
_ . ...-.0" 

GL04400 

A,L 901 MENDOCINO AVE 
Ge08 :narm!E~ BERKELEY, CA. 94707 

JAMES B. KOENIG (415) 524-9242 
MURRAY C. GARDNER (503) 482-2605 

GEOTHERMAL POTENTIAL 

OF THE 

QUEST LEASEHOLD 

DIXIE VALLEY, NEVADA 

for 

Dow Chemical Company, U.S.A. 

by 

J.B. Koenig 
R.W. Greensfelder 

C.W. Klein 

GeothermEx, Inc. 

Decem~e r, 1976 



h 901 MENDOCINO AVE. 
Geo~' ermEx BERKELEY, CA. 94707 

JAMES B. KOENIG (415) 524-9242 
MURRAY C. GARDNER (503) 482-2605 

GEOGRAPHY . . • . . . 

Physiography 

Climate .. 

Land-Use 

GEOLOGY AND GEOPHYSICS •. 

Regional Setting 

CONT ENTS 

Lithology and Stratigraphy 

Structure •••••••• 

Seismicity and Quaternary Faulting 

GEOTHERHAL FEATURES 

Surface Phenomena . 

Temperature Gradient Survey • 

GEOTHERMAL POTENTIAL . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

CONCLUSIONS .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

RECOMMENDATIONS .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

REFERENCES CITED 

-i-

2 

2 

2 

3 

3 

5 

5 

5 

5 

6 

8 

8 

9 



-t'., · ... 

" ~ 

( 
',-

901 MENDOCINO AVE. 
Geo~herm !E l{ BERKELEY, CA. 94707 

JAMES B. KOENIG (415) 524-9242 
MURRAY C. GARDNER (503) 482-2605 

LISTOF ILLUSTRATIONS 

Plates 

1. Location and topography of Quest leasehold and vicinity, Dixie 

Valley, . Nevada (1:250,000) (separate) 

2. Geologic map of the northern Stillwater Range, Churchill County, / 

Nevada (1 : 62,500) (separate) 

3. Geologic cross section through Dixie Valley and the Stillwater ~ 

4. 

5. 

6. 

7. 

Range (separate) 

v 
Depth to bedrock from seismic refraction data, Dixie Valley, 

Nevada (1 :250,000) (separate) 

Depth to bedrock from seismic refraction data, northern Dixie v 

Valley, Nevada (1:62,500) (separate) 

. ~ 

Aeromagnetic anomaly map, Dixie Valley region, Nevada (I :250,000) 
(separate) 

Depth to magnetic basement, Dixie Valley, Nevada (1:250,000) 
(separate) 

8. Aeromagnetic anomaly map, Dixie Valley regioq, Nevada (1:250,000) v 
(sepa ra tel 

9 . Bouguer gravity anomal~ map, Dixie Valley region, Nevada 

(1 :250 ,000) (separate ) 

10 . l-Iap of in terpreted su bs urface st ruc t ural features, Dixie Valley , ""'--

11. 

Nevada (1 : 250 , 000) (separate ) 

Map of Qu a t e rna ry fa ul ts, northe rn Di x i e Va ll ey , Nevada (1 :62,500) ~ 
(separate ) 

- i i -



_ ,'·1 
h 901 MENDOCINO AVE. 

Geot ermE}( BERKELEY, CA. 94707 

JAMES B. KOENIG (415) 524·9242 
MURRAY C. GARDNER (503) 482·2605 

LIST OF ILLUSTRATIONS (Continued) 

Plates 

12. 

13. 

14. 

15. 

Map showing Quaternary faults, seismicity, and springs, Dixie 

Valley region, Nevada (1:250,000) (separate) 

Map showing temperature gradients and other geothermal features 
y-/ 

(1:62,500) (separate) 

Schematic model of hydrothermal convection and temperature gradient, 
~. 

Quest leasehold and vicinity, Dixie Valley, Nevada (section in 

plane of frontal fault) {attached} 

Schematic model of hydrothermal convection and temperature gradient, v/ 

Quest leasehold and vicinity, Dixie Valley, Nevada (section trans-

verse to frontal faul t) (attached) 

- iii-



h 
901 MENDOCINO AVE. 

Geot· ermEx BERKELEY, CA. 94707 

JAMES B. KOENIG (415) 524-9242 
MURRAY C. GARDNER (503) 482-2605 

TABLES 

Table 1. Description of basement rock units, northern Dixie Valley, ~ 

Nevada. 

Appendix 

1. 

2. 

3. 

4. 

APPENDICES 

Geothermal Resources of a Major Lineament in Northern Nevada ~D 

(attached) 

Geology and Mineral Deposits of Churchill County, Nevada 

(separate) 

Historic Seismicity and Faulting in Dixie Valley, Nevada 

(attached) 

Drilling, Lithologic, and Temperature Logs, Northern Dixie 

Valley (separate) 

-iv-



JAMES B. KOENIG (415) 524-9242 
MURRAY C. GARDNER (503) 482-2605 

Physiography 

GEOGRAPHY 

901 MENDOCINO AVE. 
GeothermiE:x BERKELEY, CA. 94707 

Di~ie Valley is a low basin with interior drainage, and is flanked 
by t\oJO fault-block mountain ranges, the Stillwater Range on the west and 
the Clan Alpine Mountains on the east. Topography trends northeasterly. 

Located in Churchill County, the leasehold includes parts of Dixie 
Valley and the Stillwater Range, and has a total area of some 23 square 
miles (Plate 1). It includes the Humboldt Salt Marsh, topographically the 
lowest area in both Dixie Valley and all of northern Nevada. 

Elevations range from a low of 3,380 feet in the salt marsh to 6,000 
feet on the east flank of the Stillwater Range; elevations rise to over 
7,600 feet along the range crest, about 2 miles west of the leasehold1s 
west side. Relief along the range flank is very steep, with slope grades 
exceeding 50 percent. Slopes on the al.luvial fans at the base of the range 
are gentle and become flat in the marsh. 

Drainage is toward the east, into Humboldt Salt Marsh. All streams 
are seasonal in nature. Although the marsh is indicated as dry on topo­
graphic maps, it is frequently wet just below the surface, and sometimes 
covered by VJater. When wet, the marsh is a treacherous bog of 50ft, sticky 
mud, and vehicular access is then limited to small, light-weight, wide­
tired vehicles. 

Climate 

Cl imatically, the area is cool and semiarid. Mean annual temperature 
is about 50°F. Mean minimum January temperature is 16°F, and mean maximum 
July temperature is 90°F. These values characterize the valley, and be­
come cooler with increasing elevation in the mountains. Annual precipita­
tion is about 5 inches in the val ley; most of this falls as rain during 
the period October through June. 
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Land-Use 

L ~ 901 MENDOCINO AVE. 
Geoinermrc:x BERKELEY, CA. 94707 

Access to the area is from U.S. Highway 50, from a point about 40 
miles east of Fallon. From there, one drives 36 miles north on paved and 
well-maintained dirt roads, passing by the sett'ement of Dixie and several 
ranches. 

Economic activity in Dixie Valley is limited to some raising of cattle 
and feed. No mines currently operate in the area, although the Dixie Com­
stock mine, near the center of the leasehold, produced some $293,000 in 
gold, silver, and lead during the period 1934 to 1941. 

