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Abstract 

The Jarbidge Rhyolite of Elko County, Nevada, is approximately 26 mapped bodies of 

porphyritic rhyolite.  Several of the bodies are truncated by the Idaho or Utah border, and extend 

into the states for an unknown distance.   This study focuses on five bodies, the Mahoganies, two 

near Wild Horse Reservoir, the outcrop enclosing the Jarbidge Mountains, and one outcrop south 

of Wells.  The studyôs focus is providing field, petrography, geochemistry, oxygen isotope, and 

geochronology information about the five previously mentioned bodies.  Physical volcanology 

encountered during this study indicates the sampled Jarbidge Rhyolite are effusive lava flows 

and domes that coalesced over the life of the volcanic system.  First order approximations 

indicate that erupted products cover ~1,289 km
2
 and erupted material totals ~509 km

3
.  

Petrography indicates primary anhydrous mineral assemblages, assimilation of granitoid, 

possible assimilation of metamorphic rock and magma mixing of mafic and silicic bodies.  

Collectively, the Jarbidge Rhyolite lava flows sampled are compositionally restricted from 

rhyolite to high silica rhyolite and all samples demonstrate A-type magma characteristics.  

Compositions from different bodies overlap on Harker diagrams, and trace element ratios 

distinguish few flows from the other samples.  Rare earth element patterns mimic one another, 

and incompatible trace element ratios overlap between bodies, likely indicating the presence of 

one large magma body.  Oxygen isotope values for selected samples range 6.61-8.95ăVSMOW are 

coincident with normal igneous values.  New 
40

Ar/
39

Ar geochronology indicates Jarbidge 

Rhyolite volcanism initiated ca. 16.7 Ma near Wild Horse Reservoir and was active at Bear 

Creek Summit ca.15.8 Ma.  Local Steens Basalt, geochemistry, and Au-Ag mineralization 

indicate Jarbidge Rhyolite is similar to Middle Miocene silicic volcanics (e.g. Santa Rosa-Calico 

volcanic field) further west in the Oregon-Idaho-Nevada tristate region. 
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CHAPTER 1 - INTRODUCTION  

Middle Miocene volcanism of the Idaho-Oregon-Nevada (ION) tristate region initiated 

ca. 16.7 Ma with the eruption of the Steens Basalt, and Columbia River Basalt Group (Camp et 

al., 2003; Brueseke et al., 2007).  Coeval rhyolite volcanism erupted across the ION region ca. 

17-14 Ma (Christiansen et al., 2002; Brueseke et al., 2008).  Some of the silicic volcanism 

associated with this event is fairly well studied (e.g. Santa Rosa Calico volcanic field), however, 

much of the regional volcanism is poorly understood with respect to its temporal and genetic 

nature.   

The Jarbidge Rhyolite is several bodies of quartz phyric lava and ash flows and fall 

(Coats, 1964; Bernt, 1998) found throughout Elko County, Nevada, east of the most studied mid-

Miocene bimodal volcanism.  The Jarbidge Rhyolite was originally described by Schrader 

(1912), and later named and mapped by Robert Coats (Coats, 1964 & 1987).  Previous work 

includes mapping at the 1:40,000 and 1:250,000 scale and regional geochemical study (Coats, 

1964).  The geochemical study focused on uranium exploration and was confined to the 15ô 

Jarbidge quadrangle, which contains the 7.5ô United States Geological Survey (USGS) Jarbidge 

North, Jarbidge South, Gods Pocket Peak, and Robinson Creek quadrangles(Coats, 1964).  Prior 

and ongoing work by John Bernt is focused in the vicinity of the Jarbidge Mining district, an area 

not sampled by this study (Bernt, 1998). 

The intent of this study is to provide field, petrographic, geochemical, oxygen isotope and 

temporal constraints on the Jarbidge Rhyolite to better define it. 

Regional Geology 

At approximately 17 Ma, the development of the Northern Nevada Rift (NNR) and 

initiation of the Yellowstone Hotspot/Columbia River Basalt Group (CRBG) occurred (Zoback 

et al., 1994).  Feeder dikesô trends and chemical and temporal similarities between eruptive 

products of the NNR and CRBG suggest they are regionally similar magmatic systems (Zoback 

et al., 1994; Hooper et al., 2002; Camp & Ross, 2004; Brueseke and Hart, 2008).  The main 

eruptive phase of the CRBG occurred from ca. 16.6-15.0 Ma and is mainly exposed in 

Washington (Camp and Ross, 2004), however basaltic volcanism local to the ION tristate region 

erupted ca. 16.7-14 Ma (Brueseke et al., 2007).  The extent of these eruptions can be found at 
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Abert and Poker Jim Rim, OR (Brueseke et al., 2007), south to the Black Rock desert, NV, east 

to Copper Basin, NV, and north of the western Snake River Plain (Hart and Carlson, 1985; Camp 

& Ross, 2004; Brueseke et al., 2007).   

