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Abstract

The Jarbidge Rhyolitef Elko County, Nevadas approximately26 mappedodiesof
porphyriticrhyolite. Several of thebodiesare truncated by the Idaho or Utah bor@erd extend
into the states for an unknown distancEhis studyfocuses on fivébodies the Mahoganieswo
near Wild Horse Reservoir, the outcrepclosingthe Jarbidge Mountains, and one outcsopth
of Wells. T h e s foceud iy @rovidindield, petrograpi, geachemistry oxygen istope, and
geochronologynformationaboutthefive previouslymentionedoodies Physical volcanology
encountered during this studwicateshe sampledlarbidge Rhyolitareeffusive lava flows
and domeshatcoalesceaver the life of the volcanic systenfirst order approximations
indicate that mipted productsover~1,289 knt and erupted materigbtals ~509km?®.
Petrographyndicates primary amydrous mineral assemblagassimilation of granitoid
possibe assimilation oimetamorphic rockkndmagma mixing of mafic and silicic bodies
Collectively, the Jarbidge®olite lava flows sampled ammpositionally restrictettom
rhyolite to high silica rhyoliteand all samples demonstratetyjpe magma characteristics
Compositions from differertiodiesoverlap on Harker diagrams, and trace element ratios
distinguish few fbwsfrom the other samplesRareearth element pattermsimic one another,
andincompatibletrace element ratios overlap betwdmies likely indicatingthe presence of
one large magma bodyDxygen isotope values for selected samples range869%d \svow are
coincident with normal igneous valueew *°Ar/**Ar geochronologyndicates Jarbidge
Rhyolite wlcanism initiated cdl6.7 Ma nearWild Horse Reservoir and was activeBstar
Creek Summital5.8Ma. Local Steens Bsalt geochemistry, andu-Ag mineralization
indicateJarbidge Rhyolités similar to MiddleMiocenesilicic volcanics(e.g. Santa Ros@alico
volcanic feld) further wesin the OregorldahaNevada tristate region.
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CHAPTER 1- INTRODUCTION

Middle Miocene volcaism oftheldahoOregorNevada(lON) tristate region initiated
ca. 16.7 Ma with the eruption tiie Steens BasalgndColumbia River Basalt Grouc@mp et
al., 20@; Brueseke et al., 20). Coeval rhyolite volcanism erupted across D&l region ca.
17-14 Ma(Christiansen et al., 200Brueseke et 312008) Some of the silicizolcanism
associateavith this event is fairly well studie¢e.g. Santa Rosa Calico volcanic fig¢Jdhowever,
muchof theregionalvolcanismis poorly understood with respect to its temporal and genetic
nature

The Jarbidge Rhyolitess severabodiesof quartzphyric lavaand asHlows and fall
(Coats, 1964Bernt, 1998¥ound throughout Elko CountiNevada east othe most studied ral-
Miocene bimodalolcanism The Jarbidge Rhyolitevasoriginally described by Schrader
(1912) and later namednd mappethy RobertCoats (Coatsl964 &1987). Previous work
includes mapping at thd.:40,000 and.:250,000 scale antkgionalgeochemical stud¢Coats,
1964). Thegeochemicastudy focused on uranium explorationawdsc onf i ned t o t he
Jarbidge quadrangle, whicontaing h e UfitedbStates Geological Survey (USG@8)bidge
North, Jarbidge South, Gods Pocket Reaid Robinson Creek quadrang@sats,1964) Prior
and ongoing work by John Bernt is focusedhe vicinity ofthe Jarbidge Mining district, an area
not sampled by this stud¢Bernt, 1998)

Theintentof this studyis to providefield, petrographic, geochemicalxygenisotope and
temporalconstraints on théarbidgeRhyolite to betterdefineit.

Regional Geology

At approximately 17 Mathe development of the Northern Nevada Rift (NNR) and
initiation of the Yellowstone Bitspot/Céumbia River Basalt Group (CRBG) occurred (Zoback
et al, 1994). Feeder dike fiends andchemicaland temporal similarities betweeruptive
products othe NNR and CRBGuggestheyareregionallysimilar magmatic systes{Zoback
et al, 1994;Hooper et al., 200Lamp& Ross 2004;Bruesekeand Hart, 2008 The main
eruptive phase of the CRBG occurred from ca. -1I6.®Ma and ismainly exposed in
Washington(Camp and Ross, 20Q4)owever basaltigolcanismlocal to thelON tristate region

eryptedca.16.7-14 Ma(Brueseke et gl2007. The etent oftheseeruptionscan be foundt
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Abert andPoker Jim RimOR (Brueseke et al., 200,/5ouh to the Black Rock desert, N€ast
to Copper Basin, NYand northof thewestern Snake River Plajhlartand Carlson1985; Camp
& Ross, 2004Bruesekeet al, 2007).