GEOLOGY AND GEOPHYSICS 

Regional Setting 

General geological and geophysical features of northern Nevada were 
described in an earlier report for Dow, entitled IlGeothermal Resources of 
a Major Li neament in Northern Nevada, II ~..,h i ch is included here as Append i xl. 
The reader is referred to it for description of the larger region. 

In terms of its Late Cenozoic and contemporary volcano-tectonic 
setting, Dixie Valley is part of a uniquely situated area. This is formed 
by the intersection of the northeast-trending "northern Nevada lineament" 
(defined in Appendix 1) and the north-trending belt of intense historic 
faulting and seismicity that extends from Owens Valley, Cal ifornia to 
Pleasant Valley, Nevada. Thus, Dixie Valley is presently an area of quite 
high seismicity, active extensional faulting or rifting, high-temperature 
geothermal manifestations, and relatively intense late Tertiary silicic 
volcanism. 

Seismic refraction data (Thompson and Burke, 1974) indicate that 
near Fallon the crust is only 24 km thick, which is the smallest value 
reported in the entire Basin and Range province. This fits with the concept 
that Dixie Valley is part of the area of most active mantle spreading and 
crustal rifting in northern Nevada. As such, Dixie Val ley is thought to 
be an area of high geothermal potential. The geology of the Dixie Valley 
area has been well described by Willden and Speed (1974). Their report 
and map of Churchill County, Nevada, included here as Appendix 2, provides 
adequate regional geologic coverage. For the geology of the leasehold 
itself, Pagels (1965) map of the Stilhvater Range provides more detail; 
his map, enlarged by a factor of two, appears as Plate 2 of this report. 
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Lithology and Stratigraphy 

901 MENDOCINO AVE. 
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Basement rock in the northern Dixie Valley area is comprised by sedi­
mentary, very low-grade metamorphic, and igneous rocks of Mesozoic age. 
In the leasehold and vicinity, these are chiefly Triassic slate and phyll ite, 
and Jurassic hypabyssal intrusive rocks of gabbroic to dioritic composition, 
as well as their extrusive equivalents which include flows, tuffs, and 
breccias of basaltic andesite. Minor quartzite, quartz arenite, and lime­
stone occur within the basement complex. Younger basalt and andesite flows 
and breccias, and granitic rocks have limited outcrops, and very uncertain 
age, ranging from Middle Jurassic to Miocene. 

Major basement rock types are described in more detail in Table 1. 
The Upper Triassic slate and phyllite, mentioned above, occurs in the: 
Stillwater Range, but its time-equivalent in the Clan Alpine Mountains occurs 
as an unmetamorphosed facies of siltstone and mudstone. The facies change 
must occur somewhere beneath Dixie Valley. 

Younger rocks are made up chiefly of Tertiary volcanic units in­
cluding tuffs, breccias, and flows of rhyolitic to basaltic composition. 
Their ages are uncertain, but range from latest Oligocene to Pliocene. 
Non-marine sedimentary rocks and tuffs are interbedded with the volcanics. 

Youngest materials are the largely unconsolidated Quaternary basin­
fil I, composed of sand, gravel. silt, and clay deposited in lakes and 
streams. 

Structure 

Dixie Valley is a complex graben bounded by t~.."o large-displacement 
faults on the west, and by many sub-parallel, smaller-displacement faults 
on the east. Faulting was accompanied by westward tilting of the major 
fault blocks (i .e., ranges). The Sti llwater Range is a major horst: depth 
of Cenozoic fill has been reported to reach 8,000 feet in Carson Sink, on 
the west, and 3,000 feet in Dixie Valley, based on seismic exploration. 
These features are shown on Plate 3, which incorporates results from geo­
physical studies, as presented below. 

From their analysis of displacements on Late Cenozoic faults and 
of Pleistocene lake shorel ines, Thompson and Burke (1974) concluded that 
the crustal spreading in Dixie Valley had an average rate of 0.4 mm/yr over 
the last 15 m.y., and 1 mm/yr over the last 12,000 years. 
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Table 1. DESCRIPTION OF BA~~lT ROCK u~ITS, 
lWRTHERt'1 DIXIE VALLEY, HEV A1>A 

'<_I Jdg _ Upper Jurassio gabbroio and diori tic roo1(s consisting of hornblende 
gabbro, diorite, picrite, anorthosite, dolerite, ker~ophyre, and 
gabbroio pegmatite. R. C. Speed considers the oomplex to be a tab­
ular mass, probably a lopolith, emplaced at shallow depth (probably 
less than 2,500 feet); thioknesses shown on this oross seotion are 
based on Page (1965). Commonly thes~ rocks· have been prof20undly 
altered, e.g. albitiZied and bleached 't'lhite or dolomiti~ed, lacking 
original minerals and texture. 

R s1 - Upper Triassic slite and phyllite. Slaty' cleavage is approximately 
parallel to bedding exoept in axial parts of folds. Recrysi'ialliZiaiiion 
is: generally only incipient. Some of the slate sequence c'ontains 
auundant fine-grained feldspathic quartzite. interbeds; from 1 to 35 
inches thick. Generally, the quartzite beds are thin end 't-ddely 
spa.c:ed. Parts of the slate sequenoe are interrupted at inte~s 
by linestone beds 1 to 60 inohes thick. Ilia.:ny of the carbonate rock~ 
are calcarenites, some oontaining limestone conglomerate and bioclas­
tic material. The 10'l'Ier part of the section is actually not slate 
but,rather,silty Shale that locally contains flinty streaks and no­
d:u.les; many thin limestone beds occur in this unit. The strati­
graphic thickness of this section cannot be measured because of com­
plex.deformation, but is estimated at 5,000 to 10,000 feet. The 
silty shale unit is abou.t 500 feet thick. (Description from Page, 
1965) 

R s Upper Triassic siltstone- and mudstone whioh may be more than 20,000 
feet thick. Upper subunit is 301~ to 50% intercalated limestone a...'"ld. 
dolomite, and middle subunit is more than 90% siltstone and mudstone 
l~ith 10% sandstone, limestone-, a..-rl.d oonglomerate. The middle unit 
probably predominates along this cross. section, and is probably cor­
rel8,ti ve vlith the ~sl unit in the Still'l.·mt er Ra...'1ge. F!o~·rever, in 
the Cla.."rl Alpine 1Iountains:: it lacks the slaty cleavage ,,;hieh is per­
vasi ve in the Stilhrater Range. It may be more than 20,000 feet 
thick in the Cl&"rl Alpines. 

Date fror.t Page, 1965, and Hillden and Speed, 1974 
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Detailed geophysical studies in Dixie Valley were conducted by 
graduate students at Stanford University during 1964 to 1966, and published 
as GeophysioaZ Study of Basin-Range Struotv~e~ Dixie VaZZey Region in 
1967. This work was under the direction of Professor George Thompson, 
and was sponsored by the Air Force Cambridge Research Laboratory. Studies 
included an aeromagnetic survey (Smith, 1967), a seismic refraction survey 
(Meister, 1967), photogeologic mapping of Quaternary faults and Lake 
Lahontan shorelines (Burke, 1967), and analysis of surface strain changes 
accompanying the 1954 earthquakes (Meister et al., 1967). Results of 
this work show depths to major geologic units and distribution of Quaternary 
faults, and are presented here in Plates 4,5,6,7, and 11. 