 Coeval with the flood basalt volcanism, silicic volcanism from diverse eruptive loci 

formed across the ION tristate area (Fig. 1; Manley and McIntosh, 2002; Brueseke et al., 2007; 

Starkel et al., 2009).  Contemporaneous with this bimodal volcanism was regional extensional 

tectonism (Zoback et al., 1994; Cummings et al., 2000; Colgan and Henry, 2009) and the 

development of epithermal bonanza Au-Ag and precious metal deposits (e.g. Jarbidge district, 

Ivanhoe district, Midas district, National, and DeLamar; John, 2001; Wallace, 2003; Saunders et 

al., 2008).  Extensive silicic lava flows, domes and ash flows were emplaced in north central 

Nevada ca. 16.7-14 Ma (John, 2001; Wallace et al., 2008; Callicoat and Brueseke, 2009).  This 

regional mid-Miocene tectono-magmatic event has several unifying characteristics: (1) 

widespread silicic volcanism, from small and large loci, (2) flood basalt magmatism, (3) Au-Ag 

epithermal mineralization, and (4) similar extensional tectonic stresses. 

Two silicic volcanic ñfrontsò developed from the centralized ION area of silicic 

volcanism: the High Lava Plains (HLP) and eastern Snake River Plain (ESRP).  The HLP is the 

northwestern progression of bimodal volcanism from the ION tristate region (Jordan et al., 

2004).  The ESRP begins with the Bruneau-Jarbidge volcanic field, and includes the Twin Falls, 

Picabo, Heise, and Yellowstone volcanic fields, which decrease in age with northeastward 

progression (Fig. 1; Armstrong et al., 1975; Christiansen et al., 2002).  The volcanic fields in the 

ESRP erupted large silicic ash flow sheets, with subordinate amounts of silicic lava flows.  These 

were followed by localized basaltic activity that effectively buried the silicic centers under <1 

kilometer of basalt (Christiansen and McCurry, 2008).  

Regional Overview and Local Geology 

The Jarbidge Rhyolite (JR) is a map unit specific to Elko County, NV, and several of the 

26 bodies are truncated by state borders with Idaho and Utah (Coats, 1987).  Bodies are north of 

Wild Horse Reservoir, surrounding Wild Horse Reservoir, between Elko and Wild Horse 

Reservoir, the Jarbidge Mountains and surrounding area,  south of Wells, NV, and several bodies 

are truncated by the Idaho or Utah state boarders (Fig. 2).  Many of the bodies are only  
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Figure 1: Shaded relief map of Pacific Northwest, US (Brueseke and Hart, 2008).  The lime green color 

indicates the subaer ial extent of Cenozoic flood basalt volcanism, red dashes indicate select flood basalt 

eruptive loci, blue color indicates area of Mid -Miocene silicic magmatism, numbered purple lines are 

isochrons for the High Lava Plains and numbers correlate to silicic activity (Ma) , purple ovals depict volcanic 

centers associated with the eastern Snake River Plain and numbers bracket the activity of silicic volcanism at 

a given area.  Solid black lines near NNR indicate the approximate strike of aeromagnetic anomalies.  Solid 

black lines near OIG approximate trend of bounding faults of the graben.  East of the Sr isotope 0.706 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 Rift (NNR), Oregon Plateau (OP), Oregon-Idaho Graben 

(OIG), Bruneau-Jarbidge (BJ), Twin Falls (TF), Picabo (PC), Heise (HS), and Yellowstone (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 ago.The red dash outline box is approximately defines the approximate location of Figure 2. 
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accessible by unimproved gravel/dirt roads, and access is limited by lack of roads, designated 

Wilderness areas, and private property.  This study mainly focuses on samples gathered from the 

Jarbidge South, Mount Ichabod, Badger Creek, Wild Horse, Maryôs River Basin NW, Delaware 

Creek, Tennessee Mountain, and Merritt Mountain USGS 7.5ô quadrangles. Sampled bodies with 

corresponding names are illustrated on Figure 3. 

