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ABSTRACT 

The Baltazor Hot Springs KGRA Is centered on 
a low-yIeld, (4-28 lpm), sodIum-sulfite, 76-
98·C/167-208·F hot sprIng, surrounded by small 
opalIne sInter ~unds and belIeved to be presently 
precfpltatlng silIca, thus suggestIng a deep re
servoIr temperature of at least 180·C/356·F. The 
posItIon of the sprIngs, .ssocl.ted calcIte-sIlIca 
stockworts, and presumably a deep thenMl reser
voIr .t Baltazor, Is clearly controlled by the In
tersectIon of a northeasterly-trendIng BasIn and 
Range fault trough wIth an older, northwest-trend
I ng normal fault system. Of numerous explorltlon 
techniques applied at Baltazor, thermal gradIent 
drIlling, IMpplng of geology and alteration, geo
thermometry, detail ed gravl ty and dl pol e-dl pol e 
resistIvity have been lIIost useful In appraIsIng 
the geotherntal resource potent"l. Baltazor Is 
IndIcated by these technIques, -- and by probable 
actIve silIca preclpltltlon -- to remaIn an en
couragIng prospect: At least one additIonal deep 
drIll hole Is warranted. The target for thIs hole 
Is a fracture-controlled reservoIr In Hlocene vol
canIcs and pre-Terthry metamorphIc rocks at 
depths greater than 2000 ft (610 III) beneath 
Baltazor Hot SprIngs. 

INTRooucnON 

The B.ltuor Hot SprIngs KGRA, nur Denio, 
Humboldt County, Nevada (FIg. I), h.s been Inten
sIvely explored sInce 1977 by Earth Power Produc
tIon Company (EPPC) , under the te",.s of the 
Department of Energy's Industry Coupled Program. 
These exploratIon efforts have clearly demonstra
ted Baltazor to be I structurally-controlled sys
tem heated by deep clrcul.tlon .long permeable 
faul t zones. This paper wlll discuss the nature 
of these structural controls, as revealed by var
Ious exploratIon technIques and deep drIlling, and 
wIll assess the prospect's remaInIng resource 
potential. 

PREVIOUS WORK 

DIverse exploratIon methods have been .pplled 
wIth varyIng success In appr.fsal of the geother
mal potentIal of the Baltazor Hot SprIngs KGRA and 
vIcInity. Photogeologlc mappIng by G.!rdner and 
Koenig (1978) delineated prevIously IMpped faults 

and IMjor new fhoto-llnears. Groundwater samplIng 
and (In part cular) geothermometry (KleIn and 
KoenIg, 1977) targeted the Immediate Baltazor Hot 
springs area as the regIon's 1I10St promisIng geo
thermal prospect. Shallow- and Intermediate-depth 
thermal gradIent drillIng (langenkamp, 1978; EPPC 
well log data) delineated strong heat flow anoma
lles at Baltazor .nd the PaInted HIlls prospect 
(Hulen, 1979), .bout 11 mlles/l7.7 kill to the 
southwest. A reglon.l aeromagnetIc survey 
(Sclntrex, 1972) had shown only broad regIonal 
basement conffgur.tlons, of lIttle use In char
.cterlzlng geothermal features. Senturlon ScI
ences (1977) demonstr.ted contemporary mlcroearth
quake activIty along, aillong other structures, the 
range front fault systeM passIng west of Baltazor 
Hot SprIngs, thus enhancfng chances for dIscovery 
there· of adequate subsurface permeabIlity. 
Edquist (1981) completed detailed gravity profil
Ing, extremely useful In structural InterpretatIon 
of the surprIsIngly deep griben beneath Baltazar 
Hot Springs. DIpole-dIpole resIstIvIty and self
potentIal data gathered by Hlnlng GeophysIcal 
Surveys, Inc. (1981) for EPPC were also Interpret
ed by EdquIst (1981). He correlated shallow, 
near-surface resIstIvIty lows and rapidly changIng 
self-potentIal values at Baltazar with IMpped and 
grlVfty-Inferred hult zones bell eved to be tht, 
prIme conduIts for deep thermal fluId convectIon. I 
A tnercury-arsenlc soIl survey (Truex, 1980) of the 
Baltazar are. revealed no dIagnostIc .nomalles 
exclusIvely related to the .ctlve thenMl system. 
Hulen (1979) produced prelImInary geology and 
hydrothenMl .Iterltlon IMPS of Baltazor and the 
PaInted Hills. The Baltazor IMP, together with 
results frOlll EPPC's recently completed deep well 
near Baltazar, fo",. the basIs for the detailed 
surface and subsurface geologic InterpretatIons 
presented In thIs report. 

