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ABSTRACT

The 8altazor Het Springs KGRA {1s centered on
2 low.yleld, {4-28 1Ipm), sodfum-sulfate, J6-
98°C/167-208°F hot spring, surrounded by small
opaline sinter mounds and belfeved to be presently
precipitating silfca, thus suggesting a deep re-
servelr temperature of at least I180°C/356*F., The
position of the springs, associated caleite-silica
ttockwerks, and presumably a deep thermal reser-
volr at Baltazor, s clearly contralled by the in-
tersection of & northeasterly-trending Basin 2nd
Range fault trough with an older, northwest-trend-
ing normal fault system. Of numerous exploration
techniques applied at Baltazor, thermal gradient
dritling, mapping of geology and alteratfon, geo-
thermomatry, detalled gravity and dipele-dipole
resistivity have been most useful in apprafsing
the geothermal resource potential. Baltazor is
{ndicated by these techniques, -- and by probable
active silica precipitation -- to remafn an en-
couraging prospect: At Teast one additfconal deep
dri1t hote {s warranted. The target for this hole
15 a fracture-controlled reservelr in Mocene vol-
canfcs  and pre-Tertiary metsmorphic recks at

depths greater than 2000 ft (5610 m) beneath
Baltazor Hot Springs.
JTRTROOUCTIOK

The Baltazor Kot Springs KGRA, near Oentlo,
Humbotdt County, Nevade {Fig. 1}, has been {nten-
sively explored since 197} by farth Power Produc-
tion Company (EPPC), wunder the terms of the
Department of Energy‘s Industry Coupled Program.
These exploration efforts have clearly demonstia-
ted Baltarar to be a structurally-controlled sys-
tem heated by deep circulation &long permeable
fault zones. This paper will discuss the nature
of these stryctural controls, #3 revealed by var-
fous exploration techniques and deep drilling, and
will assess the prospect’s remaining resource
potential,

PREVIOUS WORK

Diverse exploration methods have besa applied
with varytag tuccess in appraisal of the geother-
mal potential of the Baltazor Hot Springs KGRA and
vicinity,  Photogealogic mappfng by Gardner and
Koenig (1578) delineated previously mapped faults

and major new photo-Tinears, Groundwater Sampling
and  (in particular) geothermometry (Kleln and
Koentg, 1977} targeted the immedfate Baltazor Hot
tprings area as the reglon's most promising gea-
thermal prospect., Shallow- and fntermediate-depth
thermal gradfent driiling {langenkamp, 1978; EPPC
well log data) delineated strong heat flow anoma-
tes at Baltazor and the Painted Hi1ls prospect
{Kulen, 1979), about 11 miles/17.7 km to the
southwast, A reglonal aeromagnetic survey
{Scintrex, 1972} had shown oaly broed regional
basement configurations, of 1fttie use in char-
actertzing geothermal features.  Senturion 3ci-
ences (1977) demoastrated contemparary mfcroessrth-
quake activity &long, among other structures, the
ranges froid fault system passing wert of Baltaror
Hot Springs, thus enhancing chances for discovery
there* of adequate subsurfece permeability,
Edquist ([1981) completed detafled gravity profil.
fng, extremely useful in structurd] interpretzticn
of the surprisingly deep griben beneath Baltazor
Hot Springs. Dipole-dipole resistivity ind seif-
potential datz gathered by Mintng Geophysical
Surveys, Inc. {1981} for EPPC were also lnterpret-
ed by Edquist (I981). He correlated shallow,
near-surface resistivity lows and rapidly changing
self-potential values at Baltazor with mapped 2nd
gravity-inferred fault zones belteved to be the
prime conduits for deep thermal flufd convectfon. |
A mercury-arsenfc safl survey (Truex, 1980} of the
Baltizar area revealed no diagnostic anomzlfes
exclustvely reltated to the active thermal system.

Hulen (1979) produced preliminary geology and
hydrothermal alterstion maps of Baltazor and the
Pajated Hilts. The Raltazor map, together with
results from EPPC's recently completed deep well
near Baltszar, form the basis for the detailed
surface and subsurface geologic fnterpretatfons
presented 1n this report.

GEQLOGIC SETTING

At the northwestera margin of the Basin and
Range province, the Baltazor Hot Springs KGRA and
vicintty exemplify the regional gealogy of north-
western MNevada, The Pueblo Mountains, west of
Baltazor (Fig. 1}, are a typlcal, northerly-
treading, tilted fault block ringe. East of the
Pueblos, Continental ¥alley, which hpsts Baltazor
Hot Springs, 15 #n equally typical, deeply altuvi-
ated graben valley, tn this case surficfally blan-
keted with lacustrine sediments. The Puebla
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Figure 1. Geologic map of the Baltazor Hot Springs KGRA and vicinity, Humbeldt County, Mevada.