The bodies are located east of the 0.706 
87

Sr/
86

Sr line, which delinates the western edge 

of the North American Craton, as indicated by 
87

Sri/
86

Sri range of 0.7101-0.7142, confirming 

their position over the Proterozoic craton (Christiansen et al., 1986).  Additional isotopic data 

includes an ŮNd value of -24.8, indicating involvement of ancient lithosphere in JR magmatism 

(Nash et al., 2006).  The basalt proximal to the JR is the Seventy Six basalt, which crops out as 

porphyritic stocks in Copper Basin (CB) and lava flows near Sunflower Reservoir (SR).  The 

Seventy Six basalt CB has an 
87

Sri/
86

Sri = 0.70561, 
143

Ndi/
144

 Ndi =0.5124, 
206

Pb/
204

Pb=18.80, 

207
Pb/

204
Pb=15.60, and 

208
Pb/

204
Pb=38.87 (Carlson and Hart, 1985 & 1987). 

 The largest outcrop of the rhyolite is the ñmain bodyò (MB; Fig. 3), which encompasses 

the town of Jarbidge, the ñtype sectionò and areas to the south.  The stratigraphy of this area is 

being used as representative of the bodies sampled, with the exception of the Wells outcrop.  The 

JR is underlain by Precambrian and Paleozoic metasedimetary rocks (Coats, 1964; Rahl et al., 

2002).  Cretaceous granitoid intruded the Precambrian and Paleozoic rocks, resulting in garnet 

bearing skarn bodies (Rahl et al., 2002).  Local pre mid-Miocene rocks include Eocene ash flow 

tuffs interbedded with lacustrine strata and debris flow deposits (Rahl et al., 2002; Henry, 2008).  

Overlying the tuffs and sedimentary strata are the Seventy Six basalt stocks and JR (Coats, 

1987).  Minor amounts of dacite lava flows and tuffs, gravel, and rhyolitic ash flows overlie the 

JR (Coats, 1987).  The northern boundary of the MB outcrop is unconformably overlaid by the 

younger, ca. 12.7-10.5 Ma, Cougar Point Tuff of the ESRP (Bonnichsen et al., 2008; Coats, 

1987; Cathey and Nash, 2004).  Following this, the Jarbidge Mountains experienced three 

different episodes of alpine glaciations which removed an unknown portion of JR (Coats, 1964).  

Fluvial erosion has occurred during the Pleistocene and as noted by Coats (1964), stream terraces 

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 

emplacement of Seventy Six basalt and Jarbidge Rhyolite (Rahl et al., 2002).  However, multiple 

mid-late Miocene normal faults cut the Jarbidge rhyolite, with a bimodal distribution of N20°W 
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and N70°E (Coats, 1964; Zoback et al., 1994).  The northwest faults have similar trends to other 

mid-Miocene structures farther west, including the NNR and flood basalt feeder dikes.  Bernt 

(1998) reports syn-magmatic faulting within the Jarbidge Rhyolite mining district.  The faults do 

not cut the Cougar Point Tuff, indicating extension prior to 12.7 Ma (Coats, 1964; Cathey and 

Nash, 2004). 

The regional volcanics have been dated by several authors who used different methods.  

The published geochronology indicates JR and Seventy Six basalt volcanism was active ca. 16.8-

14 Ma within the study area.  Seventy Six basalt dated by K-Ar geochronology yields ages of 

12.4 ±0.7 and 15.5 ±0.8 Ma (Hart and Carlson, 1985), and an 
40

Ar/
39

Ar geochronology of a
 

single plagioclase crystal yields age of 16.5 ±0.2 Ma (Rahl et al., 2002), which is considered 

more robust than the K-Ar ages.  Reported ages of the Jarbidge Rhyolite are ca. 14 Ma within the 

main body (Bernt, 1998).  Geochronology from outside the main body includes an  
40

Ar/
39

Ar age 

of 16.2 Ma from the Bull Run Basin (Henry, 2008), a K-Ar age of 16.8± 0.5 Ma from the 

Mahoganies, a K-Ar age of 15.4 Ma north of Wild Horse Reservoir (Evernden et al., 1964), a K-

Ar age of 15.4 Ma east of Wild Horse Reservoir (Coats, 1964), and K-Ar ages of outcrops south 

of Wells, NV, that indicate activity from ~14.8-13.4 Ma (Snoke et al., 1997).   
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Figure 2: Modified generalized geologic map of Elko County, NV (Henry, 2008; simplified from Coats, 1987).  

The red box defines the approximate area displayed by Figure 3. 
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Figure 3: Simplified portion of Coatsô (1987) geologic map of Elko County, Nevada.  Wild Horse, Charleston, 

and Jarbidge are local towns whose approximate locations are represented by black circles; solid red line 

indicates main paved road, and the dashed red line indicates main unpaved road.  Thin black lines indicate 

faults; only faults of considerable magnitude are shown on this figure.  ñWHRDò is Wild Horse Reservoir 

dome outcrop, ñMò stands for Mahoganies outcrop, ñWHRò stands for Wild Horse Reservoir outcrop, and 

ñMBò stands for main body outcrop. 
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CHAPTER 2 - METHODS 

Field Methods and Petrography 

The Geologic Map of Elko County, Nevada (Coats, 1987) was used to identify bodies of 

Jarbidge Rhyolite.  Sample collection was conducted on foot and I attempted to maximize the 

number of lava flows sampled.  Areas were sampled where physical volcanology indicated 

different flows (e.g. vitrophyre, change in crystallinity, flow breccias).  Sampling from altered 

lava flows was avoided and in all cases I collected the freshest possible material.  The locations 

of collected samples were recorded using a Garmin e-trex Global Positioning System hand held 

device set to Universal Transverse Mercator (UTM) coordinates and North American Datum 

(NAD) of 1927.  The coordinates of sampled locations may be found in Appendix A. 

