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ABSTRACT

GEOLOGY OF THE SOUTHERN REVEILLE RANGE,
NYE COUNTY, NEVADA

by
Matthew Alan McKelvey
Dr. Eugene I. Smith, Examination Committee Chair
Professor of geology
University of Nevada, Las Vegas
The Reveille Range in central Nevada provides a unique window into the mid-
Miocene geology and volcanology of the central Great Basin during the “ignimbrite flare
up.” Although faulted along its margins, the inierior of the range is relatively undeformed
thus preserving volcanic centers, The Reveille Range contains three mid-Miocene caldera
complexes. Previous studies have identified the Goblin Knobs caldera (25.6 Ma) in the
central Reveille Range and the caldera of northern Reveille Range (25.3 Ma) to the north.
These calderas are completely filled with intracaldera tuffs. This study has identified a
younger third caldera located in the southern part of the Reveille Range, and the southern
margin of the Goblin Knobs Caldera. The newly discovered caldera in the southern
Reveille Range, herein named the Pyramid Spring caldera, contains intracaldera tuff,
pumice-rich outflow sheets, and volcaniclastic sedimentary moat units dipping to the
north off a possible resurgent dome. Crystal rich rhyolite domes occur along the eastern
and northeastern margin of the caldera. An 8 km long composite dacite dike (Fang Ridge)

is also associated with the caldera. Moat rocks include pyrociastic flows, debris flow
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breccias, and fine to coarse grained immature sandstones that contain lithic fragments up
o § cm in size. Of the three calderas in the Reveille Range, the Pyramid Spring caldera is
the only one that is associated with outflow tuffs. Three cooling units were identified; the
middle is welded and contains fiamme up to 15-20 ¢m in size. The outflow tuffs of the
Pyramid Spring caldera are abruptly cut by the Goblin Knobs caldera. Besides the
stratigraphic truncation, the Goblin Knobs caldera margin was identified by a zone of
hydrothermal alteration (silicification) and mineralization and a section of outflow from
the Pyramid Spring caldera that has slumped (back tilted) into the Goblin Knobs caldera.
Correlation, age and geochemistry of Pyramid Spring caldera tuffs and indicate the

presence of a previously unidentified volcanic center in the southern Reveille Range.
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CHAPTER 1

INTRODUCTION

During the Cenozoic, caldera forming eruptions produced numerous ash-flow tuffs
within the Great Basin of western North America. According to estimates by Stewart and
Carlson (1976) and Best et al. (1989), the Great Basin of the Basin and Range province
contains approximately 70 known volcanic centers with more than 100 ash-flow tuffs.
The majority of the ash-flow tuffs produced within the Basin and Range were erupted
between 31 to 22 Ma during the ignimbrite flare-up (Best et al., 1993), however, minor
ash-flow volcanism continued until 9.5 Ma. Within the Basin and Range province of
Nevada, the central Nevada caldera complex covers more than 20,000 km® and contains
numerous, large-volume ash-flow tuffs and intracaldera deposits (Best et al., 1995)
(Figure 1).

The field area in the southern Reveille Range is located within the central Nevada
caldera complex (Figure 2). The Reveille Range and adjacent areas contain numerous
calderas, such as the Goblin Knobs caldera (central Reveille Range) and the Caldera of
the northern Reveille Range in the northern Reveille Range (Rash, 1995; Martin and
Naumann, 1995). West of the Reveille Range is the Kawich Caldera, located in the
Kawich Range (Gardner et al., 1980, Best et al, 1995). A recent study in the Kawich

Range by Honn (2005) has located five calderas and associated intracaldera tuffs.
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Figure 1. Caldera complexcs and structural lineaments located within central
Nevada. Caldera complexes include the Indian Peak, Caliente, and central
Nevada (Red DashedLines). The structural lineaments include the Timpahute,
Blue Ribbon, Silver King, and Warm Springs (Thick Black Line). Figure
modified from Hurtubise (1994) and Rash (1995).
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in the southern Reveille Range. The Central Nevada Caldera Complex
(blue dashed ling) emcompasses the field area.



Previous Work

Geologic mapping by Ekren et al. (1973) provided a stratigraphic framework that
other mapping projects have been based upon, During the mapping by Ekren et al. (1973)
the study determined the existence of the Goblin Knobs caldera and the caldera of the
northern Reveille Range. A later geologic study by Martin and Naumann (1995) mapped
the Reveille 7'/, quadrangle at a scale of 1:24,000 and located the northern margin of the
Goblin Knobs caldera and the southern margin of the caldera of northern Reveille Range.

Gardner and others (1980) provided reconnaissance maps of the Kawich and Reveille
Ranges (Figure 3). These reconnaissance maps are very generalized and do not
differentiate the volcanic stratigraphy in the southern Reveille Range. Geologic studies
by Best et al. (1995) used the reconnaissance maps by Gardner et al. (1980) to interpret
the southern Reveille Range as the eastern margin of the Kawich caldera; the source of
the Pahranagat Formation.

The detailed geologic mapping of the Twin Springs Slough 7'/ quadrangle, located
in the northern Reveille Range, by Rash (1995} located the northern wall of the caldera of
nonhefn Reveille Range between the Pancake Range and the northern Reveille Range.

These previous mapping projects focused on the sedimentary stratigraphy or on the
silicic volcanic units in the central and northern Reveille Range, but lacked any detail on

the silicic voleanic units found in the southern Reveille Range.
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Volcanism

Large-scale caldera related volcanism within the Basin and Range province began in
the Eocene, at approximately 49 Ma, with the eruptions of the Challis volcanic field in
central Idaho (Cater et al., 1979). Volcanism then migrated southwestward from the
Challis volcanic field to the northeastern part of the Great Basin at about 35 - 30 Ma. The
compositions of the volcanic rocks that were erupted between 35-30 Ma were
predominately high-K andesite, dacite, and rhyolite with minor rhyolitic pyroclastic flows
(Best and Christiansen, 1991).

The ignimbrite flare-up, a period of voluminous caldera-forming eruptions within the
Great Basin, began about 31 Ma and ended around 20 Ma (Coney, 1978). During the
ignimbrite flare-up caldera style eruptions began in central and western Nevada between
31 — 22 Ma and finally reached the southern and western sections of the Great Basin by
20 Ma (Figure 4) (Axen et al., 1993). During the ignimbrite tlare-up high-K andesite,
dacite, and rhyolite lavas were erupted; however, they were minor compared to the
35,000 km® of dacitic and rhyolitic ash-flows that were deposited at the same time (Best
and Christiansen, 1991). Ash-flow volcanism began to decrease within the Great Basin
after 20 Ma and was replaced by the extrusion of alkali basalts.

Pliocene to Quaternary basaltic volcanism has occurred in the Great Basin, Colorado
Plateau, and the eastern front of the Sierra Nevada Range. A zone of alkali basaltic
voleanism can be found in a southwest-northeast belt starting in Death Valley, CA and

trending to the Lunar Crater Volcanic Field in central Nevada (Vaniman and Crowe,

1981).



These previous studies generalize the initiation of volcanism in the central Nevada
caldera complex and suggest that eruptions occurred between 20-25 Ma. There has not
been any detailed work to constrain the timing of volcanism that occurred in the southern

Reveille Range.

Regional Tectonics

The Reveille Range is located in the Basin and Range Province of central Nevada.
During Cenozoic time the Basin and Range province underwent a period of large-scale
extension and was extended 100%-300% in a general east-west direction (Wernicke,
1981). During the Eocene and Oligocene two north-south extensional belts formed in the
Great Basin. The eastern belt is located near the Utah-Nevada border and the western belt
stretches from the Funeral Mountains, California to the Albion Range, Idaho (Figure 4)
{Axen et al., 1993). Extension was synvolcanic or post-voleanic in the northern section of
both north-south extensional belts, while the extension in the southern section of both
belts occurred prior 10 volcanism.

Several east-west striking topographic and structural lineaments occur in central
Nevada including the Blue Ribbon-Silver King Lineament to the east of the Reveille
Range which extends from Railroad Valley into southern Utah (Hurtubise, 1994). This
lineament is composed of east-west striking normal faults. The Warm Springs Lineament
begins in Hot Creek Valley and projects westward to Tonopah, Nevada (Hurtubise,
1994). The Timpahute Lineament is an east-west trending structure that is approximately

25 km wide and begins in the northem Groom Range. Ii strikes eastward into the eastern
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section of the Caliente Caldera Complex and possibly into Utah (Hurtubise, 1994)

(Figure 1).

Background on the Pahranagat Formation and the Kawich caldera

The Pahranagat Formation and the Kawich caldera are located in central Nevada in
what is known as the central Nevada caldera complex. The Miocene Pahranagat
Formation and the Kawich caldera formed during the ignimbrite flare-up in central
Nevada. The Kawich caldera is considered the source of the Pahranagat Formation,
which is a regionally extensive ash-flow sheet that is exposed over an area of 33,000 km?
in the southern Great Basin of Nevada. According to Best et al. {(1995) the Pahranagat
Formation is also known as the Pahranagat Lakes Tuff, granite-weathering tuff, tuff of

Saulsbury Wash, and the upper tuff of White Blotch Spring.

The Kawich Caldera

The Kawich caldera is located near the southern margin of the central Nevada caldera
complex in the Kawich Range (Figure 5). The Kawich caldera has an area of 1040 km?,
however east-west crustal extension has increased the area of the caldera to 1550 km’
(Best et al., 1995). The intracaldera tuff that 1s located in the Kawich caldera is at least 1
km thick and had an original volume of 1000 km” (Best et al., 1995). Due to the lack of
detailed work in the Kawich caldera the history of collapse, resurgence, and the
magmatic evolution of the intracaldera rocks is generaily unknown.

