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GimaEBsm. sn tms OF NSIKSEM vmAM 

By Richard K. Hone and Bftsce E. TsyliOS 

Abstract 

Hoe springs ar® tnnMrous and nearly unlfoigily AiettiSmtsd i s oorehecn 
Nevada. Maee occur on the flasks of basiiw, alocg Bacia aod ! • • § • (Itffi «• 
Miocene to Eoloceffie) fauies, while eoae oeetgr isa ths laosr paste oi t t e 
basins o Surface t c^e ra tu r ee of ete s p r i n g range froB slighely A o m 
ambient to- boilings a o ^ springe are mtftHuA f d , HwdaMB sateurf ace 
€seer- temperseusa® -eskes3»s«S:-''SS' tBe'" Dselr 'of '"qussts" eoItidKility cmga aa 
high as 252'BG, although most are below 190^C. Flows range frea a t r i e U e 
to several hundred tixmem pms a lau tc . 

The Nevada geotheroBl system differ •ark^U.y ffos c te povttr-fcodaelat 
system a t The Geysers. Calif. , aad froa t t e se areas tirieb a h l ^ poeeaeial 
for ^sw^r.produetioia (g^g. .Vgallogstese Parfee ^ ^ . j Jaasa; aaimtains, V. i l^«>. 
These other sysesM artf assoelacad with Qoatenury fe ls ic 'VoleaidAe rocks 
and probably derive t t e l r hsat frea eoollag asgas rscbsr high in t t e cruse. 
In norttem Sevadl, fcmnver, fslsie voleoie toete are vlreaally a l l older 

^.eten 10 aillio& years, snd. saslogous oagastle tesc sonreec sea, ctereforc, 
probably Kekiag. 

Hsvada i s pare of an area of aueb higter avenge beae flov ctea t t e 
rest of ete Oaie^ States. Ia aomb-eentral tevada, gsettettel gradients ' 
are •» great as 64̂ C per. kiloaseer la bedrock sad even higher la besln f i l l . 
The high gradlenes probably result ftoa a eoablnaeloa ef ehla crust aai ~" 
high te^arature upper asntle. 

We suggest t t e t t te ^ot teraa l systsas of nortterWIIiyBJai lasult froa 
circulatloa of aeteoric waters along Besla snd l a n ^ faults aad t t e t their 
tea^erature chiefly dHĵ eods upon (1) depth of elrenlatlOB sad (if-^thm 
geotteraal gradient near t te faults. 

Introduction 

Tte espsading interest in geotteraal power ae a st^pleasat to eoisvett=> 
clonal sources bail rasaieedl ia an intenalfiad study of teowa hydrotte***! 
systeas as wall aa increased effort to find concealed tee exploitable geoi 
ttexBSl systeas. Tte eteadance of hot qptfta^ la norttem WNlMa Hikes le 
a proadalng ares and has served a® a eelaalns for ehls seudy. Tte work 
tspen which this paper Is ba^^ was tegin& in 1972 on a pest̂ tHHm beslScr 
and was pare of ete V.S. Geological Survey's ganeral progras of gsoeheraal 
research. Our asjor efforts were dswoeed eo gattering and coapillag a 
^nariety of ^ologicfil, ^ophysiesl, aM geeeteiaieai data, although t te 
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principal effort was an evaluation of ehe geological dsvirosmsaz of areas 
considered to b@ favorable fer geothsss^l energy. Of part icular telp i s 
our work was a eou^llation of tteriasl spring data by Hariog (1965)» tts 
found that soma of the springs in &hl@ e o ^ i l a t i o n were ouch cooler t ten 
reported and ia soma few cases noncxietent. In t t e course of Chi0 study 
îfe exaained most cf ths hsc sprin||9 of noiN^tergrte^ada t t e t l ^ f e l t 
possessed t t e potential for geotherasl power; t t e t iS( t tese t t e t ware 
reported to be t t e tettest or occurred in areas considered favorable 
g«>loglc environaentSc On t t e basis of thfssc exsalnAtlofis. chaaiesl 
analyses would be p e r f o r s ^ in t t e f ie ld on selected hlgb-potential springs 
whUa s a b l e s of t t e less proaisigig springs ware to te aoalyzed l a t t e 
U.S. GeoloBieal..8iirvey.labo.r«to.rl'M~-A$--li^^^-?£^'r--Salif'''~i'0£'''t^ 
rationale of field analysis and for a s e n a r y of a l l these analyses, t t e 
reader i s referred to Kariner and o t t e r s (1974). G e o l o ^ aapplng was dote. 
a t t t e Beowa%Fe geyser area. ' 

^ 

I -' 

This paper wiU briefly suiBarlse t t e geologic set t ing of soas of 
t t e tet-sprlng systeas. re la te thea wteca-^fosflble to varisus s ^ ^ s i c a l 
and geocheaical paraasters . and propose a aodel to explain the i r o r l ^ . 
This iKdel differs in only ainor respect froa t t e se where hsat i s dcdvad 
by cm^uction sad eonvaction froa a a a y a . 

• i 

Geologic Seee^ig of •srttaeia Isvads 

HOrehem BCvada is in ete ssrch-central jpMtt of tte tesia^jgid Bsaga 
province and f s characterise* by elongate nortterly trending aountela 
ranges flanks by aore or less flat-tettoasd beelns, Tte region contains 
thick sequences of rock ringiag ia api froa Preetebriaa^to Bolocene. ThiF "̂  
Paleozoic and Mesozoic rocte are extnoxdiaarUy varied, principally «̂.»̂  
because tte region inelodad teth aiogeoeyaeliiyll and e!:s£?^f!$ellnal^l|^sltlon£r"! 
habitats. They include ctert, gmywacte, shsla, anistoae^ pillowflalia, .-- ̂,... \ 
liaestone, dolcmite, evaporites. aad others, as wall as their astssovphefsed i 
eqtalvalente. During tte Antl4» otogeqy of Lete Sewoni^ to Mlssiseippltti 
ages engeosynclinal soete were aovad easciMrd over their aiogeosTnellaal 
correlatives tStt thrust faults haviag on aggregata displaeeaent Of 19 eo 
90 alles. During Peansylvaaiaa mid Peralih else tte dlseurbcd eerrane was 
o^rlapped by earioe eediasnt; to ete ease, in tte aibgeosyBeUae. deposleloa 
was continuous aad ete effects of ete itetler orogeny are barely noeieeable. 
Tte weseem pert of ete Seate waa also subjected to tectonisa during tte 
PezaiaB Sonoaa orogeny m d again during tte HLddle to late Trl«sslc(t).. «^. 
These events were interspersed jilth periods of aarine sediasntation. Tte 
eneire region sma ehen affeceed by aassivtf eeceaniaa ttee occurred proteblg,. 
during ete^lata lie«)8ole eo eesiy Tereiary. Tte resulting eerranes were 
laemded by quartz asmiSGnlte Co graaiee «"gigg ^biring ete Triassic, JunMSlje, 
and Creeacsous* Gsbbroie rocks of Jurassic age are present in ete souetem 
part of ete Vest fioBkolde Bangs and in ete northern pare of ete Carsea Sink. 
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The Teselasry geoi©£;le hioeosy bofioE! oieli ioigci csessnslceiija'oS ESS" 
saxiao Btsoes ts© bo f@ll@\;;ĉ  I B I&ZQ Sseeec t ica by tSio fecj^izrAas ®§ e 
ĵQ îodl of v©lcanion tkiE posoioeci isas© isfeo Es)S,®(gcsoô  Tko isal® tTsle^rslea 

took place frcta eho ©llgseesao eo EMdlle WHsseam etos tad C20 e® fsf^iaolvo 
Ehat volcanic Eocte aou esafJ^ioQ noarly 2S (^e^eoiat ®fi efeo QKseei?'5'?o of 