GEOLOGIC SETTING 

At the northwestern IMrgln of the BasIn and 
Range provl nce, the Baltazor Hot SprIngs KGRA and 
vlcfnlty exemplIfy the regIonal geology of north
western Nevada. The Pueblo Hauntalns, west of 
Baltazor (FIg. I), are a typIcal, northerly
trendIng, tIlted fault block range. East of the 
Pueblos. ContInental Valley, whIch hosts Baltazor 
Hot SprIngs, Is an equally typIcal, deeply alluvl
ated graben valley, In thIs case surffcfally blan
keted with lacustrIne sediments. The Pueblo 
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Figure 1. Geologic map of the Baltazor Hot Springs KGRA and viCinity. Humboldt County. Nevada. 
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Haunt.lns .re formed of • deeply dissected. highly 
v.rl.ble Miocene-Pliocene volcanic .nd volcani
clastic sequence resting with profound unconfom
Ity on Permhn-Trtasslc (1) metavolcanic and metl
sedlmentlry rock s Intruded by I ntermedtate compo
sition plutons of Jurlsslc-Cretlceous age (FIg. I; 
Wt11den, 1964; Rowe. 1970; Burnh4l1l, 1971). hme
dhtely Ibove this eroded basement near Baltllor 
Is I thick sequence of Miocene porphyritIc bUilt 
f1 ows, f1 ow-breed a, and tephrl beds locally I n
terrupted by volclnlclastlc sedl~ents. air-fail 
tuffs and ash-flow tuffs. In the upper portion of 
this sequence, a thin dacite (1) Ish-flow tuff and 
a dense hornblende andesite flow, Ilong with In 
Intervening basaltic Indeslte flow. form In easily 
lMppable IIIIrker Interval (FIgs. 1-3). The basalt 
sequence Is dlsconformably overlain by I cllff
fonnlng rhyolite, also Iilocene, which In turn Is 
overlain by Iiloeene felsIc ash-flow tuffs and vol
caniclastic sediments. 

The Pueblo Haunt.lns are tilted gently west
ward and bounded on the east by a ~ajor nonnal 
r.nge-front flult system. Maximum displacement In 
this system Is I nterpreted by Edquist (1961) to 
have occurred along a fault (F3) concealed by .1-
luvlUIII and trending northeast just west of 
Baltazor Hat Springs (figs. I, 3). Alluvl.l depth 
east of fault F3 Is ~deled on the basiS of gravi
ty data by Edquist to be is much as 2000 ft (610 
III). low- to moderate-angle faults fl and f6 In 
the range west of fault f3 probably were caused by 
range-front oversteepenlng resulting from fl 
f.ultlng. The complexity of fl and f6 Immediately 
north of well 45-14 (fig. I) Is almost certainly 
due to Interaction of these faults with fault f2. 
a northwest-southeast-trendlng structure of minor 
nOrlllll dlsplace~nt which. projected southeast
ward, passes directly beneath Baltazor Hot 
Springs. 

