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ABSTRACT 

. 
This report describes a geologic study undertaken to evaluate the nature 

of structural and stratigraphic .. controls within the Beowawe geothermal--~ystem, .. ' .. ~. . . 
Eureka and lander'-CoiJ'nti'~s, Nevada. The study is part of a comprehensive 

> .~ ....... "' • 

',' 

. ..., ongo; ng case study of the Beowawe geothermal system sponsored by the DiYi sion 

of Geothermal Energy of the Department of Energy under the Industry Coupled 

Program. This study includes geologic mapping at a scale of 1:24,000 and 

lithologic logs of deep Chevron wells. 

Two major normal fault systems control the configuration of the Beowawe 

geothermal system. Active hot springs and sinter deposits lie along the 

Malpais Fault zone at the base of the Malpais Rim. The Malpais Rim is one of 

several east-northeast-striking, fault-bounded cuestas'in north central 

Nevada. A steeply inclined scarp slope faces north''Iest towards Whirlwind 

Valley. The general inclination of the volcanic rocks on the Ma1pais dip 

slope is 50 to 100 southeast. 

The Ma1pais scarp slope exposes normal faults on a northwest trend that 

predate thedevelop:nent of the 14alpais scarp. An Oligocene to Miocene graben. 

-presently corifiningthe known geothermal system, developed along this trend • 

. ~ The north-northwest-trending Dunphy Pass Fault zone east of the sinter terrace 

;s the eastern boundary of the graben. The western boundary of the graben 

appears to cross the Malpais Rim in Horse Heaven but is poorly exposed. A 

., 1200 m-thick section of Miocene basaltic andesite, dacite, and basalt flows 

accumulated~fthin the developing graben and covered a middle Tertiary 
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sequence of tuffaceous sediments, tuffs. and andesite flows. and the subjacent 

Ordovician Valmy Formation. 

The Malpais Fault zone developed after the eruption of the Miocene 

volcanics; the nonnal faults controlling the scarp primarily strike east-north

east to east-west. However, these faults define two flexures in the ,overall 

east-northeast-trend of the Ma1pais Rim; The Geysers occur at one of these 

flexures. A ,set of steeply-dipping east-northeast and east-west-trending 

faultscontro1l1ng the t4alpais Rim scarp slope apparently carry hot fluid to 

the surface. Northwest and west-nQrthwest-trending vertical fa~l~s may limit 

the northeastern and southwestern extent of modern surficial thermal activity. 

The intersections of these faults and the Malpais fault may serve as deep / 

conduits for the geothermal system. At the southwest end of the terrace, the 

Malpais, scarp curves to the southwest, whereas elements of the east-northeast 

, fault set appear to continue westward into the valley, creating a subtle' 
. . 

horst-like structure and permitting the westward migration of thermal fluids. 

The deep Ginn and Ross; wells penetrate the Tertiary volcanics and the . 
Valmy Fonnat10n. Hydrothermal alteration mineralS in these wells are 

vertically zoned from aclay-calcite;'quartz-pyrlteassemblageabove 600 m 

, (200e)ft) ofdepth~o~ quartz-calc1te-mixed ch10r1te and clay-pyrite-
" " ' 

. sericite-epidote assemblage below 1400 m (4500 ft). Alteration 1ntensity",15 
. . 

variable 'due to varying fracture and lithologie permeabi11ties and diverse 
. . . 

lithologic compositions. 

Thefau~ts controlling the Mal pais scarp also served as conduits for 
' .. '.' " .' " 

hydrothermal fluids earlier 1n theevolutlon of the scarp. Uplift along the 
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Malpais scarp within and east of the Dunphy Pass fault zone exposes the Valmy 

. Formation and a swarm of chalcedony-carbonate veins. Broad areas of 

sl1tcification,argillization. and brecc'1ation invade the Valmy format1on and 
I 

the Miocene volcanics. The intersection of these two major fault zones is. 

perhaps. a deep conduit for modern thermal fluids. A zone of anomalously low 

resistivity exte~ds from the surface at the .modern sinter terrace to 900 m 

(3000 ft) of depth within the Dunphy Pass Fault zone. The s11 icified zone 

presently appears to divert fluid laterally to the modern hotspr1ngs • 

. ·~>PenReable zones of fractured Valmy Formation and volcanic rocks probably serve 

as satellite reservoirs 'at shallow to intermediate depths. 

Regional heat flow data indicate that circulation of fluid to a deep 

reservoir 15 necessary to· explain the h1gh measured temperatures of 2140C 

encountered at a depth of 2880m (9460 tt) in the Ginn well. Geologic 
. . 

evidence is inadequate todetermine1f the deep reservoir resides in the 

siliceous rocks otthe Roberts Mountains thrust or within deeper carbonates. 

, .• " "4 
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INTRODUCTION 

The ·Beowawe geothermal system, also kno\'In as The Geysers, Hes 30km 

(18.6 mf) southeast of Battle Mountafn. astride the Lander-Eureka county Hne 

fnthe:Whirlwind Valley of north-central Nevada (Figure 1). Beowawe ranks 

among the hottest of the numerous known geothermal systems in the Great Basin 

.( Gars i de ana Sc.hill i ng, 1979). Several sma 11 geysers t hot spri ngs t and 
I 
! ""fumaroles captured the attention of early settlers 1n t.he area. The 

I 

;", 

I 

I'W 
j 

I 

'" 

'iJ , 

geothermal system has built a large opaline sinter terrace .along the 

. fau:lt-control1ed Mal pai~ Rim on th~ southeast margin of the Whi rl wind Valley. 

The sinter terrace 1s' about 75 m high and 850 m long by 30 m wide at the crest 

(Oesterling, 1962) •. The effluent of the system flows northeasterly down the 

Whirlwind Valley to the Humboldt R1ver. 

The vigorous geothermal activity prompted considerable exploration ,effort 

in Beowawe 1n the late 19505 fora resource amenable to electrical power 

generation. Magma Power Co •• Vulcan Thennal Power Co., and Sierra-Pacific 

P.ower Co., drilled a total of 12 Shallow wells between 1959 and 1965 (Garside, 

1974). 'Several of these wells tapped fluid in excess of ~OOOC at depths of 

less than 300 m(1000ft) directly below the terrace. Two wellsdr111ed for 

the ~lerraPaciflc Power Co. testedpotent1al in fractures~>n the crest of the 
'. . . 

Malpa1s Rim. These, t/ells all appear to have beendes1gned to test the 

reservoir potential of~he Malpaisfault z:one beneath the sinter terrace. 

Thh work, however·, did notreslilt in commercial energy productlon,:and, in 

1973, explorat10n activity resumed with the drilling of the Ginn No. 1-13 well '. .~., = ' ' 
,by Chevron-Atnerlcan Thermal Resources, Inc. The ,2915 m (9563 ft) Ginn well 

4 
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40·00·~O~~--~~~~----~~~~~~----~~~~~L---~~~--~~~ , 

FIGURE 1 LOCATION MAP OF THE BEOWAWE 
GEOTHERMAL STUDY AREA. (BASE 
MAP MODIFIED FROM ·ZOBACK, 1979) 
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and the subsequent 1733 m(5686 ftl Rossi No. 21-19 well of Chevron U.S.A., 

, Inc. tested an, ared 2.4 km (1.5 181) west of the sinter terrace. Magma Energy, 

Inc.drll·1e4 the 1829 m (6000 ftl Batz No~ 1 well at the base of the sinter 

terrace·in1975 (Zobacle, 1979). The Chevron wel15expandedthe prospect area 

,and presented the ppssibilltyof a deep target within the Malpais fault zone 

or subsidiary' fractures. 
j • .' • 

" Chevron Resources Co. and Getty Oil Co. are currently investigating the 
...' . 

energy potentia~ of the area. Each cornpanyhas submitted geophysical, ' . 
: . . -

geological, and geochemical 'data to the U.S. Department of Energy~sprovlded 

by'contractsfor geothermal reserv01r assessment in the Industry Coupled 

Program. Ongoing studi.es by thes~ groups and the Earth Science Laboratory of 

the University of Utah Research Institute point to the need for additional 

~ , detai1e~structuraland stratigraphic work in the vicinity Of the, geothermal 

system. This report describes the resultsof~mapping at a scale of 1:24000 

(Figure 2), includes summary lithologic logs of cuttings from the Chevron 
" , 

~ wells Ginn No. 1-13 and Rossi No. 21-19. and describes the nature and 

1~tensity of hydrothermal alteration at the surface and at depth. 

Interpretations of Chevron resistivity and shallows,eismic data by Smith and 

I-i othe~s(1979)and Sm~th U979). andmajOr' element 'analyses and K-Ar dates of 

volcanic rocles performed by Drs. S. H~EvansandF.H. Brown'of the Department 

of Geology and Geophysics of 'the University of Utah and reported here1ri~ . 

'" contr; buteto the structural and stratigraphic mode 15. 

Previous Work, 

The f1 r5t pub 11 shed account of' geotherma l")ct 1 vi ty at Beowawe appeared . in 
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.' an article written by A. S. Evans for an 1869 issue of the Overland Monthly. 

T. 8. Nolan and G. H. Anderson (1934) provided the first geologic description 

of the geothermal system and includedanalyses of three water samples. 

Oesterling (1960) subsequently prepared an unpublished geological appraisal of' 

the Beowawe prospect for the Southern Pacific Company. He incorporated this 

report in apubllc presentation entitled "Geothermal Power Potential of 

Northern Nevada" (1962). His reconnaissance map includes the immediate 

prospect area at 1:2400 scale with cross sections and an account of the early 

drilling and we)] testing. Rinehart (1968) attempted to estab11sh seismic 

signatures and short-time teiRperature histories of the water in three of the 

geysers. He also relatedt~e effects of the early exploration work on the 

Beo\,/awe, therma 1, features. More . recent 1y, Zoback (1979) integrated the 

genera11zedgeology of the Malpais Rim and adjacent areas with the results of 

bipole~dipoleresistivitYJ self potentlal,seismic noise, gravity, and 

'magnet i c ,1 nvest i ga t 1 ons. 

. ' 

Additionalsunmaries of the local qeology"geochemistry. and exploration 

history appear in Garside (1974), Hose and Taylor (1974), Wollenberg and 
, , 

others (1975 and 1977),' and Garside andSchl111ng(1979). Regional studies 

describing'theBeowawearea include those of Stewart and Carlson (1976), 

. Stewart and others (1977) ~ and Roberts and others (1967). ,Reports by G111uly 

anc! Gates (1965) , G111 uly and Masursky (1965),Zoback (1978), and ZobaCk and 
'. . . . 

Thompson {l978)provlde valuable information fr9fRareas peripheral to the 
, . 

. . ' 

geothermal system. Olmstead and others (1973) 11st sources of geologic and 

hydrologic data for the Crescent Valley -Whirlwind Valley area • 

7 
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GEOLOGIC SETTING 

The Beowawe geothermal system lies near the axis of the Basin and Range 

physiographic province (Stewart and others, 1977). The Malpafs Rim is one of 

several east-northeast-striking cuestas in north-central Nevada (Figure 1), . 

and, with the Argenta Rim, forms the northern termination of the 320 km-long 

Shoshone Ranye.· The Humboldt River truncates the northeast ends of the 

Malpais and Argenta Rims. North-northeast-trending normal faults dominate the 

regional structural terrain of north-central Nevada, giving rise to the major 

ranges and valleys (Figure 1). However, within the mapped area, the regional 
. ~ ".' 

fault trend turns easterly to produce the observed cuestas. Major north-

.northwest-trendi ng cross-fractures, occurr; ng withi n the study area, 1 atera 11y 

confine a sequence of middle Miocene calc-alkaline to alkal1neflows. These 

flows comprise most of the outcrops in the mapped area and represent the· 

central portion of an elongatemlddle Miocene volcanic field that overlfesthe 

OregOn-NeVa~a lineament and extends from southeast Oregon to central Nevada 
, . . . 

(Stewart and others,1915; ZobacK. 1978; and Zoback. 1979). The flows 
) . 

. accumulatedtn north-northwest-trendlng grabens produced by mlddleMiocene 
" I '.' . 

r1 ft ing a long.theOregon-Nevadali neament. ZobacK. (1978) named this structure 
" ,. , ' '10.' ,.', '. " • 

the Northern Nevada Rift·. In the Cortez and Roberts Mountafnsto the 

.. southeast of Beo\'1awe, therlft structures confine swanns of parallel 

north-northwest .. trending diabase dikes. Gilluly and Masursky (l965} believe 

. that these dikes were the sources of the nows 1n those areas. 

Thevo 1 canics of the.· Beowawe geothermal area ·li e unconformably ona 1 loch

thonous lower Paleozoic siliceous eugeosynclinal rocks (Figure 2). In the 
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Os Os - opaline, sinter 

Ols Ols - landslide, probably Pleistocene 

'OToc OTac.- alluvium and colluvium 

Tg Tg - coarse gravel with Tb and Tba2 cobbles 

Tb" dlktytaxltic, 6ubophltlc basalt flows 

Tba2 - $ubophitic basaltic andesite flows 

Twc.... White Canyon tuffaceous sediments (no Ov clasts) 

TpdTpd - pyroxene dacite Including porphyritic, aphanitic, and 
vitrophyric flows 

Tbo1 Tba.-' subophltlc basaltic andesite and basalt flows 

Ov 
(Ds,Se) 

FIGURE 2 

Tts - tuffaceous sediment with Ov clasts 

Tha ... · hornblende andesite flows 

Ov - Valmy Formation siliceous Siltstone, .chert, quartzite, 
quartz sandstone, and greenstone, with possible 
tectonic sUces of Slaven Chert' (Os) and Elder . 
Sandstone (Se). 