A recent study by Honn (2005) indicated that the Kawich caldera as described by

Best et al. (1995) does not exist. Honn (2005) identified five previously undocumented
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calderas in the region that Best et al. (1995) suggested contains just the Kawich caldera.
Geochemical analysis of the ash-flow tuffs from the Honn (2003) study indicated that the

Pahranagat Formation was not present.

The Pahranagat Formation

The Pahranagat formation is divided into two petrograghic types based on the degree
of welding, abundance of pumice fragments, and mafic phenocrysts (Best et al., 1995).
The first petrographic type is the Saulsbury type that “characterizes the proximal parts of
the outflow sheet around the caldera™ (Best et al., 1995). The Saulsbury type is partly to
densely welded and contains a small percentage of pumice clasts. Mafic phenocrysts are
rare in Saulsbury type tutf and consist mainly of biotite with a few amphiboles (Best et
al., 1995).

The Alamo petrographic type forms the distal parts of the outflow sheet (Best et al.,
1995). The Alamo type tuff is less densely welded in comparison to the Saulsbury type
(Best et al., 1995) and contains white to light gray pumice lapilli and local blocks in a
pink to pale orange or purple-gray devitrified matrix (Best et al., 1995). Stratigraphically

the Alamo type overlies the Saulsbury type.

Fang Ridge
Fang Ridge is an east-west trending dacite dike (Best et al., 1995) that forms a
prominent ridge within the Reveille Range. The study by Best et al. (1995) identified
Fang Ridge as an east-west trending dike that was composed of dacite. The dacite that

composes Fang Ridge is 2 Ma to 3 Ma younger than the Pahranagat Formation.

11



Emplacement of the Fang Ridge dacite is unrelated to the magma that produced the
Pahranagat Formation (Best et al., 1995).

However, there has been no study conducted on the relationship or origin of the Fang
Ridge dacite, Best et al. (1995) inferred, without any in depth geochronological or
geochemical studies, that there is no relationship between Fang Ridge and other volcanic

units in the southern Reveille Range.

Geochronology

“Ar/”Ar dating of the Pahranagat Formation by Best et al. (1995) yielded an age of
22,639 Ma £ 0.009 Ma. According to Best et al. (1995) the outflow and intracaldera tuff
are analytically indistinguishable in age, which suggests that geographic variation in the
Pahranagat Formation does not effect the age. In 2005, Dr, Eric Christiansen re-dated the
tuff using the **Ar/*® Ar technique and obtained an age of 22.78 Ma.

These previous geochronological studies on the Pahranagat tuff did not include the
volcanic stratigraphy in the southern Reveille Range. There is a lack of geochronologic
data to determine whether their inferences that the southern Reveille Range containing

the Pahranagat tuff were accurate.

Paleomagnetic data
Paleomagnetic data for Tertiary volcanic rocks in central Nevada reported by Scott et
al. (1995) were primarily from Lincoln County, Nevada, east-southeast of the Reveille
Range. Paleomagnetic studies focused primarily on ash-flow tutfs that were erupted from

the Indian Peak caldera and Caliente caldera complexes. These studies identified several
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distinct paleomagnetic poles for the ash-flow tuffs that were erupted during the caldera
forming events at the Indian Peak caldera and Caliente caldera complex. Also,
paleomagnetic data were collected by Best et al. (1995} from the Pahranagat Formation.
They used these data to suggest that the Pahranagat Formation erupted from the Kawich
Caldera.

Very few paleomagnetic studies have been carried out on the Pahranagat Formation.
Best et al. (1995) conducted the most comprehensive paleomagnetic studies on the
Saulsbury and the Alamo petrographic types of the Pahranagat Formation and their
results are included in Appendix B. Their data show a reversed magnetic polarity that
ranges from -39° to -70.9° inclination. The average inclination of the Pahranagat tuff is -
58.4° (Best et al., 1995).

Previous studies have used the paleomagnetic data from other localities in the central
Nevada caldera complex and other caldera complexes in central Nevada to infer the
presence of the Pahranagat tuff in the southern Reveille Range. However, there have been
no paleomagnetic studies done in the southern Reveille Range to determine whether these

inferences are correct,

Petrology of the Pahranagat Formation
Elemental and modal compositions and the nature of the plagioclase phenocrysts in
pumice fragments in the outflow sheet of the Pahranagat Formation have indicated four
pumice groups (Best et al., 1995}, Three of the pumice groups are rhyolite and one is a

trachydacite (Best et al., 1995). The rhyolitic pumice groups are subdivided into a quartz-
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rich high silica rhyolite, quartz-poor high silica rhyolite, and a low silica rhyolite (Best et
al., 1995).

The high silica rhyolite pumice groups are compositionally gradational with each
other (Best et al., 1995). The high silica rhyolite pumice groups have euhedral to
subhedral plagioclase and samidine crystals, low to medium amounts of biotite, Fe-Ti
oxides, and contains some amphibole (Best et al., 1995). The low silica rhyolite pumice
has more biotite, Fe-Ti oxides, amphibole, and clinopyroxene than the high-silica rhyolite
pumices (Best et al., 1995). Trachydacite pumice group is similar in mineralogy to the
low silica rhyolite pumice group, except that the trachydacite pumice group does not
contain quartz or sanidine (Best et al., 1995).

The Best and others (1993) study of the Pahranagat tuff did not include any detailed
work on the volcanic stratigraphy located in the southern Reveille Range. Their research

focused primarily on the Pahranagat tuff at different localities in central Nevada.

Purpose of Research

This thesis is an in depth study of the volcanic stratigraphy, geochronology, and
paleomagnetism of the voleanic rocks in the southern Reveille Range. The data that was
gathered during this study of the Reveille Range was correlated to the data of previous
studies in the area to determine any relationship between other caldera forming events in
the region. The study provides a better understanding of the volcanic evolution of the
region and increases our knowledge of the volcanic stratigraphy, timing of volcanism,
and magmatism that occurred during or just before a major episode of continental

extension within the central Nevada caldera complex.
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The questions that this thesis will answer are (1) Is there evidence for a caldera in the
southern Reveille Range? (2) What is the relationship of the ash-flow tuffs in the
southern Reveiile Range to the tuffs located in other parts of the range? (3) Is the model
proposed by Best et al. (1995) for the Kawich Caldera in the southern Reveille Range
correct? (4) Are the tuffs in the southern Reveille Range equivalent to the Pahranagat

Formation? and (5) What is the origin of Fang Ridge?
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CHAPTER 2

ANALYTICAL TECHNIQUES AND METHODOLOGY
Twenty three samples were collected for X-ray fluorescence (XRF), thermal
ionization mass spectrometry (TIMS), and **Ar/ **Ar analyses. Twenty of the samples
were collected from tutfs or domes and three were collected from the Fang Ridge dacite
dike. Analysis was done on pumice fragments that were removed from the tuffs, but

whole rock samples were analyzed for the domes and the dacite dike.

WAr® Ar Samples

The following section, which is quoted directly from the UNLV Nevada Isotopic
Geochronology Laboratory procedure hand-out explains how “*Ar/*® Ar analysis were
conducted.

“Samples analyzed by the **Ar/°Ar method at the University of Nevada, Las Vegas
were wrapped in Al foil and stacked in sealed 6 mm inside diameter Pyrex tubes.
Individual packets averaged 3 mm thick and neutron fluence monitors (FC-2, Fish
Canyon Tuff sanidine) were placed every 5-10 mm along the tube. Synthetic K-glass and
optical grade CaF; were included in the irradiation packages to monitor neutron induced
argon interferences from K and Ca. Loaded tubes were packed in an Al container for
irradiation. Samples were irradiated at McMaster Nuclear Reactor at McMaster

University, Ontario, Canada. The samples were in-core for 7 hours in the 5C position
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where they are surrounded by fuel rods on all four sides. Correction factors for interfering
neutron reactions on K and Ca were determined by repeated analysis of K-glass and CaF,
fragments. Measured (**Ar/*°Ar)g values were 0.01868 (+ 52.3%). Ca correction factors
were (A AryCa = 2.5867 (£ 10.31%) x 10™ and (°Ar/’ Ar)Ca = 8.0803 (+ 27.74%) x
10™. T factors were determined by fusion of 3-7 individual crystals of neutron fluence
monitor which gave reproducibility’s of 0.1% to 0.4% at each standard position.
Variation in neutron flux along the 100 mm length of the irradiation tubes was <4%. An
error in J of 0.4933% was used in age calculations.

Irradiated crystals together with CaF, and K-glass fragments were placed in a Cu
sample tray in a high vacuum extraction line and were fused using a 20 W CO; laser.
Sample viewing during laset fusion was by a video camera gystem and positioning was
via a motorized sample stage. Reactive gases were removed by three GP-50 SAES getters
prior to being admitted to a MAP 215-50 mass spectroineter by expansion. The relative
volumnes of the extraction line and mass spectrometer allow 80% of the gas to be admitted
to the mass spectrometer for laser fusion analyses. Peak intensities were measured using
a Balzers electron muitiplier by peak hopping through 7 cycles; initial peak heights were
determined by linear regression to the time of gas admission. Mass spectrometer
discrimination and s¢nsitivity was monitored by repeated analysis of atmospheric argon
aliquots from an on-line pipette system. Measured **Ar/**Ar ratios were 287.75 + 0.50%
during this work, thus a discrimination correction of 1.02695 (4 AMU) was applied to
measured isotope ratios. The sensitivity of the mass spectrometer was ~6 x 10”7 mol
mV! with the multiplier operated at a gain of 52 over the Faraday. Line blanks averaged

2.0 mV for mass 40 and 0.01 mV for mass 36 for laser fusion analyses. Discrimination,
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sensitivity, and blanks were relatively constant over the period of data collection,
Computer automated operation of the sample stage, laser, extraction line and mass
spectrometer as well as final data reduction and age calculations were done using
LabSPEC software writien by B. ldleman (Lehigh University). Anage of 27.9 Ma
(Steven et al., 1967; Cebula et al., 1986) was used for the Fish Canyon Tuff sanidine flux
monitor in calculating ages for samples.

