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ABSTRACT

The Long Valley-Glass Mountain volcanic field of eastern California was
the site of numerous eruptions of rhyolitic tephra in late Pliocene to middle
Pleistocene time. In the volcanic field, stratigraphic and isotopic age
evidence clearly indicate that six pyroclastic eruptions occurred in the age
span 2.1 to 1.0 m.y. Three layers of coarse-grained tephra near the Cowan
mine and three similar coarse-grained tephra beds at Blind Spring Hill south
of Benton Hot Springs, Calif., record episodes of pyroclastic volcanism about
2.1 million years ago. Another layer of coarse-grained tephra near the Cowan
mine south of Benton Hot Springs, Calif., records a pyroclastic volcanic event
that occurred about 1.0 million years ago. Two layers of volcanic ash inter-
layered in sediments along the Owens River north of Bishop, Calif. suggest
additional pyroclastic volcanic eruptions in the volcanic field at about 1.0
m.y. Ten other pyroclastic eruptions are inferred to have occurred in the
volcanic field from about 2.5 to 1.0 million years ago. This speculation is

made because numerous ash beds in California, Nevada, and Utah have chemical

and mineralogical properties similar to the Bishop Tuff. Because of the
protracted history of pyroclastic volcanism in the Long Valley-Glass Mountain
region, it seems probable that more pyroclastic eruptive activity will occur
in the future. The pyroclastic volcanism is the surfece manifestation
reflecting the buoyant rise into high levels of the earth’s crust of a large
granitic batholith that has been evolving beneath the Long Valley-Glass
Mountain region in the last three million years.

The pyroclastic materials formed during the many different episodes are
united by a common set of chemical and mineralogical properties. These
properties are considerably different than the properties of tephra generated
at other late Pliocene and Pleistocene volcanic centers in the Western United
States. Although the tephra and ash beds are united by overall chemical
similarity, small but consistent differences in the amounts of Cs, Rb, U, La,
Hf, Ta, Mn, and Fe (determined by instrumental neutron activation analysis)
allow their separation. Mineralogically the tephra and ash beds are similar;
they all contain quartz, sanidine, oligoclase, biotite, allanite, zircon,
apatite, titanomagnetite, and ilmenite. In addition, the upper part of the
Bishop Tuff contains orthopyroxene, clinopyroxene, and pyrrhotite.

The catastrophic eruption of the Bishop Tuff 0.74 million years ago was
the largest of all the eruptions generated in the Long Valley-Glass Mountain
volcanic field. Other eruptions in the Long Valle§-01ass Mountain area were
small, perhaps about the same volume (about 1.0 km~) as that ejected_during
the May 18, 1980 eruption of Mount St. Helens volcano. About 500 kn3 of
tephra that now forms ashflows of the Bishop Tuff was expelled from the vent
area at Long Valley in & brief time. A large volume of volcanic ash that also
was produced during the Bishop eruptive cycle was carried away from the vent
by upper stratosphere winds and deposited as a thin blanketlike deposit that

must have covered more than & million square kilometers of the Western United

States. Remnants of the ash fall are found as far east as central Nebraska,
as far south as southern New Mexico, and as far north as southern lIdsho.
Plinian pumice deposits are 3-4 m thick in the source region. Ash was as
least 10 cm thick (compacted thickness) in western Utah, 500 km away from the
vent and at least 6 cm thick in eastern Utah, 800 km downwind from the vent.
The volume of ash carried away from the vent and distributed widely across the
Western United States was enormous, perhaps as much as several hundred cubic
kilometers. ’
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Mineralogical and chemical evidence support the idea that a considerable
amount of the pyroclastic material that forms Bishop ash beds was generated
early in the Bishop Tuff eruptive cycle. The mineralogical evidence was
obtained by detailed comparison of Bishop Tuff and Bishop ash beds. The
evidence includes 1) the composition of titanomagnetite microphenocrysts, (2)
the lack of significant amounts of orthopyroxene and clinopyroxene in Bishop
ash beds, and (3) the presence of large amounts of allanite in Bishop ash
beds. Trace-element chemical evidence also supports the idea that a
considerable amount of the pyroclastic material that forms Bishop ash beds was
generated early in the Bishop Tuff eruptive cycle.

Because considerable progress has been made in the techniques and
eqiupment used for K-Ar dating since Dalrymple and his coworkers dated the
Bishop Tuff in the wmiddle 1960°s, 16 new K-Ar age determinations of the Bishop
Tuff were made. The weighted mean of sanidine, plagloclase, and biotite ages
from the lower nonpyroxene-bearing part of the Bishop is 0.738£0.003 w.y. The _
weighted mean of sanidine, plagioclase, biotite, and glass ages from the upper_
pyroxene~bearing part of the Bishop is 0.736+0.005 m.y., nearly identical to
the age of the lower unit. The mean age of all new determinations (0.737
m.y.) is not significantly different from the mean age (0.727 m.y.) of the
Bishop reported by Mankinen and Dalrymple in 1979. The "best" potassium-argon
age for the Bishop Tuff is 0.738+0.003 m.y., which is based on the analytical
data for sanidine, which are the most reliable.

INTRODUCTION

The chief purpose of this report is to tabulate previocusly unpublished
mineralogical and chemical data for middle Pleistocene volcanic ash beds that
occur at widely scattered localities in the Westerp United States. These ash
beds have properties nearly identical to those of tephra of the Bishop Tuff of
eastern California (table 1), and their striking similarity permits their
correlation with the Bishop. A second purpose of the report is to provide a
map (fig. 1) showing the distribution of the ash beds here correlated with the
Bishop Tuff, to present stratigraphic and other information pertinent to the
ash localities, and to provide similar information for localities of Bishop
Tuff in its source area north of Bishop, Calif. (table 2). A third purpose of
the report is to summarize previously published potassium~argon (K-Ar) ages
and to tabulate 16 newly determined K-Ar ages for the Bishop Tuff. The final
purpose of the report is to present chemical data (table 3) and other
information (table 4) for a group of ash beds that are chemically and
mineralogically similar to, but older than, the Bishop. These ash beds, which
are widely scattered in California, Nevada, and Utsah, probably formed during
early volcanic stages of the evolutionary magmatic process that culminated in

: ;the eruption of the BishOp Tuff.
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BISHOP ASH BED

An enormous volume of rhyolitic tephra was catastrophically erupted
about 0.74 million years ago in the Long Valley area of eastern California,
resulting in the formation of the middle Pleistocene Bishop Tuff (Gilbert,
1938; Bateman, 1953; 1965; Dalrymple and others, 1965; Sheridan, 1965; 1968;
Bailey and others, 1976; Hildreth, 1977; 1979). The eruption that produced
the Bishop Tuff lasted only a brief time, perhaps only a few days, and
consisted of two clearly discernible stages. During the initial Plinian stage
of the eruption cycle, a large volume of tephra was generated that now forms a
pervasive, air-fall pumice unit at the base of the Bishop. During an
immediately following stage of the eruption cycle, &n enormous volume of
tephra was produced that now forms sequential, thick ashflows. Volcanic ash
also produced during the eruptions was carried downwind and deposited as a
thin, blanketlike deposit that must have covered more than a willion square
kilometers of the Western United States. In favorasble sedimentary
environments, the Eishop ash fall was covered by younger sedimentary deposits
and thus preserved. Widely separated remnants of this formerly blanketlike
deposit have been found in Pleistocene deposits and identified as equivalents
of the Bishop Tuff (Izett and others, 1970; Borchardt and others, 1972;
Merriam and Bischoff, 1975; Sarna-Wojcicki and others 1980). The locations
where ash beds have been correlated with the Bishop are shown on figure 1.

In this report the term "tephra" is used to describe pyroclastic material
as defined by Thorarimsson (1974, p. xvii), but with a further connotation to
the term. Herein the term "tephra" is used to describe pyroclastic material
only in volcanic source regions. The term "volcanic ash" is used in this
report for the unconsolidated, fine-grained, pyroclastic materizal far downwind
from volcanic vent areas.

PREVIOUS WORK

In the early 1960°s, H. A. Powers &and R. E. Wilcox of the U.S. Geological
Survey suspected that a few volcanic ash beds (locs. 38 and 43, tables 1 and
2) which they had studied in Utah might be downwind correlatives of the
Pleistocene Bishop Tuff. In 1970, Izett and others confirmed their suspicion
by conclusively matching the chemical and physical properties of these ashes
with the basal air-fall pumice unit of the Bishop Tuff. Imn addition, Izett
and others (1970) identified other volcanic ashes in California, Colorado,

- Nebraska, and Nevada that also have mineralogical and chemical properties

nearly identical to air-fall pumice at the base of the Bishop Tuff. Because
the Bishop had been dated accurately by the K-Ar method by Delrymple and
others in 1965, the identification of ash beds as Bishop equivalents was
particularly important for it provided & dated marker horizon in sediments
that enclose the ash beds in areas far removed from the source area.
Moreover, correct identification of the ashes as Bishop Tuff correlatives
provided important informstion that allowed refinement of Quaternary faunal
and paleomagnetic chronologies on & regional scale.

Borchardt and others (1972) applied the instrumental neutron activation
method to the analysis of the same samples studied by Izett and his colleagues
and supported their correlation of the volcanic ashes with the Bishop Tuff.
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In 1975, Merriam and Bischoff reported chemical data for some ash beds in
southern California, and they suggested that these ashes also might be Bishop
ash bed equivalents. 1Izett and Naeser (1976) determined fission-track ages of
zircon crystals of Bishop Tuff tephra that are compatible with the K~Ar ages
obtained by Dalrymple and his coworkers im 1965. Sarna-Wojcicki and others
(1980) correlated ash beds in the Pliocene and Plelstocene Pico Formation near
Ventura, Calif., and ash in middle Pleistocene deposits from elsewhere in
southern California with the Bishop Tuff.

DISTRIBUTION
More than 40 localities of the Bishop ash are listed in table 2 and
plotted on figure 1. Closely spaced localities were given the same location
nucber on figure 1. Several localities of source-area tephra of the Bishop
Tuff also are listed in table 2 and shown on.figure 1. Occurrences of the
Bishop ash are scattered as far east as central Nebraska, as far south as

southern New Mexico, and as far north as southern Idsho (fig. 1). The shaded™ "

area on figure 1 shows the area where Bishop ash beds have been identified as
a result of this study and previous tephrochronologic studies. Almost
certainly, additional Bishop ash beds will be found in the future outside the
shaded area of figure 1. Dashed lines on figure 1 show the inferred
trajectories of plumes of ash that were carried away by upper troposphere
winds from the vent area. The nature of such plumes of ash and their
positions are highly speculative, and they afe only shown on figure 1 to
stress the idea that the ash distributional process away from Long Valley
during the brief eruption must have been very complex.

IDENTIFICATION AND CORRELATION

Before an ash bed can be identified with a high degree of certainty as a
remnant of the Bishop ash fall, its mineralogical, chemical, petrographical,
and other physical properties must match closely that of the Bishop tephra of
the source area and other previously identified Bishop ash beds. It should be
emphasized that a combined approach for the identification and correlation of
ash beds must be used. Many different analytical techniques must be used
(Wilcox, 1965, p. 813-814; Izett and others, 1972, p. 555) to fully document
the range of chemical and physical properties for & particular ash fall such
as the Bishop. Moreover, the chemical and physical properties of other ash

falls in the same general region and general geologic age must also be

explored to insure that no other ash beds match the properties of the ash fall
under study. Because it is important to fully explore the properties of other
ash beds of similar age before correlations are made, trace-element data for
older silicic ash beds in California and adjacent States are presented in
table 3 to document ﬁheir range of variation and the degree of similaricy with
Bishop ashes.’

A question’ that often arises when dealing with large arrays of
tephrochronologic data is how closely must the chemical and physical
properties of ash beds agree before their correlation can be considered
firm? Of course, an exact numerical match for the amounts of the seven major
and several minor rock-forming elements of silicic ash beds is highly
unlikely. Even more unlikely is an exact match in chemical composition for a
score or more of trace elements commonly searched for in tephrochronological
studies. 1In particular, small differences in chemical analytical data
inherently can arise from several sources including (1) spurious analytical
variations, (2) systematic analytical variations resulting from measuring by
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different analytical techniques, (3) variations resulting from analyzing
material of varying purity, (4) natural chemical variations of pyroclastic
materials, (5) induced chemical variations arising from sorting by size and
density of particles of varying composition during transportation and
deposition, and (6) post-depositional changes of glass fragments including
hydration and associated chemical changes.

An exact match in measured physical properties of scattered ash beds of
the same ash fall is also unlikely. Although the properties of different
samples of a tephra fall in its source area may be identical, downwind ash
beds related to the tephra fall may have somewhat different properties owing
to the possibility that ash carried away from the vent undergoes different
transportational, depositional, and post-depositional processes. These
processes can induce differences in observed and measured physical properties
of ashes found in different geologic and geographic settings. Variations can
atrise from (1) sorting by size, density, and shape of inhomogeneous pyro-
clastic materials during transportation, (2) sorting by size, density, and
shepe during deposition in water or during reworking by wind and water at the
depositional site, (3) the introduction of detritel minerals during deposition
thereby masking the primary microphenocryst assemblage, (4) varying degrees of
hydration resulting in slight variastions in the index of refraction of glass
shards, and (5) selective dissolution of microphenocrysts by intrastratal
fluids resulting in & different mineral assemblage as compared to the erupted
material.

Statistical methods, such as the similarity coefficient of Borchardt and
others (1972), can aid in the evaluation of & large array of chemical data for

a group of ash beds. However, in some instances, only small differences occur

in the similarity coefficient for ash beds generated in the same volcanic
province but at significantly different times. When similarity coefficients
(1.0 is an exact match) calculated from trace-element chemical data for
several ash beds are close together (0.90, 0.92, and 0.94), then restraint
mst be exercised in stating whether or not the ash beds correlate (compare
Sarna~Wojcicki and others, 1980, p. 10).

Much more important than statistical analysis, is a full understanding of
the effectiveness of various analytical techniques used and an appreciation of
the sources of variation other than analytical. In this report, sophisticated
statistical analysis of the chemical data alone was not made to estimate the
probability of correlation among samples of ash beds and tephra. Instead, the
trace~element chemical data for samples of each ash bed were carefully
compared and evaluated with the mean values of similar date for samples of the
Bishop Tuff (table 1). In addition, petrographic and other physical
properties of each ash bed were compared with those of samples of Bishop Tuff
tephra to further check the possibility of correlation. .