The Toreiairy voleoBi® r®eks fflffo maiffily s i l i e i e fes isecECciliacc ia 
csBpooltion bffiS inclttdo feaoaleie iBSoffealcttoao ©ofceially i s eto ESFElaSCD 
po^t of E&Q pFQ- înee ncoi' eha t̂ uJuci E^vcs? PScMo ffecro Essto ieelscfo leva 
f 1(5̂ 0 a ac^ fi®;:Oe cssx) ols^fal l essffo aM •s^acaESgaaie cciliccEiSccy essieoe , 

baen reso^dscdl!, tfeo cswree f®r ii3?s!,y..io..--Msfep®fr!5r.-„.S232'--fê £tiB-esâ  
• f Eoa which largo •g^ltcca cf resEi «^CQ css!g;ecil aso's 61:3 cssGkDijn Ficti €J?CCIS 
KDuntaino doocritecdl cso a vEilcomie ecsEor £ss± coUafcc eaMoca Ĉ ŝCcCc I>5̂ ®)5 
ehe d a a M^^EO IZasmtaiaOp a eez^los ccs^ei^ro ccr:2cc (IHcl^o ci^ cefcDUOc, 
1972) I tho E3g£feE±:cg3k:ffidl ealdora (KsEco. 191^} ECQI? Csffelcr^cFlasil GcrjSD ca 
the vast side ®£ eho Teqaiiia Ecjucpi a vsleaES-tcsesaie CcpEccoloa (ecJlCoEa 
struceisro f i l led with erffi^eivc rssfsa) in efeo tsrtfcnED pcue p>f< f-̂ zr .''^et^c^ 
aad- Shoohsffio EigEgco (X ĥamscl:̂ ^ tt^L} g c 'ccl.<!:c:7o cz i CP: :SS^^C£ vs£ec2£s 
rocks t-aoe ©f KssEosniteo Ec2v. (Ycecao 1542? Eblfeou £332 Ecpc-^itec, ISCSp 1^5) ; 
and a scr ies of l lnoar vcT-Gc fccz; c!ilc!2 c IcEjp v®lcri eC ccli-flos? ee££ «ao 
erupted in ^ooteo ozil Egsr:iit@M£ Os^ssiZlcat t!a7c iE&T t̂Ciĵ  ssil Ê ti)lCi> 

Tha Flisccno t© Esleecao v®iecc£s E©shOe f©csil csoGly near t t o 
noretem aoid ^aoeoE® c n s j ^ of tfeo roĵ L®si cuo p2jk::££i;rfi2,y fcucoHclc elekscj^ 
ehcrc are b2i£oo of t^®M.^o cnl i^.^-^f,cc r.2 c::Me hczo PlisecEo €• ?lcccsa 
bascleic rock dictri^xClsa io G :̂£;:SI CIS figH?o io 

Tho prcceaE elcag^to EsrtknE'iy fsa^MMQ cszriecflQ ECSGCO cf fcij^ reJllcf,. 
flaakcd by Esro or Icoo flat-tseeccc*! vaUcyo' ct? tccfe3e cso elia CEoitsstc 
•of tGcCcaica tkie protcLly l^o^a ca IOEQ C ^ ca efeo ©HSc^ccss in czzz pEcsca, 
Imz im moot rcglsffio ctarecd in Ei<£^c O^acaa (1S=2.7 o.yo cgs j , esd eessferss 
tedcy. E:lo cMcc^Eccdl rift^ris ccrcci C2:cc-.c£ffia cf cto cnsiEO pr^vli^^i u.:^ 
preducsd the sScs^ fssals sc^acfo tEne csccs ca oiekDj? ©E fesela cidco e5 &3i 
faulc-Iilcsli esaBtGto rcajpo. fS:o mt tL csccEoS^sa CSCECO eko Eaoia ecd -Uses 
provinco boo fecc^a coefer.eed by Tkaŝ jcosa eiEd ESSJSSQ (1©73]) &© €4:0 fccdc cf 
ge@l@gie £££ 8csg;S;:57D£cai wsrfe la Ms^^ l̂ 'cMc^o ECfv'„o fe® lio afessE IC® too 
Sisieo eho KSEjjrx) cffid fenoln aro re la t ively isa££®m -̂̂  «5£oe2lL^£;cii ccrscs £ha 
pE®^7lE£o, Secwase Clf?l)' fcac S3Bg£pc£cd dccp-csnec^ cssEcmoios ©f 'e plcot lc 
swiJbasraecio . . 

%cr HEQ eSin f®iic;;;feo efco ^vis iom of efeo Tcst^sEi^ ^sSsicin'is bcccd ca 
Bgyrrrillfflm ehron®!©^ (Evojnsilaa CEIS ©tfecco, 1S><>̂ )? QantcffiEO^c G*2 Eoy.? 
PliscsoQs 2-12 mojoS ^LoccnOs, 12-2(0) a .y . g ©ligsceffiOo 2§ e© 37-38 Ooyoj 
PalGQeeao andl l©ig(3ffi2» 38-6S Eoy. 

T T T -



*r . vwi 



'?-•-?;••'(.-

The flanking faults are the latest stmetures iopo0£i4...o<%.̂ h£t 
locally at least-e serueturally eoisplos terrane'of divere® littot^g^o 
The faults produced gouge and breccia zones with p<sr!3aabiliey to 

* water depeadent principally upon th© orl^jml llth^logi^Op but eubs^u^t 
w o v e m u t of chesQically activ® waters presussbly altered this p«s^^Mlityp 
increasing it in aon^ places aod decreasing it in others.. 

Bot spr^g0 

Distribution and Setting 

I «. 

lot springs in noretem Hevada a.vm massrous and. eseept for a iesf 
ratter l a r ^ areas t te t lack thea. are fairly unifosaly distributed 

_,.(£ ig... 2),.... IB - eha - eaetesffi-psee of- s^rehisrs-lsvadsT-iffl- "eoutteiieiieB Slko 
County and northaasteinai f^ite Fine County (fig. 3)» ttere i s a large 
t te t lacks tee springs, t̂ m otter areas la'..k sp^gSp one. ia ciM 
w38tem comer of Hevada and ete otter a 30=" to S&°aiie=^de band 
£rota east of fyra^id Late northeaseward to Oregon am 
into wsstem Elko County. 

Tte' la t te r e ^ areas are e^arated by & 3G=a£l(3=-wide 
several scattsred tee eprispi, and this sssa ezstende iwm Just ^msi of 
pyrasdd lek& S. SG'̂ -SŜ ' E. to t t e @re^n State Uns as^ psob^iy dimiSMB^^ 
oorthssard in fuebio ?alleyc Oragoe to t t e M.v9t& Sesest, essstbes 3@ 

Xn 'varSsss sssss in eorthem nsvaeut̂  
e i i ^ t l y different phyeiogrsphle aM geologie 
located close t o ' t t e asrgiae of t t e baeiseo b 

Wl tee epriagg) ers.kB6«B te cceu? M t te 

t o 

but t t e ^ s i t i n a s of 
a l l are believed controlled by Basin and faults. 