For each sample inverse isochron diagrams are examined to check for the effects of
excess argon. Reliable isochrons are based on the MSWD criteria of Wendt and Carl
(1991) and must comprise contiguous steps and a significant fraction of the total gas
released. All analytical data are reported at the confidence level of 1o (standard

deviation)”.

Major and Trace Element Samples

Thirteen samples were analyzed for major and trace elements. Analyses were done at
the Rock Chemistry Laboratory at the University of Nevada, Las Vegas. Samples for X-
ray fluorescence (XRF) were crushed using the Chipmunk rock crusher to approximately
1 em, Each sample was gieved to remove all fine particles and weathered pieces of
sample that may add contamination to the sample. The samples analyzed on the XRF
were further ground to a fine powder using the Bico shatter box. In order to avoid
contaminating the samples the tungsten-carbide coated rings were used.

Samples were analyzed using the PANalytical X-ray fluorescence spectrometer. The
XRF is designed to acquire quantitative elemental distributions for major and trace

elements in whole rock samples using calibration curves derived from analyzing U.S5.G.S.
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and international rock standards. Analytical procedures were followed as outlined by
Norrish and Hutton (1969).
Loss on lgnition

Loss on ignition (LOI) was calculated for each sample. 1.O.1. is the measure of the
concentration of volatiles in the sample. One and a half grams of sample measured to
40.0005 were used for L.O.1. analysis. The samples were heated in ceramic crucibles to
950°C for one hour to burn off any volatiles that may have been present in the sample.
The samples were placed in a 120°C oven and slowly cooled. Samples were then placed
in a dessicator and cooled to room temperature, After the sample had cooled, it was
reweighed. The formula used to calculate L.O.1. is:

L.O.L = (The weight lost afier being heated/ The original weight) X 100.

After LOI determination the samples were made into fusion disks. This was done by
measuring 1 gram (£0.0002) of sample to 6 grams (£0.0002) of flux. The flux is
composed of 50% lithium tetraborate and 50% lithium monoborate. Each sample was
heated to 1050°C in a carbon crucible for thirty minutes. The sample was stirred every 10
minutes to ensure thai it was fully disaggregated in the liquid. To prevent cracking of the
fusion disks, several steps had to be taken. Afler the final stirring the sample was
quenched for fitteen seconds using an aluminum disk to initially draw off excess heat
from the sample. The sample was then placed on a hot plate for approximately 1 minute
before being placed in a 400°C oven for an hour. The samples were then cooled ina

120°C oven over night before being placed into the dessicator fot storage.
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Isotope Analyses (TIMS)

Five samples were analyzed for Pb, Nd, and Sr isotope ratios by thermal ionization
mass spectrometry (TIMS). Isotopic analysis was performed by J.D. Walker at the
University of Kansas Tectonics and Crustal Evolution Laboratory using a VG Sector
variable 6-collector mass spectrometer.

Samples that were prepared for TIMS used the same preparation technique for the
XRF samples, but steel rings were used instead of the tungsten-carbide rings.

The lab uses procedures from Patchett and Ruiz (1987), Richard et al. (1976), and
Krogh (1973) for obtaining Sm-Nd and Rb-Sr abundances. Powdered samples analyzed
for Rb-Sr were dissolved with HF-HNOj; acid in sealed containers. Flemental separations

used HCl elution on cation exchange columns,

Paleomagnetic Samples Collection and Analysis

Forty six samples were collected for paleomagnetic analysis from five sites. Thirty
four samples were collected from the ash-flow tuffs or intracaldera tuffs and twelve
samples from the dome east northeast of Fang Ridge. Paleomagnetic sample collection
and analysis was conducted using the methodology outlined by Knight et. al (1986) and
Hudson et al., (2000). A short description of the analytical terminology is provided
below.

The K-value is the Fisher precision parameter which how many samples are aligning
in the same direction. The higher the K-value for a sample site indicates that the data
from that sample site are more accurate, The w95 value between the five samples was

3.5%. The 095 is a semi-angle of 95% confidence cone centered on the mean. The lower
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the a95 value the more accurate the data. The N-value is the number of samples used per

site,
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CHAPTER 3

VOLCANIC STRATIGRAPHY AND FAULTS OF THE
SOUTHERN REVEILLE RANGE
This chapter describes the volcanic stratigraphy (Figure 6 and Figure 7) that was
identified during field work in the southern Reveille range. All information presented in

this chapter and following chapters are data that was acquired during thesis research.

Volcanic Stratigraphy
Ash-flow tuffs

There are three ash-flow tuff units (Tps), Tpsz, and Tps;) in the southern Reveille
Range (Figure 7). The ash-flow tuffs are herein named the lower, middle and upper
Pyramid Spring tuff.
Lower Pyramid Spring tuff

The lower Pyramid Spring tuff (Tps:) crops out 0.5 kim to the north of Fang Ridge in
the eastern part of the field area but abuts against Fang Ridge in the western section of
the field area. The ash-flow tuff is moderately-welded and pumice poor at the base of the
section and grades Into a poorly welded pumice rich unit at the top of the section.

The tuff is composed of a fine-grained matrix with field estimated modal phenocrysts
of quartz (15-20%) up to 1.5 mm in size, sanidine (30-40%) up to 2 mm, plagioclase up

to 2 mm, and minor amounts of biotite and Fe-oxides (0-5%) up to 0.5 mm. Pumice
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Figure 6. View of the southern Reveille Range looking to the north. Figure shows the approximate location of the geologic units within the field area. In the
distance the Pancake Range is visible.
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Figure 7. Generalized geologic map of the volcanic stratigraphy and structures in
the southern Reveille Range. The Paleozoic and Pliocene basalts have been
removed for clarity. Figure modified from Gardner and others (1980).

24



fragments range from 5-8 cm in length. Lithic fragments comprise less than 2% of the
unit.

The foliation defined by elongated pumice fragments in the lower Pyramid Spring
tuff has an cast-west strike with a dip of 5-20° to the north. The strike and dip of foliation
stays constant throughout the entire unit.

Middle Pyramid Spring tuff

The middle Pyramid Spring tuff (1ps,) lies above the lower tuff and consists of a
purnice poor basal section that grades into a pumice rich section at the top of the unit. In
general the lower part of the section is moderately welded, while the top is poorly
welded. The middle Pyramid Spring tuff is distinguished from the lower Pyramid Spring
tuff by the presence of a pumice poor basal section stratigraphically above the pumice
rich section of the lower Pyramid Springs tuff, Pumice fragments are large and range in
length from 10-15 cm.

Phenocrysts comprise approximately 45-50% of the rock. Estimated modal
phenocrysts include plagioclase (25-35%) up to 1.5 mm in size, quartz (15-20%]) up to
1.0 mm, sanidine (30-40%) up to 2 mm, and biotite (0-5%) up to 0.5 mm. Pumice
fragments range from 10-20 cm in length. The middle Pyramid Spring tuff contains lithic
fragments (<2%) composed predominantly of fine-grained carbonate and rhyolite.

The foliation defined by elongated pumice fragments in the middle Pyramid Spring
tuff has an east-west strike with a dip of 15-25 to the north. The flow foliation stays

constant throughout the entire unit.
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Lipper Pyramid Spring tuff

The upper Pyramid Spring tuft (Tpss) lies at the top of the section. It is predominantly
a chiff forming unit in the field area, Unlike the lower and middle Pyramid Springs ash-
flow tuffs, this unit does not have a pumice poor basal section. The unit is ~150 m thick
and contains pumice fragments throughout the whole section. Pumice fragments range
from 15 em to approximately 0.5 m in length (Figure 8), The upper Pyramid Spring tuff
flowed farthet to the north than the lower and middle units and north of fault B it lies on
the Tuff of Goblin Knobs. The upper unit was identified by Martin and Naumann (1995)
as the tuff of Southern Reveille Range.

Estimated modal phenocrysts include plagioclase (25-30%) up to 2 mm in size, quartz
(15-25%) up to 1.5 mm, sanidine (30-40%) up to 2 mm, and biotite (0-5%) up to 0.5 mm.
Fragments of fine-grained carbonate and rhyolite comprise 1% of the total volume.
Pumice clasts are compacted and define a well-developed foliation.

The upper Pyramid Spring tuff is easily identifiable in the field because it has a
distinctive weathering pattern in which large elongated voids are produced when the
pumice fragments are eroded. These voids can be in excess of 3 m in length,

The foliation defined by elongated pumice fragments in the upper Pyramid Spring
tuff has an east-west strike with a dip of 20-30° to the north. The dip of the upper
Pyramid Spring tuff becomes steeper to the north. Dips of 20° are common just north of

fault A, but to the north of fault B dip increases to 30°.
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Figure 8. Size of pumice fragments (Green outline) located in upper Pyramid
Springs ash-flow tuff. Pencil in photograph is approximately 15 em in length. The
light peach color areas within the outcrop are also pumice fragments.
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Reveille Peak
Reveille Peak (Tpsr) is located approximately 2.5 km to the south of Fang Ridge
{(Figure 7). The peak is composed of red to purple rhyolite ash-flow tutf forming a
monotonous section nearly 1000 m thick. The tuff is non-bedded and moderately welded
and contains sparse inclusions of granite (xenoliths). Zones of vitrophyre are rare and
generally found in lower to middle sections of the Reveille Peak section. Phenocrysts
make up 40-45% of the rock and include plagioclase (25-35%) up to 1 mm in size, quartz

(15-20%) up to 1.5 mm, sanidine (30-40%) up to 2 mm, and biotite (0-5%) up to 0.5 mm.