. , 

STRATIGRAPHIC COLUMN OF EXPOSED UNITS 
IN THE 'BEOWAWE AREA 
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vicinity Of. thec;tudy area, the siliceous rocks ,lie in fault contact upon the 
. . 

Subjacent.autocntnonous carbonates along the Opper Devonian to Lower M1s$isslp-

pian Roberts Mountain thrust of the Antler Orogeny (Stewart and oth(:rs, 1917). 

The maiR thrust and the many subsidiary faults as exposed 1nthe Crescent · 
~., ". 

Va11ey quadrangle have severely.fractured and folded the upper plate whl1e 

, ,gently fO,ldingthe lower plate (Gilluly and Gates, 1965). Thrust faults, 

. folds. and younger sedi mentary rocks related to severa I subsequent orogen 1 es 

further.compl1catethis complex structural terrain in peripheral areas. 

Exposures of Paleozoic rocks with'in the mapped area are limited to the 

, scarp.slopeof the Malpais Riln east northeast of The Geysers (Plate 1). 

Robe:rts and others (1~967) and Zoback (1979) considered the siltstone, 

qua.rtzite, chert, and siliceous conglomerate to be part of the Ordovician 

Va.lmy Fonnation. The Valmy, or its distal correlative, the Vinini Fonnatlon. 

appears in a similar structural setting on the north and east sides of the 
I . , 

, . 

ArgentaRlm outside the mapped area (ROberts and others, 1967). Extensive 

expos'ures of the Vinini occur in the Tuscarora Mountains inrnediately to the 

>northeast.of the Argenta and MalpaisRims. Thrust faults of the Antler 

Orogeny. place the Valmy against the Oevonian Slaven chert on the west side of 

'the Arg~ntaRi,"(Stewart'. 19691. ' TheValmy and the Slaven fonnations outcrop 
" " .' - ", . - , ! 

'o'~er large portions of the Mount LewiS area in the northern Shoshone Range. to 

the southwest of Whirl wind Valley (Gilluly and Gates, 1965). Theserocics. 
. ., 

along with lesseramo:unts of thefeldspathic Silurian Elder Sandstone on Mount 

Lewis, comprise the R.obertsM,?unta1n allochthon in the Beowawe vicinity. The 

Ginn No. 1-13 and Rossi No. 21 ... 19 wells located at the base of the Malpa1s Rim 
.' '" --> ~ 

. penetrate rOlcks interpreted as Valmy Formation below depths of 1350m (4500 

10 
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Unit 
lotlte 

dacite 
NV/BW 79-84 hornblende 

andesite 
NV/BW 79-180 pyroxene 

dacite 
_ MV/BW 79 .. 154 pyroxene -

dacite 
NV/BW 79-104 young basal-

.. - ti c andesi tc 
NV/BW 79-104 young basal-

tic andesite 
NV/BW 79-21 late basalt 
NV/BW 19 ... 112 late basalt 

Constants Used: 

~p = 4.962 x 10-10/yr. : 
~ = ·0~581 x 10-10/yr. 

:-.-" . . . ~. 

TABLE 1 
K-Ar Age Dates for TertiaryVolcanfcs 

(sample locations on·Plate- 1) 

Material Dated 
lotlte 

Biotite 0.40630 6.64 

Plagioclase 2.08253 0.89 

Sanidine 0.52108 - 6.54 

Whole Rock 3.32479 1.27 

Whole Rock 3.01703 1.27 

Whole Rock 5.06662 0.76 
., 

Whole Rock 2.13457 0.83 

K40/Krot. = 1.161 x 10-4 Mole/Mole 

'Analyst: S. H. Evans 

- (, ( 

( 

Moles/gm 
Ar40 (x10ll ) 

Rad 

44.934 18 38.6 :!:. 1.3 

2.499 51 16.1 ±. 00 6 

18.2989 32 16.1 + 0.5 - . 

3.659 53 16.6 :!:. 0.7 

3.692 61 16~7 + 0.7 

2.112 69 16.3 :!:.0.8 
2.390 68 16.5 :!:. 0.8 
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ft) (Plate 1 and figure 3). However,horizons of a dirty sandstone suggest 

that tectonicsllces of Elder Sandstone may He within the section. 

Quantities' of black and shaly siltstone resemble the Vinini formation. Small 

wi ndo,:,s in the a11 ochthon peri phera 1 to Beo\'Iawe expose carbonates of the 

eastern miogeosynclinal assemblage.·· The carbonates occur neither. at the 

surface in the mapped area nor at the depths penetrated by the drill holes • 

.. However ~ one may presume that they occur at greater depths throughout the 

area. 

Several large Mesozoic felsic stocks intrude Paleozoic and Mesozoic 

sedimentary rocks in the Cortez Mountai ns, whereas numerous sma 11 Lower to 

middle Tertiary felsic stocks intrude lower Paleozoic rocks 1n the Shoshone 

Range south of the study area (Muffler, 1964; Gll1uly and Masursky, 1965; 

Gil1uly and Ga~es, 1965). 

STRATIGRAPHY 

Ordovician.· Valmy· Formation 

The Valmy Formation, .exposedalong the Malpa1s scarp, consists pre-
. . . 

dominantly .. of l1ght grey s,i l1ceous siJtstone with signif1cantamounts of 

,quartzite, sandstone, bedded chert. and si'llceouscOnglomerate.Zoback, (1979) 

Roberts and others, (i967) Gillu}y and Gates (l96S) provide a detailed 

petrQgraphic discriptlon of the Valmy Fonnation in the Mount Lewis area •. 
. ; 

Petrographically, the siltstone contains quartz grains of unlformsize with 

minor detrital feldspar and mica., Itexhib1ts a mosaic texture with lobate, 

suturedgralnboundaries and pervas1veovergrowths of quartz. The siltstone 

grades tnto a medium- to coarse-grained tillite quartzite. Good exposures of 
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these rock.s occur in sections 10, 15. and 16, T31N, R48E, where the quartzite 

'forms prominent east-northeast-trendingoutcrops, and near the Red Devil mine 

in section 6, T31N, R49E. Shearing related to Paleozo1c.tectonism and 

'Tert1ary·tensional,fracturing generally obscures the true att1tude of the 

bedding units. Tectonism has also obscured the stratigraphic relat10nships 

and thickness of the unit though Roberts and others (1964) determined that the 

Valmy is at least 2400 01 thick in Eureka County. Gilluly and Gates (1965) 
, ' 

suggest that the unit may approach 7500 m 1n thickness 1n the Mount Lewis 

area. 

Chert layers of variable thicknesses occur sporadically within the 

siltstone. Open-pit barite mine developlnent and extensive dozer cuts in 

sections 11 and 12,T31N, R48E reveal bedded chert horizons 1n excess of 30m 

thick dipping approximately 20 degrees to'the east-southeast. The chert is 

lignt grey. black, brown, or light green with'ind1vidualbeds 5 to 15 COl 

thick. The green chert commonly occurs as thin'interbed films up to 1 cm 

thick,although some exposures contain alternatlnglayersof,green and black 

or brown chert several centimeters thick. Bedded chert exposures in the 

southern half of the northeast quarter of section n are predominantly green. 

"" The cherts also contain sporadic green and blackshaley part'ings, as well as 

highly variable thicknesses of bedded nodular barite. The nodules are 

cOllJRonly less tllan 1 cm in diameter and Occur tn a light greenshaley or 

, iw, chertyrnatrix. 

Occasional exposures of clean quartz sandstone occur, in close association 

, w1th' asi 1 iClOUS conglomerate. The sandstone is very clean with subround to 
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round, fine to medium grains. ZOback (1979) distinguished a chert . 

conglomerate with poorly sorted subdngular t(1 subround variegated clasts from 
. , 

a pebble conglomerate tli th we 11 sorted , rounded s 11 i ceous pebbles ofa wh t te • 
. . 

grey', or black color. These rocks are\'1ellexposed lnthe Red Devl1 Mine 

workings, but appear'only as, float to .thesouthwest along the Malpais scarp 

front. 

Tectonism has severely fractured the Valmy rocks and produced some' 
L 

cataclastlc textureand·foliatlon. • Quartz and chalcedony overgrowths' have 
, ' , ,', .' ",-', ., 

alsomodiffed the original textures. Jheabundant red coloration of the Valmy 
. ': ' ,:,.'" . ':',' ' 

noted by Zoback (1979) along the Malpafs scarp slope is most likely hematite 

and limonite related to late Tertiary and Quaternary hydrothennal activity. 

The l1monltized zone extends southwest to The Geysers area (Figure 9). 

Old TU'ffaceous S~dlmentary Rocks 
. . ,-," '. ",' ' 

A, reg.ional'y widespread section.of felsic.tuffaceous, sedimentary rocks 

.restsunconfonnablyon the Valmy Formation' (Plates 1 and 2). Evidence for the 
, -' ',' . . '.' , . 

unit exists in thef10at wherever the' Valmy crops out on the Malpais Rim, 

.. ~ 1 ~hoOghexposuresare poor due to the i ncompeten,t nature of thei nterbedded 

sedime~taryrOCkSa~d tuffs., The tuffaceous ul11.t·typfcallYformsa gentle 1 

slope comp~r~dwith the steeper exposures ~f the Valmy Formation and the 
" - '. '.' , 

overlying lava f1o~,s. Fresh exposures of the unit occur .1n the gravel pits to 
" . . - ". - ". . 

. . ,. . '. ; 

.the south of,the Red Devil Mine and on an oversteepenedslope imnediately to 

the east of the toe of the prominent QuaternarylandsHde on the Malpais s~arp 

. slope (Zoback. 1919). Two additional Slna llexPQsures occur on the scarp slope 

immediately to the eastand~lest of the bartte'm1ne. in 'section 12. Maximum 
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observed thicknesses range froll1 125 m in the Rossi well to 70 m on the Malpa1s' 

scarp slope. 

, " 

The tuffaceous sedim~ntary rocks outcrop wid~l'y ~., the eastern. northern. . " '. , '~ 

and western scarp slopes of the Argenta Rim (Stewart and~thers. 1977). 
, , 

G111uly and ,Gates (1965) and GUluly and Masursky (1965) observed similar 

gravelly tuffaceous rOcks ly1ngbetween Paleozoic rocks and the middle Miocene 

basaltic andesite pile in the Mount Lewis area and on the Cortez Mountains. 

Tuffaceoussedlmentary rocks 'form subdued hills to the east of Beowawe along 
, , ' 

the Humboldt,River (Stewart and Carlson, 1976)~ Thesedepos,tts are probable 

continuations of the Red Devil exposure" 

, , 

The Ginn well penetrates the tuffaceous sedimentary unit at depths. from 

1257 to 1275 m(4190 to 4250 ft) and from 1320 to 1365 m(4400 to 4550 ft) of 

, depth (F19ure3); a hornblende-biotite-andesite flow occupies the intervening 
. . ..', 

interval. The Rossi well cutsasimtlar sectionwtthtuffaceous sediment from 

, 1200 to 1248 m (4000 to 4160ft) and 1272 to '1335 Dr (4240 to 4450ft). 'The 

-..; : , '1nterventnglava flow crops out only along the gl1d~'planeon thewests,ide of 

the Quaternary landslfde 1'n the north .. centralpartofsection 15 (Plate 1). 
. ..' . -. . . - ' 

Cobbles of the flow ,rock are coamon In'manyexposures of the tuffaceous sedl~ 
• • • .' , • -,", "'" r,' .' - , .' :." .' • 

. -.J ',mentarysectioninthearea. 'ApotasstiJm~arYO"dati·ngOf·b1ot1tephenocr.Ysts 
, .-, - ," " . - , . -,' ." - " .. 

'. ,~ . ' 

suggests, an age of 38.7 t 1.3 m.y. (Table I,sample NV/BW79-84).Cobble~.of a 

closely assoc1atedbtotite dacit·e yield an age of 38.8. t 1.3 m.y. frOm 

• -.I . separated b10tite phenocrysts (Table I, PI_tel). 

The tuffaceous sedimentary rock uri1th. compos'edofgravel, . sand, and, 

511t 1n a tuffaceous matrix interbedded with thin airfall or·water-la1n t'uff 
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\...J layers Cross bedding in the gravels .suggests fluvial deposition. "The 

~...., gravels are most conspicuous in subdued outcrop leaving an abundance of, . 

rounded to subingular siliceous pebbles in a bentonitic soH. The pebbles are 

predominantly chert, quartzite. siliceous sfltstone,and sandstone. The 

black, brown, grey, and green cherts of the Valmy formation are distinctive. 

Sporadic concentrations of cobbles and boulders from the Valmy quartzite and 

siliceous conglomerate appear ,in the float, and a variety of middle Tertiary 

" "till 

r 

felsic and mafic volcanic clasts are also common. These clasts are clearly 

distingufshable from the local mlddleto late Miocene volcanics. The 

tufface,?u5 matrix contains fine- to medium-grained feldspathic sand, broken 

feldspar, quartz, and mafic crystals, and variable amounts of fresh to partly 

altered glass ·shards. Carbonate is common asa cement. The ash layers are 

buff to grey and range up to a meter in thickness, containing well preserved 

brown glas$shardS with minor admixed fine-grained detrital material. 

'The interbedded hornblende biotite andeSite contains about twenty, percent 

plagioclase, fifteen percent hornblende, and three percent biotite as anhedral 

phenocrysts in a light grey microlitic to aphanitic ~roundmass. The 

plagioclase phenocrysts are cOIlInonly2to 4 mm in length and occas10nally 
. . . , 

attain lOmin length.' The larger plagioclase phenocrysts display well 
" , 

developed zoning. The hornblende phenocrysts vary from 'I to 10 mm in'length. 

