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ABSTRACT

This report describes a geologic study undertaken to evaluate the nature
of structurai and stratfgraghjcdcontrqls within the Beowawe geqtherma}“system;'
| Eurekqgaﬁé;yander‘thﬁf%é;; Nevada. The study is part of a compréhensive |
-onQOiﬁéfcase study of the Bébwawe geothermal system sponsored by the Division
of Ggothermai Energy of the Department of Energy under the Industry Coupled
Program.,‘This study‘includes geologic mapping at a scale of 1:24,000 and

‘lithOIogic'logs of deep Chevron wells.

| - Two major normal fault systems control the configuration of the Beowawe
geothérmal system. Active hot springs and sinter deposits lie along the
Malpais FéUlt zone at fhe base of the Malpais Rim. The Malpais Rim is one'of
several"east-northeast-striking; fault-bounded cuestas in north central
Nevada. A steeplyAinciinéd scarb é]ope‘faces northwest towards Whirlwind
Valley. ‘The general inclination of the»vqlcénic rocks on the Malpais dip

slope is 59 to 10° southeast.

| The Malpais scarp slope exposes normal faults on a northwest trend‘that
predéte the déyeiobmentvof.the Malpais scarp. An 01190¢ene.to Mibcene graben,
_1preseﬁ£l&:cdnfinihg1thé:kn6wh:geothermalsyétem. developéd along this trend.
| ; The hOrtﬁ-nbhthweﬁt-tfending.bunphy’Pass’Fault zbne,east ofrthe sinfer terrace
is-théfeastern;bddndary‘of the grabén.r The westérn boundary of the grabéﬁ' ‘
appears to cross ﬁhe Malpais Rim in Horse Heaveh’but is poor]y exposed. A
1200_m-thick_seCtjon’of Miocené basaltic andesite, dacite, and basalt flows

; acédmuléted-within the developing grabenvand,cdvéred a middle Tertiary



sequehté of tuffaceous sediments, tuffs, and andesite flows, and the subjacent

Ordovician va]myAFormation.'

rTﬁé Malpais Fault ZOne,developed after the eruption of the Miocené
voléénics; théqnofmal faults controlling the scarp primarily strike east-north-
east tbleast-west. However, these faults define two flexures in the overall

eaSt-noﬁ;heast-trend of the Malpais Rim; The Geysers‘Occur at one of these

; “fleXures. A*setfof,steeply-dibping east-northeast and east-west-trending
o *,*fauitsR¢ontrolling'the Ma]pais Rim scarp slope apparently‘carry hot fluid to

? the’surfacea Northwest and west- northwest-trending vertical faults may Timit

the northeastern and southwestern extent of modern surficial thermal activity. ;

‘The intersectxons of these faults -and the Malpais fault may serve as deep

’ condu1ts for the geothermal system. At the southwest end of the terrace, the

Malpais scarp curves to the southwest, whereas e!ements of the east-northe;st

.‘fault set appear to cont1nue westward into the valley, creating a subtle

horst-like structure and perm1tting the westward migration of therma] fluids.

" The deep Ginn and Rossi wells penetrate the Tertiary volcanics and the

,iValmy Formation. Hydrothermal alteration minera]s in these wells are |
Aﬁ’_k,vertically zoned from a clay-calcite«quartz~pyrite assemblage above 600 mo
‘f(" (2000 ft) of depth to a quartz-calcite-mixed ch]orite and c!ay pyrite~

| fser1c1te~epidote assemblage below 1400 m (4500 ft) Alteration 1ntensity is f

T'variable due to vary1ng fracture and lithologlc permeab111t1es and diverse :

,'“lithologic compos1tions.

The faults controllxng the Nalpais scarp also served as conduits for

'hydrothermal fluids earller 1n the evolutaon of the scarp. ~Uplift a]ong the



1Malpais scarp within and east of the Dunphy Pass fau]t zone exposes the Valmy
‘rFormation and a swarm of chalcedony-carbonate veins. Broad areas of
| Asilicification, argillization, and brecciation invade the Valmy formation and
 the Miocene volcanics. The intersection of these two major faultvzones is,
~ perhaps, a deep conduit for modern thermal»fluids. A‘ione,of anomalously low
| resigtivityvgxtepds from the surféce at the m0dern's1nfer terrace to 900 m
(3000 ft)'ofidepth within the DUnphy Pass Fault zone. The silicified zone

presently appeérs to divert fluid laterally'to the modern'hotfsprings.

-fgﬁPermeable zones of fractured Va]my Formation and volcanic rocks probab]y serve

‘as satellite reservoirs at shallow to intermediate depths.

‘ ‘ Regional‘heat flow~data indicate that circulation of fluid to a deep
, resérébir is hecessary toféxplain the‘high heasured‘temperatures of 2149C
encountéréd‘at a depth of 2880-m'(9466“f£) in the Ginn we]!.v‘Geqlogic

evidence is 1nadeqﬁéte to determine if fhe deep reservoir resides in the

1‘siliceou$ rocks of the Roberts'MOuntains thrust or,withiﬁ deeper ¢arbonates.



- INTRODUCTION

The Beowawe geothermal‘system, also knoen'as The Geysers, lies 30 km N

'(18.6 mi) southeast of Battle Mountain, astride the LanderaEureka county line

in the:whirlwind Valley of northecentral Nevada (Figure 1). Beowawe ranks

V'among theehOttest of'the‘numeroos-known geothermal systems in the Great Basin
tt(Garstde ana Schilline;'1979). Several smal]~geysers hot'springe, and
“'ofumaroles captured the attention of early settlers in the area. The

“geothermal system has bu11t a large opaline sinter terrace along the

';fau]t-controijed Ma]pate Rim on the southeast margin of the Whirlwind valley.

The sinter terrace is 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

'wh1r1w1nd Valley to the Humbo1dt River.

The vigorous_geotbermellactivity prompted considerable exp]oration-effort

in Beowewe'in the late 1950s for a resource amenable to e}eotrical power

;generetioo.\‘*Magma Power,co,. Vulcan Thermal Power Co.,'and,Sierra¥Pacific

 Power Co., drilled a total of 12 shallow wells between 1959 and 1965 (Garside,
‘ '1974). Several of . these wells tapped fluad in excess of 200°C at depths of
1iv1ess than 300 m (1000 ft) d1rect}y be!ow the terrace. Two wells drilled for
"7the Sierra Pacific Power Co. tested potential 1n fractures on the crest of the

‘ofMalpais le.~ These. we]ls all appear to have been designed to test the

reservoir potential of the Malpats fault zone beneath the s1nter terrace.

Ihis work however, d1d not result in cemmercial energy production, and, in

B 1973, exploration activity resumed with the dr1111ng of the Ginn No. 1-13 wel?k'
"':by Chevron»American Thermal Resources, Inc. The 2915 m (9563 ft) G1nn well
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and the sub‘seq‘oent 1733 m (5686 ft) Rossi No. 21-19 well of Chevron U.S.A.,

VrInc. tested an area 2. 4 km (1.5 mi) vest of the sinter terrace. Magma Energy,
. aInc. driiled the 1829 m (6000 ft) Batz No. 1 well at the base of the sinter
. terrace in 1975 (Zoback 1979) The Chevron wells expanded the-prospect area

'pand presented the possibi]ity of a deep target within the Malpais fault zone

or subsidiary fractures.

Chevron Resources Co. and Getty 0il Co. are current}y investigating the

energy potential of the area. Each company has submitted geophysical,,r~

geological and geochemical oata'to the U.S. Department of Energy as’ prorided |

by contracts for geothermal reservoir assessment in the Industry COupled
~Program. Ongoing studies by these greups and the Earth Science Laboratory of

.the‘UniVersity of Utah Research Institute point to the need for additional

detailed structurei and stratigraphic work in the vicinity of the. geothermal:

, system.v This report describes the results of mapping at a scale of 1: 24000

‘k(Figure 2). includes summary lithoiogic logs of cuttings from the Chevron

welis Ginn, No. 1- 13 and Rossi No. 21 19. and describes the nature and '

'1ntens1ty of hydrothermal alteration at the surface and at depth.

Interpretations of Chevron resistiVity and shallow seismic data by Smith and

others (1979) and Smith (1979), and major element anaiyses and K-Ar dates of

"voicanic rocks performed by Drs. S. H. Evans and F. H. Brown of the Department -
‘of Geology and Geophysics of - the University of Utah and reported herein, ,{,

:‘contribute to the structural and stratigraphic models.;

Previ ous Nork

The first puolished account of geothermai activity at Beowawe appeared in



l‘an'article written by A. S. Evans for an 1869lissue of the Overland‘ﬂonthlysw
- T. B. Nolan and 6. H. Ahdersoh,(1934) provided the first geologic description

of the geothermal system and‘inoluded'analyses of three water samples.

Oesterling,(IQGO) subSequehtly orepared an unpublished geological appraisal of

the Beowawe"prospect for the Southern Pacific Compahy.A He incorporated this
'report in a publlc presentatton entitled “Geothermal Power Potential of
B Northern Nevada” (1962). H1s reconnaissance map includes the immediate

~ prospect area at 1:2400 scale w:th cross sections and an account of the early

drilling and well5testings‘ Rinehart (1968)-attemptedvto establish seismic

signatures.ahd‘Short-time teaperature histories of the water in three of the

geysers. He also related the'effects‘of the early exploration work on the

Beoeawe thermal features. More recently. Zoback (1979) integrated the
generallzed geology of the Malpais Rim and adjacent areas with the results of

b1pole-dipole resist1v1ty, self potential seismic noise, gravity, and

1f‘fmagnet1c 1nvestigatlons.

Additional summaries of the local geology, geochemistry, and exploratlon :

'l'}';,history appear in Gar31de (1974) Hose -and Taylor (1974), Wollenberg and
R 7:'3}others (1975 and 19?7), and Garside and Schilllng (1979) Regional studies
~‘&ffiiijf fhdescrtb!ng the Beowawe area include those of Stewart and Carlson (1976),
l'lStewart and others (1977), and Roberts and others (196?) Reports by Gilluly

~and Gates (1955), thluly and Masursky (1965), Zoback (19?8), and Zobaok and

Thompson (1978) provide valuable 1nformation from areas peripheral to the

'geothermal system.r Olmstead and others (1973) last sources of geologic and

: hydrologwc data for the Crescent Valley whirlwind Valley area.
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‘GEOLOGIC SETTING

The*Beowawelgeothermai system lies near the axis of the Basin and Range

physiographie province (Stewart and others;'1977)“ The Malpais Rim is one of

; severa] east*northeast-striking cuestas in north-central Nevada (Figure 1),

and with the Argenta Rim, forms the northern termination of the 320 km-1ong
Shoshone Range. The Humboldt River truncates the northeast ends of the

Malpals and Argenta les. North-northeast trending normai faults dominate the

’f regional structura} terrain of north-central Nevada, giving rise to the major

ranges and val]eys (F:gure 1) However, w1th1n the mapped area, the regional

_-.j fau]t trend turns easterly to produce ‘the observed cuestas. Major north-’
- :northwest-trending cross~fractures, occurring within the study area, laterally

= conf1ne a sequence of midd!e Miocene calc-alkaline to alkaline flows. These

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

central portion of an elongate middle Miocene volcanic f1eld that everlies the

Oregon Nevada lineament and extends from southeast Oregon to centrel Nevada

(Stewart and others, 1975 Zoback 1978 and Zoback 1979) The flows

"‘~7f accumu]ated in north~northwest trending grabens produced by middle Miocene

rifttng along the Gregon-Nevada 11neament. Zoback (1978) namedfthis structure
the Northern Nevada let.f In the Cortez and Roberts Mountains to the

southeast of Beowawe. the rift structures confine swarms of parallel

a_‘north-northwestrtrendlng d!abase dikes. leluly and Masursky (1965) bE1ieve

'7~fthat these’dikes were;the,éoeroes,of’the,flows in those areas. .

The volcanics of the Beowawe geothermal area 1ie unconformably on alloch-

thonous lower Pale0201c s1luceous eugeosynclinal rocks (F1gure 2) In the
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- FIGURE 2 STRATIGRAPHIC COLUMN OF EXPOSED UNITS
' ' IN THE BEOWAWE ‘AREA
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"~¥ : ,viclnwty of the ctudy area, the slliceous rocks lie in fault contact upon the .
subJacent autocntnonous carbonates along the Upper Devontan to Lower Mississ1p-
pian Roberts Mountawn‘thrust of the Antler Orogeny (Stewart and others, 1977).
L The main thrust and the many subsidlary faults as exposed in the Crescent '
: i;'7fValley quadrangle have severely fractured and folded the upper plate vwhile
':Lgently foldlng the lower plate (Gilluly and Gates, 1965) Thrust faults, |
* folds, and younger sed1mentary rocks related to several subsequent orogenles

‘ i~further complicate thas complex structural terrain in peripheral areas.

