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CEOTHERMAL SYSTEMS OF NORTHERE NEVADA

By Richard K. Hose and Bruce E. Taylog

_ Abstract

Hot eprings are numercus and nesrly uniformly disecributed is norchern
Nevada. Moot cccur on the flanks of bseine, slong Basin and Reage-(lste —
Miccenz to Holocene) - faulte, while eome cccur im the immser parce of the
bacins. Surface temperstures of the springe range frowm slightly sbowve
axbient to boiling; some eprings are superhasted. Maximm subsurface
vater- temperatures calcuiaced on ¢HE Dadis of quarts eoludility rangs as
high as 252°C, although most are bslow 190°C. Flows range from s trickle
to several hundred litsre per minute.

The Nevada geothermsl systems differ markedly from ths power-producing ‘ é
systes at The Geysers, Calif., and from those areas with a high potential
. for powar production (e.g.. Yellowstose Park, Yyo.;- -Semes ountains, . Mx.),
These other systems are associated with Quaternary felsic wvolcanie rvocke

and probably derive their heat from cooling magms rather high in the cruet. ,
In northern Nevads, however, felsic volcemic rocks sre virtuslly ali older .- &
_than 10 miilion years, and. analogous magmstic hest sources are, therefore,
pfobnbly ldeking.

mupmofmamotmchmmtmngchsc fiov thea the
reet of the Unitéd States. Is north-central Nevads, geothermal gradients
are as great ae 64°C per kilometer in bedrock and even highsr in besin fill.
The high gradients probably result fros & combination of thin crust and ™
high tempsrature upper mantle.

We suggest thae the gecthermzl cystems cf northert"Nevads-result from
circulation of metecric waters along Basin and Range faulte and that their
temperature chiefly defends upon (1) depth of circulstion and (2)’”:&
gecthermal gradient near the taul:s.

Introduction

The expsnding interest inm geothersmal powsr as & supplement to couven- 5
tional ssurces has resedted in an intensified study of imows hydrothersal .3
systens as well as increased effort to find concesled but exploitable geo====e®
thermal systems. The ebundance of hot speings in northern ¥evada mkes it :
a promising ares end has served ac a stisulus for this study. The work o g
- upon which this paper is basad was begun in 1972 on & part-ti#s basis, o
and was part of the U.S. Geological Survey's genersl program of geotharsal
research. Our msjor efforts wvers devoted to gathsring snd compiling &
vaciety of geological, gaophyeical, and geccheswicsl dats, although ths




principal effort was an evalustion of the geologlical cnvircument of ereasg
considered to be favorable for geothsrmal energy. Of particular help ig
our work wae a compilation of thermsl spring data by VWaring (1965). Ws
found that some of the springs in this coepilation were much cooler than
reported and is some few cases nonexistent. In tha course of this study
we exasmined most ¢f thc Lot springs of morthuert Nevada thaet we felt
poesessed the potential for geothermal power; that is, those that ware
reported to be the hottest or occurred in areas cousidersd fsvorable

geologic envircuments. On the basis of these examinaticns, chemicsl -

analyses would be performed in the field on selected high-potentisl springs .

vhile sswples of the lass promising eprings were o be analyzed in the e
- 0.8, Geolomical Sirvey. laboratorise ae Monmis Paozk. C334L: Fox the i

rationale of field analysis and for a summary of all thess snslyses, the

reader is referred to Mariner and others (1974). Geclogic uppins was dozs..
at the Beowawe geyser area. - '

This paper will briefly summarize the geologic setting of soms of
the hot=-spring systems, relata them vhere-possible to varicus. geophysical

- ~and geochemicil parameters, and propose & sodel to explain their origis.

i

{

This model differs im only minor respect fros those where hue 18 derived
by conduction and convection from s sages.

Geologic Setting of Northera Nevads .-

Northern Nevads is in the nat:h-cnttnl piYt of the Basio gnd Rsage
province and ‘s characterisséd by elongate northerly trending mountain
ranges flanked by more or less flat-bottomed besins. The region containe
thick sequences of rock ranging is age from Precambrian, to Holocene. Thé™
Paleczoic and Messzoic reckes are extraordisarily urud, puncipm’

because the region included both miogeosymelindl snd emsassmel Wueuﬂ"‘;‘»

habitats. They include chert, graywvacke, shale, ssmdstoas; pillow hu.
iimestone, dolomite, evaporites, and others, as wall as their utmrphoud
equivalente. During the Antler orogeny of Late Davonian to Mississippian
age, eugeosynclinal rocks were moved eastward over their miogecsynclinsl
correlatives 98 thrust faults having an aggregate disp.acement of up to

90 miles. During Pemnsylvanian and Permifit time the disturbed terrane vas

overlapped by marine sediment; to thé east, in the micgecsyncline, deposition’

vas continucus and the effects of the Antler orogeny are barely noticeable.
The westezn part of the State was aleo subjected to tectcnism during the
Permisan Sonoma orogeny sand sgain during the Middle to Lste Trisssic(l). ..
These events were interspersed with periode of marine sedimentation. The
entire region was them affected by massivd tectonism thet cccurred probsbly..
during the.late Mesozoic to eacly Tertiary. The resuiting terranss were
intruded by quartz mouzonite to granite magads during the Triassic, Jurassic,
and Cretacecus. Gabbroic rocks of Jurassie age are present im the scutherm
pazt of the West Humboldt Range end inm the northern part of the Carsen Sink.
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__ been recogmiscd, tho cource for mony. 4. mbeotT..

The Tereiary geologic hiotory bogam with leesi cceurulocica of esae
earine strags to bo fellswad im 1ato Beecmo €irn by t40 %;cb.__,ﬂmg ef o
veriod of volcamicn thot poesioted ineo the Eolocenc.’ Tho mals velecaiss
took place f£from tho Oligeeecre €0 €iddle Plisecno tims cod €00 €9 eprensive
that voleanmic rocks now comprice uncarly 25 ygereomt of cthe suterssa of
noztherm Novoda. :

The Tertiary voleamie rocke erc maimly eilicis €0 iccommcdinte im
conpoocition but includc bocaltie imtopeclotismc ecpoelally im cho esvehcsa
port of the provinee meor che fallko Ddver Plefm. Thooo roeho feelelo lova
£flowg, ach £levD, eomd olw=£all tuffs and voleamogonie ccdiccmtacy wdto,
Although the vemto or emptive eomtors for c3in of ek Tslecafe peshs Lovo

Qamm, fomaerm = ocromae

WETD IRSUN - CSUTEC G0
from vhich larpge volumco of reslk woso osupted ares €Ll csuthomn Pich Cpeol
¥ountaing dooeribod oo & voleomic comtor ezd eollsopco ecoldoro (olicoy LOTEYs
the Clem Alpimc Moumtnimo, & esplom emuptico eccecn ((Bchilo ezd ¢elisto,
1972); tko Forthy—Sorlond esldora (I2Reo, 1974) moop Doeglustoplend Coooco 6
the wast side of the Toquima Romroi & voleams=testsafe doprccofen (ecldcra
structere filled with eruptive roclko) 4m eho wovthorD port of fh- Talpcls

- and- Shoshomo Remgoo (Mocunely, EC0LYs o eniecoo ood erosefcted volecsie

rocks voot of MeBormiee, Wove (Yoteo, 19423 ¥alker £ Diopcomicg, 1€05, 1ECE) 3
and a serics of limoor wrte £frcr ©22h 8 lapgs voluo ef coli~flew tulf Qg
erupted in Wookse exd Exlolde Countics, Fov. (Bsrric(a scd Ksble, 1970).