I 
i t 
k 7 

m 
In Btiim places several ep^api are present and im others only oas or 

tf^c Wtere eemsal springs occur ae part of one systems they are 
disposed ae clusters @»r@ or lees equaat is. outline 9 o? in & IS&m 
t^ to several s l les long. Kisy springs eccur singly end hŝ ® no neighters. 

t t e t can teeteraeterised se linear is, t t e 
in Bhisl@iM ^aHey, m^s® 4 i s a reeeenals^see geologic 

ehe distribution of tee springs. eHieeous eintesg esd 
altered aM i^a i t e r^ vsleeaie rock. Tte spring d^@sitSe esde up of 
opali^) eiMca (sil&c^ius sinter) o cover nearly 6.6 of & ei^uase Ml® a@S 
are about 6,600 feet long and- Ẑ &iQ- feet wid®. ^®.Mat@s emsee t t e vallay 
floor mS riees to & 36&=>feot-hi^ tsssm& t te t rests .against t te norttem 
edge of & ridgo of volcanic reck.. Sinter was deposited on t t e a l t e r a tsM 
unaltered volcanic n^k end an iMesmd fasslt t t e t provide ete chasnal^ays 
or ceadffllss fes- tha B^eis^C 
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Most of Che springs occur at the top of tte terrace along a Una 
about O.S Bile long which trends about K. 75° E., although several occur 
to the north and northeast of the terrace. 

1 

When ete Bacmwe t t e r ^ ares, ma f i r s t described by Kolam and i 
Anderson In 1934, the natural syt -ze^ was tmah G»r@ eceive t t en i t i s ns». 
Specifically, i t included threa gayaera, t«o of which played to hiaighta of i 
3 fret and one to 12 fss£c-^-In 1951, lfh££a-'(pssffi22Sl--£S^ssi'.-)'-C'b£-ssvsd . j 
about the 8eE:e level of hydrot ten^l ac t iv i ty ae Bolan oM M^as^g^, I 

Beginning in 1966, ninsi t e s t teles were d r i l l e i by Sierrii Pedf ie ' 
Fô Kav Company and by ^ ^ ^ ? u l c a n . After estensiva e@@tingo a l l t t e ^ i l l s 
were capped. Tte effects of t t e d r i l l i ng afid tes t ing on t t e natural &fatm 
are umkaoana.. 'Vandals ble® t t e caps frose. four..of t t e ^Bllfi_-.^.^®...l«.-,-,25 3e 
and Vtilcan 6$ sosaa&ii^ pr ies to 1972 f, and o ^ of these released eteagt and 
water in rather large VOIUESS. One of ehe i^eiceabl® effects of eMs 
release of fluid and poasiMy t t e e a s i e r d r i l l i ng was ete cessation of 
geyser act ivley. In Assgust 1972, m ^ a 2 assd Se v6sieh feed baan ea r l i e r 
vandalized, began to vent and released large valutas of tet water end 
This resulted in the 6SsSsm£&m& of spring flosr mA ceseation of a ^ 

•l-wa0--capp®d-during'ete^Wintsr'-<»£-SS?2=73v'"^""'^' •' " • 

DrilMsg data for e te Bessase a s ^ are ^ a s s i s ^ in figos® 4 which 
shoua locaeion of e te ^sllSo eotai depths vmm^mm testesatusa draiag 

attained dnriag d r i l l i ng r s s g ^ f r s s 2 ^ C tS) tkG^^o while sub^^nent t e s t s 
of e^^esstur® af ter t t e wells «sse allowed to i l 0 s la^eA froa MS^G to 
1@20C for vellfi lisgsa I flbssof^ «. !Sis dso|) M t s ^ a r a t u s a r sss lcs f i e s a 
l o u r i n g of tLs telling point as t t e pscssnra i s t t e a y s t ^ i s Icaered by 
ventifflgo A ^aB?as480B of Ho® p's^snre aM t^$esafeiE« a t "-tte bottaa 
(767 feat> in 1961 witla 1$SS fer ISifpa * ehsnra a reduetitaa frea US) psig 
eo 46 p s % e ^ t s^eca tnse a t 767 feet r ^neaS f s ^ i 2iOe€ in l % i to 170®C. 
in 1965. 

~ A l ineas f8e&t=«onts«lled tet spr&ss a r ^ y i s pmsmss. on t t e 
of ehe uortteestesn ce^^^tssnt of e te Black £eek Deeest» Just wese of 
Black Bock Isigeo ! ^ fanle tiaisia i s Boloeess-, and whic& has Qa^ ,^ iMe 
displaeessnto i@ idsn t i f lM ^ t t e sasrt&^iy el^si^snt of l i aes r esepe e te t 
c^t fanso s ^ U M i l s , ag l̂ mmSs a t & M ^ angle (figo 5} . "SbA nor t t em . 
@M of t t e eyetea i s ^ s t e d by ^sM.® m z Spsisi^o wii£l& hsm & S îm o£ 
about m mm 'o£ M®@ wat@r. ^s^m mmsMm s ^ sesp@ are present to t t e 

2'B£3 T m B ^ f^ th i s spostmsous es^^t&sa M ^isssm». b ^ i t i s poseib&s 
ehat ae e sessilt of a •wssf d ^ wiSEseer (1971 t® 1972), t t e g ^ u i ^ water 
receded to t t e point r^^im ®eî m pssssssE© was able to f lo^ out tte 
ns^dnin@ in ete boss ^ l e s o 

•f" ii w-iciki^^" tt^rw vwL'H'iW,,'wrnTTiii;"! Wv" siWT\ 
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for a dlQtancQ of 7 milaa. Tte Bouthorajsooe end of the eyetan i s narked 
by an unnaaed spring with a low flow ©f ^ater at 96®C. f te flos? froa ete 
springs bsrsreen the ttJo ends Is le**... Bitrapclaeliig Sic&ia <iAa& i© knsim 
elsewhere of the s ty le of Basin asad iaag® fattltiag, a pre-Ssloceno fault 
could be inferred beneath the Holoceno oaffl-. fhi© 1© supported by ete 
position of the Ferssian volcanic rock mokiag up Black Eock ieself , which 
la only a short distance east of the efface of ehe feule. 

The Holocene fault then would .teve d@«inl-.<me{,i-is--so-sp9nne to a reactiva^ 
tion o£ t t e oMsir fault if t t e l a t t e r i s present ao inferred. 

Slecaame and o t t e r s (1965) l i s t aa esrthqunte of cagBieudei 4.1 ae 
l a t 41<*H. £,' long 119®W. for t t e year 1936. l e s proslEdty to th i s Miocene 
fault suggests a relationship although certainly sot tha cause of t t e 
springs since tha Doubl® Hot Springs were observed long_b®fore 1936 (Esg^ 
,aad -'EESsaSs • 1877).' 

Data in Kariner and others (1974) ehaa t t e t t t e water froa Double Bot 
Springs a t t t e uorth end of the fault i s conoldcrcbly core diluee than t t e 
spring waters south of Black Eock, containing 0.89 as cuch Si02, 0.14 as 
such Ca-H-, 0.6^25 as such KgO, 0.12 aa icuch m*„ 0.225 as cush &", and 
co^arablo -freetiono for- t t e -emijsmBc • Tte l£S'^f asshints of discolved 
solldo in t t e soaetencsse springs are sterlbueed eo cosecdEation by sob* 
surface brinco, t t e coutterErsot eprin© r̂î r̂ g closer to t t e topogi^hiefilly 
linseee point in t t e Black EiscL Bceere wbich would te ete soct fsvo^ible 
s i t e for accusaslction of gat <*>-i water ae vsrlcuo depete. 