SR | i'r,‘fvjv;‘ﬁit;:\of.su‘resoi’ Paleozoic‘rocks withln the mapped'area are limited to the
j'igf:1f27o33~scoro}510pevof the Malpais Rim east northeast of The Geysers (Plate 1). |
l;téoberts'aod othero (1967) and Zoback (1979) considered the,slltstone,
,:_,_J!_‘kf:kquarteite, chert,.andrsllioeous conglomerate to be part of the Ordovician
A ff_fv- *,ValmyiFormotion. Tneivolmy. or its dlstel correlative the Vinini Formation,

appears in a simllar structural setting on the north and east sides of the

fie;Argenta Rim outs1de the mapped area (Roberts and others, 1967) Extens1ve
\?;exposures of the V1n$n1 oceur in the Tuscarora Mountains 1mmed1ately to the
V’Ganortheast of the Argonta and Malpais Rims. Thrust faults of the Antler
V:tOrogeny place tno Valmy against the Devonian Slaven chert on the west 51de of
the‘Argenta Rim (Stewart, 1969) The Valmy and the Slaven formations outcrop

s s over large portlons of the Mount Lewis area in the northern Shoshone Range, to
. l‘/fnfﬂfi ;the southwest of Whlrlw1nd Valley (Gllluly and Gates, 1965) These roCks,
;*;yﬁfnofogf 'along with lesser amounts of the feldspathic Sllurian Elder Sandstone on Mount
;;f* ‘e ?», Lewis. comprlse the Robert5vMountain allochthon in'the Beowawe vlcinity. The
Ginn No. 1 13 and Rossi No. 21 19 wells located at tne base of the Malpais Rim

fff"$73t7jn_»penetrate rOeks 1nterpreted as Valmy Fonnat1on below depths of 1350 m (4500
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" Analyst:

, .Constants Used:

Ag = 8.962 x 10 1°/yr.:

K4/Kroe, =

e = OSMxIOIUn
= 1,167 x 10 Mole/Mole

S. H. Evans

68

cot R € L X T ¢
,~ TABLE 1 .
. K-Ar Age Dates. for Tertiary Volcanics
‘ (sample 10cat1ons on Plate I)
| Moles/gm
o o g ; » ‘ 0 (x1011) %Ar40 A ,
Sample No., Unit Material Dated Weight (gms) %K Rad . atm _ Age (m.y.)
NV/BW /9-85 - biotite Biotite 0.34495 6.71 45,610 24 38.8 + 1.3
-~ dacite o , R | o R '
NV/BW 79-84  hornblende Biotite 0.40630 6.64 44,934 18 38.6 + 1.3
B andesite L - - : - , _

NV/BW 79-180 = pyroxene ~ Plagioclase -~ 2,08253 0.89 2.499 - 51 16.1 + 0.6
. o dacite L o | | . .
_NV/BW 79-154 pyroxene Sanidine ~ 0.52108 - 6.54 18,2989 32 16.1 + 0.5

Lo <hﬁt8’ : LT = - : , , j
NV/BN 79-104  young basal- . Whole Rock 3.32479 1,27 3.659 . 53 16.6 + 0.7
~ ... tic andesite .~ : \ | - | R -
"~ NV/BW 79-104 young basal- . Whole Rock 3.01703 - 1.27 3.692 61 16.7 + 0.7
o ~ tic andesite - . R ' .
 NV/BW 79-21  late basalt ~  Whole Rock 5,06662 0.76  2.172 69 16. 3 +0.8
NV/BH 79-112 late basalt Whole Rock ~  2,13457 0.83 ~  2.390

16.5 + 0.8



_ft) (Plate 1 and Figure 3) However, horizons of a dirty sandstone suggest
that tectonic slices of Elder Sandstone may lie within the section.

Quantities of black and shaly siltstone resembie the Vinini Formation. Small

‘7w1ndows 1n the allochthon peripneral to Beowawe 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 ho]es.
v"*However, onedmaj presume that they occur at greater depths throughout the
 area. | | .
, '.Severel }arge Mesozoic felsic stocks intrude Paieozoic and Mesozoic
“,'sedimentanjAnoCKs,in the Cortez Mountains, wheneas‘numerous‘snail Lower to
middle Tertiary felsic stocks intrude iowerlPaleozoic rocks in thé Shoshone

| Range south of the study area (Muffler, 1964; Gilluly and Masursky. 1965
Gilluly and eates, 1965).

 STRATIGRAPHY

'UOrdov1cian Vaimy Formatlon

‘,:5¥ The Valmy Fornation, exposed along the Nalpais scarp. consists pre-~
d:idominant}y of light grey siliceous siltstone with significant amounts of
1p?quartzite, sandstone, bedded chert. and srliceous conglomerate. Zoback (1979)
| :Roberts and others (1967) Giliuly and Gates(l%s) provide a detailed

' ‘petrographic dlscription of the Valmy Formation in the Mount Len1s area. 3

| "Petrographically, the siltstone contains quartz grains of uniform size with

‘7:‘,minor detrital fe]dspar and mica.“lt exhibits a mosaic texture with lobate,

sutured grain boundaries and pervasive overgrowths of quartz. The siltstone

grades into a medium- to coarse-grained whlte quartzite. Good exposures of

13



' these rocks occur in sections 10, 15, and 16, T3IN, R48€, where the quartzite
[~forms prominent east-northeast-trending outcrops. and near the Red Devil mﬁne
in section 6, T31N, R49E. Shearing related to Paleozoic tectonism and *
‘Tertiary tensional fracturing generally obscures the true attitude of the
vbedding,units. Tectonism has also obscured the‘stratigraphic relationships
 and thickhe‘ss' of thef"unit~ though Roberts and others (1964) determined that the
Valmy‘isvat‘least 2400 m thick in Eureka County. Gilluly and Gates (1965)
‘:Asuggest that the unit may approach 7500 m in thickness in the Mount Lewis

area.,f/

"ChertjlayerS'of‘variable thicknesses occur‘sporadically within the
: ‘siltstone.,‘Open-pit barite mine develOpment and extensive dozer cuts in

~ sections 11 and 12, T3IN, R48£7reveal<bedded chert horizons in excess of 30 m
thick'dipping approximately 20 degrees to7the east;southeast. The chert is
light*grey, black »brown,‘or'lightvgreen with'inoiVidual ‘beds 5 to 15 cm

R thick., The green chert conmonly occurs as thio interbed films up to 1 cm

;‘thick although some exposures contain alternating layers of green and black
;or ‘brown chert several centimeters thick. Bedded chert exposures in the

“firsouthern half of the northeast quarter of section 11 are predominantly green. -

:s~?4The cherts also contein sporadic green and black shaley partings. as well as

>[<} highly variable thicknesses of bedded nodular barite. The nodules are

Vcommonly less than 1 e in dianeter and occur in a light green shaley or

'}fcherty matrix.

Occasional exposures of clean quartz sandstone occur. 1n close association

o ,uith a sxlicious conglomerate. The sandstoneﬂis very clean with subround to
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o rround fine to med1um grains. Zoback (1979) distinguished a chert

R conglomerate with poorly sorted subengular tu subround variegated clasts from

| a2 pebb]e conglom.rate with ueli sorted, rounded siliceous pebbles of a white,
' grey.'or bieck coior; These rocks are weli exposed in the Red Devil Mine
| worktngs, but appear only as float to the southwest along ‘the Malpais scarp

- front.u ;

Tectonism has severe]y fractured ‘the Valmy rocks and produced some
‘ catac1ast1c texture and foliatlon. Quartz and chalcedony overgrowths have

';'elso modified the original textures. The abundant red coloration of the Valmy

| ‘*rnoted by Zoback (1979) along the Malpais scarp slope is most ‘Tikely hematite

. and 1imon1te related:to late Tertiary and Quaternary hydrothermal activity.

o uunit exists 1n the float wherever the Valmy crOps out on the Malpafs Rim,

,ﬂfhe limooiiized;zone extendsAsouthwest'to The Geysers area (Figure 9).

»‘,Old Tuffaceous Sedimentary Rocks

= A regionally w1despread section of felsic tuffaceous sedimentary POCkS

-ifrests unconfonnably on the Valmy Formation (Plates | and 2) Evidence for the

%

‘7'falthough exposures are poor due to the incompetent nature of the interbedded

"‘e;ssedinentary rocks and tuffs. The tuffaceous unit typically forms a gentle

"“?a’fﬂslope compared WIth the steeper exposures of the Valmy Formation and the

) *t‘jXOVQr]ying lava fleus. Fresh exposures of the unit occur in the gravel pits to

~ the south of the Red Deril Mine and on an oversteepened slope imediately to

| 7f!iﬁthe east of the toe of tne proninent Quaternary landsl!de on the Ma}pais scarp

":\,Aslope (Zoback, 19?9) Two addltional small expcsures occur on the ‘scarp slope

S umned1ate!y to the east and viest of tne barite mioe in sectlon 12. Meximum'




observed thicknesses range from 125 m in the Rossi well to 70 m on the Malpafs;

‘scarp slope.

. The toffaceous sedimentary rocks outcrop uidely on the eastern. northern,

-~ and western scarp stopes of the Argenta R1m (Steuart ond others, 1977)
',emmy and Gates (1965) and Gilluly and Masursky (1955) observed similar
 gravelly tuffaceous rocks lying between Paleozoic rocks end the middle Miocene

' ‘basaltic“andesitefpile’in the'Mount'Lenfs area and onothe Cortez Mountains;

Tuffaceous sedimentary rocks form subdued hills to the east of Beowawe along

| \the Humboldt River (Stewart and Carlson, 1976). These oeposjts are probeble

‘continuations of the Red Devil exposure. | f, -

The Ginn nell penetretes/the'tuffaceoos'sedimentery unit at depths from
1257 to 1276 m (4190 to 4250 ft) and from 1320 to 1365 m (4400 to 4550 ft) of

‘ depth (Figure 3), a hornblende-biotite-andesite flow occupies the 1ntervening
: interval. The Rossi well cuts a similar section with tuffaceous sediment from
?7k11200 to 1248 m (4000 to 4160 ft) and 1272 to 1335 m (4240 to 4450 ft). The |
| f ;fintervening Iava flow crops out only along tne glide plane on the nest side of
v~f ithe Quaternary lands!ide in the north~central part of section 15 (Plate 1).
;CObbles of the flcw rock are common in many exposures of the tuffaceous sedi- :
)l';ef;mentery sectton in the area.‘ A potassium—argon dating of biotite phenocrysts
; 'suggests an age of 380t 1 3 m.y. (Table 1, sample KVIBN79-84) obbles of a
, »closely associated biotite dacite yield an age of 38‘8 t1.3 m.y. from f '
o ,separated biotite pnenocrysts (Table 1. Plate 1). G '

o The tuffaceous sedimentary rock unit is composed of gravel sand. and

”,_E_ si}t in a tuffaceeus matrix interbedded with thin airfa!l or water-lain tuff




,layers. Cross bedding in the gravels suggests fluvial depos1t1on. “The |
gravels are most conspicuous in subdued outcrop Teaving an abundance of
:rounded to subangular SIIxceous pebbles in a bentonitic soi].v The pebb]es are
fpredominantly chert, quartzite; siliceous siltstone, ‘and sandstone. ‘The

: black, brown, grey, and green cherts of the Valmy formation are distinctive.
~Sporadic concentratlons of cobbles and boulders from the Valmy quartzite and
j'sihceous conglomerate appear in the float, and a variety of middle Tertiary

; felsic and mafic vo}canlc clasts are also common. These clasts are clearly

"f’d1stinguishable from the local middle to late Miocene volcan1cs. The

‘,tuffacequsymetr1x con§a1ns fine- to medium-grained feldspathic sand, broken
feldsper; quertz; and’mafic crysta1s, and veeiab}e amounts of fresh to partly
'4 altered glass'shards. :Carbonate is common as a cement. The ash layers are
buff to grey and,range up to‘e meter in thfckness, containing well preserved

brown Q}ass shards with‘minor admixed‘fine-grained detrital material,

| The 1nterbedded hornb!ende biotite andesite contains about twenty percent
plag1oc1ase, f1fteen percent hornb]ende, and three percent biotite as ‘anhedral
 ,phenocrysts 1n a llght grey microlitic to aphanit1c groundmass. The
| plagioclase phenocrysts are commonly 2 ‘to. 4 mm in length and occasionally
attain IO_mm;inylength. The larger plagioclase phenocrysts dispiay well
. deVeleped*iohing;“The hornblende phenocrysts vary from 1 to 10 mm in 3ength.
‘efB1ot1te forms scattered books about 5 . 1n diameter. Magnetite, a common |
;accessory m1neral, accurs as finely d1sseminated subhedral gra1ns. Magnetite‘f
e and biot1te common]y replace the hornblende phenocrysts as probab}e deuteric.