Tho Plicccno to Esleccmo vwolecnis geshs, fermd cootly wcor tho
northern end wuctorm coopfa of tho rordea aro peiosically bocalels elehselh
there ere tolios of ghyolito eol . oCito o2 voll, Loto Plleccmo & slcccna
basaltie rock distribctizn 4o chsta om £iguzo 1. '

Tho precemt eleugato mrzlw:ly tecoddmg cornendn sexgso ef Lich colies,.
flanked by moze or leco flat=Ustteizd wolleyo e tooled, epe tha predlesto

‘of teetenisn ehice probilly torom €5 lemg g2 ¢o tho CLicsecae im coic piczecs,

but in moot regloms etarted im widdic Kilosezo (1S=17 D.y. £00), e2d ecctir=ss
tedey. Thds videopuood vlfsfog ecvsed extoosica of thD eotiro proviiew Lol

. produced the sgcsp fault scsipo thot cecur cn ciehor er both €l ¢f e

fault=Ulcch cowmtois rompoce %o tetel cotcaoien cereco eho Pocim ecd Liomgn
province hao toom coefootcd by Tuscpcom emd Lol (1973) oo tho toelc cf
egcologle sl gesphyofeal work im Disfto Vollcocy, Eov., t@ to ebsut 160 k.
Simeco tho romeoo cud btoois apc relatively eatformly diocsiloted ecToco dhe

provizce, Stocwmart (L971) koo mg:cc@cdl éoop=cooted extcenoion of e placeﬂc
suboRrat.

'¥o uso tho follewing ef=s divioion of thn Tortinry wiich is baced ca
minlien chronolegy (Evorndom emd othops, 14ui)s Quoecraney, C=2 €oy.;
Flicceno, 2=12 ©.y.; Elscoma, 12=2u B.y.3 Oligocems, 26 to 37-38 m.y.;
Pelcocenc end Esccaz, 36-695 m.y.
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The flanking faults are the latest scmctuwem iopoced. on ehet wag
locally at least o gtructurally complexn tervams of diverce lichology.
The faults produced gouge and breccis zomes with pormanbility €6 matestic,
water dependent principally upon the original lichologise, dut cubccguent
wmovement of chemically active watere presumably altered this pesmscbility,
incroasing it in some placece and decreasing it im others..

St RL Y
*

rot Springs

e Distribution and Satting

b
. .
S S

Hot springs im mortherm Nevads sre numcrous and, szeept for o few
- rather largs arcas that lack them, are fairly umiformly distributed b
_ (fig. 2).. In the. eazstern-part of corztherm-Revads,; in soithesstarn Eiko %
County and northcastern White Pime Coumey (£4g. 3), theve 1e & large szea
that lacks kot eprings. Twd other ezeas lak sprinmgs, one. im the neorth-

"o vastern corner of Fevada snd the other & 30~ to 0-mile=vide band cxténding 1
- from east of Pyvamid Lake northeasewsrd to Oregon and widening esgtwerd ;
; o into wvesterm Elko County.,

o e e T ‘The letter two areas are eap@mesd by a 30@1@%@9 2003 that coaLaiss. ig
e several scateered hot springs, snd this some extends fro® juse west of |
: Pyramid Lake ¥. 30°=33° E. to the Oregon State Lins and probably coW€imsss» ;
Lo northward ia Pueblo Valley, Oreg., to the Alvord Desert, emother 50 adles. b
| Mvamnsageaaiawzehmmm,ghsmt@m@mwmm g
slightly differemt phyciogrsphic and geologic eaviromments. oSt axe b
) g located close to-the =argine of the basine, but many springe occur @O
A basinwazd. Ho bhot sprimgs are keown £o cccur in the wountsins. Most is#us
' © fzo® Quatermsry cover although come £ise fros bedrock, but the positions of. -
all exe balisved comntrolled by Basin sud Rsngs fsules.

[‘&

. : In ec=s places several spﬂngm are present and m othere cnl.y ens of f

¢ o two. Where ssveral sprimgs OccuE as part of one systen, they are either - %ﬁ
L disposed as clusters more oF less equant iR cutlime, or im & linesy array

i up to several miles lonmg. Memy sprisgs cccur siagly amd heve go m@bom, ’

: ' ’ . . Besm Gzyoer Axea -
~ t=pug ths systezs that cam bajchsmcterﬂ.saﬂ 89 limear is the Bacwaws
geyser arez im Whirlwimd Velley, Piguve & is a reconnsissssee geologic
#3p that sbowo the distribution of hot sprisgs, silicecus eimtaw, ead
sltered axd upsltered volesmie veck. The cpring depesite, made vp of
opaline silten (siliceous simeax), cover nearly 0.6 of a squaze mile asd
e are ebout 6,000 feet long and 2,800 feet wide. The.ednter covers the valley
floor erd rises to s 300-foot-high terrace thst rests agaiast the mozthera
edge of a ridge of volcamic rock. Sinter was depoeited on the altexed and -
unaltared volcamie roek and am inferred faoult that provided the changolways !
o ' or condults for ths spcimgs’
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depth &os. Dmp. M. lamp
durlng Go tast

. driiling ' ‘ ‘N )
Beogawo No. | 1510 — ——
Wigmo No.d TS @i 1a8
Magmo Ho. 8 683 263 Y]
t
Mogma Ne. 3 9 263 i79
Mogma No. 4 767 20 182
Vulgan No. 6 - -— —_—
Siorre Pacifie -
Powar No. | 923 — 81
Sierra Pazific '
Power 3.2 430 — 88
Siesre Pocific : :
Powar No. ned 193
EXPLANATIOR
f ] et
[} (G
Caolluvlym erd Sintar
allovium
Allerey velcanic Gider sindar
fock
V@E@esm 17+ ]
Sape
] A
Mot corings enda BRI
_‘@ﬁn::) B ° .
+ :
Walis '

Fig. 4 G%E@@Bc ma) ol Boswowe Gevsér erca chowling location of borahsles, mouiwm depth, moximuin
, ond su‘peaimﬁ! tompcroturos in d::gmos c. -
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Most of the springs occur at the top of thé terrace alesg 8 1ins
about 0.5 mile long which tremds about N. 75° E., although scveral occur
to the north and northeast of the terrace.