Rhyolite Domes
There are four domes that crop out along the eastern margin of the field area. The
domes will be are referred to as Dome A, Dome B, Dome C, and Dome D (Figure 7).
Dome A
Dome A (Tdr) is the northern most of the domes in the southern Reveille Range.
Dome A intrudes the two lowermost units of the Pyramid Spring tuff. The dome is
composed of white to peach colored flow-banded rhyolite. Phenoc?ysts comprise 55-60
% of the rock and include quartz (20-25%) up to 1-2 mm, plagioclase (25-30%) up to 2
mm, sanidine (30-40%) up to 1 mum, and biotite (0-10%) up to 0.5 mm. Flow foliation in
Dome A strikes roughly north-south with a dip between 75-85° to the east. The flow
foliation is defined by bands of Fe-oxides and biotite.
Dome B
Dome B (Tdr) is located 1.5 km east southeast of Fang Ridge. The dome is composed

of white to peach colored rhyolite. The phenocrysts of Dome B make up 40-45% of the
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rock. The phenocrysts include quartz (15-25%) up to 1| mm, plagioclase (20-25%) up to 1
mim, sanidine (35-45%) up to 1.5 mm, and biotite (0-5%) up to 0.5 mm. Flow foliation is
north-south with a dip of 80-85° to the east. The foliation is defined by bands of Fe-
oxides and biotite.
Dome €
Dome C (Tdr) is located approximately 3 km to the southeast of Fang Ridge. The
dome is composed of white to peach colored rhyolite. The phenocrysts of Dome C make
up 35-40% of the rock and are similar in percentage to that of Dome B. The foliation of
Dome C is roughly north-south striking with a dip of 75-85° to the east.
Dome D
Dome D (Tdr) is located 1 km to the southwest of Dome C, The dome is composed of
white to peach colored rhyolite. The phenocrysts make up 30-35% of the rock. The
phenocrysts include quartz (15-25%) up to 1 mm in size, plagioclase (25-30%) up to 1
mm, sanidine (30-40%) up to 1.5 mm, and biotite (0-5%) up to 0.5 mm. Crystals are
anhedral to subhedral with some resorbed crystals of quartz. Flow foliation is north-south

with a dip of 85-90° to the east,

Volcaniclastic sedimentary units and pyroclastic flows
There are two areas to the north and south of Fang Ridge that contain volcaniclastic
sedimentary units and pyroclastic flow. These sections will be referred to as Canyon

Road A and Canyon Road B. The Canyon Road A section occurs both to the north and

south of Fang Ridge (Figure 7).
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Volcaniclastic Sedimentary Units

The volcaniclastic units crop out approximately 0.25 km to the south of Fang

Ridge and crop out adjacent to Fang Ridge to the north (Figure 9). Volcaniclastic
sedimentary rocks and minor pyroclastic flows comprise the Canyon Road A section. The
volcaniclastic section grades from clast supported breccia consisting of pumice and rock
fragments that range in composition from dacite to rhyolite upward into fine-grained
sandstones consisting of reworked accretionary lapilli in an ash matrix, The sedimentary
section is 15-30 m thick and is described in detail below.
Breccias

The breccias are clast supported with a medium grained matrix. The lithic fragments
within the breccia range from 2 ¢m to 5 cm and consist predominantly of volcanic
material, such as pumice, dacite, and rhyolite fragments. Individual beds of breccia range
in thickness from 5-10 m and are poorly sorted.
Coarse-grained Sandstones

The coarse grained sandstones consist of sub-angular to sub-rounded grains of quartz
and lithic fragments. Some of the coarser-grained sandstones contain large ripple marks
with a mud-like drape on the rippled surface. The mud-like drapes are approximately 1-2
cm thick. The coarse grained sandstones contain beds about a meter thick. The thickness
of coarse grained sandstone unit ranges from 5 to 10 m.
Fine-grained Sandstones

The fine-grained sandstones consist of accretionary lapilli within an ash matrix. The
grains are well rounded and very well sorted. The fine grained sandstones show evidence

of soft sediment deformation and are thinly bedded (approximately 1-2 mm thick). This
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Figure 9. Volcaniclastic sedimentary units (fine grained Sst and coarse grained Sst) wedged
between Fang Ridge {Tfr) and the lower Pyramid Spring tuff (Tps]).



unit coarsens upwards. The fine grained sandstone unit are approximately 5-10 m thick.
Pyroclastic flows

The Canyon Road B locality is comprised of pyroclastic flows (Tpf). The pyroclastic
flows are generally 3-5 m thick. The phenocryst assemblage of the pyroclastic flows
includes quartz (25-30%) up to 1 mm in size, plagioclase (30-35%) up to | mm, and
sanidine (30-35%) up to 1 mm. The phenocrysts are supported in an ash matrix that
consists of 55-60% of the rock. The pyroclastic flows contain minor amounts of lithic
fragments consisting predominantly of rhyolite tuff and minor amounts of volcaniclastic

sedimentary rock.

Fang Ridge

Fang Ridge (T1r) is a dacite dike that is up to 100 m in height and approximately 7
km long that extends east-west through the center of the field area (Figure 10). Some
parts of Fang Ridge are dark brown in color while others are white-tan in color, Fang
Ridge has extensive columnar jointing throughout. Small intrusions of Fang Ridge dacite
crop out to the north of the main Fang Ridge dike and intrude the lower and middle
Pyramid Springs tuffs. Fang Ridge dike, also intrudes into the volcaniclastic units of
Canyon Road A.

Fang Ridge is composed of homogenous dacite. Phenocrysts include quartz (35-
40%), plagioclase (40-45%), biotite (15-20%), and minot amounts of sanidine (<2%).
Quartz phenocrysts are anhedral with a faint yellow color. The plagioclase phenocrysts
are milky white and are anhedral to subhedral. Biotite phenocrysts are generally found in

euhedral books approximately 2 mm thick and 1-2 mm across.
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Figure 10. Photo of Fang Ridge dacite located in the southern Reveille Range.
Photo is taken looking to the west.
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Faults

In the southern Reveille Range there are three major faults. These are referred 1o as
Fault A, Fault B, and Fault C (Figure 7).
Fault A

Fault A is a normal fault that strikes cast-west and dips 60-65° to the south. The trace
of Fault A changes strike by 20 degrees. In the east it strikes N 90 E to N 70 E. The fault
then curves and strikes N 90 E along the trend of Fang Ridge (Figure 7). The eastward
and westward projection of the fault can not be determined because it is covered by
alluvium to the east and debris from Fang Ridge and Pyramid Spring tuff to the west. The
fault separates the three Pyramid Springs ash-flow tuffs, north of the fault, from the
volcaniclastic units and the volcanic domes to the south (Figure 11).
Fault B

Fault B consists of two east-west striking normal faults that dip to the north (Figures
7 and 12), The fault zone is located at the northern boundary of the field area. The
Pyramid Springs ash-flow tuffs south of the fault zone dip to the north, but between the
two fault strands the Pyramid Springs ash-flow tuffs dip to the south. The northern strand
of Fault B locally places the Pyramid Springs ash-flow tutf against the tuff of Goblin
Knobs. The fault zone is characterized by hydrothermal alteration, stains of iron oxide

and calcite veins.
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Figure 11. Volcaniclastic sedimentary units (Canyon Road A) wedged between Fang
Ridge (Tfr) and the lower Pyramid Spring tuff. White dashed line denotes the trace of
Fault A. Photo taken looking to the west.
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Figure 12. Fault rotated blocks of the middle Pyramid Spring tuff. The middle Pyramid Springtuft in the foreground
is unfaulted and dips to the north. The section of middle Pyramid Spring tuff in the background is faulted and dips
to the southwest. Photo taken looking to the northeast.



Fault C
Fault C is a north-south striking fault located on the eastern margin of the southern
Reveille Range. Fault C separates the valley fill sequence of Railroad Valley from the

volcanic units in the Reveille Range.
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CHAPTER 4

IDENTIFICATION OF THE PYRAMID
SPRING CALDERA
Criteria for Recognizing a Caldera
A caldera is characterized by several features that are associated with its formation
and post-collapse volcanic history (Lipman, 1997) (Figure 13). These features are:

1. An erosional caldera wall that is commonly scalloped.

2. A resurgent dome that represents a structurally uplifted caldera floor.

3. Bounding faults (ring faults) that accommodate the subsidence during the
caldera collapse. Post-caldera domes are commonly associated with the ring
bounding faults.

4, Intracaldera fill deposited in the area that subsides during caldera collapse.
This material can be deposited during the collapse of the caldera in the form
of ash-flow tuffs, volcanic domes or megabreccias. The intracaldera fill,
however, can also be composed of sedimentary units or other volcanic
material eroded from the resurgent dome of the caldera.

5. Qutflow tuffs that are produced during the eruption of a caldera.

Based on field work completed for this thesis, the geology of the southern

Reveille Range is interpreted as representing a caldera. This caldera is herein named the

Pyramid Spring caldera. Evidence for the caldera is provided below.
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Figure 13. Diagram shows commeon elements that can be found in a caldera that has undergone collapse and resurgence of the
caldera floor. Figure was modified from Lipman (1984).