The ash beds, whose locations are shown on figure 1 and listed in tsable

~ 2, are herein correlated with the Bishop Tuff on the basis of their similar

mineralogy, chemical composition of glass shards (table 1), chemical
composition of sanidine, titanomagnetite (table 5), and ilmenite micro-
phenocrysts, and shape and refractive index of glass shards. Some of these
chemical and petrographic data are not given in this report because they have
been presented in earlier studies of Bishop ash beds (Izett and others, 1970)
and Bishop Tuff (Hildreth, 1977; 1979). It should be stressed that the
probability of correlation of each ash bed with the Bishop Tuff wade in this
paper 1is high, based on the agreement between many chemical and physical
properties. However, correlations can never be absolutely certain because ash

PR




beds erupted from the same volcanic center but at slightly different times can
have nearly identical properties. For example, the Glass Mountain-G and Glass
Mountain-D ash beds (Izett, 1981, p. 10217) almost surely were erupted from
vents in the same region as the Bishop Tuff, but during earlier voleanic
eplsodes. These ash beds have chemical (tables 1 and 3) and physical
properties nearly identical to the Bishop, and their distinction from the
Bishop, lacking stratigraphic or geochronologlc evidence, is not always
possible. Therefore, a slight chance exists that some ash beds here
correlated with the Bishop actually are Glass Mountain ash beds. However, the
eruptions that produced the Glass Mountain-G and Glass Mountain-D ash beds
were probably small and did not result in the formation of thick beds of ash
at localities far removed from the source area.

MINERLALOGY OF BISHOP TUFF AND BISHOP ASH

One of the assumptions made in tephrochronology is that all
geographically separated remnants of an ash fall should contain the same
assemblage of primary microphenocrysts as their suspected source tephra.
Furthermore, the chemical composition of each type of microphenocryst in
downwind ash beds should mimic very closely the chemical composition of the
same kind of microphenocryst in the source area tephra. However, the
assemblage of primary microphenocrysts in a volcanic ash bed often can be
masked by the addition of detrital minerals to the primary assemblage during
deposition. Another complicating factor is that under some geologic
conditions, primary wmicrophenocrysts (as well as detrital species) in ashes
can be selectively dissolved by intrastratal solutions. Not only can the
original microphenocryst assemblage be modified by dissolution or
contamination, but the abundance of a microphenocryst species in a downwind
ash may differ considerably from the abundance in source-area tephra owing to
the affect of eolian differentiation (Murray and Renard, 1884, p. 486;
Larsson, 1937) during transportation, but also owing to the affect of fluvial
and eolian processes during deposition.

Mineralogic descriptions of the Bishop Tuff and Bishop ash beds have been
reported by Gilbert (1938), Sheridan (1965), and Izett and others (1970). °
More recently, Hildreth (1977; 1979) made & detailed study of the vertical and .
lateral chemical changes in the composition of primary minerals in samples of
the Bishop Tuff using the electron microprobe. These studies of the Bishop
demonstrated that its primary mineral assemblage consists of broken and
euvhedral crystals of high temperature beta quartz, sanidinme, oligoclase,
biotite, orthopyroxene, clinopyroxene, pale-pink zircon, sllanite,
titanomagnetite, ilmenite, and pyrrhotite. Apatite has been found only as
inclusions in zircon, allanite, and biotite. Zircon, titanomagnetite, and
ilmenite are invariably small, nearly complete euhedral crystals; quartz,
sanidine, oligoclase, and allanite are generally broken crystals or cleavage

fraguments.

Many ash beds herein correlated with the Bishop Tuff are so pervasively
contaminated with detrital heavy minerals that the full complement of primary
microphenocrysts that characterizes the Bishop could not elways be found in
samples of the ash beds. However, a few glass-coated crystals of quartz,
sanidine, oligoclase, biotite, allanite, zircon, titanomagnetite, and ilmenite
were found in heavy mineral concentrates of a2ll ash samples herein correlated
with the Bishop, including the most pervasively contaminated ones. Glass-
coated primary crystals could only be identified by microscopic study of heavy
mineral concentrates of the ashes mounted {n immersion oil having an index of
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refraction near to that of the host ash (n=1.496). Recoguition of those
crystals that had glass coatings among the multitude of detrital heavy
minerals that had no glass coatings was facilitated by using a petrographic
microscope equipped so that the focal masking technique (Wilcox, 1962) could
be used. .

The Bishop Tuff seemingly can be divided into two stratigraphic parts, on
the basis of mineralogical differences observed by Hildreth (1977; 1979) and
confirmed by our study of the Bishop. Whether the mineralogical difference
used in this report to divide the Bishop Tuff into two parts coincides with a
mappable lithologic break has not as yet been determined. A lower part of the
Bishop contains quartz, sanidine, oligoclase, biotite, zircon, allanite,
titanomagnetite, ilmenite, and apatite. An upper part contains the above
listed minerals, but in addition, contains orthopyroxene, clinopyroxene, and
pyrrhotite. The presence of pyroxene in the youngest, uppermost ash flows of
the Bishop is according to Hildreth (1977, p. 89), "...a useful stratigraphic
indficator". He (1977, p. 1-2) suggested that the appearance of orthopyroxene
and clinopyroxene in the youngest ash flows of the Bishop reflects the tapping”
of a mineralogically, chemically, and thermally zoned magma chamber.

According to his model, the upper cooler part of the Bishop magma chamber was
erupted first and now forms the lower, older part of the Bishop Tuff that
lacks orthopyroxene  and clinopyroxene. A deeper, hotter part of the magma
chamber was erupted last and now forms the youngest, stratigraphically
highest, orthopyroxene~ and clinopyroxene-bearing ash flows of the Bishop.

An exception to Hildreth’s mineralogical observation concerning the
distribution of orthopyroxene and clinopyroxene in the Bishop was found by the
writer. Rare pumice lapilli in a surge deposit (fig. 2) that overlies the
basal eir-fall pumice unit of the Eishop at the California Insulating
Aggregate quarry about 10 km north of Bishop, Calif. (table 2, locality 1)
contain both glass-mantled orthopyroxene and clinopyroxene identical to the
same mineral species in the uppermost ash flows of the Bishop. Perhaps a deep
part of the Bishop magma chamber that contained orthopyroxene and clino-
pyroxene was tapped early in the Eishop eruptive activity. An alternative
explanation is that a chemically and mineralogically different (pyroxene-
bearing), but closely related magma, was tapped early as well as late during
the eruptive cycle that formed the Bishop. Presumably this magma occupied a
deeper but adjacent position to the Eishop magma.

Another significant mineralogical difference can be used to distinguish
the lower part from the upper part of the Bishop. The lower part contains
titanomagnetite whose chemical composition is consistently different than
titanomagnetite of the upper part. The author made a compilation (table S5) of
the chemical date for this mineral, as deterrmined by Hildreth (1977, p. 31~

"'32), using the electron microprobe. The data are arranged in approximate

ascending stratigraphic order for the various ash flow lobes of the Bishop:
named by Hildréth. Temperatures of equilibration for coexisting titamo-
magnetite and ilmenite from glassy samples of the Bishop were calculated by
Hildreth (1977, table 4) using a method based on the curves of Buddington and
Lindsley (1964). On this basis, tephra of the lower part of the Bishop
seemingly formed from magma that was distinctly cooler (720°C-773°C) than was
tephra of the upper part of the Bishop (763°C-790°C). A more detailed
analysis of the chemical data for titanomagnetite was made by Hildreth
(1977). He reported a systematic upward change (1977, fig. 4) in the chemical
composition of titanomagnetite and associated ilmenite, and accordingly, an
attendant systematic upward change in calculated equilibration temperature.
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Figure 2.--Photograph of the lower part of the Bishop Tuff at the Insulating
Agrregate quarry about 10 km north of Bishop, Calif. A basal air-fall
pumice unit is overlain by a thin, leaticular ashflow which in turn is
overlain by a thin, pumice-rich surge deposit followed by a thick
ashflow. Pyroxene microphenocrysts were found in a few pumice lumps from
the surge deposit. Air-fall unit is about 4.0 m thick (base not
exposed); surge deposit is about 1.0 m thick.

8




There are several other mineralogical differences between the lower and
upper parts of the Bishop, but they are not as evident as the difference in
the pyroxene content. There may be a tendency for biotite in pumice lapilli
from the lower unit to be pale-yellowish-brown, whereas there may be a
tendency for biotite from pumice lapilli of the upper unit to be dark-
brownish-black. Moreover, sanidine in pumice lapilli of the zir-fall unit
apparently has a slightly lower potassium content than does sanidine from some
ash-flow units (Hildreth, 1977, p. 51, fig. 6; this report, table 7).

Another mineralogical difference between the lower and upper parts of the
Bishop wae reported by Hildreth (1977, p. 16 and 106). He concluded that
allanite was restricted to the upper par: of the Bishop that yielded Fe~Ti-
oxi{de mineral temperatures below 763°C. In contrast to the conclusion reached
by Hildreth, I found small amounts of allanite in some pumice blocks from the
uppermost ash flows of the Bishop at localities B-137 and B-138 of Hildreth
(1977, B: 299). He (1977, p. 46) reported Fe-Ti-oxide temperatures of 770°C
and 778°C for samples he collected at these localities (B-137 and B-138). The
allanite microphenocrysts were found by making heavy liquid separations of
large amounts (10-20 kg) of material from the meticulously cleaned pumice
blocks that were used for K-Ar age studies described elsewhere in this
paper. Perhaps allanite occurs in all units of the Bishop, but the amount of
allanite in the stratigraphically highest ashflows is much less than in the
lowest units of the Bishop.

Some of the mineralogical information described in this report bears on
the question of whether the pyroclastic material thet comprises Bishop ash
beds of figure 1 was generated (1) during the initial Plinian stage of the
Bishop eruption, (2) in conjunction with the emplacement of the successive ash
flows of the Eishop, or (3) throughout the eruptive episode that produced the
Bishop Tuff. Considerable trace-element data sre also presented later in the
report that bear on this question and, equally important, support the
correlation of these beds with the Bishop Tuff.

Several mineralogical lines of evidence concerning the Bishop Tuff may be
used to attack the problem of whether the pyroclastic material that now forms
Bishop ash beds was produced during the early Plinian stage, during the
following ashflow-producing stage, or throughout the eruptive cycle. One line
of evidence pertains to the composition of titanomagnetite microphenocryts in
Bishop ash beds. The composition of primary titanomagnetite in samples of the
least contaminated Bishop ash beds is nearly identical to the composition of
titanomagnetite microphenocrysts in source-area tephra of the lower part of
the Bishop (tables 5 and 6). Scores of individusl glass-encrusted titano-
magnetite microphenocrysts from the least contaminated Bishop ash beds were
analyzed using the electron microprobe. All primary crystals in the ash beds
were found to have compositions similar to the titanomagnetite from the lower
part of the Bishop; not a single crystal was found to have a composition
similar to the titanomagnetite of the stratigraphically highest ash flows of
the Bishop. -Titanomagnetite crystals from the upper, pyroxene-bearing part of

"the Bishop contain significantly more aluminum and magnesium and less
manganese than do crystals of this mineral from the nonpyroxene-bearing part
of the Bishop (table 5).

A second line of mineralogicel evidence concerns the relative abundance
of allanite in Bishop ash beds. Glass-coated or glass-mantled fragments of
gllanite readily can be found in all samples of ash herein correlated with the
Bishop, including those pervasively contaminated with detrital minerals.
Furthermore, the amount of allanite in the ash, relative to the amount of




.
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other accessory minerals is large. This observation, paired with the fact
that allanite is much more abundant in the lower part of the Bishop compared
to the upper part, suggests to me that most of the material that forms Bishop
ash beds was erupted early in the eruptive cycle.

A third mineralogical line of evidence concerns the absence of
orthopyroxene and clinopyroxene in some samples and its paucity in other
samples of Bishop ash. Most samples of ash herein correlated with the Bishop
contain extremely rare primary crystals of glass-coated orthopyroxene.
Curiously, glass-coated clinopyroxene, which is equally as common as
orthopyroxene in the stratigraphically highest ash flows, was seen in only a
few ash samples. The presence of relatively large amounts of orthopyroxene
and clinopyroxene in pumice of the upper part of the Bishop in the source
area, and the paucity of these minerals in samples of Bishop ash, sugggest to
me that the material that forms Bishop ash beds was formed early in the
eruptive cycle. The combined mineralogical observations described above .
concerning the composition of titanomagnetite and the occurrence of allanite, _
orthopyroxene, and clinopyroxene suggest to me that a considerable amount of
the materisl that forms Bishop ash beds probably originated during early
stages of the eruptive cycle, mainly during the highly energetic Plinian
phase.

CHEMICAL COMPOSITION OF BISHOP TUFF AND BISHOF ASH BEDS
In the past four decades, samples of volcanic ash beds and tephra have
been extensively analyzed to establish their chemical "fingerprint" so they
may be characterized and correlated. Tephrochronologic studies involving the
chemical analysis of ash beds have been done by Swineford and Frye (1946),

‘Powers and Malde (1961), Powers and others (1958), Jack and Carmichael (1968),

Izett (1968), Theisen and others (1968), Swmith and Westgate (1969), Izett and
others (1970), Borchardt and Harward (1971), Borchardt and others (1972),
Izett and others (1972), Sarna-Wojcicki (1976), Nash and Smith (1977), Sarna-
Wojecicki and others (1979), Scheidegger and others (1980), and Sarna-Wojcicki
and others (1980). _

The instrumental neutron activation method has proven to be particularly
useful for the trace-element fingerprinting and correlation of silicic
volcanic ash beds (Theisen and others, 1968; Borchardt, 1970). Results of
chemical analyses by this method for a large number of Bishop ash beds and -
pumice samples by this method are tabulated in table 1. Analyses were made of
glass fragments separated from crushed pumice lumps of the Bishop Tuff and of
glass shards separated from samples of ash suspected to be remnants of the
Bishop ash fall. The instrumental neutron activation enalyses were made by
three different analysts using slightly different methods at different
times. - Analyses were made by G. A. Borchardt of the California Division of
Mines and Geology in the early 1970°s, by H. R. Bowman of the University of
California (reported in Sarna-Wojcicki and others, 1980) in the late 1970°s,
and by H. T. Millard, D. M. McKown and R. J. Knight of the U.S. Geological
Survey from 1975 to 198l. Some of the minor variations in the amounts of &
few trace elements reported in table 1 might be attributed to intralaboratory
bias. If there is intralaboratory bias, it is small and does not seriously
influence the identification and correlation of the ash beds of this report.
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Hildreth (1977; 1979) reported instrumental neutron activation analyses
of the glass phases of samples of the Bi{shop Tuff. Based on sequences of
samples collected in stratigraphic succession, he concluded that the Bishop
Tuff is compositionally zoned. For example, samples of pumice from the
stratigraphically lowest unit (basal air-fall) contain significantly less
lanthanum, cerium, and europium and more uranium than do samples from the
uppermost pyroxene-bearing unit of the Bishop (Hildreth, 1977, figures 22 and
23; this report, table 1).