Vhen tho Beowawe therzal are: was first described by Nolam and
Anderson in 1934, the natural syt cem was much more active than ic is mow.
Specifically, it included thees gsysers, two of which played to haights of
3 fret and oms to 12 fece....Ip 1951, ¥kiee (posmenal gsowmum.)-cbsaerved

about the same level of hydrothermal accivitv as Holanm and Anderes

Begioning in 1960, nice teet koles were drilled by Sierrd Pesifie
Power Company end by Mogss-Vulean. After extemsiva teszimg, all the walls
were capped. The effects of the drilling &md testing om the natural Gyste=D
__are umimowm. Vandals blew the caps from four of the walls (Mages 1. 2. 3,
apd Vulcan 6) sometims prier to 1972, and cae of these released stesm and
wvater im vather large volumes. One of the moticesble effects of thie
release of fluid and pousibly the eagzlier drillimg wao the cessatiocn of
geyser activitcy. In August 1972, Moges 2 emd 3, which had been esrlies
. vandalized, begsn to vent and veleased large volumes of kot water amd seeas
‘This resulted im the disdoucicn of spring flew amd ceaeasm o., sc=0 ochexs.

- Hegss 1 was capped durisg the wimter of I972<73. T

A

Drilifng deea for the Becwawe excs are summsrized im figuxe & which -
shows locationm of the wells, total depth, maximm tesmperatuse during

- drillieg, and ssximms teEpersture 6n test. [amismam boctomhole temperature

attaheﬁdﬁag&rﬂlﬁmm@fmZWC%ﬁ@@oﬁhﬂeWmm v
of tempsrature after the wells were aliowad to flow raeged fxom 165°C to .
1829C for welle Megma 1 through 4. Ths drop in tesperature vesuits fyom & -
. lowering of tie boiling point as the pressure in the aystesm is lowsred by
- venting. A compariscn of flow pressure and tezperature &t ‘the bottes

(767 feat) im 1961 wich 1985 for Magms & ehows a reducticn fiom 119 peig

to 46 paig and tesparsture at 767 feet reducad fxom 210°€C is 1961 to 17¢=¢
19650

Double Bet Sﬁﬁm

2 - B
Lo Toyoai B o ;
Sl P S TSt ot bt

"A lizesr fault-controlled bot epring airey 19 prassng on the east side ™

of the uorthwestern to—catesnt of the Black Rosk Besswe, just west of the.
Black Bock Rsage. The faule which ie Boloceme, and vhich bss negiigible
displaceseat, i identified by the vorthsrly clinsssnt cf limesy ceeps that
emfmnmm aed sounds at & high zmgle (fig. 5). The rovthezn
cnd of the systen 1o merked by Double Hot Sprimgs, which have a flow of
amzwmefm%mm m@m@mmampmmmm

2fho rescoa for this spontamscus exvptisa 1o whoosn, bug it is possible
thaz a5 & result of a vory dxy wimger (1971 ez 1372), the growed water hed
receded tot%wthmmmM&tanm%mtw
mmmmemmm.. .

o
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for a distance of 7 miles. The couthornmost end of the syotem is merked
by an unnamsd eprimg with a lov flow of water at 90°C. The flev frem the
springs between the two ends 45 lew- Extrapelating fiva vhat 1o knowa
elsevhere of tho otyle of Basin and Range feulting, & pre-Eslocenc foule
could be inforred bemeath the Holocemo casn. This io supported by the
position of the Permizcn volcanic rock makiag up Black Rock itsclf, which
is only & short distance east of the trace of tho feule.

The Holocene fault then would have dewalepe.. i=-zesponse to & resctive~
tion of tho older fault 4f the latter ic precent ao imferred.

Slerzons and others (1965) iist am earthjuchke of magmitude 4.1 at
lat 41°K., lomg 119°¥W. for tho year 1936. Its proximity to this Eolocens
fault suggeots a relationship although ceortainly mot tha cause of the
springs sipce the Double Eot Springs ware obtgcrved long before 1936 (Boguo

. .and - Beomo; 1877). 0

Data in aricer and otherg (1974) ghow that the water from Double Hot
Springs at tho north emd of the fault {s concidercbly more dilete then the
spring waters scuth of Black Bock, contziring 0.89 as much §10,, 0.14 as
wuch Ca*¥, 0.0025 as much Kg0, 0.12 as much Kot, 0.225 28 cxch EF, and

comparable fractions for the amicns. Ths lewpsc ecounts of discolved

solids in tho ssuthormmost eprinmgs are sttributed to contacicatica by sub-
surface brices, tho gouthore—sot epring bofog elocor to the tspegrephically
lowect poimt im tho Black Eocl: Docert which would Bs the oost favorable
site for accuulsotion of galima water st varicuc depehs.

Calculationc of subsurfoce texpereteres, baced om $10; coatent, of
the sprizcs et eithor exd of tho feult decpite tho icplicd contecdimation,
show rcacsmably ecusisteat toporatures, 135°C=14G°C for Double Ect Springs
and 14619C=147°C for the umnmcmcd eprimg st the esuth end.

Ansthor prexincnt limear grray of eprincn io Eredy Eot Springs, &
fault-controlled system ia bodveck” (eltcredl end umaltered voleznic rocke)
snd agsaciated vith silicesus einter.

Buffalo Volley has s subcireular group of mzzy very low flow hot spricgs
that typify tke clucter erzoy mode of cccurrense. The cluster, whieh 1s
loccted im tho esuthcoctern part of Buffale Volley, is sbout 2 miles northk-
west of 8 Moo of 3=n.y.-old boesle cozee (Molon, poreseal commum., 1974).

s

Ie 1s sbout 2 quorter of o rile im diemotor ol exorges from e circuler

mound ehat is & for feot absve the surpe— o flot erd erde up of wmerly
matorial. A fc of tho hottest epriron dopooit trevertimo, but others are

80 cool or kxwo exch o 1sv fiww thot mo diccoomdble dopoeit eccumulotes. .
Tho springn exrge from wint would ko tho dictol edge of e large fom Af dts
baodmard B2l€ cile ov €2 wowca’t roworked eof esvoved by loto beds.  Although
tho older tarrens 1s obscurcd by & wercor of Quotcrmory sedircme, it is
inferred that tho pooitiom of the cluster o comtrolled by pre-Quaternary

faults. '
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Many other hydrothermal systems fall into tho cluster catogory
such ag the springs ncar Soldier Moadow, Spencor Est ¢+edngo, oprimgs
northeast of the Ruby Marshoo, Hot Sulfur Spring im tho morchorn Ruby
Valley, Hot Pot, etc. The hot springs im Smith Creahk Valley arxc sgimilar
in wode of occurremce, but are almost of & typo intarcedicte botwoen the
linear amd cluster arrays, and seom to emerge cloce o tho baolmmrd
edge of a fau. Dixic Eot Springs. om. the .eosthrast maspin of Dimde Volley,
algo emorge from the distal edge of fams but maimly whero two fome coalesce.