Coevalwith the flood basalt volcanisrsilicic volcanismfrom diverse eruptive loci
formedacrosgheION tristatearea(Fig. 1; Manley and Mclintosh, 2@0Bruesekeet al, 2007,
Starkel et al., 2009 Contemporaneousith this bimodalolcanismwas regional extensional
tectonism Zoback et al., 1994; Cummings et al., 2000Jgan and Henry, 2009) atifike
developmenof epithermal bonanza AAg and precious metal deposifs.g.Jarbidgedistrict,
lvanhoe districtMidas districtNational,andDeLamar, John, 2001Wallace, 2003Saunders et
al., 2008. Extensive silicidavaflows, domes and ash flows were emplaitedorth central
Nevada ca. 16:14 Ma gohn, 2001Wallace et al 2008; Callicoat and Bruesek2009). This
regionalmid-Miocenetectonemagmaticeventhas several ufying characteristics: (1)
widespread silicic volcanism, from small and large,|@2) flood basalt magmatisni3) Au-Ag
epithermalmineralization, ad (4) smilar extensionatectonic stresses

Twosilicicvolcami ¢ Afront so deatdiztONared ofGiliciom t he
volcanism:the High Lava Plains (HLP) anéstern Snake River Plain (ESRP). The HLP is the
northwestem progression of bimodal \@ansm from the ION tristate regiod¢rdanet al.,

2004). The ESRP begins with the Brunelarbidge volcanic fieldand includsthe Twin Falls,
Picabo, Heise, and Yellowstone volcanic fieMkich decreasa age with northeastward
progressior{Fig. 1;Armstrorg et al., 1975; Christiansenadt, 2002). The volcanic fields in the
ESRP erupted large silicic ash flow sheets, with subordinate amounts of silicic lava Tloese
werefollowed by localized basaltic activithat effectively buriedhe silicic centers underl

kilometer of basalt (Christiansemd McCurry 2008).

Regional Overview and Local Geology
The Jarbidge Rhyolit€JR)is a map unispecific toElko County, NV,andseveral of the
26 bodies are truncated by state borders ldigiho and Utah (Coats, 198 Bodiesare north of
Wild Horse Reservoir, surrounding Wild Horse Reservoir, between Elko and Wild Horse
Reservoir, the Jarbidge Mountains and surrounding area, south of Wellantl¥everal bodies
are truncated by thelahoor Utahstate boarder@=ig. 2). Many of théodiesare only



Figure 1: Shaded relief map of Pacific Northwest, U§Brueseke and Hart, 2008) Thelime green color

indicatesthe subaerial extent of Cenozoicflood basalt volcanism, red dashes indicatselectflood basalt

eruptive loci, blue color indicates area oMid -Miocenesilicic magmatism, numbered purple lines are

isochrons for the High Lava Plainsand numbers correlate to silicicactivity (Ma), purple ovals depict volcaric
centers associated with theastern Snake River Plainand numbers bracket the activity of silicic volcanism at
agiven area Solid black lines near NNR indicate the approximate strike of aeromagnetic anomalies. Solid
black lines nearOIG approximate trend of bounding faults of the graben. East of theSr isotope0.706 line is
approximate edge of craton boundary and west of the Sr isotope 0.704 boundary is accreted oceanic terranes
Abbreviations are as follows, Northern Nevada RiffNNR), Oregon Plateau (OP), Oregoridaho Graben

(OIG), Bruneau-Jarbidge (BJ), Twin Falls (TF), Picabo (PC), Hese (HS), and Yellavstone (YS). The

numbers that correspond to BJ, TF, PC, HS, and YS indicate the period of volcanism that the field was active
in million years agoThe red dash outline box is approximately defines the approximate location of Figure 2.



accessible by unimproved gravel/dirt roads, and access is limited by lack of roads, designated
Wildernessareas, and private property. This stuaginly focuses on samples gathered from the
JarbidgeSouth, Mount Ichabod, Badger Creek, Wild Horse, MaBiver Basin NW, Delaware
Creek, Tennessee Mountain, and Mer rbodteswithMount a
corresponding names are illustrated on Figure 3.

The bodiesare located east tiie 0.706''Srf°Srline, which delinates the western edge
of the North American Cratoms indicated b$/Sr/*°Sr, rangeof 0.71010.7142 confirming
their position ovethe Proterozoic cratonGhristiansen et al., 1986 Additional isotopic data
includes artAq value of-24.8 indicatinginvolvement of ancient lithospheire JR magmatism
(Nash et al., 2006)The basaltproximal to thelRis the Seventy Six basalihich crops out as
porphyritic stocksn CopperBasin(CB) and lava flows near Sunflower Resery@R). The
Seventy SibasaltCB has arf’Sr/*°Sr = 0.70561 *Nd//*** Nd, =0.5124,2°Ph***Pb=18.80,
2Vpy2%%pp=15.60, and*®Ph**4Pb=38.87 (Carlsonrad Hart, 1985& 1987)