Biotite forlRs scattered bookS about 5 mmi n diameter. Magnetite, a common 

accessory mineral ,occurs as finely disseminated subhedral grains. Magnetite 

and biotite cOllmonly replace the hornblende phenocrysts as probabledeuteric 

alteration products. The groundmass is thOfQughlyargi11fzed in the drill 
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u , holEr intercepts and in much of the outcrop. However, portions of the outcrop 

, contain well preserved groundmass andplag10clase phenocrysts. 

Middle Miocene Volcanic Rocks 

A thick sequence of volcanic flows covers the tuffaceous sediments in the 

vicinity of The Geysers (Plates 1 and 2). The cuesta scarp slopes expose up 

. to 600 m of the volcanic section in Horse Heaven to the southwest of The 

. ,Geysers and on the northern side of the Argenta Rim. The flows form cliffs on 

the scarp slopes and dip gently to the southeast at five to ten degrees. The 

Ginn and Rossi wells penetrate 1200 III of volcanics above the tuffaceous 

sediments. The locally great thickness of the section contrasts with nonnal' 

regional thicknesses of less than 300 m (Zoback, 1979). 

Our mapping~petr09raphy, and petrochemistry indicate considerable 

compositional variability through the Malpais Rim section and, in conjunction 

with the deep drilling record, allow the subdivision of the lava flow 

sequences previously mapped only aSbasalticandeslte (Fi9ure2)~ The 

volcanic section includes: 600 m.of basaltic andesite .with minor basalt, 300 

mofpyroxene daCite, 40 mof tuffs and tuffaceous sedimentary rocks, 100m of 

basaltic andesite, and 10 to 30m of basalt lnascending order above the lower 
.' . , 

, , 

" to .middle Miocene tuffaceous sedimentary rocks~Basaltic andesite 

predominates throughout the volcanic field south of the Humboldt R1v~~. 

(Gil1uly and Masursky, 1975; G111uly and Gates, 1915), <although several 

rhyolite flows occur in the Cortez Mountains •. Rhyo11t,e flows and domes with 

basalt cap flows increase in abundance relative to the basaltic andesites 

between the Humbol dt. River and the Oregon -Nevada border (Ste\'/art and 

18 



I . , 
I .. 

'Car-lson; ,1976).. "Major element compositions as plotted 1n Figure 7 indicate 

that, the volcanic sequence in the study area has calc .. alkal1ne, and alkaline 

components. The . followin:! sections will discuss the details of the major rock 

types of the,volcan1c section in the vicinity of the geothermal system. 

Old Basaltic Andesite 
. . . .' ' 

The old basaltic andesite unit is a thick pile of lava flows with 

, occasional interbedded thin horizons of felsic tuff and volcanic agg10mer~te. 

The only r~cognlled outcrop of the unit exposes approximately of 300 m of 

f1owso~ the scarp slope of the Mal pais Rim in Horse Heaven (Plates 1 and 2). 

A small exposure of tuffaceous ,sedimentary rock (Stewart and others, 1977) 
. ' 

marks the bottom of· the basaltic andesite unit in.this locality. The Ginn and 

Rossi, wells, however,penetrate much thicker basaltic andesite sections of 828 

m and 765 m respecti ve 1y. substant i at i ng ZobacK' s (1979) proposed 

nortbwest-trending middle Miocene graben between Horse Heaven and Wh1~e Canyon 

(Figure 3). 

The unit is~ predominantly, a medium-grey pyroxene .. bearing basaltic 

, ande~ite with'minoro11vine •. Plagioclase occurs as microlites and as! to4 

mm:-long phenocrysts. with intergranular clinopyroxene. " The rock also contains 
,.' , , . , ~" 

finely:d1sseminatedaccessorymagnetitealong with occasional apatite. 
, • • c -, . ' • 

Yesicu1arzones' 1 ocallycontain chal cedony, cal cite, chlorite. c1 ays I and 

zeol1te~. 

, . 
The deep well s intercept tuffaceous sedimentary rocks atdepth~ between 

600'1nd 702 ffi. The tuf,fs contai~angular quartz and feldspar fragments in a ' 
• ; , -. , f 

matrixofclciy and carbonate. Several volcanic agglomerate:horizons,appear in 
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the Horse Heaven outcrop, but are difficult to recognize i~ dril1 cqttings •. 

The coarse angular basaltic ande'site ~lasts rest in a clay-rich matrix~nd are 

generally. ~ell .,eathered. HQWeveri,,:thcI.spread i'n 5i02 values from samples of 
. . . . , . ." . 

the basaltic andesite 'sequence taken froll1 drill cuttings and one outcrop . , ' 

indicate ",range 1n .rock type from basalt to andesitel • 

The samp1edensityis insufficient to identify any vertical trends in 

rOCk composition. 'Pett:"ographic evidence indicates that the majorltyof the 

sequence sampled in the dri 11 ho 1 es resembles the f10\,/s whi ch, at a depth of 

975m (3200 ft). yi e 1 ded an S102 va 1 ue of 54.5 percent of the total oxi des 

" (Table 2,). 

The dri 11 ,cut t i ngs (Chevron t, '1979) revea 1 i ntfmni ttant zones of moderate 

to intense hydrothermal alteration throughout the basaltic andesite sequence. 
" . ; 

The tuffaceous rocks are strongly altered as well. A later section of this 
. . . , . 

report will describe the nature of this alteration. 

Pyroxene Oac i te 

The scarp slopes of the Malpals and Argenta Rims expose prominent cl1ffs . '.' . . . ~, 

t 

of pYr.oxenedacite lavaflo,'Is. The flow sequence attains its maximum 

thiCkness of 300m in the vi'cinityof The Geysers and the Chevron wel1s(plat~ 
. . " , . . ". . 

"2). 'The flows appear to have f1 Jled a nortn-northwest-trend1ng graben now, 

'pa.r~1.Y,exposed 1nboth the Malpais and Argenta scarps. ,The dacite section., 

'. lSubdhisions' regardless of suite taktm from Cameron and others, (1980): 
Basa1t(53<%Si()2)"tbasaltic andesite (53-56%5i02), andesite (56-63% 
'Si02) ,dacite (63-70%5102). andrhyol1te (>70%S102). ' 
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N .... 

diabase 

Ginnl~13 
6740 

5;02 49.30 
Ti02 1.00 

" .zr02 .01 
A1 203 15~19 
Fe203 ·2~04. 
FeO 6.26 
r~nO ' . .17 
MgO 7.49 
caO. 12.65 
SrO .03 
BaO J' .03 
Na20 2.60 
K20 .49 
P20S ').~. .20 
H20+ N.D. 
503 . ~. 

'.'. 
N.D • 

, 

TOTAL ~. 

97.46 

Analyzed,by: ICp1,4 

; 

.~, 

TABLE 2 

. Major Element Contents of ~'iocene Volcanics 
(samples representative of each unit) 

old pyroxene dacite . 
basaltic dacite aphanitic 
andesite porphyry dacite 

Ginn 1-13' NV"BW NY/BW 
2660' , - 79.'13 79 • .102 

58.50 66.64 6Z.33 
1.49 .78 .91 
.02 .04 .04 

13.31 13.37 13.94 
2.24 2.84 3.04 
6.87 3.59 5.10 

.14 .04 .. 15 
2~09 .91 .93 
5~51 1.90 3.35 
.03 .02 .03 
.08 .• 16 .19 

3.50 3.11 . 3.45 
2.73 4.68 4.40 
.44 .17 .22 

N.D. ~1.76 1.73 
N.D. N.D. .02 

96.95 100.01 99.83 

ICp1•4 XRF2•4 , XRF2•3 

1Analyst: R. Kroneman; ICP analysis ~etennines total Fe only. 

2Analysts: F. Brawn and J. Mason 

( 

young 
basaltic 
andesite 

. NV/BW 
79.177 

54.50 
1.26 
.02 

16.19 
2.30 
7.05 
.16 

4.07 
. 8.94 

.03 

.07 
3.21 . 
2.04 
.39 

N.D. 
N.D. 

100.13 

1CP1,4 

3FeO detennined by the ammonium metavanadate back-titration method (5. Evans, analyst). 

4FeO/Fe203ratio inferred from FeO analyses of samples representative of each unit. 

•• 1 

( 

late 
basalt 

NY/BW 
79.112 

",48.77 
'1.48 
_ .01 

,16.29 
1.35 

. 9.64 

.' .20 
7.77 
9.53 
.04 

-- .06 
2.67 
.96 
.50 

- .00 
.04 

99.11 

XRF2,4 



.. 
thins abruptly to a maximurri thickness" of 60 ~ across the eastern graben 

boundary fault at White Canyon. The unit maintains its maximum thickness as 

it extends southwestward to an abrupt termination along the western graben 

boundary fault. The graben boundary,is exposed on the Malpais scarp slope in 

Horse Heaven and on the dissected Argenta dip slope in the northwest quarter 

of section 15, T31N, R47E. The graben margin in Horse Heaven juxtaposes the 

pyroxene dacite against the 01::1 basaltic andesite. Spurck (1960) and Willson 

(1960) mapped large areas of flows on the Argenta Rim and the northeast end of 

the Malpais Rim that are correlative with the pyroxene dacite unU. The 

petrographic and outcrop characteristics of the Shoshone Andesite of their 

reports are essentially identical to those of the pyroxene dacite described in 

this report. Potassium-argon dates of plagioclase phenocrysts from the middle 

of the dacite section indicate an age of 16.1 ! 0.6 m.y. (Table 1, Plate 1). 

The pyroxene dacite unit displays considerable compositional and textural 

variability throughout the section. The cliffs of the r1alpais and Argenta 

Rilns are dominantly glomeroporphyrltic pyroxene dacite, which we refer to as 

the dacite porphyry. The cliffs co~sist of at least four fifty m-thick flows 

that display a crude columnar, spheroidally weathered jointing. One possible 
, . , . 

source for these flows occurs at the western graben margin south of Horse 

Heaven, where a vertical dike follows the boundary fault to the surface. The 

f1 owsare 1 i ght brown to grey on fresh exposures and \'1eather to a. deep red 

brown. Phenocryst clots comprise ten to thirty percent of the rock. The 

clots typically contain several phenocrysts of plagioclase, clinopyroxene, 

olivine, magnetite, and apatite. The proportion of phenocrysts and their 

degree of agglomeration decreases irregularly upward through the pile of 
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V flows. The corners of d1Ost'plagloclase phenocrysts are rounded by resorption; 
'II; 

pyroxene and olivine commonly' appear toeinbay thepl agioclase as well. 

Occasional flo~~ display feldspar overgrowths on plagioclase phenocrysts. The 

pla'9ioclase is usually fresh. whereas the pyroxene and, in particular. the 
'. '. . . . . . . . 

olivine may be altered. Some secondary minerals. including chlorite. calcite, 

chalcedony, smectites. idd1ngsite, magnetite, and hematitic limonite, are most 

.likely related to the deuteric alteration of the phenocrysts. 

The groundmass of the pyroxene dacite is typically aphanitic-crystalline 
. 

to glassy with variable amounts of microl1tes. Irregular networks of 

fine-grained quartz and feldspar cOtmlOnly enclose glassy patches. Some 

horizons reveal incipient perlitic textures with secondary clays occupying 

concentric fractures. At least two distinct horizons contain abundant 

spherulo1ds of devitrifjed dacite in a matrhof fresh or weathered dacite. 

The spheruloids range from 1 to 10 Coli in diameter ,and forlD a nodular grus upon 

the weathering of the fl~w unit. Phenocrysts comnonly overlap the spheruloid 

\) . boundaries and are fresh to \~eaklyaltered. Outcrops of spheruloidal flo\4/s 

:~. 

occur throughout the Mal pais and Argenta Rim areas, but the best exposures 
'. . 

appear in the cut of the(eastern geyser terrace acce~s road and on the Malpais 

R1mcrest in the eastern half of Section 3, T30N, q47E. A black vltrophyre 

with phenocrysts similar to those of the dac,ite porphyry marks the top of this 

'. sequence. Thevitrophyre. unit contains several spheruloidal horizons. 

A glassy flow sequence. termed the aphanitic dacite, lies conformably on 

the dacite porphyry. Numerous red brownaphan1tlc flows 1nterf1ngerw1th 

black aphanitic dacite flows that display a dense platey jointing controlled 
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V by fluidal banding. The red brown flo\is contain variable amounts of 

microlites that produce a trachytic texture in the uppermost of these flows • 

. Sparse phenocrysts resemble those of the dacite porphyry. The flows in this 

sequenc-eare typically 3 to 5 m thick. Blocks from the red broi'ln flows 

comprise much of a thin volcaniclastic horizon exposed on the east wall of 

White Canyon~This horizon may be either an interflow rubble zone, a volcanic , 
agglomerate, or a paleo-colluvium on the east margin of the Miocene graben. 

Unusually erratic joint patterns an1 intense hematitization of these flows on 

the upper floor of White Canyon suggest possible vents for the aphanitic 

dacite flow sequence along the eastern graben margin. 

r~ajor el ement analyses support the IJse of the tenn dacite to characterize 

the flo\-I sequences just described (Table 2). Si02 for the dacite porphyry 

ranges from 65 to 68 percent, whereas the flows of the aphanitic dacite 

sequence approach the composition of andesite \,/ith decreasing age. 