A emall-scale (AMS 1:250,000) mop of wooteorm Bucbolde Cswmey, Nav.,
discloces a prominment linecezont bogloning im cho vieimity of a large
cluster of hot springs clooce to Seoldior Mocdew, amd treadiamg N. 36° to 35° E.

through Baltazor Hot Sprimg imto Pucblo Valley, Omcg. emd Hov.,-2 distamce 6~

e - —— 0T @ ~Cham 65 Biles (£4g. 6). ABtcmpto to undorotamd tho rolaticmchip of

thio limcamont to the hot cprimgo are based on umpublichcd recommaisscmce
geologic mapping by D. C. Noble :(1%9). :

Koble's geologic map showo the limearomt to bo comoiderably esre
complex tham tho topogrophic mep indicates. Just woveh of Sw=mit¢ Lake
.. the linceromt splits-zed both-branchon appask "t EC comtrolicd partly,
T although not wholly, by foults. Porhops leco proflacue structurcs, such &0
joints in tho Tertiary lavoo, eomeribute to the limcorome. Im amy eacs, ¢ho
faults axc of only wodooe dicplaoccomt. TRo cootorn bromeh ¢ tho covtkorm
end is & comeanled fouwle of wory lorpo dioplaccemcmt ¢Rot tmmeated eko Pucblo
Mountaino at an eaglo of elcut $0° fwen eholz excrd. Baltasor Eoc Spricy
risco freo this pore of the limcocome. Tho weotcmm bzooeh of tho ldmccccae
extends along fouleso oo £or wowth oo [J3Gco Moumtodms ard is dnforecd €0
»extend farthor north bomeath what Hoble mapped oo lato Eiseomo tuffo teo
termizate at Bog Ent Spriago.

The tremomdous comtract inm mapmitude of fawlting alomg the limccment
suggests, to us at least, that the Iiddocone estiloted ao & lavgo foult im
the Barly Towtiary torxamo gnd that tectomicon thot cscurked after the
Oligoccnc amd Misccmo volcamie vecho wowe dopecitcd gorriecd im medest

rencued diocplacenznt that comfifeoted itself im eho volecamic cover.

Chcoflenl amnlyces (Rarimor amd othors, 1976) show thot tho sprimps i
tha vieinley of Soldier Eoodew sre dilusec-sad -vexy Adho Eog Eoe Speiag.
. Baltanor Eat Spring, om tho othor homd, irrilvdos a signifiecutly grontor

- proportion of discolved mogeridl. TR ldscaromt cooTd €@ comrdesge ia
Pucblo Vallay, pomuapo egoimot tha foule ¢R0C cazot bo procome olerg eho
eact foce of ehn Puchblo Kruatsdims. Puchblo Valloy cmtezdo eorth f£ron
Dondo to eho AISOW] Dacert, a distameo of S0 odloo; scvoral kot eprimgs
cceur cemtrally amd sicag tho tovginm of this valley gyzsz=.

-

¥




i n e e e T

. C ;m'ea/ed
Fault

- 10 Miles
J .

Fig.6 Lincamant in northwestern Humbs!d? County and its relation
to ho!. springs. o . _
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‘Spring Daposits

The two principal depoeito associated with hot cprimgs of northorn
Nevada are travertime (CaC0j) or esiliccous simter (ccorvphous hydrous 810,7).
Locally, mixtures of the two cceur, cither imterliaycred co im the older
deposits at Pinto Hot Spring, or as silica disscminated inm travertino,
as at Kyle Hot Spring. Extensive gilica is preccnt at Stesmboat Springs.
Beowawa, and Big Sulfnr Spring in Ruby Valiey. A cdlecsrcous scum comusnly

occurg at mzny of the cosler hot springs in place of the move coamcpicuous
indurated depoeits.

The solubility of silicn imcrezses with terpersture oo the solubility
of calcite dccreases. This suggests that sinter deposits are indicative
of higher tempcrature systesms thon thosa escscicted-with-travettine deposits.

- The obsetvetion of sinter aproms at soxms hot springs in table 1 hovicg

relatively high quartz texparatures supports the velidity of this geneu].
rule=cf~-thuxb.

Tae obeervation of travertine in hot epring deposits indicates that
the Ka-K-Ca concentrations of tho spring woter will mot ho thc equilibriux
values . reackssd at dcopth in the sycten. Eemee, tho valucs givea by the
sizple log (Na/K) geothermemoter will be abmorsally high. This 1s slso
supported by tha data im table 1. '

For calcivm carbénate preeinitacion to coemy, the follevwing relationchip
must kold: Cs¥ x ED03” x 1622 > 4 Req (I. Barmco, oral com—=m., 1973). This,

- of cource, emables CaC03 to bo depooitcd iz em ecid eaviron=cnt. Silica

solubility 4s e fuzzstion of tciscocturo, thus tcoporature drep elone i
encuch to precipitate sinter 4£ imfeinl $40; coatcnt 1is high emsuch (259 ppz
or highor, indicaticg subsurfoce tesporatuzco of 189°C, 1s gcnerslly required).

Mnmmumuyfmmmts:m@ded 1.eedicent o
ignecus rock, tho latter too are comoticoo keolimitized, &8 at Steachoat
Springs, Brady Est Sprimgs, snd Ecsoowo, plus tic fimarole 2 miles or 20
north of Scda Lake. It is quite probcble that comcealed volecnic rocks ia
the vicinity of hot springs sve portially kaslicitizcd sbove the water table.

Texperature .
‘ Tha tmmtm of hydrothzarrm=i gyotcmn, particularly -in the eubsurface,

is one of tho primcipal ele——xts of imtercet inm commection with their pstextial
a2 eccrgy sormees. Alghsugh e rough ezrrolatien epparcntly exfots betucen

‘surface tcopizature and the tooporaturce inm tho culcurfcec, no method shstt

of drilling cem sccrrctcly doterminms the exxmicyn terpercture of & systen.
Bowever, tlo molative sbrmdermen of cortaim catiers in €primg waters, porti-
cularly Kot, K¥, ard Co¥ (Tourmier amd Truccdell, 1973), and the amount of
510y (Mokez, 1 *“‘“ Fournier &= Eswe, 1$386) hm been found to be fumctions
of texperature m& the ecbourface terpomzturco cam be estimsted from chemical
snalyces. - '
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Surface temperature.——Surface temperatures listed in table 1 were
measured with 2 maximum recording mercury thermometer, generally from
10 to 50 cm below the water surface and where possible in an orifice.

Values range from slightly above ambient, through boiling to superhentcd
in a few springs. .

Subsurface temperatures.--As noted above, the relative cation abundance
and amount of Si0, in spring waters enable calculations of meximum temper—
ature of the systems. Such calculations may reflect the last attainment of
chemical equilibrium between the spring water and the conduit msterial
encountered in the rise to the surface. Thus, it is pocscible that the true
maximum temperature may be magked by these late interactions. Similarly,
diiution by cool shallow ground waters will markedly chengo the chemical
composition and distort the calculations of maximum temperature.