Calculaeiomo of subBurfaco eespemeuscs, based on Si02 coaeene. of 
t t e spriscs fit c l t t e r end ©£ t t e fesale dcofiitc ete Ifc^Med costaaination. 
show rccGonnbiy eossiseeat t d ^ m t u r G s , 1SS®&-14@ Ĉ for l^tubla Est Springs 
and 141®&»147®C for t t e «wpy>--*>jl ^jring a t e te eoutb cad. 

Anatkar proaincnt Uacar array of s p r l s ^ i s Eredy Eot S p r i n g , a 
fattlt-controlJ.cS systes l a bcdi^ek" (alecs'cd y"d tmaltercd volcanic rocte) 
aad assoclaecd wltk slliceouo sinter» 

Buffelo Volley hcc a subclrcnlar grou^ ®f g"i''«f very low flow tee sprins^ 
t t ee t y p i ^ t t e cluotcsr array sodo of csctsEscsse. Tte d u s e e r , w&lck i s 
located in ete es^askssetem part of Enffdo fa i ley . io about 2 •»«i«»w nostk^ 
west of a Una of 3««,y.-oM -bss:!© essss (!M!co-t-'B^smmsl csssram., 1974). 
I t I s about e tgsssrt&s of e ci^e in di£sntcff £ffi3 c a r g o s froa a c l r o ^ a r 
Bound t l a t i s a fco feat ^si^;^ t t e «ssEBccriScs f l a t «sJEd cride up of marly 
naeorlal . A fc^ off ete tetttooe efste^P dcgsolt tret^^reins, boe othsre are 
so cool or ,baca essh a 1®;? f la^ tkut n® diccc32lM,e d±^e±& escEiZi^iiiaeeo. 
Tte springD Gsargo froa W!E3S ^o?nM fea cha diiseal edge of a l a r ^ foa i f ie® 
bffiiBrlitKsard half c l l o o^ c®-«£K3a*'t rc^^rfsG^ czS. isw^eseS, fey IESSQ beds. Alehau^ 
el^ ol^ear essEEssaa I s otecurcd fey © -^cscsr of Claaeomary sediEcae, i e i s 
Inferred ehat a te posieioa ®f eh© elusteir io soaerolled by pre«»<^e®mary 
faulesc 
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Many other hydrothermal systems f a l l into the cluiSter catogory 
such aa ete springs near Soldier K2edows Spcneor E©e f'-jrlngo, oprings 
northeast of t t e Snby KarEteo, Hot Sulfur Spring in ete nosthorB Eu&y 
Valley, Hot Pot, -etc. The hot springs in SEdLth Creek ?all€3y aro 0 ia l la r 
In mode of occurrence, but are slBooe of a typo' Imeesosdiato botween t t e 
l inear and cluster arrays,, and seen to eaerge clooo to ete baafLmoav̂  
edge of a faa. Dislo Eot S©nitt.g@... .oa.-«te-ssssfe;33£-Bsg^a or-Bteio ?nlley, 
also emarga from the d i s t a l edge of fans but Ejsinly wtero >̂3) Sam) coalesce. 

A ^:all-=@cale (A^ Is250,006) cap of w;s£)eem liuciiboldt County, ISov., 
disclooeo a prominent linea&cnt bogiuning in t t e r lc iniey of a large 
cluster, of hot springs close to Soldier K3£dos7, .and trending B. -36'̂  eo 3S® B. 
through Saltazor Hot Spring into Pueblo 7alley,,.@rc@c>~end-.SoVc-'jr'S di^tsncd- &£•" 

'-esre-'thQn"65-'Mlcrs'(fig.' 6 ) . Attc:?)to to undorstend t t e r o l a t i s s ^ i p of 
th i s liatG£iE:2nt to the tet springo are based on unpt&tMokcd reconaoissa&ce 
geologic i&epping by D. C. Koble (1SS9>. 

ISoble's geologic ^ap shs^n) the linsocsnt to bo conoidorably sore 
complez than the topographic imp indicateo. Jus t cnrtk of Suzsie LcSoi 
t t e . Unes^ent -splits-end teth''brsn£teS'''&^^pj3@'^''tb~';b6''eon^ollGd par t ly , 
although not wtelly, by fau l t s . Fertepo leoo prso^lcsnt structurco. sucb ao 
jo in t s in t t e Tertiary Is^raop eontrlbuto to t t e linccxrmt. In eoy cococ t t e 
f&ules are of only ssdc^t diogilocc^^sit. Tte csototcsi bronck a t e te cor tksm 
end i s a coneealod foi&lt of vory larQo diofl£icGc:3S t ^ t ts^ssentcd t t e fucbio 
tlDuntalno a t an sn§lo of o'̂ «a£ S®® fssa tko^s tî cssilo Coitosor l!ot SlfrlcQ 
r i s e s fron th io poî e of the HnoocDntc Tte vaotcsa, l ) s x ^ of t t e linccccat 
esteadt? alonQ foal ts co fas? ESfftSi co EZsSco Ksuaatalno em£ Is isifcesei 6© 

.estend fa r t t e r nsrth bonoaeb what E^sblo G£:;̂ >̂ cd co in to ^ioecao ttaffo to 
ceriainato a t Gog Cst̂  S^^isiga. 

Tte crc^^sndono continiot in c a ^ ^ e ^ o of faulting along ete linocsstat~-
su^eeess to us a t leas t j that tkQ liMoocssat csiiotcd ao ti I s r ^ famit in 
t t e Early Tostiary torrana snd t t ee ecctonicn t t e t csism^rcd after t t e 
Oligocene and Kioccaao -volcanic rocCzp :̂2rQ ^Cfsoltcd roc:s2>tcd im otdeot 
t&i'ssss& displacgcsne t t e t casoifcat^ ieself in ete i^leanic cover. 

Chcraflenl anaiyooa ^ r i n a r and oeters , 1^4) eskarj etee ete springs In-
t t e vlcifflley of. Soldier-|feM®s«S»-4il^a"-ssd-ve^ U f e r t j ^ l o e Sfsing. 
'Baleasor ^ t Spring, on ete o t t e r hands is^Xe^cxi o, s l ^ s i f l cca^y o^catos? 
proportion of diocolvc^ catca^iSS.." Sto llncaEEamt cccTD •©© ecjgninaeo in 
Foeblo Vallayc paiMiqpJO a^iisiot t t e foniit t toe caot bo praccMS .CE®E3 ^ S 
ease face of e te Feablo KsmiOsâ Ms, fuc&lo Valley cssscssilo c©reh froa 
Danlo eo tha M'v3S«] Saacre. a dlseasco of S3 cdilooi scvQsal ksit s p r i n g 
ee0sr central ly and elong, eka isriprg:^ of ehls -valley i^stas^-
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spring Deposits 

The two principal deposits associated with tet springs of nor t tem 
ISevada are t ravert ine (CaCOs) or siliccouo s in ter (ĵ iî orphous hydrous Si02). 
Locally, mlntures of the two occurg ei ther it^tarlaycred oo in t t e older 
deposits at Finto Hot Spring, or as s i l i c a d i saco ina t^ im t rever t i t ^ , 
as at Kyle lo t Spring. Estensive s i l i c a i s preccne a t Stess^poat Springs;. 
Beowawe, and Big Sulfii? -Spring- in S£iiby-^&l;loy;"~A~"calcarcous scua coasonly 
occurs a t many of t t e cooler hot springs in I'lace of ete wore conspicuous 
Indurated deposits. 