White Canyon Tuffaceous Sedimentary Rocks 

. A thin unit of tuff~ceous sedimentary rock and ai r fall tuff lies 

unconformably on the pyroxene dacite. The most extensive exposure of the ~n1t 

occurs on the upper floor of White Canyon with approximately forty meters of 

\~ell-bedded buff to 1 i ~ht gray tuffaceous sandstone .si 1 tstone t poorly 

consolidated dsh, and porcellanite (Plate 1). Normal faulting along the 

eastern margin of the middle Miocene graben has downdropped and folded the 

tuffaceous unit into a gentle syncline. The unit thins to less than thirty 

'meters as it extends southwestward beneath a cap of basalt. Cavities 

excavated by erosion and animal S occasionally provide exposures of the 
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basalt~tuff contact .. but basalt talus and colluvium generally obscure the 

·1hcc)jnpetenttuffs. Tuff fragments near animal burrows and benton1t1c s01ls 

are the principal clues to the location of the tuffaceous unit. Deep gullies 

have exposed the unit on the lower reaches of the Argenta dip slope beneath 

the ~a$a~t cap or similar basaltic andesite' flows. but the tuffaceous sediment 

'un1tappears to pinch out to the northwest. A pink tO,gray nonwelded 

pumice-lithic tuff appears at the top of the unit on the south and east sides 

of the Argenta dip slope. Erosi.onal and constructional topography. on the 

pyroxene dacite, and post .. t,uff eros'ion account for considerable variability in . . 

the 'areal distribution a'nd thickness of the tuffaceous unit. 

The bulk of the section is composed of buff-colored tuffaceous sandstone. 

'The sandstone contains pyroxene dacite and old basaltic andesite clasts. 

broken quartz and feldspar phenocrysts, and abundant subal1gned brown to black 

glass shards with a few intact bubble walls. Rare fragments of carbonized 

wood also appear in the sandstone. Thin interbedded grey pyroclastic and 

siltstone. horizons, containing well-preserved shards with occasional 

phenocryst fragments. interfinger with the sandstone. Calcite 1s the dominant 
. ' 

cement and thoroughly permeates certain horizons forming a coarse-grained 

mosa,1 c pattern. Interbedded porce 1 ani te 1 ayers' up to ten cm th1 ck along with 
.. . '" . ' . '. 

th~ fine beddin~ suggest a lacustrine environment of deposition for theun1t. 

The pumiceous-lithic tuff of the Argenta Rim contains more than sixty percent 
, . . 

fresh p1nk to grey rhyolitic pumice clasts with ten percent black obsidian 

fragments in a shard-rich matrix. The large proportion of pumice clasts to 

finer matrix suggests substantial winnowing by fluvial or wave. action. These 
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tuffaceous materials strongly resemble the older tuffaceous sediment unit but 

do not containpre-M10cene clasts. 

Young Basaltic Andesite . 

A sequence of five to eight basal~ic andes1teflows Hes unconformably 
." . 1 

upon the White Ca~yon unit or the pyroxene dac1te and caps the dip slopes of 

the Malpa1s and Argenta Rims (Plate!). The flow sequence attains its maximum 

thickness of 300.m immediately south of Horse Heaven .andtapers to the south 

. for ten km along the east'lankof the Shoshone Range (Gl1luly and Gates, , 

1965). The basaltic andesite caps the ,Malpa1s Rim eas~ of White Canyon with a 

thickness of 40 m. The unit 15a1so widespread on the Argenta dip slope 

reachi ng thi cknesses of 150 m. The flows range from 2 to 16 m 1 n thickness 

and display crude columnar or blocky jOinting. Deep ·gullies and canyons cut 

the cuesta dip slopes, but erosion of the original constructional flow surface 

has been minimal. Therefore,complete exposures of the basaltic andesite 

section are comon. 
.~ .' 

Similar basaltic andesite flows are widely distributed in varying 

quantities throughout the northern Nevadar1ft. G111uly and Masursky (1965) 

describe 105 m of basaltic andesite and basalt. flows on the dip slope of the 

Cortez Mountains and suggest that d1abase~1kes exposed on the scarp slope 

serv.ed as conduits feeding the flows.Zoback (1978) descrfbesa 400 m-:-thfek 

basaltic andesite section beneath the rhyolites and bas~lts of the Midas ' 
. . 

trough area north of the Humboldt River. The character of those basaltic 

andesite occurrences strongly resembles that of the flows in the Beowawe area. 
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Post,,:volcanic faulting has apparently fragmented a major regional flow 

~. sequence • 

A whole. rock potassium-argon dating of basaltic andesite cap flow •. , 

preserved in slump blocks-to the east of the Quaternary landsl1de. suggests an 

age of 16.7 ... 0.7 m.y. (Table 1). McKee and SHberman (1971) report a whole 
~ , . 

The dark gray basaltic andesite~ contain fifty percent euhedral 

plagioclase laths with twenty percent intergranular anhedral pyroxene, twenty 

percent intersertal brown glass, five to ten percent magnetite. and minor 

olivine. Plagioclase and pyroxene grains are commonly less than one mm in 

length, but isolated phenocrysts up to f1vem in length also occur. Some of 

.. the flows are highly vesicular with sporadic calcite, clay, chalcedony, and 

zeolite fillings. One of the flows within the sect10n contains i'ntergranular 

cavities forming a diktytaxitic texture. 

The composition {)f the basalticandeslte resembles the average andesite 

. of Nockolds (1954), but is lower 1nSi02 than the average of Chayes(1969) • 

. The Si02 contents of several samples from the Malpa1s and Argenta Rims range 

from 52 to 56 percent (Table 2). 
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LatefBasalt 

A thin sequence of One to three basalt flows caps portions of the Malpais 

and'Argenta djpslopes (Plate!). The basalt, between White Canyon and Horse 

Heaven, lies unconformably on the middle Miocene tuffaceous sediments. The 

flows occupy the drainages and basins on a subdued but irregular erosional 

surface developed on the tuffaceous 'sediment. Much of this exposure consists 

of one 2 m-thick flow displaying a crude columnar to blocky jOinting. Frost 

action and slumping of the underlying tuffaceous sediments has reduced the 

thin flow unit in some areas to a pile of jumbled basalt blocks on a 

bentonitic soil. Subdued exposures of the basalt occur on t.he floor of the 

west end of Whirlwind Valley where two flows lie directly on the trachytic 
. I 

dacite and locally on intervening patches of tuff. The basalt flows. with two 

to three subjacent basaltic andesite f19wS. extend northward and northwestward 

from the lower slopes to the crest of the Argenta Rim. The basalt does not 

extend to the western and sputhwestern portions of the Argenta Rim due to 

recent erosion and local topographic highS during the eruption of the flows. 

Two new whole rock K-Ar dates of the basalt exposed on the Whirlwind 

Valley floor and on the Malpa1s dip slope ind1catean age of 16.3 to 16.5 ~ 

O~8 m.y.,essentially the same age as the young basaltic andesite (Table 1). 
, . 

. ' . , . . 
The valley flow and the flow capping the Malpais dip slope between White 

. Canyon and Horse Heaven are essentially identical' in ,composition (Table 2 ) 

and in thin section. The basalt cap flows, sampled at five localities on the 

f4alpaisand Argenta dip slopes, have Si02 contents ranging from 47.6 to 48.7 

percent. These data refute Zoback'shypothesis (1979) that the valley flows 
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are~orrelat1ve with a 10 m.y. old bas~lt flow capping the Sheep Creek Range 

dated by McKee and Sl1berman (1970). . . 

The basalt '1s dark gray to black and weathers to dark brown. The rock 

di~plays a distinctive diktytax1t1c texture that is .easily re'cogn1zed in hand 

sample. The minute inter-crystal cavities are cOlll1lOnly devoid of secondary 

minerals. however, thin vesicular horizons at the tops of the' flows contain 

secondary calcite,s11ica, and clays. The typical subophitictextured basalt 

occasionally exhibits an ophitic texture. Euhedral plagioclase microl1tes and 

abundant phenocrysts, up to 5 om in length, lie partly enclosed by subhedral 

phenocrysts of clinopyroxene and sporadicsubhedral phenocrysts of olivine. 

Magnetite is a common accessory mineral as fine euhedral disseminations. The 

primary minerals are usually fresh with the exception of olivine, which is 

often altered to iddingsite. 

Diabase Dikes 

The Ginn well penetrates d1abaseover several intervals wit~in the Valmy 

Formation below 1615 m (5300 ft) (Figore 3). Four samples of diabase 

cuttings. selected frOID unaltered to weakly altered intervals in the bottom 

1280 m (4200 tt) of the hole, yieldSi02 contents ranging from 47.2 to 50.8 

percent. Basalts with S102 contents 1n th1s range occur in the older basaltic 
. . 

. andesite sequence and in the late basalt. Muffler (1964) sampled a diabase 

dike exposed on the scarp slope of the Cortez Mountains. which contained very 

s1milar amounts of major and illlll1obl1eelements. The compositional similarity 
. . . 

of the diabase cuttings from the Ginn well to the exposed dikes of the Cortez 

Mountains and the overlying flow sequences at Beowawe and the Cortez Mountains 
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sug~ests that a swann of middle Miocene dikes lies beneath the Whirlwind 

. . . . 

Valley. In s~pport of this possib11ity. Swift (1979) attributes a 

north .. northwest-:-striking electrical anisotropy, observed in a Chevron MT 
" ". ' . . . 
survey at the Beowawe geothermal prospect,to bodies of con~uct1ve Valmy 

, ! ' .... 

country rock confined between res1stive diabase dikes. 

, late Tertiarx Gravels 

Approximately 10 to, 20m of gravel lie Qn the dip slope of the "alpais 

Rim between White Canyon and Horse Heaven (Plate 1). The gravels'lie 

,unconformably on the White Canyon tuffaceous sedfmentary rocks and late basalt 

and. to the south along 'the east flank of the Shoshone Range, overl1esthe 

dacite vitrophyre~equence and young basaltic andesite. The, gravels do not 

occur on the Argenta 'dip slope. 'The uniform thickness of the unft suggests 

deposition on a surface of 10wrelief~ The-unit includes debris from the 

young b~saltic andesite and basalt units described ,above. The clasts range 

from sa~d to cobbles fn'size and are subro~nded to well rounded. 
. . . . 

, The distribution, geometry. and compOSition of the gravel unit suggest 

that it predates theupl1ftof the Malpais cuesta (Zoback, 1979). The gravels 

appear to have fl1led a,depressioncreated by subsidence within the 

north-northwest-striking graben during and, perhaps,'after Miocenevolcanlsm. 

The structural details of this graben appear in a later. section Ofth1s 

report. ',' 

Tertiary-Quaternary'landslldes 

A very striking lobate landsUdeof probable Pleistocene age extends 2 km 

from a detachment zone high on the. Malpais scarp slope to the Whirlwind Valley 
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floor approximately 3 km.east of The Geysers (Plate 1). The scarp face of the ' . 
.... . " " . 

. landsl1de exposes basaltic andesite and the uppermost pyroxene dacite,whereas 

the gl1de plane of the landslide lies 1n the Oligocene to early. Miocene, . '. 
I 

tuffaceous sediment. 

To the east of the young slide, large mappable blocks of basaltic 

andesite. lying on the older tuffaceous unit. have slumped towar~ the valley 

in a step-like fashion. The stratigraphy is well preserved in these blocks •. 
. . 

'. .' . . '.. '. . . 

Other slump blocks of th1~ type appear at the base of the ,Malpais scarp slope 

. between the barite mine and the Red Devil Mine. Erosion has modified the. 

shape of the slump blocks in this area. 

Larger slump blocks have separated from the Malpais scarp slope in Horse 

Heaven. Here, a one- by two-kilometer block has. detached from the scarp along 

a north-south fracture at the convex scarp flexure that marks the mouth of . 

. . Horse Heaven.· A 1 km-long segment of the Mal pais scarp crest. in the 

southwestern part of Horse Heaven, has st'umped toward the vaney~ The blocks 

in Horse Heaven have rotated toward the valley producing dips of 15 to 50 

degrees on the Tertiary lava flows an.d. probably. covering the traces of the 

range front fault. . 

Quarternary Siliceous Sinter 

Siliceous sinter produced by hot spring and geyser act1vitYat The 

Geysers covers a mappable area of about two square kl1ometersalongthe base 

of the Malpais Rim (Plate 1). Thermal activity has built a sinter terrace 

approximately 60 m thick. Nolan and Anderson (1934) and loback (1979) provide 

detailed descriptions of the sinter deposit. The sinter is typically opaline 
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witt.: minor clays, carbonates, and sulfates. The sinter terrace exhibits 

prominent layering of cementedsinter.clasts and massive sinter. The unit 

contains signfficantquantfties of pyroxene dacite colluvium slumped from the 

Malpalsscarp slope. Clastic sinter horizons, incorporated colluvium. and 
" 

· cavitie$ fonned after organic material create porosity in the terrace •. 

.. . 

The prominent terrace appears to be a product of the rapid deposition of . 

sinter as.evidenced by the absence of major erosional unconformities on the 

terrace. . However. mi nor exposures of eroded sinter occur between talus cones 

at ttie base of the scarp slope to the east of the terrace. Two other sinter 

deposits outcrop from beneath a thin cover of colluvium along the trace of the 

South Cross Fault. One l1es at the base of the Malpais scarp slope 

· immediately west of the active sinter terrace. The other, exposed in a'drill 

pad cut at the crest of the Malpais scarp above the sinter terrace, lies at 

· the intersection of a N70E-trendlng fracture and the South Cross Fault (Plate 

1). 