Table 1 also lists the calculated minimm subsurface temperatures
-based on (1) quartz solubility as developed by Mahon (1966) and Fournier and
Rowe (1966), and (2) various cation ratios (Na+, K+, and Ca*t) as described
—n.hy Fournier and -Trucsdell (1973).  The chemical data from wvhich the calcu-
lations are derived were reported by Mariner and others (1974). Calculatioms

were performed on an IBM 360/65 computer, using a program written by Yousif
Kharaka.

The texperatures calculated from the S10; content assume no dilution of
the ascending geothermal waters and the calculations allow for two conditions,
(a) adiabatic cooling of tke spring woter derimy, its ascent, or (b) con=
ductive cooling. Generally the actual tccperature of the system should lie
within the limits defimed by the two calculations. The adiabatic cooling-
model temperature is preferred when the spring is boiling at the surface,

. especially if within & cluster of other near-boiling springs, and the rate
of ascent tc the surface is sufficiently rapid to ‘exclude hest loss by
conduction (discharge greater tham 100 liters per minute).

. Contributiocns to the silica content of geothermal waters by amorphous
silica (e.g., diatomite, volcanic glase, etc.) lead to errors in temperature
calculations owing to the fact that all silica in solutioca is asaxmed to
result from quartz-water reaction. Hence, knowledge of tho rock-cclumm

through which thermal watere circulate is required for the judicious use of
this geothermomater.

Temperatures calculated from silica countent of the spring waters anzlyzed
range from 95°C to 252°C, although most are below 200°C. To a first approxi-

mation, these temperaturee are roughly twice their respective measured
surface values.
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Fournier and Trueedell (1973) have pointed cut that the simple Na/R
geothermometer must be used cautiously as a temperature indicator even when
the quartz temperature for the system ig high. In lower and moderste-
temperature systems, however, Ca enters into silicate reactions ianvolving
K and Na, and use of the simple Na/K ratio leads zo temperature estimates
that are commomly too high. Accordingly, the correlation hetween quartze
and Na/K temperatures is generally better when the quartz temperature is
comparatively high.

The calcium—-corrected temperatureé are, in general, better indicators
than the Na/K ratic except in those instances where: (1) calcium carbonate

has been deposited as the thermal water ascends toward or reaches the

surface, or (2) wheve watérs dre in contact with limestone or dolomite. This
may result in anomalously high terperstures, and moy explain soms of those
listed for the log (Na/K) + 8/ Ca/Na geothermometers (B = 14 or“4) in table 1.

Ion exchange reactions between rocks and ascending geothermal waters
resulc in temperature estimates that are toco low. These reactions may be

~ quite rapid, but their relative importance should, to a large-degree,

depend on the extemt to which the rocks are prohibited from further reaction
by an armor of minerals. : ‘

Geophysical Relations.

Opne important thing to evalvate in geothermal exploration is the relation-
ship of variocus gecophysical parameters te geothermal systems, that 1is, do
geophysical anomalies relate directly to knowm geothermal systems, and 1if so.
how can geophysics be employed to locate hidden geothermal systems?

Cravity

The gravity mzasurements in Nevada, generalized ir figure 7, are all
negative ranging from -80 to =250 milligals. Scuthern Revada and north=
western Nevada have relatively high gravity, wherecs tho east-central part
of the State has relatively low gravity. Theee rcgionsl differences can be
interpreted as reflecting variations in crustal thickmese, the crust being
thinner in the southern and nortiirestern parts of the State. In a general
way, the chemically determined maxdmm gpring terperatures are sozewhat
higher in the ares of relatively higher grarity, although Hot Sulfur
Springs in the BE=by Valley is & noteworthy emceptiom. Alego, it ehould be
noted that part of the arca im morthwosterp Koveda lacking springs (fig. 3)
is asscclated with the highest measured gravity field as well ag greatest
occurrence of Cretacecus gramodiorite imtrusive rock. -

Aside from the broad vegional variations in gravizy, there is a clear
association of gravity highs with mountsin ramges and gravity lows with
basins. The steepest gradients are approximately coincident with the
mountain fronts whick are im themcelves an expression of faults. Hot springs
have a high frequency of occurzemce slong steep local grzdiemts, suggesting
that they rise along coucemlced Basin and Range faults that flgnk the mountain
ranges. : , : .
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Detailed gravity meacurements by D. L. Petcrson at Buffalo Valley
hot springs and Leach Hot Springs and by Petercom and D. L. Mobey at
Hot Pot (D. L. Mabey, percomol comun.,.1973) disclese & positive S-to-10-
milligal anomaly associated with the springs. Mabey suggests the acomaly
results from subsurface silicification. Additiom of caleium carbouace to
the valley fill material might also comtribute.

Magnetics

Acronagnetic surveys of northern Kevads delimecte many intrusive bodies
and expanses of volcanic rocks. Theee arcas goemerally are so large that
any anomrlies resulting from asscclated thermal systems are coupletely '

It is poccible that detailed work in gpecific sreas might disclces
‘an’ underscandable relationship, but momno is dotectable at this cima.

In general, there scems to be a grosg correlatica between the aero-
magnetic anomalies and the gravity. That 19, the areas of lowest gravity
have a lower density of aerozagmetic amsz=alies, end the aress of high gravity

have a higher demsity of magnetic anczalies.

Seisxicity

Epicenters of earthquakes for tho pericd 1932-15C8 show a limited -
correlaticn vith kot sprirg cccurrerce. Thore sre ecccatielly thres clusters
of earthqucke epicenters for this poried, cia in tho Reno~Carsoa City ares
(1 on fig. 8), ome southcooot of Eo—thorme (2), end the Fairvicw Peck-Dixzie
Valley area (3). & fco cobvicuo relatisochips imclude: (1) Stecclsoat Springs
and Kaarmn ot Spring emd & fcu othor spricgs cccur withinm tho Eons—Careon
City cluster; (2) kot spricgo ezo preceat in Dixie Velley grd Lee Est
Spring cccurs alemg tha vootorn edgs of tho Fofrvicw Peck-Dixie Valley
cluster; (3) mo kigh=tezporaturc kot spricgo arc lceoted within the Ecwthorne
ciuster of epicenters; and (4) sn epicenter liec ca tho fzult which 1is the
locus of the Pctble Hot Sprimg system. Otlemiico, thore is zpparently little
coincidcace betvecn kst epricg cecurrcace and sofic—fcity; o 8o=2 of
the hottest calculated Si0s-tecporoturc watcro, such &0 Big Sulfur Hot
Springs, Baltagar, lecch, and others, are far recsved fronm corthgucke epi-
centers of tha 1932-1938 poricd. Sinse =35t of the springs eppezar to be

fault comtwcllicl, hovever, tho probability of cheir gecociation with pre-
historic seiswicity (tectoaisn) is high.

Ward ard othors (2$S9, 1971) have sugzzoted & relaticnship betwsen
microzorthgu-lics and geothorenl systess boccd en studies of Icelsnd and E1
Salvador. Thoeo erces Bovo relatively khigh ecdexfcicy end active volcaniesn,

Ay reletica betwcen tha
0 or microgseiszms remains

factors that undsubtedly bear on tha mmmtm.

