells\where they were compiéted' indicate relatively thick (Go_ﬁ) zoné§
of hot fluids.. These facts all sﬂppbrt a type of control on fluid distri~

bution which is not primarily high-angle faults. Rather, it is ppgcuiatﬂd?  .
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§ ‘that lateral movement along permeable zones w1th1n the alluvium is the prlmary

s

A pos51ble scenario might 1nclude 1n1t1a1 movement upward along
a?iange—ﬁounding or subparallel‘faults driven by forced convection; rising ther-
[mal fluids contacting a zone within which lateral permeablllty exceeds that
? in the.verticalfdirection;followedby lateral transport down the hydraulic
' .

‘gradient. Parameters which govern pérmeability within alluvium are presently

:“indeterminate. One possible explanation is movement of fluid in the vicinity

jof the alluvium-bedrock interface. This hypothesis is based upon two observed
The temperature-depth profile in test hole HHT-1 possesses a re-

i

!

i
-LphenOmena.

gversal from poSitive ;o.negative gradient near the 180 m (6Q0 ft) level. This

; may beAthe result of drilling into a relatively imperﬁeable bedrock layer.

I S . ,

:However, owing to .the similarities between alluvium and bedrock apparent in

vchip-samplee, this cannot be demonstrated in the lithologic log. Secondly,

there is a marked contrast in temperatures and chemistries between samples

. HAW-6 and HAW-14. The wells are nearly identical in depth, apparently com-~

”4x_p1eted to total depth in alluvium and located within 1 km of each other

along an eest—west line. - HAW-14 might not be deep enough to reach hotter

increasing depth to the interface of valley

- fluids found in HAW-6 due to

' fill and bedrock when mov1ng toward the center of the valley. No further

| -confirming evidence can be cited due to a lack of detalled llthologlc logs

|
i
'y for the area,vand the uncorrela;ed nature of’ grav1ty data.
; .- Many low-to-moderate temperature geothermal systems in Nevada seem to

o be related to deep circulation of meteorlc waters in a reglon ‘of normal or

- above normal crustal gradient. This may also be va11d for Hawthorne erea

l]’fluids "although other heat sources are possible."The presence of relatively

young (<250,000 yrs) extrusions of mafic rock inuthe area of Aurora Crater

" suggests that subsurface igeeous bodies may also supply heat. It is inferred




i '

from'chemical evidence that Hawthorne fluide are'probably'moderately-heated

- water-rock interaction. If this assumption is correct, then rocks which traﬁs- o

‘; fer'heat to‘the Hawthorne fldids“are gtebeblﬁ, in turn, heated by conductive
and or convective processes aSsocieted witﬁwrelatively remote.iéneods bodies
| ‘in the subsurface;. There is geophy31ca1'e§1dence for the existence of 1gneous
bodies. Van WOrmer and Ryall (1980) determined that’ the conflguratlon P-wave
residuals in the v1c1n1ty of the Adobe Hllls 1s‘conslstent with avreglon of
partial meiting in the crust. Thiegregidntextedds tovthe northeast. -The
. authors also postulate an upper.mantle sopree'below,the Exceisior Mountadns.'
' !dPhenomena of this megnitude could eésiij ﬁtb;ide elevated subsurface‘temperé
atures necessary to produce heatinngithALimited"circuiation.offfluid at

depth. It would also explain the extensive areal distribution of geethermal

‘ The remote possibility of an intrusive igneous tody in the valley £ill

is suggested by certain patterns in the detailed gravity sutvey. Presently

there aré insufficient data to refute or confirm such a hypothesis.-d_”

Suggestions for Further Study

A considerable amount of information haS<been compiled from this study
regarding the nature and distribution of geothermal resources in the Hawthorne

area.. A better understanding of the dlstrzbutlon of thetmal fluids 1n the near

direct applications. Depending upon funding availability, several approaches .
could be taken incldding accurate temperature-depth profiles of all acceesible-
wells, drilling a deeber test hole (600 m) with accurate and deteiled litholo-
gic and boreholevlogging, and completing a deep electrical resistivity survei

that may provide a 3-dimensional picture of the distribution of hot waters.