The caldera wall
The caldera wall separates the collapsed caldera moat from the outflow tuffs
produced during the eruption, Fault A is interpreted to be the caldera wall in the southern
Reveille Range. The caldera wall (Fault A) separates the caldera moat units of Canyon
Road A and Canyon Road B from the outflow units of the Pyramid Spring tuft (Figure
14a and 14b). The caldera moat and outflow units will be described later in this chapter,
Also, the change in strike on the fault trace of Fault A from N 90 F to N 70 E and back to

N 90 E is characteristic of the lobate nature of caldera walls.

Resurgent dome
A resurgent dome represents the structurally uplifted caldera floor. The caldera floor
is the area inside the perimeter of the collapsed region. The resurgent dome of the
Pyramid Springs caldera is interpreted to be Reveille Peak (Figure 14a and 14b). The
resurgent dome is characterized by thick monotonous sections of tuff that lack any
coherent stratigraphy. The tuff that comprises Reveille Peak is nearty 1000 m thick, lacks
bedding, and is moderately welded, which are ali features characteristic of intracaldera

tuff (Lipman, 1997).

Ring fracture and post-collapse domes
The ring fracture is generally characterized by the formation of post-collapse domes
along the fractures created prior to and during collapse of the caldera. Although,
identitying the trace of the ring fracture in the field is difficult, post-collapse domes can

help delineate its approximate location. Domes A-D are interpreted as post-collapse
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Figure 14a. Generalized geologic map showing the interpretation of each volcanic unit
in the southern Reveille Range. Paleozoic and Pliocene units have been removed for

clarity purposes. Figure is modified from Gardner (1980).
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domes (Figure 14a and 14b). These domes form a north-south trend with a slight
curvature concave toward the west. While the domes do not provide absolute evidence of

the existence of the ring fracture in the subsurface, they are suggestive of its presence.

Moat deposits and pyroclastic deposits

The volcaniclastic and pyroclastic units of Canyon Road A and Canyon Road B
areas are interpreted as moat deposits in the Pyramid Spring caldera (Figure 14a and
14b). These units form in a topographic low between the resurgent dome and the caldera
wall. They dip to the north on the north flank of the resurgent dome, but dip southwest
just south of the caldera wall.

Canyon Road 4

The volcaniclastic sedimentary units of Canyon Road A are characteristic of deposits
found in the moat of a caldera. There are several characteristics to these deposits that
would suggest deposition in a lacustrine setting in a caldera moat. Although, it is not
necessary for caldera moats to contain water, lakes are very common within calderas
(Schmincke, 2004).

The breccia of Canyon Road A exhibits features characteristic of deposition in a
subaerial environment, but this unit grades upward into a coarse-grained sandstone with
ripple marks that was probably deposited in an aqueous environment, This could indicate
deposition of the breccia before the caldera moat began to fill with water.

The coarse-grained sandstones exhibit sedimentary structures that are
characteristic of deposition in a lacustrine setting. These include ripple marks and mud

drapes. Ripple marks are found throughout the entire unit. Mud drapes deposited on the
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ripple marks are composed of silt to very fine-grained sandstones and mirror the ripple
marks found in coarse-grained sandstones. The mud drapes are then overlain by another
deposit of coarse-grained sandstone.

The fine-grained sandstones are predominantly composed of accretionary lapilli,
or ash particles that were deposited in an aqueous environment, The fine-grained
sandstones also show evidence of soft sediment deformation; a process that is common in
aqueous environments.

Canyon Road B

The pyroclastic flows of the Canyon Road B are probably related to post-caldera
eruptions. They likely formed during the initial stages of dome formation. The presence
of tuff clasts probably derived from Reveille Peak and clasts of volcaniclastic

sedimentary rocks document the eruption of these tuffs during post-caldera activity.

Qutflow tuffs

The lower Pyramid Spring tuff, the middle Pyramid Spring tuff, and the upper
Pyramid Spring tuff are interpreted as the outflow units from the Pyramid Spring caldera
(Figure 14a and 14b). The id.entiﬁcation of three distinct stratigraphic units and the
overall outcrop location of the units (especially the upper Pyramid Spring tuff) are
characteristic of outflow tuffs. Highly flattened pumice (flamme) is very common in
outflow tuffs, but is very rare in intracaldera tuffs. The highly flattened large (15 cm-0.5
m long) flamme in the upper Pyramid Spring tuff support the interpretation of the

Pyramid Spring tutf being an outflow unit. In addition, the Pyramid Spring tuff only
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crops oul to the north of the caldera wall, which fits with the Pyramid Spring tuff is an
outflow unit of the Pyramid Spring caldera.

Although a direct correlation between outflow units and intracaldera tuffs is often
difficult, there are similarities between the Pyramid Spring tuff and the tuff on Reveille
Peak that suggest a correlation. These similarities include mineralogy and chemistry
affinities (see chapter 7). Based on these similarities, the tuff on Reveille Peak is

interpreted as the intracaldera equivalent of the Pyramid Spring outflow units.

Summary
Field research and observations were able to identify most of the features required to
meet criteria for identifying a caldera outlined by Lipman (1997). Observations used to
identify the Pyramid Spring caldera include:
1. Locating the caldera wall of the Pyramid Spring caldera (Fault A).
2. Identifying the resurgent dome at Reveille Peak.
3. Identifying the post-caldera domes that may suggest the presence of a ring fault in
the subsurface (Domes A-D).
4, lIdentification of the caldera moat deposits and the pyroclastic flows that
document post-caldera volcanic activity (Canyon Road A and B locations).
5. The identification of the Pyramid Spring tuff as the outflow unit that was

produced during the formation of the Pyramid Spring caldera.
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CHAPTER 5

GEOCHRONOLOGY
Four samples were collected for **Ar/° Ar geochronology. Samples were analyzed at
the Nevada Isotope Geochronology Laboratory (NIGL.) at the University of Nevada, Las
Vegas. The samples included two samples from the Pyramid Spring tuff (Lower Pyramid
Spring tuff and Upper Pyramid Spring tuff), one sample from Dome B, and one sample
from Fang Ridge. The samples were crushed and sieved then analyzed under a binocular

microscope and 60 crystals of sanidine were extracted from each sample.

Lower Pyramid Spring tuff
The Lower Pyramid Springs Ash-flow tuft was dated at 22.89 Ma £ 0.15 Ma
(weighted mean age). The sample has an isochron age of 22,76 Ma + 0.140 Ma. CAr S Ar
for the lower Pyramid Springs tuff is 274 + 6.5 (Figure 15). The initial *°Ar/*®Ar ratio for
the lower Pyramid Springs tuff is lower than the 295.5 standard for the present day
0 A1/ Ar atmospheric ratio. The weighted mean age of 22.89 Ma £ 0.15 Ma was used for
this study because the *®Ar/*°Ar ratio produced an irregular intercept. For complete

details on the analyses refer to Appendix B.

Upper Pyramid Spring tuff
The Upper Pyramid Springs Ash-flow tuff was dated at 22.86 Ma + 0.15 Ma

(weighted mean age). An isochron age could was not defined for the Upper Pyramid
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Springs Ash-flow tuff because of the high radiogenic yield for the sample, High
radiogenic yields indicate that any initial argon in the sample did not have an effect on

the sample. Figure 16 shows the weighted mean age of the sample,

Dome B
Dome B is one of four post-caldera domes in the ficld area. The weighted mean age
of the rhyolite dome is 22.79 Ma % 0.15 Ma, The isochron age for this sample is 22.79
Ma + 0.14 Ma (Figure 17). The initial **Ar/*®Ar ratio for the rhyolite of North Dome is
291+ 6 indicating no excess argon is present. The weighted mean age of 22,79 Ma + 0.15

Ma is used for this study.

Fang Ridge
The age of the Fang Ridge dacite is 21,39 + .21 Ma (Figure 18). Analysis was done
on plagioclase crystals instead of sanidine due to the lack of sanidine in the sample.
The analysis of Fang Ridge was done on ten out of fifteen samples, The procedure for
rejecting five analyses was for any sample that had a4 1 ¢ standard deviation greater than

one million years.
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Figure 15. Probability plot and isochron for the lower Pyramid Spring tuff.
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CHAPTER 6

PALEOMAGNETIC ANALYSIS

The paleomagnetic investigations were done to correlate ash-flow tuffs with regional
units and included analysis of characteristic remanent magnetization (ChRM) from five
sites in the ash-flow tuffs from the Reveille Range. Conventional paleomagnetic methods
(e.g., Knight et al., 1986; Hudson et al., 2000) were employed in this study. The
following description of the technigue is from Faulds (personal communication, 2006).

A portable drill was used to collect cores from each site. Samples were prepared for
analysis using non-magnetic saw blades. All analyses were conducted at the Keck
Paleomagnetic Laboratory at the University of Nevada, Reno. Remanent magnetizations
were measured on an Agico JR-5A magnetometer. To isolate components of the natural
remanent magnetization, all samples were subjected to either alternating field or thermal
demagnetization techniques. bemagnetization trajectories were then monitored on
orthogonal demagnetization diagrams. ChRMs were calculated using standard methods
such as the multivariate technique of principal component analysis (e.g., Kirschvink,
1980). Conventional statistical analyses on a sphere (e.g., Fisher, 1953; McFadden and
Lowes, 1981) were employed to determine site means and dispersion parameters.

Four of the five sites yielded grouped site means, with an ags <10° and k >100 (k is a
precision parameter denoting the concentration of the distribution about the mean

direction).
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Most samples behaved simply during demagnetization. After removal of
magnetizations with highly variable direction at low inductions, a single ChRM was
recognized between 30 and 100 mT (milliTesla). At higher inductions, demagnetization
trajectories typically continued straight to the origin. These thermoremnant
magnetizations are typical of ash-flow tuffs.