19

- BLA il it e
. f .

. et
11 : ﬁ :
PRI L N SR,



[ A B

i i
PN R POUP TIPS

" 120° "y ne* "re "e* . ng® ne*

X
1

|

I

'

oo o oo o e, P o Ao emee o e p.o—-.-..q-o.—..—-o—-i 3°

"-r-—---—--_'[..

ny

o e T

5| #4°

™
-

, =
N\ |

|
!
§
r;
_.__.._.'...._.. . ~4
A w0
» ‘ {
Q f ;
'
i‘ '
(wniTeE] PINE
i . .
\l
\L‘ 3y
\ .
\.
. .
N e -
H
g e camo . P 3e°

y 7. 8 Ear#)yaaxe. eo/cenms /9.32 >o /9(3 f Lrom S. /em»yaq.s c?“a/
1965, and | YS. Coast Imd GeedeFrc -’ﬂfrzy 7a 50/47"‘/&"7 oF 4.5

férf’é}?a&a’as /?A’Z /Wa’*) ¢ . ?

T

i
{
h T

S T ! ’ B

S o



Heat; ﬂow

Roy and Blackwell (1966), Roy and others (1968), Bl.aclwell (1971),
Sass and others (1971) have established firmly that Nevada is a regiom of
greater than average heat flow for continents.. Sass and others (1971) - -

- have shown-thst @ iarge region of abnormally high heat flow (2.5-3.8 heat-

flow units)? 1s presemt in the vicinity of Battle Mountsin in morth~centrsl

. Nevada (fig. 9); amd thot a large ares gouth of Bugeha has a low maan heat

. flow less tham 1.5 hfus This low hesat flcw is attribﬁnteﬂ to mliﬂg by :
" moving’ gfmmd water (Saso and othors, 1971). . o ‘ S

_ Mly all. ofmthe pablishaﬁ' beaesEley” m]luem ‘ore obtained from bom=
holee drilled in bedrock within the wountain ranges. Therxe 10 a wvariation
in the heat flow, conductivitico, and gradicne from ramge to ramge as ==

. exprecsed, for emample, by gradiemts of 27°-3% C/km ia tho' Skoshomo Range,
. through 31°-35°C/km in Battle Moumtain; €6 42°=§4°C/km in the Somcza-Tobln -
' Bmg@ area, all m:hin the mgiom of ammloumy high hem: f].cr\'a° A L me

- Holesmthebmmmbeenmgﬂmmaheatﬂwremleehava
been publiaw for cnly one (Roy amd otkors, 1968, Lovelock) . ﬁme tmle
- has a heéat. flow. comparable ©3 ¢the rountain Fomgeo but a low conducedvicy
_results -im a gradient of 91.5°C/im, ropreseating a heat £locw 6f 2.5.

A holc in the movtheym pm of tha Corecom Siek hoo-@-ecrrected. heat flows= T
of 1.9 and a geothozenl gradicee of 779C . (Saso, oral commm., 1973)..
mahighef mﬁmﬁh:ﬁeb&aﬂmmﬂe&b@eﬂlyreaﬂtafmthemhl@mr

T RN

coﬁdmeiviw of eka-lcoo t;:.n:"ﬂizﬂmmtedl bagim f11l. Varioction of heat
= glew from place to place. testifien smmgly to. tha amﬂatfopy off eka e

. structures, amd gechks and” tepuleant thozmnl rofrzaction. Geothiormal gradiemta
-1a the coumeain ramgeo, becauss of higher ccndmeivitiee, are gmamuy o
. lower thm gﬁ&:&ﬂmt@ in ehe: fm«poﬁiom%f tho basins.” -

' Rey amd othors (1968) attribute tko high hest flow to @  thin cruse = <o
- and. high== coperature mantle, wifdle Blacksoil (1971) attributeo about 10 -
- pomcent of tho heat flow to "penetmtive conveetm of mteﬁ.al fm ‘the
S mantle to a smuo‘a leval in the cruct.” :

&amceemzm of Kmm ml Systm '

A WMW%MWWMOfMMMQBHQMM
thoso with a kesuo high potentisl for geothormal pover production (e.g., ]

~ Yellowotowa Park, Wyo.; Jezos tosumtains, H. Eox.; Izpezddl Valley, calis. e

.and mmbm@v@u@ Calif.,,, and’fhe@eysers, Calif) have three .

- afinge,

© 31 heat-flow umit (hfu) =107 cal e’ secwi Whéat flow = comﬁmefv*’iev"*"ﬁ’
- g@othemml mﬁmﬂ:o o SN
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" fundamental characteristics in comzon. They are. (].) dir&ctly related to
“volcanic rocks of Quaternary age, (2) the volcanic rocks are felsie to .
intermediate in coaposition, and (3) sll aveas have relatively high setvmi=
city. In addition, the thermal systems of Yellowstone Park, the Jemas
Mountaias, and Long Vaelley are principzlly withim calderas, & tectonic

- e . feature comzonly related to eruption of lawge volumes of silicic rock from.-

: ‘ ' shallow levels-is the-crust: It {8 réasondble to ascums, because of the

.. first two a\smOciatiqns, that the heat iz derived from either s colecm

. . magma or one omly recently frozem but thaot is still kot (or from kot wall-
rocks). At The Geyserc. Ca’if., Garrisom (1972) has implicd & magnd body
as the source of the volcamic rocks at Clear Lake. An opca-file gravity

_ map (Calif. Div. Mimeo and Geology, 1966) shows 2 regional circular 16w .

e - .. over The Geysers. Steam-Field-snd-a-ghort—text accompanying that map
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postulates & mogma body as the sourco of the low. Comventional cmplimagiono
. of the orxigim of hot sprimgs imvolve the circulatiom of moteoric waters
down along faults to the limit of permesbiliey where by comvectiom thoy
rexove hoot from the rock. The cool deccerding water more tham coumter=
balances the more buoyant wnrcmed waters aend the latter rise to the mrfaca. /
The porzeable and undérlying relacively: iopormeable.rogks: ave pregumabiy ™" M
- heated by condictics-fron o dooper magss. This mogza would Bo. rathes hﬂ@’“‘”
in the cruot at deopths of more tham 6-8 ko amd would geaefateavafy high '
~ local themmal mdﬂememdhigh koot flew. e

s

A S  Origin of Eorthora Hevnds Hot Springd B

On the assumptiom that mamy of the silicic voleamic rocks of morthomm
e - Bevado vere cxupted from shalleyr magms ekacbors end that kot mngoo may .
: exist wicthim or below the caldera uowolly foricd aftcr som emtmm, ,

e ORtempteo have beam to calenlato ctho edrs roquized for togn chambors
_ of vaxieuo mﬂseoanﬂdepthsinthecme to mﬂ.mthaoﬂgﬁml tcEpore .
ature of the coumtry-veck. -Colculacions by.A.. B, Lackdabruch (oral-cotmum., =

-~ h | P 1973) irdfeoke thot all mogma chambers for the 10=m.y. ox older siliele
©. . 77 rocko bave loag age loot thoir hcoot ovd chsuld now have temperatuxes im
T tho range required by ¢hko prescmt Booim ard Bamge chowmnl grodiemto.