Representative samples were point counted with a target of 1,000 counts per thin section 

and a step interval of 1 mm.  Point counting was conducted using the 10x objective and 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 digitally added using Spot 

software. 

Sample Preparation 

An initial mass of sample to process for petrography, geochemistry, geochronology and 

oxygen isotope data was based on: crystal size and abundance and alteration.  Larger crystal size, 

higher crystallinity, and more prevalent alteration require larger masses for processing.  Samples 

were split using a Rocklabs hydraulic splitter/crusher with tungsten carbide faces.  Samples were 

split using the ñknife edgeò arms and reduced to a maximum size of 2.5 x 2 x 2 centimeters.  

Weathering rinds, apparent alteration, and any contaminant were removed using a diamond 

tipped rock saw, silica carbide sandpaper mounted on a grinding wheel, and hand picking.  Using 

the rock saw, thin section blanks were cut to fit standard 24 x 44 millimeter thin sections and 

blanks were sent to Spectrum Petrographics Inc.  Samples which had weathering rinds removed 

via the rock saw were ground with silica carbide sandpaper to remove any adhered metal.  All 

samples were washed in deionized water to remove any adhering powder or contaminant.  

Samples were crushed using a Rocklabs crusher and reduced until sample pieces had a diameter 
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of <5 mm.  A cone and quarter method was used to obtain a 15-20 ml aliquot of randomized 

sample.  The aliquot was further reduced to a clay size fraction by a Spex Industries aluminum 

oxides shatter box, resulting in processed sample powder. 

Geochemical Analysis 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 at 950° C for one hour, allowed to cool to ambient temperature, and 

reweighed.  LOI= ((massinitial-massfinal)/(massinitial))*100.  Alteration was assessed by examining 

LOI with K2O/Na2O.  Low temperature hydration is commonly deciphered by an increase in wt. 

% K2O and SiO2, decrease in Na2O, and oxidation of Fe (Stewart, 1979; Riley et al., 2001).  

Vitrophyre samples have experienced some low temperature hydration as evidenced by the larger 

a K2O/Na2O ratio coinciding with larger LOI numbers (Fig. 20). 

Major and trace element chemistry was obtained at Miami University using direct current 

plasma atomic emission spectroscopy (DCP-AES).  An initial solution of nitric acid and trace 

solution spike was added to a 125 ml plastic bottle.  Masses of solution components were 

recorded and later used for calculating the equivalent dilution.  Processed sample powder and a 

lithium metaborate flux were homogenized and placed in a muffle furnace, resulting in a molten 

bead.  The resultant molten bead was dissolved in an initial solution, resulting in a sample 

solution.  Aliquots of sample solution were used for major and trace element analyses.  Blanks 

were created for the major, minor and spiked solutions and run with samples, in addition to 

commercial external standards from the United States Geological Survey (USGS) and Japanese 

Geological Survey.  Multi -element cassettes were used for data collection.  Major element 

concentrations of samples were determined by peak intensity comparison with standards of 

known concentrations.  Separate runs for phosphorous concentration were completed.  Trace 

element concentrations were determined by standard addition.  Reported concentrations were the 

result of averaging three runs.  Data collection and reduction was performed on specific software 

written for the DCP-AES at Miami University and the methods follow those of Katoh et al. 

(1999). 

The initial solution contains ~50 grams of 5% HNO3, spiked with 3,000 ppm Li, 10 ppm 

Ge, and 20 ppm Cd.  Two hundred milligrams of processed sample powder was mixed with 600 
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milligrams (with a maximum deviation of 0.5 mg) of lithium borate (LiBO2) flux.  Sample and 

flux mixture were placed 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.  The samples stood at 

ambient temperature for at least twelve hours and if any solid residue remained the mixture was 

unusable. 

Major and Trace Element Dilution: 

Approximately one g of the sample solution was added to a 60 ml 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 Geological Surveyôs AGV-2, BCR-2, BHVO-2, 

DNC-1, G-2, GSP-2, and SY-2.  Japanese Geological Survey standards include JR-3, and JG-2, 

and one French Geological Survey standard, BE-N, was also run. 

Trace element concentrations were determined by standard addition.  Each sample 

required a set of solutions, one without spike, and two with varying amounts of acid and spike.  

Each bottle in a set has 10.000+/- 0.006 grams of the original solution added.  Then the three 

bottles had: 0.6 ml of 5% HNO3, 0.3 ml of HNO3 and 0.3 ml of trace element spike, and 0.6 mL 

of trace solution added to them, respectively.  External standards that were run are the same as 

those run for majors. 