Demagnetization behaviors suggest that fine-grained, pseudo-single domain
titanomagnetite is the principal carrier of the ChRMs in the ash-flow tuffs, Alternating
field demagnetization commonly removed nearly all magnetization by 100 mT.

Titanomagentite typically loses most magnetization by 100 mT.

Lower Pyramid Spring tuff

Twelve paleomagnetic cores were drilled in the lower Pyramid Spring tuff only six
samples were use to acquire data. The other six samples were either partial cores or what
18 known as LBO. LBO stands for loose but OK, which means that the core was broken
during the drilling process and was loose within the drilled hole, These types of samples
can produce inaccurate data and were not used during the analysis process.

Five of the six cores produced a paleomagnetic pole direction of -50.5° inclination
and 218.1° declination. The K-value for the samples was 490.1. This K-value is
acceptable because it is higher than 100. Figure 19 shows the Zijiderveld and stereonet

plots for this unit.
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Middle Pyramid Spring tuff
Eight sample locations were drilled in the middle Pyramid Spring tuff, however, only
five of the sample cores were useable. The other three samples were partial cores or
LBO’s. Four of the five samples had an average paleomagnetic direction of -41.4°
inclination and 201.1° declination. The K-value of the samples was 616.4 and the ¢93

value was 3.7%. Figure 20 shows the stereonet and the Zijiderveld plots for the samples.

Upper Pyramid Spring tuff
Twelve sample locations were drilled in the upper Pyramid Spring tuff. Only six of
the twelve samples were used because they were either partial cores or LBO’s. Five of
the six samples produced an average paleomagnetic pole direction of -42.5° inclination
and 213.4° declination. The K-value for the samples was 1008.6 and the a95 value was

2.4%. Figure 21 shows the stereonet and the Zijiderveld plots for the samples.

Tuff of Goblin Knobs (Tgk)

Eleven samples were drilled within the tuff of Goblin Knobs. Six samples were used
because the other five were partial cores or LBO’s. Five of the six samples produced an
average paleomagnetic pole direction of 8.6° inclination and 27.2° declination. The K-
value is 338.1 and the «95 value was 3.7%. Figure 22 shows the stereonet and the

Zijiderveld plots for the samples.
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Figure 19. Paleomagnetic plots for the lower Pyramid Spring tuff. Figure (A)
is a Zijiderveld plot of the unit and (B) is the stereonet projection of the unit.
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Figure 20. Paleomagnetic plots for the middle Pyramid Spring tuff. Figure (A)
is a Zijiderveld plot of the unit and {B) is the stereonet projection of the unit.

56



N, N A

Inclination: -42.5
Declhination: 213.4
K-value; 1008.6

E, Up

Figure 21. Paleomagnetic plots for the upper Pyramid Springs tuff. Figure
(A)is a Zijiderveld plot of the unit and (B} is the stereonet projection of the
unit.
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Figure 22. Paleomagnetic plots for the tuff of Goblin Knob. Figure (A)
is the Zjiderteld plot of the umit and (B) is the sterconet projection of the
unit.
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Dome B
Ten samples were drilled in the Dome B. The data collected from this unit showed no
apparent trend or stable demagnetization trends. This can be explained by meterologic
resetting of magnetization (most likely by lightning strikes) or by coarse magnetic grains,
which alter the magnetic field of surrounding smaller grains. Since, coarse magnetic
grains are not present at Dome B, meteorological resetting of the magnetization is most

likely the cause of the unstable magnetic trends.

Summary and Interpretation
The purpose of the paleomagnetic analysis was for correlation purposes between the
Pyramid Spring tuff, tuff of Goblin Knobs, and the Pahranagat Formation. The
observations for the Pyramid Spring the tuff and Goblin Knobs is:

1. The paleomagnetic directions from the Pyramid Spring tuff range between
-41.4° to -50.5° inclination and 201.1° to 218.1° declination.

2. The average inclination of the three units of the Pyramid Spring tuff is -44.8°
and the average declination 210.9°,

3. It is most likely that the three units of the Pyramid Spring tuff were erupted
from the same volcanic center over a relatively short period of time. The
three units of the Pyramid Spring tuff have similar paleomagnetic poles,
mineralogy, and ages.

4. The tuff of Goblin Knobs has a normal polarity; therefore it is not correlative
to the Pyramid Spring tuff, which has a reversed polarity. Geochronological

data and geochemical data support this observation.
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CHAPTER 7

GEOCHEMISTRY
The geochemistry of the voleanic rocks presented in this chapter will be used in
subsequent chapters to discuss the petrogenesis of the ash-tlow tuffs and to correlate with
other ash-flow tuffs in the region. The complete geochemistry data set is provided in

Appendix C.

Major Elements

The upper, middle and lower members of the Pyramid Spring tuff range from dacite
and rhyolite (64.80 — 70.43 wt. % 5i0;; 15.35 — 18.52 wt. % Al;03; 6.00 - 6.78 wi. %
K;Q) according to the Irvine and Baragar (1971) classification (Figure 23). The Fang
Ridge dike is an andesite to a dacite (65.26 —67.11 wt. % 8i0;; 14.29 - 14.67 wt. %
AlOy; 4,24 - 4.38 wt. % K;0). The post-collapse domes (Dome B and Dome C) are
rhyolite (73.45 — 75.83 % SiOs; 12.30 — 13.59 wt. % Al03; 4.60 -5.12 wt. % K,0)
(Figure 24). The resurgent dome of Reveille Peak is a rhyolite (75.83 wt, % SiOy; 12.95

wt. % AlLOs3; 4.66 wt. % K20).

Trace Elements

The trace element variation diagrams (Figure 25) show clear differences between the

dacite of Fang Ridge, post-caldera domes, and the Pyramid Spring tuff. However, the
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Figure 23. Irving and Baragar (1971) classification of the volcanic rocks in
the southern Reveille Range.
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Pyramid Spring tuff, the post-caldera domes, and the resurgent dome show chemical
affinities to one another. Trace element concentrations {(except for Y) are higher in the
domes and ash-flow tutfs than in the Fang Ridge dacite. In general, the post-caldera
domes have the lowest concentration of trace elements compared to ash-flow (uffs
(Figure 25).

Primitive mantle normalized element variation diagrams (Sun and McDonald, 1989)
show that the Pyramid Spring tuff and the post-caldera domes have high large-ion
lithophile (LIL), and light rare-earth element (LREE) concentrations, but low values of
Nb, Sr, P, Ti and sometimes Ba compared to primitive mantle (Fig. 26a and 26b). Fang
Ridge is enriched in both LREE and HREE in relation to the Pyramid Spring tuff and
post-caldera domes (Fig 26¢), but shows lower values of Ba, Nb, Sr, P and Ti compared

to primitive mantle.

Isotopes
The ¥'St/3%Sr ratio for two of the three members of the Pyramid Spring tuff are similar
(0.7097227 and 0.7092529); however, the initial *’St/*%Sr for Dome B is slightly lower
(0.7089103) than the Pyramid Spring tuff. Fang Ridge has an initial 791/%Sr between

(.7077212 and 0.7077336.

Eng for the Pyramid Spring tuffs range from -7.60 to -7.78, while Dome B has an €yq

of -7.76. Fang Ridge’s £ng ranges from -8.22 to -8.56 (Figure 27).

Plots of **°Pb”2"Ph vs. *"Pb/*™Ph and “*Pb/***Pb (Figure 28) indicate small variation
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in *"PbMpb, but little difference in ""Pb™Pb and ***Pb™Pb (Figure 28). The Pyramid
Spring tuffs and Dome B are similar and have ***Pb/**Pb values that range from

19.282t0 19.291. **Pb/**pb for Fang Ridge is lower and ranges from 19.175 to 19.203,

Summary
The major purpose of geochemical analysis for this project was for correlation
purposes (see Chapter 8); therefore only general observations will be made concerning
volcanic rock petrogenesis. These observations include:

1. Major elements indicate that the four major rock groups (Pyramid Spring tuff,
post-caldera domes, resurgent dome, and Fang Ridge) are chemically different.
The Pyramid Spring tuff, post-caldera domes, and resurgent dome geochemically
lie on the same trend for MgO, FeQ, Ti0O,, Ca0, P,0s, Sr, and Y; however, the
ash-flow tuffs have lower §i0O; than the rhyolite domes.

2. The composition of Fang Ridge dacite is remarkably homogenous. Major
element chemistry suggests that Fang Ridge dacite is not cogenetic with the
Pyramid Spring tuff or the post-caldera domes because the concentrations of
Ti0;,, FeO, Ca0, and MgQ are higher, and AlO3, K;0, and Na,O are lower than
the Pyramid Spring tuff and post-caldera domes. The 1.3 m.y. difference in age
between the formation of Fang Ridge and the eruption of the Pyramid Spring tuff
and domes supports this conclusion as do Sr, Nd and Pb isotopes. Isotopic ratios
clearly indicate a different crustal source for Fang Ridge dacite,

3. Similarities in major, trace element geochemistry and isotopic ratios between the

three members of the Pyramid Spring tuff indicate that these units are cogenetic
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and most probably comagmatic, A comagmatic relationship is supported by

similar ages and paleomagnetic poles.
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CHAPTER 8

REGIONAL CORRELATIONS

One of the most important questions dealt with in this thesis is whether the wffs in the
southern Reveille Range are equivalent to the Pahranagat Formation, During the 1990°s
the Reveille Range and surrounding areas were the focus of studies dealing with the
formation of the Kawich caldera and the emplacement of the Pahranagat Tuff (Best et al,,
1995). Their study concluded that the Kawich caldera produced the Pahranagat Tuff at
22.64 Ma + 0.01 Ma and suggested that the Pahranagat Tuff is correlative with the
Pyramid Spring tuff in the southern Reveille Range. Contrary to the conclusions of Best
et al. (1993}, I conclude that the Pyramid Spring tuff is not correlative with the
Pahranagat Formation. The following paragraphs summarize the evidence to support this

conclusion.