.ﬁ‘ - o . L "v‘. 82 o

(<1509C) meteoric waters that have not experienced extensive high temperature"‘

surface (<600 m) is of primary 1mportance in siting future productlon wells for
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Table Bl. Temperature Probe Data ‘ . 1

Probe # Date of Measured Correction Corrected {
Reading . Temp (°C) . Factor Temp (°C)
1 27 Sept. 22.8 N/A , : N/A
2 27 Sept. 23.9 - : :
2 1 Oct. ' 23.75
2 17 Oct. 23.3
2. 3 Dec. 18.25
3 27 Sept. 23.4
4 27 Sept. 21.0
5 27 Sept. 22.4
6 27 Sept. 19.8
7 27 Sept. 21.0
7 .1 Oct. 20.9
7 17 Oct. : 20.6
8 27 Sept. 21.1
‘ 9 27 Sept. ©22.0
b 10 27 Sept. 22.3
11 27 Sept. 22.2
12 27 Sept. 21.1
13 27 Sept. 21.1
14 27 Sept. 20.5
15 27 Sept. 20.8
16 27 Sept. 120.9
17 27 Sept. 21.5,
18 27 Sept. 20.9 .
19 ' 27 Sept. 21.8
20 27 Sept. 20.8:
21 . 27 Sept. 22.3°
22 27 Sept. 21.2.
23 ‘ 27 Sept. : 21.2 .
24 27 Sept. 22.6.
25 27 Sept. - 23.3 ¢
26 27 Sept. 24.7
27 - 27 Sept. .. 22.0
28 27 Sept. 18.2
29 27 Sept. 18.9 .
30 27 Sept. 19.9 . N/A N/A
31 27 Sept. Probe Damaged. . - -
31 18 Oct. 20.25 +0.5 20.75
32 ’ 17 Oct.. 22.8 +0.5 23.3
33 17 Oct. 23.9 . +0.5 | 24 .4
34 17 Oct. 21.0 +0.5 21.5
35 17 Oct. 23.35. +0.5 23.85
36 17 Oct, 24.3 . +0.5 24.8
37 17 Oct. "23.65 +0.5 24.15
38 18 Oct. 21.8 . +0.5 22.3
39 18 Oct. 22.3 +0.5 22.8
40 : 18 Oct. 20.75 +0.5 21.25
41 17 Oct. 19.8 +0.5 20.3
42 No Station - . - : -
43 18 Oct. 24.0 +0.5 24.5
44 18 Oct.’ 23.3 +0.5 ° 23.8
+0.5 23.8

v 45 18 Oct. 23.3




Table Bl. Temperature Probe Data (Cont.)
Probe # Date of Measured Correction Corrected
‘ Reading Temp (°C) Factor Temp (°C)
. 46 18 Oct. 18.8 +0.5 19.3
47 18 Oct. 19.2 +0.5 19.7
48 18 Oct. 19.95 +0.5 20.45
49 18 Oct. 20.7 +0.5 21.2
50 18 Oct. 20.7 +0.5 21.2
51 18 Oct. 17.15 +0.5 17.65
52 18 Oct. 19.3 +0.5 19.8
53 18 Oct. 18.7 +0.5 19.2
54 18 Oct. 18.75 +0.5 19.25
55 18 Oct. . 21.6 +0.5 22.1
56 18 Oct. 22.55 +0.5 23.05
57 18 Oct. 22.75 +0.5 23.25
58 18 Oct. 23.2 +0.5 23.7
59 18 Oct. 23.1 +0.5 23.6
60 18 Oct. 23.6 +0.5 24.1
61 18 Oct. 24 .95 +0.5 25.45
62 18 Oct. 21.1 +0.5 21.6
63 18 Oct. 20.2 +0.5 20.7
64 None None - -
65 3 Dec. 16.7 +5.7 22.4
66 3 Dec. 17.7 +5.7 23.4
67 3 Dec. 18.5 +5.7 24.2
68 3 Dec. 17.3 +5.7 23.0
69 3 Dec. 16.8 T +5.7 22.5
70 3 Dec. 17.3 +5.7 23.0
71 3 Dec. 16.4" +5.7- 22.1
72 "3 Dec. 18.5 +5.7 24.2
73 3 Dec. 18.75 +5.7 23.95
74 3 Dec. 17.8 +5.7 23.5
75 3 Dec. 17.0 +5.7 22.7
76 3 Dec. 17.2 +5.7 22.9
717 3 Dec. 17.6 +5.7 23.3
78 3 Dec. 18.3 +5.7 24.0
79 3 Dec. 18.6 +5.7 24.3
80 3 Dec. 15.9 +5.7 21.6
81 4 Dec. 17.95 +5.7 23.65
82 4 Dec. 17.0 +5.7 22.7
83 4 Dec. 17.0 +5.7 22.7
84 4 Dec. 16.5 +5.7 22.2
85 4 Dec. 17.15 +5.7 22.85
86 4 Dec. 17.3 _ +5.7 23.0
87 4 Dec. 17.9 +5.7 23.6
88 4 Dec. 18.7 +5.7 24 .4
89 4 Dec. 17.9 +5.7 23.6
90 4 Dec. 17.5. +5.7 23.2
91 4 Dec. 16.0 +5.7 21.7
92 4 Dec. 17.4 +5.7 23.1
93 4 Dec. 16.4 +5.7 22.1
94 4 Dec. 16.9 +5.7 22.6
- 95 4 Dec. 17.4 +5.7 23.1
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The following comments concerning geothermmal resource exploration at
Hawthorne Army Ammunition Plant are based on the Supplemental Scope of Work
contract DACA05-81-C-0122. Tasks and paragraphs cited. below are referenced
to the 9 June 1982 edition of the SOW.