S alteratlon products. The groundmass is thoroughly argil]ized 1n the dritl



;;“holéfintercepts and in mddb of the outcrop. However, port1ons of the outcrop

"‘_contain well preserved groundmass and plagioclase phenocnysts. ~

‘;;Middle M1ocene Volcanic Rocks:

A thlck sequence of volcan1c flows covers the tuffaceous sediments in the
k v1c1n1ty of The Geysers (Plates 1 and 2) The cuesta scarp slopes expose up
-to 600 m of the volcanwc section in Horse Heaven to- the southwest of The
5iGeysers and on the northern side of the Argenta Rim. The flows form cllffs on f
'the scarp slopes and d1p gently to the southeast at five to ten degrees. The

7 Glnn and Ross1 wells penetrate 1200 m of vo]canacs above the tuffaceous

'f,sediments. The locally great thickness of the section contrasts with normal

' reg:onal thlcknesses of less than 300 m (Zoback 1979).

" Qur mapping, petrography. and petrochemistry indicate considerable

compos1tiona1 variab1]1ty through the Malpais Rim section and in con;unct1on

‘ ~w1th the deep drllling record allow the subdiv1sxon of the lava flow

: sequencesvprev1ously mapped only as,basalt1c andes1te (Figure 2): The

‘ CvoiceniC~sectfon‘inCIudes: 600 m of basaltic andeSite with minor basalt, ‘300

: :“m of pyroxene dac1te, 48 6 of tuffs and tuffaceous sedimentary rocks, 100 m of‘

,fwbasaltrc andesite, and 10 to 30 n of basalt in ascending order. above the 1ower

| [;to middle Mlocene tuffaceous sed1mentany rocks. Basaltic andes:te

| predomlnates throughout the volcanic f1e1d south of the Humboldt River
 (einay and Masursky, 1975; Gﬂluly and Gates, 1975), a]though several
rhyo]ite flows occur in the Cortez Mountains. Rhyolite flows and domes with
i fbasa]t cap flows 1ncrease in abundance relative to the basaltic andesites

Lbetween the Humboldt R1ver and the Oregon - Nevada border (Stewart and

18



’”Carlson§;1976}.='major elementlcompositions as plotted in Figure 7 indicate

thatrtheivolcanic‘sequence'in the study area has calcwalkaline“and'alkaline

*tomponeots; The followinq sections will discuss the details of the maaor rock

‘types of the volcanic section in the vrcinity of the geothermal system.

VVOId Basalt1c Andesite o

The old basaltic andesite unit 1s a thick pxle of lava flows w1th

“occasional 1nterbedded thin horizons of fe151c tuff and volcanic agglomerate.

The only recognized outcrop of the un1t exposes approxImately of 300 m of

flows on the scarp slope of the Malpais R1m in Horse Heaven (Plates 1 and 2).

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

,marks the bottom of the basalttc andesite un1t in .this locality. The Ginn and

LL‘ROSSI wells, however, penetrate much thicker basaltic andesite sections of 828

m and 765 n respect:vely, substantiating Zoback s (1979) proposed

"o

| ~;northwest¢trend1ng middle Miocene graben between Horse Heaven and whlte Canyon

- “(Figure 3)

The unit is, predominantly. a meeium*grey pyroxene-bearing basaltic

o andesite with mxnor olivine. Plagioclase occurs as microlites and as 1 to 4
’°'V;ffmm-long phenocrysts nlth 1ntergranular clinopyroxene.ﬂ The rock elso contains
”;¥:ﬂz~fine1y disseminated accessory magnetite along with occaslonal apatite. |

 ;‘?fVes1cular zones locally contaln chalcedony, calc1te, chlorite, clays. and A

'°i  zeolites. f,*'-f

The deep wells intercept tuffaceous sedimentary rocks at depths betneen 2

As'600 and 702 m.r The tuffs contaln angular quartz and feldspar fragments in a -

T

1"7:‘3matrix of clay and carbonate.- Several volcanic agglonerate horizons appear in
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egefthe"Horse Heaveefcutcrop, but are”difficu1§*to recogﬁize in~drill cuttings.
',rThe coarse angular basaltxc andesite clasts rest in a clay-r1ch matrix and are v
| generally well weathered. Hewever,-the spread in 5102 values from samp}es ofi

| jthe basaltic ande51te sequence taken from drill cuttings and one outcrop

B q~indicate a range in rock type from basalt to andesxte1

| The samp]e density 15 1nsuffic1ent to identify any vertical trends inv
’rock composition. Petrograph1c ev1dence indicates that the masority of the
sequence sampled in the drill ‘holes resembles the flows which, at a depth of

975 m (3200 ft), yaelded an 3102 value of 54.5 percent of the total oxides

'ief’{Table 2)

The dril] cuttings (Chevron, 1979) reveal intermittant zones of moderate

«7to intense hydrothermal alterat1on throughout the basa!tlc ande51te sequence.

’Ve “The tuffaceous rocks are strongly altered as well. A later section of this

o report wil] descr1oe the nature of this elteratxon.

' e'Pyroxene Dac1te | “ |
| The scarp slopes of the Ma}pais and Argenta Rims expose prominent cliffs

',?~of pyroxene dac1te lava flows. The flow sequence attaans its maximum

”'Jf: :thickness of 300 m 1n the v1c1nity af The Geysers and the Chevron wells (Plate

q’":ffifé) The flows appear to have fiiled a north-northwest trending graben now -

'“7f?7}partly exposed in both the %alpais and Argenta scarps. The dacite section

18ubd1v1sions regard1ess of suite taken from Cameron and others, (1980)

o 'easm (53¢<% $i02), basaltic andesite (53-56% Si102), andeswe (56-63%
o »‘»5102) dactte (63-70% Sioz). and rhyclite (>70% SiOz) e
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lAnalyst:A R. Kroneman; ICP analysis determines total Fe only.

2Analysts: F. Brown and J. Mason

A3Fe0 determined by the ammonium metavanadate back-titration method (S. Evans, ana1yst).

'4Fe0/Ee203.ratio inferred from Fe0 analyses of samples representative of each unit.

B Y THE C «
TABLE 2
_ Major Element Contents of Miocene Volcanics
(samples representative of each unit)
 diabase .  old ~ pyroxene dacite = young ate
“ ~ basaltic dacite ~ aphanitic basaltic basalt
_ , . andesite _ porphyry dacite - andesite S
‘Ginn 1-13 - Ginn 1-13° NV/BW NV/BH NV/BH NV/BH
6740 - 2660 C - 79,73 79;192 79,177 79.112
510, 49,30 5850 . 66.64 62.33 54,50 148,77
~ Ti0, N 1.00 . 1.49 W78 ) 3 1.26 1.48
w0, w1 T2 .o .04 .02 o
- A1,0;5- E 15,19 13.31. ~ 13,37 13,94 16.19 - .16.29
Fe,0, . - -2.08 - . 2.28 . . 2.84 3.04 2.30 1.35
Fel 6,26 - 6.87 : -3.59 5.10 7.05 . 9.64
Mn0 PR ¥ A . <14 .04 <15 .16 .- «20
Mag0 | S 7.49 . - 2,09 91 .93 4,07 o177
Ca0. " T 12.65 - 5.51 1.90 3.35 - 8,94 9.53
S0 - - .03 .03 02 .03 .03 .04
Bao o -3 ) - .03 . .08 . . . .16 . . ‘ 019 007 - - 006
- H 0+ - - _N.D. N.D. 21,76 1.73 - N.D. - .00
503 ;} NoD. ’ N.D. .\NoDo 002 ) N.D. . 004 .
TOTAL  © 97.46 96,95 . 100,01 99,83 100.13 99.11
Analyzed.by: ~ 1cb* et et xrF2+3 1cplst xreZ+t




thiné‘abruptiy to a maximun thicknesshof 60 m 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
YHOrse Heaven and on the dissected Argenta dip slope in the northweét,quarter

) of section 15, T31N, R47E. fhe graben margin in Horse Heaven juxtaposes the
fpyroxene dacite against the old basaltic andesite.' Spurck (1960) and Willson
(1960) mapped large areas of flows on the Argenta R1n and the northeast end of
the Malpa1s Rim that are correlat1ve with the pyroxene dac1te unit. The
petrographlc and outcrop character1stics of the Shoshone Andesite of their
reports are essentlally identical to those of the pyroxene dacite described in
this report. -Potassium-argon dates of plagioclase phenocrysts from the middle

_of‘thevdacite_sectton indicate an age of 16.1 fo.6 m.y. (Table 1, Plate 1).

_ ’Ihe pyrorene dacite unit diéplays considerable compositiona] and textural
variability throughout the section. The cliffs of the Malpais and Argenta
Rims are dominantly glomeroporphyritic pyroxene dacite,.which we refer to as
the!daoite porphyry. The_c]iffs consiet of at ]east four fifty m-thtck flows

Lthat dispiau a crude columnar; Spheroidaliy‘weathered jointing; One possible

| source for these flows occurs at the western graben margin south of Horse . |
. Heaven, where a vertlcal dike fol]ows the boundary fault to the surface. The
flows are 11ght brown to grey on fresh exposures and weather to a deep red
brown. Phenocryst clots comprlse ten to th1rty percent of the rock. The
clots typ1ca11y contain several phenocrysts of plagioclase, clinopyroxene,
'ol1v1ne, magnet1te, and apatite. The proport1on of phenocrysts and their

degree-of agglomeration decreases irregularly upward through the p1le of
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'1f1uu§.w The corners of moSt‘plagioclase phenocuySts are'rounded byAresorption;*

~ pyroxene and olivine comnonIy‘éppear°to”émbay thevpiagioblaSe as well.

,Occasional flows dlspIay feldspar overgrowths on plagiociase phenocrysts. The
“:plagioclase is usually fresh whereas the pyroxene and in particular, the
olxvine may be altered. Sume secondary minerals, includ1ng chlorite, calcite, =
‘cha1CEdony,'smectites, iddingsite,Amagnetite;'and hematitic 1imonite, are most

Tikely related to the deuterié alteration 6fjthe phenocrysts.

Tue grpunduass of the uyroxene dacite is tyuiéally aphanitic-crystalline
| to gias;y with variable amounts of micro}ites. Irregular networks of
| fine-graiueduquuftz and feldspar commonly enclose glassy patéhes. Some
V ‘_horizons:reveal,jncipieht perlitic tex;ures'uith secondary élayS'occupying
‘conéentric fractures. At least two distinct horizons contain abundant
E spherulowds of devitrified dacite in a matrix of fresh or weathered dacite.

 The spherulo1ds range from 1 to 10 camoin d1ameter and form a nodular grus upon

o the weatherlng of the flow unit. Phenocrysts common]y overlap the spheruloid

- boundar1es and are fresh to weakly a]tered. Outcrops of spheruloidal flows
H‘koccur throughout the Ma]pals and Argenta R1m areas but the best exposures

,jappear in the cut of the eastern geyser terrace access road and on the Malpals »

L Qim crest 1n the eastern half of Sectron 3, T30N R47E A black vitrophyre

1(w1th phenocrysts similar to those of the dacite porphyry marks the top of this

 {sequence. The vatrophyre unit cantains several spheruloida] hor1zons.

| A glassy flow sequence, termed the aphan1t1c dacite, lies conformabiy on
'\the dacwte porphyry. Numerous red brown aphanitic f1ows interfinger with :

~b1ack aphan1t1c ‘dacite flows that displqy a dense platey Jo1nting controiled

e
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‘by fluidal bandlng. The red brown flows contain Variable amountS‘of

‘nncrolites that produce a trachyt1c textura in the uppermost of these floas.
z'_Sparse Phenocrystsrresemble those of the dacite porphyry. 'The flows in this
v‘,Sequence are typically 3 to 5 m thick. Blocks from the red brown flows
comprise much of a thin volcaniclastic horizon exposedIOn the east wallvof
White Canyon. Th]S horvzon may be either an interflow rubble zone, a volcanic
'agglomerate or a paleo- co]]uv1um on the east margin of\the Miocene graben. |
Unusbally erratic joint patterns_and.1ntense_hemat1tizat1on of these flows on

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

dacite flow sequence alonyg the eastern graben margin.

Major element analyses snpport the use of the term dacite to characterize
vtherflow sequences just described (Table 2). S1’02 for the dacite porphyry
‘ranges from 65 to 63 percent, whereas the flows of the aphanitic dacite

- 'sequence approach the composition of andesite with decreasing age.