WHOLE-ROCK CHEMISTRY OF THE MIOCENE VOLCANICS 

The major flow units of the Miocene ·volcanic sequence in the study area 
. . . 

have distinctive major element compositional characteristics. These· 

characteristics have proven useful in the discrimination of similar-looking 

aphanitic flow units for the purposes of mapping and the logging of well 

cuttings. Table 2 presents Whole-rock chemital analYSes representat1veof 

hand samples and well cuttings from the mapped volcanic units of the study 

area. Well cutting samples were hand-picked from horizons that appeared fresh 

in thi n secti on. 
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The Harker variation diagrams (Figure 4) distinguish three basic rocle 

.\.j types within the volcanic pile: a basalt group including samples from the 

diabase, old basaltic andesite, and late basalt; a basaltic andesite group 

includ~ng .samples from the old and young~basaltic andesites; and a dacite 

group including samples from the dacite po.rphyry and aphanitic dacite of the 

pyroxene dacite. Each of the plots of the major elements versus Si02 produce' 

distinct populations of pOints. The pyroxene dacite unit contains rocks with 

high Si02 and alkalis, and low MgO, total Fe, and CaO, compared to the.basalts 

and basaltic andesites. The A1 203 content of the pyroxene dacite is generally 

lower than that of the less siliceous rocks. The alkali content of the dacite 

declines slightly with decreasing Si02• whereas the MgO content increases 

slightly. Total Fe and CaO contents of the dacite increase more sharply with 

decreasing Si02• The late basalt and young basaltic andesite show similar 

variability of major elements versus Si02, although CaO and MgO increase, and 

K20 decre~ses,more sharply with decreqsing Si02.The total Fe (FeO) content 

increases slightly from the young basaltic andesite to the late basalt. The 

old basaltic andesite and diabase sample have similar major element contents 

and show similar variability of these elements with silica. However, flows of 

the old basaltic andesite appear to have a wider range of Si02 contents. The 

analyses produce similar groupings on an AFM diagram as shown in Figure 5. 

Figure 6 depicts the variation of the Differentiation Index (01) with 

elevation relative to the top of the pyroxene dacite unit. Analyses below the 

datum are from cuttings of the Ginn well. The first four analyses,above the. 

datum, represent a sequence of young basaltic andesite flows that overlie the 

dacite aphanitic on the Argenta Rim in the SE 1/4, section 17, T31N, R47E. 
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The fifth analysis is an example of the late basalt flows that conformably 

overlie the young basaltic andes1te on portions of the Argenta d1p slope. 

Figure 6 indicates that three cyclical compositional changes occurred during 

the erupt10nof thevolcan1c pile~The limited data suggest that the old 

basal tic andesite becomes more sl1iceous upward to the tuffaceous hor1zons 

that occupy an erosional unconformity between 610 and 732 m. The basalt flows 

lying above the tuffaceous horizons may represent the beginning of a new cycle 

of volcanism. The more siliceous pyroxene dacite probably formed later in 

this cycle. 

Outcrop data substantiate the slight decrease in 01 values with depth 

indicated by the analyses of the Ginn well samples in Figure 6. The decrease 

of 01 values represents the decrease in Si02 content of the dacite vitrophyre 

relative to the dacite porphyry. The young basaltic andesite unit. lying 

unconformably on the pyroxene dacite, shows a similar decrease in 01 values. 

though the 01 v,alues are distinctly lower than those of the pyroxene dacite. 

The late basalt continues the trend of decreasing 01 and represents the 

termination of basaltic-andesite volcanism at this locality. The basalt lies 

conformably on the young basaltic andesite. where present, and issl1ghtly 

younger. The total alkali to 5102 diagram in Figure 7 indicates that the 

Miocene lava flows and dikes at Beowawe plot within the fields of alkalic and 

high alumina basal t. parentage .identified by Kuno (1969) • 

. STRUCTURE 

Pre-Tertiary Structure 

Gilluly and Gates (1965) nlapped numerous Paleozoic thrust sheets in the 

37 



10 

~ -• 
o 
,25 
+ 
o 
'" o 

Z 

o 

6 

6 

:: Alkali 
66 magmas 

6 

~66~ 
6 

'Igh-alumina 
magmas 

EXPLANATION 

a late basalt 

.0 you no basaltic· andesite 

6 pyroxene dacite 

.1 old basaltic andesite -J from Ginn well 
o diabase from Ginn well 

40 50 60 70 

FIGURE 7 TOTAL ALKALIS VS. Si02 PLOT FOR THE MIOCENE 
VOLCANICS, MAGMA TYPE FIELD BOUNDARIES FROM 
KUNO (1969), 

38 



, " 

.. ~ 

~ .. 

Crescent V alley quadrangl e. Stewart and others (1977) extended map coverage 

.Of this structural terr~ in to the n'orthon the west flank of the Argenta Rim. 

The outcrops of the Valmy Formation on the scarp slope of the Malpais Rim 

providea. glimpse of the structural chaos exposed in these areas (Plate 1). 

Pods and horizons .of fault breccia. are common and often' stand in relief at the 
. , ' ' 

surface due to silicification. Fault contacts between lithologic horjzons are 

cORmon. The dips and strikes' of the bedding units are highly irregular due to 

the abundance of fractures .and ti ght drag folds. All of the various rock 

types are thoroughly shattered. The exposures of the Malpais Rim and the 

fractured nature of the rocks sampled in the deep Chevron ~ells (Chevron, 

, 1979) indicate that this structural terrain persists at depth beneath 

Whirlwind Valley (Smith and others, 1979) but do not provide firm evidence for 

the local depth and orientation of the Roberts Mountain thrust or other major 

thrust features. .The Sinn ,well does.:not peAe~ratethe thrust, thereby 

establishing a minimum depth of 2915 m for t~e structure. The potentially 

great thickness of the thrust pl ate permits ~n additional 1. or 2' km of depth 

to the thrust hor.izon. The Roberts Mountal'n thrustborizon appears to be 

significantly depressed in the Whirlw1nd Valley area relative to the windows 

exposing the thrust in the surrounding ranges.!hesew1ndows occur in the 

. Tuscaroraf40unta ins .. to the northea,st, the P1 nyonRange to the, east It the Cortez 

.. . 
, . . ,'. 

Mounta1ns to the south, and the Shoshone Range to the southwest (Stew~rtand 

Carl son, 1976). 

., . 
Terti ary Structu.re 

The Miocene northern Nevada rift haspr-Gfoundly controlled the 
, , " '; 

development of the structural sett1ng of the Beowawe geothennal area. Zoback 

39 



v (1978, 1979).described the major structural elements of the rift and applied 

her regional model to the 10cal.structure of the/geothermal area. Our mapping 

effort substantiates and refines her generalized structural model s. 

Normal faults have produced the topography and post-Oligocene geologic 

environment of the Beowawe area •. Two major fault sets control local geology 
.". 

and topography (Fi gure 8 and Pl cite 1): . a N50-700E t rend that has produced the 

Malpais and Argenta Rims, and. an orthogonal N1S-3SoW trend that controls spurs 

and 'canyons on the t,~o cuestas (Zoback t 1979)'. Two additl ona 1 faul t sets have 

infl uenced the location and evol ution of the hydrothermal system at Beowawe. 

Elements of a N40-70W trend appear to restrict the outflo\,1 of hydrothermal 

fluid laterally along the Malpais scarp (Oesterling, '1962). A N80-90E 

fracture set has localized hydrothermal activity in the past and contributed 

to the structural development of the Whirlwind Valley (ZobacK. 1979; Smith and 

. others, 1979). 

The Malpa1s and Argenta scarps define the NSO-70E fault trend 1n the 
. . 

Whirlwind Valley area. Two cuspate flexures djvidethe .Malpais scarp. 1nto 

three segments: the east-northeast Horse. Heaven segmery~.an1nte~venln9 

concave segment. and theea~t~northeast segment betweE!n:'The:Ge;s~~s:and' 

Reowawe Station (Figure Band Plate 1). Faults controlling the latter two 

segments are called the MalpaiS fault zone in this report. The Malpais Rim 

forms the southern margin of Horse Heaven and marks the northeastward 

extension. of the Corral Canyon Fault .mapped by Gilluly and Gates (1965) 1n the 

Crescent Valley ,quadrangl e to the south. 01p-sll p offset, down to the 

north-northwest, d1;ninisheseastward from a maximum of 500 m in Horse Heaven 
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toOm. as the Corral Canyon fault terminates in the dip slope of the Malpais 
, " . 

, scarp. south of The Geysers. One major fault with 300 m of offset and at 
.' .' -

.1 east two fau 1 tsof minor di sp 1 ace~nts «100 m) branch northward from the 

Corral -Canyon'fault to the flexure at the mouth of Horse Heaven. " 
'.' '. . " .. , .', . . " .'. ' 

., .' . 

, The concave segment, between The Geysers and Horse Heaven, renews the 

east-northeast trend of the Corral Canyon fault en echelon fasMon, but 

devi4tes to ,the northeast, forming a flexure in the Malpais Rim at The Geysers 

(Figure 8, Plate 1). Maxl~um dip-slip displacement onthfssegment is 

';approximately 400 m a~ indicated by the elevation of the basalt cap unit cut 

by thermal gradient holes 1n the valley (Chevron, 1980). A parallel 

subsidiary fault probably forms the northwestern structural boundary of the, 

, fault block that forms the hill southwest of the sinter terrace in Section 18. 
, . 

, , 

The hill iscalledWhirlw1nd Butte for the purposes of this report. 

Lithologies observed in several thermal gradient holes (Chevron, 1980) 
. , 

1ndicate a maximum dip-slip offset of 60 m.Crossfaults appear to terminate . .. ~ . 

th,1s subs1dia.ry fault wlthabout 90 m of offset at each end of the butte. 

,Qesterling (1962) mapped an antithetic ,fault on the southeast sldeof the 
" " .,'.' . 

, .' butte • whi,ch drops a small wedgeabo.ut90 ,~. be;we~~t~eMalpai~'scarp and the 

,f.) . butte. ' He ,called this the Horst Faul t • 

.The Beowawe segment of the Malpais scarpls an additional en echelon 

element of.th~ Corral Canyon fault trend (Figure 8, Plate 1). The fault drops 

the White Canyon tuffaceous sedimentary rocks' about 210 m lntoWhirlwind 
, , , 

Valley inmediatelynorthofWhite Canyon,as evidenced by lithologiC data from 

'a thermal gradient hole (Chevron ,1980)., The minimum possfble dlp-sl1poffset 
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on the Beowawe segment is approximately 150 m in the vicinity of the barite 
" . .' - . . .' . 

mine. The scarp slope revealS the OreJoviclanValmy formation beneath thin . 

. layers of the old tuffaceous sedimentary rocks, ·dacite, White Canyon 

tuffaceous sedi mEmtary rocks, and basaltic andesite.. 

The Terrace fault. ldent1fiedbyOesterling (1962), traverses the uphill .~ . " 

. edge of the s'1 nter terrace and is part of 'the Beowawe segment. He suggested 

that the Terrace Fault and.a.possiblenortheas~wardextenslon of the Horst 

Fault serve as the near-surface- conduits' for thermal flu1ds within the Beowawe 

. segment of the Malpats scarp. 

The N50-70E~trending f.aults have tflted the lava flows of the Malpais and 

Argenta blocks .to the south-southeast at dips that r.ange from five to ten 

degrees depending on the effects of cross faults. The scarp slope is steep 

wlth inclinations. ranging from thirty degrees on talus and colluvium to 

vertical on exposed flows •. The steep scarp slope profile suggests that the 
i·" • 1 • '" . . 

main fault tone is near vertical at shallow depths (PlatelI). ~lectrical 
. . . . , . . : . . -.' -, . 

resistivity modeling .bySmith. (1979) supports this proposed fault geometry and 

extends the near~vert'calfault plane to depths 1n excess of 900 m~ A 

fracture zone. penetratedbytheG1nriwel1at abo;ut 2850 mofdepth,.ma.v be 

ttieMal;~afs scarp fau'l'~ indicating a' decreaseln thed1pofth~fault plane' 
. . 

with depth (Chevron, 1979). However, this fracture zone may be subsid1aryto 

thema1n fault. 

The N15 .. 35Wfault trend formed a major grabendurlng the late Tertiary 

: a1though its .effecton the local topography 1spresently more subtle than that 

of the N50'!"70E trend. Satellite imagery reveals a strong north .. northwest-
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v trending topographic lineamentthat transects the,Malpa1s Rim between White 

. Canyon and the young 1 andsl1de. continues into the Arg~nta R1malong a low 

topographicspur~and ends in Dunphy P·ass (Garbrecht. 1978). The Malpais . 

scarp slolle, 1~ed1atelY ,east of White Canyon. reveals the juxtaposition of 

Valmyquartzi te and siltstone against .aphan1th: and porphyritic dacite along 

north-northwest-trendingfractures. The N15~35W fault trend, in White Canyon 

and on the Malpais dip slope, forms a horsetafl p~tternonthe map (Plate 1). 

These faults produced dip-slip motion to the west-southwest. We refer to this . . " , ' 

fracture set as the Dunphy Pass Fault Zone (replaces the name 

Whirlwind-Crescent Fault in Smith and others, 1979 [Figure 8]). Lithologies 

encountered in the Ginn and Rossi wells (Chevron, 1979; Smith and others, 
, .. 

1979) and in the Batz· well (Zoback, 1979) indicate that as much as 1200 m of 

Miocene'volcanics and younger alluvi.um accumulated within a developing graben 

bounded on the eas~by the DunphyPass Fault. ,Additional nort~west-trendin9' . 

faults, cut the ~al pais scarp immediately west' and east of 'White Canyon though 
'. ".' . 