Hountains are formed of a deeply dissected, highly
varlable Kiocene-Pliocene volcanic and velcanf.
clastic sequence resting with profound wnconfarm-
1ty on Permfan-Triasstc {7) metavolcenic and meta-
sedimentary rocks latruded by Intermediate compo-
sition plutens of Jurassfc-Cretaceous age {Ft?. 1
Willden, 1964; Rowe, 1970; Burnham, 1871}, e -
dlately above this eroded basenent near Baltazar
s a thick sequence of Miccene porphyritic basalt
flows, flow-breccia, end tephra beds locally in-
terrupted by volcaniclastic sediments, afr-fall
tuffs and ash-flow tuffs, In the upper portion of
this sequence, 4 thin dacite (1) ash-flow tuff and
a dense hornblende endesite flow, along with in
Intervening basaltic andesite flow, Torm an easfly
mappable marker interval {Figs. I-3). The basalt
sequence 15 disconformably overlafa by a cliff-
forming rhyolite, alsc Hiocene, which fa turn {s
overlaia by Mliocene felsic ash-Tlow tuffs and vol-

coniclestic sediments,

the Pueblo Mountains are tilted gently west-
ward and bounded on the east by a major normal
range-front fault system, HMaximum displacement {n
this system 1s fnterpreted by Edquist (1981) to
have occurred &long a fault {F3) concealed by al-
luvium and trending northeast fust west of
Baltazor Kot Spriags (Figs. I, 3). Aljuvial depth
east of fault F3 {5 modeled on the bas{s of gravi-
ty data by Edquist to be as much as 2000 ft {610
m). Lowe to moderate-sngle faults FI and F6 1in
the range west of fault FJ probably were caiised by
range-front oversteepening resultiag from Fl
faulting, The complexity of F1 and F6 immediately
north of well 45-14 (Fig. 1) fs almest certainly
due to interactfon of these faults with fault F2,
4 northwest-southeast-trending structure of minor

normal displicement which, projected southeast-
ward, passes directly beneath Baltazor Hot
Springs.

THERMAL PHENOMEMA AND HYDROTHERMAL ALTERATION

galtaror Hot Springs, with medsurad tempera-
tures virying between JG'C/LGT*F and 98°C/208°F,
produces, essentially from & single orifice, sodi-
um gulfate witers at rates (luctuating between ¢
and 128 1pm (Kleln and Koeafg, 1977). Silica and
Ma -K-Ca gecthermometers tindicate present subsur-
face temperatures of at least 160°Cf320*F (Kiefn
and koenig, 1b1d.). Ooze collected from the edge
of the Baltazor Hot Springs poolt s revealed by X-
ray diffraction (XRD) #nalysis to consist largely
of opal with mipor cristobalite and quartz, sug-
gesting reservolr temperatures of at least 180°C
{White et al., 1971}. Frothy-appearing opaline
tinter mounds scattered fn the fmmediate vicinity
of the springs {Fig. 1} 4attest to past reservole
temperatures at least this high.

Range-front normal faults #nd the sole of a
recent landslide west of Baltazer {(Flg, 1) are
pervasfvely altered by siltca-bearing (chalcedeny,
cristobslite and minor tridymite as shown by XRD}
catcite vefns and veinlets, Tocally accompanied by
bleaching of thefr host rocks. The veins, from
Tess than & {n/1D cm to at least 10 ftf3 m in
thickness (mapped vein in Fig. 1), range in tex-
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ture from masséve to vuggy and delicetely baand-
ed, Cross-cutting relatfonships and brecclaticn
tn the veins suggest several alternating episodes
of carbonate deposition and s1l{cification. A few
small (<5 rt/1.8 =) surface mats and mounds of
mixed $111ceous #nd calcareous stnter are scatter-
ed across the surface of the landslide, probably
{adicating the assocfated calcite - silica velns
to haye beea former feeder channels for thermal
springs.

Other &lteration 1n the Baltazor arex cannot
be attributed to the active geothermal system.
Base metal sulfide mineraliration and associated
alteritfon In Permtsn - Cretacecus batement rocks
1t clearly Pre-Tertiary, Faults FI and Fé&, parti-
cularly near the hot springs, commonly cantain, &g
identified by XIRD, caleitic and hematitic jasper-
oid {chalcedony), locally bearing small (<2 in/%
cn) pods of bright yellow-green pure smectite,
almast certainly nontronite,

DEEP DRILLIRG RESULTS

Well 45-14, collared about one alle/l.7 km
southwest af Baltazor Hot Springs {Figs. 1-1) pen-
etrated #lluvfum to & depth of 160 ft/49 m, 2
thick Tart{ary volcanic sequence to 21B0 ft/é64 m,
then pre-Tartiary interstratified chlorite-seri-
cite schist and iatermediate metavoleanic rock to
the bise of the sampled {nterval at 3590 /1094
m; tatal depth is 3649 ft/1109 m. The rocks pene-
trated fn the well, most with distinctive gamma-
ray signatures (Flg, 2) can be readily correlated
with surface rocks, A prominent fault betwe#n
1780 and 1730 ft, (543 and 546 m) separites mas-
tive basalt from undertying Interbedded tuffs,
sediments and thin basalt flews, This fauit fs
Interpreted to be Fl. A major fault (F7; Fig. 3]
pre-dating Fl (and F6} 15 inferred from the fore-
shortening of the basalt sequence in 45-14 {1700
rt/518 m} relative to fts thfcknass just a mile
{1.6 k) to the north and two miles {3.2 km) east
(2700 /823 m).