Aeromagnetic (U.S. Geological Survey, 1972) and Bouguer gravity 
(Erwin, 1973) anomalies of the Dixie Valley region are shown on Plates 
8 and 9. Detailed gravity and ground-magnetic surveys of the leasehold 
and vicinity were carried out for Dow during November 1976, by Edcon Inc. 
The final report and fully reduced data were not available at this writing. 
However, preliminary gravity data show a rather uniform gradient of some 
10 to 15 mgal/mile through leasehold, parallel to the range front. This 
suggests that normal faulting may be restricted to a single narrow zone, 
rather than being spread over several step faults. 

Subsurface structural features interpreted from all geophysical 
data are plotted on Plate 10. Major conclusions concerning the structure 
of Dixie Valley are as follows: 

(1) the valley is a deep, assymmetric graben with maximum sub­
sidence along its west side; 

(2) normal faulting on the west side of the graben has been con­
centrated in a narrow zone relative to that on its east side, 
where down-dropping is spread over a number of step faults; 

(3) maximum depths to Tertiary volcanic and Mesozoic basement rocks 
are 3,000 feet and 7,000 feet respectively; 

(4) in the leasehold and vicinity, Tertiary and Mesozoic bedrock 
surfaces deepen toward the east at rates between 2,000 and 
4,000 feet per mile; 

(5) a gabbroic 10p01ith (Jurassic) is present beneath northern 
Dixie Valley, and may have a thickness of 2,000 to 3,000 feet 
beneath the ieasehold. 
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Seismicity and Quaternary Faulting 

h 
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Seismicity for the period 1970 to 1974 and Quaternary faults are 
plotted on Plate 12 . . Details concerning historic faulting and seismicity 
are given in Appendix 3. The data indicate that Dixie Valley is an .area 
of very active crustal rifting, and that fault displacements from Miocene 
through historic time have been concentrated along the west side of the 
graben. 

Recent seismicity in this area is largely confined to the zone of 
faulting that developed during the 1954 earthquakes, and decreases abruptly 
north of the northern termination of that zone. This suggests that much 
of the resent seismicity comprises continuing aftershocks of the 1954 
earthquakes. 

GEOTHERMAL FEATURES 

Surface Phenomena 

Dixie Hot Springs are located near the south edge of the leasehold, 
and have a reported temperature of 72°C and flow of about 200 £pm. The 
"Senator" Fumaroles, which discharge warm air and water vapor as well as 
some H2S and sulfur, are located along the base of the Stillwater Range 
12 miles northwest of the Bar A Ranch. Near the center of the leasehold, 
intense heat and hot water have been reported in workings of the Dixie 
Comstock Mine, at depths as little as 75 feet; this is said to have hindered 
operations there. 

Clearly, geothermal fluid s are leaking to t he surface along faults 
that bound the east side of the Stillwater Range. As discussed below, 
these fluids a re probably me t eoric water heated by deep ci rc ula t ion within 
fault zones . 

Tempe rat ure Gra di ent Survey 

A tempe ra t ure g radient survey of the leasehold and v!c!nlty was 
con du cted for Dow dur in g t he mont hs of Oct ober an d November 1976. Fourteen 
we I Is were dri l l ed a nd l ogged, each to a depth of 300 feet. In addition, 
two pr e- existing weI Is were logged . The original p l an of operations cal led 
for the dr il ling of twenty we I Is, but six of t hese were de l eted. 

- 5-
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Lithologic and temperature logs are included in Appendix 4 of this 
report. Temperature gradient values are plotted on Plate 13. As no wells 
penetrated through the alluvial cover, there are no important 1 ithologic 
variations to report here. Temperature gradients shown on Plate 13 are 
taken from the most linear portions of the observed curves, generally at 
depths from 100 to 300 feet. 

Temperature gradients observed along the base of the Stillwater 
Range vary from a low of 39°C/km (2 miles south of Dixie Hot Springs) 
to a high of 308°C/km in an old well near the Dixie Comstock mine. Gradients 
decrease rapidly away from this high, dropping below 100°C/km within 1-1/2 
miles and below 50°C/km within 2-1/2 miles. 

Lowest gradients occur near the mouths of Mississippi and Whiterock 
Canyons, which have relatively large drainage areas; a stream was flowing 
in the latter during the period of this survey. It is possible that shallow, 
lateral flow of cool ground water contributes to these low gradients. 
However, except in hole 13, gradients were all quite 1 inear below depths 
of 75 to 150 feet. Hence, the data suggest that such disturbances must 
have been very small. 

GEOTHERMAL POTENTIAL 

Temperature gradient data, and the distribution of hot springs and 
fumaroles, indicate a periodic variation in heat flow along the front of 
the Stillwater Range, from Dixie Hot Springs on the south to the Senator 
Fumarole on the north. This apparent periodicity is most strongly in 
evidence as far north as Whiterock Canyon. Highs occur at Dixie Hot Springs, 
in the vicinity of the Dixie Comstock Mine, at the hot well 2-1/2 miles 
west of the Boyer Ranch, and at Senator Fumarole. These alternate with 
lows that are documented from south of Dixie Hot Springs to Whiterock 
Canyon. Overall, the pattern suggests a series of hydrothermal convection 
cells spread along the frontal fault or fault zone, as diagrammed in 
Plate 14. 

The maximum depth of convection, and the temperatures at depths 
from 1 to 3 km (3,300 to 10,000 feet) are not easily determined from the 
shallow gradient data. Nevertheless, these are estimated in the following 
discussion. 

Average temperature gradient for the 14 holes observed is 74°C/km; 
modal gradient is 70° ± 10°C/km. Therefore, "background ii geothermai gradient 
in nnrthern Dixie Valley may be nearly 70°C/km. This is about twice the 
average gradient observed throughout the western (Cordilleran region) 
United States_ 

-6-



r~'~~',' (::.-
,('7 ' \ , " 

. . r"·· : :';' ' 1· "'. \ . U i li ': T': ; :";"'l' " ":1" 0-: ,1-' ""'1 :"" I :: :~i " 1 -~~1 -.: 
! : .1 , , . . .... " "i l' j . :. ,.' .1' :1 ' ,I ,.' ::' .' ! .':'" . ~ , . : "'. ' I:. 'i' - :·-1 "'k ! . : ~ : .. :- --l :-- ... .. ~ ;.. l~" :_'~L ~ Fr: -;. ' ; y: , : 1' :, ': ' . 1::·,:J ",t .. [ 

!: t : .p til ' Pi ! ! : I ! . S 
! • i ' 0 till '1 ' 1 '<1 $:1 I '1 0 
, ., . 1Ils:l I III 0 I 1 0 , . , I --' .~ .... , , . 

.. I " ! Q)'~ , .rl S i" - j . . ; Q) ~ I e : I ' . 
, 'Q Pi I til I'll I,.:. .r-! -r-! I . , I 
I , ',, : . " 1 1 ' 1 ' i" .' , ' . U? . . I I j ' : . til ~ I I . H ~ . I : ! 