The largest outcrop of the rhyolite is tfireain body  ( ;i@ 3) which encompasses
thetown of Jarbidgethefit y p e andaretsio the south.The stratigraphy of this area is
being used as representative of loeiessampled, with the exception of the Waedlstcrop The
JRis underlain byPrecambriarandPaleoz@c metasedimetary rocK€oats, 1964Rahl et al.,
2002. Creteceous granitoidhtruded the Precambrian and Paleozoic ro@sulting ingarnet
bearing skar bodies(Rahl etal., 2002). Local premid-Miocenre rocks ircludeEoceneash flow
tuffs interbedded with ustrinestrataand debris flondepositRahl et al. 2002 Henry, 2008.
Overlyingthe uffs and sedimentarstrataarethe Seventy SikasaltstocksandJR (Coats,
1987). Minor amounts of dacitavaflows and tuffs grave] and rhyolitic ash flows overligne
JR (Coats, 1987)The northern boundary of tiMB outcropis unconformably overlaid by the
younger, ca. 12:10.5 Ma, Cougar Point Tufif the ESRRBonnichseret al., 2008Coats
1987;Catheyand Nash2004). Following this, the Jarbidge Mountains experienced three
different episodes of alpirgaciationswhich removed an unknown portion d® §Coats, 1964).
Fluvial erosion has occuwd during the Pleistocemmdas note by Coats (1964)streamterraces
are found at substantial elevations above the current rivers and streams.

Extension occurred in the Copper Basin area ca. 41.3 Ma and ceased prior to the
emplacemenbf Seventy Six basalt and Jarbidge RhydlRahl et al., 2002)Howeve, multiple
mid-late Miocene normal faults cut the Jarbidge rhyoliigh a bimodalistributionof N20°W



andN70°E (Coats, 1964Zobacket al, 1994. Thenorthwestfaults have sintar trends to other
mid-Miocene structures ftherwest including theNNR andflood basalfeeder dikes Bernt
(1998) reports syyimagmatic faulting within the Jarbidge Rhyolite mining distrithefaultsdo
not cut the Cougar Point Tuff, indicatingtersionprior to 12.7 Ma (Coats, 196&atheyand
Nash 2004).

The regional volcanics havedredated by several authors who used different methods.
The published geochronologydicates JR and Seventy Six basalt volcanigms activeca. 16.8
14 Ma within the study areéSeventy Six basalt dated byA& geochronologyields ages of
12.4 +0.7 and 15.5 +0Ma (Hartand Carlson1985) andan“°Ar/*°Ar geochronologyf a
single plagioclase crystal yields ageléf5 +0.2 Ma (Rahl et al2002), which is considered
more robust than the-Kr ages. Reported ages of the Jarbidge Rhyolite are ca. 14vithen the
main body(Bernt, 1998) Geochronology from outside the main body include$’m/**Ar age
of 16.2 Ma from the Bull Run BasifHenry, 2008)a K-Ar age 0f16.8+ 0.5 Ma from the
Mahoganiesa K-Ar age of15.4 Ma north of Wild Horse Reservoir (Evernden etl#l64),a K-
Ar age 0f15.4 Ma east of Wild Horse Reserv@@oats, 1964)andK-Ar ages ofoutcrops south
of Wells, NV, thatindicate activityfrom ~14.813.4 Ma(Snoke et al.1997).



Valcanic and sedimentary rocks
Jarbidge myolte
Andesite and dacite lavas

Ash-flow tuff
Sedimentary rocks

Figure 2: Modified generalized geologic map of Elko County, NW¥Henry, 2008 simplified from Coats, 1987%.
The red box defines the approximate area displayed hbyigure 3.
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CHAPTER 2- METHODS

Field Methodsand Petrography

TheGeologic Map of Elko County, Nevad@oats, 1987)vas used to identifigodiesof
Jarbidge Rhyolite Sample collection was conducted on foot Aattempted to maximize the
number of lava flowsampled Areas were sampled whegpaysical volcanology indicated
different flows(e.g. vitrophyre,change ircrystallinity, flow breccias) Sampling fromaltered
lava flows was avoidednd in all cases | collectede freshest possible materidlhe lbcations
of collected samples were recorded using a GaraiexeGlobal Positioning System hand held
device setd Universal Transverse Mercai®/TM) coordinates and North American Datum
(NAD) of 1927. The mordinates of sampled locations may be found in Appendix A.

Representative samples were point counted with a targe@@d tounts per thin section
and a stenterval of1 mm Pointcounting was conducted using the 10x objectind mineral
counts were kept on a counter. Photographs were taken using a 4 megapixel camera mounted to
a Nikon petrographic microscope. Scales in photomicrographs were digitadlg asithg Spot

software.