Asgurdag ehat the intzuoives hove esolcd agd axe "deadl, ' they camnot mrm )
-hacmi&efaﬂasmmponmheat SOUKCR. : :

- --»—-'?; B . : The sbundont Quotcrmory ¢l ldéc P&ﬂ&m h:;calts in wmhsm"ﬁcva&n L
SRR/ give rice to tho quootion as to whother or mot still-hot wagm chombors . &7

A - could be accociated with thoms BRasnles azo tha oot common volecmic wock

IR - . im the world, yot thoix plutomic coarsc-texntured cgmivalent, gobbro, is vole-

- metrically umcermsm. kost plutonic roehs axo “of felsic compogition deopite

: - tho foot t&m‘: thelr eruptive equivalents axe less coweom them bocalt.

seohisn, pleD -thoir chemleel sindisrity to momele rocks 6rd

ehodr lack of eruseai-rich elemomes such oo K and Bb, izply that basaledc
magnos find thode wny to the sux-face directly from the maomtie without

devoloping magns chachers of edgnificome size at imtemmediste or shallow

levels in thd coxth’s crust. Harris sed others (1970) provide @ of

tho phyoical charactoristics of bosoltde wogooo chat cmable them to exupt.

&
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Although basaltic magmas have considerzbly greater haat coutent than thoir

felsic counterpart, it ie unlikely that their low vincuﬂity would allow
them to form magma chambers.

In the main, we subscribe to the conventiomal cxplamatiom for hot
eprings, but with one sigpificent differczmcc. -Since cheve are probsbly
no "still-hot" plutoms or magma bodies high im the erust of morthern
Kevada, a heat source other then shallow imtrusive bodies must be sought.
e suggest that meteoric waters moving dswunword docply slong Baoin and
Ponge faults would, im areas of high geothormnl gradients cited earlisr,
cocounter high-temperature reck, would become hented, and rise to the surface.

Tie fundamontal difference beipg that the heat is.derived-frss-rvock thst

is kot by virtue of high regicual thermal gradient, izposed by & high-
temperature upper momtle only partially blamketed by the thin (29-30 km)
crust, rather than from a mages at some level within the cruse.

The depths at w*ich the fault gouge becomes icpermeable to meteosric
waters under hydros.atic pregrure is critical to our model. Intuitively,
it is reasoumable 0 accum=c that owing to lithestctic pmme the rocks

.at some depth are icpermesble te water umder lescer hydrostatic preccures,

but to our kmowledgz data bearing on this criticsl depth do not exist.

If suck a dcpth were real, it would probably be varisble from plasce to

place and bs depemdent on the genre of tha rocks in thoe gotgs zoas, ths
timo at whick tka feulting tock plece, the load, and te some ment on

the chegistry of the water.

On the basis of rather imdircct evidence wa fecl the critical depths
of meteoric water penotration in Noveda 1 st lezst 3 k=.

A 13,000-focot-decp well in southern Nevads koo & low thermel gredient
to & depth of 10,000 fcot and g highor gredient tolow. The lower gredient
is interpreted by Sass and others (1971) ae resulting frem the cooling effect

~ of grommd-woter moves:nt through beoin fill erd cldor rocks. The etesper

gradient msy bo intorpreted as reculting from em fcpoomded etatic body

of water in permccble reck or it may result from icperceability. Im either
case the rock is permeable to metesric ground wztcr gt lezet to a depth of
10,080 fest (3 km). Diffews=ccos in the irhorent perveability of fault
gouga as cozgared to other teeks could be expocted to widify the ebeolute
maximm depth of penetratfsn of meteoric waters.

i




REFERENCES CITED

Blackwell, D. D., 1971, The thermal structure of the contimental crust:
Am. Geophys. Union Geophys. Mon. Ser., v. 14, p. 169-184.

Evernden, J. F., Savage, D. E., Curtis, G. H., and James, G. T., 1964,
Potassium-argon dates and the Cenozoic mammalian chromrlogy of
North America: Am. Jour. Sci., v. 262, p. 145-198. . .

Fournier, R. 0., and Roée, J. J., 1966, Estimatiop of underground temper-
aturee from the silica content of water from hot springs and wet-
steam wells: Am. Jour. Sci., v. 264, p. 685-697.

Fournier, R. 0., and Truesdell, A. H., 1973, An empirical Na-K-Ca geother-.
mometer for natural waters: Geochim. et Cosmochim. Acta, v. 37,
p. 1255-1275.

Gerrisom, L. E., 1972, Geothermal steam in the Geysers-Clear Lake regiom,
California: Geol. Soc. America Bull., v. 33, no. 5, p. 1449-1468.

Hague,. Arnold; and Bmmons, S.. F., 1877, U.S. Geoi: ~Sumy"3ip10técm of
the 40th Parallel, Descriptive Geology, v. 2, p. 793.

Harris, P. G., Kennedy, W. Q., and Scarfe, C. M., 1970, Volecanism versus
plutoniszm—the effect of chemical composition; Mechanism of Igneous
Intrusion, Newell, Geoffrey, and Rest, Nicholas, eds.: Liverpool,
Gallery Press.

Korringa, M. K., and Noble, D. C., 1970, Ash-flow eruption from a linear
vent area without caldera collapse [sbs.): Geol. Scc. America
Abstrects with Progrsms, v. 2, no. 2, p. 108-109.

Makcn, W. A. J., 1966, Silica in hot water discharged trom drill holes at
Wairskei, New Zealand: New Zealand Jour. Sci., V. 9, p. 135.

Mariner, R. H., Rapp, J. B., Willey, L. M., and Presser, T. S., 1974,
The chemical composition and estimatcd minimum thermal reservoir
texperatures of the principal hot springs of northern and central

" Nevada: U.S. Geocl. Survey open-file rspore, 32-p. ~

Masursky, Harold, 1960, Welded tuffs in the northern Toiyabe Bange,
devada: U.S. Geol. Survey Prof. Paper 400-B, p. B281-B283.

McKee, E. B., 1970, Fish Creck Mountains Tuff and volcamic cemter, Lander
County, Nevada: U.S. Geol. Survey Prof. Paper 681, 17 p.

1974, Northu=berland calderz and Eorthumberland Tuff: Nevada Bur.

Mines and Geology Rept. 19, p. 35-41.

™ Cinarl L p - ™ gy
T T v - 3 G >



- o s b b o

Mineral Information Jervice, 1966, Gravity mp of The Geysers area:
California Div. Mines and Grology, v. 19, noi" %, p. L4B=149.

Noble, D. C., 1970, Reconnaissancec geologic map of Cenozoic rocks, wastern
Humboldt County, Nevada: Unpub. work.