I .r-e l' . 'ri ' . " . -,..j ! ' :' ~ " "I 

SOlJIlHWEST A ; .. .. · ' ·-;· ·- -. ~~ , " LEASEHOLD :- . R .. .. , . . . ~t1-, .. ;q-.~ ',~~" ~U.t{,l'.I:il!iAS'+' "1-:'1'" ' \";,": --'1' ,T;--;'~i , l ' " 
I . ., I ! ' , . . : I"' '1-: . '1':' ., I I i " , 'I '1' .1 :. ·i,; · , "'I ., \:". [, 1' 1,' .11 " ,I ' , ," , ', : I, , · 1 . , I . , ,, I . . , ,,, .. . .. , .. . , . . . . . ! . . 1"1' . , I ,. '" "1" . ' : ' I · I , " • : "1 l ' I I''' ' '1 . . , . , ,, I ' I '1 , , I . . . . . " , .. I . I ' I ' ' '' , " . , ' . ' , . I ' ' . , " . , ' . I " ,I" .. ,. I ,. " I 'I ' I: ., I: ' ,. , ~ . I ' : f! , ' ," i ' ,' , ~ 'I ! I ( II ! " l ' " 

, " " 17 ~~ V:i ';~i" : j';~i~:~ :· · ·,'.·: ;"T ~: ! 
I ',! I i i ;. i "1 I I ' .," ,i, i ' [" I ' ;i l" :l l':'''I':': !!: 'j' . . i :: " '1 ;l)1 
' I " 1 . ' l' 1" , : : ' . , I ' I ' , : : I ! : I , , '1 ~ ; : : ! ; I :: ':' , I ! ~ • : I : ;: 1 I ~ : 1 : . ! : ; " . ' > : : . ; ! 

1

--· __ .. J._ ., .. . , " . .. 1 . .. , . .,,' I .. I .. · '1 "1. \ .... 1 •• 1 . ..1. .. "1 ....... -1 .... '\ .. , .. , .. .. , .... . 1 • • 1 • "I 
' ,,, , ~ , ;:, ' ;: 1 ; , . ! I r ," . ' ;, !! . ; : ! , ! I I ,. : " , l •• I 'I II. j 1 Ii, I ' . i I " :. , ~: ~: ,; ,; Ii i ' It; . \ ' ; , . . I ' ' . : 
. I .. . " •. ,. , .. . , .. I ' I ' , : ' I· " " · 1 ,, , I' '" . , .. 1. ' ill ' " .. ,. , " " '1 . ', . , '1" . . . "'" , . . ' . ,,, . . . ", , " I " ' " " , ' , .. . , . . . ., .... .. . , '" .. " 

,,' " " . ..,. .. . i" "': ' I ' I I '1 I' .. ,' "." ,. I" , .. I: I" "I" ·1 " .. . ,. ' ," '" i , .. " . I I , .. ... : '. ! '::, ,;' . " 1' ;1':1 ! I ' ' I.' ,'; : ' , ! 11 '1' I .: r i 1:1!';t "1 , ' , ' : . ; , :!: "I ":' ; " 
t ' 1 •• • "" " ' ,I , I " . ! : ' " r . I " " . ' , I ' , 1 , , I '! ' , , I' " ; I • I· 1 I; ' .' !', ~ ! , : • 

,...... . I. i __ ~_ - .. - ~- -1 -- 1'·- ,-" ... ..:' ._J .. .J - :1 ~'I·:~· ! ··c. .1: .. ' - ~~4 J'':': r :'' L ! I':' . · ! 1::.: .· 1 · : ·- ' ~':~ : .. . :.-:·, .... ~+ .. . :"<-... J. !, : , :.:] 
] : l , II, ! ' ,. ' " I 1',' , . 1 , I I 'I '" . " .'1 , i,' ' ; " 1" 1 I "~ ,I: , .. ,' . 'I:" ' j ::. : .. :, : j li .. I' ::' ;" :. " I .. , , 'I' I I'" , ' I ' '. " 1" ' 1 'II' " ":' " ',!:I': , ,, . , . : 1. ,,, : : .. ,' " 1" , . " .. I' . ,I , " " 1 • I , I • , / t I ' " . ,'1 , " 1' : ' ,'. ' ., .. ' ., ... ' " ' , I 

.. I . . 1·--, 1, .. -- .. . , . ,-- I ,L-- . . -- ' I' I' ,. ,I ,-.... '1" '1 1, ,- • -- - -- --- ·i'1 ··'·" ''''!·'--'' ·' .. ,. "':,. " ' ~"' '' '''' ' ''' , ~ ~ ., . . I ,., o · .. I ' . . , ' " I " " " 1 • "1'" " 'I" ' .. I" I I " 1"'1'" --, ,'. I t 1 'I " 1, , ! ' I , ' I' , . , I " ' 1 I ", 7 ' I " ' . t I':. : ;; " ' , ' . " " ." , . ; I 

. - ,.c1 ' . : : ~: ~ .. . .~I--: : ·I --I ~ il'- ; ~ -. ~ !~ I:JOOt 1," . ; ~~ ' : .": ii:i · I ~~ : ; :; ,~ : 'il ~ ' : i;j;~~~'T!'~t-~h ~ '~' ~ ;' ~ ' : 1'~: ++'!~;~H·:-:-r f ·: +::: '·J·: c · i · ':·;;~: ~ :'+h·:~ :·~ l 
. 1-'-'> ' / " ! I I II, " I· I II " ., " I 1 ' I, II ' ., I i"I ", . '1' 1 ,I· I·I! '!'·' 1' ''' 1' ' 1' 1'' ' ' " " ., ,. " ,I,,: ' 1 " / . ' ;"'1" I T"' , ,Ii ' ' , " , . , ' , , . , 'I ' f 'I" , , , • ' . I , I "1' , il l " .. ... t , • . , I . ,: ' . t " , • •• . P I . I '1-1'."" , . . , 1'1 . " .. I , - ., 1-' I· .. . . [ . . I· . '"~ [ .. ,I .. , '. , .. , " .lrl·" · .. · .. ,, I:,·I·'·-·'· --.. " ,; 1'''''''' :1 ''' ' ''' ' { T' _.' I . "., ' '' ' T ~ I ' I , . , 1 I 1 '1 I I, " , I , , I ' . I , r I , , I ·. , , . "" ' ,' " I , t " I' i" , ' " j .' " , , ' 

'Q) " , I II ' ' " : , " I I I .. ' . I , , ;' 1 ) I' . '?' :"I ' L: ; ! :,' I I ; 1;::' " , "l, ' i
l
! ': , 'I , : "" I

,..., · 2 ' ., . I ' " l , · . I I 'I ' " i i ' '1' 2 " 1 "I ' ", , 
t-1 . . .' ,. - ' . I '. r-- ,I . ,., /. - \ • ~ .... ~ •. ,. ' ~'" ' I' " ' . . ' " ,_ I " ' I' ~ I ' " ," . _, ." ' , I '! "~ I 1 I I ' , I , t , ' I , I ' I' , ) 1 I ' II 1 '1' ,' I ", I I I 

i II' I ',1. 1 il" i 'i'" I ' , 1' 1'1,1 :" 1: 1 , 1,'1,':11 \ ,I ti l , I ,.' !' " 1, I ' , ' I" , I " " ~ I ,I Ii "i' ! I I , I i, II" II'!'I ' I, , !; 'I'I :Ii:' ' i ' I " , .1:',' 1, I i:, , I 
T, , 'I I ' , . ,"' " ! ., ' I ! I ' . 1 ! ! , " : " !. j I I: I' " !.! I I ! I " I , i ; I , ' I ' . ' .t I! ' " ~_I ' ,! I I , ,I [' I i! , : l! I ' ! ' I. i: i i , ' ,: . : I .' , ' : I ' . ' 
I I '1' ' I ,' " J . I I i I : I I", I' , j' i I 1