As can be seen on table 1, the composition of glass shards of ash beds
here assigned to the Bishop closely matches the composition of the glass
fragments from pumice lapilli of the basal air-fall unit of the Bishop Tuff 1n
its source area. In particular analyses of ash from localities 8, 9 (Salton-1
and Salton-5), 12, 14, 22, 25, 26, 29, 30, 31-33, 36, and 38-46 shcw
remarkeble similarity to analyses of the sir-fall unit of the Bishop Tuff
(table 1). The composition of Bishop ash beds are also similar to the
composition of most of the samples collected from the stratigraphically lowest ’
ash flows of the Bishop Tuff (table 1). However, one sample (loc. 1, sample
no. 79G15, teble 1) of pumice from the basal ash flow of the Bishop Tuff
contains slightly more lanthanum, cerium, and europium and less uranium than
do other samples of the lower units of the Bishop.

Ash from several localities, including 9 (Salton-2 and Salton-24), 10,
19, 21-24, 27, 34, 35, and 40 (table 1) herein assigned to the Bishop ash,
contain amounte of lanthenum (about 23-30 ppm), cerium (50-57 ppm), europium
(0.08-0.13 ppm), and uranium (5.5-6.5 ppm) slightly larger than samples of the
basal air-fall unit of the Bishop (about 16-19 ppm lanthanum, 35-45 ppm
cerium, 0.02-0.05 ppm eurcpium, and 6.5-8.0 ppm uranium). Samples of ash from
several of these localities (27, 34, 35 and 40) were reanalyzed (table 1) to
determine if the larger amounts of lanthenum, cerium, and europium and smaller
amounts of uranium might be attributed to varistions arising from using
imperfectly cleaned samples or to variations from using semples of slightly
different grain size. However, in most instances reanalyzed samples of the
ashes consistently mirror the analytical results of prior analytical runs and
contain larger amounts of lanthanum, cerfum, and europium end smaller amounts
of uranium. Several conditions might explain why some ash beds here included
with the Bishop contain more lanthanum, cerium, snd europlum &nd less uranium
than the other samples.

One possibility is that samples of ash that :contain the smallest amounts
of lanthanum, cerium, and europium and the largest amounts of uranium were
erupted during the earliest phase of the eruption cycle associated with the
emplacement of the basal air-fall unit and the lowest ash flows of the Bishop
Tuff (Hildreth 1977, p. 200-203; this report, table 1). 1In contrast, the ash’
samples that contain the largest amounts of lanthanum, cerium, and eurocpium
and the smallest amounts of uranium may contain & large component of wmaterial
that was generated during the late stages of the eruption cycle associated

- with the emplacement of the stratigraphically highest ash~flow units of the

Bishop Tuff. Inspection of table 1 shows that the samples of Bishop ash that
contain the smallest amounts of lanthanum, cerium, and europium and largest
amounts of uranium (typical of samples of the basal air-fall unit of the
Bishop Tuff) were collected from near the base of Bishop ash beds in zomnes
that seemingly formed during the early phase of the ash fall [table 1,
localities 31 (sample 79G4), 36 (sample 80G15), 38, 39, 43, 45, and 46]).
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Samples of Bishop ash that contain the largest amounts of lanthanum, cerium,
and europium end smallest amounts of uranium (characteristic of ash flows of
the upper part of the Bishop Tuff) were collected from the upper parts of ash
beds that probably formed during late stages of the ash fall. The strati-
graphically highest parts of the ash beds have bed forms that indicate ash was
washed or blown into the depositional site following the deposition of the
primary ash fall.

Another possiblity, which 1is not probable in my opinion, is that samples
of ash beds that contain the relatively largest amounts of lanthanum, cerium,
and europium are not Bishop ash beds. The fact that they are petrograph-
ically, mineralogically, and stratigraphically similar to the Bishop as well
as having & chemical composition, in most respects, similar to the Bishop
suggests to me that they are Bishop ash beds, but of a slightly different
type.

As can be seen on table 1, the composition of the glass shards of ash
beds herein correlated with the Bishop closely match the composition of the
glass phase of tephra from the basal air-fall unit of the Bishop Tuff in its
source area. On the other hand, the composition of glass shards of these ash
beds markedly contrasts with the glass phase of tephra from the uppermost ash
flows that contain orthopyroxene and clinopyroxene (table 1, locality 7).
Samples of the upper part of the Bishop contain significantly less iron,
manganese, scandium, tantalum, lutetium, uranium, rubidiuvm, and cesium.
However, they contain more of the light, rare-earth elements lanthanum and
cerium than do samples of the lower unit of the Bishop. HKEildreth (1977, p.
175, 213) suggested that the concentration of fron doubled during the eruption
of the Bishop. Thus, amounts of iron should be greater in samples from the
upper part of the Bishop as compared to samples from the lower part. This is
indeed true for many of the whole rock analyses listed by Hildreth (p. 176~
184), especially for samples from the Adobe Valley and Monc lobes of the
Bishop. In contrast, some analyses of glass separated from pumice of the
upper unit of the Bishop from Adobe Valley reported by Hildreth (1977, p. 200-
203) and those listed in tsble 1 (this report) indicate that the glass shards
from the upper part contain less iron than glass shards from the lower part of
the Bishop. '

The combined mineralogical and chemical evidence support the idea that a

. considerable amount of the pyroclastic material that forms Bishop ash beds was

generated early in the Bishop Tuff eruptive cycle. The mineralogical evidence
for Bishop ash beds described in a previous part of this report, including the
composition of titanomagnetite microphenocrysts, the lack of significant

amounts of orthopyroxene and clinopyroxemne, and the large amounts of allanite

. .are particularly important. Chemical evidence also supports the idea that a
‘considerable amount of the pyroclastic materfial that forms Bishop ash beds was

generated early in the Bishop Tuff eruptive cycle. Hildreth (1977) concluded
that the Bishop Tuff {s a chemically zoned ashflow sheet. He showed that the
earliest units of the Bishop Tuff contain the smallest amounts of lanthanum
and cerium and the largest amounts of uranium. Progressively younger parts of
the Bishop contain more lanthanum and cerium and less uranium. The fact that
the chemical composition of many Bishop ash beds matches closely the

. composition of the air-fall tephra unit at the base of the Bishop, supports

the contention that a considerable amount of the material thet forms Bishop
ash beds was generated early in the eruptive cycle, perhaps mainly during the
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energetic Plinian phase of the eruption. Some samples of Bishop ash contain
slightly more lanthanum and cerium and less uranium than samples of tephra
from the basal air-fall unit of the Bishop Tuff (table l). This fact suggests
to me that some material that forms Bishop ash beds was generated during the
eruption of the lowest ashflows of the Bishop, which contain slightly more
lanthanum and cerium and less uranium compared to air-fall tephra. The
chemical composition of glass shards of the youngest, pyroxene-bearing ash-
flows are strikingly different than the bulk composition of glass shards of
Bishop ash beds. This evidence seemingly rules out the possibility that the
youngest eruptions, which produced pyroxene-bearing pumice, contributed much
material to the formation of Bishop ash beds.

VOLUME OF BISHOP ASH
Calculation of a2 minimum value for the volume of Bishop ash that was
erupted and carried far downwind is seemingly a simple task assuming that (1)
the areal distribution of the original ash fall is known and (2) the -
relationship between ash thickness and distance from source can be established- -
throughout the fallout area. The areal distribution of the Bishop ash is
fairly well established (fig. 1), but not enough thickness data are available

“to arrive at a relibale volume estimate. Using the distribution of the Bishop

ash bed as it was known in the early 1970’s (Izett and others, 1970) and by
assuming a logarithmic thinning (compare Williams and Goles, 1968; Walker,
1980, p. 76-77) sway from the vent area, Bailey and others (19;6, pe 730)
estimated the volume of the Bisghop ash fall to be about 300 km”. Conversion
of this volume to the volume of dense rock equivalent requires only an
assumption for the bulk density of the ash.

To obtain a2 more accurate estimate of the volume of Bishop ash demands a
better understanding of the areal distribution of the original ash fall and a
detailed knowledge of the nature of the logarithmic thinning away from the
vent area. The thickness of the Plinian pumice fall in the source area can be
determined at many localities; it ranges from 3-4 m in thickness. However, it
1s extremely difficult to £find localities where the thickness of the primary
air-fall component of Bishop ash beds can be recognized and measured.

Ideally, ash beds consist of two depositional units: a lower unit of primary
air-fall ash and an upper unit of secondary water- or wind-redeposited ash
(fig. 3). Careful study of many localities of Bishop ash suggests that at
only two localities can the thickness of primary.air-fall ash be determined
with reasonable confidence. One locality is on the west side of the Mineral
Mountains in southwestern Utah (locality 36, fig. 1) about 500 km downwind
from the vent area. At this locality, the Bishop ash bed is locally 3.0 m
thick. However, I judge that the air-fall component of the 3.0-m-thick ash
bed at this locality is only about 10 cm thick. Of course, this thickness (10
cm) is a compacted-ash thickness- the original thickness of air-fall ash,
shortly after deposition, must have been considerably thicker (16 cm?

“thick). At a second locality in eastern Utah (locality 38, fig. 1), about 800

km downwind from the vent area, the Bishop ash is ebout 1.0 m thick. I
surmize that the air-fall component of the ash bed at this locality is only
about 6 cm thick (fig. 3). Of course, this thickness (6 cm) also represents
compacted ash, and the original air-fall ash may have been as thick as 10 cm.
In conclusion, the number of localities where the primary eir-fall ash
thickness can be measured is so small that the rate of thinning away from the
vent can not be accurately determined. This factor imposes a serious obstacle
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Figure 3.—-Photograph of a sawed slab of ash collected from the lowermost part
of a l1-m—thick Bishop ash bed at Onion Creek, Utah (locality 38,
fig. 1). Base of ash bed at bottom picture. Lowest 6 cm of ash

bed may be primary air-fall ash; upper 8 cm is crossbedded eolian?
redeposited ash. Scale in left part of photograph 1s 1 cm.




to those interested in calculating ash volumes produced from prehistoric
pyroclastic eruptions such as the Bishop. Although there is insufficient
reliable thickness data to arrive at a meaningful volume for the Bishop ash
fall, nevertheless, the volume must have been enormous based on the wide
distribution of Bishop ash localites (fig. 1). The volume may have been
several hundred cubic kilometers as Balley and others (1976, p. 730)
suggested.

POTASSIUM-ARGON AGE OF BISHOP TUFF

The Bishop Tuff has been the object of repeated attempts to determine
accurately its age by the K-Ar method (Evernden and others, 1957; Dalrymple
and others, 1965; Hildreth, 1977, p. 327). Recalculation of K-Ar ages for the
Bishop using the analytical datas of Dalrymple and others (1965) and decay
constants and isotope abundances being used in 1976 resulted in a weighted
mean age of 0.70840.015 w.y. at the 95 percent confidence level (Bailey and
others 1976, p. 731). The K~Ar age of the Bishop Tuff was recalculated by
Mankinen and Dalrymple (1979, p. 619). They used decay contsants and isotope
abundances advocated by Steiger and Jager (1977) and analytical data of
Dalrymple and others (1965) to arrive at an age of 0.727 m.y. for the Bishop.

Because considerable progress has been made in the techniques and
equipment used for K-Ar dating since Dalrymple and his coworkers dated the
Bishop in the middle 1960°s, several new K-Ar age determinations for the
Bishop were made. Samples were collected from the stratigraphically lowest
end uppermost parts of the Bishop Tuff to determine if the lowest part
(nonpyroxene~bearing pumice unit) might yield consistently older ages than the
stratigraphically youngest part (orthopyroxene- and clinopyroxene-besring ash-

-

flows). Newly determined K~-Ar ages are reported here (table 7), as well as

ages determined by Dalrymple and others (1965) and Hildreth (1977). All ages
listed in table 7 were calculated or recalculated using the decay constants
and isotope abundances recommended by Steiger and Jager (1977).

The weighted mean age calculated from a series of determinations made on
sanidine, plagioclase, and biotite from the lower nonpyroxene-bearing part of
the Bishop is 0.738+0.003 m.y. at the 1 sigma level. The weighted mean age
for only sanidine (0.738+0.003 m.y.) from the lower unit is identical to the
welghted mean calculated for all minerals. The weighted mean age calculated
from the sanidine ages determined in this study (0.73110.004 m.y.) is nearly
identicel to the other weighted mean ages for the lower unit.

The weighted mean age calculated from a series of determinations made on
sanidine, plagioclase, biotite, and glass from the upper pyroxene-bearing part
of the Bishop is 0.73610.005 m.y. at the 1 sigma level. This mean age is
nearly identical to the weighted mean age calculated for the lower unit. The
weighted mean age calculated for only sanidine ages (0.72210.007 m.y.) from
the upper unit is slightly younger than the weighted mean age of all

_minerals. A 'slightly younger weighted mean age for sanidine is a consequence

of three of the six sanidine ages clustering around 0.70 m.y. and the other
three clustering around 0.74 m.y. The weighted mean age calculated for the
four sanidine ages determined in this study is 0.743:0.005, slightly older
than the weighted mean age for all sanidine ages. Perhaps the younger
sanidine ages resulted from the less than complete expulsion of argon from the
samples. i
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The only age (1.364£0.13 m.y.) that seems anomalous is one determined on
plagioclase from the lower unit of ‘the Bishop (DKA3958, table 7). The most
likely explanation for the anomalous age is that the plagioclase sample
prepared for the age determination was so inhomogeneous that the sample splits
used for potassium and argon analysis differed in potassium content. A large
amount of quartz could not be completely removed from the plagioclase during
the mineral separation process, and the amount of the potassium-bearing phase
(plagioclase) relative to the nonpotassium-bearing phase in the sample was
small.