, di sp lacements on these fractures are small. , 

The N25W-trendingfault ll marking th~western limit of the dacite porph),ry 
',' . 

in Horse Heaven,appears to have been the western margin of thfr Mioce"e' 

graben •. Theexposedthicknessofthed~c:it~ porphyry,inJuxtaposit10n with 

the early basaltic ahdesiteunit, suggests a minimum displacement of 240 m . 

down to the northeast. Other lesser faults of this orientation cut the Horse . ; i- ;'. . 

~ , Heaven segment of the Mal pais scarp. The basaltic andesite cap flows and 

minornortb-northwest-trending normal fa",lts on the dip slope of the Argenta 

Rfmgeneral:ly obscure the northward continuation of the western graben margin. 

However, deep gullying in the northwest quarter of section 15tT31~, R47E 
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,v exposes dacite porphyry and, probably. the trace of the graben margin fault. 

This'fault extends'to the Argenta ,Rim at the head of Water Canyon' (Figure 1) 

and, perhaps, influenced the entrenchment of that canyon in,the Argenta scarp 
:'.. _. . .'. . .-" " ,':'" '. t .. ' . .': ". 

slope. "REmewal of activity on the western 'gratien, margin has been slight, but 

the minor normal faults of the Argenta dip slope may, have inherited their 
" , 

orientations from"the underlying graben structure. 

The N40~70W fault set'cuts'tbeMalpais Rim at The 'Geysers flexure. The 
, . 

. most pro-minent of these fractures confines the surficialgeo~hermal fea~ures 

on the southwest. Oe~terli~g (1962) called this fracture the South Cross J 

Fault (Figure 8~Plate 1).' This fault cuts the Mal pais dip slope and crest on 

a slightly curvingN60-70W trend and transects the northeast end of Whirlwind 
.. 

Butte imniediately'west of the sinter terrace. The South Cross Fault has 

dropped the northeast end of the butte 90 m rotating the flows 25 to 30· 

degrees to the north. The fault enters the Malpais scarp slope to the 
. . - \ . 

southeast and continues,:"to the we.st edge of White Canyon. Vertic.al offset on 
. ? . . 

. '. - " ." '.t. . 

the fault between the scarp crest and the canyon does not exceed three meters. 

The South Cross Fault probably terminates the Terrace Fault •. 

The North Cro$sFault(Oesterling,1962) terminates the succession of 

young thermal vents at the east end of the sinter terrace (Figure 8, Plate 1). 
, , 

The fault strikes about N45W and drops the dacitevitrophyre to the northeast 

90 minto juxtapos it i on with the dac'; te porphyry • Two ' addi tiona 1 fractures of 

sim11 ar orientation, though of 1 esser displacement, cut the Mal pais scarp 

slope on either side of ,the North Cross Fault •. 

The N80-90E faults comprise a set of fractures, with minor displacements 
. , '. »~ . 
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that diverge slightly from the general Malpais scarp trend. Chalcedony veins 

occupy numerous fractures of this orientation at the mouth of White Canyon • 

. This portion of the Malpais scarp slope aligns with the veins. The' dips of 
. . 

the exposed veins range from eighty degrees north to eighty' degrees south due 

to the rotation of fault blocks on the scarp slope. The east-northeast

trending extension of the Terrace Fault appears to truncate the chalcedony 

veins •. The resiStivity modeling and shallow seismic reflection interpretation 

of Smith and others (1979) and Smith (1979) suggest that these fractures 

continue westward through the Whirlwind Valley, forming the northern edge of a 

subtle east-west oriented horst to be referred to as.theValley Horst. The 

horst e·xposes the basal t cap unit and underlying dacite vitrophyre on the 

western floor of the valley. The fault set then develops a splay that breaks 
t . . . . 

the crest and dip slope of the Argenta scarp into several blocks. Shallow 

seismic reflection data suggest displacements ranging from 30-60 m, down to 

the north (Smith .and others. 1979; Smith, 1979). Another E-W trending 

fracture appears to traverse the northern edge of Whirlwind Butte, 
• . ' .' ' . I 

complementing offset on the South Cross Fault. to. produce a 100 m-deep 
. . 

all u v 1 um-f11l ed depression reveal edby a Chevron., (1980 ) thermal gradient hole .. 

Six vertical fractures. oriented N80~90E cross the crest of the Malpais 

Rim south and southwest of the sinter terrace. These fractures also transect· . 

Whirlwind Butte fault block, where they have been displaced about 100 m to the 

north by the valleyward movement of that block. Vertical displacements on 

fhese fractures do not exceed 20m where exposed in the Mal pais Rim. 

Fault patterns and horizontal slickenslides on fault surfaces suggest the 
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possibility of lateral offset on faults 1n the study area. Zoback: (1978, 

1979) emphasizes the significance of lateral offset on fractures of the 

northern Nevada rift that are oblique to the modern west-northwest direction 
, ' . 

, , of least principal regional stress. She maintains that the north-northwest 

fractures para 11 e 1 to the r1 ft exhi b1 t r1ght-l atera 1 components of 

displacement and that east-northeast fractures exhibit left-lateral components 

of displacement.' left-lateral offset of segments of the linear aeromagnetic 

high of the Oregon-Nevada lineament. supported by observed slickensides on 

faults of the northern Nevada graben and the orthogonal cuestas, provided 

evidence for her hypotheSis. However, our evidence 1s insufficient to confirm 

the occurrence of lateral components of displacement on faults in the study 

area. 

Evidence for recent movement on faults in the Beowawe geothermal area is 
. . 

limited.' Oesterling (1962) described a 15 m-h1gh scarp, possibly related to 

earthquakes, along the Terrace Fault. The fracturing displaced .sinter and 

exposed an area of fntensely argillized dacite porphyry bedrock and colluvium 
, . 

on the scarp slope above the sinter ,terrace. "The North and South Cross 

Fractures limit the lateral extent of. thhfresh :scarp. However, this 
.. " ''': " 

fracture may represent slumping of the sinter terrace due to saturation of the 

sinter and the highly altered colluvium and bedrock. A faint remnant of a' 
. ' 

young scarp extends O.5kl1ometers east of the active sinter terrace on the 
, . 

, , 

uphill side of patches of older sinter (plate 1). Fresh scarps do not appear 

else\,/here along the southern margin of Whirlwind Valley, although the Malpais 

scarp slope between the terrace and the Quaternary landsHde preserves 

youthful triangular facets. The steep slopes and cliffs of the concave scarp 
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segment indicate., recent and rapid uplift of competent rocks. Parallel retreat 

. of th~'Malpa1s'scarp slope has beennegl1gible. A subdued scarp extends along' 

the eastern half of the trace of the Corral Canyon Fault on the southern 

margin of Horse Heaven (Plate 1). The scarp appears to have suffered 

considerable mass wasting. This feature does not cross the large slump blocks 

on the southwest end of the Malpais scarp slope. A youthful scarp truncating· 

the alluvial fan on the northside of the Horse Heaven flexure may well be a 

product of lateral erosion during severe flash flood conditions in the Horse 

Heaven drainage., rather than of recent faulting. 

Numerous young scarps occur in the. region surrounding the Beowawe 

geothermal area (Stewart and others, 1977; Wallace. 1979). Recent scarps in 

talus and colluvium appear on the north and west sides of the Argenta Rim. 

Aerial photos also reveal numerous northerly and northeasterly trending scarps 

inunediately to the west of the Argenta Rim on the floor of the Reese River 

Valley (Stewart and others, 1977.) (Figure 1),e East",west-trendingscarps 

parallel the western front of the Shoshone,Range to the southwest of the 

Argenta Rim. These fractures align well w1ththe elements of the N80-90E 

fault set that transects the Argenta Rim insectionsl7 and 29 at the west end 

of the Whirlwind Valley. Wallace n979) suggests that these scarps are less 

than 2000 years old. Wallace (1979) also identifies several scarps of similar 

age at Boulder Flat northeast of. and on trend with. the Argenta scarp (Figure 

1). Table 3 lists these andadd1tional young scarps identified by Wallace 

(1979). The youthful surficial features and modern regional seismicity 

. (Slemmons and othe,rs, 1965) indicate that the northern Shoshone Range is 

se~smical1y active • 
• 
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TABLE 3 

. Lfst. of Young Fault Scarps Identified by Wallace (1979) 
near the Beowawe Geothermal Area 

(See Figure 1 for approximate locations) 

LOCATION 

Boulder Flat (northeast of Argenta Rim) 

Lower Reese River Valley (west of Argenta Rim) 

Crescent Fault (northward extension of Cortez r~tns) 

Crescent Fault (southwestward extension of Cortez Mtns) 

Crescent Valley (south of Hot Springs Point) 

Carico Lake (southwest of Crescent Valley) 

Simpson ParkMtns bounding fault (northwest side) 

Dry Hl11sbounding fault (northwest side) 

Middle Reese River Valley 

Sulfur Springs Range 
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APPROXUtATE 
. ORIENTATION 

ENE 

N-S, NNE, + ENE 

NNE 

ENE 

ENE + NNW 

NNE 

ENE 

ENE - NE 

NNE 

N-S 

AGE YRS 

< 2,000 

< 2,000 

< 2,000 

< 12,000 

< 12,000 

< 12,000 

< 12,000 

> 12,000 

> 12,000 

» 12,000 
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HYDROTHERMAL ALTERATION 

Hydrothermal alteration, in close spac1alassoc1at10n with the Malpais 

Fault, extends from The Geysers to the town of Beowawe (Figure 9). The,modern 

hydrotherma 1 act 1vity, centered on the si nter terrace and a peri phera 1 area of 

altered outcrop,lies'at .the western end of this 10 km-long alteration zone 

(Figure 9). Uplift on the Malpais Fault and erosion have exposed areas of 

silica veining,argi 11 ization, and limonit1zatlon on the Malpais scarp slope 

east of the sinter terrace. The intensity of alteration varies greatly along 

this. portion of the alteration zone, apparently due to the influence of cross 

fractures and lithologies within the Mal pais Fault zone during hydrothermal 

activity. However, colluvium and landslides obscure portions of the Malpais 

Fault trace and associated alteration. Our study of the relationships of the 

alteration to mapped structures and lithologies per,nits a rough reconstruction 

,of the evolution of hydrothermal activity along the Ma1pais Fault. The 

following paragraphs will describe these relationships and distinguish 

portions of the alteration zone based on structural association. 

. . The Geysers sinter terrace f s a product of cont i nui ng recent hydrothermal 

activity. The thickest accumulation of sinter lies along the trace of the 

Terrace Fault, wtJich controls the location of hot springs and fumaroles on' the' 

terrace (Figure 9). The North and South Cross Faults confine the active hot 
i , 

springs, sinter terrace, and related bedrock alterationtoa,O.6kmlengthof 

'" . the Terrace Fault. The terrace tapers rapidly toward 'the valley though a thin 

1ayer of cemented detrital sinter and extends down the~lhirlwind Valley 

drainage for about 1.5km. Two linear east-west",trending sinter mounds of low 
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relief He at the foot of the terrace, one of which appears to have developed 

from the overflow of several near-boiling springs about 300 m northeast of 

Whirlwind Butte~ The other mound Hes 650 mto the 'north and east of the 

eastern end of the sinter terrace near the base of the eastern access road. . . -.- -, - '. - ., ... 

This moundls currently the site of several ,cool seeps. 

Several fractures 1n the footwall of the Terrace Fault have controlled 

the circulation of thermal fluids and re$ultantalteratfonof the dacite 

porphyry in the ,footwall. Excavation of the terrace drill road, during the 

fa 11 of 1979. reveal edopen fractures in warm, damp ground • Some of the open 

fractures contain coatings of white gypsum needles. The dacite is thoroughly 

, arg1111zed to white kaolinite with abundant orange-red to brown l1monite on 

the fractures and altered phenocrysts (Figure 9).Veinlets of opal occupy 

some fractures. Although the degreeofargillizatlon decreases progressively 

uphi 11 from the terrace,. spotty argillic alteration and limonite-coated 

fractures occur as much as 50 m verUca llyabove the terrace • 

The weathered condition and partial burial of the previously described 

sif)t,er dE!posfts on the trace of the South Cross Fault and on the trace of 

,Malpa1s:F~ult. immediately east of'the sinter terrace, 1ndicatethat they are 

older than the active terrace (Flgure 9). Their ages. are uncertain. Altered 

. bed~ock lte,s beneath and per1pheral to these depositse' Thin opal tneveins up 
. .,' 

t05em1nth1ckness occupy fractures in dacite porphYrywtthtn the trace of 
. " :. ' .". . . . . . 

South Cross Fault at the base of the Malpais scarp slope. Although colluvium 

obscures most of the altered rock east of thes1nter terrace,' patches of 

.11mon1tized andargillized coll.uv1umqt the top of thedebrfs slope mark the 

52 



extension of the altered zone to White Canyon. A30 m-wide zone of strongly 

argillized and fractured dacite vitrophyre occurs in the access road cut. 

Orange-red to bro\'1n l1mon1tecoats fractures. Opal and carbonate veinlets are 

most abundant at the intersections of the Malpais Fault with 

~ northwest~trending cross faults. The previously mentioned patches of sinter 

and sinter-cemented talus outcrop between debris cones on the lower portions 

of the scarp slope. 

The intersection of the Mal pais Fault with the Dunphy Pass Fault zone was 

the locus .of intense hydrothermal activity" Uplift. on the Malpais Fault has 
'- ~ 

exposed a denses\'/arm of east-\'1est-trending chalcedony-carbonate veins cutting 

dacite porphyry and vitrophyre at the mouth of White Canyon (Figure 9). The 

chalcedony is banded with occasional carbonate-bearing layers that leave 

s11 ica pseudomorphs upon weather) ng. Several 1 arge. near-vertical veins of 1 

to 2 m in thickness stand fnreHef over a strike length of about 0.6 km. The . - -

Malpais fault truncates the veins to the west at the ,edge of Whirlwind Valley. 