White Canyon Tuffaceous Sedimentary Rocks

| A thln unit of- tuffaceous sedimentary rock and air fall tuff lies
:unconfonnably on the pyroxene dacite. The most exten51ve exposure of. the Unit
occurs on the upper floor of White Canyon with approximately forty meters of

| 'well bedded buff to l1ght gray tuffaceous sandstone, siltstone, poorly

consolidated ash, and porcellanite (Plate 1). Normel faulting along the

| ';eaetern margin of the middle Miocene Qraben has downdropped and folded the

| tuffaceous unlt 1nto a gentle syncline. The unit thins to Iess,than thirty
‘meters as it extends southwestward beneath a cap of basalt. Cavities'

excavated by erosion and animals occasiona]ly provide exposures of the
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sbasalt~tuff contact, but basait talus and coliuvium generaily obscure the
‘incompetent tuffs. Tuff fragments near animai burrows and bentonitic soils

- are the principal clues to the iocation of the tuffaceous unit. Deep guliies“ i
-:have exposed the unit on ‘the lower reaches of the Argenta dip siope beneath

f the basait cap or similar basaltic andesite flows, but the tuffaceous sediment

‘unit appears to pinch out to the northwest. A pink to gray nonwelded

- ,pumice-iithic tuff appears at the top of the unit on the south and east sides ‘

of the Argenta dip slope. ~Erosionai and constructional topography, on the
;pyroxene dacite, and post-tuff erosion account for considerable variability in

‘;rthe areal distribution and thickness of the tuffaceous unit.

| ‘ ’The bnik of thefsection~is compOSedIOf buff-colored tuffaceous sandstone.
'The sandstone contains pyroxene dacite and old basaitic andesite clasts,
.~broken quartz and feidspar phenocrysts, and abundant subaiigned brown to black
giass shards nitn a few intact bubble wails. ‘Rare fragments of carbonized
wood also appear 1n-tne sandstone. Thin interbedded'grey pyroclastic and
siitstone horizons, containing well-preserved shards with occasionai
phenoeryst fragments, interfinger with the sandstone. Calcite is the dominant
‘, cement and thoroughly permeates certain horizons forming a coarse-grained

‘mosaic pattern. Interbedded porcelanite ]ayers up to ten cm thick aiong with_

| ?‘the fine bedding suggest a lacustrine environment of deposition for the unit.

‘The pumiceous lithic tuff of the Argenta Rim contains more than sixty percent :,
fresh pink to grey rhyoiitic pumice clasts with ‘ten percent black obsidian
fragmants in a shard-rich matrix. The 1arge proportion of pumice clasts to

‘finer7matrix‘suggosts Substantial ninnowing by fluvial or wave action. ‘Tnese
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tuffaceous materials strongly resemble the oider tuffaceous sediment unit but

do not contain pre-Miocene clasts.

Young Besalcic Andesite ‘. | A

| A sequeoce of five to eight basaltic andesite flows iies unconformeb!y

4 upon the Khite Canyon unit or the pyroxene dacite and caps the dip slopes of
the Malpais and Argenta Rims (Piate 1). The flow sequence attains,its maximum
thickness of 300 m immediately south of Horse Heaven and tapers to the south
~for ten km along the east fiank of the - Shoshone Range (Gilluly and Gates, - |
'1965). The basaltic andesite caps the Malpais Rim east of White Canyon with a
thickness of 40 m. ihe unit is also widespread on the Argenta dip slope |
‘reaching thicknesses of 150 m. The flows renge from‘zito 16 m in thickness:
and.dispiay Crude'columnar'oribiocky Jointing. Deep §011ies and canyons cut
che‘cuesta dip slopes, but erosion of the originai construccicnal flow surface
has been minimai; Theréfore;lcompietesexposures‘ofithe basaltic andesite

section are COmmon.

Similar basaltic andesite flows are widely distributed in varying
quantities throughout the northern Nevada rift. Gilluiy and Masursky (1965)
‘describe 105 m of basa]tic andesite and basait ficws on the dip slope of the '
‘COrtez Nountains and suggest that diabase dikes exposed on the scarp siope
‘served as conduits feeding the flows.4 Zoback (1978) describes a 400 m-thick
~basaltic andesite section beneath ‘the rhyoiites and basaits of the Midas E
| trough area north of the Humboldt River. The character of those basaitic

andesite occurrences strongiy resembies,that of;the flows»infthe Beowawe area.
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Post»vo]canic faulting has apparently fragmented a major regiona1 flow

sequence.

A who1e rock potassium-argon dating of basaltic andesite cap flow,. '
preserved in slump blocks to the east of the Quaternary landslide. suggests an
 age “of 16 7 * 0.7 Moy (Table 1). McKee and Silberman (1971) report a whole

rock date of 16.3 m.y. from basaltic andeeite on the eaet flank of the
\Shosnone Range,south of Beowawe.. Other reported baseltie andesite dates from
: the,northern Nevada rift‘renge from 14.5 to 16;3 m.y. (McKee and others, -

1971).

The dark gray baealtic andesites contain fifty percent euhedral
plagioclase laths with twenty percent intergranular anhedral pyrbxene,,twenty y
E percent intersertal'brown glass, fivenio ten percent magnetite; and minor
olivine. Plagioclase and pyroxene Qrafns are COmmon]y‘less fhan one mn in
length but 1solated phenocrysts up to five mm in length also occur. Some of
-~the flows are highly vesicular with sporadic calcite. clay, chalcedony, and.
"zeolite fjllings. One of the flows within the section contains intergranular

| cavities forming a diktytaxitic texture,

The compOSItion of the basa]tic andesite resembles the average andesite
: of Noekolds (1954). but is lower in 5102 than the average of Chayes (1969).;,
AThe 5102 contents of several samples from the Malpais and Argenta Rims range '

from 52 to 56 percent (Table 2)
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' LatefBasaIt ‘
, A thin sequence of one to three basa]t flows caps porticns of the MaIpais,.
and’ Argenta dip slopes (Plate 1). The basaIt 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 deve!opee on the tuffaceous sedtment. Much of this exposure consists
| ofrehe 2 methickeflow displaying a crude columnar to blocky jointing. Frost
actioneand~SIumpih9~of the underlying tuffaceous sediments’has redused the
‘thin flow unit in some areas to a pile of jumbled basait blocks on a |
,bentehitic soil. ‘Subdued exposures of the basalt occur on the floor of the
west end of whirlw1nd Valley where two flows 1ie directly on the trachytic
decite and Tocally on intervenxng patches of tuff. The basalt f]ows, with two
jto(three subjacent basaltic andesite flows, extend nofthward and northwestward
‘frdm the lower slopes to the crest of the Argenta Rim., The basalt does not
extend to the western and southwestern portions of the Argenta Rim due to

'recent erosion and local topographic highs during the eruption of thefflows.~

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

Valley floor‘end on?the Malpais dip,siobe fndicate an age of 16. 3 to 16.5 *

fv0.8 m.y., essential]y the same age as the young basaltic andesite (Table 1)

‘ The va]ley flow and the flow capping the Malpaxs dip slope between White
e Canyon and‘Horse Heaven are essentially~1dent1cal 1n composftion (Table 2 )
and in thin seetion; The basalt cap flows, sampled at five localities on the
= Ma%pais and Argenta dip slopes, have 5102 contents ranging from 47.6 to 48,7
percent ., These data refute Zoback s hypothesis (1979) that the valley flows |

.



are correlative with alo Meye old basalt fiow capping the Sheep Creek Range
B dated by McKee and Silberman (1970)

| The basalt is dark gray’to black and weathers to dark Browﬁ. The rock |

, dispiays a distinctive diktytaxitic texture that is easiiy recognized in hand
esample. The minute inter—crystal cavities are common]y devoid of secondary

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

seoondary'calcite,~silica, and'ciays. The typical subophitic textured ‘basalt |

.koccasionaliy exhibits an ophitic texture. Euhedral plagioclase micro]ites andv

abundant phenocrysts, up to 5 mm in length 1ie partly enclosed by subhedral

phenocrysts of clinopyroxene and sporadic subhedra] phenocnysts of oiivine. .

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

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

~ often a]tered to iddingsite.

Diabase Dikes

_ The Ginn well penetrates diabase over several intervals within the Valmy
Formation below 1615 m (5300 ft) (Figure 3) Four samples of diabase |
.,cuttings. seiected from unaltered to weakly altered intervals in the bottom
1280 m (4200 ft) of the hole, yield sioz contents ranging from 47 2 to 50.8
7percent. Basalts with Si02 contents in this range occur in the older basaltic
- andesite sequence and in the late basalt.‘ Muffler (1964) sampled a diabase |
dike exposed on the scarp siope of the Cortez Mountains, which contained very'
: simi]ar amounts of major and immobiie elements. The compositiona] similarity
of the diabase cuttings from the Ginn well to the exposed dikes of the Cortez

;Mountaine.and the overlying flow,sequences at Beowawe and the Cortez Mountains
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,»suggests that a swarm of middle Miocene dikes lies beneath the whirludnd
Valley. In support of this possibility. Swift (1979) attributes a

north-northwest striking electrical anisotropyl observed in a Chevron MT |

; ,,survey at the Beowane geothermal prospect, to bodies of conductive Valmy

1country rock confined between resistive diabase dikes.

' Late Tertiary Gravels

Approximately 10 to- 20 m of gravel lie on the dip slope of the Malpais l
Rim betueen White Canyon and’ Horse Heaven (Plate 1). The gravels He
»unconformably on the White Canyon tuffaceous sedimentary rocks and late basalt
and, to the south along the east flank of the Shoshone Range, overlies the |
dacite vitrophyre sequence and young basaltic andesite. The\gravels do not
‘yoccur on thevArgenta,dip slope. The,uniformythickness of the unit suggests |
ideposition on a surface of low'relief:.flhe\unit'ineludes debris‘from'the
~ young basaltit andesite‘and basalt,units describeo,above. The clasts range

,lffrom sandftoACObblesoin’size»and are.Subrounded tovweil fOU"ded-

The distribution, geometry, and composition of the gravel unit suggest |
that it predates the upiift of the Malpais cuesta (Zoback 1979) . The gravels‘: V
‘ appear to have filled a depresszon created by subsidence within the o 7
north-northwest-striking graben during and, perhaps. after Miocene volcanism. 1
| AThe structural details of this graben appear in a later section of this .

report.~

Tertiany-Quaternary Landslides

A very striking lobate iandslide of probable Pleistocene age extends 2 km

. from a detachment zone high on the,halpais scarp slope<to theyuhirlnind Valley o



G

‘v,tuffaceous sediment.

g ‘fflbéb approximately 3‘kmbeast‘of The Gaysers (Plate 1). The’scarp face éf the  ;

the glide plane of the landslide lies in the OIigocene to eariy Miocene
A o , [

’ jT° the east of the yOung 5]1de,,1arge;mappable blbcks,debasaltic

’an&ésite, lying cn;théAoEder tuffaceous'unit, have slumped towaf& the’va!ley'_

in a step-iike fashiod. The stratigraphy is we]l preserved in these b!ocks.

- Other slump blocks of - this type appear at the base of the Malpais scarp slope BN
.between the barite mine and the Red Devil Nine. Erosion has modified the

“shape of the slump blocks in this area.

: Larger Slump blocks have séparated from the Malpais scarp slbpe‘in Horse

Heé&en. ‘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 7 km—iong segment of the MaIpais scarp crest, in the

\ southwestern part of Horse Heaven, has slumped toward the valley, The blocks

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

‘degrees on the Tertiany lava flows and, probably. covering the traces of the

range front fault. :

Quarternary Sllzceous Slnter

Siliceous srnter produced by hot spring and geyser activity at The |
Geysers covers a mappab]e area of about two square ki]ometers along the base

of the Malpafs Rtm (Plate 1). Thermal activity has built a sinter terrace =

_approximately 69 m‘thi;k, ,No]an,and Andgrson (1934) and Zoback (1979) providerx
&gtailéd de5criptions of the sinter deposit; The‘sinterwié‘typically opaline -

R ,1andslide exposes basaltic andesite and the uppermost pyroxene dacite, whereas’[,< _



o with minor clays, carbonates, and su]fates. The sinter terrace exhibits
prominent layering of cemented sinter clasts and massive sinter. The unit :
contains significant quantities of pyroxene dacite colluvium slumped from the ,
Ma]pais soarp siope.r CIastic sinter horizons, incorporated colluvium, and ,f}

o cavities formed after organic materiai create porosity in the terrace.v

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

: sinter as. evidenced by the absence of maaor erosional unconformities on the

T terrace.' However, minor exposures of eroded sinter occur between talus cones ‘

’at the base of the soarp slope to the east of the terrace. Two other sinter
dep051ts outcrop from beneath a thin cover of col]uvium a]ong the trace of the
»South Cross Fauit. One iies 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 Maipais scarp above the sinter terrace, lies at |
- the intersection of a N70E-trending fracture and the South Cross Fault (Plate |
| D. ; ‘ o _ - -
QH(”)‘LE-ROCK"CREMIS’?RYGF THE MIOCENE VOLCANICS

, The maJor f!ow units of the Miocene voicanlc sequence in the study area |
fhave distinctive ma;or e]ement compositionai characteristics, ‘These

- characteristics have proven usefui in the discrimination of simiiar-looking
aphanitic flow units for the- purposes of mapping and the Iogging of weil
cuttings. Tabie 2 presents whoie*rock chemicai analyses representative of

' hand sampies and well cuttings frmn the mapped voicanic units of the study |
area. weii cutting sampies were “hand- picked from horizons ‘that appeared fresh ‘

1n thxn sectioe.
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| "jThe Harker variationvdiagrams (Figure 4) distinguish three basic rock:
types within the volcanic pile: a basalt group including samplespfrom the

‘ diabase, oldAbasaltic andesite, and late basalt- a basaltic andesite group

| including samples from the old and young basaltic andesites; and a dacite
..group including samples from the dacite porphyry and aphanitic dacite of the
pyroxene dac1te. Each of the plots of the major elements versus SiO2 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 ande51tes. The A1203 content of the pyroxene dacite is generally