The solubi l i ty of s i l i c a incre&seo with ee^craeure ce ete solubiliey 
of ealcice decreases. This sug^ses t t e t s in ter deposits are Indlcae.tva 
of higter tessperature syctesa than. ebo^^cuf-cssa^ased-wiefi-erB^^'reine deposits . 
The observation of s in ter aprons at socra tet springs in tabic 1 besting 
re la t ively high quarts tezpcr&e^rcs supports ete val id i ty of th i s general 
rule=-of'thoob. 

The obesrvation of t ravert ine in tet spring deposits indicates t t e t 
the Ba-K'°Ca concentrationfl of tha spring water wi l l s^t be t t e equlHbrluB 
values rcachsd a t dapth in the syctca. Ecneo. t t e val i^s given hy t t e 
slsqple log (&/E) gcoetercs=aecr wil l te abaorgally high. This i s a lso 
supporeed by ete daea in eable 1« 

For calciuQ cazbonaee prcsi^ltaelon eo osess, t t e following relationship 
Bust teld: Csi"̂  X ESOa" z 1 6 ^ > 4 Ecg (T. Bamca, oral ccs=sn.. 1973). This. 
of coureo, enables CaCOs to ba dcpoaiecd in <m esid esviroozane. Si l ica 
solubiliey i s a fcsaeion of tczi^cscsssot tk^s ec:::;;^cratnre €:E&p aloss ' i s 
enou^ eo prcclpieaec sinecr i f •»«*<*•-fjiT SiOa coatcsit i s high e s d u ^ (256 ppa 
or higher, <pgi!<>«'ot̂ n!£ subsurface t c^a ro tu r c s of 1S6®C. i s ^ s e x a U y retiulrcd). 

When sprisoo iasue direct ly froa espoccd ig^icsue-derlvrd «eed£c£ne Or 
igossus rock, t t e l a t t e r ten are cszselcao teolinitiaed. as at Seeas^at 
Springs, Brady Est Springs, end Eca;:&ca, plus CL2 ffzarole 2 nilefl or so 
noreh of Soda Late. I t in ^ ^ t e probable etee concealed volcxaiic rocte in 
ehe viciniey of tee springs arc pa r t i a l ly teo.llnltiscd above ete waeer eable. 

"itQ eeci^eraturQ of hydro tksrcal cyceeso, pairtlcularly in t t e et^corface. 
i s one of t t e principal îin——r:&gi @£ ineereoe In censsceion wleh chair ^ t e s t l A l 
• s czar87 csssees. *,T«?tMstrg;fc e r o u ^ cscsalaelon apparently cs le to hetucen 
surface eci^cs^turo- and cks ^::^sraeure in ete cskcss£c&Qf no ncehod shore 
of <£!r£lliag <'*iw ficessct:cl.y daeexoine t t e g.-^^i'-Ti eer:^eraeure of a systea. 
losevars t l s Eelatlve sbssid^sso cf ccreain eaeleas in coring isneero, pcrei-> 
cnlarly Ka*, K*", tse± Cs**" ^©amier aad TSfsaciGll, 1973), and t t e aasunt of. 
SIO2 (K^s::» I f ^ i Fournier acd Esc^s 1926) have been found to te funceionn 
of tesq^erature and t t e as^sairfaco teî zss£:-&ss&s «•>"'' be e s t i i s a t^ from chesaical 
ttnalycoa. 
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Surface temperature.—Surface teaaperaturca listed ±n table 1 ware 
measured vith a tnflximum recording mercury thersoiseter, geacrally froa 
10 to 50 cm below the water surface and where possible in an orifice. 
Values range from slightly above aiabient, through boiling to superheated 
in a few springs. 

Subsurface temperatures.°"As noted above, the relative cation abundance 
and aiBount of Si02 in spring waters enable calculations of matr-ttwwn tesper' 
ature of the systess. Such calculations say reflect tte lest attainsent of 
chemical equilibrium between the spring water and the conduit meterial 
encountered in the rise to the surface. Thus, it is pooeible ttet the true 
maximum temperature may be nsasked by these late interactions. SiffiilArly, 
dilution by cool shallow ground waters will oartedly change tte chesaical 
composition and distort the calculations of «»7f<«««•< tecperature. 

Table 1 also lists the calculated m-tn-ttmm subsurface temperatures 
based on (1) quartz solubility as developed by Hahon (1S66) and Fournier and 
Btowe (1966), and (2) various cation ratios (Na-*-, E^, and Ca*^) as described 
.by .Fournier-and Truesdell (1973)^ The chessicai data froa which tte calcu
lations are derived were reported by Mariner and otters (1974). Calculations 
were performed on an IBM 360/65 computer, using a program written by Tousif 
Kteraka. 

The tenperatures calculated froa tte SIO2 content assuse no dilution of 
tte ascending geothermal waters and the calculations allov for two conditions, 
(a) adiatetic cooling of the spring VQter during its ascent, or (b) con
ductive cooling. Generally the actual temperature of tte systea should lie 
within the lliolts defined by tte two calculations. Tte adiatetic coollng-
nodel temperature is preferred when the spring is boiling at tte surface, 
especially if within a cluster of otter near-teiling springs, and tte rate 
of ascent to the surface is sufficiently rapid to exclude beet loss by 
conduction (discharge greater than 'ulOO liters per slnute). 

Contritetlons to the silica content of geothenaal waters by amorphous 
silica (e.g., diatomite, volcanic glass, etc.) lead to errors in temperature 
calciilatlons owing to the fact that all silica in solution is asi jmed to 
result froa quartz-water reaction. Hence, kxEO^ledge of tte reek- eelucn 
through which thermal waters circulate is required for the judicious use of 
this geottensDBsCer. 

Temperatures calculated from silica content of tbe spring waters analyzed 
range froa 95<'C to 252^C, althou^ nost are below 200°C. To a first approxi
mation, these temperatures are roughly twice their respective measured 
surface -values. 
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Fournier and Trueedell (1973) have pointed cut that the eisiple Ble/E 
geothermometer must be used cautiously es a tenperature indicator even when 
the quartz temperature for tte system is high. I© lower and ssoderete-
temperature systeas, however, Ca enters into silicate reactions involving 
K and Na„ and use of the single Na/K ratio leads t s teizperacure estimates 
that are cooBonly too high. Accordingly, the correlatipin hafiĵ meD quartz-
aad Na/K temperatures is generally better when tte quartz temperature is 
comparatively high. 

The calcius-corrected teaperatures are^ in general, better indicators 
ehen the Na/K ratio except in those instances wtercs (1) calcium carbonate 
has been deposited as the thermal water ascends toward or reactes tte 
surface, or (2) wtere imt&r's are in contact with limestone or dolomite. This 
may resule in anomalously h i ^ ees^eraeures, and cay e^laln SOBS of ttese 
listed for the log (Na/K) + sy Ca/Na geottersaoseters (6 « ^^ or'^y^in table 1. 