1'1' I' , i ' I 11,1 .. ' I : [, I I ": ' " : I :" '111,1 1,' tI ·,': III, I. i' i'II" ;,' 'I' "" '1' i I I . ' Ii 'I' 'I" , :. : II: ': ,.. ", I , I . ' : ' I , , 'I '. ' " I ,: 1 , ' I , I 'I ' ! " ,, ; I ' , 1 !' " I : ,I ! 'I, I I II I ' , I , I I : : . , t r , i , I ' ! ~ : I . I: , 'I ' , ; , " , I : , " ,. _ .1 . ______ .1.. -1" -"" ,. -~ - - ''''''--I--'-!-' I .. 0 " - - . " . ,. f I I .. . . . . r .. .. -. .. 1 .. II' '- I " ,1..1 ' I' . I r . •. - -',.4 ' ... j-,,1., "I' - ', - , , ., l' , .,. ,- . "I ' I' " I I' "1' I 00 " . I ' " . " I" " "1 ,· II ' " I" ., ! ' I ' I" , . I " " 
I · '. I' I' , . 2. I ' / ' ',, ' , 'II " 'I " ' I ' . " '1 I ' " " , I " " , I ," , i l , ', ' i , ! , ; . I "I I", I , . t I I 1: ; , , ' . :11 t , ' "L 1,lj ' I I ' I" , 1" ;1' 'I ', " , 

" . . ,, -- I. " 1,·1 . . , ·1·' I .. \ .. [ I. ,I ' ., .. I ., I· .. I' " I 'I \ . [ . . ' 'I ' I' 'I " 'I . ' I J'" I · I" I~ " I'll' ''' I.LiI''''t' I·' II '" f' -1" '" 'r -I '" j "" . " , . , I ," I" " . I'" I " " ", I'"' ' ' I I'" I" ,, " ~ I " '" ·1' ,' 'I'" . . I' .' I' I " ', 1 " r j '11 I' I "" ' 1 " I'" I ' ; , I 1 I " , I , I " I I J I , I I I 'I " ' II ~ I " 1 I .1 , 1" "" I 'I' I ' I I . ' . " I 
,. I, .Il:! .. ',, [ , ,' . / " . " _ ' :' ~..!... t " .., " , ...... ..! 1 "- ' , 1 , ', I,I ,, ' ! I' I' I , " 'Ij . " '; ' ,1' I, L , , ~, I : " I : . 3 -1--

1

-- .--- -- - .1----.1- .- ~., - .. 1- ,.- ._-- .--.. - ----- . .. -'-- --E-- ...... · 1-.. -- .--,-- 1+,._., .. L-·-I· ... .I-- .. -3--.·- .. ··· ..... ·-· · ·!·-, '-- 'l"'" '-' '' -'~ " : ~ I:' t ' I " J , .. , ' ; 'I! " I .: '" ' l'. I I " : I I' !, j ' i i , ,. I I J I ' , I : I , I '1 I j l.; j' " J ' II ; I! ,I I 1 'I I ' ~ ::':: I I J.: ,. , 'II' I i l ' I ' 
! , '. ! r, , r , I " ,,! I 1, , ." I " I I I' I ' I I ', ' I , ,' I " I I! \" I ! II ,., '" I, ,J I , " 'I 1.1 t r '1 ' 1 " I" I 

I ' . .. "1 -- ' .1 1- 1--': 1"~f ~:·' I ,- · ,- I-- -- :, .. -t:~' ·'- - · I '·~ i -:.: I :·0~'1 ,~.j .-L_
j
' '.", -- " '· 1" .. : .. I -r 1 ' . . JI " 1 -'·: I ~·J" c- II,.l, .. L)_ .. ,'~L!,,'J U I · · ~~c"I " I ' :":'L:.". ! " , - ,- i': ' :'I < :-: ~::r" ~" 

, I I 'I ! I, I j ' ,1 ' "1 , I '1 'l i ; t l ' ", ' II t t II I . ' 1 ' ,'1 . '1': I : I Ll;' , ;,, 1., I I 1" :1 1 '1, i-I"I 'I ' " Ii' I :' ,' ! ! I I I 'I ' :: :! '!,'! , ,'j ' I 
' I ' ' - l' I I I I! j ' I ' ~ I , I .' 1 " ,I ' "I I ' " , , I " " , ! , ' I J I I 1 I ' , , I . I ' .I ', I j I ' , ! 1 I f I , ,.! " ';I I . : I , I ' l I " '1'" .-~~ . :C';- . : . . , ' . ' : ' . " . ' : . " " ., ' ., ' , ~ , . I , . :r'+.:.;:--i:..f;-';.~,.~;-;-;-!;7-. i ~~i~J--:-;!i- -'-'.: ...: .: ' ,.' , . " , , I I" , .. ~ I .' ~ "" 'I' , "., ,'I I TI ' "J ' ,. 1 I . I I . . I ,1·1 1 ,-" I .·r" " 2 ,., , 4 I. I ' " " 6 . I .. , .! .. I " 1 ' ,. , , 12 .' , I" 114 ,d, " " I 1 " Ikrri " ,.,1 1,,1!.f11 1 " ,I,. \' , ,I I , . ,[ " I ' ., 

: " II, , " ,', , ",' . , I ,' , ! ' , ! , " 11' "', I ! '" 1 1 I " " 'I I" .L. I . . . . . .~ ·1 I .. j ·'W---·.I· l ' ! .-'- - - ,., -" '1'- ' - .- '- ', ... ---'1---I" IJ -- .. .. . - ---. "-'-1 -' 1' - 1·- -- I. r· I·- ·1 " ' 0- ' r"--I'" . 1-+- .'-.J r·- I ~-·"'·I·II- - · .. I .. I .. ,+ L -i I' ... \ I"', , . 'I ' , ,, , I . I ' " ' " ... ' I"" " I ' \ " '1' I' " " I ''' ' 'I' '1 I' "I"'" '1 ,I. " ,., I I ""j' ,,: 'I I " "I. I , ,' , I I L 1, 1 ' ' , I , , \" I " '1 '1 ' ' I J ' I' ,I ' I 11' J'" ! - I " "' j il l ' . 11' , 'I ,r , I ' I I I " ' I 'I ' , ' 1 I '! " 
' , j, I l . 'I ' , : I I ' , I , : t ' , ' : • I ! ' , i ' l J I ' ! t , ! ~ , I j I ' , f ,~ ; I : t: ::: ' ; 'I ,I , I I I , : • I! : • I: I: I , ! , I : • , I " ,; , I , • , I ! , ' ! ; . : " I 1 I ,I I . , ' " i ' . , ' t " " -" -L .-... - l __ ., - , ___ I .. -1---.1 ... --'- -"-"---illl_LLj _' : 'W2D'-' .--- '1.--- -- -... - ' , ,--. -10 ' . ,.-- -- -1-' .. --_~ __ .J ...... '--[+--1,,-,r"- -I--'.1 c ,U. _""' ___ • __ '"'-__ 1._ •. __ ,_._,,. _, ___ ~ .... I " ' , . " ""I " . :T " ( ) ' ' , "I" , '1 ' I " 'I . ,. '1 ' , ' ,., ,[ . , 'J' , ' . ' 'j I ".,' ." I .1.:' ' . I ., ""'1 '" "1 .: , " 'I' I " ' .1 . , I j' , • • , " I,' ., ' J." sotherm C ' ., ' , I' )' ' I" ' II I I I I ' , I I·I.! ii ' , ' I . ,', I" . :" .,', I' ' , .: , I: r , 'I " ! I; , : :' : , 1[' I , , " i ;1 II': I "1 0 : , : ,I , 1 ', ,' I , ' I I ;;i I;:, I ,, ; . 1:1 " 1 ' ,I I l: I Jd, ' ' .. 1:1 , ' " , .. 1 ' 1 '1 I I ::1" 1 , .. I, . 1 .. \._-l· .. L.· .. ·J""--r·"-I·-·I- .. -' _"_-'-'/O() .,--,-- '-- I--'j, · -- ... ,.J '1--1' ''" " 1""1-- ' L., "CLiL.. .. I,h" ' C·· " __ "I" '·I'I- I' 1 ' 11 ___ 1 .. ____ _ ,. ,.1,._;1 _" 