Nolan, T. B., and Anderéon, G. H., 1934, The “«ysers area near Beowawe,
Eureka Countv. Nevada: Am. Jour.. Scd....w-27- 0oz 15%9,—p+ 215-229.

Riehle, J. R., McKee, E. H., and Speed, R. C., 1972, Tertiary Volcanic
Center, west-central Nevada: - Geol. Soc. Americe Bull., v. 83,
no. 3, p. 1383-1396.

Roy, R. F., _and Blackwell, D. D., 1966, Heat flow. in. the .Sierra-Nevada a=d -
western Great Basin: Am. Geophys. Union Trams., v. 47, no. 1, p. 179-180.

Roy, R. F., Decker, E. R., Blackwell, D. D., and Birch, Francis, 1968,
Heat flow in the United States: Jour. Geophys. Research, v. 73, no. 16,
pP. 5207-5221.

-Sass; -Js -He; Lachenbruch, A. B., Montoe, R. J., Greene, G. W., and Moses,

T. H., Jr., 1971, Heat flowv in the western United States: Jour.
Geophys. Regeerch, v. 76, no. 26, p. 6376-6413.

Slemmons, D. B., Jones, A. E., and Gimlett, J. I., 1965, Catalogue of
Nevada Earthquakes, 1852-1960: Seismol. Soc. Americs Bull., v. 55,
no. 2’ Po 51%565. )

Smithk, R. L., and Shair, H. R., 1973, Volcanic rockse as geologic guides to

geothermal exploration and evalustion [abs.]: Am. Geophys. Union EOS,
v. 54, no. 11, p. 1213, .

Stewart, J. H., 1971, Basin and Range structure: A sysiem of bhorsts and

grabens produced by dzep—seated extension: Geol. Soc. America Bull.,
v. 82, mo. 4, p. 1019-1044. ‘ .

Thompson, G. A., and Burke, D. B., 1973, Rate and direction of spreading in

Dixie Balley Basin and Range Province, Nevada: Geol Soc. Aurica
Bull., v. 84, nc. 2, p. 627=632.

~ Walker, G. W., 1970, Cenozoic ash-flow tuffs of Oregon: The Ore Bim, v. 32,

no. 6, p. 97-115.

Walker, G. W., and Repemning, C. A., 1965, Recounsissance geologic mape of the
Adel quadrangle, Lake Harmsy and Malheur Counties, - Ofegon U.S. Geol.
Survey Misc. Geol. Inv. Map I-446.

1966, Reconnaissance geologic map of the west half of the Jordaa Valley

quadrangle, Malheur County, Orecgom: U.S. Geol. Survey Misc. Geol. Inv.
Map I-457.

26

e



o bt b e s e

. [ P S SR I T ot WOEY WO o e Wit et N Yt VL~ "R TINUDVUIIL WPPVRAS YRPIT: ¥ U W
i e, SREL AT

Ward, P. L., 1971, New intexpratation of the gcology of Iceland: Géol.
Soc. Americs Bull., v. 82, no. 11, p. 2991-3012, :

Ward, P. L., Palmason, G., and Drake, C., 1969, Microearthquake survey and

the mid~Atlantic ridge in Iceland: Jour. Geophys. Rcsesrch, v. 74,
p. 665-684. ‘

Waring, G. A., 1965, Thermal springs of the United States and other countries
of the worid—A summary; revised by R. R. Blankenship and Ray Bentall:
U.S. Geol. Survay Prof. Paper 492, 383 p. :

Woollard, G. P., and Joesting, H. R., 1964, Bouguer gravity anozaly map of
the United States: U.S. Geol. Survey and Am. Geophys. Union.

Yates, R. G:, 1942, Quicksilver deposits of the Opalite district, Malheur
County, Oregon and Humboldt County, Nevada: U.S. Geol. Survey Bull. 931,

p. 319-348.
MDRO PARK
OCi 211974
LIBRARY
¢

27
- T R R S B KR RY I T -
wr T~ b T -
S — - oy - - S e —
o b bl i bk i i Low b



b

L

[a—

L

P O T B

The Tertiary geologic history began with locei accumulatica of moa~
marine strata to be followed in lste Eocene time by tha beginning of s
period of volcanism that persisted into the Holocens.! The maim volcanise
took place from the Oligocene to middle Pliocens tima and wee €0 exrsusive
that volcanic rocks now comprise nearly 25 pyercent of the outcrops of
northern Nevada. :

The Tertiary volcanic rocke sre mainly silicic to fntermsdiate in
compogition but include basaltic intercalations especially in the northers = -
part of the province nesr the Siike River Plain. These rocks include leva
flows, ask flows, some air-fall tuffs and volcanogenic sediagnetary unite, -7~
Although the veats or eruptive canters for some of the volcanic rocks hsve

been recognised, the source for many is unknown.. Soms. ‘kesun-souTce eveas - i

“"from which large volumes of rock wers erxupted are: ths scuthern Fish Creak
"™Mountains deecribed ag a volcanic center and collapse calders (McKee, 1970):
the Clan Alpine Mountains, a complax eruptive center (Riechls and others,
1972); the Northumberland caldera (McKee, 1974) near Northiumberland Cemyon on
the west side of the Toquims Range; & volcano-tectonic depression (calders
structure filled with eruptive rocks) in the rorthern part of the Tolyabe

- 2ad- Shoshone Renges (Masursky, 1991); s caldera and associated volcanic

rocks west of McDermite, Nev. (Yates, 1942; Wslker and Repemning, 1965, 1966),
and a series of linear vents from which & large volums of ash~flow tuff was
erupted in Washos and Humbolde countm. Nev. (Korrings and Noble, 1970).

———

The Pliocene to Holocene volcanic tocks, found mcetly near the

northern and wustern margin of the reglon are priscipaliy basaltic slthough
there are bodies of rhyolite snififidesite a9 well. Late Puoeene t  sloceme
basaltic rock distribution is showm on figure 1.

The present elongats portherly trending mountain ringes of high muf,

flanked by more or less flat-bottomed valleys or basins, are the products . -
‘of tectonism that probably began as lcag ago as the Oligocene in some-places,

but in most regions started in middle Miocene (15-17 m.y. ago), snd continues~
today. This widespread rifting caused extension of the entire p

produced the stesp {sull scaips that occur on either or both sides of the
fault-block nountsin renges. The total extension across the Basin and “Renge
province has been estimated by Thompson and Burke (1973) can the basis of.
geclogic and geophysical work in Dixie Vailey, Hev., to be about 100 k=.

Since the ranges and basin are relatively uniformly distributéd scross. the

province, Stewart (1.971) has suggestcd deep-geated extension of a plasti.c
substrate.

exvrresmy

lge use the following eime division of the Tertiary which is based om
mammelian chronology (Everndem and others, 1 1984): Qusternsry, 0-2 ®.y.:
Pliocens, 2-12 m.y.; Miocens, 12<76 m.y.; Oligocene, 26 to 37-38 m.y.;
Paleocenc and Eocene, 38-65 m.y-
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