Geochemistry
The major element variation diagrams of volcanic rocks in the southern Reveille
Range show trends different from major element variation of the Pahranagat Formation
(Figure 29). The Pyramid Spring tuffs have lower concentrations of CaO, FeO, and TiO,
than the Pahranagat Formation. Trace element variations of the Pyramid Spring tuff are
more limited in concentration than the Pahranagat Formation (Figure 30), but these

differences may not be significant. In a recent study, Honn (2005)
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Reveille Range and the Pahranagat Formation.
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indicated that the trace clements abundances of tuffs in the Kawich Range are
indistinguishable from the Pahranagat Formation and concluded that they are correlative

with the Pahranagat Formation.

(Geochronology

Geochronological interpretations are based on one sigma errors. If two sigma errors
are used the ages of the Pyramid Spring tuffs will coincide with the ages for the
Pahranagat Formation,

Best et al. (1995) dated the Pahranagat Tuff at 22.64:£0.01 Ma. However, in 2005 an
unpublished age of 22.78 (personal communication; Christiansen, 2005) was reported for
the Pahranagat Tuff. The 22.78 Ma date used an older Fish Canyon tutf standard (28.02
Ma) for the fluence monitor. In comparison, dates reported in this thesis used a newer
Fish Canyon tuff standard (27.90 Ma). To address the fluence monitor differences
between this thesis and the study conducted by Dr. Eric Christiansen, dates for samples
trom the southern Reveille Range were corrected using the fluence monitor of the older
Fish Canyon Tuff standard (28.02 Ma). The age of the samples from the southern
Reveille Range increased by ~100 Ka after the age correction. The cotrected age of the
lower Pyramid Spring tuff is 22.99 & 0.150 Ma and the corrected age of upper Pyramid
Spring tuffis 22.95 £ 0.146 Ma.

Based on this information, the corrected ages for the ash-flow tuffs in the southern
Reveille Range are on average 150,000 years older than that of the Pahranagat Tuff. This
difference is slightly larger than the error reported for the dates and is probably

significant,
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Paleomagnetic Data

Paleomagnetic data from Best et al. (1995) focused on the Pahranagat Formation,
which according to their model erupted from the Kawich caldera. The Pahranagat
Formation is documented in several of the mountain ranges that surround the Reveille
Range. The data from Best et al, (1995) is summarized in Appendix D and is compared to
new paleomagnetic data from the Pyramid Spring tuff in the paragraphs below.

The average inclination of the Pahranagat tuff is -58.6°, a value that is 14° higher than
the average inclination of -44.8° for the Pyramid Spring tuff. This observation, therefore,
suggests that the Pyramid Spring tuff is not correlative with the Pahranagat formation.
The only tuff that is possibly correlative to the Pyramid Spring tuff is the tuff exposed in
Cedar Pass in the southern Kawich Range. Hypothetically, it is possible that ¢ither the
eruption that produced the tuff at Cedar Pass is coeval with the eruptions in the southern
Reveille Range or is correlative with the Pyramid Spring tuff. Unfortunately, exposures
of the tuff at Cedar Pass lie in a restricted entry area, so samples could not be obtained for
this study.

Summary

The Pyramid Spring tuff is probably not correlative with the Pahranagat Formation.
This conclusion 1s based on:

1. A more restricted range of major element variation for the Pyramid Spring tuff

compared to the Pahranagat Formation.

2. Anolder age of about 190,000 years for the Pyramid Spring tuff.

3. A significance difference in the inclination of paleomagnetic poles for the

Pyramid Spring tuft.
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CHAPTER 8

CONCLUSIONS

A major contribution of this project was the discovery of the Pyramid Spring caldera
and the identification of outflow tuffs that etupted from the caldera. Additionally, field
work determined that the Pyramid Spring caldera is younger than the Goblin Knobs
caldera located just to the north,

New *°Ar/*°Ar dates demonstrated that there are three magmatic events that occurred
before the eruption of Pliocene basalt in the southern Reveille Range. The first event was
the formation of the Pyramid Spring caldera at 22.9 Ma. At 22.8 Ma rhyolitic eruptions
produced post-caldera domes. Fang Ridge dacite was emplaced along the northern
Pyramid Spring caldera wall at 22.3 Ma.

The paleomagnetic, geochemical and A1/ Ar ages suggest that the Pyramid Spring
tuff is not correlative with the Pahranagat Formation. Furthermore, paleomagnetic and
geochronological data indicate that the Pyramid Spring tuff erupted over a short period of
time due to the small deviation of paleomagnetic poles from each unit of the Pyramid

Spring tuff and their very similar “Ar/ Ar ages.
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Appendix A: Petrographic Descriptions

The stratigraphic nomenclature used in this thesis is from Gardner et al. (1980),
Naumann et al. (1991), Martin and Naumann (1995), Rash (1995), Best et al. (1995) with
the exception of six newly identified units, Gardner et al. (1980) and Best et al. (1995)
did not differentiate the ash-flow tuffs within the southern Reveille Range. Detailed
mapping by Naumann et al. (1991), Martin and Naumann (1995), and Rash (1995)
focused on the stratigraphic relations of the Tertiary units within the central and northern
Reveille Range. Naumann et al. (1991) were able to recognize four types of basalts by
geochemistry, petrography, geochronology, and field relations, Martin and Naumann
(1995) and Rash (1995) were able to correct the errors in the stratigraphic contacts
mapped by Ekren et al. (1973).

The following stratigraphic descriptions explain units on Plate 1. The ages of the
basalts and tuff of Goblin Knobs were obtained from the studies of Naumann et al.
(1991), Martin and Naumann (1995), and Rash (1995). The descriptions of the units are

based on hand sample and thin section analysis.

Tuff of Goblin Knobs (Tgk) (Reveille Range)

The tufl of Goblin Knobs (25.69 + (.58 Ma, biotite; Rash, 1995) is pale yellowish-
brown densely welded tuff exposed primarily within the central Reveille Range. The Tuff
of Goblin Knobs consists of 30-40% phenocrysts of quartz (25-30%) up to 5.6 mm in
size, sanidine (15-35%) up to 3.3 mm in size, plagioclase (40-50%) up to 3.1 mm in size,
biotite (1-15%) up to 3.1 mm in size. Also, the Tuff of Goblin Knobs contains trace

amounts of hornblende (trace), up to 3.2 mm in size, Fe-Ti oxides (trace-2%) up to 0.06
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mm in size, apatite (trace) up to 0.02 mm in size, and zircon (trace) up 0.08 mm in size.
White to gray pumice (2-5%) is generally flattened and ranges in length from 3 to 65
mm.

The Tuft of Goblin Knobs contains lithic fragments (5-7%) that include carbonate,
quartzite, and porphyritic volcanic fragments (predominanily). The thickness of the tuff
of Goblin Knobs ranges from 0-1700 m, Information for the tuff of Goblin Knobs was

obtained from Naumann and Martin (1995) and Rash (1995).

Lower Pyramid Spring Tuff (Tps;) (Reveille Range)

The lower Pyramid Springs tuff is pink to purple in color. The tuff 1s a densely
welded tuff at the base and grades into a moderately welded tuff at the top of the unit;
phenocrysts which make up 35-40% of the rock include plagioclase (25-35%) up to 2 mm
in size, quartz (15-20%) up to 1.5 mm in size, sanidine (30-40%) up to 2 mm in size, and
biotite (0-5%) up to 0.5 mm in size, sanidine (30-40%) up to 2 mm in length. The lower
Pyramid Spring tuff contains minor lithic fragments (<2%) that are predominately
composed of carbonate. The age of the lower Pyramid Spring tuff is 22.892 Ma =+ (0.154

Ma.

Middle Pyramid Spring Tuff (Tpsa) (Reveille Range)

The middle Pyramid Spring tuff is pink to purple in color. The taff has a densely
welded tuff at the basal section and grades into a moderately welded taff at the top of the
unit. Phenocrysts comprise approximately 35-40% of the rock. Phenocrysts include

plagioclase (25-35%) up to 1.5 mm in size, quartz (15-20%) up to 1.0 mm in size,
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sanidine (30-40%) up to 1-2 mm in size, and biotite (0-5%) up to 0.5 mm in size. The
pumice fragments can range form 10-20 cm in length. The middle Pyramid Spring tuff
contains minot amounts of lithic fragments (<2%) composed predominantly of carbonate

and volcanic fragments.

Upper Pyramid Spring Tuff (Tps;) (Reveille Range)

The upper Pyramid Spring tuff is yellowish to pink in color. The tuff is moderately
welded with phenocrysts comprising approximately 40-50% of the rock. Phenocrysts
include plagioclase (25-30%) up to 2 mm in size, quartz (15-253%) up to 1.5 mm in size,
sanidine (30-40%) up to 2 mm in size, and biotite (0-5%) up to 0.5 mm in size. The
pumice fragments show well developed compaction foliation. The pumice fragments can
range between 15 cm to approximately half a meter in length. The unit contains minor
amounts of lithic fragments <1%. The age of the Upper Pyramid Spring tuffis 22.862 Ma

+ 0.146 Ma.