Data Collection and Reduction: 

Data collection and reduction was done by computer software specific to Miami 

University Geology Departmentôs DCP-AES.  The following corrections were applied to the 

analyses (LeMaitre, 1976). 

Oxidation ratio: (OX)=FeO/(FeO+Fe2O3)= 0.93-0.0042 SiO2-0.022 (Na2O+K2O) 

Fe2O3=[0.899813(OX)(Fe2O3*) -0.899813(Fe2O3*)]/ [-0.899813-0.100187 (OX)] 

FeO=(Fe2O3* -Fe2O3)/1.111342 

Nb Correction: Nb(final)=Nb(measured)-(0.108xV(measured)) 

Zr Correction: CaO, Al2O3, and Fe2O3 are converted to ppm 

Zr(final)=Zr(measured)/[((Ca+Al+Fe)/Zr(measured))x-0.000021+1.009696] 

Rare Earth Element and Trace Element Analyses 
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Fifty mg of sample and seventy-five mg of sodium tetraborate (NaBO2) and potassium 

carbonate (K2CO3) flux was mixed and homogenized.  The mixture was then transferred to a 10 

ml graphite crucible and placed in a muffle furnace at 950° 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 125 ml bottle containing 1% nitric acid.  This solution 

was placed on a shaking 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. 

40
Ar/

39
Ar Geochronology 

Three rhyolite samples were dated at Auburn Universityôs Auburn Noble Isotope Mass 

Analysis Laboratory (ANIMAL) using 
40

Ar/
39

Ar geochronology.  Rhyolite distribution and 

quantity of dated samples is: 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 sample by a 50W Synrad CO2 infrared 

laser.  The high sensitivity and low blank of the instrument permits measurement of 10
-14

 mole 

samples to within 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 collection and reduction is 

facilitated by National Instruments hardware and a Labview program written by lab personnel 

specifically for ANIMAL.  Initial data reduction is accomplished through an in-house Excel 

spreadsheet, with final reduction using Isoplot (Ludwig, 2003). 

Oxygen Isotope Analysis 

Crushed sample produced during geochemical preparation was sieved to a >2mm but 

<0.5 mm size.  Quartz and feldspar crystals were separated by hand using binocular microscope. 

Crystals were chosen based on no visible inclusions, fractures, and alteration.  Approximately 20 

mg of sample was needed for a single analysis.  Several analyses worth of a single sample 

mineral were sent to the Washington State University GeoAnalytical Lab.  Laser fluorination 

was used to analyze samples.  A 20W CO2 laser was used to liberate oxygen following the laser 

techniques of Sharp (1990).  Liberated oxygen was measured by a Finnigan
TM

 Delta 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 the UWG-2 garnet standard (ŭ
18

= ~5.8ă), 

with the range from 0.05ă to 0.22ă of analytical precision (Valley et al., 1995; Takuri and 

Larson, 2005).  Some samples have replication data and this can be found appendix C. 

Volume Estimates 

Volume estimates were obtained using ArcGIS version 9.3.1.  Two National Elevation Datasets 

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

(http://seamless.usgs.gov/).  The NEDs were mosaiced using the mosaic tool in Arc toolbox.  

The resultant mosaiced rasterôs cell dimension was reset to 10 x 10 meters.  The Geologic Map 

of Elko County (Coats, 1987) was scanned at a 720 dots per inch resolution, and georeferrenced 

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

UTM North 11 zone and world grid survey (WGS) of 1984.  Bodies were digitized by point and 

click at ~1:5,000 scale.  Spatial analyst, an ArcGIS extension, was used to calculate volumes.  

The zonal statistics function of spatial analyst determines maximum and minimum surface 

elevations of a defined area within an NEDôs boundary.  The defined area is established by a 

polygon, which is a JR outcrop in this case.  The lowest surface elevation within a polygon is 

treated as the lowest elevation of JR witin that outcrop.  The raster calculator was used to 

subtract the minimum elevation from every cell in the NED, and a new NED titled ñcalculationò 

was created.  The raster calculator works on an individual cell basis, applying a function or 

operation to each cell in a raster.  By multiplying ñcalculationò by the area of a cell, a third NED, 

ñcalculation 2ò was created.  The multiplication effectively multiplied each thickness value by 

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 a cut and fill method.  A schematic sketch visual depicts how the method 

works (Fig. 4).   

 

 

http://seamless.usgs.gov/
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Figure 4: Generic cross section depicting portions of surface and subsurface included in cut and fill volume 

estimate method.  Purple color represents all subsurface and solid black line indicates topographic surface.  