Ion exchange reactions between rocks and ascending geottensal waters 
result in temperature estimates ttet are too lov. Ttese reactions may te 
quite rapid, but their relative ii^ortanee should^ to a largi*^degree, 
depend on tte extent to which the rocte are prohibited from furtter reaction 
by an armor of minerals. 

Geophysical Relations 

One important thing to evaluate in geottensal ejqtloration is tte relation^ 
ship of various g(»)physlcal parameters to geottermal systems, ttet ia, do 
geophysical anomalies relate directly to teoen geottermal systems, and if so. 
hov can geophysics be esployed to locate hidden geottermal systems? 

Gravity 

Tte gravity neaaureisents in Nevada, generalized in. figure 7, are all 
negative ranging from -80 to -250 nllllgals. Souttem Nevada and noreh-
weseem Nevada have relaeively high gmviey, wtereee ete east-central part 
of the Staee has relatively, lov gravity. These regional differences can be 
interpreted as reflecting -variatione in cmstal thickness, the crust being 
thinner in tte southern and noreteestem parts of th@-Statso In a general 
way, tte chealcally dceezmined ugâ rimnw spring temperatures are soseetet 
higher in the area of relatively hi^er gra d.ty» althou^ Hot Sulfur v. 
Springs in tte Bsiby y&Ucy is a noteworthy eseeption. Also, it should te 
noted ttee pare of ete area in noreh»sseem Nevada lacking springs (fig. 3) 
is assoeiaeed wleh tte highest meaeured gravity field as well ao greatest 
occurrence of Cretac^ms gruiiimdlorlte iQtrualve rocko 

Aside froa eh© broad regional "??arlaeions ia gra-vity, there is a clear 
association of gravity Mghm with iBD-untaln ranges and ^svlty lows with 
basins. The st^^est gradients are approxlpately coincident with ete 
BBuneain fronts which are tn thojoel-ves an ei^risssion of faults. Hot springs 
have a high frequency of occurrcKs® along steep local gpredientSt suggesting 
that ttey rise along concealed Eaoin and Rang® faults that flank the mountain 
ranges * 
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^ Detailed gravity naeesurements by D. L. Peterson af'Buffaio Valley 
! hot springs and Leech Hot Springs and by Fetercom and D. L. Kalbcy at 
I Hot Pot (D. L. Kabey, percomal coscam., .1973) disclose a po8itl\7o 5-to-lO-
j milligal anomaly associated with tte sprls^ga. Ilabey suggests the acooely 
: results from subsurface silicification. Addition of calcium carboo&te to 
I the valley fill ssaterial sight also contribute. 

Magnetics 

Aercangnetic surveys of narttem Nevada dollncote maoy Intrusive bodies 
and expenses of volcanic rocks. Thsee areas generally are so large ttet 
any anom«9lie8 resulting from associated ttercal systems are co&pletely 
masked. le'ls pooolble ttet detailed work-..i^-spiseiJis-es€as might discle^e--

~ an understandable relationship, but noss is dctcceable ae this tiss2. 

In gennral. ttere scezss to be a groso correlation tecween ete aero
magnetic anomalies and tte gravity. Ttet is. ete areas of lofsese graviey 
have a locer densley of aerosapteelc auosalles, and tte areas of high gravity 
have a higher densley of magneelc anomalies. 

Selsnlcley 

Epiceneers of earthquakes for ete period 1932-lS^ shoo a l laleed 
, correl&elen vleh tee spring; eccnrrence. Thsre ere ecccneially eteca cluseers 

of eartteuote ep lKs te r s for ehls period, Q3.J i a ete Rcno-Carson GlCy area 
(1 on f ig . 8 ) , one souehccot of E e ^ t e m a (2) , end ete falrvicu Pcak-Pixle 
Valley area (3) . L fca ob^iosa rolaelcccMfQ Insludo: (1) Stesi^sae Springs 
and »fi*.-»̂ *» 4^e Spring and a £ca oehcr s p r i n g occur vlehln ete Ecns-Careon 
Cley cluoeer; (2) hot springs eso prcccne in Blsle Valley end Lee Est 
Spring occurs along ete crctorn ed@3 of eha ftiicvic? Pcnkr-Dlzle Valley 
c lus ter ; (3) no h i^-eczpemturo tee springo are located « l th ln t t e E&wttems 
cluseer of epiceneers; azid (4) sa cplceaeer l ieo oa ete faule vhlch i s ete 
locus of ete Dsclble Eoe Spring syeeea. OeLerdco, ehsre i s cpparenely l l e e l e 
coincidence teeeecn tee epcls^ cccurrcsee and solc^leieys lndc£d» so^ts of 
t t e tetteoe c&lculaecd SiOg—tespcmCoEQ csccrs , eush so Big Sulfur Hot 
Springs, Ealcsfaaif', Leech, and others , are far recsvcd froa carehaguabp ep i 
ceneers of ete 1S>32-1S2@ period. SlRism ess t of t t e springs ^ p e n r to te 
faul t contrsIIcS* hsirsver, tte- probability-of the i r ao&oclnelon vleh pre
h i s to r ic seils<8lcley (teeeonloa) i s high. 

^iard and otkcso <lSS9i, 1971) teve s s ^ ^ t c d a rclndonQhip teeween 
•Icroesrthi^cr^cs and gcoeherml syseczs bsccd on scudies of Iceland and El 
Sal-vador. l^sca <fficgs ^272 r d a t i v a l y h l ^ Gsicsicley end acelve volcaniao, 
factors etee unatasbeedly hear on î̂ ?̂  AQcoclAeios. - & ^ rela t ion hetween ete 
hydroetermal syoecss ©f I^I^CISQ and gji «''ff«ffl'iBTp<i'̂ :;̂ aif7<p<;> ©r miczoselsms remains 
uneeseed. 
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Boy and Blackwell (1966), Roy and o t t e r s (1968), Blaeb^tall (1971), and 
Sass and others (1971) teve establishisd firialy t t e t Nevada i s a region of 
greater than average heat f lo^ for continaata., Sess^jind o t te r s (1971) 
have shwVu'-t-te£''ei'--^r@£)~region of 'aboioEs^lly high heat flo0 (2.5-3.8 heat-
flow units) ^ i s present in the vic ini ty of Battle ^nmtain in noreb^central 
Nevada ( f ig . 9) , and thae a large area_^>ueh of Eureka has a la& mean heat 
flow less than 1.5 hfus. This low heat floo i s attr ibuted to cooling by 
sHjf̂ Tl̂ 'gr̂ oinssd ^ e e r (Sasb and oeterso 1971). . 

....:... :...._lte^ly-...all-''Of--t'te-'-pabllahed'^'higHe^'£lora'"'viSl«iS obtained from boro= 
holee dr i l led in bedrock within the mountain ranges. TterQ £s a variat ion 
in the heat flos7, conductl^tieQe and 'gs@di«3iae fros range to range ao 
expreaeed, for esaaiple, by graddLenta of 27°-3i!FC/he in tte'Steshone Range, 
through 31?-3^ C/te in Bstt le ^nmtaln^ eo 42°<=€^C/te in t t e Sono^-Tobln 
Ranga area, I«TI7 ^ t h i n t te . region of asoEsalouoly' high heat flo@.- • . 