Sample Preparation

An initial mass of sample to procdss petrography, geochemistry, geochronology and
oxygen isotope dataasbased on: crystal sizamdabundancand alteration.Larger crystal size,
higher cystallinity, and more prevalent alteration require larger masses for proceSsimples
were split usinga Rocklabs hydraulic splitter/crusheith tungsten carbide faceSamples were
split using the Akniafmaxinuehgize 02.5a2 xsentaneters. r educed
Weathering rinds, apparenteation, and any contaminant weeenovedusing a diamond
tipped rock saw, silica carbide sandpaper mounted on a grinding wheel, and hand [iskigg.
the rock saw,hin section blanks were cut fib standard 24 x 44 millimeter thin sectioassd
blanks were sent to Spectrum Petrographics Bamples which had weathering rinds removed
via the rock saw were ground with silica carbide sandpaper to remove any adherediietal.
samples were washea deionized water to remove any adhering powder or contaminant.

Samples were crushed using a Rocklabs crusher and reduced until sample pieces had a diameter



of <5 mm A cone and quarter methadhs used to obtaia 1520 mlaliquot of randomized
sample. The aliquot was further reducéala clay size fraction by @pex Industriealuminum

oxidesshatter boxresulting in processed sample powder

GeochemicalAnalysis Preparation

Loss on ignition (LOI) was determined for all samples analyzed for chemistry.
Approximately one gram of processed sample powder was weighed in a ceramic crucible, heated
in a muffle furnace &@50° C for one hour, allowed to cooldmbient temperature, and
reweighed. LOI= ((massia-masgna)/(Massiia))*100. Alteration wa assessed lexamining
LOI with K;O/N&O. Low temperature hydration is commonly deciphered by an increase in wt.
% K0 and SiQ, decrease in N®, and oxidation of Fe (Stewart, 1979; Riley et al., 2001).
Vitrophyre samples have experienced some low &atpre hydration as evidenced by the larger
a K;O/N&O ratio coinciding with larger LOI numbers (F2P).

Major and trace element chemistry was obtained at Miami University using direct current
plasma atomic emission spectroscopy (RAES). An initial solution of nitric acid and trace
solution spike was added to a 12bptastic bottle. Masses of solution components were
recorded anthter used for calculating tlegjuivalent dilution.Processed sample powder and a
lithium metdorate flux werdnomogenized and placed in a muffle furnace, resulting in a molten
bead. The resultant molten bead was dissdlvediinitial solution resulting in a sample
solution. Aliquots osamplesolution were used for major and trace element analyses. Blanks
were created for the major, minor and spiked solutions and run with sampaelsljtion to
commerciakexternal standardsom the United States Geological Survey (USGS)apmhnese
GeologicalSurvey Multi-element cassettes were used for data collectitajor element
concentrationef samplesvere determined bgeak intensiticomparison with standards of
known concentrations. Separate runs fayggorous concentration were complet@dace
element concentrations were determined by standard addRigported concentrations were the
result of averaging three runs. Data collection and reduction was performed on specific software
written for the DCPAES at Miami Universityand themethodsfollow those of Katoh et al.

(1999).

The initial solution contag~50 grams of 5% HN§spiked with 3,000 ppm Li, 10 ppm

Ge, and 20 ppm CdITwo hundred milligrams of processed sample powder was mixed with 600



milligrams (with a maximum deviation of 0.5 mgj)lithium borate(LiBO,) flux. Sample and

flux mixture wereplaced in a graphite crucible. The crucibles were heated at 950° C in a muffle
furnace for twenty minutes. A molten bead formed and was poured into the initial solution. This
solution was shaken vigorously and placed on a reciprocating table. Thesatopld at

ambient temperature for at least twelve hours and if any solid resitiaénez the mixture was
unusable.

Major and Trace Element Dilution:

Approximately one @f thesamplesolution was added to a 60 plastic bottle
containing ~25 grams of spiked major solution. The equation to calculate equivalent dilution is:
((mass of major solution + mass of trace aliquot)/mass of trace aliquot)*(trace aliquot mass).
Externally run standards include United States o | 0 g i ¢ aAGV-3 BCR2 eBIHGCs2,

DNC-1, G2, GSR2, and S¥2. Japanes&eological Survey standards include3Rand J&,
and one French Geological Survey standardN\Bivas also run

Trace element concentrations were determined by standditdbad Each sample
requireda set of solutions, one without spike, and two with varying amounts of acid and spike.
Each bottle in a set has 10.0003006 grams of the original solution added. Then the three
bottles had: 0.6 hof 5% HNG;, 0.3 m of HNO3; and 0.3 rhof trace element spike, and 0.6 mL
of trace solutioradded to thenrespectively. External standards thatevaerm are the same as
those run for majors
Data Collection and Reduction:

Data collection and reduction was done by computer softwpecific to Miami
University Geol o-#4§S. Dhe folowirtg moerectionssver®dpplied to the
analyses (LeMaitre, 1976).