The ages determined on biotite and glass (table 7l have large analytical
uncertainties48wing to the samll amount of radiogenic Ar obtained, relative
to the total extracted (table 9). Naeser and others (1981, p. 30-31)
recently emg%asized the uzseliabilty of K-Ar ages having a low ratio of
radiogenic 8 gg Ar. 0

A plot of Ar/° Ar against 4 /36Ar using the analytical data (table 8)
acquired from sanidine, plagioclase, biotite, and glass from the lowermost and_ .
uppermost parts of the Bishop is shown on figure 4. The intersection of the
isochron along the ordinate is about 298, which suggests that there is no
analytically detectable amount of excess 4°Ar in the sanidine, plagioclase,
biotite, or glass. The age of the Bishop Tuff, including samples from the
stratigraphically lowest and highest units, based on the isochron, is 0 74
WeY e

PREPARATION OF SAMPLES FOR POTASSIM-ARGON DATING

In the field, pumice lapilli and blocks collected for K-Ar age
determinations were handpicked from the walls of pumice quarries. In the
laboratory, groups of pumice lapilli were ultrasonically scrubbed in dilute
hydrofluoric acid (about 1 percent), washed in water, and dried. Only those
pumice lapilli that would float in water were selected for mineral separation;
heavier accidental lithic fragments were excluded using this technique. The
outer rinds of large pumice blocks from ash-flow units of the Bishop were
ground away or trimmed off with a rock saw to reduce the possiblity of
contamination- by xenocrystic material in the outer vesicles and tubes of the
punice. Following crushing, washing, drying, and sizing of the pumice
fragments, mineral separations were made using standard heavy liquid
techniques. The purity of the concentrates resulting from the heavy liquid
separations was improved by removing glass coatings on the minerals with
dilute hydrofluoric acid (10 percent) and recycling the minersl concentrates
through heavy liquids. The purity of the mineral concentrates was further
improved by use of a magnetic separator. After the samples were sized for the
final time, they were split, using a Jones~type microsplitter, into fractions
for argon-and potassium analysis. Argon was extracted from melted wineral
concentrates by G. A. Izett, J. D. Obradovich, and H. H. Mehnert; argon

. isotopic ratios were measured by H. H. Mehnert and J. D. Obradovich using a

mass spectrometer at the U.S. Geological Survey’s K-Ar lsboratory at Denver,
Colo. Potassium was determined by flame photometry using a lithium internsal
standard and by {sotope dilution techniques.
The following conclusions are made from study of the K-Ar ages of the
Bishop:
1. The mean age of newly determined K-Ar ages for the Bishop reported
herein (0.737 m.y.) is not significantly different from the mean age
(0.727 m.y.) of the Bishop reported by Mankinen and Dalrymple (1979,
pe. 619),
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2. The average K-Ar age of 0.738+0.003 m.y. as determined in this study
is nearly identical to the average zircon fission~-track age
(0.74£0.05 m.y.) reported by Izett and Naeser (1976) for the Bishop
Tuff.

3. There is no significant age difference between the lowest
nonpyroxene~bearing and the uppermost pyroxene-bearing parts of the
Bishop.

4. Minerals and glass that comprise the Bishop Tuff do not contain
analytically significant emounts of excess radiogenic argon.

5. The "best" K-Ar age for the Bishop Tuff is 0.738+0.003 m.y. at the 1
sigma level. This age was calculated using only the analytical data
for sanidine which are considered by me to be the most reliable.

OLDER ASH BEDS AND TEPHRA UNITS SIMILAR TO THE BISHOP TUFF

For many years it has been known that the Long Valley area north of
Bishop Celif., is the location of vents from which tephra was erupted that now
forms the Bishop Tuff (Smith end Bailey, 1968, p. 629; Bailey and others,
1976; Hildreth, 1977; 1979). Moreover, it is becoming increasingly clear that
the episode of silicic, pyroclastic volcanism that produced the Bishop Tuff
was not the only one that occurred in late Pliocene to middle Pleistocene time
in the area north of Bishop, Calif., although it certainly was the largest.
Evidence is accumulating (Sarna=-Wojcicki and others, 1980; Izett, 1981; this
report) that perhaps as many as 16 (table 3) small pyroclastic eruptions took
place episodically in the two million year period prior to the cataclysmic
eruption of the Bishop Tuff. Three layers of coarse-grained tephra occur near
the Cowan mine, and three similar coarse-grained tephra beds occur at Blind
Spring Hill south of Benton Hot Springs, Calif. These tephra beds record
episodes of pyroclastic volcanism about 2.1 million years ago. Another layer
of coarse-grained tephra near the Cowan mine south of Benton Hot Sprimgs,
Calif., records an event of pyroclastic volcanism at about 1.0 m.y. Other
pyroclastic volcanic activity occurred about 1.0 m.y. as inferred from the
presence of two layere of volcanic ash interlayered in sediments along the
Owens River north of Bishop, Calif.

Evidence in the volcanic field and at ash localities in Californis,
Nevada, and Utah implies that ten other pyroclastic eruptions occurred in the
Long Valley-Glass Mountain area 2.5 to 1.0 million years ago. That this
volcanic activity actually occurred is indicated :by numerous layers of ash
found in Utah, Nevada, and California that have chemical and mineralogical
properties similar to the Bishop Tuff (tables 1 and 3) and the rhyolites of
the Glass Mountain. In most instances, these ash and tephra beds can be shown
to occupy older stratigraphic positions relative to the Bishop. Sarna- ‘

- Wojcicki and others (1980) and Izett (1981). discussed certain features of the

chemical and mineralogical composition of some of these ash beds and pointed
out their mineralogical and chemical affinity with Bishop ash beds.

In addition to the middle Pleistocene and late Pliocene volcanic
episodes, small eruptions of silicic tephra occurred in latest Pleistocene and
Holocene time (Bailey and others, 1976, p. 735; Wood, 1977) at the Mono-Inyo
Craters south of Mono Lake, Calif. Lajole (1968) reported that the late
Pleistocene deposits near Mono Lake, Calif., contain 18 different tephra beds
generated during eruptions &t Mono Craters.
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The pyroclastic materials formed during the many different episodes of
rhyolitic volcanism are united by a common set of chemical and mineralogical
properties that distinguishes them from tephra generated at other upper
Cenozoic volcanic centers of the Western United States (Izett and others,
1970; Sarna-Wojcicki and others, 1980, p. 4; Izett, 1981). Because of the
protracted history of pyroclastic eruptions in the Long Valley-Glass Mountain
region, it seems probable that more pyroclastic eruptions will occur in the
future. The pyroclastic volcanism is the surface manifestation refelecting
the buoyant rise into high levels of the crust of a large granitic batholith
that has been evolving beneath the Long Valley-Glass Mountain region in late
Cenozolc time.

In following sections of this report, the pre~Bishop ash beds are
described. Instrumental neutron activation analyses of the glass phases of
the ashes are listed in table 3, and locality information, 'along with
pertinent comments, &are given in table 4. The ash beds are grouped in table 3
on the basis of similar elemental composition and arranged from youngest to
oldest. The stratigraphic arrangement of some of the the ash beds on table 3 ~
is tenuous and, surely, as more information becomes available, their age and
stratigraphic relationships will be further clarified and modified.

BLACK CANYON-4 ASH BED

A Pliocene ash bed collected and studied by R. E. Wilcox (written ~
commun., 1971) was named by Izett (1981) the .Black Canyon-4. It is the fourth
bed from the base in a sequence of six ash beds separated by sediments at
Black Canyon, about 14 km southeast of Bishop, Calif. Analyses of the glass
shards indicate that it contains considerably less iron and more manganese
than Bishop air-fall tephra (tables 1 and 3). Based on a fission-track age of
an ash bed that occurs stratigraphically below these two ash beds at Black
Canyon (Izett, 1981, table 5, bed 64) and on a K~Ar age of an overlying ash
bed (Taylor Canyon-P of Izett, 1981, plate 1, bed no. 38), the Canyon-4 ash
bed may be about 2.5 to 2.7 m.y. The source of this ash bed is not known, but
based on its chemical composition, it possibly was the Glass Mountain area
north of Bishop, Calif.

FRENCHMAN FLAT ASH BED

The Frenchman Flat ash bed was named by Izett (1981, plate 1, no. 47) for
an ash at a depth of 195 m (W. J. Carr, written commun., 1978) in a drill hole
in Frenchman Flat at the Nevada Test Site. An ash bed (table 3, this report)
in a drill hole in Pliocene deposits at Searles Lake, Calif. (Sarna-Wojcicki
and others, 1980, table 1, sample 49), and an a2sh bed (table 3, this report)
in the Lathrop Wells 15-minute quadrangle, Nye County, Nev., collected by W C
Swadley of the U.S. Geological Survey are correlated with the Frenchman Flat
ash bed on the basis of their similar chemical composition (table 3). This
ash bed diffets from Bishop air-fall tephra because it contains more manganese
and less utanlum end differs from the Black Canyon-4 ash bed because it
contains significantly more iron. A fission~track age determination made by
me on glass shards separated from the ash bed in the drill hole at Frenchman
Flat, Nev., ylelded an age of about 2.2 m.y. Glass fission track ages’
generally yield only minimum ages owing to track annealing (Naeser and others,
1980), and the ash is certainly much older than 2.2 m.y. W. J. Carr (written
commun., 1982) reports that the ash at Frenchman Flat has normal magnetic
polarity. Because the ash has normal polarity, it suggests to me that fit
formed in the age span 2.5-2.9 m.y. during the Gauss normal polarity epoch.
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Izett (1981, plate 1) estimated the age of the ash to be about 2.3-2.4 m.y.,
but because the ash 1s now known to have normal polarity its age may be older
than 2.4 m.y. The source area of this ash bed 1is not known, but it is
suspected to be the Glass Mountain area north of Bishop, Calif., because the
glass shards of these ash beds have chemical affinity with Bishop tephra
(table 1 and 3).

WAUCOBA ROAD-1 AND WAUCOBA ROAD-2 ASH BEDS

Coarse-grained tephra units in Pliocene sedimentary deposits adjacent to
Waucoba Road in the Waucoba Mtn. l5-minute quadrangle, Calif., were named the
Waucoba-1 and Waucoba-2 by Izett (1981, plate 1, beds 40 and 39). The glass
of these tephras contains significantly more manganese than does Bishop air-
fall tephra (tables 1 and 3). Waucoba-l ash bed contains more cesium,
rubidium, tantalum, and uranium than the Bishop; Waucoba-2 contains slightly
more tantalum than the Bishop, but less than Waucoba-1l ash bed. The age of
the Waucoba-1 and Waucoba-2 ash beds is about 2.2 m.y. as inferred from
stratigraphic relationships with other ash beds. The source area of these
tephra units is not known, but based on their coarse grain size end their
chemical composition, the Glass Mountain area north of Bishop, Calif., seems
probable. .

TAYLOR CANYON-P, TAYLOR CANYON-C, and TAYLOR CANYON-U ASH BEDS
A group of tephra beds and ashflows, older than the Bishop Tuff, were
mapped and named the tuff of Taylor Canyon by Krauskopf and Bateman (1977).
These tephra beds are strikingly similar in their chemical and mineralogical
properties to ash beds at various localities in California, Nevada, and

‘Utah. Three superposed units of coarse-grained air-fall tephra occur at the

Cowan Pumice mine and three similar units occur at Blind Spring Hill south of
Benton Hot Springs, Calif. The tuff of Taylor Canyon is presumably part of a
complex volcanic unit called the rhyolites of Glass Mountain by Bailey and
others (1976, p. 729-730). 1Izett (1981, p. 10218) named downwind equivalents
of two of these tephra units the Taylor Canyon-P and Taylor Canyon-C ash beds,
and a third unit is herein informally named the Taylor Canyon-U. However,
correlation of ash beds in California, Nevada, snd Utah with a specific air-
fall tephra unit of the Tuff of Taylor Canyon is extremely tentative because
the chemical and mineralogical properties of the three air-fall pumice units
are nearly identiczl.

Taylor Canyon-P ash bed is perhaps equivalent to the lowest of three air-
fall pumice units exposed in excavations in the Cowan mine area and the lowest
of three air-fall pumice units at the south end of Blind Sprimg Hill (Tucker,
1927, p. 403-404) near Yellowjacket Canyon, south of Benton Hot Springs,
Calif. . Ash beds that seemingly correlate with the Taylor Canyon-P ash bed are
found southeast of Bishop, Calif., at Black Canyon (sixth ash bed from the

. base of the ash-bed sequence) and in the Amargosa Valley, Nev., (¥. J. Carr,

written commun., 1981; table 3, this report). The Taylor Canyon-P ash beds
consistently contain less iron and calcium and more manganese, tantalum,
cesium, rubidium, and uranium than Bishop air-fall tephra. Taylor Canyon-C
ash beds correlate with the second air-fall pumice from the base at
Yellowjacket Canyon at the south end of Blind Spring Hill south of Benton Hot
Springs, Calif., and a tephra unit in the White Mountain Peak quadrangle north
of Bishop, Calif. Taylor Canyon-C ash beds were found near Beaver, Utah,
above the Huckleberry Ridge ash bed (previously called the Pearlette type B
ash) of Izett and Wilcox (1982) and in the Waucobas Mountain quadrangle
southeast of Bishop, Calif. The composition of glass shards of the Taylor
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Canyon-C tephra is nearly identical to the composition of glass of the Taylor
Canyon-P tephra. The Taylor Canyon-C seemingly contains slightly less cesium
and uranium than Taylor Canyon-P, but distinction between these chemically
similar tephra units, where stratigraphic control is lacking, is perhaps not
always possible. The Taylor Canyon-C tephra was K-Ar dated (sanidine) at 2.1
m.y. by Izett (1981, table 4). The Taylor Canyon~P ash bed, which occurs
stratigraphically just below the Taylor Canyon-C ash bed, 1s probably also
about 2.1 m.y.

Coarse~-grained tephra that forms the uppermost of three stratigraphically
superposed air-fall units at Yellowjacket Canyon at Blind Spring Hill south of
Benton Hot Springs, Calif., is here named the Taylor Canyon-U bed. It is
similar in chemical composition to the other two Taylor Canyon tephra units
except that it apparently contains slightly less uranium. The age of this
tephra unit is presumably about 2.l m.y. because of its stratigraphic nearness
to the dated Taylor Canyon-C tephra.

MANIX LAKE-2 AND MANIX LAKE-3 ASE BEDS

Two ash beds separated by only a few meters of Pliocene sediments occur
along the banks of the Mojave River at Manix Lake, Samn Bermardino County,
Calif. These ash beds were collected and studied by Merriam and Bischoff
(1975) and Sarna-Wojcicki and others (1980) and named by Izett (1981, plate 1,
bed nos. 34 and 35). The chemical composition of the glass shards of the ash
beds differ from the chemical composition of Bishop air-fall tephre in that
they have a higher manganese content (tgbles 1 and 3). The Manix Lake~2 ash
bed contains nearly twice as much uranium, slightly more cesium and rubidium,
and less iron than Bishop air-fall tephra. The Manix Lake-3 can be
distinguished with confidence from the Manix Lake-2 ash bed by its lower
uranium content and differences in the amounts of several other elements. The
age of these two stratigraphically close ash beds is probably slightly less
than 2.0 m.y. because they overlie an ash, correlated by Sarna-Wojcicki and
others (1980, p. 39) with the Huckleberry Ridge ash of Izett and Wilcox
(1982), that is 2.0 m.y. The source-area tephra units of these ash beds is
not known. Because the glass shards of these ash beds are similar to tephra
of the Bishop Tuff and the rhyolites of Glass Mountain of Bailey and others
(1976, p. 729-730), the source area for the ash beds may be in the Glass
Mountain area north of Bishop, Calif.