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

declines slightly with decreasing 5102, whereas the Mgl content increases

| slightlyf Total Fe and Ca0 contents of the dacite increase more sharply‘with
decreasing $i0,. The late basalt and young basaltic andesite show similar
variability of major elements versus Si02. although CaO and Mg0 increase, and
KZO decreases ‘more sharply with decreasing Si02. The total Fe (Fe0) content

1ncreases sllghtly from the young basaltic ande51te 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 w1der range of . SiO2 conteits. The

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

Figure 6 depicts the.variation of the Difierentiation Index (Dl) with' h
o elevation relative to the top of‘the pyroxene dacite unit. Analyses below'thel :
datum are from cuttings of the Ginn well. lhe first:fouryanalyses,-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, T31IN, R47E,
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‘Thehtifth analysis’is an example ofvthe latelbasalt.flows that conformably

_ overlie:the young basaltic andesite on portions of the Argenta dip slope.

| Figure 6 indicates that three cyclicalvcompOSitional changes occurred during
the eruption,of the-volcanic pile. 'The‘limitedvdata suggest that the old
basaltic andesite_becomesvmore siliceous upward to the_tuffaceous horizons

- that occupy an erosionalvunconformity between 610 and 732 m. The pasalt flous
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‘suhstantiate the slight decrease in DI values with depth
indicated by the analyses of the Ginn well samples in Figure 6. The decrease
' of DI values represents the decrease in Sio2 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 DI values,
"though the DI values are distinctly lower than those of the pyroxene dacite,

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

‘termination of basaltic-andesite VOlcanism at}thisrlocality. The basalt lies
. conformably on the young basalticvandesite; where present, and is Slightly
YOunger. ‘The totalYalkali-to Sin‘diasram_in»Figure 7 indicates that the
Miocene.lava'flows;and dikes‘at Beowaueiplot within the fields of alkalic and

high alumina basalt parentage identified by Kuno (1969).
- STRUCTURE

Pre-Tertiacy Structure

Gilluly and Gates (1965) mapped numerous Paleozoic thrust sheets in the
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7Cre$cent Vailey quadrangle.‘ Stewart and othersv(1977),extended map coverage‘
_‘of this strecturai‘terrsin to the north on the west flank of the'Argente Rim.

The outcrops of the Valmy Formation on the scarp slope of the Ma!pais Rim
provide a. gl1mpse of the structura] chaos exposed in these areas (Plate 1)
:Pods‘and horizons of fault breccia are common and often stand in relief at the
. surfeoe‘due to siiicification; Fault contacts between Iithologic horizons are
grcommOn;‘ The d1ps and strikes of the bedding units are hlghly irregular due to

i the abundance of fractures and t1ght drag fo1ds. A1l of the var1ous rock

""”types are thorough?y shattered. The exposures of the Ma]pa1s Rim and the

' fractured nature of the rocks sampled 1n the deep Chevron wells (Chevron,
'1979) indtcate that th1s structural terrain persists at depth beneath
3 Whirlw1nd Valley (Smith and others, 1979) but do not prov1de firm evidence for

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

thrust features., The sinn well does not penetrate the thrust thereby
‘ establ1shing a m1n1mum depth of 2915 m for the structure. The potentiaily

R igreat thlckness of the thrust plate permits an additional 1 or 2:km of depth

"?fﬂto the thrust horizon. The Roberts Mountain thrust horizon appears to be

‘, signifzcantly depressed in: the Nhirlwind Va]]ey area re]ative to the windows

't‘5gs f%exposing the thrust in the surrounding ranges. These windows occur in the ;

: 13Tuscarora Mounta:ns to the northeast the Pinyon Range to the east ‘the CorteZ‘» ‘

"_dMounta1ns to the south, and the Shoshone Range to the southwest (Stewart and

‘15»];ofCarison. 1975)

 Tertiary. Structure ?"k'

g kh The M1ocene northern Nevada r1ft has prefoundly control?ed the

'.deveIOpment of the structural setting of the Beowawe geothermal area. Zoback



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

her:regional model to the }ocaT;structure of the .geothermal area. Our mapping

effort subStantiates and refines her Qeneralizeo structural models.

oNormafvfauits heve’produced»theetopography and poSt-Oligocenekgeo]ogic

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

'andvtopography (Figure 8 and P}éte 1): - a N50-70°F trend that has produced the

Malpais and Argenta Rims, and an orthogonal N15-35°w trend that controls spurs
and canyons on the two cuestas (Zoback, 1979). Two add1t10na] fault sets have

influenéed the iocation and evolution of the hydrothermal system at Beowawe.

- Elements 6f a N40-70W trend'appear to restrict the outf!owvof hydrothermal

f]uid 1atera11y along the Malpais scarp (0ester1ing;?1962) A N80-90E

fracture set has localized hydrothermal act1v1ty in the past and contributed

to the structura] deve1opment of the Whir]wxnd Valley (Zoback 1979 Smith and
,Aothers, 1979) ' ‘ 1

The Malpais and Argenta scarps define the N50~70E faolt'trend in the

‘Wh1r1w1nd Val1ey area, Two cuspate flexures drvxde the Malpais scarp. into

: three segments* the east~northeast Horse Heaven segment. an intervening

concave segment and the east northeast segment between The Geysers and

Beowawe Station (Figure 8 and Plate 1) Faults contr0111ng the latter two

- segments are ca]led the Malpa1s fault zone in this report. \The Malpais Rim

forms the southern margfn of,Horse Heaven and marks the northeastward

fexteosion’of thercorraI Canyoanault.maoped by Gilluly and Gates (1965) in the

Crescent'Valley quadrangle to~the,south. Dip-slip offset down to the

north northwest dim1n1shes eastward from a max1mum of 500 m in Horse Heaven
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o to>0?m.5as,the Cornalrtanyon fault terminates in the dip slope of the Malpais
| . scarp, southvof The’GeySers.‘ One major fault wlth 300 m of of fset and at |
L ,least two faults of minor d1splacements (<100 m) branch northward from the

‘ ‘Corral Canyon fault to the flexure at the mouth of Horse Heaven. E

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

";[east northeast trend of the- Correl Canyon fault en echelon fashlon. but

B | devietes to the northeast forming a flexure in the Malpals Rim at The Geysers

(Figure 8, Plate 1). Max1mum dlp-slip displacement on thls segment is

f~*epproximately 400 m as indicated by the elevation of the basalt cap unit cut
by thermal gradient holes in the valley (Chevron, 1980) A parallel '
| subsidiary fault probably forms the northwestern structural boundary of the
‘ fault block that forms the hlll southwest of the slnter terrace in Section 18,
'The hill is called Whlrlwlnd Butte for the purposes of this report.
o ‘thhologies observed in several thermal gradient holes (Chevron, 1980)
~h;indicate a maxlmum dip-slip offset of 60 m, Cross fanlts appear to terminate
_ﬂf;this subsidiary fault with about 90 m of offset at each end of the butte.
l oOesterllng (1962) mapped an antithetic fault on the southeast slde of the
V’lf‘butte, which drops a small wedge about QG m between the Malpals scarp and the
l i;butte. He called thls the Horst. Fault. | ' ‘

The Beowawe segment of the halpais scarp is an. addltional en echelon

’element of the Corral Canyon fault trend (Flgure 8, Plate 1) The fault drops
 the White Canyon tuffaceous sedimentary rocks about 210 m into Whirlwind

Valley 1mmed1ately north of Whlte Canyon, as evidenced by llthologic data from

7"a thermal gradlentfhole (Chevron, 1980). JThe minimum possible dip-slip offset
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"'visegment of the Malpais scarp.

'f‘”eﬂithe'Beewewefsegmeht is approximately‘iso m in the vicinity of the Jbarite
‘ .wyrfmine. “The scarp slope: reveals the 0rdov1c1an Va!my formation beneath thin.
‘5layers of the old tuffaceous sedimentary rocks, dacite. White Canyon |

"7ﬂf‘tuffaceous sedimentary rocks and basaltic andesite. g:}“"’

| The Terrace Fault identifled by Oesterlfng (1962). traverses the uphil!

riedge ef the sinter terrace and is part of the Beowawe segment. He suggested
" that the Terrace Fault and a possible northeastward extension of the Horst

o Fault serve as the near-surface conduits for thermal fluids within the Beowawe »

t./ . N

The N50—70E-trend1ng fau]ts have tilted the lava flows of the Malpais and

'Argenta blocks to the southasoutheast at dips that range from five to ten
' »'degrees depending on the effects of cross faults. The scarp slope is steep
"with 1nc11nataons ranging from thirty degrees on talus and colluvium to
) . vertical on exposed flows. The steep scarp s1epe prefile suggeste that the
,;.‘ e'ma1n fault zone is near vertical at shallow depths (Plate 11). élecfricel
>T,resistiv1ty mndeling by Smith (1979) supports this prOposed fauIt geometry and
= extends the nearsvertical fau}t plane to depths 1n excess of 900 m. A o
S ‘!‘fracture zone. penetrated by the Ginn well at about 2850 m of depth. mey be o
“e‘, the Malpais scarp fault indicating a decrease in the dip of the fault plane
'}wlth depth (Chevren, 1979) However. this fracture zone may be subsidiary to

o the main fault.;;

"The N15-35W fauit trend formed a major grabehrduring\the”Tete'Tertiary '

“e‘efa]though its effect on the loca] topography 15 present?y more subtle than that
*;)]rrof the NSO 70E trend. Satellite imageny revea?s a strong north—northwest~ |
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vtrending topograph1c l1neament that transects the Malpais Rim between Nhite

".,Canyon and the young landslide. continues 1nto the Argenta Rim along a low

ﬂtopographic spur, and ends in Bunphy Pass (Garbrecht 1978) The Malpais
'scarp s}ope, 1mmediately east of white Canyon, reueals the juxtaposition of
_ ,Vaimy,quartzite and siltstone against.aphanitic and porphyrjticodacite‘along ,A
| north-northuest-trending fractures. Thé NIS 35w‘fauft trend in White Canyon «
‘and on the Malpais dip slope forms a horsetail pattern on the map (Plate 1).
These faults produced dip-slip motion to the uest-southwest. we refer to th1s
-rfracture set as -the Dunphy Pass Fault Zone (rep1aces the name
“ Whirluind~Crescent Fault in Smith and others, 1979 [Figure 8]) Lithblogies
‘ encountered 1n ‘the Ginn and Ross1 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 alluvium accumulated within a develop1ng graben
bounded on the east by the Dunphy Pass Fau]t.‘ Additional northwest-trending
v’faults cut the Malpais scarp 1mmediately west and east of ‘White Canyon though

'1‘disp1acements on these fractures are sma]l.

. The NZSN-trending fau]t, mark1n9 the western limit of the dacite porphyry
| ,1n Horse Heaven, appears to have been the western margin of the Miocene
'i'graben. The exposed thickness of the dacite porphyry, 1n juxtaposit?on with

“the ear]y basaltic andesxte unit suggests a minimum dxsp!acement of 240 m

. Ldown to the northeast. Other Iesser faults~of this orientation cut the Horse

' Heaven segment of the Malpais scarp.. The basa1tic5andositéhcao flows and

“'minor north northwest-trending norma1 faults on the dip s1ope of the Argenta

‘;'Rim general!y obscure the northward continuation of the western graben marginc ’

However, deep gully1ng in the northwest quarter of section 15 T31N R4TE

Ca



exposes dacite porphyry and.'probably.:the trace of‘the graben}margin fault.
This fault extends'to the ArgentalRim’at the head of Water Canyon (Figure 1)
and, perhaps, influenced the entrenchment of that canyon in the Argenta scarp
slope., Renewal of activity on the western graben margin has been slight but‘
‘the minor normal faults of the Argenta dlp slope may “have inherited their

- orientations from the underlying graben structure.

vThe N40570w_fault'set*cutSjthe,Malpais'Rim at_ThefGeysers flexure. The

- most prominent'of these fractures confines:the’surficial:geothermal features
on the southwest. Oesterling (1962) called this fracture the South Cross /
Fault (Figure 8,1Plate 1), This fault cuts the Malpais dip slope and crest on
a slightly curving’N60-70w trend and transects the.northeast end of Whirlwind
Butte immediately7West 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 west edge of White Canyon. Vertical offset on
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 Cross. Fault (Oesterling, 1962) terminates the succession of
young thermal vents at the east end of the 51nter terrace (Figure 8, Plate 1)
-»kThe fault strikes about N45W and drops the dacite vitrophyre to the northeast
90 m into juxtap051tion Wlth the dacite porphyry. Two additional fractures of
vSimilar orientation, though of lesser displacenent, cut the Malpais scarp

slope on either Slde of the North Cross Fault.