Rhyolite of Dome B (Tdr)

The rhyolite of the Dome B is white to peach in color, coarsely porphyritic with
phenocrysts making up 40-45% of the rock. The phenocrysts include quartz (15-25%) up
to 1 mm in size, plagioclase (20-25%) up to 1 mm in size, sanidine (35-45%) up to 1.5
mm in size, and biotite (0-5%) up to 0.5 mm in size. The crystals are anhedral to
subhedral with some resorbed crystals of quartz. The rhyolite that comprises Dome B
lack lithic or pumnice fragments. Flow foliation can be seen in the outcrop; however, the

flow foliation is hard to observe microscopically.
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Rhyolite of Dome C

The rhyolite of Dome C is white to peach in color, coarsely porphyritic with
phenocrysts making up to 40-45% of the rock. Phenocrysts include quartz (15-25%) up to
1 mm in size, plagioclase (20-25%) up to 1 mm in size, sanidine (35-45%) up to 1.5 mm
in size, and biotite (0-5%) up to 0.5 mm in size. The crystals are anhedral to subhedral
with some resorbed crystals of quartz. The rhyolite that comprises the Dome C contains
no lithic fragments or pumice fragments. The rhyolite that composes Dome C is most

likely the same that comprises Dome B.

Volcaniclastic Sedimentary Units (Ts) (Reveille Range)

The volcamclastic sedimentary units are fine grained sandstones composed of
acctetionary lapilli, coarse grained sandstones, and coarse grained conglomerates with
clasts of dacite and rhyolite. The fine grained units commonly show soft sediment
deformation. The conglomerates are clast supportied with the matrix being primarily

composed of silt and sand sized particles.

Fang Ridge Dacite (Tfr) (Reveille Range)

The dacite of Fang Ridge is gray to white, coarsely crystalline with phenocrysts
consisting about 50-60% of the rock. Phenocrysts include plagioclase (45-55%) up to 3-4
mm in size, quartz (15-25%) up to 1-2 mm in size, biotite (10-15%) up to 2 mm in size,
sanidine (0-3%) up to 0.5 mun in size, and sphene (trace to 2%) up to 0.25 mm in size.

Most of the crystals are anhedral to subhedral, except for biotite. Biotite is euhedral and
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occurs in hexagonal books with a thickness of 1-3 mm. Iron staining occurs within the

groundmass and along the outer edges of the crystals.

Episode-1 Basalts (Tb,) (Reveille Range)

Episode-1 basalts are grey in color consisting of 30-40% phenocrysts. Phenocrysts
include plagioclase (75-95%; occurs as glomerocrystic megacrysts) up to ~19 mm in
length, iddingsitized olivine (3-21%) up to 1.5 mm in size, clinopyroxene (trace-2%) up
to 2.4 mm in size, and Fe-Ti oxides (trace-2%) up to 0.5 mm in size (Naumann et al.,
1991; Naumann and Martin, 1995). Episode-1 basalts lie conformably above upper
Pyramid Springs tuff (Tpss). Episode-1 basalts commonly show reversed topography in
areas in which the basalt was channeled or flowed into depressions. Episode-1 basalts
range in age from 5.13x0.15 Ma to 5.94%0.14 Ma (Naumann ¢t al., 1991). Thickness
ranges from 0-25 m within the southern Reveille Range, but can be as thick as 100 m in

the northern Reveille Range.

Episode-2 Basalts (Th;) (Reveille Range)

Episode-2 basalts are porphyritic olivine basalts that are dark gray in color and
contain 20-30% phenocrysts. Phenocrysts include plagioclase (10-20%) up to 12 mm in
size, iddingsitized olivine (10%) up to 2 mm in size, orthopyroxene (0-5%) up to 2.8 mm
in size, xenocrysts of hornblende (0-50%) up to 8 mm in size, and Fe-Ti oxides (trace-
6%) (Naumann et al.,1991; Naumann and Martin, 1995,; Rash, 1995). Episode-2 basalts

are the youngest volcanic units within the Reveille Range (3.00+0.08 Ma to 4.64+0.14
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May). Thickness ranges from 10 m in the southern Reveille Range up to 100 m in other

areas of the Reveille Range.

Tertiary/Quaternary colluvium
The Tertiary and Quaternary colluvium consist primarily of loose angular fragments
of tuff, basalt, dacite, and volcaniclastic sedimentary units. Thickness is variable

depending on the locality.

Tertiary/Quaternary Alluvium
The Tertiary and Quaternary alluvium consists of unconsolidated sands and gravels
with quartz nodules in some areas. Most of the alluvium is restricted to the washes and

alluvial fans.
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Table 7. Major and trace element analyses of volcanic units in the southern Reveille Range

Tpst Tps2 Tps3 _ F.Ridge F.Ridge-2 N.Dome S. Dome Tpsr
Si0z 67.33 70.1 64.8 65.16 6526 7528  73.02 75.25
TiO2 0.27 0.26 0.27 0,61 0.61 0.16 0.22 0.21
AlzO3 16.13 15.14 15.35 14.32 14.29 12.3 134 12.66
Fea03 1.66 1.37 1.85 3.9 3.87 1.01 1.45 1.32
MO 0.15 0.04 0.03 0.068 0.07 0.06 0.01 0.02
MgO 1 0.4 0.57 1.32 1.3 0.27 0.4 0.47
Ca0 1.34 1.45 218 42 4.16 0.99 0.92 1.02
NazQ 3.5 4.19 4.71 4.86 3.35 3.57 413 3.68
K20 6.67 5.93 6.29 421 4.24 46 5.08 4.65
P20s 0.14 0.084 01 0.221 0.22 0.1 0.78 0.06
LOI 1.2 1.3 22 1.42 23 12 0.67 0.35
Total 9939 100264 98.33 99.689 09.67 99.51 100.09 99.69
Sc¢ 1.78 3.22 1.7 7.3 10.96 2 0 1.33
\Y 44,52 35.02 55.76 97.94 93.92 766 19.2 20.26
Cr 200.7 192.51 198.1 217.31 214.29 186.62 198.69 191.41
Co 10.53 2463 13.42 21.29 23.68 23.3 14.47
Ni 4,02 2.98 243 9.69 8.83 1.7 1.9 2.92
Cu 323 35 3 8.75 8.95 2.01 2.64 2.8
Rb 170 143 123 146 141 117 104 163
Sr 213 265 510 645 651 129 165 161
Y 20.49 16 16 19.36 19.15 12.48 10.16 18.1
Zr 159 183 240 232 221 118 165 141
Nb 13.8 12.67 8.7 16.38 15.63 10.12 8.5 14.74
Cs 1511 15.34 28.45 7.1 8.9 23.81 23.21
Ba 988 8982 1495 1232 1233 442 662 511
La 1224 66,9 63.04 56.33 66.25 48.7 52.8 53.04
Ce 114.31 11876 112869 96.1 108.94 75.41 73.81 82.35
Nd 43 41 40 41 45 28 28 28
Sm 4 8 9 6 2 2
Yh 2.64 39 1 1.37 1.32 318 1.51 0.59
Hf 7.03 6.55 8.03 5.66 6.76 222 2 35
W 4.32 126.1 125.91 80.23 131.8 23867 21613 156
Pb 2478 18.5 21.34 1573 14.54 16.31 18.1 20.55
Th 16.15 16.8 12.1 18.95 2087 14.2 116 18.75
U 7.3 6.91 7.5 9.74 8.31 5.91 5.8 6.73
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APPENDIX D

PALEOMAGNETIC DATA FOR THE
SOUTHERN REVEILLE RANGE AND
SURROUNDING REGIONS
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Table 8, Paleomagnetic Data of the southern Great Basin Volcanics

Site Name I, Deg D, Deg R k Alpha %5 Del
Sqauw Flat,
Little Fish Lake Valley * 709 200.3 7.9308 16 5.2 7.5
Black Beauty Mesa,
Pancake Range * ~66.6 199.7 5.9872 389 34 4.1
Forest Home,
East Grant Range * -36.7 1921 7.9647 199 39 5.6
Shingle Spring,
Egan Range * -67.6 192.3 3.9363 79 7.6 9.2
White River Narrows,
Seaman Range * -63.6 17535 59723 182 ) 6.0
Pahroc Summit,Notth Pahroe
Range * -58.5 177.9 7.8356 43 8.6 124
Badger Valley,East Pahranagat
Range * -58.1 182.3 7.989 636 2.2 32
Southern Delmar
Mountains * -63.1 226 7.9268 96 57 8.3
Mud Spring, Saulsbury
Wagh,Monitor Range * -60.6 153.8 7.9864 Jig 2.4 36
Red Bluff Spring,
Quinn Canyon Range * -54.5 182.7 7.9894 438 22 32
Queen City Summit,
Quinn Canyon Range * -39 195.4 7.9959 1688 13 2.0
White Blotch Spring,
Chalk Mountain * 341 197.5 S 9818 274 4.1 4.9
Coyote Summit, Timpahute
Range * -50.2 2021 3.9958 718 14 3.0
Longstreets Ranch, M. Kawich * -57.2 1717 §.9622 159 48 6.4
Cedar Pass, 5. Kawich Range * -48.8 1931 6.9707 2058 4.2 37
Reveille Peak, Southern Reveille
Range * 2513 200.1 29985 1341 34 2.2
Hiko Tuff, southeastern NV ** 37.21 114.868 J.29 5 3 nfa
N. Dome, Reveille Range *** N/A N/A N/A N/A N/A N/A
L. Pyramid Spring tuff *** -50.5 2181 50fé 490,1 15
M. Pyramid Spring tuff *** 41,4 2011 dof5 616.4 17
U. Pyramid Spring tuff *** 425 2134 5of6 1008.6 24
Tuff of Goblin Knobs *** 8.6 2712 So0f6 328.1 37

*  Samples from Best abd others (1595)
**  Samples from Hudson and others (1992)
*** Samples from this study
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