Plane arrow points to imaginary plane which volumes are calculated above; white columns indicates portion 

of ground and subsurface included in volume estimate.  Purple color is not included in the calculation. 
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CHAPTER 3 - FIELD RELATIONS  

The Jarbidge Rhyolite is several discrete bodies of coalesced rhyolite lava flows, domes, 

and pyroclastics (Coats, 1964 & 1987; Bernt, 1998; this study).  The study focused on several JR 

bodies, and specific regions from each outcrop were sampled (Fig. 5).    

 

 

Figure 5: Black borders constrain the sampled locations, and adjacent names, in dark gr ay boxes, are the 

designated name for a sample location.  Bear Creek Summit (BCS), Coon Creek Summit (CCS), Maryôs 

River Basin (MRB), Charleston 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 considered WHR bodies, WHRD is the WHRD outcrop, and M is the M outcrop. 



 15 

 

The MB outcrop is the largest, with an approximate ArcGIS calculated area and volume 

of 949 km
2
 and 405 km

3 
(Table 1).  This estimate is further supported by taking the average 

thickness of two unfaulted sample locations and multiplying by the area calculated using 

ArcGIS; which yields a volume of ~408 km
3
.  The approximate area and volume of erupted 

material is 232 km
2
 and 66 km

3 
for Wild Horse Reservoir, 101 km

2
 and 37 km

3 
for the 

Mahoganies, and 6.8 km
2
 and 0.93 km

3 
for the Wild Horse Reservoir dome (Table 1).  Together 

these bodies come to a total approximate area and volume of 1,319 km
2
 and 509 km

3
.  Area and 

volume was not calculated for the outcrop near Wells, NV.   

 

Table 1: Summary of approximate area and erupted volume of JR bodies. 

Location Area (km
2
) Volume (km

3
) 

Main Body (MB) 949 405 

Wild Horse Reservoir (WHR) 232 66 

Mahoganies (M) 101 37 

Wild Horse Reservoir Dome (WHRD) 6.8 0.93 

Total 1,289 509 

 

The interpretation of physical volcanology indicates that the JR observed during this 

study consist primarily of a series of thick rhyolite lava flows.  Sampled packages vary in 

thickness from 61 - 485 m.  Many packages contain multiple lava flows.  Physical features 

include breccias, ramp structures, flow banding/folds (at hand and thin section scale), vitrophyre, 

sheet jointing, and internal massive portions of lava flow.  Additionally, one vitrophyric neck 

was found.   

Overall, the JR encountered lacks any indication of explosive eruptions, and lava flows 

were found overlying one another without pyroclastic material between them.  Coats (1964) and 

Bernt (1998) report pyroclastic material in the JR formation from an area not sampled by this 

study.  Given the large magnitude of lava erupted oogives may be expected, but are not observed 

in the study area.  Erosion may have removed these surficial features. 

 Charleston Reservoir flows have very limited physical characteristics.  A flow breccia, 

with oxidation staining contains clasts ranging from pebbles to boulders (Fig. 6).  When viewed 

from a distance (Fig. 7) a lobate form is displayed, indicating this area is likely a flow margin.   
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The Maryôs River Basin transect ascended through ~485 m of rhyolite.  Spherodial 

weathering was observed at higher elevations along with vertical joints (Fig. 8).  Nondescript 

stony rhyolite is common.  However, a ~40-m-thick sequence of upper vitrophyric breccia, 

vitrophyre, stony rhyolite, and basal vitrophyre is found.  The upper vitrophyric breccia (Fig. 9) 

consists of pebbles to boulders and overlies massive vitrophyre.  These are believed to be 

associated with one another based on petrography and is discussed later.  The massive vitrophyre 

overlies sheared stony rhyolite, which grades into a massive basal vitrophyre.  Generally, 

vitrophyre has a trachytic texture, and ranges from glassy to devitrified.  

Coon Creek Summitôs (Fig.10) thickest portion is ~375 m.  The only occurrence of flow 

banding is at CCS and this area is a possible eruptive center.  The flow banding is on the 

centimeter scale (Fig. 11).  Lower in the section, sheet jointing is obvious in the interior massive 

stony portion of flow.  Three different vitrophyre outcrops are in this transect.  Vitrophyre layers 

have vertical distances of ~30-120 m between stratigraphically higher or lower vitrophyre 

outcrops.  Lower in the section, basal vitrophyre makes a convolute contact with interior stony 

rhyolite (Fig. 12).  A jointed vitrophyre neck with near horizontal joints crops out at the base of 

the package (Fig. 13).  Underlying the vitrophyric neck is a clast-supported breccia of devitrified 

vitrophyre and white matrix (Fig. 14).  

Bear Creek Summit is a topographic saddle located between Coon Creek Summit and 

Deer Mountain.  A ramp structure of alternating layers of devitrified vitrophyre and stony 

rhyolite is present on the south side of Deer Mountain (Fig. 15).  The alternation occurs at the 

centimeter scale.  Sheet jointing of stony rhyolite is observed in the thicker stony rhyolite 

portions.  Vitrophyre in this area displays internal shearing, a flow foliation. 