' I ' 1, ., 1':' 1 I " , ,:1 I':'~' : !" t! " " ,. .' 'I' I:: . , 'I ' I I ' , ",'11'i' 'I ,i,·1 ':'1 I" ~ I" ~ : I :! I I' 1' 1": i' 1. " . , ',I " ., ' , ' " " ' .1 I ; " I ':, I ! I , r ' , II , I::! ' : :1 '1.1 , l I l l, .:1. 1' 1, ' ;,: !. I : 1:,] 1 :' ; 1, ,1 ,I : I J' ! , I t I ' ' I I,: 'j I , 1 I , . , ;; , II j l !, ( , ~ I :~': ' I! l !" ; I;, I , ! 'j:!,: I ' I ", I , , . , ~ , " ,! , ' " 
I. -- . -·1 .. ··· ..... -·--1---_1 __ .1 -. --,-- - '- ---1--·--·- ___ I. ..... j .. _-' ... r·l· -- ._{ -"- ---~--- . - -., __ .. 1 --I ·--i-.. L ........ -I ' _1 __ · .. -I-r-l·---I--. .L-t·- --- L __ + _ _ ·,.,·,·_I __ · .. I .. ",,-L - ·,-.. --·1·---.. '1' --1-'--'" r" , ' T' "I .,.', I' ll ' , I "'1 . , . .' ,,, I '" " 'I " , . ,. t r , 'I 'I I I" I I' I ' " I 'I II " . ... . I ' . ., " ' I' , '. : , ' :, ., 01 : I ' ', . T 1 ,[ r I, It! I 1 ' , ! • ' I " " ! . ' I ' I I " I , I, ' I j " I j I ' . I I T I ' t , t , '. I I I 'I I "I I .. I 1'1 I I . 1 " ! ! I ,It j I . I I I ' I.' " ~ I ~ , , , i . , ! ,J ~ t ' 

' t I , t 1 ,. I ' ,, !, '; t l: ',' I • ; t :,, : I : , ' ! . I:' i'i, : r i I , . 1' 1 " 1 ' 1 ' • ' , . ' • " I, ' ; I I 11 " , ' , , 11 1 " : t I , !!! , ; I r , ", ' r ,I II ' , 1····1. -. __ .L __ .'·. - ,.- . , '. ' L,' -- 'OT' ''11,-,·1 ... -- • . , . . - ... t !.. ___ I . ", ·I· h ~"'o J herma1 convectJ.on ce1,1 1'''H'1'' '-- I" "1 .I"'"I.<,.LI t,,· .. , ., ., -.. "" 1- -.. '-T', --' .... .,. 
' , , I I ' 1"'" ,. , II If , ','" I ' "" " I I",LJ.- t I .J,.; , I I I I t ' I I 1'/'I! TI: f 'I !, I" !t ' 1 I' ' i::~ I ' !~L~~j~ ~ c',L: 'i'l l., ~ ':;, ,,1 'l:b ' ~l'~; <I ItJ I.,,! " S} c ~ ' Jj~ ,,~I~!)~, ,lk" ",,~l'1 4:J';i*'L J+iU,~)ti41 ~i 0j i ~~ II: iC! i H! f!l U l 'tl~4' bf:l] 

::i' :-, :' 1, : ','; d'! , ,,; :, r 1: 1,: :,! .; 1~: 1 ,: : ,',~ :rd "II , l;r.ri ; I ~IH i 11~ : 1[: : ,': , /'I :I,:'" i:, 1 ~,: II I ' ! . : ,, 11:. '1 ;d"'~' l I 1, !~,,!l 11 :1, l !ji I ;I:' ~ ~tl l i !,1!I I;d! ~:l : !. ! I : lil: i;"i l r ! :dt~lj l 'I : " ~I ;:! l,: ~!,[ :; ,: j:l l ; !:~r l 
t", " , • ' , , " , I ' " I I, , ., I . t:! . ' I , , . " ' , . . , ! ," " ", I , , ,! " I! I ! , 'I 1 ." "! _, " . I I " I " II ' I , , 

I ~' ::1: :! '~~.:.~d~~_a~e_ ~.1 .:~.I ~~~~e~~~J.~ : .!J11~5~e~i . ~t;hhr~~·t?~rm,a1 !.! O(;mveot.~on I a~~.i"!ier,tPf:p~iW.~ , l ~~~~~'?~' ! ~'lld :~~J :J! j ;[~lJ~ ~.l~ :jJ'I~~~' L;~J~ L~.l 
':" 1:' : r ~ !:L :I, '1'li'II I'" ,' ; 'I ,: ::; : ',":iIQUeS+ :·!ease"o d Il and i Vi f i l i+y, il ,DiXie . Valley, ' Nevada.~ ' :11 ect, i n:li 'i i;; ;.,';: !11: :]:I,·I ;!' i: !! ,' :I ' ,, ·!:, II :;:I : ,! f> 1:', I'!;:!! , t! I,,' , I Y I -:1 t f , " ,f , ,t, , T ,,' "I , rot , I " " ! t 'I ,' . " , ", 

1-;; I:;-: I- !- ! ~ i lii:"1 " ... ; " 1 1~l rl'l" · ~lk.ne , of'i 'fron al l, iaul+' .~ ' :':, ,\,I II, I' ; II' ~ :"' I ' :'i', II : i;;~j ~~:! I' :i' I ";' 'n:~ i! iil'lr: Illli il l l i-l l -I:fr il'I! '1 ":: ! ' I :: II:!:! , :!J ' ~' l ll- I ,~i!'~: i:: : I! ;' ~ : : 
\ t., I ' : 1 "I II' '" J i ll ,1 1) I . . ' " [ "! " I II. ' I ' I, T ,j It li t t ,' , " ( ,j , , " " I ' , : ,, "I ! ,,!! I , !i" ! J: il'h ' 11' l t . ,: ; , ' It . I" , ' ,; 

" I ! L ..... ~ j~ -'j I_! ~-' - .. . ...1.- - , __ I -. - . --~ .-. , .... ~..: .. .. , .. ... , .... -~l rL --_· -t--... ··J P ....... -r'" ..... r-" r '1 --.-- - . __ ~_ - '-'r. __ .. ~ __ .. _-._ . " ~_"4 ....... _r _., ...... _ , • •• • • _ .. ,' <~11~ ': 1 ~, : f-,I ~ ~~~ - ,~' , II-~~ : ! ~,I·,~·: dii,fl ~ ~ : 'i~-:- ~ ~:'iI -I"; :f, il,·;! II!' l '~1 ,1: , 1, 11, ;'1'1; :!; , 1:'1 1,; ;11' ,' I :I ~ ~ II , !l j! ,' I,: :, !,''; '1! ',' II,I; ."!" 11,,;! :!i ;t !I!: [[' /
1
'[1/;1 J!!; 1~,I, : ' : 'I' !1 1 1:'l",I,; '1 !:;'::'L I ::I'L'i i,j ~ ;l! ,1 .LI, j,: ]: . " , , , "" " " " , ., "' ." ,'. .. ,.. . ,,,. . , ''',." , " ' ," " , l' j :, , l'fLt iJ i" ': J: i; ~jl i l t~~ '; i i il&: ,01,; " i; ~J ~~GiL {~j l;a',!:ii Hi I ':~G~ Ui ti ib',d ~1I : iiil !id:vu:! :s ::Ju ]iillUl ihLillliUis: J~!D']i'Li 'i 