LAST CHANCE BENCH ASH BED
An ash bed that lies sbout 20 m above a Huckleberry Ridge ash bed of
Izett and Wilcox (1982). near Beaver, Uteh, was named the Last Chance Bench ash’
bed by Izett (1981, p. 10217-10218). This ash is nearly identical to Bishop
air-fall tephra in chemical composition (tables 1l and 3). The age of this ash
may be about 1.8 m.y. as judged by its stratigraphic nearness to the

underlying well-dated Huckleberry Ridge ash bed (2.0 m.y.). The source-area

tephra unit of this ash bed is not known; however, the Glass Mountain area
north of Bishop, Calif., seems likely because of the similarity in chemical
composition of glass shards of this ash bed and tephra units of the Bishop
Tuff and the rhyolites of Glass Mountain of Bailey and others (1976, p. 729-
730).
SOUTH MOUNTAIN ASH BED

An ash bed in Pliocene or Pleistocene marine sediments near Ventura,
Calif. (Sarna-Wojcicki and others, 1980, p. 36, sample 27) was named by Izett
(1981, p. 10217) the South Mountain ash. Although it is nearly identical to
Bishop air-fall tephra (table 1 and 3), Sarna-Wojcicki and others (1980)

21



considered it 2 separate bed from the Bishop. The glass shards contain
slightly more cesium, rubidium, and manganese than the glass phase of Bishop
ailr-fall tephra. Its age 1s presumably about 1.8-1.2 m.y. based on its
assumed stratigraphic realtions with the overlying Bailey ash bed dated about
1.2 m.y. by Izett and others (1974). The source-area tephra unit for this ash
bed is not known; however, the Glass Mountain area north of Bishop, Calif.,
seems likely because of the similarity in chemical composition of glass shards
of this ash bed and tephra units of the the Bishop Tuff and the rhyolites of
Glass Mountain of Bailey and others (1976, p. 729-730).

BAILEY ASH BED
An ash bed in matlne Pliocene sediments of the Pico Formation near
Ventura, Calif. (Izett and others, 1974; Sarna-Wojcicki and others, 1980;
Izett, 1981, p. 10217), was called the Bailey ash by Yeats and McLaughlin
(1970). Glass shards of this ash bed contain significantly more cesium,
rubidium, uranium, and manganese than do glass shards of Bishop air-fall

tephra (tables 1 and 3). The chemical composition of the Bailey ash is nearly -

identical to the South Mountain ash as previously pointed out. Based on the
analyses at hand (table 3), the Balley seemingly contains more thorium than
the South Mountain; however, the thorium-to-uranium ratio of the South
Mountein bed seems anomalous compared to most other ash beds. However, the
Bailey does seem to contain less scandium than the South Mountain. The age of
the Bailey ash was determined by Izett and others (1974) to be about 1.2

m.y. The source-area tephra unit for this ash bed is not known; however, the
Glass Mountain area north of Bishop, Calif., seems likely because of the
similarity in chemical composition of glass shards of this ash bed and tephra
units of the rhyolites of Glass Mountain of Bailey and others (1976, p. 729-
730) .

GLASS MOUNTAIN-G AND GLASS MOUNTAIN-D ASH BEDS

Two chemically similar ash beds occur in sediments about 17 m below the
Bishop Tuff about 7 km north of Bishop, Calif. The ash beds are separated by
6 m of sediments and lie below the Matuyama and Brunhes paleomagnetic
boundary, according to Sarna-Wojcicki and others (1980, p. 29-31). These ash
beds were named the Glass Mountain-G and Glass Mountain-D by Izett (1981, p.
10217). Another ash bed suspected to be a Glass Mountain-G or a Glass
Mountain-D ash bed occurs about 10 m below the Bishop ash bed in sediments of
ancient Lake Tecopa near Shoshone, Calif. (Sheppard and Gude, 1968, fig. 6).
The chemical composition of these two ash beds is nearly identical to that of
Bishop air-fall tephra, and the ability to confidently distinguish them from )
the Bishop, based on the chemical data at hand, may not be possible. Of equal
importance, the miperalogy and the chemical composition of the phenocrysts in
the Glass Mountain-G and Glass Mountain-D ash beds are also nearly identical

‘to those in Bishop atr-fall tephra. Although the ash beds may not be

distinguished from Bishop ash beds on the basis of chemical composition and
mineralogy, the Glass Mountain ash beds should have reverse paleomagnetic
polarity, whereas the Bishop has normal magnetic polarity. Primary air-fall
tephra units suspected to be the source-area equivalents of the Glass
Mountain-D ash beds occur in the Glass Mountain area north of Bishop, Calif.
(table 3 and table 4). The correlation of the Glass Mountain-G and Glass
Mountain-D ash beds with tephra of the rhyolites of Glass Mountain of Balley
and others (1976, p. 729-730) seems likely because of the similarity in the
chemical composition of glass shards and the assemblage of microphenocrysts

- for the ashes and the ryholites of Glass Mountain.
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MILLERTON LAKE ASH BED ’

A rhyolitic ash bed included in the Pleistocene Friant Pumice Member of
the Turlock Lake Formation by Janda (1965) occurs near Friant, Calif.,
(MacDonald, 1941; Trauger, 1950). The ash bed has been mined by the
California Industrial Minerals Company for more than 20 years. In the mine
workings, the stratigraphic relationship between the ash and the enclosing
sediments i{s well exposed. As seen in the walls of the mine, .the ash bed is
unconformably overlain by a unit of pumiceous conglomerate (Chesterman, 1956,
p. 38, fig. 21). Many of the cobbles in the conglomerate unit are composed of
several types of stream-rounded volcanic rock including fresh, light-weight
rhyolite pumice and dense, rhyolite welded tuff. The welded tuff cobbles
strongly resemble welded tuff of the Bishop (fig. 5) at its type area north of
Bishop, Calif. '

The bed of fine-grained volecanic ash within the Friant Pumice Member at
the excavations of the Californis Industrial Minerals mine is here named the
Millerton Lake ash bed. The ash is named for Millerton Lake which lies a few™ -
kilometers from the California Industrial Minerals mine. Millerton Lake, =
rather than Friant, was chosen to prevent confusion that might arise from
using the name Friant for both the ash bed and for the formally named Friant
Pumice Member. The chemical composition of the glass of the Millerton Lazke
ash 1s much like that of Bishop air-fall tephra (tebles ! and 3). However,
the Millerton Leke ash differs in that it has slightly less iron than the
Bishop. Perhaps the Millerton Lake ash bed is a slightly different variety of
Bishop ash, but more analyses of the ash are needed to determine if the small
difference in iron content is consistently different than the Bishop air-fall
tephra.

Sarna-Wojiciki and others (1980, table 1, sample no. 1) obtained chemical
analyses of pumice cobbles from the conglomerate unit that overlies the
Millerton Lake ash bed and drew attention to their similarity in composition
with pumice of the Bishop Tuff (see also table 3, this report). Because of
small differences in the chemical composition (lanthanum and cerium) of the
glass of the pumice cobbles in the Friant Pumice Member and glass of pumice of
the air-fall unit of the Bishop Tuff, Sarna-Wojcicki and others (1980, p.18-
19) suggested that the cobbles represent a slightly different chemical type of
Bishop tephra called the Friant type.

The age of the Millerton Lake ash bed has not been established by
isotopic methods. However, pumice cobbles in the conglomerate unit that
unconformably overlies the ash bed at the California Industrial Minerals mine
near Friant, Calif., were dated by the K-Ar method (Janda, 1965, p. 131;
Dalrymple, 1980) at about 0.62 m.y. Sarna-Wojcicki and others (1980, p. 21~
23) considered the K-Ar age of 0.62 m.y. for the pumice cobbles to be

" anomalous because the chemical composition of the cobbles (their Friant-ﬁype
Bishop ash) is strikingly similar to tephra of the 0.74 m.y. Bishop Tuff. .

‘ To further explore the K-Ar ages of the pumice cobbles, three groups of
cobbles were collected by me from the conglomerate unit, and sanidine
separated from them was dated (table 9). Sanidine separated from one group of
pumice cobbles gave a K-Ar age of 1.78+0.03; sanidine from another group gave
an age of 1.0630.02 m.y.; and sanidine from a third group gave an age of

0. 19*003 MeYe
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Figure 5.--Photograph of stream-rounded cobbles of welded tuff (Bishop Tuff?) collected from conglomerate
unit that lies unconformably on the Millerton Lake ash bed at the California Industrial Minerals
mine near Friant, Calif. Cobbles have fairly well~-developed eutaxitic structure. Xenolith of

metamorphic rock of Sierran(?) age 18 in robhle in nnnar Tafr snveas ~f hoeo. oo




The wide spread of K-Ar ages of the pumice cobbles reported here and of
K-Ar ages reported by Dalyrymple (1980) is very puzzling in view of the
observation that the chemical composition and mineralogy of some pumnice
cobbles are nearly identical to the 0.74 m.y. Bishop Tuff tephra. Onme
explanation for the wide spread of ages is that the K-Ar ages older than the
Bishop result from dating random mixtures of pre-Bishop pumice cobbles, all of
which chemically and mineralogically resemble Bishop tephra. Another
possibility that could explain the older K-Ar ages is that some cobbles,
assumed to be pumice, may actually have been nonwelded tuff cobbles containing
undetected xenoliths of markedly older Sierran age granitic rocks. However,
precautions were taken to exclude tuff cobbles by only selecting cobbles
(greater than 1 cm in diameter) that would float in water.

Another condition that can result in unrealistically old potassium-argon
ages occurs when significantly older (2-3 orders of magnitude) detrital
potassium feldspar grains lodge in tubular vesicles in pumice cobbles while
they are being transported by sediment-laden streams and rivers. Various
amounts of these older potassium feldspar grains can be retained in sanidine
concentrates separated from the pumice cobbles. The older detrital potassium
feldspar grains cannot be removed during heavy-liquid separations and can only
be removed by hand picking. A potassium—-argon age obtained from & mixture of
primary sanidine and significantly older detrital potassium feldspar obviously
will be incorrect. The oldest potassium-argon age (l.78 m.y.) was obtained on-
pumice cobbles which had been ultrasonically scrubbed in dilute hydrofluoric
acid. Although this treatment may have removed detrital feldspar grains from
the surface of the pumice, it coud not remove detrital feldspar grains deeply
lodged in vesicular tubes in some pumice cobbles. A second group of cobbles

‘'was prepared by grinding or sawing about 1-2 cm from the outer parts of the

pumice cobbles so &8s to increase the possibility of dating only primary
phenocrystic sanidine from the interiors of the cobbles. The potassium-argon
age of sanidine from this group of pumice cobbles yielded an age of 1.06

w.y. This age is similar to the potassium-argon age of pumice of the
rhyolites of Glass Mountain (Izett, 1981, table 4, DKA=- 3811) which have a
chemical composition similar to the Bishop Tuff.

The potassium-argon age (0.19 m.y., table 9) of sanidine separated from a
third group of pumice cobbles seems to be anomalously young considering the
middle Pleistocene age of the Friant Pumice Member of the Turlock Lake
Formation (Janda, 1965). Only a small smount of:isnidine was available for
this deterzﬁnation. and the amount of radiogenic " “Ar obtained, relative to
the total "“Ar extracted (table 9), was small (2.4 percent). Naeser and
others (1981, p. 30-31) recently igphasized the gnreliabilty of KrAr ages
having a low ratio of radiogenic "“Ar to total

" In summary, the spurious K-Ar ages of pumice cobbles from the
conglomerate unit in the Friant Pumice Member of the Turlock Lake Formation
provide little informat{ion on the age of the underlying Millerton Lake ash
bed. Perhaps there are several age groups of pumice cobbles in the
conglomerate unit. In contrast to the isotoplc age dats, stratigraphic
relationships clearly show that the Millerton Lake ash bed is older than the
overlying conglomerate unit that contains stream-rounded fragments of welded
tuff here assigned to Bishop Tuff. Remnants of a once more extensive lobe of
the Bishop Tuff (formerly called the tuff of Reds Meadow) are found on the
west side of the Sierra Nevade crest in the drainage of the Middle Fork of the

25



San Joaquin River (Huber and Rinehart, 1965; Hildreth, 1977, p. 296).-
Considerable time (10,000 years??) may have lapsed following the emplacment .
and welding of the Bishop ash-flow sheet at 0.74 m.y. and the subsequent
reintegration of the San Joaquin River drainage system to allow incision of

-the Bishop and accompanying transportation of welded tuff fragments of the

Bishop to the Friant, Calif., area.
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Table 2, List of localities of the Bishop Tuff and Bishop ash beds giving pertinent stratigraphic and other information
(Localities are listed in alphabetic order, first by State and then by County, and number keyed

to the map showing the distribution of the ashes.

Nost sample numbers refer to collectioans of

ash made by G. A. Izett (74G3) or by R. B, Wilcox (68W156) giving the year and sample number.
Other sample numbers refer to collections of ash made by other geologista. Leaders (---) indicate
sample currently not available to the writer; closely spaced sample localities given same locality number)

Glass Mountain 15-minute

Loc. Sample County Location Remarks
No. Noa. and
fig. 1 quadrangle
Bishop Tuff
California
1 64W96, 79C14 Imyo MWL/4 NEL/4 mec. 4, T. 6 S., R. 33 B.3 Punice lapilii from A-m-thick atr-fall unit at the
19G75, 79617 Bishop 15-minute base of the Bishop Tuff at the Industrial Minerals
79678, 79681 quarry (abandoned) 10 ka north of Bishop, Calif.
79682, 79c83 (Tucker, 1927; Bateman, 1953; Chesterman, 1956, p. 35
80G23, AT-8 and fig. 16; Dalrymple and others, 1965, sample no.
4G001; Izett and others 1970, loc. 1; Sarna-Wojcicki
and others, 1960, table 3, no. 8).
] 79615, 79GI9A Inyo WW1/4 NEL/A sec. 4, T. 6 S., R. 33 B; Rounded puaice cobbles from the loweat pact of the matn
79G80, 79G84, Bishop 15-ainute thick ash-flow at the Induetrial Minerals pumice quarry
80621 10 ka north of Bishop, Calif.; mample no. 80G21 is from
a thin lenticular ash flow that underlies the main, thick
ash flow (see fig. 2).
2 79621 Inyo SW1/4 SW1/4 wec. 20, T. 6 S., R. 32 E.} Puatce lapilli from about the middle of the basal, atr-fall
fishop 15-ainute unit of the Bishop Tuff at cliff exposures along the Owena
River; same locality as sample B-93 of Sarna-¥ojcicki and
others (1980, table 7, p. 45).
3 79G8S .Inyé SE1/4 mec. 14, T. 8 S., R. 33 B.; Puaice lapilli from air-fall unit at the base of the
: Bishop 15-minute Bishop Tuff.
3 79686 Injo SE1l/4 pec. 14, T. 8 S., R, 33 B3 Pumice lapilli from basal unit of ash-flow tuff of the
) Bishop 15-minute Bishop(?) Tuff (significantly different Fe content of glass
: than other air-fall Bishop Tuff samples (see table 1).
4 64W109 Mono NEL1/A SEL/A sec. 10, T. 2 S., R, 31 B Puaice lepilli from a proneet trench in the basal, air-
Glass Mountain 15-minute fall unit of the Bishop Tuff about 1.6 km southwest of
Benton Mot Springs, Calif.; just west of California State
Aighway 121. - :
5 J=-328 | Madera see Sarna-Wojcicki and others, 1980 Adr-fall pumice from base of ignimbrite previously called
’ for location; the tuff of Reds Meadow; now assigned to the Bishop Tuff
Devila Postpile i3-minute (see Rildreth, 1977, p. 296).
6 69H140 Mono SEL/4 WH1/4 mec. 34, T. & S., R. 30 BE. Pumice lapilli from the basal, air-fall unit of the Bishop
Casa Diablo Mountain lS-minute Tuff in roadcut along U.S. Highway 195.
7 79G88 Mono NW1/4 sec. 25, T. 1 S., Re 29 E.; Pumice blocks 0.5 m in diameter from ash-flow tuff of
Glass Mountain 1S-minute the upper, pyroxene-bearing part of the Bishop Tuff;
near locality B-138 of Hildreth (1977, p. 299).
7 79G94 Hou.o NE1/4 sec. 27, T. 1 S., R. 29 E.3 Pumice block about 1.0 a {n diameter from ash-flow tuff

of the upper, pyroxene-bearing pumice part of the Bishop
Tuff; near locality B-~137 of Hildreth (1977, p. 299).
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Bishop ash

10

Y

12

13

14

68W156

T 7463

-

Inyo

Inpér;al

Kinga?