THERMAL PHENOMENA AND HYDROTHERMAL ALTERATION 

Ba I tazor Hot Sprt ngs. with melSured temper.
tures varyl ng between 76°C/167°f .nd 96°C/20Bof, 
produces. essentially from a single orifice, sodi
um sulfate waters .t r.tes fluctuating between 4 
.nd 126 IpIII (Klein Ind KoenIg, 1977). Sillc. and 
/(a -K-Ca geothermometers Indicate present subsur
face temper.tures of at least 160°CIl20·f (Klein 
.nd Koenig, Ibid.). Ooze collected from the edge 
of the Baltazor Hot Springs pool Is revealed by x
ray diffraction (XRD) Inalysls to consist lIrgely 
of opal wfth IIIlnor crhtoballte and quartz, $ug= 
gestl ng reservol r temperAtures of It least IBO·C 
(\/hlte et .1., 1971). Frothy-appearing op.lIne 
sinter ~ounds scattered In the Immedhte vldnlty 
of the springs (fig. 1) .ttest to past reservoir 
temper.tures .t least this high. 

Range-front norma 1 faul ts .nd the sole of • 
recent landslide west of Baltazor (Fig. I) .re 
perv.slvely .ltered by silica-bearing (chalcedony, 
crlstoballte .nd minor trldymlte IS shown by XRD) 
calcite veins and velnlets, locally accompanied by 
bleaching of their host rocks. The veins, from 
less than 4 In/IO cm to .t least 10 ftll III In 
thickness (mapped vein In FIg. I). range In tex-
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ture from massive to vug91 and delicately band
ed. Cross-cutting relationships Ind brecchtton 
In the veins suggest several alternating episodes 
of carbonate depOSition and silicification. A few 
small «6 ftll.8 III) surface Nts and ~unds of 
IIIlxed Siliceous Ind cllcareous sinter Ire scatter
ed Icross the surflce of the llndsllde, probably 
IndicatIng the assodated caldte - silica veIns 
to have been former feeder channels for thermal 
sprIngs. 

Other .Iteratlon In the Baltlzor Irea cannot 
be attrIbuted to the Ictlve geothenn.ll systellt. 
Base metal sulfIde IIIlner.lIzatlon and usoctated 
alterltlon In Permian - Cretaceous basement rocks 
Is clearly Pre-Tertiary. faults Fl and F6. partI
cularly near the hot springs, commonly contaIn, IS 
identifIed by XRD. calcitic Ind hematitIc jasper
old (chalcedony), locally bearing small «2 Inl5 
cm) pods of brIght yellow-green pure $mectlte, 
.lmost certllnly nontronlte. 

DEEP DRILLING RESULTS 

Well 45-14, collared .bout one mlle/I.7 km 
southwest of Baltazor Hot Springs (Figs. 1-3) pen
etrated .lluvlum to • depth of 160 ft/49 m. a 
thIck Tertllry volcanIc sequence to 21S0 ft/664 III. 
then pre-Tertl.ry Interstr.tlfled chlorite-serI
cIte schist and Intermediate llletavolcanlc rock to 
the bue of the sampled Intervil at 3590 ft/1094 
~; total d~th Is 3640 ft/1109~. The rocks pene
trated In the well. ",ost with distInctIve gamma
ray sl,natures (fig. 2) c.n be readily correlated 
with surface rocks. A promInent fault between 
1780 and 1790 ft. (543 .nd 546 III) separates IMS
sive basalt from underlyIng Interbedded tuffs. 
sedIments Ind thIn bualt flows. This fault Is 
Interpreted to be Fl. A Njor fault (FT; fig. 3) 
pre-dati ng f I (and F6) I s Inferred frOOl the fore
shortening of the basalt sequence In 45-14 (1700 
ft/518 111) relltlve to Its thickness just a IIIfle 
(1.6 km) to the north and two IIIlles (3.2 km) east 
(2700 ft/S23 III). 

AlteratIon of the rocks In well 45-14 Is IIIln-
1l1li1. Tr.ce to 1111 nor a~unts of the yell ow-green 
smectite described earlier are errltlcally scat
tered In the Interval between 400 ft/122 III and 
1000 ft/328 III, Ilong with traces of calcIte, goe
thIte and chalcedony. The basalt sequence Is 
essentially unaltered, except for local traces of 
celadonlte. smectIte, c.lclte, and various zeo
lites. local quartz-pyrite ch.lcopyrlte velnlets 
In the Permhn-Trlasslc (7) lllet.morphlc sequence 
.re undoubtedly pre-Terti ary I n age. 