The' major veins are not traceable to the east of the north-northwest-trending 

fault contact between the dacite dnd the Valmy quartzites and siltstones. 

However, abundant chalcedony veinlets and Veins with thicknesses up to 0.3 m 
. . . . 

continue eastward through the highly' fractured Valmy Formatl0n to the young 

landslide. -the abundance of chalcedony veins drops drastlcally in Valmy-

exposures to the east of the landslide. -Thediscrimination of post-Miocene 

silica veins and fault breccias in Valmy outcrops from those attributable to . 
Paleozoic thrust faults is difficult due to the resemblance of the young 

~ . -

,hydrothermal silica to vein si l1ca in the chert and fractured quartzite 

horhons of the Valmy. However, continuous east-northeast to east-west-
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trending veins and breccia .zones are likely to be products of the Mal pais 

Fault and associated hydrothermal activity. 

The exposed vein swarm and attendant zone of alteration is 0.2 km wide at 

an elevation of 1476 m(4920 ft) in the mouth of White Canyon, and extends to 

an elevation of 1645 m (5400 ft) on the east wall of the canyon. Several thin 

chalcedony veins, striking N70E, cross the middle of the White Canyon gorge. 

These veins appear to follow fractures subsidiary to the main Malpais Fault • 

Chalcedony and opal also fl11 fractures of the Dunphy Pass Fault zone and open 
. .. 

···~paces·'inasubPar.al1el paleo-colluvium or~yroxene c:laciteflow breccia unit 
'" 

on the eastern wall of White Canyon. This zone extends southward for one km 

'. up the canyonbe~ween elevations of '1585 m (5200 ft) and 1645 m (5400 ft). 

The el evat1 on of the top of the alteration zone increases in a step-like 

manner eastward along the Malpaisscarp slope to an altitude of 1700 m (5600 
'. - ." 

ft)on the west side of the landslide detachment zone. The observed 

disp,lacements of the alteration zone indicate renewal of motion on the Dunphy 

Pass Fault zone subsequent to the deposition of the cha1 cedony veins. The 

volcanic country rock in the ve1n swarm is pervasively argil1fzed with thin 

chalcedonyveinlets on fractures. .Clays replace both phenocrysts and ground 
, . . . , . 

mass with:varlableintensity fncreasin~towardthesi1 icave1ns. Our 

preliminary x-ray diffraction data indicate the presence of both kaoli,!ite and 

. montmorillonite. Abundant red to yellow bro\ttn limon1te forms f11mson 

fractures and replaces disseminated prlmarymagnetltein the groundmass of the 

volcanic rock. Argi 11 ized rock\,/ithfn the most intensely brecciated exposures 

. of the Mal pa is Fau 1 t zone conta i nd1 s semi nated pyri te that weathers to yell ow 
'. ". . 

brownand yellow greenlimon1tes.Preliminary trace element geochemistry 
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indicates that these zones contain significant arsenic. Portions of the fault 

breccta, associated gouge, and country rock are pervasively sil1cified to 

jasperoid. The paleo-colluvium. in particular. is thoroughly silicified near 

the mouth of WhfteCanyon. The unit appears to have been highly permeable, 

permltt'ing the flo~1 of thermal fluids through open spaces and into the matrix 

of comminuted country rock and so11. Iron oxides deposited in the matrix give 

the rock a red, flinty character. Pervasive silicification of this unit 

extends to the south 0.2 km along the east wall of White Canyon. The older 

tuffaceous sediment horizonls strongly argl111 zed and occasionally converted 

to porcellanite wher~ altered. The less reactive Valmy country rock commonly 

contains red bro\,1n limonite on fractures with lesser amounts of clays. 
. . 

Silicification has converted some of the siltstone to porcellanite as well. 

Ev'idence of hydrothermal alteration does not extend along the Malpais Rim 
. - - ' 

" .50uthwest of the sinter terrace. Whirlwind Butte exposes hydrothermally 

'W· 

.~ 

altered rock only at its northeastern end •. However, several other sites t?f 

hydrothennalactivity of undetermined association occur in the Be9wawe area. 

A60m:..long by 3 m~high zone of travertine-cemented dacite porphyry colluvium 
'. . . ' 

Ites in the steep eastern wall of a 'gully about 650 m east of the barite-mine 

1n section 12,T31N, R48E •. The gullyt~uncates an old slump block, and exposes 
. . . 

dacite porphyry lying unconfonnabl,Y on. the older tuffaceous· sediment. The 

travertine-cemented colluvium occurs at the contact between the two units. 

The carbonate is massive to bladed in texture. The main Malpals Fault trace 

probably.Hes beneath the slump block. There is noev1dence fora cross fault 

at this locality. 
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At the Red Devil Mine (Figure I), a N40E-trending vertical fracture zone 

controls i 30 m-wide fault breccia in Valmy quartzite, s1ltstone, and chert 

pebble conglomerate. A northwest-trending cross fault may intersect the 

northeasterly trend1ng fault at th1s locality. Silicification has converted 

large "areas of siltstone to porcellan1te.' The breccia has abundant open 

spaces and thin zones of mylonite. Quartz-pyrite ve1ns and pyrite films 

occupy some of the fractures 1n the breccia zone. Sporadic cinnabar occurs on 

fracture surfaces.\~eathering of the pyrite has produced an abundance of 

yellow orange' to yell~w brown l1monit'e in some portions of the breccia. The 

relat1ve age of this mineralization is uncertain. However, the strong 

limonitization of the Valmy FQrmation in theh11l directly south of the town 

of Beowawe seems related to the activity of the Malpais Fault. 

Gilluly and Gates (1965) briefly describe a small area of "brightly 

colored siliceous s1nter, opal, and chalcedony and a surrounding zone of much 

altered lavas" in the F1re Creek drainage five km to the so'uth of Horse Heaven 

and outside of our mapped drea. They do not lQcate this occurrenceprec1sely, 

and ment10n no evidence of recent activ1ty. The Miocene flows offer the only 

control on the age of this hydrothermildeposit. " 
:: .. :', ", " 

The 'Ginn and Rossi \'Iells penetrite a crudely zoned sequence of 

hydrothennal alteration products (Figure 3). Our litholog1c logs of the well 

cuttings indicate thit the t~1O ''Iells intercepted simihr progressions of 

alteration mineral assemblages .t approximately the same depths. The x-ray 

diffraction dati of cuttings from the Ginn well support these observations 

(Tible 4). The shallowest depth .t which ilteration c~early ,attributable to 
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·470' 

860' 

1220' 

·1520' 

1820' 

2300' 

3350' 

4280' 

5450' 

6380' 

7760' 

8450' 

9500' 
NOTE' K-fllldspar obove 5450 ft 

probably primary 

TABLE 4 DISTRIBUTION OF ALTERATION MINERALS IN THE GINN f-13 
WELL BASED ON X-RAY DIFFRACTION DATA AND THIN 

~ SECTION OBSERVATIONS. 
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hydrothermal alterat10noccurs is about 460 m (1500 ft). Above this depth, 

clays, zeolites,' iron oxides, silica, and carbonate occur 1n the lava flows, 

but these minerals are not easily distinguished from those of deuteric 

processes. The shallowest hydrothennal alteration occurs in the old basaltic 

andesite and appears as the deterioration of plagioclase phenocrysts to 

calcite and clay and replacement of pyroxene and olivine by clays and minor 

chlorite. Th~ clays are green or brown and probably belong to the smectite 

group. Alteration intensifies irregularly over the next 450 m of depth. 

Mixed-layer clays and chlorite become more common alteration products and 

epidote appears, occasionally. as grains after plagioclase below 900 m(3000 

ft). The shallowest pyrite occurs as abundant disseminated grains 1n 

argil1ized tuffaceous horizons between 628 m (2060ft) and 747 m (2450. ft). 

Pyrite persists to greater depths as disseminations and in silica or calcite 

veinlets. The interbedded older tuffaceous sediment and hornblende andesite 

units, at a depth of 1220 m (4000 ft), are strongly argillized and contain 

chlorite and mixed-layer clays after the mafic minerals. and calcite with 

clays after plagioclase phenocrysts. Some sericite may occur with clays 

replacing groundmass and plagioclase phenocrysts. Quartz-calcite veinlets and 

. pyrite disseminations are abundant. 

The Valmy Formation has a,long history of regional metamorphism dating' 

back to the pre-Tertiary orogenies. The products of younger hydrothennal 

, events are superi,nposed on the'metamorphic fabric. The regional metamorphic 

'products are generally fine grained. However. quartz. sericite, chlorite, and 

, possibly actinolite are recogn1zable in thin section. placing these rocks in 

the greenschist facies of metamorphism. A weak slaty cleavage d1stinguishes 
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metamorphic sericite in the siliceous siltstone •. All of the Valmy Formation 

rocks are brittle and 'highly fractured. Quartz-pyrite-calcite veinlets are 

common and locally contain epidote grains. Occasional cavities contain drusy 

quartz. 

Thediabasic basalt to basaltic andesite intercepted within the ValmY 

section ranges from fresh to strongly propyllitized, although all samples 

observed preserve the diabasic texture of the fresh rock. Calcite, 

mixed-layer clays, and epidote replace plagioclase, whereas chlorite and clays 

replace mafic minerals •. Quartz-pyrite-calcite veinlets occur, but are less 

common than in the Valmy Formation. The altered diabase contains finely 

disseminated pyrite. Paragenetically, quartz and pyrite commonly postdate 

chlorite and clays in the ve1nlets and are followed by calcite and clay. This 

sequence generally persists in both the Miocene and Ordovician sections. 

In general, hydrothermal alteration through the Miocene· volcanic section 

changesw1th depth from a c1ay-calcite-quartz-pyrite to a chlorite .. calclte~· . 

clay-quartz-pyrite assemblage. A quartz-cal cite-mixed chlorite and 

clay;.pyrfte-serlc1:te-epldote assemblage characterize, the alteration of all 

rocks ~elo~the Ordovician-Tertiary contact. Tuffaceous horizons reveal a 

predominantser1cite-quartz-clay-calcite-pyr1te assemblage. The intensity of 

hydrothermal alterat10nis highly variable depending on fracture and 

lithologic premeabil1ty. 

~1nerals formed by weathering. deutericalteration •. earlier thermal 

'events. and regional metamorphism may confuse the alteration zoning pattern in 

the drill holes. The epidote of the Miocene volcanic section. in particular, 
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R1iY be misleading; the early basaltic andesite unit may exhibit 

propylitization as old as Miocene age. However. epidote grains in 

quartz-pyrite veinlets are most likely to be related to hydrothermal activity. 

Pyrite in the volcanics is clearly hydrothermal in origin, but some of the 

pyrite in the Valmy Formation is probablydiagenetlc, syngenetic, or 

metamorphic. 

The temperature~depth curve (Figure 10) from the Ginn well (Chevron, 

1979) provides evidence for the distribution of hydrothermal fluid flow in the 

vicinity Of the well and the observed zoning of alteration minerals toward 

higher temperatures of formation with depth. The well penetrates a major 

fracture zone below 2438' m (8000 ft) and becomes essentially isothermal to 

total depth with a maximum temperature of 2140C occurring at 2883 m (9460 ft). 

Chemical geothermometer calculations. as applied to waters of the bOiling 

springs and steam wells at The Geysers, suggest ~he presence of a reservoir 

with temperatures of about 22SoC (Renner and others. 1972; Mariner and others, 

1974; Muffler, 1978; Robinson, 1979). Minor temperature reversa·ls occurring 

in thi s i nterva 1 suggest the presence of cold \'1ater entri es. The low gradi ent 

. persists upward to a depth of 1682 m (5520 ft). indicating significant 

convectlveheat loss over this interval. The high gradient extending from 

1682 m upward to a depth of about 300 m suggests conductlveheatloss. The 

suggested temperature and hydrologic conditions below 1682 m could induce the 

observed hydrothermal alteration, whereas the ,absence of fluldatshallower 

depths precludes the ongoing formation of the alteration minera~s observed 

there~ These observations complement petrographic data, suggesting that 

alteration 'minerals have reduced the permeabil ity of the rock at shallow 
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depths thereby restricting the flo" of the hydrothennal system. The 

probabl1ity of fault-controlled fluid flow suggests that the observed thermal 

gradients and alterdtion minerals may depend on the proximity of the well to a 

fluid-bearing fracture at anyg1ven depth rather than the proximity to a heat 

source at greater depth. 

Thermal fluids of the modern hydrothermal system are anomalous in 

composition compared to other hydrothermal syste:ns of similar temperatures in 

the Basin and Range. The'fluids, with less than 1500 ppm total dissolved 

solids, have low sallnities in spite of their apparently active role in the 

production of alteration minerals (Table 5). The chlorine content is very low 

while 5102 levels are unusually high. 

The compositions of the ther:nal fluids at Beowawe closely resemble those 

of the ''later of the nearby Humboldt River. This evidence, coupled with the 

shortthennal fluids residence time indicated by the low salinities, suggests 

that the Humboldt River may recharge the Beowawe geothermal system. The low 

sall nities suggest that the modern fluids are not related to the hydrothermal 

system that produced the strongly mineralized and altered zone in White 

Canyon. 