Oxidation ratio (OX)=FeO/(FeO+Fg3)= 0.930.0042 SiG-0.022 (NaO+K,0)

Fe03=[0.899813(OX)(Fg0s*)-0.899813(Fg05*)]/ [-0.8998130.100187 (OX)]

FeO=(FgOs*-Fe,03)/1.111342

Nb Correction NByinay=Nbmeasured)(0.108XVmeasured)

Zr Correction CaO, AbO3, and FgO; are converted to ppm

Zr(final)=Zr(measured)/[((CatAl+Fe)/Zr(measured))000021+1.009696]

Rare Earth Elem and Trace Element Analyses
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Fifty mg of samplend seventfive mgof sodium tetraborattNaBQO,) andpotassium
carbonatdK,CQOs) flux was mixed and homogenize@he mixture was then transferred to a 10
ml graphite crucible and placed in a muffle furnat®50° C for thirty minutes. The resultant
molten bead was allowed to solidify and cool to ambient temperature. Upon reaching ambient
temperature, the bead was transferred to a 12¥ttie containing 1% nitric acid. This solution
was placed on a skiag table for several hours until the bead was dissolved. The analysis was
performed the following day on a Varian quadrapole intercoupled plasma mass spectrometer
(ICP-MS). The instrument is a prototype model with no identifying model name or number

associated with it. Reported values are the average of 100 runs.

“Ar/ *Ar Geochronology

Three rhyolite samplesweredated Auburn Universityoés Aubur
Analysis Laboratory (ANIMAL)using*®Ar/**Ar geochronology Rhyolite distributiorard
guantity of dated samplés one sample from the Wild Horse Reservoir dome outcrop, one from
the Wild Horse Reservoir outcrop, and one from the main body.

Multiple sanidine crystals were dated for each sampke38WwW Synrad CQinfrared
laser The ligh sensitivity and low blank of the instrument permits measureméit'dimole
samples to witim 0.02% precision. An analysis is the result of eight cycles of measurement over
a range of masses and half masses from m/e=40 to m/e=35.5. Data cddlledtreduction is
facilitated by National Instruments hardware and a Labview program written by lab personnel
specifically for ANIMAL. Initial data reduction is accomplished through ahanse Excel
spreadsheet, with fiheeduction using Isoplot (Ludwi@003.

Oxygen Isotope Analysis
Crushed sample produced duriggpchemicapreparation was sieved a>2mmbut
<0.5 mmsize Quartz and feldspar crystals were separated byusngbinocular microscope
Crystals were chosen basedrmvisible inclusions, fractures, and alte@ti Approximately 20
mg of sample was needed for a single analysis. Several analysesoivarsingle sample
mineral weresent tothe Washington State University GeoAnalytical Lab. Laser fluorination
was used to anatg samples. A 20W Claser was used to liberate oxygen follogvihe laser

techniques of Sharf1990. Liberated oxygen was measured by a FinrlijdPelta S Isotope
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Ratio Mass Spectrometer operated by an ISODAT NT software operating system. The oxygen
isotope values were corrected by repeated analysis of thePW@ a r n e t ®s~t5a 8dda)r d (|
with the range from 0.05a4 to 0.22a of anal yti
Larson, 2005).Some samples have replication data and this can bd fppendix C.

Volume Estimates

Volume estimates were obtained using Arc@éssion 9.3.1 Two National Elevation Datasets

(NEDs) at one third arc second resolution were downloaded from the seamless map server

(http://seamless.usgs.ggv/The NE were mosaiced using the mosai in Arc toolbox.

The resultant mosaiced rast er 0 sThaGedlogicMap mensi o
of Elko County (Coats, 1987) was scanned at a 720 dots per inch res@untiageoreferrenced

with a resultant error smaller than the pixel size. All map datum and projections were set to

UTM North 11 zone and world grid survéy/GS)of 1984. Bodieswere digitized by point and

click at ~1:5,000 scaleSpatial analyst, an ArdS extension, was used to calculate volumes.

The zonal statistics function of spatial analyst deteesmimaximum and minimum surface

el evations of a defined area within an NEDOSs
polygon, which is a JR outgoan this case.The lowest surfacelevation witlin a polygon is

treated as the lowest elevation of WRin that outcrop. The raster calculator was used to
subtract the minimum elevation from every cel
wascreated. The raster calculator works on an individual cell basis, applying a function or
operation to each cell in a raster. By mul ti
Acal cul ation 20 was <cr eat digliedeachthigknesswdluebyp!| i c at
the area of space it represents, yielding a volume. Zonal statistics was used to sum the values of
cells within the borders of a polygon, and the resultant sum reported is the value of erupted

material. Overall, it is aut and fill method. A schematic sketch visual depicts how the method

works (Fig. 4).
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Lowest surficial

outcrop

Subsurface Plane /

Figure 4: Generic cross section depicting portions of surface and subsurface included in cut and fill volume
estimate method. Purple color represents all subsurface anddid black line indicates topogaphic surface
Plane arrow points to imaginary plane whh volumes are calculated aboveyhite columns indicates portion

of ground and subsurface included in volume estimatePurple color isnot included in the calculation
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CHAPTER 3- FIELD RELATIONS