"̂  ""'JSoles- I n " 
been publisted 
has a heatv flos, 

. results. - ^ . a 
A tele in: t t e 
of 1.9 and; a 
Eie; hi^isr; 
coaductl^ty'of,' 

• flou frosi placQ 
structure^;, and 
In ete isBus^tein 
lo^er ebon 

^̂ m-
• ^ ^ 7 ^ . 

basins ho^Q bsen d r l U ^ but ete heat floer resul ts teve 
SiBS only one (Roy and oeters , 19S®, LovolocE). -Thld tele 
cocp&sablQ ^ the oouneain. ron^DO tet a lo^. ccnduetlviey°^ 

t of 91.5<^c/£s3, represenelng a heae flo^ of-2.5. ' 
northsrn.post of t t e Cossom-Si^ hoo-Q''e©rrectcd,.teQt' flo«7̂ *' ;̂ 

ttesl<ai g r a ^ ^ t of 77**'G/hm, (SasOo oral comsun. ,''1!973),. 
in ete baainO'upioElDt£^y resul ts fson ete i^sb;loes3r,~.^,g^ 

ete ' - .^o- ^ssll'^'lMg^ratGd basin f i l l . .Variation, of heat 
to place teseif leo Qts«^gly tO' t t e aniatropy. p £ ete ..^.x^^ 
siecte omi^^rasuleone ^ a r e b l rofi^ceion. ^ ^ e h o r c ^ gradients 
ranges, bscauso of bighor ccMuctlvieies, are gisnemlly 

in- tte'^fill^'^portlono^of' ete .hasiiffi.' . ' 

^iax^' Soy aM ceteris (1968). a e t r l b u t e t t e h l ^ heat flou7 to a thin crust 
^g^toz^eratusG i4inele, .cMle BlaclasiisH. (1971) aetribuees about 10 -

pascent of ete heat flo@ to "psnotrative connection of m e e r l a l from t t e 
mantle to a s t e l l o ^ . l e v ^ in ehe cruse." .,y. 

" <S?nraceeirf£igieo of goosm GsoehsiB^l Systeas 

¥te tes3^ g^ietesssal pss:sr<=^Eoda££^sg ifJipgum̂  of ^92r^ A:ssrlce as well as .-
t t e se ^ t h a Imsos^ h i ^ ' p o t e n e l s l for geotterz^il po^sr production ( e . g . , 
Yellouoeona l^rlt, ^ 0 . 5 J ^ ^ - ^ u n t t a i n E , E. ^ s , s lE^riSl"'Vallayp Calif, .,«i^«^ 
end ^ssilcoj Long VaUey, Calif . ; and Tte Geyserse. . (^l lf . ) teve three 

:=r 
geotterssol...^ 

1 heat'^flo^ unit (hfu) >= 10 cal G ^ • sec , heat flo^ ° coaductivlty^'* 
• t o ' - - , - . • , " i ^ " ^ -

• - - . '.Jli - ' •• ' - - - «>«»«** 
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fundamental character is t ics in coioon. Ttey are (1) direct ly related to 
volcanic rocks of Qusteriaary age, (2) t t e volcanic rocks are felalc to 
Intermediate in couipoeltion, and (3) a l l areas hsve re la t ively high 8eitnil'° 
c i ty . In addition, the t t e raa l systesso of Yellowstone Perfc, t t e Jemes 
Mountains, and Long Valley are principally iTiehin calderas, a tectonic 
feature comzonly related to eruption of large volus^s o£ s i l i c i c rock .fttm--
shallow.levelS'>-<-iS''tte-'C'c^sstri-'''-'-,Xc id^'reesbmble to af̂  because of the 
f i r s t t^o associations, t t e t t t e hsat i s derived froea e l t t e r a s^ltoa 
magma or one only recently frozen but t t e t le s t i l l tee (or fro@ hot «rall-

11 roc te ) . At f t e Geysers, CaTif., Garrison (1972) has implied & mi^m body 
• • ' f as' t t e source of the volcanic rocks a^ Clear Lake. An op(^f°>flle gravity 

map (Calif'. Div. Mlnao and Geology, 1966) shcnj>s a regional c i rcular l e^ 
over n?® .Geysers-.S.te®E~Field~aEd''-'Sr-shs£e—tass£"'aceo^£ffliyi^ t t e t sap ,. . 
postulates a wwagp̂  body as t t e source of ete lo^ . Convenelonal osj^ldnstiono 
of t t e origin of tet springs Involve the circulat ion of isaeeoric waters 
down along faults to ete l imit of permeability fs^tere by con^eceion ehoy 
reaovD hoae frcio t t e rock. Tte cool desctsndlng winter CiorQ than counter
balances the more buoyant uarcsd waters and t t e l a t t e r r i s e to t t e eurfacoa , 
Tte porsaoble and underlying relael-vely, .iEpsrEssablei-roeks-'are preouEabiy"-"""'_^\' ' 

fc-=t¥^'-•-----'--•••- -• • • • heaeed"by coMuctioa-frea s doopor Ei^:a, a i s n^^m would -ba- rather' 
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"- >..t;^ ixi ete cmot a t dopete of isore than 6-8 kn and ^snld gsnarste a -very h l ^ 
local theraal grsdiont end h i ^ heat flou. • • " " " ^ ^ ' P - T ^ I , 

Origin of ©jrtteffia Ee^oda Eot Sprissgo • ,=«' 

On ete ass^speion etee rs3a^ of ete s i l i c i c ^sleonic rocks of noretem "-'" 
E î̂ ada cŝ sro esr^tcd from shQll<^ c n g ^ c^isiibGrs and t t e t tet o:i@:s2 E ^ 
e s l s t ^ e M n or balo^ t t e coldora usually fo^zsd sfeor. soca erupelonOs 
attesspts teva bsan oodo eo - c£ilcmlaee ete t i c ^ required for'e^gsa ete^^ors 
of varlono si&eo and d(s|»ete in t t e cmot to cool to t t e orlginsl-eag;^r=> . 
aturo of t t e counes7'"E@c&a-^i^itk^cssla^oiis ^^»4^-E»~Lae&^sbmch (orsl~ico!aas<>p'^^ 
1973)'"ii^!licotQ that a l l maggQ ctesnbers for t t e l^Ha.y. or oldor s U i e l e 
rocte tef/a long ago los t tbolr heat cmd steuld uss3 have t e s^e r s^ re s in ., 
ete range re<sulr^ bp ete prootsne t̂ nfim nî aji Eongo eteia:s!il gradients. 
Assvpino t t e t e te intsnoivos teva coolci ossil ore "deed," etey cannoe nQO..>r,c;;û V;' 
ba consldorsd <aB an isportant best source. 