The Mahoganies outcrop also lacks evidence of pyroclastic activity.  The sampled areas 

appear as massive stony interiors with underlying basal vitrophyre (Fig. 16).  The Wild Horse 

Reservoir, and Wild Horse Dome areas sampled are non-descript, consisting of thick stony 

rhyolite (Fig. 17 & 18). 
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Figure 6: Oxidized flow breccia located south of Charleston.  A 55 cm long rock hammer serves as scale. 
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Figure 7: Yellow line traces the contact of a Jarbidge Rhyolite flow margin and sedimentary strata south of 

Charleston.  Photograph taken approximately 1.5 km southwest of margin, view is to the northeast. 
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Figure 8: Vertical joints in peak 8627, Maryôs River Basin NW 7.5ô USGS quadrangle.  Yellow lines in lower 

left corner indicate joint dip direction.  Photograph was taken from ~1 km north-northeast with 3x zoom 

power.  Trees are ~2-3m tall .  This area may be an eruptive center. 
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Figure 9: Upper vitrophyric  breccia with a ~40 cm hammer for scale.  Photograph is taken from Maryôs 

River Basin transect. 
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Figure 10: View of Coon Creek Summit and adjacent area from ~4.75 km south.  Coon Creek Summit and 

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

between Jarbidge Rhyolite and underlying Eocene ash flow tuffs and sedimentary strata. 
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Figure 11: Yellow line approximates the axial plane of the flow fold in JR from Coon Creek Summit. 
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Figure 12: Convolute contact between basal vitrophyre and stony rhyolite with ~40 cm long rock hammer for 

scale.  Yellow line follows approximate transition of vitrophyre to stony rhyolite  in Coon Creek Summit 

outcrop.  
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Figure 13: Jointed vitrophyric  neck in Coon Creek Summit transect; possible eroded neck or plug. 
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Figure 14: Photograph is taken south of Coon Creek Summit transect.  Yellow lines approximate dip 

direction.  Joints outcrop over an estimated 10 m of vertical relief.  Underlying breccia is devitrified rhyolite 

and ashy material.   
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Figure 15: Ramp structure, ñroot lessò dikes,  located on south slope of 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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Figure 16: Yellow line indicates approximate contact of vitrophyre and stony rhyolite in Mahoganies outcrop.  

Photograph was taken several hundred meters south of slope.  Outcrop relief is approximately 61 m from 

road to highest elevation. 
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Figure 17: Wild Horse Reservoir outcrop approximately 85 m thick from road to crest.  Photograph was 

taken from 0.25 km to 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 m thick.  Yellow line approximates the contact of JR and 

underlying sedimentary strata.  
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CHAPTER 4 - PETROGRAPHY  

Appendix A includes UTM coordinates and field notes of collection areas, petrographic 

description of samples, and point counted modes for representative samples.  In hand sample, the 

JR is smoky quartz-phyric.  Phenocrysts abundances approximately range from 15-40 %, and 

eleven point counted samples yield an average phenocrysts abundance of ~30 % by volume.  

Smoky quartz crystals are fractured and several mm in diameter; however, several samples 

contain crystals upward of ~1 cm.  Sanidine crystals typically display a euhedral habit and a few 

samples contain seriticizied sanidine crystals.  Crystal sizes range from 1 to an observed 

maximum of 12 mm.  Plagioclase crystals are less, if not as common as sanidine, and are 

typically seriticized.  Plagioclase crystals typically cover the same size range as sanidine; 

however, one sample, JC-09-21b, displays several plagioclase crystals as large as 2.2 cm.  

Additionally, a single plagioclase crystal 3.8 cm in the longest dimension was found in a JR lava 

flow (Fig. 19A).  The flow bearing this crystal is proximal to the Seventy Six basalt in Copper 

Basin, which contains similar sized plagioclase crystals (Fig. 19B).  Open-system textures in 

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

     

 

Figure 19: A) Plagioclase xenocryst 3.8 cm in longest dimension found in the JR lava flow.  B) Plagioclase 

crystal in Seventy Six basalt, Copper Basin. 

 

In thin section, JR samples are holocrystalline to hypocrystalline.  Vitrophyre 

groundmasses vary from glassy to devitrified and commonly display perlitic fracture.  
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Vitrophyre samples commonly have a higher proportion of mafic minerals than the stony 

rhyolite.  Stony rhyolite groundmass is commonly devitrified with microcrystalline feldspar 

laths.  Flow banded glass (Fig. 20A), flow-aligned oxides, and pilotaxitic and trachytic texture 

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

 

 

Figure 20: A) Flow-banded glass, black bands, and quartz phenocryst in plane polarized light (PPL).  B) 

Pilotaxitic groundmass in vitrophyre in PPL.  Arrow approximates flow foliation.  C) Upper vitrophyre 

breccia in PPL.  A disarticulated, but only part ly displaced, quartz crystal is found between the two dashed 

lines, and pilotaxitic vitrophyre is found outside them.  Abbreviation Qtz=quartz.  D) Crystal chips infilling 

space between vitrophyre clast in PPL.  Dotted lines trace clast boundaries and chips fill area between 

clasts/dotted lines.  One chip is outlined in black, and several additional chips are found above, and down and 

to the right from this chip. 