Kern

Riverside

Riverside

Riverside

California

SEL/4 SW1/4 sec. 29, T. 22 N., R. 7 Bo3
Shoshone 15-minute

NW1/4 SW1/4 sec. 19, T. 9 S., R. 12 B.;
Durmid 7 1/2-minute

,

‘Precise locality unknown to suthors

About 16 km northwest of Wasco, Calif.
{P. D. Davis of PFugro Inc., written
commun., 1979)

SW1/4 MN1/4 sec. 7, T« 7 8¢, Re 3 W3
Riverside 7 1/2-minute

SEII& B8ecC. 17. T. 6 S-, R. 9 B.;
Thermal Canyon 7 1/2-minute

SBI/G SHl/ﬁ S8C. 32' T. 6 3-, R. 3 !-‘
1dylwild 15-minute

15~ca~thick ash in sediments of Pleistocene Lake Tecops

exposed at road level about 1.9 km east of Shoshone, Calif.,
along the road to Pshrump, Nev.; same locality as that of
Sheppard and GCude (1968, p. 13, no. 3); other localities of
Bishop ash are in nearby areas such as {n the NW1/4 sec. 30, T.
22 K., R, 7 E. along the west side of a road in the northera part
of Shoshone, Calif.; a Lava Creek B ash bed (previously called
Pearlette type O ash) is about 6 m above the Bishop ash bed in
the area; see Izett and others (1970, p. 130, no. 3) and
Borchavdt and others (1972); see also Hillhouse and Cox (1976)
for descriptions of the magnetostratigraphy of the Pleistocene
deposits of Lake Tecopa; Sarna-Wojcicki and others (1980, table
1, sample no. 9) listed chemical analyses of the ash.

2-m~thick composite aah'bcd; conasistes of revorked, water-
redeponited ash and thin silt beds; described by Sarna-Wojcicki
and others (1980, table 1, sample nos. 6, 7, 12, and 15); another
locality of ash assigned to the Bishop ash bed by Merriam and
Bischoff (1975, p. 210, loc.l) occurs in NW1/4 sec. 34, T. 8 S.,
R. 11 E.

Ash from borehole st a depth of 165 m in the Corcoran Clay
Member of the Turlock Lake Formation (R. J. Janda of the VU.S.
Geological Survey, written commun., 1970).

Thin volcanic ash at a depth of 84 m in borehole H-35 1in the
Turlock Lake Formation (Pleistocene); locality described by Davis
and others (1977, p. 383); they reported a K-Ar age of 0.942
40.010 m.y. for the ash (glass shards only?); this ash {dentified
by Davie and othera (1977) as a Bishop ash bed; A. M. Sarna-
Wojeicki (written commun., 1981) recognized that the ash is not a
Bishop ash because the chemical composition sand index of
refraction and shape of glass shards of a sample of the ash do
not match other Bishop ash beds.

In Pleistocene allovium in the Channey Hills; locality
information and chemical analyses of the ash given by Sarna-
Wojcicki and others (1980, table 1, smample no. 10); they (1980,
pe 29) state that this locality is ..."st or close to..." another
locality of ash {dentifted and liated by Merriam and Bischoff
(1975, p. 210, loc. 6) as Bishop ash.

Ash bed in fine-grained sandstone and siltstone of the
Pala Spring Potrmation (Plfocene and Pleistocene); identified as
Bishop ash by Merriam and Biachoff (1973, p. 210, loc. 2).

In Pleistocene alluvium in the Anza-Borrego area; see
Sarna-Wojeicki and others (1980, table 1, sample no. L1) for
locality information and chemical snalyses of the ash; Sarna-
Wojcicki and others (1980, p. 29) report that this ash locality
18 at or close to another locality of ash identified by Merriam
and Bischoff (1975, 'p. 210, loc. no. 4) as a Bishop ash.
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19

20

2

22

23

24

25

65W131

65wl

80%90

80W92

78W218
18w217

Rivéldlue

San
Bernatrdino

San Diego

Sen Diego

Tulare

Ventura

Chaffee

Montrose

Alamosa

Saguche

Bannock

W l/2 mec. 3u, 1. 3 5., Ro'16 Eu
Coxcomd 15-minute

NE1 /4 mec. 1, T. 10 N., R. & E.}
Newberry Ll5-minute

NW1/4 NEL/4 sec. 24, T. 9 S., R. 5 K
Clark Lake 15-minute

Sec. 20, T. 10 5., R. 3 EB.;
Warner Springs 7 1/2-winute

N\ﬂ,ﬁ HEI/‘ aec.lG. T. 23 S., R. 24 Eo;
Alpaugh 7 1/2-minute )

1at 34% 17° 56°°N.,
loag 119° 16° 58°°W.;
Ventura 7 1/2-minute

Colorndb

S‘ﬂ/ﬁ S‘"/‘ seC. 9. T. 51 K., R, 78 We3
Poncha Springs 15-minute

SEL/A NW1/4 sec. 26, T. 48 N., R. 19 W.;
Roc Ctee} 7 1/2-ainute

.

Bll! ’Qé- 10, T. 36 “0. R. 11 !o‘
Alazosa West 7 1/2-ainute

SE1/ASEL/4 sec. 32, T. 45 N., R. 32 B3

Mirage 7 Ilzfatnutc

1daho

R!ll‘ secC. 33. T. 12 S., R. 38 Be3
Oxford 15-minute .

Ash bed 1in dissected alluvial fan; fdentified as Bishop
ash by Merriam and Bischoff (1975, p. 210, loc. no. 7).

Ash in alluvial fan; fdentified by Merriam and Bischoff
{1975, p. 210, loc. no. 8) as Bishop ash.

In fluvial Pleistocene sediments in Anza-Borrego aresa; locality
data and chenmical analyses of ash given by Sarna-Wojcicki and
others (1980, table 1, sample no. 5); according to them (1980, p.
29), this ash locality is at or near one identified by Merriam
and Biachotf (1975, p. 210, loc. no. 3) as Bishop ash.

Ash in sediments of Warner Bsain; identified as Bishop ash
by Merriem and Bischoff (1975, p. 210, loc. no. $S).

Fron a Bureau of Reclawation borehole; locality
faformation and chenical analyses of the ash given by Sarna-
Wojcicki and others (1980, table 1, sarple no. 2).

Interbedded {n Santa Barbara Formation near Ventura

Calif.; another locality of Bishop ash fs at lat 346

17° 57°°N., long 119% 15° 48°°W.; locality information and
cherical analyses given by Sarna-Wojcicki and athers (1980, table
1, sample nos. 3 and 4).

0.3-m~thick impure ash in roadcut (west side) of U.S. Highway

285 near Centerville Cemetaty; in overbank ailt overlying

river gravel of Pleiatocene terrace deposit of Arkansas River; in
Nebraskan(?) age alluvium of Scott and others (1975); gravel no.
2 of Van Alatine (1969, p. 23); 80 m above wodern flood plain of
the Acrkansas River; a Lava Creek B ash (named Pearlette Type O by
Izett and others in 1970) is in the next lover (younger) tercace;
aee Izett and others (1970, p. 131, loc. no. 9).

0~ to 8-cm-thick impure ash in Pleistocene deposita
in the northern part of Paradox Basin; about’3.2 km northeast of
Paradox, Colo.; see Cater (1970, p. 49).

0= to S-cm-thick lena of ash interbedded in the Alamosa
Pormation (Plefiat ) at H Bluff along the Rio Crande
River southeast of Alawosa, Colo.; sample submitted by Karel
Rogers of Adaus State College (written commun., 1980).

Impure ash in Plefstocene fan deposit; ssh smeared out fn

fault zone separating fan deposit from bedrock; minimum post-
Bishop ash (0.74 m.y.) fault movement about 10 m; collected by S.
M. Colman of the U.S. Geological Survey.

Interbedded in pre-Lake Bonneville fan deposit of middle
Pleistocene age; a Lava Creek B ash is stratigraphically above;
locality southesst of Red Rock Fass 1 ka from where pover lines
croas gully; another Bishop ash is nearby in the NW1/4 sec. 33,
T. 12 S., R. 38 E. in pre-Lake Bonneville fan deposits beneath a
CaC0, zone; locality at top of gully north of house in NW1/4 sec.
33, T. 12 S., R. 37 E.; collected by R. C. Bright of the
Univeraity of Hinnesota (writtea comwun., 1979).
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26

27

28

29

30

n

3

32

n

3

35

18%L7

6648
7199

70W19
T0N23-10wW27

786203

T9%61

7964

79%92

B0W70
8ou71

71W25-71v28
73v101

708156
71429-71w32

Bingtian o

Nuckolls

Mineral

Esmeralda.

Dona Ana

Dona Ana

NW1/4 SE1/4 sec. 1, T. 4 S., R. 37 E.}
Yandell Springs 15-minute

Nebraska

RE1/4 SE1/4 sec. 26, T. 3 N., R, 8 ¥.;
Mount Clare 7 1/2-minute

Nevada
NE1/4 NW1/4 sec. 24, T. 12 N., R. 28 E.;

Schurz 15-minute quadrangle

NE1/4 NE1/A sec. 17, T. 2 S., R. 40 E.;
Silver Peak 15-minute ’

lat 356° 51° M., long 116° 19.5° W.;
Jackasa Plata 7 1/2-ainute

NWl/4 SE1/4 mec. 26, T. 15 8., R. 50 E.;
Lathrop Wella 15-ainute

KE1/4 NEL/A sec. 21, T. 15 S., R. SO0 B,
Striped Hille 7 1/2-minute

lat 36° 53° N., long 116° 22.5° W.3

. Topopah Spring.7 1/2-minute

1lat 36° 43.5° N., long 116° 36° W.;
Big Dune 15-minute

New Mexico

NWII‘ NHllb 'IC-‘S. T. 18 8.. R. 2 "03

Rincon 7 1/2-minute

. SW1/4 ME1/& sec. 28, T. 26 S., R. & B.;

Rincon 7 1/2-minute

o
0.5-m-thick impure ash fnterbedded in Pleistocene loess-

1ike silt; three other ash beds occur stratigraphically above;

one of the three ash beds is a Lava Creek B gsh bed; at Ash Hill

north of the Gay Mines on the west side of haulage road;

collected by, and locaslity information from, K. L. Plerce of the

U.S. Geological Survey (written commun., 1978).

0.7-m=-thick ash in the Pleistocene Sappa Formation
of Miller and others (1964, p. 79).

Ash in cobble gravel about 6.5 km south of Schurz, Nev.;
ansigned to the Bishop ash bed by Davis (1977, p. 100,
sample no. JOD26).

Pumice lapilli from a borehole at a depth of
104-107 m; borehole just north of Angel Island;
sample subaitted by R. Relaon of the Foote Creek
Mineral Co. (written commun., 1970).

0.3~m~thick ash in Pleistocene alluvium; collected by
A. G. Gordon of Fenix and Scisson Co. and W. J. Carr of
the U.S. Ceological Survey (written commun., 1978);
sample no. TSV132-78.

0.5-m~thick ssh interbedded in Pleistocene eolian sand
unit; collected by W C Swadley of the U.S. Geological
Survey (written commun., 1979).

l-m~thick impure ash in Pleistocene alluvium;
locality found by W C Swadley.

0- to 0.5-a-thick ash in Pleistocene alluvium on the east;
side of Fortymile Canyon; locality found by A. G. Gordon
(written commun., 1979); sample no. AG 109-36.

Ash in Pleistocene eolisn sand; two closely-spaced localities
found by W. J. Carr (written comsun., 1980); ssmple noa. SWI1-80
and SW12-80) collected by W C Swadley (Swadley, 1982).

0.3-m=thick ash in the Camp Rice Pormation(?); in gully

about 60 m west of railroad mile post 1074 near Grama Siding of
the Santa Fe Railroad; 8 ka north of Rincon, N. Mex.; collected
by J. W. Hawley of the New Mexico Buresu of Mines and Mineral
Resources.

0= to 15~cm=-thick ash in the piedmont alope facies of the

Camp Rice Formation; interlayered in a sand unit in fanglomerate;
exposed in 1970 in a pipeline trench about 1 km vest northwest of
Anthony Gap; collected by R. G. Dickinson of the U.S. Geological
Survey; recollected by J. W. Hawley.
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75161
80G13
80C16

65W5
786197

79639

T9WB4

75W58
78G158
786159

79¥101

S-28

Beaver

Box Elder

Grand

Millard,

Hiilard.

Millard

Millard

Salt Lake

Togele

licah

SW1/4 NW1/4 sec. 23, T. 27 S., R. 9 W.;
Adsmaville 15-mipute

s!l,‘ S‘"/b 8€C. l' T. 6 N., R. 6 ".:
Pokes Point 7 1/2-minute

SE1/4 NE1/4 sec. 26, T. 24 S., R. 24 .3
Polar Mesa 15-minute

NW1/4 MW1/4 eec. 24, T. 15 8., R. 7 W.;
Rain Lake 7 1/2-minute

NE1/4 REL/4 sec. 32, T. 20 S., R. 12 W.;
Long Ridge SW 7 1/2-minute

SW1/4 sec. 31, T. 25 S., R. 6 W.;
Cove Fort 15-minute

NW1/AMW1/4 sec. 23, T. 24 S., R, 10 W.}
Black Rock 7 1/2-winute

SW1/4 SE1/4 mec. 28, T. 1 N., R. 2 W.;
Saltair 7 1/2-ainute

Near Burmester, Utah
Burmester 7 1/2-minute

About 3 m-thick-ssh bed overlying coarse-grained alluvium;
xenolithic pumice lumps as large as 10 cw in diameter
cowposed of the rhyolite of the Mineral Mountains K-Ar

dated at about 0.5 m.y. by Izett (1981, table 4) occur in the
upper part of ash bed; see Lipman and others (1978, p. 141).