: j ^ ^ 7 r 

Tht̂  ebissdont Qoaeorno'^^it!^'laeo PMsg^po besides i a _ ŝ!y£<3ra:''-̂ Qvnda 
Ĵ - give r l s s t o tte-fisaotioffi a© to wtether or noe ©eiil-tee EsgEsa chasabaro - 'Z^^ 
T\ ' could be oosoclsecd ^ e h e^So Bosolea aso ete {ssse'co&iison volcanic rock 

in ete worlds y^t eholr plueonlc coorso^^ecsturod qpii'^^CQt, @3bbro, i s VOIQ:^ 
metrlcaMy unccsssmo ^ s t plmigo&ic rocte oro'^of fe ls ic coxsposltion despite 

:»| H.. ete feet e te t e t e l r erupel '^ equlvalLents OSQ l e ss ^sczsm thsn tesolt. 
These.. relatiiSis^^^ap p lsb-e te l r cheoieai s ioHarl ty" to loonelG rocte '^sd 

M" el^a^ lack of cmseal-r ich eissaass' such oa K end Rb, is^ly that bssalelc 
mannas find e^als issiy to ete surface dlrecely frczl t t e Gsan0.e ^ t t e u t 
developing taagp-gi ch£a£b@m of slg^;££iGsnt s i se ae IneerEssdlate .or 8hallGS7 

•̂* l e v B l s i a eks^ess^*© crus t . Earxls ssid o t t e r s (1970) preR^2e"a susssssy of 
ete p b ^ i c a l cbsranearletles of baQ:3lei£ ysn̂ msx e te t enable ehea to erupt. 
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Although basaltic magmas hove considerably greater heat contest than ttelr 
felsic counterpart, it ie unlitely that ttelr low -vlscsoeity would allow 
them to form magma char^bers. 

In the icaia, we subscribe to the cGn'^entional ezplanatiotu) for hot 
springs, but with one. siaolf Je^nt-dif-fsseaeei- —Siaee- these"arc probably 
no "still-hot" plutons or magna bodies M g h in tte crust o£ northern 
Nevada, a heat source otter than shallots intruaive bodies must te sought. 
l̂ Q suggesc ttet meteoric waters moving dgcacaard deeply along Bgir''̂p astd 
13!<3nge faults would, in areas e.2 M , ^ geottermol gr&dients cited earlier, 
Gsicounter hl^t-t^zperature rock, would teeoae heated, and rise to the surface. 
TkG fundaxBsntal difference teing ttee ete.. tea&--is.-dez;£vtsd-'frss-rock etee 

. — - -- is'hot by-vlreue of h l ^ regional thermal gmdlcnt, icpoeed by a hlgh^ 
eesperature upper montle only partially blantetcd by tte thin (29—30 te) 
crust, rather than from a m a g ^ at some level vlehln tte cruse. 

The depehs ae «><'lch ete fault gouge becoxss Icpsrseable to meteoric 
waters under hydros-.atic presf^ure is critical to our model. . .Intnleivelyt 
it is--̂ reasonable to assuse that oisdng eo ilGhsstctic prescure ete rocte 
at SOBS depth are ieperegable eo vster under lesser bydroseaeic preeeores, 
hue to our knovledcQ data bearing on this crielcal depeb do noe ezlse. 
If sucb a depth vere real, it vonld probably te variable froa place eo 
place and te depcndcne on ete genre of ete rocte is tte ̂ cgo sone, tte 
tlBB at vhich tte fessleing eook piece, ete load, snd eo aasaa tsstesx. on 
tbe chemistry of tte water. 

On the basis of rather indirect evidence va feel ete crielcal deptits 
of aeeeorlc vnter penneraeion in Nevada is ae least 3 ks. 

A 13,(KK>-fboe-deep well in souetem Nevada has a lov eteiLgal gradlenc 
to a depeh of 10,(K23 feoe and a hii^sr gEcdlent bsiou. The lower gradiene 
is interpreted by Sass and others (1971) as resuleing frsa ete cooling effece 
of gronnd-v&eer tav̂ is-Tae ebrou^ boein fill and older rocte. Tte steeper 
gradlo&e msy te intorpreeed as resulting f n a cn i s ^ s s s S s i static tedy 
of waeer in percoable rock or ie may resule froa Izipercsablliey. In eleher 
case the rock Is permeable to •eteorle ground x s&ss et lease 60 a depth of 
10,0&«f feet (3 k^. M£fercn=cs in ete isterent pereeablHty of fault 

t gougja as coc^ared to octer rocte could te ^^ceecd eo csdlfy ete abeoloee 
! naTlTsana depeb of pgnaeraciaa of saecoric caeers. 
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The Tertiary geologic history began with local aceuBulatlon of non"' 
marine strata to be followed In late Eocene tlae by tte teginalng of a 
period of volcanism ttet persisted into the Holocene.^ Tte main voleaniSB 
took place froa the Oligocene to clddle Pliocene tise and esBe so esKf^siye 
that volcanic rocks now comprise nearly 25 percent of tte outcrops of 
northern Nevada. 

The Tertiary volcanic rocte are mainly elllclc to intenssdlate in 
composition but include basaltic intercalations especially in tte i^rthero' 
part of tte province near tte SiiSlce' liver Plain, niese rocte include lava 
flows, ash flows, soae air-fall tuffs and volcanogenie sedlasntary tfflits. 
M.tteugh tte vents or ero^tlim canters for soae of ete volcanic rocte hcv» 
been recognised,, ete source, for laany.-is vm^kmnm!^-^^^Si^^-y^su-^uWs»-tSwMa "'" 
^frem which large volumes of rock vera erupted are: ete souttem Fish Creek 
''Mountains described as a volcanic center and collapse caldera Qleleeit 1970); 
tte d a n Alpine Mountains, a conplax eruptive center (llehle and otters, 
1972); tte Horthu^erland caldera (McKee, 1974) near SorthuidMrland Cfli^oa on 
the west side of the Toquixaa Range; a volcano-tectonic depression (caldera 
structure filled with empelve rocte) in ete noretem pare of eha foSyate 
snd Shoshone Ranges (MasucikyV 1961) S a caldera and assoclaeed volcanic 
rocte WBse of McDeroiee, Hev. (¥aees, 1942; tfUter and tcpenning, 1965« 1966); 
and a series of linear vues fros wkieb a larse volume of ash-flov enff «ae 
erupeed in tfastee and Euibolde Gouneies, Nev. (Korrlnga and loble, 1970). 

Tte Pliocene eo Hblocene volcanic rodcst found aostly near tte 
noretem and ̂ aseem •arg;ln of the region are prlBcipally tesaltic althoai^ 
ttere are bodies of riqrolite auflBteslt* «• w i U . Late Pliocene t >loceB« 
basalelc rock dlseribotiim is shown on figure 1. 

Tte present elongate nortterly trading aonntain ranges of tal^ relief, 
flanked by more or less flat-tottoted valleys or bssins* are. tte products .,0f^ 
of eeetonlaa ttet probably tegan am long ago ae tte Oligocene in eoae^ places» 
but in nese regions seareed in middle Miocene (15-17 m.y. ago), and continoec 
todays This widespread rifting cansed extension of tte eneire pxovliiei'*lBd 
produced tte steep fault soaspa ttee occur on eieter or teeh sides of^tte 
fault-block flKuntain rangee. tte total extension across tte Basin and Itange 
province has been estiaated by Thoapson aad Burte (1973) cn tte basle ofw 
geologic and geophysical work in Ma^Le Valley, Nev., to te about 100 kas. 
Since tte ranges and basin are relatively unlf oraly dlstrlbatid anxiHMA i im 
province, Stewart (1971)' has suggested deep-scat^ estenalon of a plastic 
substratOc 

^V& use tte foll^TiBg e&BS division of ete Tertiary «h£ch is based on 
wMffMllan chronology (Evemden m d othwra, Ill^)r Qofitenaryt 0-2 floy.; 
Pliocene, 2-12 a.y.; Miocene, 1 ^ ^ m.y. 
Paleocene and Eocene, 38-65 m.y. 

Oligocene, 26 to 37-38 a.y. 
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