Alteration of the rocks fn well 45-14 fs min-
imal. Trace to minor amounts of the yellow-green
smectfte described earlier are ervatically scat-
tered {a the fnterval between 400 f£/122 m and
1000 ft/328 m, 2long with traces of calcite, goe-
thite and chalcedony. The basalt sequence fs
essent{ally unaltered, except for local traces of
celadonfte, smectite, calcite, and various reo-
1tes. Local quartz-pyrite chalcopyrite veinlets
fn the Permlan-Triassic (7) metamorphic sequence
are undoubtedly pre-Tertiary in age,

An equilibrivm temperature proffle for 45-14
(Fig. 3) shows three distinctive segments -- an
{sothermal {nterval at about #43°C/L09°F bHetween
100 ft/30,5 m and 640 /195 m; an tnterval with &
temperature gradieat of about 130°C/km to a depth
of 2100 ft/640 m; and a conductive, low-gradient
{38°C/km) interval from 21006 rt/640 m to the bot-
tom of the wall, at which the mextmum temperature
of 119,.67°C/247.40°F was recorded, The deep, Con-
ductive, low gradient intervat {s confined almast
entirely to pre-Tertfary metamorphic rocks, and
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Figure 2,
KGRA, Humboldt County, Nevads.
comparlson.
Exploration Co. (1983).

indicates these rocks
shle. The {ntermedfate level
interval could reflect generalty lower thermal
conductfvities of assocfated basdlts, The fso-
thermal portion of the proffle 1ndfcates cool
wa?er fnftux fn fractured high-level volcanic
unfts,

to he imperme-

probably
higher gradient

DISCUSSION AND CONCLUSTONS

The tocation of Lthe Baltazor Hot Springs
thermal ares §s almost certainly controlled by the
intersection of northeasteriy-trending normal
faults with an older, northwest-trending high-
engle fault system, The main fault of this system
{Fe; Fig, 1), 1n fact, projects southezstwscd, be-
neath younger fault blocks and alluvfum, to & po-
sttion almost directly beneath the preseat hot
spring location. The iInteraction of these two
fault systems would create & zone of high fracture
permeabi11ty, allowing deep circulation and resul-
tant heating of fluids {facilitated by the abnor-

mally high regfonal thermal gradients of the
Battle Mountain heat-flow high; Sass et al,,
1471), followed by rapid convection of these

heated fluids to shallow depths. Additional re-
servolr permesbility could be developed dn rock
rubble accumulated {n the deep fault trough
beneath Baitaror Hot Springs, from the breakage,
{nto the trough, of high-level low-angle fault
blocks exposed north of well 45-14 (Figs. 1,3).

Az demonstrated by deep-drilling, these low
angle faule blocks, the Yower of which watc pene-

Gamma-ray log by Gearhart (1981).

Lithology, gamma ray and temperature logs for deep test well BI45-14, Baltazor Hot Springs
Temperatura togs for AZ1500-1 and BZISOU 2 are shown for

Temperature data from Southwest Orilling and

trated by 45-14 (Fig, 1) apparently do not pre
sently form part of the Baltazer geothermal reser-
valr, This may be dve to high-leval sealing along
feults west of F3 along the western margin of the
deep fault trough discussed above. Evidence of
such sealing 1s the pervasfve, recently-developed
cafcite.stlica stockwork st the range front Just
northwest and west of the hot springs (Ffg. 1).

The Baltazor Hot Springs area remafns an
encouraging maderate« to high-temperature gecther-
mal exploration target. [f, as iIndicited by XRD,
Baltazor Hot Springs 1is presently precipitating
tilica, reservoler temperatures of  at least
180°C/156*F cen be reasonshly anticipated, Ade-
quate permeability can be expected fn fractured
volcanics end metavolcanics, and perhaps 1n over-
iying rock rubkle, beneath about 2000 fFr/610 m,
Fault F3 {Figs. 1, 3], concealed by altuvium, (g
probably the principal conduit atong whick thermal
fluids now &scend, The high-temperature "spike”
in drill hole BZ1500-1 (Fig. 2} may represent
eastward channeling of these fluids fnto a subsur.
face altuvial aquifer, or may {ndicate a concealed
fault subsidlary to F1. The temperature decrezse
beneath the “spike®, and assoctsted low thermal

gradient, probably {ndicates the trough-f{lHng
sediments below the “spike™ to be relatively
impermaable.

The depths &t which commercially asttractive
higher temperatures might be encountered s con-
Jactura), Simple downward projection of the
apparently conductive gradients (35-38°C/km})
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Figure 3,
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