The Jarbidge Rhyolites severadiscretebodiesof coalesced rhyoliteava flows, domes
and pyroclastics (Coats, 19641887; Bernt1998 this study. The study focused on several JR
bodies andspecific regions from each outcrop were samgled. 5).
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Figure 5: Black borders constrain the sampled locations, and adjacent namgis dark gray boxes,are the

designatednamefor a sample location Bear Creek Summit (BCS)C o o n

Creek Summit (CCS),

River Basin (MRB), Charlegon Reservoir (CR), Delaware (D;in text is grouped with Wild Horse Reservoir
[WHR]), Wild Horse Reservoir Dome (WHRD), Mahoganies (M). BCS, CCS, MRB, CR are considered MB
bodies D and WHR are casidered WHR bodies WHRD is the WHRD outcrop, and M is the M outcrop.
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TheMB outcropis the largestwith anapproximateArcGIS calculatecreaand volume
of 949 knf and405 knt (Table 1) This estimate is further supported taking the average
thicknessf two unfaultedsample locationand multiplying by the area calculated using
ArcGIS; which yields a volume of ~408 kin Theapproximate aand volume of erupted
materialis 232 knf and 66 kmifor Wild Horse Reservoirl01 knf and 37 knifor the
Mahoganies, anfl.8 knf and 0.93 krifor theWild Horse Reservoir dom@able 1) Together
thesebodiescome to a totadpproximatereaand volumeof 1,319 knt and 50%km°. Areaand

volumewasnot calculated for the outcrop near Wells, NV.

Table 1: Summary of approximate area and erupted volume of Jmodies

Location Area (knf) Volume (kn?)
Main Body (MB) 949 405
Wild HorseReservoir (WHR) 232 66
Mahoganies (M) 101 37
Wild HorseReservoirDome (WHRD) 6.8 0.93
Total 1,289 509

The nterpretation of physical volcanologydicates thathe JR observed during this
studyconsistprimarily of aseries of thick rhyolite lava flowsSampled packagesry in
thicknessfrom 61 - 485 m Many packages contain multiplavaflows. Physicalfeatures
includebrecciasyamp structures, flow bandiffiglds (at hand and thin section scale), vitrophyre,
sheefointing, andinternalmassive portions of lavitow. Additionally,one vitrophyric neck
was found

Overall, he JRencountered lackany indication of explosive eruptionandlavaflows
were found overlying one another withquyroclastic materidbetween themCoats (1964and
Bernt (1998)yeportpyroclastic materiah the JR formatiorfrom an area not saned by this
study Given the lage magnitude of lava eruptedgives may be expectduaut are not observed
in the study areaErosionmay have removed thesarfidal featurs.

Charleston Reservdilows havevery limited physical characteristic flow breccia,
with oxidation stainingontains clastranging from pebbketo bouldes (Fig. 6). When viewed

from a distanc€Fig. 7) a lobate form is displayed, indicating this area is likeflow margin
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TheMaryé River Basin transeeiscended through 88 mof rhyolite. Spherodial
weathering was observed at higher elevations along with vertical jBigts8). Nondescript
stony rhyolteis common. Howevea~40-m-thick sequence of upper vitroplybreccia,
vitrophyre, stony rhyolite, andasalvitrophyreis found. Theupper vitrophyridoreccia (Fig9)
consists of pebb#to bouldes and overlies massive vitrophyr&hese are believed to be
associated with one another based on petrographig distussed later. Thwassivevitrophyre
overlies sheared stony rhyolitehichgrades into a massive basal vitrophyre. Generally,
vitrophyre has #rachytictexture, and ranges from glassy to devitrified.

Coon Cr e e KFig3Qutmakesttpérteon is 375m. The onlyoccurrence of flow
bandingis at CCSandthis areds apossible eruptiveenter The flow banding is on the
centimeter scal@=ig. 11). Lower in the section, sheet joing is obvious in the interianassive
stony portion of flow.Three different vitrophyre oatopsarein this transect Vitrophyre layers
hawe vertical distances of ~3[R0m betweerstratigraphically higher or lower vitrophyre
outcrops Lowerin the sectionbasalvitrophyremakes a convolute contact with interior stony
rhyolite (Fig. 12). A jointedvitrophyre neckwith near horizontal jointsrops outat the base of
thepackag€Fig. 13). Underlying thevitrophyric neck is a classupported breccia of devitrified
vitrophyre and white matrixHig. 14).

BearCreek Summit is a topograplsaddle locad between Coon Creek Summit and
Deer Mountain.A ramp structure of alternating layers of devitrified vitrophyre and stony
rhyolite is presenbnthe south side dbeer Mountain(Fig. 15). The altenation occurs at the
centimeter scaleSheet jointing bstony rhyoliteis observed in the thicker stony rhyolite
portions. Vitrophyre in thisarea displays internal shearing, a flow foliation.