An equilibrIum t~perlture proff Ie for 45-14 
(fig. 3) shows three distinctive segments -- an 
Isothermal Interval It Ibout 43·C/I09°F between 
100 ft/30.5 III and 640 ft/195 III; .n interval with a 
te.nperature gradIent of about 130·C/klll to • depth 
of 2100 ft/640 III; Ind I conductive. low-gradIent 
(3S·C/km) Interval frOOl 2100 ft/640 III to the bot
tom of the well, at which the IIIIxlmum temperature 
of 119.67·C/247.40of was recorded. The deep. con
ductive, low gradIent Interval Is conffned almost 
entirely to pre-Tertiary metamorphIc rocks. and 
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probably Indicates these rocks to be Imperme
able. The Intermediate level higher gradient 
Interval could reflect generally lower thermal 
conductivities of usoclated baults. The iso
thermal portion of the profile Indicates cool 
water Influx In frtCtured high-level volcanic 
units. 

DISCUSSION AND CONCLUSIONS 

The location of the Baltazar Hot Springs 
thermal are. Is al~ost certainly controlled by the 
Intersection of northeasterly-trending nor.al 
faults with an older, northwest-trending high
angle fault systenl. The IMln fault of this system 
(F2; Fig. I), In fact, proJects southeastward, be
neath younger fault blocks and alluvlu~, to a po
sition al~ost directly beneath the present hot 
spring location. The Interaction of these two 
fault systems would create a zone of high fracture 
permeability, allowing deep clrcul.tlon and resul
tant heating of fluids (facilitated by the abnor
mally high regional therma I gradl ents of the 
Battle Hountaln heat-flow high; Sass et al., 
1911), followed by rapid convection of these 
heated fluids to shallow depths. Additional re
servoir permeability could be developed In rock 
rubble accumulated In the deep fault trough 
beneath Baltazor Hot Springs, from the breakage, 
Into the trough, of high-level low-angle fault 
blocks exposed north of well 45-14 (Figs. 1,3). 

As demonstrated by deep-drilling, these low 
angle fault blocks, the lower of which was pene-

trated by 4S-1e (Fig. 3) apparently do not pre 
sently form part of the Baltazar geothermal reser
voir. This may be due to high-level sealing along 
faults west of f3 along the western margin of the 
deep fault trough discussed above. Evidence of 
such sealing Is the pervasive, recently-developed 
calclte-s Il Ica stockwork at the range front Just 
northwest and west of the hot springs (fig. 1). 

The Baltazar Hot Springs irea remains an 
encouraging ~derate- to high-temperature geother
mal exploration target. If, as Indicated by XRD, 
Baltazor Hot Springs Is presently precipitating 
sill ca, reservol r temperatures of at least 
180"C/356"F can be reasonab Iy anti cl pated. Ade
quate penneabl1 tty can be expected In fractured 
volcaniCS and metlVolcanlcs, and perhaps In over
lying rock rubble, beneath about 2000 ft/610 m. 
Fault f3 (Figs. I, 3), conceiled by .1luvlulfI, Is 
probably the prinCipal conduit along which thermal 
fluids now ascend. The high-temperature "spike" 
In drill hole BZl500-1 (fig. 2) may represent 
eastward channeling of these fluids Into. subsur
face alluvial .qulfer, or may Indicate a concealed 
fault subsidiary to F3. The temperature decrease 
beneath the "spike", and associated low thermal 
gradient, probably Indicates the trough-filling 
sediments below the "spike" to be relatively 
Impermeable. 

The depths .t which conwnercfally attractive 
higher temperatures II1lght be encountered Is con
jectural. Simple downward projection of the 
apparently conductive gradients (35-38°C/km) 
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Figure 3. Interpretive 3-0 geologic section AA'-BB' through Baltazor Hot Springs and deep well BZ45-14. 

encountered In the lower portions of BZ45-14 and 
8Z1500-1. however. yields temperatures of 
150·C/30zoF at about 5800 ft/1768 111 and 
180°C/356°r at about 8500 ft/2991 III. PresuIMbly. 
convection would result In these temperatures 
prevailing It shallower depths. 