The N80-90E faults,comprise a set of»fractures,yith minor.displacements



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 intérpretation
- 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,the Valley,Horst. The
_ horst'exposes the basalt'cap unitrand underlying dacite vitrophyre on the
western}floor of the valley. The fault set'then develops a splay that breaks
'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. o
| complementing offset on the South Cross Fault to produce a 100 m-deep

;alluvium—filled depression revealed-by.a Chevron,(1980) thermal gradient hole.

Six vertical fractures oriented N80-90E cross the crest of the Malpais _‘p
Rim south and southwest of the sinter terrace. These fractures also transect
llwhirlwind Butte fault block, where they have been displaced about 100 m to the
north by the valleyward movement of that block. ivertical displacements on

these fractures do not exceed 20 ‘m where exposed in the Malpais Rim.

Fault patterns and horizontal slickenslides on fault surfaces suggest the
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possibility of lateral offset on faults in 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 parallel to the rift exhibit right- lateral 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 hypothe51s. However, our»ev1dence is 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

limlted.r Oesterling (1962) described a 15 m-high scarp, possibly related to

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

: exposed‘an'area of—intensely argillized dacite porphyry bedrock and colluvium
on theISCarphslopeiabove the'sinter terrace}"élhelhorth andeSouth crOSS
’Fractures limit the lateral extent of this fresh scarp. Honever, this

kv,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 0.5Vkilometers‘east'of'the active sinter‘terrace,on the

.uphill'side'of:patches'of older sinter‘(Plateyl);“Fresh,SCarps do not appear
.‘elsewherenalong the southern marginlof Whirlwind Valley, althoughitheyﬂalpais

‘SQarpvslope'betueen"the”terrace and the Quaternary landslide preserves

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

of the7Maipais“scarp slope has been‘negligible. 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 te have suffered

considerab]esmass nasting, This feature does not cross the large slump blocks

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

the alluvial fan‘on‘the'northside of the‘Horse Heaven flexure may wel! 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 1n the region surrounding the Beowawe

fgeothenna] area (Stewart and others, 1977 wallace, 1979). Recent scarps in

“ta1us and col}uv1um appear on the north and west sides of the Argenta Rim,

Aerial photos also reveal numerous northerly and northeasterly trending scarps

| Vimmediately to the west of the Argenta Rim on the floor of the Reese River
'Valley (Stewart and others, 197?) (Figure 1) East~west-trend1ng scarps

parallel the western front of the Shoshone Range to the southeest of the

Argenta Rim. These frectures a!ignvweli with the_elements of the N80—90E

~ fault set that transects the Argenta Rim in sections 17 and 29 at the west end
~of the Whirlwind valley. wallaoe (LQ?Q) suggests‘that these scarps are less .
,~"thent2000'yearsf§1dtl Wallace (1979) also identifies several scarps of similar

age et BOulder Flat northeest of, and on‘trend with, the Argenta scerp (Figure

“1). Tab]e lists these and additional young scarps identified by Wa1lace
: (1979) The yoothful surf1c1a1 features and modern regionaT seismicity

| ‘(S}emmons and others, 1965) indicate that the northern Shoshone Range is

setsmica}]y active.



TABLE 3

List 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 R1m)
Crescent»Fau]tr(northward‘extension of Cortez Mtns)

‘Crescent Valley (south of Hot Springs Point)

Carico Lake (southwest of Crescent Valley)

- Dry HilIs bounding fault (northwest. s1de)
: Middle Reese RiverVVaIIey
vSulfur»Springs Range,.
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| ”':vLower Reese River Valley (west of Argenta R1m)

»»CnéSCent Fault (southwestward extension of Cortez Mtns)

| ”~sSimpson Park Mtns bounding fault (northwest side)

APPROXIMATE
" ORIENTATION ~ AGE YRS
CENE ~ <2,000

N-S, NNE, + ENE <2,000

NNE <2,000
ENE <12,000
ENE + NNW < 12,000
NNE <12,000
ENE < 12,000
ENE - NE > 12,000
NNE 512,000
NS >> 12,000



* HYDROTHERMAL ALTERATION

"*‘Hydrothermal alteraticn, in cloee'spacial association with the Malpais |

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

“‘, hydrothermal activ1ty, centered on the sinter terrace and a peripheral area of‘

- altered outcrop,,lies at,the western end of this 10 km-long alterationizone ‘
‘(Figure 9). Uplift on the ﬁalpaie'Fault and eroeion have exposed areas of
silica veining, argillizatien, and‘limonitization on the Malpais scarp slope
east of'the sinter terrace; Tne intensity of alteration varies greatl§ along
, this portion of the alteration zone, apparently due to the 1nfluence of cross
fractures and lithoiogies within the Malpais Fault zone during hydrothermal

- act1v1ty. However, colluvium and landslides ebscure portions of the Malpais

| Fault trace and associated alteration., Qur study ef the relatienships of the
‘alteration to mapped structures and lithologies pernits a rough reconstruction
,of the‘evolution ef nydrcthermel activityraleng the Malpais Fault. The
followineinaragraphs will_deecribe‘these‘relatlonships andAdistinQUish

H’pcrtions~of‘the alteraticn zone based}on‘structural'asSociation..

~ The Geysers sinter terrace is a product of continuing recent hydrothermal
,activ1ty., The thickest accumulation of sinter lies along the trace of the |

. Terrace Fault which controle the location of hot springs and fumaroles on the
i’terrace (Figure 9) The Nerth and South Cross Faults confine the active hot’

Springs sinter terrace and related bedrock alteration to a 0 6. km length of

- the~Terrace Fault. The terrace tapers rapidlv toward the valley though a thin
,layer of eemented detrital sinter and extends down the Whirlwind Valley

» fdrainagevfor about 1.5,km. Twc Tinear east-west trending sinter mounds of low
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pre-Late Miocens rocks
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relzef lie at the foot of the terrace. one of which. appears to have developed

"from the overf!ow of several near-bofling springs about 300 m northeast of

B Hhiriwind Butte. The other mound lies 650 m to the north and east of the

eastern end of the sinter terrace near the base of the eastern access road.

This mound is currently the site of several ‘cool seeps.A

‘ Sevéra] fractures in the footwail of the Terrace Fault havercontrolied

‘the circulation of thermal fluids and resultant alteration of the. dacite

porphyry in the footwal]. Excavationfof the terrace dril] road, during the

. fall of 1979, revea]ed ‘open fractures in narm, damp ground., Some of thetOpen o

fractures contain’ coatings of white gypsum need!es. The dacite is thoroughly

‘argillized to white kaolinlte with abundant orange-red to brown limonite on

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

scme fractures. Although the degree of arg1llization decreases progressively

uphill from the terrace, spotty argillic alteration and limonite-coated

flfractures occur,as much asyso,m verticallyeabeve.the terrace. -

‘~The weathered'conditionvand'partial‘bUPial of the previously described

L sinter deposits on the trace of the South Cross Fault and on the trace of
o ,Malpais Fault 1mmediately east of the sinter terrace, indicate that they are
“e!der than the active terrace (F1gure ). heir ages are uncertain. Altered
\ ‘bedrock lies beneath and peripheral to these deposits.- Thin~opaline veins up
7to 5 cm 1n thickness occupy fractures in daclte porphyry within tne trace of

k 5Seuth Crcss Fau]t at the base of the Ma]pais scarp slope. Although co]luvium

obscures most of the altered rock east of the sinter terrace, patches of

limonitized and argxliized celluvium at the top of the debris slope mark the
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~extension of the éltered zone to White Cahybﬁ. A 30 m-wide zone of strongly
‘argi]lized and fractured dacite vitrophyre occurs in the access ‘road cut. .
_Orange-red to brown limonite coats fractures. Opal and carbonate veinlets are
] most abundant at the 1ntersections of the Malpais Fault with
ﬁfnorthwest-trending cross faults. The previously mentioned patches of sinter
and sinter-cemented ta]us outcrop between debris cones on the Tower portlons

of the scarp~slope.,

The intersectlon of the Ma]pa1s Fault with the Dunphy Pass Fault zZone was

»'Tthe locus of intense hydrotherma] activity. Uplift on the Malpais Fault has

exposed a dense’swarm of east~west-trend1ng cha]cedonyncerbonate veins cutting
_daCite pcrphyry7énd‘vitrdphyre at the mouth of White Canycn (Figure 9). The

: cha?cedony is banded with occasional carbonate«bearing layers that Teave
silica pseudomorphs upon weathering. Several large, near-vertical veins of 1
 to 2min thickness stand in relfef cver a str1ke length of about 0.6 km. The
MaIpais fault truncates the veins to the west at the edge of wh1r1w1nd Valley.
/The major velns are not traceable to the east of the north-northwest trending
' fault contact between the dac1te dnd the Valmy quartzites and sx]tstones.

| ,However, abundant chalcedony ve1nlets and veins with thicknesses up to 0.3 m

' -;econtlnue eastward through the h1gh1y fractured Vaimy Formatwon to the young

‘landslide. The abundance of cha1cedony veins drops drastlcally 1n Valmy '

exposures to-the east of the 1ands!ide.» The discriminatlon of post-Mfocene

a silica veins and fault breccias in Valmy outcrops from those attributab]e to

' Pa!eozoic thrust faults is difficult due to the resemblance of the young
:hydrothermal silica to vein sil1ca in the chert and fractured quartzite

ekﬁhorxzons of the Valmy.e However, continuous east northeast to east west-
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,trending veins and breccia Zones are llkely to be products of the Malpais

!Fault and associated hydrotherma] activity.

The exposed vein swarm and attendant zone of alteration is 0.2 km wide at
an e?evation of 1476 m- (4920 ft) in the mouth of white Canyon. and extends to
an eievation of 1645 m (5400 ft) on the east wall of the canyon. .Several thin
chalcedony‘veins,cstriking N?QE, cross the middle of;the White Canyon gorge.
These veins appeer to fbllnw fractures SubSidiary to'the maih Malpais Fault.

YSCha1cedcny and opal also. f:l! fractures of the Dunphy Pass Fault zone and open

t~'f%fspaces in a subparallel paleo-co11uv1um or pyroxene dacite flow breccia unit

':'on the eastern wall of White Canyen. Thzs zone extends southward for one km

"-c;up the canyon between elevations of 1585 m (5200 ft) and 1645 m (5400 ft).

The elevation of the top of the alterat1on zone increases in a step-like
f:-manner eastward along the Malpais scarp s!ope to an altitude of 1700 m (5600
. ft) on the west side of the 1ands]1de detachment zone. The observed

" displacements of the a]teration zone indicate renewal of motion on the Dunphy

"i—jPass Fault zone subsequent to- the deposition of the chalcedony veins. The

i volcanic country rock in the vein swarm is pervasively argillized with thin

chalcedony veinlets on fractures. Clays replace both phenocrysts and ground

,,gfjmass with' variabte 1ntensity increasing toward the silica veins.v Our

o fpre\fminary x-ray diffraction data 1ndicate the presence of both kaolinite and

':hmontmorillonite,” Abundant red,tc yellow broun }imonite forms films on
tfnettnresiand replaces disseminated'ncimary‘magnetiteiinfthelgroundmass of the

B velcenic neck} Krgi11ized rock withtn the. most fntenSeYj bnecciéted éxposures
Lof the Malpais Fault zcne contain dissem1nated pyrite that weathers to yellow

e;fbrown and ye\]ow green limonites.‘ Preliminany trace element geochemistny
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Vindicates that these zones contain significant arsenic. Portions of the fault

breccia,vessociated gouge, and country rock are«perrasivety silitified to

'jasperoid. The paleo-colluvium, in particular, is thoroughly silicified near

the mouth of white Canyon. The Unit appears to have been high]y permeable,
permitting<the flow of thermal fluids through Open ‘spaces and into the matrix

N of comminuted country rock and soil. Iron oxides deposited in the matrix give

the roek 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 horlzon is strongly argillized aod occasionally converted
'At'f(7to porcel?anite where altered. The less reactive Valmy country rock commonly

'vcontains red brown 1imonite on fractures with lesser amounts of clays.

-Silieification has converted some of the siltstone to porcellanite as well.

| t‘Euideoce of hydrothermal alteration does not extend along the Malpais Rim

.V;southwest of the sinter terrace; Hhirlwind Butte exposes hydrothermally
i”f 1iaitered rock only at 1ts northeastern end., However, severaI other sites of
L :?hydrothermal activity of undetermined association occur 1n the Beowawe area.
‘foA 60 m-long by 3 m-high zone of travertine~cemented dacite porphyry colluvium
o flies in the steep eastern wall of a gully about 650 m east of the barite-mine
L‘. 1n section 12. T31N R48E. The gully truncates an old slump block and exposes
"E'fudacite porphyry lying unconformably on the older tuffaceous sediment. The
j’-vftra\rer-*l:'ine—c:ementeu colluvium occurs at the contact between the two units.t‘
"‘rtThe carbonate is massive to bladed in texture. The main Malpais Fault trace
'Probably lies beneath the slump block. Ihere 1s no‘ev1dence‘for~a crosé‘fault

~at this locality. |
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At the Red Devil Mine (Figure 1), 5 N4OE-trending vertical fracture zone
controls a 30 m-wide fault'brééci;_in Valmy quartzite,-siltstohe, and chert
pébble conglomerate. A northwest-trending cross fault may interséct the
vnortheasterly trending fault at this locaiity. Silicffication has converted
large areas of siltstone to'porcéllanite.  The.breccia.has'abuhdant'open
sbaces and thin zones of mylonite. Quartz-pyrite veins and pyrite films
~ occupy some of the fractures in the breccia zone. Sporadic cinnabar occurs on
fraCtufe surfaces. ,Neathering of the pyritéihaskproducgd an gbundance of
-»yellow’oréngéfto,yéIiéwibroﬁn7lfﬁongfe“ihyéohe’bdfffdnsfof'fﬁe'ﬁrééCia. The
‘relative age of this mineraltization is uncertain. However, the strong |
limonitiiation of the Valmy Formation in the'hiil‘djrectly south of the town

~ of Beowawe seems related to thé‘activity of the Malpais Fault.