Ash bed exposed in & borrow pit of the Southern Pacific
Ratlroad Co. pit no. 2 in Little Valley; ash assigned

to the Bishop ash by Eardley and others (1973, p. 213);
a Lava Creek B ash bed occurs stratigraphically higher
to the northeast in the pit according to H. D. Coode of
the University of Uteh (written commun., 1975); see also
(Nesh and Swith, 1977, table 4, no. 18).

l-m-thick assh bed in the lower member of the Harpole

Mesa Pormation of Richwond (1962, p. 34); see Izett and others
(1970, p. 131, no. 7b); see Sarna-Wojcicki and others (1980,
table 1, no. 16) for analyses of the ash; see alno (Nash and
Swith, 1977, table &, no. 25).

‘ About 30-cm-thick ash bed interbedded in Pleistocene

alluvivm exposed about 70 m from the weat end of an
exploratory trench dug in 1979; ash about 2 m below land
surface; sample subaitted by R. Patterson of Dames and
Moore; samples of the ash recollected by C. D. Miller
and W. B. Scott of the U.S. Geological Survey; a fisaion-
track age determined on zircon from the ash is 0.7310.13
(2 signa) w.y. (C. W. Naeser of the U.S. Ceological
Survey, written commun., 1979).

3~ to 5-ca-thick ash bed in Pleistocene deposits; collected by
C. G. Oviatt of the Univeraity of Utah and W. E. Scott of the
of the U.S. Ceclogical Survey (written commun., 1979); locality
is just south of Miller Canyon Reservoir.

About 0.3-m=thick ash bed in Pleistocene fan deposits

in borrow pit; separated from an overlying tephra bed

called the Ranch Canyon ash bed (Izett, 1981) by about
10 m of sediments.

15-cn~thick ash overlying basalt K-Ar dated 1.1 m.y.
according to M. N. Machette and T. A. Steven of the
U.S. Geological Survey (written commun., 1979).

Ash bed in core from borehole in sediments of Pleistocene
Lake Bonneville at a depth of 175 m; identified as Bishop
ash by Eardley and others (1973, p. 213) on the basis of
electron nicroprobe analyais of glass shards; location of
borehole provided by H. D. Goode (written commun., 1977);
see (Nash and Saith, 1977, table &, no. 22).

Ash bed in core from borehole (Burmester) in sediments
of Pleistocene Lake Bonneville at a depth of 86 m; ash
identified an Bishop ash on the basis of electron
microprobe analysis of glass shards reported by Eardley
and others (1973, p.:213); a Lava Creek B ash occurs
about 10 m higher'in core of the borehole; see Nash

and Snith, 1977, cable 4, no. 19).
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44

45

46

570129
57r133

N-46

64W130
67vW161
80G18

66W50
T4W24~-74H25
776122

Salt Lake |

Tooele

Utah

Albany

SH corner sec. 24, T. 1 N., R. 3 W3
Saltair 7 1/2-minute

About 11 km esst of Wendover, Utah;
No topographic map available

SW1/4 NW1/4 eec. 33, T. 9 S., R. 2 E.}
Santaquin Peak 15-minute

Wyoming

Center sec. 6, T. 14 M., R. 74 W,;
Hutton Lake 7 1/2-minute

Ash bed in core from borehole (Saltair) in sediments

of Pleistocene Lake Bonneville; from 197 m depth in

borehole; a Lava Creek B ash bed occurs about 31 m above

in core; sample submitted by A. J. EBacrdley of the

University of Utah; see also Eardley and Gvosdetsky (1960)

for demcriptions of the core; see Izett and others (1970, p. 131-
132, no. 5b); see also Nash and Smith (1977, table 4, nos. 20 and
23).

Ash bed 1in sediments of Pleiatocene Lake Bonneville {in drill hole
at A depth of 99 m; collector, A. J. Eardley; see Izett and
others (1970, p. 130, no. 4) and Nash and Smith (1977, table 4,
no. 19).

0- to 2-m-thick bed in Pleiatocene deposits; a Lava Creek

B ash occurs 0.3 to 0.5 m stratigraphically above about

1 km north of pond in a deep gully; another locality

of Bishop ash occurs in the deep gully just below

a pond; see Izett and others (1970, p. 131, no. 6);

see also Mash and Seith (1977, table 4§, no. 26).

0- to 0.3-m~thick ash {nterbedded i{n silt and sand of
terrace alluvium along the west bank of the Laramie
River; about 13 m above the modern flood plain of the
river; at the Monolith Cement Co. quarry; collected by
Brainerd Mears Jr. of the University of Wyoming and

R. E. Wilcox of the U.S. Geological Survey.

N




Table 4.--List of localities of Pliocene sad Pleistocens rhyolite tenﬁra units of the Long Valley-Glass Mountsin ares and
Some yolecanic ash beds in California, Nevada, and Utah suspected to be their correlatives

{Localities are listed in the order given in table 3; most ssmple numbers refer to collections of ash made by
‘G. A. Izett (74G3) or by R. E. Wilcox (68W156) giving the year and sample number.

Sample County Location Remarks
Nos. and and
State quadrangle
79G73A Maders, MWi/4 sec. 6, T. 11 S., R. 21 B,; Pumice cobbles from a unit of conglomerate that unconformably overlies
63c326 Caltf. Millerton Lake 7 1/2-minute a J-m-thick ash bed at the California Industrial Minerals mine nesr
Friant, Calif.; atream-rounded cobbles of welded and nonwelded Bishop
Tuff an well an other cobbles of granitic and volcanic rocks aleso occur
in unft.
10M1 Madera, ML /4 sec. 6, T. 11 8., R. 21 E.3 Millerton Lake ash bed; very fine grained volcanic ash from a 3-m-thick
79G74 Calif. Millerton Lake 7 1/2 minute bed that undarlies the conglomeratic unit described above; ash here
: named the Millerton Lake ash bed for exposures of the ash bed currently
being mined at the California Industrial Minerala mine near Friant,
Calif.; the iron content of the glass of this ash 1a significantly leas
than that of the air-fall pumice of the Bishop Tuff and Bishop ash beds.
79G12 Mono, NE1/4 NE1/4 sec. 23, T. 2 S., R¢ 31 B.; Pumice blocke froa a pit excavated in near the Cowan pumice mine;
Calif. Glass Mountain 15-ainute sanidine from large pumice fragments dated by the K-Ar method at
1.0620.01 m.y. (Izett, 1981, table 4); glass cowposition of the pumice
nearly identical to the composition of puwice of the basal air-fall unit
of the Bishop Tuff and Bishop ssh beds; poasibly equivalent to the Glass
Mountain-D ash bed of Izett (1981, plate 1, bed no. 16).
79C87 Mono, SEL/4 NE1/4 pece 3, T« 5 S., R. 33 B.3 Pumice lapilli from the middle of an afr-fall pumice unit in a pumice
Calif. White Mountain Peak 15-minute pit at the Sacramento mine; questionably assigned to the Bishop Tuff by
: Hildreth (1977, p. 296); iron content of the glasa of pumice abnormally
high ss coepared to the iron content of glass of the air-fall pumice of
the Bishop Tuff and Bishop ash beds (mee table 1); questionably here
grouped with the Glass Mountain-D aeh beds; aimilar in iron content to
glass of pumice lumps in ashflow at locality 2 of table 2 (sample
- 79@06). - N
T5W42 Inyo, Et/2 pec. 21, T. 6 8., R. 32 B,; Yolcenic ash interbedded in Pleistocene sadiments below the Bishop
Calif. Bishop lS-ninute Tuff; ia roadcut adjacent to the Owens River; asme locality as that of
Sarna-Wojcicki and othars (1980, sasple 17 and 18, p. 29); glass
cosposition of the puaice nearly identical to the glass composition of
puonice of the basal air-fall unit of the Bishop Tuff and Bishop ash
beda; probable source-area tephra for the Class Mountain-D ash bed of
Izett (1951).
68W15S Inyo,’ ‘NW1/& WW1/& sec. 31, T. 22 N., R, 30 E., Volcanic ash in sedivents of Pleistocene Lake Tecopa; sbout 9 m
Calif. Shoshone 15-einute stratigraphically below a Bishop ash bed; here assigned to the Glass
’ Mountain-D ash bed of Izett (1981).
79691 Inyo SHL/4 mec. 6, T. 1 S., R. 30 B Puaice lepilli from excavations in pumice along Adobe Creek near the
Calif. Glass Mountain l5-ainute mouth of Taylor Canyon; mepped as the tuff of Taylor Canyon by Krauekopf
and Bateman (1977); probable source-area tephra of the Glass Mountain-D
ash bed.
BT1 Inyo, NEL/4 NE1/4 sec. 23, T. 6 S., R. 32 E.; Volcanic ash interbedded in -Pleiatocene sediments that underlie the
Calif. Bishop Tuff; about 6 m below ¢the Class Mountain-D ash bed of Izett

Bishop l5-minute

(1981) according to Sarna-Wojcicki and others (1980, samples 17 and 18,
p- 29); glass composition nearly tdentical to that of the basal air-fall
unit of the Bishop Tuff; type locality of the Clasa Mountain-G ash bed
of Izett (1981, plate 1, bed no. 17).

.
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2

Picok

70-0-68
70-0-69
70-0-70

Pico?

79G96
79697
79698
79%96

Manix-1

79¢72

Manix-4
79¢35
796711

79620
14W6

79629

79625

79G10
14W60

Vgnfura,
Calif.

Ventura,
Calif.

Beaver,
Utah

San .
Bernardino,
Calif.

San
Bernardino,
Caltf.

‘Mono,

Calif.

Inyo,
Calif.

Inyo,
Calif.

Mono,
Calif. -

NW1/4 SE1/4& sec. 21, T. 3 N., Re 20 W3
Moorpark 7 1/2-minute

”!l,‘ “ll‘ fa8C. 27, T. 3 ".. R. 21 "o;

Santa Paula 7 1/2-minute

SW1/4 SW1/4 mec. 1, T. 29 S., R. 8 W.;
Besver 15-minute

wWi/4 SW1/4 sec. 11, T. N., R. & B3
Nevberry 15-sinute

"l" S“l,‘ S8C. ll. T. “.. R. & Bc:

Revberry 13-minute

WWL/4 SEL/4 mec. 5, T. 3 S., R, 32 E.
Hhite Mountain Peek 15-ainute

NE1/4 NEL/4 eec. 14, T. 9 S., R. 34 B3
Waucoba Mtn. 15-minute quadrangle

“l,‘ sec. 2, T. 9 8., R, 3% B

Waucoba Mtn. 15-minute quadrangle

NH‘lId NE1/4 sec. 23, To_ 2 8., R. 31 e
Glass Mountain lS-minute

Volcanic ssh about 5 cm thick in the Pico Formation of Pliocene and
Pleistocane age at Balcom Canyon near Ventura, Calif.; see Sarna-
Wojcicki and others (1980) for other chemical analyses of this

ash; called the Bailey ash bed by Yeats and McLaughlin (1970); contains
significantly wore rubidium, manganese, and uranium than Bishop ash
beds.

Volcanic ash about 6 mm thick in the Pico Formation of Pliocene and
Pletistocene age weast of South Mountsin near Ventura, Calif.; locality
deacription and chemical analysis of this ash reported by Sarna-Wojcicki
and others (1980, p. 15, sample 27); named the South Mountain ash bed by
Izett (1981, plate 1, bed no. 23).

Volcanic ash about 3 cm thick interbedded in Pliocene sediments
exposed along Last Chance Bench near Beaver, Utah; separated
atratigraphically from an underlying Huckleberry Ridge ash bed
(formerly called Pearlette type B ash) of Izett and Wilcox (1982) by
about 10 n of mediments.

Volcanic ash about 8 cm thick in sediments of Pleistocene Lake Manix;
ash axpoeed in cliff along the south side of tha Mojave River; chemical
composition of the glass of this ash reported by Sarna-Wojcicki and
others (1980, p. 46, sample 28); named the Manix-3 ash bed by Izett
(1981, plate 1, bed no. 34).

Yolcanic ash about & cm thick in sediments of ancient Lake Manix;
exposed in cliff along the south side of the Mojave River; aeparated
stratigraphically from an overlying ash bed (Manix-3 ash bed) by about
13 m of sediwents, chemical cowpoaition of the glass of this ash
reported by Sarna-Wojcicki and others (1920, p. 46, sample 30); named
the Manix-2 ash bed by Izett (1981 plate |, bed no. 35); separated
stratigraphically by several meters of sediments from an underlying,
thin volcanic ash correlated by Sarna-Wojcicki and others (1980, p. 39)
with the Buckleberry Ridge ash of Izett and Wilcox (1982).

Lapilli froa air-fall pumice unit here asaigned to the tuff of Taylor
Carnyon of Krsuskopf and Bateman (1977); at pumice quarry north of
Yellowjacket Canyon; youngest of three superposed air-fall pumice units;
no dowrwind ash bed corcelatives of this tephra identified yet; much
lens firon and movre manganese, rubidium, and uranium in glass of pumice
than glase of the basal air-fall unit of the Bishop Tuff; leas iron in
glasa of punice of the Glama Mountain-D and Class Hountlln-c ash beds;
here called the Taylor Canyon-U! ash bed.

In Pliocens sediments exposed in excavations adjacent to Waucoba

Road; uppermost of three ash or lapilli beds; suspected source-area
tephra 1a the middle of three air-fall pumice units in the Cowan pumice
mine area deacribed below; named the Taylor Canyon-C ash bed by Izett
(1981, plate 1, bed no. 37).

In Pliocene sediments exposed along An eant-trending gully; loweat

of three ash or lapilli beds exposed at this locality; msuspected msource~
ares tephra is the middle of three air-fall pumice units in the Cowan
punice mine area described below; named the Taylor Canyon-C ash bed by
Izett (1981, plate |, bed no. 38).

Lapilli from a pit excavated in pumice st the Cowan pumice mine;
niddle of three air-fall pumice units in mine ares; saanidine separated
from pumice lapillt dated by the K-Ar method at -2.1040.02 m.y.; glase
compostion of the puaice nearly identlical to the glass composition of
pumice of the uppermost of three atr-fall pumice units at Yellowjacket
Canyon; suspectad source~area unit for the Taylor Canyon-C ash bed of
Tzett (1981).
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7445
79G18

74w80

78G167
718G174
79498
79W99

79617

73%59

79611

TSV20679

79G28
71976
71977

73W60

UEsN

Mono,
Calif.