Three options are identified by the Army for geothermal resource definition
and assessment. In add1t10n to these, a fourth option suggested herein could
also be considered.

The first two options (4.2.3.3.1.5 and 4.2.3.3.1.6) are straightforward
drilling and hydrologic testing of the resource identified by the Nevada State
Coupled Program Geothermal Resource Assessment Team in their thermal gradient
drilling. No geologic exploration is required for these options; stepping out
from the existing thermal gradient hole should permit adequate resource testing.
Economic rather than geologic considerations should be applied in determining
between the smaller diameter well of Option 1 and the larger well of Option 2.

 Option 3, identified by the Army (4.2.3.3.2), and our suggested Option 4,
both require additional geologic studies. Option 3 is designed to provide
geothermal resource assessment within a small area adjacent to the ordinance
portion of the facility. Option 4, which would be dependent upon the allocation
of additional funding, would expand the study to look at the entire facility for
resources. Geoscientific tools for Options 3 and 4 would be similar; only the
area of study would expand. :

Geothermal Resource Assessment

Studies performed by the Nevada Resource Assessment Team in the Hawthorne
area would be extended under Option 3 to include the area of greatest direct use
potential near the community of Babbitt and, under Option 4, .near other potential
sites. The following tasks are a suggested exploration approach, modified after
Nevada team reports.

Geology

Geologic studies should emphasize identification of fault trends and channels
for the circulation of hydrothermal fluids. Low-sun-angle aerial:photography has
defined several northeast trending Tinear features near Babbitt, which have been
interpreted as recent faults crosscutting alluvium. Field checking of these fea-
tures should be done to verify their existence and determine, if possible, their
exact tract and amount and direction of displacement. More detailed surface geo-
logic mapping of alluvial deposits, based upon recently completed studies by the
U.S. Geological Survey (Stewart et al., 1981) should be accomplished within the area
between Hawthorne, Babbitt and the. Wassuk Range front to the west. This mapping
would be expanded under Option 4. Intrusive formations within the Wassuk Range,
peripheral to the study area, should be mapped with emphasis on faulting and
fracture or joint orientations, which could be used to aid interpretation of buried
geological structures under the valley. Alluvial deposits within the valley should
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be mapped with emphasis on geomorphic features that may be related to Quaternary
faulting, and identification of any zones of hydrothermal alteration. Variations

in surficial deposits (if any) and surface alteration should be noted from material
encountered during drilling of the suggested 60 2m test holes (Option 3) for shallow .

thermal studies.

Geochemistry

If appropriate wells in addition to those sampled by the Nevada Team can be
located in the study areas of Option 3 or 4, fluid samples should be collected,
analyzed, and the results integrated into the hydrothermal system model.

Geophysics

- A 2m temperature probe survey consisting of approximately 60 stations (Option 3)
at selected spacings within the study area should be completed as originally pro-
posed in the SOW, in order to augment similar studies already performed by the
Nevada RA team. A greater number of 2m test holes would be required if Option 4
is selected. Detailed gravity studies might help in defining subsurface geologic

structures.

A deep resistivity survey could be used to define the thermal aquifer. It
could be referenced to wells that penetrate the aquifer. Approximately ten line
miles of survey within the Option 3 study area should be designed to cross sus-
pected buried geologic structures and penetrate to depths from 1000 to 2000 feet.
This study could be expanded to cover more of the valley if Option 4 is identified.

Test Drilling

Deep thermal and hydrologic regimes should be evaluated by one or more deep
test holes. The Nevada RA team has proposed upder Option 3 additional testing by
drilling 600 m (approximately 1970 ft.) to obtain pertinent data related to the
geothermal system. Multipie wells might be desirable under Option 4. The exact ;
location(s) of the deep test well(s) will depend on the results of the previous '
geological and geophysical studies. Detailed 1ithologic logs should be compiled
from the cuttings and analysed in conjunction with a standard suite of downhole
geophysical surveys. Test holes ideally should be completed in a manner such
that thermal gradient as well as hydrologic data can be obtained.

Model Development

A11 data should be integrated to develop a conceptual target model for the
geothermal resources of the study area. Stratigraphic and/or structural controls
of the geothermal system should be defined by the proposed exploration methods
such that design and location of production and injection wells can be facilitated.

_ Geologic programs for Option 3 and Option 4 could be scoped in area and cost
to accommodate available funding. Additional exploration techniques are probably
not required, but more thermal gradient holes and deep resource test wells could

be drilled if more funding were available.
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