Gilluly and Gates (1965) briefly describe a small area of "brightly
colored siliceous sinter, opal.‘ahdvchaICedbny.and a surrbdnding zone of much
~altered lavas” in the Fire Creek drainage five km to the south 0f Horse Heaven
 and Oufsfdé of our happed area. Thgy-do-nét'ibcéte ihjs occurrence precisely,
~ and mention no eVidence of recent activity. The Mjocené flows offer the only
<¢on£rq] on #hewqge»of this hydrothgrm;l;dngsi@,;:',vf :
"If Tﬁe:Gihn$éHd'§b§§i:wé1ls4beﬁetfﬁié”a éfQ&ély'igﬁédfééqUencé of
hydrothermal alterat{oh products (Figure 3). Our lithologic logs of the well
cuttings indicate'thét the two wells intercepted similar prdgressions of
altération‘minekal assemblages at'approximately theISame'depths; The X-ray

= diffkaction data bf:cuttings'frpm the G{nh well support these observations

(Table 4). The shallowest depth at which alteration clearly attributable to
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“hydrothermal alteration occurs is about 460 m (1500 ft). Above this depth,
clays, zeolites, iron oxides, siliCa,'and.carbgnate_occur in theAlava f]ows,
but these minerals ére not easily distinguished from those ofvdeuteric
prpcesses. The shé1lowgst hydrothermal alteration occurs in the old basaltic

andesite and appears as the deterioration of plagioclase pﬁehbgnysts to

caicite~a6d clay and repiacement of pyroxené and olivine by'clays and minor
chlorite. The clay$ are green or brown and probably belong to the smectite
group. Alteration intensifies irrégularly ovéf'the next 450 m of depth.

Mixed-layer clays and‘ch}drite become more common alteration products and

rebidote appears, occésibnally, as grains after plégioclase bel ow §00 m. (3000

ft). AThe shallowest pyrite occurs as abundantvdiSséminated‘grains in

argillized tuffaceous horizons between 628 m (2060 ft) and ?47»& (2450. ft).

- nyite persists to greater depths as disseminations and in silica or calcite

~veinlets. The interbedded older tuffaceous sediment ahd,hornblende andesite
units, at a depth of 1220 m_(4000 ft), are‘stronQYy argillized and contain
chlorite and.mixed-layer c]éys after the mafic miherals,,and calcite with
clays after plagioclase phénocfysts. Some seric?te may occur w{th clays
Eep]acing groundﬁass and plagiociase phenocrysts. Quaftz+calc1te veinlets and

pyrite disseminations are abundant .

The Valmy Formatioﬁ‘haé a!}qng history of‘fegiona] métamorphism dating
back to thé'ﬁfe;Tertigry orogenfés. The products of younger hydrothermal}
events are superdmposed on the métamorphic fabric. The regional metamorphic
” proncts are generally fine grainéd; ﬁoﬁever, quartz, sericite, chlorite, and
-péssiﬁ}y‘actinoifte“afe febbgnizable in thin section, p]&éing these rocks 1in

~ the greenschist facies of metamorphism. A weak slaty cleavage distinguishes
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metamorphic sericite in the siliceous siltstone.  Al1 of the Valmy Formation

rocks are brittle ahd;highly fractured, Quartz-pyrité-calcite veinlets are

‘common and locally contain epidote grains. Occasional cavities contain drusy

quartz.

 The diabasic basalt to basaltic andesite intercepted within the Valmy
section ranges from fresh to strongly propyllitized, although all samples

observed preserve the diabasic texturé of the fresh rock. Calcite,

«mixed-layer‘clays, and epidote repléce,plagioclase, whereas chlorite and clays

replace mafic minerals.A'Quartz-pyrite-calcite,veinlets 6ccur, but are less
common thanAih7the‘Va1my Formation. The altered diabase contains finely

disseminated pyrité. Paragenetica1ly, quartz and pyrite commohTy postdate

chlorite and claysiin the veinlets and are followed by calcite and clay. This.

séquénce generally persists in both the Miocene and Ordovician sections.

‘In general hydrothermai alteration through the Miocene. Vblcahic section

“changes with depth from a clay-calcite quartz-pyrite to a chlorite-calcite-

clay-quartz-pyrtte assemblage. A quartz-calc1te-mixed chlorite and

clay- yrite-sericite-ep1dote assemb1age characterize the alteration of all

Arocks below the Ordovician Tertiary contact.k Tuffaceous horizons reveal a
‘predominant sericite quartz-clay-calcite-pyrite assemb!age. The 1ntensity of
A lnydrothermal alteration 15 high?y variable depending on fracture and
| _‘lithologic premeabiiity.

' Minera!s formed by weathering, deuteric a]teration. earlier thermal

’events, and regional metamorphism may confuse the alteration zoning pattern in

= the drzl] holes. ,The ep1§ote,of the‘Miogene,volcanic section, in particular,
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may be misleading;<the early basaltic éndeﬁite unit may exhibit
',‘pfopy]itization és old as Miocene age. However, epidote grains in
quartz-pyrite veinlets are host‘likely to be related to hydrothermal activity.
Pyritevin the volcanics is clearly hydrothermal in origin, but some of the
pyrité iﬁ the’Valmy Formation is probably diagenetic, syngenetic, or

metamorphic.

The temperature—depth curve (Figure 10) from the Ginn well (Chevron,
19?9) prov1des evidence for the distributvon of hydrothermal fluid flow in the
vicinity of the well and the observed zonlng of alteration minerals toward
hfghér.teméeratures of formation with depth. The well penetrates a major
fracture zone below 2438 m (8000 ft) and becémes essentially isothermal to
‘total depth with.a makimum temperature of 214% occurring at 2883 m (9460 ft).
Chemical geothermometer ca1culations, as appl1ed to waters of the boiling
springs and steam wells at The Geysers, suggest the presence of a reservoir
with temperatures of about 225°C (Renner and others, 1972; Mariner and others,

. 1974; Muffler, 1978; Robinson, 19?9); Minor temperature reversals occurring

- in this fnterval suggest the bresence of co]d water entries. The low gradient

N persists ’apward to a depth-of 1682 m (5520 ft), indicating significant
convective heat loss over this interval. The'hfgh‘gradient"extending from
- 1682 m upward to a depth of about 300 m suggests conductive heat loss. The
suggested temperature and hydrologic conditlons below 1682 m could induce the
observed hydrotherma] alteration, whereas‘the‘absence of fluid ‘at shallower
depthé precludes the dnéoing Formétion of»théyaTteratioﬁ minerals observed
| theré. These observat1ons complement petrograph1c data suggesting that

'falterat1on minerals have reduced the permeabillty of the rock at shallow
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depths thereby réstricting the flow of the hydrothermal system. 'The
probability of fault- contralled fluid flow suggests that the observed thermal
grad1ents and alteration minerais may depend on the proximity of the well to a
fluid-bearing fracture at any given depth rather than the proximity to a heat -

source at greater depth.

Thermal‘fluids of the mddern hydrothermal system are anomalous in
, composition;compabed to other'hydrotherma1 systemsfof similér temperatures in
.. the Basin and Rahge. The'fldids, with 1es§ thanylsoo ppn total dissolved
‘SOIfds,'have low sélinjties in,spite‘df their appahéhtly active role in the
prOductidn‘of alferation minerals (Table 5). The chlorine content is very low

while‘SiOZ levels are unusually high.

The compositions of the thermal f!uidsAat,Bebwawe closely resemble those
of the water of the nearby Humboldt River. This e?idence, coupled with the
- short thermal fluids'résidencedtimé indicated‘by the low salinities, suggests
tﬁat the Humboldt iner may'rechérge thé'Beowawe geothermal system. The Tow
Jsalinities suggest that the modern fluids are not related to the hydrothermal
system that produced the strong]y mineralized and altered zone in White

"Canyon.
mchssxori OF THE ‘GEOLOGVIC HISTORY

| The chronology of Tert:ary volcanism established by the stratigraphy ‘and
ages of the flows permits the reconstruction of the Oligocene to Recent
structural history of the Beowawe 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
o and Thermal Wells, and the Humboldt River,
(Parts per Miliion)
- Horse- TR o Hot - Vulcan Humboldt
~shoe  Beowawe  Beowawe Beowawe Beowawe  Springs = 2A River at
Ranch  Geysers Geysers  Geysers Geysers Point Well Beowawe
OF 136.4 | 208.8 | cemem | eemen | ccee- 138.2
°c | =58 - 96 L mm— ———— | wee—— 59
pH - 7.0 9.5 | we--- o PP 6.8
510, - 58 - 373 449 - 413 418 72 329 33
Al. | =eeea : .‘0 ) ) 0. . S ] mmee- o2 0
Fe | =we-- .04 trace trace trace | .04 ~ =
Mn ————— 0.0 | --ee- ————— ——— 0.09 trace
Ca 22 - 0.8 | 2 trace trace 54 : 50
- Mg - 5.8 .0 0 0 0 38 13
Ba ————— ———— cmm— ] m——— m—— | ee——- :
As. - o .0 ——— I B
Na 136 230 239 . 216 282 277 214 | 58
K 17 16 33 ' : 51 9 8.5
Li .0 1.3 Camee— Semmee | eeee- 1.0 trace
NHg 6.4 0.5 a7 e B e :
HCO3 378 116 129 244 512 . 928 4] 256
CO3 0 149 173 - 84 trace 0 168 0
S04 62 89 97 84 | 91 116 89 56
1 27 30 - 47 - 30 70 49 50 30
F 500 V 15 11 ’ - ] wmeesse 6‘9 6 07
Br ————— 0.4 | wewmm | cemen | emeea ————
NOg | «ma-= 0.4 | wsmmemw | emmee | eeaae 3.3 2.5
POy - = | ememme | emeee | cmea- 0.0 '
S203 cmeee | emane 1 | ememe | emeee ] e
B ) 681 ‘ 200 ? “““““““““ 1»6 1 03
H2S | =re=- 5.5 0 T e 6.1
Sum, as ‘
reported 718,01 1028.94

435




1.

4.

5.

6.

8.

TABLE 5 (cont.)

Hot spring on Horseshoe Ranch, 1 mi 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. HZS‘estimated 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. S5i0y gravi-
metric; also reported: Sr. O ppm; I, 0.0 ppm, (taken from
Roberts, et al., 1967), ‘

. 5Beowéwe Geysers, small geyser, Sec. 17, T31IN, R48E, collected by T. B.

~ 'Nolan «nd G. H, Anderson, analyzed by E. T. Allen, Geophysical
Laboratory (Nolan and Anderson, 1934, p. 227). B, As, and H2S ‘
" reported as 8203, A504,_and‘s. (taken from Roberts, et al., 1967).

Beowawe Geysers, hot spring, Sec. 17, T31IN, R48E, collected by R. F.

Garnett, Beowawe, analyzed by S, C. Dinsmore, Univ, of Nevada
- (Nolan andenderson, 1934, p.‘227), (taken from Roberts, et al.,

Beowawe Geysers, geyser, 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).

Hot Springs Point, Sec. 11, T29N, R48E, col]écted'by G. C. Simmons,

analyzed by C, G, Mitchell, U.5.G.S., (taken from Roberts, et al.,
1967). ‘ : B . .

Vulcan 2 well, ou~$inter terrace, Sec.i17; T32N, R48E; Eureka County, NV,
analyzed by Abbot A, Hanks, Inc. (Lawrence Berkeley Laboratory, 1977).

Humboldt River sampled at Beowawe by the U;S;G.S,; analyzed by the

- U.5.G,S. (Eakin and Lamke, 1966).
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hornblende andesi;e flows accumulated unconforiably on the Ordovician Valmy
Formatioh. Evidence for stfuctural control of the thickness and areal
distribution of these units is inconclusive. However, the overlying old
basaltic andesite accumulated to a thickness of 600 m within a
north-northwest - treﬁding graben (Figure 12a). The ages of the old basaltic
andesite and the grabeh are uncertain. Ah erosional unconformity occurs in
the tuff and tuffaceous sediment séquencé near the top of the old basaltic
andesite. Therefore, the basalt above the tuffs of the old basaltic andesite

‘may be a part of the subsequent pyroxene dacite eruptive sequence.