!, ;: ; ,~ ! II ' : ~ ;~'\ Li , ~ l'iil" :;; ::1' 'l :I I: I'! :! :i 11';: ' l !: ;; :1 ~ ' ;' I: : i; !:: ij' ;:1 , : : : jlll' j!; ' I: l ' 1 11~ 1' :: lll j'~ ' I !:i: l l i 111n,I :; ,: PI !I{ ! 1/ :Tiih!l lUI1 q:lill ;1 :i;! ,II! :[IU: l:':: :1:1 !L1':; I!;;: :; !: I'; ;j J' j: ;,I;I" :1 . ~ L"I ' "' , "II. '" I " i.: ' I I~"' I .!. · ' '-:. .. . ,.,r-.! .• - -:.... •• : _ ~'L;. b-':--.".:,: .w..;... .. _~,~.!...~ J_ :.lJ~ ~ ' !.T,~..!..L __ :-' I- . .. I ~ . _ : ...!It.- . ~: t :..! Ii :-'!r - . ~1--~~-"""1 l.. ;. ~ ' ~-rr!.~ . ..!....!t~ !' ,~!... : ;.~ •• • _:.J..T.,l. . b ri'L~Lidbl Bl~:' ;f,~b::h.!U:T; ~] 'I i i !:! 'lllii6kffi'JUkl:dij l't ::'[;;;LL 1 ~ill.': I l:,d:d1 LL:lHdJ, ~lillJi ! ! illtilU1.iiUuJ;J!illJLd,~: 1 

... [ " n ::~\ 



; .-,,_ .... ' 
' . - , , ... ... . 

/" 
i 

" _. 
" 

' CD " , ,. 

! : .. 
.. _-.! .... -- - . - _.-

.' UEST-:~:-. II<e"'----~.......---+..,."....,,...,.,..,.~ 
:... -.. -~=.'~ 2 . 

, . _. - - ._. --:..--- -_. 
j . . 

~ ~ ~~t.: ..:.:..!:.:.: 
.. ~ -: . . 

!. : ~ :.:' 
,--:--:- - -. -. -. ,- - -

. ~ .. 

~-~.·-~~~.~O 
:':-'._.of-'> ":':'::"': 

~ . :: : 
' 0) ' - -:-:- ' -: . 
r-I .'" 
Iil ~--... 

~c.~c.~i 

i. ' 

" " r . " 

,-.--~--.-. 

: -·---· J~;.;.2 

. ' •. . • . . . • . - , - - - , • .• ! . - . ... 

-'- -· --~-·:---~·.·· -i~f.1 . ·~~W-~=:.~i~~~~:~~~ 
. - - -:--:-;~~: .-::- : -· ::- ·· ~--:- J- : -:-.~.:~=0~-~ t~_~~~~::-

.. ' , ' .: : "':C": I . . -" ' : 1.' . ... .... :: . 
. -----·-::1 ·_------ - - --.---.---- ---- -,-. -. - ----- , 

. 1 . - f .j 

L .-_~_. ____ .....:. ___ .~ __ ._· _. ; ~:...:;"'~·~. 1 "'1 .: ·-·:dashad 'whare flo~.~be!~_~v~c! :ve~:_~~f~t::~- f :: ' : : :';:J 
'., 

j • . 

. _~_. _____ . ___ I ___ :. ~ __ 

, . -- - .- -.--! .• ":"':' .-

. , : , transverse .,· tolilane ! 0:;: fron ua.l ... aul-:;. i-' i~ :::I: : :i l ::.::: · · :i::: ; .·Ii 

, ,. . ", •• r ,: ~ . . 



JAMES B. KOENIG (415) 524·9242 
MURRAY C. GARDNER {503} 482·2605 

h 901 MENDOCINO AVE. 
Geot ermEx BERKELEY, CA. 94707 

Under these conditions, meteoric water circulating to a depth of 
2 km (6,500 feet) would be heated to about 150°C, which is slightly above 
the reservoir temperature (143°C) calculated from Si0 2 and Na-K-Ca data 
for Dixie Hot Springs (Renner et al., 1975). However, it is noted that 
the Si0 2 geothermometer is considered accurate only for chemical equili­
bration at depths of 1 km or less (R. Fournier, U.S. Geological Survey, 
oral communication, 1974). Also, Dixie Hot Springs reaches temperatures 
as high as 80°C. This suggests that, in the convection "plume" rising 
beneath the springs, the 150° isotherm may be bowed upward to a depth 
of 1 km or less. 

Within the leasehold, maximum gradients of between 220°C/km and 
308°C/km occur near the Dixie Comstock Mine. If these gradients are val id 
to a depth of I km, the 200°C isotherm would be bent upward to a depth 
of about 1 km (3,300 feet) in the rising column of hot water. Furthermore, 
if circulation reaches to a depth of 3 km (10,000 feet), which does not 
appear remarkable for a historically active fault, then water heated to 
220°C under assumed average-gradient conditions might be found at a depth 
of 2 km or even less. This model implies that a nearly isothermal condi­
tion might be observed in a well drilled into this or another rising plume 
of hot water (see Plate 14) at depths of 2 km and greater. Supporting 
this idea of thermal plumes is observation of a temperature of 125°C at 
a depth of 110 m (350 feet) in the "hot well" on the Mitchell claim (2-1/2 
miles west of the Boyer Ranch). 

The above discussion dealt with convection and its effects in longi­
tudinal section along the frontal fault. However, the transverse section 
must also be considered, and a schematic model through the Dixie Comstock 
Mine is given in Plate 15. It shows that convecting water rises from the 
center of the basin, nearly parallel with the frontal fault and zone of 
associated fracturing. Then, having cooled somewhat, it descends back 
down the fault zone. Isotherms may be nearly parallel with paths of cir­
cuI at i on. 

Viewed in three dimensions, the hydrothermal model indicates that 
convection produces a series of "tongues" of rising hot water within the 
frontal fault zone on the east flank of the Stillwater Range. These 

. tongues probably exist as extensions of a deeper hot-water reservoir. 

Reservoir capacity within the fine-grained lacustrine sediments 
of Dixie Valley is likely to be poor. Underlying Cenozoic volcanic and 
Mesozoic basement rocks are probably intensely fractured as a result of 
the very active tectonism that has affected this region since Miocene time. 
Therefore, a reservoir is to be sought in brittle, fractured metamorphic 
and/or igneous rocks of Mesozoic age underlying the western part of the 
stepped-down Dixie Valley graben. These rocks are present at 5,000 feet 
in depth at a horizontal distance of 5,000 feet east of the Dixie Comstock 
Mine (see Plate 3). To the east, these rocks become progressively deeper. 
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Based upon the foregoing analysis, it is believed that a sizeable 
geothermal reservoir exists beneath the unconsolidated sediments of northern 
Dixie Valley, and that convection within this reservoir may bring water 
with a temperature of 200°C or higher to within a depth of 2 km (6,500 
feet) beneath the surface. 