The Mahoganies outcrop also lagksdenceof pyroclastic activity. The sampled areas
appear as massive stony imbes with underlyingbasal vitrophyréFig. 16). The Wild Horse
ReservoirandWild Horse Domeareassampledare nordescript, consistingf thick stony
rhyolite (Fig. 17& 18).
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Figure 6: Oxidized flow breccia locatedsouth of Charleston. A 55 cmong rock hammer serves ascale.
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Figure 7: Yellow line tracesthe contact ofa Jarbidge Rhyolite flow margin and sedimentary strata south of

Charleston. Photographtaken approximately 1.5 km southwest ofargin, view is to the northeast
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Figure 8: Vertical joints in peak 8627, Mar yds Ri ver Basi n .NlowlingéloWes GS quad:]
left corner indicate joint dip direction. Photographwastaken from ~1 km north-northeastwith 3x zoom

power. Trees ae ~2-3mtall. This area may bean eruptive center.
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Figure 9: Upper vitrophyric breccia with a ~40cm hammer for scale. Photograph is taken from Maryés

River Basin transect.
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Figure 10: View of Coon Creek Summitand adjacentarea from ~4.75 kmsouth. CoonCreek Summit and

peak 9426 are~1.3km from one another with ~300m of vertical relief. Black line is theapproximate contact

between Jarbidge Rhyoliteand underlying Eocene ash flow tuffand sedimentarystrata.
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Figure 11: Yellow line approximatesthe axial planeof the flow fold in JR from Coon Creek Summit
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Figure 12: Convolute contact between basal vitrophyre and stony rhyolitavith ~40 cm long rock hammerfor
scale Yellow line follows approximate transition of vitrophyre to stony rhyolite in Coon Creek Summit

outcrop.
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Figure 13: Jointed vitrophyric neckin Coon Creek Summittransect, possible eroded neck or plug.
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Figure 14: Photograph is taken south of Coon Creek Summit transectYellow linesapproximate dip

direction. Joints outcrop over an estimated 10 nof vertical relief. Underlying breccia is devitrified rhyolite
and ashy material.
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Vitrophyre

2009/07/08 0301 PM

Figure 15: Ramp structure, fir o ot lloeased @an salith #lopesof Deer Mountain. Alternating bands of
vitrophyre and stony rhyolite are indicated by arrows and text. Stony rhyolite appears reddish and
vitrophyre as dull black.
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Stony Rhyolite

Vitrophyre

Figure 16: Yellow line indicatesapproximate contact of vitrophyre and stony rhyolite in Mahoganies outcrop.
Photograph wastaken several hundred meters south o$lope. Outcrop relief is approximately 61 m from
road to highest elevation.

27



2008/07/25

Figure 17: Wild Horse Reservoir outcrop approximately 85 m thickfrom road to crest. Photograph was

taken from 0.25 kmto the southeast.
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Figure 18 View of Wild Horse Reservoir Dome outcrop Picture was taken from~3 km northwest of

outcrop. The outcrop is approximately 200 mthick. Yellow line approximates the contact of JR and
underlying sedimentary strata.
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CHAPTER 4- PETROGRAPHY

Appendix A includedJTM coordinates anfleld notes of collection areas, petrographic
description of sampleand point counted modes for representative samjiesand samplethe
JR is smoky quartzphyric. Phenocrystabundances approximateigngefrom 15-40 %, and
eleven pant counted samples yield an averggenocryst abundancef ~30 %by volume
Smoly quartz cystalsarefractured and severalmin diameter; however, several sdey
contain crystalsipward of ~1 cm Sanidinecrystalstypically display a euldral habitandafew
samples caiain seriticiziedsanidine crystals Crystal sizes range frofinto an okerved
maximum of 12 mm Plagioclase crystals aless if not as commoms sanidineandare
typically seriticized Plagioclase nystals typically cover the same size rangeasdine
however, one sample, JI®-21b, displaysseveralplagiodasecrydals as large as 2.2 cm
Additionally, a single plagioclasgystal 3.8cm in the longest dimensionas found inaJRlava
flow (Fig. 19A). Theflow bearing thirystal is proximato the Seventyix basalin Copper
Basin whichcontainssimilar sizel plagioclase crystal$-ig. 19B). Opensystem textures in

feldspars may be seen by the naked eye in several samples from CCS.

Figure 19: A) Plagioclase enocryst3.8 cmin longest dimensionfound in the JR lava flow. B) Plagioclase

crystal in Seventy Six basaltCopper Basin

In thin sectionJRsamples are hotwystallineto hypocrystalline Vitrophyre

groundmasssvary from glassy talevitrified and commonly display perlitic fracture
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Vitrophyre samps commonly hava higher proportionof mafic minerals than the stony
rhyolite. Stony rhyolite groundmass is commonly devitrified with microcrystalline feldspar
laths. Flow banded glas@-ig. 207), flow-alignedoxides, and fotaxitic and trachytidexture

(Fig. 20B) are present in several samples.