ACKNOWLEDGEMENTS 

Th Iss tudy wa s funded by the Department of 
Energy. 01 vi s I on of Geotherma I Energy under 
Contract No. DE-AC07-80101Z079. Discussions with 
8ruce Sibbett and Dennis Nielson were pivotal In 
structural I nterpretat I ons. illustrations were 
prepared by Connie Phton. The manuscript was 
prepared by Holly 8aker. 

REFERENCES 

8urnham. R •• 1971, The geology of the southern 
part of the Pueblo Hauntalns, Humboldt 
County, Nevada: Oreg. State Unlv •• H.S. 
Thesis. 

Edquist. R. K.. 1981. Geophysical Investigations 
of the 8altazor Hot Springs KGRA and the 
Pa I nted Hills therooal Irea. Humboldt County. 
Nevada: Unlv. Utah Rsch. Inst •• Earth ScI. 
Lab •• Rept. No. 54. 

Gardner. H. C., and Koenig. J. 8 •• 1978. Photogeo
logic Interpretation of the Baltazor-HcGee 
geothermal prospects. Humboldt County. 
Nevada: Ber~eley, Calif •• Geothennex, Inc., 
Consulting Rept. for Earth Power Production 
Co. 

Gearhart, 19B3, Ganma-ray and compensated neutron 
logs for well 45-14. 

Hulen, J. 8., 1979, Geology and alteration of the 
Baltazor Hot Springs and Painted Hills ther-
11141 areas, Humboldt County, Nevada: Unlv. 
Utah Rsch. Inst., Earth Sci. Lab, Rept. No. 
Z7. 

5 



Hulen 

Klein. C. W •• and Koenig. J. B •• 1971. GeothenMl 
interpretation of groundwaters. Continental 
Lake region. Humboldt County. Nevada: 
Berkeley. Calff •• Geothennex. Inc •• Consult
ing Rept. (or Earth Power Production Co. 

Langenkamp. D.. 1978. Te.nper.ture gradi ent map of 
the Baltazor-McGee Mountain area. Humboldt 
County. Nevada: Earth Power Prod. Co. Map. 

Lawrence. R. 
minates 
Oregon: 
846-850. 

D •• 1976. Strike-slip faulting ter
the Basin .nd Range province in 
Geol. Soc. k>er. Bull •• vol. 87. p. 

l1ining Geophysical Surveys. Inc •• 1980. Resis
tivity and self-potential survey. Baltuor
McGee geothemal prospects, Humboldt County, 
Nevada: Consulting Rept. for Earth Power 
Prod. Co. 

Rowe. W. A., 1971, Geology of the south-<:entral 
Pueblo Mountains, Oregon-Nevada: Oreg. State 
Univ •• M.S. Thesis. 

Sass, J. H., lachenbruch, A. H., Itmroe, R. J., 
Greene. G. W., and Moses, T. H., 1971, Heat 
flow in the western United States: Jour. 
Geophys. Research, v. 76, p. 6376-6413. 

Sctntrex Hineral Surveys. Inc., 1972. Aeromagnetic 
map of the Ba ltuor-HcGee geothenna 1 pro
spects: Consulting Rept. for Earth Power 
Prod. Co. 

Senturton Sciences, Inc., 1977. Northwestern 
Nevada mfcroearthquake survey report: 
Consulting Rept. for Earth Power Prod. Co. 

Southwest Drt!lfng and Exploration Co.. 1983; 
Equflibrium temperature data for well 45-14. 

Truex, P. S., 1980, Geochemical sot! survey. 
8a 1 tazor thenna 1 area. Nevada: Consul t i ng 
Rept. for Earth Power Prod. Co. 

White, O. E., Huffler. L. J. P •• and TrueSdell, A. 
H., 1971, Vapor-dominated geothermal systems 
canpared with hot-water systems: Econ. 
Geol., v. 66, p. 75-97. 

Wt1lden, R., 1964, Geology and mineral deposits of 
Humboldt County, Nevada: Nev. Bur. Hines and 
Geol •• Bull. 59. 

'., 

6 