DISCUSSIor~ OF THE GEOLOGIC HISTORY 

The chronology of Tertiary volcanism established by the stratigraphy 'and 

ages of the flows permits the reconstruction of the Oligocene to Recent 

structural, history of the Seowawe geothermal area (Figures 11 and 12). The 

old tuffaceous sedimentary rocks with the intercalated 38.5 ! 1.3 m.y. old 
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TABLE 5· 

Fluid Compositions from the Beowawe Area Hot Springs 
. and Thennal Wells, and the Humboldt River. 

Horse-
shoe Beowawe Beowawe 
Ranch Geysers Geysers 

136.4 204.8 .... --
58 96 . ----... 

7.0 9.5 ._---
58 373 449 ----.. .0 0 

... ---- .04 trace ----- 0.0 -----
22 0.8 2 

5.8 .0 0 ----- ... ---- ---------- ----- 0 
136 230 239 

17 16 33 
.0 .103 ___ Ml_ 

6.4 0.5 41 
378 116 129 

0 149 173 
62 B9 97 
27 30 47 

500 .. 15 11 
----- 0.4 ---------- 0.4 -----
----- ----- -----
----- ----- 1 

.. 81 2.0 ? ----- 5.5 0 

(Parts per Million) 

Beowawe Beowawe 
Geysers Geysers 

----- ---------- -... _--
.. -.-- -----

413 418 

trace trace 
----- -----
trace trace 

0 0 ----- ---------- ....... _-
216 282 

----- -----
----- -----

244 512 
84 trace 
84 91 
30 70 

...... -- -----
----- ---------- ---------- ---------- ---------- ---------- -----

Hot 
Springs 
Point 

138.2 
59 

6.8 
72 

-----
.04 

0.09 
54 
3B 

...... _-
-----

277 
51 

1.0 
-----

928 
0 

116 
49 

6.9 
---..... 

3.3 
0.0 

-----
1.6 

-----

Vulcan 
2A 

Well 

329 
.2 

trace 

214 
9 

trace 

41 
168 
89 
50 
6 

1 
6.1 

reported 718.01 1028.94 1192.00 1071.00 1373.00 

( 

Humboldt· 
River at 
Beowawe 

33 
0 

50 
13 

58 
8.5 

256 
0 

56 
30 
.7 

2.5 

.3 

435 
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1. 

2. 

3. 

4. 

TABLE 5 (cont.) 

Hot spring on Horseshoe Ranch, 1 mt N.E. of Beowawe, Sec. 32, T32N, 
R49E, collected by D. C. White, analyzed by H.C. Whitehead and 
J.P. Schluch, U.S.G.S. H2Sestimated in the field, (taken from 
Roberts et al., 1967). 

Beowawe Geysers, pool below terrace, Sec. 17, T31N, R48E, collected by 
D. E. White, analyzed by H.C.Whitehead. U.S.G.S. Si02 gravi
metric; also reported: Sr. ° ppm; I. 0.0 ppm, (taken from 
Roberts.et al., 1967). 

Beowawe Geysers, small geyser, Sec. 17, T31N, R48E, collected by T. B. 
Nolan dnd ~. H. Anderson, analyzed by E. T. Allen. Geophysical 
Laboratory (Nolan and Anderson. 1934, p. 227). B, As, and H2S 
reported as B203, As04, andS. (taken from Roberts, et al., 1967). 

Beowawe Geysers, hot spring, Sec. 17, T31N, R48E, collected by R. F. 
Garnett, Beowawe, analyzed by S. C. Dinsmore, Univ. of Nevada 
(Nolan and Anderson, 1934, p.227), (taken from Roberts, et al., 
1967). 

5. Beowawe Geysers, geyser, Sec. 17, T3tN, R48E, collected by R. F. Garnett. 
Beowawe, analyzed by S. C. Dinsmore, Univ. of Nevada (Nolan and 

. Anderson, 1934, p. 227), (taken from Roberts, et al., 1967). 

6. Hot Springs Point, Sec. 11, T29N, R48E, collected by G. C. Simmons, 
. anal~zed by C. G. Mitchell, U.S.G.S., (taken from Roberts, et al., 

7. 

1967). . ' . . 

Vulcan 2 well, or sinter terrace, Sec. 17, T32N, R48E. Eureka County, NV, 
analyzed by Abbot A. Hanks, Inc. (Lawrence Berkeley Laboratory, 1977). 

B. Humboldt River 5i:tmpled at Beowawe by the U.S.G.S., analyzed by the 
. U.S.G.S. (Eakin and Lamke, 1966). . '.. . 
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hornblende andesite flows accumulated unconformably on the Ordovician Valmy 

V Formation. Evidence for structural control of the thickness and areal 

distribution of these unftsis inconclusive. However, the overlying old 

basaltic andesite accumulated to a thickness of 600 m within a 

north-northwest-. trending graben (Figure 12a). The ages of the old basaltic 

andesite and the graben are uncertain. An erosional unconformity occurs in 

the tuff and tuffaceous sed1ment sequence near the top of the old basaltic 

andesite. Therefore, the basalt above the tuffs of thp old basaltic andesite 

may be a part of the subsequent pyroxene dacite eruptive sequence. 

The 16.1 ~ 0.6 m.y. old pyroxene dacite accumulated within the graben and 

overflo\'led the eastern boundary represented by the Dunphy Pass Fault zone 

(Figure 12b). The White Canyon tuffaceous sedimentary rocks and the young 

basaltic andesite flows also appear to have overflowed the graben margin 

toward the east and now appear as the thin cap sequence on t~e Malpais Rim 

east of White Canyon (Figure 12. c and d). The unusually thick tuffaceous 

sediment section in White Canyon apparently accumulated against a'topographic 

high created by the graben boundary fault before overlapping the graben 

margin. Faulting remained active or resumed on the Dunphy Pass Fault zone 

after the cessation of volcanisrn; this accounts for the elevation of the 

volcanic un;ts,1n the east wall of White Canyon, relative to corresponding 

horizons in the r~alpais dip slope to the west. The total vertical 

displacement of the top of the dacite unit, from the upper floor of White 

Canyon to its highest exposure on the Malpais Rim, is about 200 m. The White 

Canyon tuffaceoussedim~ntary rocks and young basaltic andesite also appear to 

have overlapped the western graben margin, as evidenced by the presence of 
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these units on both sldes of the boundary fault. Erosion has locally stripped 

these units from the Malpals dip slope exposing the fault and the pyroxene 

dacite. The 16.5 ! 0.7 m.y. old late basalt was the final eruptive product 

and a~pears to have remained within the graben boundaries (Figure 12e). Age 

dates from the Miocene volcanic sequence indicate that the flows above the old 

basaltic andesite erupted 1n rapid succession between 15.5 and 16.7 m.y. ago. 

The graben appears to have deepened as volcanism progressed. 

The late ~iocene gravel accumulated on the late basalt within the graben 
.. . 

(Figure 12e). The east-northeast and east-west-trending faults of the Malpais 

Fault Zone displace the gravel and all older units. These faults show no 

evidenc~ of having controlled the deposition of the gravel or any older units, 

suggesting that fault movements producing the Malpais scarp postdate the 

deposition· of the gravel. The late basalt provides the best constraint on the 

maximum age of the scarp. 

Hydrothermal fluids depositing chalcedony, opal, and minor.carbonate 

circulated within the Malpais Fault and connected portions of the Dunphy Pass 

Fault. The elevation of segments of majoreast-west-trending veins and minor 

north-northwest.trendlng veins in the Malpa1s scarp east of White Canyo~ 

.indicates that the scarp may have grown as much as 180msince the deposition 

of the veins •. The hydrothermal fluids appear to have invaded and sealed the 

fractures of the Malpais-Dunphy Pass Fault intersection early in the 

development of the Malpais scarp •. The zone of intense alteration between 

. White Canyon and the sinter terrace has undergone only minor uplift. 
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Therefore. this alterdtion zone and the sinter terrace appear to be products 

of Pleistocene to Recent hydrothermal activity • 

CONCLUSION 

-The observed structures and lithologies coupled with measured fluid 

temperatures and compositions ~rovide mOdels for the hydrothermal conduits. 

reservoir, and recharge mechanisms. The following paragraphs will address 

each of these subjects. Figure 13 illustrates the~e models. 

Shallow Conduits 

The intense hy1rothermal activity of The Geysers at the structural 

intersections of the Malpais Fault zone and the North and South Cross Faults 

indicates that fracture conduits confined to the Malpais Fault zone lie 

beneath the sinter terrace. The s;nall displacements observed on the cross 

faults suggest that these fractures and therefore the conduit may not extend 

to great depth at this locality. East-west-trending fractures may also serve 

as conduits feeding the hotsprings·onthe flats at the foot of the terrace • 

. However, the Dunphy Pass Fault, as the eastern boundary of the. 1500 m (5000 

ft r deep northwest';'trend1 nggraben. must extend to a depth in excess of 3000 m 

(l0,000 ft). 1herefore, the 1ntersectlon of the Malpais and Dunphy Pass Fault 

zones 15 the most 1 ikely structure to accommodate a deep conduit. Numerical 

modeling of resistivity data (Smith arid others. 1979; Smith, 1979) suggest 

that a 5 ohm-meter low-resistivity zone exists below a depth of 915 m(3000 

ft)at the intersection of the Malpais and Dunphy Pass Fault zones •. ' This zone 
" 

exte"ds to the west and reaches the surface at the sinter ter.race. The zone 

represents either thermal fluids or conductive alteration, minerals from an 
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01 der hydrother,na 1 system. A 300 ohm-meter hi gh res1 st ivi ty body extends from 

about 900 m depth to the surface within the fault intersection just east of 

White Canyon, perhaps representing the silicified zone in Ordovician and 

Tertiary rocks above the deep .conduit. Sealing of the shallow portions of the 

conduit, suggested by the presence of the vein swarm, may presently divert 

hydrothermal fluids to the west along the Malpa1s Fault zone, ultimately 

producing-the sinter terrace abov~ permeable fault intersections. Fault 

geometries in the vicinity of the Ginn well are also favorable for the 

westward migr~tion of thermal fluids from the conduit at White Canyon. The 

Malpais Fault and east-west fractures· passing through and nort'h of Whirlwind 

Butte are probable conduits. However, the existing data do not eliminate the 

possibility that the intersection of the South Cross and Malpais Faults may be 

the principal deep conduit. 

Reservoir Models 

The Beouawegeothermal system appears to sustain shallow and intermediate 

depth reservoirs at and above the 2915 m depth penetrated by the Ginn well. 

Temperature data suggests that-a deep reservoir may be the source for these 
- \ 

reservoirs. The similarity of the measured and calculated temperatures 

suggest that the waters encountered in the shallo\1 wells and the deep Ginn and 

Rossi wells are near the deep reservoir temperature. The depth and nature of 
,-

any deep reservoir is uncertain. 

Declining or unreliable fluid production rates encountered after drilling 

(Oesterling, 1962; Chevron. 1979) suggest that the sealing of the faults and 

fractures in the country rock may reduce permedhility and 'conserve heat and 
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fluids in shanotl to medium depth reservoirs without rapid recharge. The low 
, . ' 

thermal conductivity of rocKs in the thick Miocene volcanic pile may produce 

further conservation of heat. These reservoirs probably lie within fractured 

zones of the Valmy Formation and Miocene lava flows, and with1.n interf10w 

gravel zones. The fractured competent horizons of the Valmy Formation and 

Miocene lava flows may have locally high permeability, though 'perhaps low 

porosity, sustained by tectonic activity along the major faults. Although a 

thiCK carbonate sequence capable of sustaining a geothermal aquifer probably 

exists at depth beneath the Beowa\'Ie area (Edmiston, 1979; ZobacK, 1979), we 
. . '.' . 

find neither geologic nor geochemical evidence to indicate that the Beowawe 

therrnalfl ui ds flo\1 from such a reservo; r. 

Recharge Model s 

Fractures due to normal faulting probably carry cold groundwater to 

! ~ depth. supplying a reservoir either within fractured siliceous rocks or 
. . 

car~onates. The nearby Humboldt River is, perhaps, the most reliable water 

source in the region. Water from the Humboldt River can access the Malpais 

! '" Fault at the town of Beowawe and the Dunphy Pass Fault on the north side of 

the Argenta R1m.A playa lake at the mouth'of the Wh1r1wlndValley maintains 

a static water table at or slightly below the elevation of the Humboldt River 

4W justdo~nstream of Beowawe. This static water table extends to the southwest 

across the trace of the Dunphy Pass Fault zone (Olmstead and Rush. 1975), 

within Whirlwind Valley, per:nitting access of cold water to this portion of 

the fault zone~ Fractured Paleozoic siliceous rocks lying beneath the 

alluvium of the Humboldt River valley between Beowa\</e and the northeast corner 

of the Argenta Ritnmay also carry groundwater to great depths. Analternative 
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recharge mechanism to be considered is the northward lateral movement of hot 

fluid from the depths of the Crescent Valley to the Beowawe geothermal area 

along the southward extension of the Dunphy Pass Fault zone. Hot Springs 

Point lies on this fault trend. Permeable lithologies may also figure 

prominantly in this mechanism. 

In conclusion. the availabl e data support the fault-controll ed recharge 

of shaHol>1 reservoirs ·with'n the Mlcoene volcanics and the fractured siliceous 
. . 
rocks of the upper plate of the Roberts Mountain thrust. The data suggest 

. . 

that these reservoi rs deri ve fl uid from an uni dent i fi ed deep reservoi r by 

means of a conduit at the highly fractured Malpals .. Dunphy Pass Fault 

intersection. Silica has sealed this conduit at shallow depths, possibly 

causing the locus of 'nodern hydrothermal activity at the surface to occur to 

the west within the Malpais Fault zone. 
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