 

In thin section, the upper vitrophyre of MRB is clast supported.  Clasts are vitrophyre 

with pilotaxitic texture and seriate crystals (Fig. 20C).  Fractured crystals are found filling void 
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space between vitrophyre clasts (Fig. 20D).  No concentric oxide shells, as described by Manley 

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

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

made contact with the atmosphere.  The underlying massive vitrophyre, and basal vitrophyre of 

this flow also displays pilotaxitic texture and similar mineralogy; together these define one flow.  

Phenocryst phases in the JR are quartz, sanidine, plagioclase, Fe-Ti oxides, ± 

clinopyroxene, ± biotite, ± hornblende, ± oxyhornblende, zircon, and ± apatite (Fig. 21).  Quartz, 

 

 

Figure 21: Primary mineral  occurrences across SiO2 wt. % range.  Black lines indicate that the phase is found 

in all thin sections from this study.  Dashed line indicates that mineral is intermittently found and 

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

CPX= clinopyroxene, Diseq= disequilibrium textures, BCS= Bear Creek Summit, CCS= Coon Creek Summit, 

MRB= Maryôs River Basin, CR= Charleston Reservoir, WHR= Wild Horse Reservoir, WHRD= Wild Horse 

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

the wt. % SiO2 displayed by each outcrop.   

 

sanidine, and plagioclase are the major primary phases, and 11 point counted samples yield 

average modal abundances in % by volume for quartz (11.2), sanidine (9.6), and plagioclase 

(7.0).  The point counted samples reveal transitions between relative quantities of major phases 

with increasing wt. % SiO2.  The most abundant major rock forming mineral transitions from 

plagioclase to sanidine to quartz as wt. % SiO2 increases.  Anhydrous mineral assemblages are 
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typical and open-system textures are common; and the degree of open system processes varies 

between samples. 

In thin section, quartz crystals are euhedral-anhedral, varying in size from 

microcrystalline to 5.4 mm.  Modally, quartz varies from 4.4 - 16.7 % by volume.  Quartz 

textures include embayments (Fig. 22A), ocelli (Fig. 22B), chessboard extinction, broken 

crystals whose faces could fit together like jigsaw puzzle pieces (Fig. 20C), and granophyre and 

graphic granite textures (Fig. 23F). Independent crystals may be linked by crystallographic 

orientations, indicating that these now separate crystals are structurally connected. 

 

 

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

surrounding the crystal in PPL. 

 

 Sanidine displays simple or no twins.  Those samples without twinning are determined to 

be sanidine based on their 2V angle and optic axis figures.  Modally, sanidineôs abundance varies 

from 1.6 to 16.5% by volume.  Sanidine is commonly anhedral-subhedral, displaying 

embayments, anti-rapakivi (Fig. 23A), skeletal (Fig. 23B), spongy, inclusion rims (Fig 23C) and 

boxy textures.  Skeletal sanidine is intergrown with skeletal plagioclase in several samples (Fig. 

23B).  Crystallographically controlled square glass reentrants (Fig. 23D) and plagioclase  
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Figure 23: Photomicrographs of open system textures.  A) A clot of sanidine, plagioclase and altered mafics in 

crossed polarized light (XPL) .  B) Extensively resorbed plagioclase and sanidine PPL.  C) Inclusion rim in 

sanidine in XPL .  D) Glass reentrants in PPL.  E) Spongy plagioclase, view is of one crystal and glass 

groundmass in XPL .  F) Graphic granite texture in XPL. 
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Figure 24: A) Xenocrystic clot of microcline (Micro) and plagioclase (Plag) in XPL .  B) Xenocrystic biotite 

with oxide inclusions in PPL.  C) Clot of hornblende (Hbl), and plagioclase in PPL.  D) Oxyhornblende 

(Oxyhbl) in PPL.  E) Garnet xenocryst in PPL.  F) Xenocrystic clot of plagioclase crystals in XPL . 

 

inclusions occur in some sanidine crystals.  Groundmass sanidine displays a pilotaxitic texture 

(Fig. 20B).  Plagioclase is anhedral-subhedral and modally varies from 2.5-14.1% by volume.  

Textures include skeletal, embayed, boxy and spongy crystals (Fig. 23E).  Their compositional 








































































































