Figure 20: A) Flow-banded glassblack bands, andquartz phenocrystin plane polarized light (PPL). B)
Pilotaxitic groundmass in vitrophyre in PPL. Arrow approximates flow foliation. C) Upper vitrophyre
brecciain PPL. A disarticulated, but only partly displaced quartz crystal is found between the two dashed
lines, and pilotaxitic vitrophyre is found outside them. Abbreviation Qtz=quartz. D) Crystal chips infilling
spacebetween vitrophyre clastin PPL. Dotted lines trace clast boundaries and chips fill area between
clasts/dotted lines.One chip is outlined in black, and severahdditional chips are found above, and down and

to the right from this chip.

In thin sectionthe upper vitrophyre of MRB is clast supported. Clasts are vitrophyre
with pilotaxitic textue and seriate crystals (Fig.@Q Fractured crystals are found filling void
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space beateen vitrophyre clasts (Fig. ). No concentric oxide shells, as delsed by Manley

(1996), were found. This sample comes from a transitional area between dense angdbreccia

vitrophyre; hence, the sampled zone may not have been vesciculated enough to form pumice or

made contact with the atmosphefiéhe underlying massivatrophyre, and basal vitrophyre of

this flow also displaypilotaxitic texture and similamineralogy; together theskefine one flow.

Phenocryst phasés the JR are quartz, sanidine, plagioclase;TiFexides, +

clinopyroxene, diotite, + hornblendet oxyhornblende, zircon, andapatite (Fig. 21). Quartz,

Quartz
Plagioclase
Sanidine
Fe-Ti oxide
Zircon

CPX

Apatite
Diseq

CCS, MRB, WHR

71

72 73 76 i
Wt. % SiO,
CCS
MRB
CR~-
WHR:
WHRD
M

Figure 21: Primary mineral occurrences across Si@wt. % range. Black lines indicate that the phase is found

in all thin sections from this study Dashed lineindicates that mineralis intermittently found and

abbreviations above dashed lines indicate what saple locations contain the mineral Abbreviations are

CPX= clinopyroxene, Diseq= disequilibrium texturesBCS= Bear Creek Summit, CCS= Coon Creek Summit,

MRB= Maryds

Ri ver Basi n, CR= Charl eston

Reservoir

Reservoir Dome, M=Mahoganies.Gray field denotes area of texturesThe solid lines under the box indicate

the wt. % SiO, displayed by each outcrop.

sanidineand plagioclase are the mamtmaryphases, and 11 point counted samples yield

average modal abundances in % by voldaneguartz (11.2, sanidine (%), and plagioclase

(7.0. The pointcounted samples reveaahnsitiors between relativguantitiesof major phases

with increasing wt. % Si© The most abundamhajor rock forming mineraransitions from

plagioclase to sanidine to qua&z wt. %SiO, increases Anhydrous mineral assemblages are
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typical andopensystem textures are comma@mndthe degree of open system processes varies
between samples

In thin sectionquartzcrystals areeuhedralanhedraglvarying in size from
microcrystallineto 5.4 mm. Modally, quartz varies from 4.416.7 % by volume Quartz
textures include embayments (FERA), ocelli (Fig. 2B), chessboard extinction, broken
crystals whose faces could fit together ljkgsaw puzzle pieces (Fig. €), andgranophyre and
graphic graniteextures (Fig. 2B). Independent crystals may be linked by crystallographic
orientationsindicating that these now separate crystals are structurally connected

Figure 22: A) Embayed quartz in flow banded groundmassn PPL. B) Yellow lines "box" the quartz ocelli

surrounding the crystal in PPL.

Sanidine displays simple or no twin§hose samples without twinning are determined to
be sanidine based on their 2V angle and optic axis figiMeslally,s ani di nedés abundar
from 1.6 to 16.5% by volumeSanidine is commonly anhedisibhedraldisplaying
embaymentsantirapakivi (Fig. 3A), skeletal(Fig. 23B), spongyinclusion rims (Fig 3C) and
boxy textures. Skeletal sanidine is intergn with skeletal plagioclase several sample§-ig.

23B). Crystallographially controlled squarglass reentrants (Fi@3D) andplagioclase
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Figure 23: Photomicrographs of open system texturesA) A clot of sanidine,plagioclase and altered maficén
crossed polarizedight (XPL) . B) Extensively resorbed plagioclase andanidinePPL. C) Inclusion rim in
sanidinein XPL. D) Glass reentrantsin PPL. E) Spongy plagioclase, view is of one crystal arglass

groundmassin XPL. F) Graphic granite texture in XPL.
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Figure 24: A) Xenocrystic clot of microcline (Micro) and plagioclase (Plag)n XPL. B) Xenocrystic biotite
with oxide inclusionsin PPL. C) Clot of hornblende (Hbl), and plagioclasen PPL. D) Oxyhornblende
(Oxyhbl) in PPL. E) Garnet xenocrystin PPL. F) Xenocrystic clotof plagioclas crystalsin XPL.

inclusions occur in some sanidine crystals. Groundmass sanidine desjplégysxitic texture
(Fig. 2B). Plagioclase is anhedraibhedral ad modally varies from 2:%4.1% by volume.

Textures include skeletal, embayed, boxy and sponggtals(Fig. 2&E). Their cmpositional
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