Convection probably is most pronounced within the frontal fault 
zone of the Stillwater Range, where fracturing is most intense. Also, 
it is not likely to occur within the footwall or range-block. Within the 
leasehold, isotherms are 1 ikely to have their greatest upward deflection 
near and immediately east of the Dixie Comstock Mine. 

Based upon their age and relative mineralogical stability, the 
Mesozoic basement rocks are thought to have greatest reservoir potential: 
fractures in them are I ikely to remain open for a longer time than in the 
overlying Tertiary volcanic rocks. The close association ·of high-tempera­
ture geothermal manifestations and outcrops of Jurassic gabbroic intrusives 
suggests that this is true. 

RECOMMENDATIONS 

In order to test the model presented above, it is recommended that 
two 1,500-foot test wells be drilled, one next to the Dixie Comstock Mine, 
and another about I mile to the east. These will indicate whether the 
high temperature gradients observed to 300 feet actually persist to much 
greater depths. Also, they will indicate whether or not the postulated 
convection cell exists, and, if so, if it has substantial breadth. The 
recommended locations are shown on Plate 13. 

If these tests support the model, then one deep test well should 
be drilled to a depth of about 8,000 feet. This will determine if the 
desired temperature and reservoir conditions exist within the leasehold. 
This probably should be drilled near the eastern 1,500-foot test, although 
results from the two 1,500-foot tests may indicate a slightly different 
1 ocat ion. 

It is not recommended that further geophysical work be carried out 
dL this time. However, it will be useful to make a careful review of 
the gravity and magnetic surveys performed by Edcon, inc. before final 
selection of test-well sites. These data may indicate additional details 
of buried fault surfaces that could argue for modification of the proposed 
drill sites. 

-8-
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APPENDIX 3 

HISTORIC SEISMICITY AND FAULTING IN 

DIXIE VALLEY, NEVADA 

Historically, the Dixie Valley area has exhibited high seismicity, 
including several large earthquakes accompanied by surface faulting. It 
is part of the very active 118 0 meridian seismic zone, which extends from 
Owens Valley to Pleasant Valley. This zone experienced major earthquakes 
and surface faulting in 1872 {Owens Valley}, 1903 (Louderback Mountains), 
1915 {Pleasant Valley}, 1932 (Excelsior Mountain), 1934 (Cedar Mountain), 
and in 1954 (Rainbow Mountain, Fairview Valley, and Dixie Valley). 

Probably in 1903, the Wonder earthquake produced 3 miles of normal 
faulting in the Louderback Mountains, along the north-trending Gold King 
fault (Slemmons et al., 1959). This same fault was reactivated during the 
Dixie Valley-Fairview Peak earthquakes of December 16, 1954. These two 
shocks had magnitudes of 6.8 and 7.1., and were accompanied by extensive 
faulting from Mt. Anna on the south to Dixie Meadows on the north, in a 
belt 60 miles long by 20 miles wide. Thirty miles of this faulting occurred 
along the east flank of the Stillwater Range, near the bedrock-alluvium 
contact. Displacements were mainly dip-sl ip, and ranged from as large 
as 12 feet near Fairview Peak to 2 feet in Dixie Meadows (Slemmons, 1957). 
In August 1954, the Rainbow Mountain earthquake (M = 6.5) had produced 
some 25 miles of faulting on the west side of the Stillwater Range, with 
maximum displacement of 2 feet. Including generally minor right-lateral 
sl ip components (but up to 12 feet at Fairview Peak), the surface faulting 
showed NW-SE oriented extension of the area and westward tilting of the 
Stillwater-Fairview Mountain block, as well as downdropping and westward 
tilting of Dixie Valley. Geodetic data (Whitten, 1957; Meister et al., 
1967) confirm these displacements, and indicate a net lowering of the ground 
surface in both mountain and valley blocks. First-motion data for the 
Fairview Peak earthquake fit the fault data very well. 

Aftershocks of the 1954 events have continued up until the present 
time, and have been the subject of several publ ished papers. In the 
winter and spring of 1965, Westphal and Lange (1967) recorded more than 
1,300 local shocks in the area between the Louderback Mountains and Mt. 
Anna; activity was notably concentrated in the area of Bell Flat. Total 
recording time was 129 days. Focal depths ranged from 5 to 15 km. In the 
"um·m-e--r- O-T" '1"\1'1' t"~_ .• .J ____ ,J Ry~l-1 (lQh7) ... ",,..,,,..r!pr! mnre t-h;;m 1 onn .m .. ·.lr:ro--
.J 1:100, ~LdUUC::1 ClIIU \ 01 \ I.JVII t _'-''-'', v ...... u flf~' - l,.."_" ., __ __ 

earthquakes during six weeks in the Fairview Peak-Mt. Anna area. Focal 
depths ranged from 5 to 20 km but were chiefly in the range 10 to 15 km. 
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Focal mechanisms were predominantly dip-slip, representing continued down­
dropping of the Bell Flat graben. Unpublished microearthquake data recorded 
by R. Greensfelder, working for the U.S. Geological Survey, indicated 
continuing intense activity in this area during 1966, 1967, and 1968. 

None of the above-described studies revealed significant activity 
north of the Louderback Mountains, partly because in all cases the station 
networks had their perimeters south of that area, and probably also be­
cause activity was much less there. 

Since mid-1964, the University of Nevada, Reno, has operated a 
seismograph network in northern Nevada, with permanent stations at Reno, 
Unionville (in the Sonoma Range north of Lovelock), near Battle Mountain, 
and at Tonopah; several stations have been added since then, chiefly in 
the area around Mina, south of Walker Lake. The 1970 to present epicenter 
data are considered to be more precise than that before 1970, and epicenter 
data for Dixie Val ley for 1970-1974 have been obtained from UNR. They 
cover the area from 39 0 20' to 40 0 00' north latitude, from the west side 
of the Stillwater Range to the east side of the Clan Alpine Range. About 
160 events with magnitudes from 1.5 to 4.2 were located in this area, and 
were recorded by an average of 6 stations, but occassionally as many as 11. 
Standard errors of computed versu? observed arrival times averaged less 
than about 0.35 second; therefore, computed epicenter locations are pro­
bably precise to within about 4 km at the 95% confidence level. Focal 
depths are unavailable for these shocks, but may reasonably be assumed 
to be from 5 to 15 km, based on earlier results in the area. 

The 1970 to 1974 activity was notably concentrated in central Dixie 
Valley between the Louderback Mountains on the south and latitude 39 0 45' 
on the north. No events were located within the project area or along the 
Stillwater Range frontal fault north to latitude 40 0 N. The nearest event 
to the south is along the Stillwater fault just west of Dixie Meadows. 

Overall, the distribution of epicenters suggests three possible 
patterns of faulting, two or all of which may be real: 

(1) aftershock activity of the 1954 'quakes continues at depths 
of from 12 to 20 km along the east-dipping Stillwater frontal 
fault system; 

(2) seismicity, perhaps aftershocks of the '54 'quakes, is taking 
place along subsurface north-trending faults which are seen 
in both bedrock and alluvium in the Louderback Mountains area 
and which may extend as far north as Dixie Hot Springs; Holocene 
alluvial scarps in the valley exhibit a weak northerly alinement 
along this trend; 

(3) a weak northwesterly a1 inement in the cluster of epicenters 
near about 39° 45 1 N suggests movement along a conjugate fault set. 

3-2 
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