The 16.1 to.s m.y. 0ld pyroxene dqcite accumulated within the graben and
overflowed thejeastefn boundary represented by the Dunphy Pass Fault zone
(Figure 12b). The White Canyon tuffaceous sedimentary rocks and the young
basaitic andesite flows also appear to have overflowed the graben margin
toward the east and nowiappear‘as the thin cap sequence on the Malpais Rim
east of white Canyon (Figure 12, ¢ and d). The unusually thick tuffaceous
sediment‘séction in White Canyon apparently accumulated against a topographic
high created by the graben boundary fault before overlapping the graben
mafg%n. Faulting remained active or resumed on the Dunphy Pass Fault zone
afterifhe cessation of'volcanism; this accounts for the elevation of the
volcanic units. in the east wall of White Canyon; relative to cdrresponding
horizons in the Malpa1s d1p slope to the west. The total vertica]
diSplacement of the t0p of the dac1te unit, from the upper floor of White
Canyon to its highest exposure on the Halpa1s Rim, is about 200 m. The White
Canyon tuffaceous sed1mentary rocks and young basa1t1c andesite a]so appear to

have overlapped the western graben margin. as evidenced by the presence of
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these unjts on both sides of the boundary fault. Erosion has locally stripped
these units froﬁ the M&lpa1s dip siope eXposing the fault and the pyréxene
dacite. The 16.5 ¥ 0.7 m.y. old late basalt was the final eruptive product
~and appears to have kemained within the graben'boundaries (Fﬁgure 12e). Age
dates from the Miocene volcanic sequence indicate that the flows above the old
basaltic andesite eruptéd'in rapid sﬁccessioh between 15.5 and 16.7 m.y. ago.

The graben appears to have deepéned‘as volcanism progressed.

The late Miocene gfave! accumulated on the late basalt within the gfaben
(Fibure 12e5; The east-northeast and east-west-trending faults of the Malpais
Fault'Zone.disblace the gravel and’all older units. Thesé faults show no
‘evidence of having éontrolled the deposition of the gravel or any older units,
suqggesting that fault movements producing the Malpais scarp postdate the
deposition of the gravel. The late basalt provides thefbeSt constraint on the

maximun age of the scarp.

Hydrothermal fluids depositing chalcedony.‘opal. and minor carbonate
cikcu!ated within the Ma]paié Fault and connected portions of the Dunphy Pass
"Féult. The e]evatiﬁn‘of segments of major east-west-trending veins and minor
horth-northwest-trending’véins in the Halpais 3carp,eas£ of White CAnyog
.1nd1cates~th§t:the”scérp may have grown as much;ak 180 m since the deposition
5 of the veins, . The,hydrothérmal flﬂids*appear tokhave inVéded and sealed thei"

fractures of the Malpéis-ﬁuﬁphy'Pass Fault interseC£1on~early in the
‘develépment of ihe,Ma]pais’séarp.» The zone of fintense alteration between

.'ﬁhite Canydn‘and théfsinter térracekhaS‘undergoée only minorrnplift.‘

. ¢
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Therefore. this alteration zone and the sinter terrace appear to be products

of Pleistocene to Recent hydrothermal activity.
coNcwsmn

:The observed structures and 11thologies coupled with measured f1uid
temperatures and compositions provide mode1s for the hydrothermal conduits,
reservoir, and recharge mechanisms. The following paragraphs will address

each of these subjects. Figure 13 illustrates these models.

Shallow Conduits '

The intense hydrothermal activity of The Geysers at the structura1

“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 small displacements observed on the cross

faults suggest"that these fractures and’therefore the conduit may not extend
tofgreaﬁ depth’at»this IOCality; East-west-irending fractures may also serve
;’as conduits feed1ng the hot springs on the flats at the foot of the terrace.

- However, the Dunphy Pass Fault, as the eastern boundary of the 1500 m (5000

ft) deep northwest-trending graben must extend to a depth in excess of 3000 m ‘

(10,000 ft). Therefore.,the 1ntersectfon of the,Malpais and Dunphy Pass Fault

- zones is the most likely structure to‘accommbda;e a deep conduit. Numerical

mpdeiing 6f_re§ist1vity daté (Smith~and bthers, 1979; Smith, 1979)‘suggest

»1thét a 5 ohm-meter Tow-resistivity zone exists below a depth of 915 m (3000
- ft) at therinterseétion gf the Malpais and Dunphy Pass Fault zones. This zone
'eXtends‘to the west and reaches the surfacé,at*ﬁhe sinter terrace. The zone

 represents either thermal fluids br}cdnddctiVe alteration minerals from an
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Qiderlhydrqthermal system. A 300 ohm-meter high resistivity body extends from

about 900 m depth to the surface within the fault intersection just east of
thte Canyon,'perhaps repfesentfng the silicified zone in Ordovician and
Tertiary rocks above the deep,ebnduit.v Sealing of the shallow portions of the
eonduif; suggested by the pfesence of the vein swarm, may preSently divert
hydrothermal fluids to the west along the Malpais Fau]tvzone, ultimately

prodﬁéing‘the sinter_terrace above perineable fault intersections. Fault

geometries in the vicinity of the Ginn well are also favorable for the

;westwardfmigration of thermal fluids'from the conduit at White Canybn. The

Malpais Fault and'east4west_fractureS'paSSing through'and north of Whirlwind

‘Buttebare probable conduits. However, the existing data do not eliminate the
bpoSsibility‘thdt the intersection of the South Cross and Malpais Faults may be

‘the principal deep conduit.

“‘Reservo1r Models

The Beowawe geothermal system appears to sustain shallow and intermediate

‘depth reservo1rs at and above the 2915 m depth penetrated by the G1nn well.

Temperature data suggests that a deep reservoir may be the source for these

reserv01rs. The similarity of the measured and calculated temperatures

’suggest‘that the waters encountered'in the shallow wells and the deep Ginn and

| 'Rossi”wells,are near the deep reservoif temperature. The depth and nature of

any .deep reservoir is uncertain,

Deelinihg or unreliable fluid prbduction rates encountered after drilling
(Oesterling, 1962; Chevron, 1979) suggest that the sealing of'the-faults and

fractures in the country rock may reduce permeahility and ‘conserve heat and
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flhids in éhallou to medium depth reservqirs without rapid rechgrge; The Tow
- thermal conductivity of éocks in the thick Miocene volcanic pile may produce

- further conservation of heat. These reservoirs probably lie within fractured
zones of the Vaimvaqrmation and Miocehe lava flows, and within 1nterflak
.gfavel‘zones.‘ The‘fraéturéd compétént horizons of the Va1my’Formation and

; Miocene lava flows may have Tocally high permeability, tﬁough'pérhaps Tow
borosity, sustained=by téctonfc,acti#ity along the major faults., Although a
thick carbonaté sequence capéb]e of sdst#ining a geothermal aquifer péobab]y
fexists at}depﬁhzbeheath‘the Beowawe area (Edmiston, 1§79; Zoback, 1979), we
findrneithgf geologic nof geochemical evidence to indicate that the.Beewawe

- thermal fluids flow from such a reservoir.

Rechargé Models

Fractﬁres due4to normal‘faulting prébably Caréy cold groundwater to

depth, supplying a reservoir either within fractured siliceous rocks'or

o Cargbbates; The nearby Humboldt River is, perhaps, the most re11ab1e water

source in tne region. Water from the Hunboldt River can access the Malpafs

; Fault at the town of Beowawe and the Dunphy Pass Fault on the north side of
the Argenta Rim. A playa lake at the mouth of the Whirlwind Valiey maintains
S a static water table at or slightly below the elevation of the Humboldt River '
,just downstream 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 Val]ey. permitting access of cold water to this portion of
“the fau1t zone. Fractured Paleozoic siliceous rocks 1y1ng beneath the
alluvium of the Humbo}dt R1ver va11ey between Beowawve and the northeast corner

of the Argenta Rim may also carry groundwater to great depths. An alternatlve
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‘ reéharée meéhahism to be considered is the northward lateral movement of hot
' fluid from the depths of the Crescent Valley to the Beowawe geothermal area
'along thé'SOchward extension of the Dunphy Pass Fadit zone. Hgt Springs
f f Point 11e$ othhf$,fault trend. Permeable lithd]ogies may also figure

prominantly in this mechanism,

In'concluSion, the available data support the fault-controlled recharge
—of shallow. reservoirs withﬁn the Micoene VOlcanics and the fractured siliceous

"rocks of the upper plate of the Roberts Mountain thrust. The'data‘suggest

 that these reservo1rs derive fluid from an unldentified deep reservoir by

~ means of a COHdUIt at the highly fractured,Malpais-Dunphy Pass Fault
- interSection;v'Silica has sealed this conduit at shallow depths, possibly
causing the locus of modern hydrothermal activity at the surface to occur to

the west within the Malpais Fault zone.
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EXPLANATION

~
| > Opaline Sinter (Quaternary)
UJO: dainly  laninated  opal with  layers  of
Z<ZI opal-cenented sinter clasts and colluvium.
l1.|0:<
8%‘3 Landslide Deposits (Juaternary)
33
Q-O Qac| Alltuvium and Colluvium (Juaternary)

\/
!

Tg | Coarse Gravel (Miocene - Pliocene)
Contains coboles and pebdles of pyroxene
gacite (Td), young basaltic andesite (Tba),
and late basalt (7o),

H

T Late Basalt (Mioscene)
Thin flows of Dblack diktytaxitic basalt
containing occasional macroscopic grains of
olivire set in a subophitic matrix of
plagioclase and clinonyroxene. The flows
display crude columnar ta Blocky jointing,
The K-Ar aye is 16.5 £ 0.3 m.y.

Young Basaltic Andesite (Miocene)
Thin flows of Dbrown to black hasaltic
indesite with plagioclase and olivine
phenocrysts  set in a felty matrix of
plagioclase, clinopyruxene, and brown glass.
The flows display crude blocky jointing, The
K-Ar age is 15.7 £ 0.7 mn.y.

White  Canyon  Tuffaceous  Sedimentary  Rocks
(miocene)
well bedded buff to grey tuffacecus gravel,
sandstone, siltstone, poorly consolidated
npyroclastic deposits, and porcellanite.
Gravel and sandstone conprisz most of the
unit and contain clasts of pyroxene dacite
(Td) and basaltic andesite, broken qudrtz and
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feldspar phenocrysts, and abundant subaligned
brown to black glass shards with a few intact
bubdle walls, Punice clasts abundant near
the top of the unit.

MIDDLE MIOCENE
N

Pyroxene Dacite (4iocene)

Lower portion of tne unit contains thick
flows of  gJloweroporphyritic  dacite with
aoundant aygygregates of plagioclase, pyroxene,
olivine and nagnetite phenocrysts in a glassy

groundingss. Some flows contain sanidine
inicrolites  as  well, Flows of Dblack
spheruloiaqal vitrophyre cap the dacite

porphyry. The upper portion of the unit
contains thin flows of interbedded black and
red-brown  aphanitic  dacite with  sparse
phenocrysts of  plagioclase and  abundant

<

ROX

AR

\

PO

maynetite, The red-brown flows display
platey jointing. The K-Ar age is 16,1 ® 0.5
AR

01d Basaltic Andesite (Miocene?)
A grey to olack sequence of mafic lava flows
which range in composition from basalt to

andesite. The flows contain plagioclase
phenocrysts set in a wmatrix of plagioclase,

> pyroxene, and ninor  olivine, Sequence
contains interflow rubble zones and felsic
tuffs.

Tts | 01d Tuffaceous Sedimentary Rocks (0ligocene-

S R
( $

L,

R

= Cold

o~ Springs

W Miocene)
pd The unit contains interbedded tuffaceous
8 layers of gravel, sand, and silt. The matrix
o) of tnese Dbeds contains broken feldspar,
S quartz, and mafic crystals with
< wall-preserved glass shards. Tne yravel
x layers contain abundant siliceous pebbles
W from the Valuy Formation witn lesser amounts
3 of felsic and mafic volcanic clasts. Buff to
8 grey ash layers occur internittently.
Tha An  interbedded horndlende Doiotite andesite
flow (38.6 t 1.3 wm.y.) cccurs in the lower
portion of the unit, The rock contains 20%
plagioclase, 15% hornblende, and 3% biotite
as anhedral phenocrysts in a light grey micro-
> litic to aphanitic groundnass. iMagnetite 1is
coamon  as  disseminated grains. volcanic
<ZI xenolitns are common.
v
S S Valay Forwnation {Jrdovician)
0 Predoninantly light cgrey siliceous siltstone
8] with tnick horizons of guartzite, sandstone,
% hedded chert, and siliceous conylomerate.
MAP SYMBOLS
/\//’ Contact, dasned where approximately located.
Normal fault, dashed (long) where
/ approximately located, dotted where
J concealed, Dball indicating dip of fault
e Dlane, dasned (short) where inferred from
i geophysics.
~ Strike and dip of beds and flow horizons.
O  Deep geothermal well.
.|54 K-Ar age date sample location.
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