Hono,
Caltt.

Beaver,
Utah

‘Mono,

Calif.

Inyo,
Calif.

Honé,
Calif.

Nye,

Nev.
Inyo,
Calif.

Inyo,
Calif.

Inyo,
Calif.

Nye,
Nev.

'NWL/& SE1/& sec. 5, T. 3 S., R. 32 E.

White Mountain Pegk 1S-ninute

REL/& WW1/4 sec. 17, T. 3 S., R. 32 E.
White Mountain Peak 15-minute

SW1/4 sec. 31, T. 28 8., R,

7 W
SBI/Q aec. l‘. T. 28 S., R. 8 W.;
SE1/4 sac. 19, T. 28 S., R, 7 W.; and
SEL/4 mec. 26, T. 28 8., R. 8 W3

Beaver 15-minute

WW1/4 SE1/4 mec. S, T. 3 S., R. 32 E.
White Mtn. Peak 15-ainute

Sec. &, T. 8., R. 34 Bes
Bishop 15-minute

Wl/l NEL/& sec. 23. T. 2 S, R. 31 |.TH
Glass Mountain |S-minute -

Sec. &, T. 17 8., Re. 51 |
Specter Range l5-minute

NEL/A NEL/4 sec. 14, T. 9 S., R. 34 E.;
Waucoba Mtn. 15-mtnute quedrangle

NE1/A NEL1/& eec. 2, 1. 9 S., R. 3\ B3
Waucoba Mtn. 15-aeinute quadrangle

Sec. 4, T. 8., R. 34 Bes
Aishop 15-minute

Frenchman Flat,
Nevada Teat Site

a2t

' .‘
Lapilli from air-fall pumice unit here assigned to the tuff of Taylor

Canyon of Krauskopf and Bateman (1977); at pumice quarry north of

Yellowjacket Canyon; middle of three superposed air-fall puaice units;

aignificantly leas iron and move manganese, rubidium, and uranius in

glass of pumice than glass of the basal air-fall unit of the Bishop

Tuff; less iron in glass of pumice of the Glass Mountain-D snd Glass>

Mountain-G ash beds; suspected source area unit for the Taylor Canyon-C

ash beds of Izett (1981).

Lapilli from atr-fall pumice unit here asaigned to the tuff of Taylor
Canyon of Krauskopf and Bateman (1977); at pumice quarry about 2 km
south of Yellowjacket Canyon; significantly less firon and more
manganess, rubidium, and urantium in glaas of pumice than glass of the
basal atr-fall unit of the Bishop Tuff; lesas fron in glass than in glass
of the GClass Mountain-D and Glass Mountain-G ash beds; suspected source-
area unit for the Taylor Canyon-C ash bed of Izett (1981).

Volcanic ssh about 6 cm thick interbedded in Pliocene and Pleistocene
sediments near Beaver, Utah; separated stratigrsphically from an
overlying Huckleberry Ridge ash bed of Izett and Wilcox (1982) by about
30 m of sedimenta; suspected source-area tephra is the middle of three
air-fall tephra units in the Cowan pumice mine area described above.

Lapilli from air-fall pumice unit here asaigned to the tuff of Taylor
Canyon of Krauskopf and Bateman (1977); at pumice quarry north of
Yellowjacket Canyon; lowest of three superposed air-fall pumice uaits
exposed at this locality; significantly less iron and more manganese,
rubidiva, and ureanium in glass of pumice than the basal air-fall unit of
the Bishop Tuff; less iron in glass than in the glass of the Glass
Mountain-D and Glass Mountain-C ash beds; suspected source-area unit for
the Taylor Canyon-P ssh bed of Izett (1981, plate |, bed no. 38).

Volcanic ash bed in Pliocene sediments at Black Canyon aoutheast of
Bishop, Calif.; uppermost of aix ash or lapilli pumice beds separated by
sediments; suspected scurce~area tephra is the loweat of three air-fall
pumice units in the Cowan pumice mine area south of Benton Hot Springs,
Calif .; here correlated with the Taylor Canyon-P ash beds of Izett
(1981).

Lepilli from a pit excavated tn-puuice: here sssigned to the Tuff of
Taylor Canyon of Krauekopf and Bateman (1977); loweat of three air-fall
punice units in the Cowan pumice aine area.

10~ce~thick ash in Pliocene sedirments in Amargosa Valley; {n south
wall of southwesternwost sepiolite pit (W. J. Carr, vritten comsun.,
1982).

In Pliocene sediments exposed in excavations adjacent to Waucoba
Road; middle of three ash snd lepilli beds.

In Pliocene sediments exposed in excavations adjacent to Waucoba
Road; lowermost of three ash or lapilli beds.

Volcanic ash bed in Pliocene sediments at Black Canyon southeast
of Bishop, Calif.; second ash from the top of the ash bed sequence;
naned the Black Canyon-3 aah.bgd by Izett (1981, plate 1, bed no. 50).

v
In Pliocene sedimenta at 195 m.depth in drill hole Ue5N; named the
Frenchman Flat ash bed by Izett (1981, plate 1, bed no. 47).

s .
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FHMIA

sW979

73vs1
73w68
713V69

San - Corner of secs. 22, 23, 26, and 27,
Bernardino, T. 25 S., R. 43 E.;

Calif. Searles Lake ]S5-minute

Nye, SEl/4 sec. 15, T. 14 S., R. 49 E.}
Nev. - Lathrop Wells 1S5-minute

Inyo, Sec. 4, T. 8 S., R. 34 E.}

Calif. Bishop 15-minute

In Pliocene sediments in a borehole in the Searles Lake area;
cheafcal corposition of glass reported By Sarna-Wojcicki and
others (1980, p. 17, sample 49); here correlated with the Frenchman Flat

. ash bed.

In sediments overlain by mid-Pleistocene eolian sand (W. J. Carr,
written commn., 1982); provisionsally here correlated with the Frenchman
Flat ash bed of table 3.

Volcanic ash bed in Pliocene sediments at Black Canyon southeast
of Bishop, Calif.; third ash from top of ash bed sequence; named
the Black Canyon-4 ash bed by Izett (1981, plate 1}, bed no. 51).
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Table 5. osition of titanomapnetite microphenocrysts separated from samples of the Bishop Tuff of eastern California
Analyses in weight percent; compiled from electron microprobe data of Hildret

Usp, molecular percent ulvospinel)

1977); % 1s one standard deviation of the mean;

Bishop Tuff ash-  Mumber Al,04 MnO Mgo reo 110, lee,0, 2re0 Susp
flow lobe of of
Afldreth (1977) samples
UPPER UNIT OF TRE BISAOP TUPPF (CLINOPYROXENE- AND ORTHOPYROXENE-BEARING PUMICE)
T

Mono 6 1.340.04 0.4720.03 °  0.720.06 84.110.68 9.210.10 25.9 50.6 38.6
Adobe Valley 10 1.2¢ .07 55 .07 6% .06 82.9¢ .80 9.3+ .14 26.5 49.7 38.2
San Joaquin-2 2 l.1% .06 «75% .06 5% .06 82.641.0 9.4% .04 26.8 49.4 38.2
Tableland ? I.Zt oo, l,% 10 ost .08 84-0& +68 9.3* «26 26.4 50.4 38.6

Mean 1.2 0.63 0.6 83.4 9.3 25.4 50.0 8.4

LOWER UNIT OF THE BISHOP TUFF (NONPYROXENE BEARING PUMICE)

Little Round 'llle’ L) l-OtOoOZ 0-97:&0-1‘ 0.3: +06 8‘-%!-04 ’o!“ol‘ 26.0 50.9 38.6
San Joaquin-1 4 9% .06 872 .03 <34 .01 84.3% .68 9.0% .10 25.6 51.0 8.5
uﬂ”t Owens Gotge [ o,t <01 ‘oO’t 006 -” 01 83-72 .65 9.2-.; .24 26.1 50.4 38.3
Gorges S 9% .07 «97¢ .10 2% .01 B4.1% .65 9.2% .04 26.1 50.6 38.5
Chidago 8 1.0+ .06 83 .04 3 .03 83.9: .76 9.1% .18 25.9 50.6 38.5
Basal air-fall 8 9% .04 +84% .01 <3¢ .01 84.4% .AL 2.1+ .09 25.7 50.9 38.6

Mesn 0.9 0.94 0.3 84.0 25.9 50.7 38.5

9.1

lwelght percent e 04 recalculated by the suthor ueing the method of Caraichsel (1967)
zﬂglght percent FeD recalculated by the author using the method of Carmichael (1967)

lecular percent ulvospinel recalculated by the author using the method of ganiehuel (1967)

«
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Table 6.~-Coepoaition of titasmomagnatite wicrophenocrysts of Bishop Tuff

and Bishop ash beds as_determined by the electron microprobde
[Elementa in weight percent; analyses by G. A. Izett)

Loc. No. Sazple Locality M0 Al,0; M20 Pe0 T10,
rig. 1 No.
Bishop Tuff (air-fall puafce)
1 64W96 tno;nl-cit;g Aggregate Quarry, 0.83 1.04 0.36 84.9 9.2
10 km north of Bishop, Calif.
6 79623 Toms Place, Calif. -89 1.02 «32 85.0 9.2
& 64W109  Benton Mot Springs, Calif. .08 1.02 .35 88.9 9.2
Bishop ash beds

8 68W156 Shoshone quadrangle, Calif. 0.84 0.98 0.32- 84.9 9.0
22 65W1 Paradox, Colo- <83 -89 33 88.4 9.2
26 8917 Cay Mipes, Idaho «90 .98 .28 85.) 9.0
29 ~70M19 Clayton Valley, Nav. .84 1.06 .30 85.8 9.2
30 706203 Jackass Plata, Mev. .92 94 30 823 8.7
k) 79G4 Striped Rills, Nev. «90 1.00 «30 85.4 9.2
n 79ws1 Skeleton Hille, Nev. -89 .98 <30 83.0 9.0
34 739101 Crama Siding, N. Mex. +83 -89 27 87.5 9.2
38 18G197 Polar Mesa quadrangle, Utsh .87 «98 <33 85.8 9.2
41 796159  Cove Port, Utsh 87 1.02 .35 83.0. 9.0
39 19G3% nal't-, Utah 87 1.02 33 82,9 9.0

84.4 8.8

&6 74G20 urﬂdﬁ. "yo- N.1) 1.02 <30

«




Table 8.--Potassiun-argon analytical data used for isochron plot of figure 4

{Laboratory nuabers are those of table 7; CV, coefficient
of variation; leaders (~--) indicate coefficient of variation

not calculated]

Lab Analysed 40,36, cv 40g 36, cv
No. material x104
UPPER PART OF BISROP TUFF (PYROXKENE-BEARING PUMICE)

DKA3A6S Sanidine 869.6 1.11 1390.4 1.73
DAKI9S) Santdine 730.0 1.24 984.8 1.43
DKA3954 Sanidine 592.4 1.25 687.8 1.44
DKA”“ Biotite 29’-2 l-OQ 10.8 1.62
DKA3B66 Biotite 3ol.2 1.13 8.5 2.19
DERA3876 Plagioclase 330.3 0.87 79.4 1.66
DEAA130 Plaglioclase 309.7 1.11 28.1 _ 1.17
DKA3BGE? Glaas 302.9 0.87 12.7 1.67

LOWER PART OF BISROP TUPF (NONPYROXENE-BEARING PUMICE)
DRA3877 Sanidine 1077.8 0.80 1820.9 1.62
DKA39S55 Sanidine 645.6 -« 1.28 801.6 1.82
DEAALLS Sanidine S41.7 ——- 570.9 cww
DKA&LL? Sanidine 479.1 - 440.5 ——-
DRAAL2A Sanidine 627.6 cow 758.4 ——
DEA&12S Sanidine 496.1 —— 469.9 ———
DKA39S57 Biotite . 302.3 1.24 9.5 1.81
DRA&122 Plagioclase 317.7 -—— 56.3 ———
DKA39SS Plagioclane 334.1 1.25 48.1 1.82

at
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Table 9.--Potassium-argon apes of pumice cobbles from a_conglomerate unit of the Priant Pumice Member of the Turlock Lake
Formation at the California Industrial Minerals mine near Friant, Calif.

{K~-Ar ages determined by G. A. Izett, J. D. Obradovich, and H. H. Mehnert; ages calculated using the decay
conatants and isotope abund ré nded by Steiger and Jager (1977);: & 1s one aigma; potasaium determined
by flame photometry by V. Merrit except for sample DKAI937 which was determined by the isotope dilution method

by J. D. Obradovich)

Lab No. Potassium Sample Radiogenic Radiogenic A303106 Sample No. Sawple location and remarks
(percent) (weight) mArIgn 40, years and dated
(zn). x10711  (percent) material
wole
DKAJ958 9.00 3.9908  1.656) 61.7 1.0640.02 806208, Pumice cobbles from near the base of
. sanidine. conglomarate unit at the Californtia
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c.llt.
’ senidine.
DRAMI2 9.13 0.9713 ° 0.3028 2.4 0.1920.04 7967, vo.
sanidine
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Figure l.

pistribution of Bishop ash beds in the Western United
Statee. Shaded area {ndicates inferred extent of

original Bishop ash fall.
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DRAIRIE  1.209 J.8%67 n.03% .4 0.7530.054 1erRnr, Pimice cohblen and Slocks fron aear the dass of
plag. worwelded asdflow ¢uf( in the the WI/4 IVI/L
wees 25, To L S0y Re 29 K., Clasa Nowntatin 13-
sinute qguadrangis, Yono County, Calif.:
eollector, €. A. Usett,
DKRAMGL?  3.0% 4.2492 n.6194 2.3 0.9339.312 110A8C, Do.
gtass.
DRAMAL 6,28 0.2658 0.311) 0.7 0.3440.2%2 770ARN, No.
dlotite.
AL 108 5.3008 14084 4ed 0.8320.10 79GeArP, Punice block shumt t @ (n dlaneter from neer the base
(314 plag. of anwelded ashllov in the l!lll sece 27, %o L 8,
e 29 K. in the Clase
Mone Couwnty, Callleg mear lacality B=137 of Nildesth
(1977, pe 2991 enllectnr, G. Ao Tsett.
LOWER PART OF BISNOP TUYF (WONP ]
SKAIR?T  10.07 4.AR%0 1.073% 72.% 0.7420.012 8G1IS, Nand plicked pumice laptill from basal atr-fall
10.13 nenldine. wnlt of the Wishop Tull st the Califernia
Insulating Agaregete GQuarry In the WWL/4 WIL/4
sees &, T. & 3.y, Ko 11 Ko, Nishop 13-ninute
quadrangle, Inyo County, Calff.; collectors,
Ge Ae Tzstt, G Ts Cobula, snd Jo G. Roweys
DRAYSSS 10.08 4.0810 1.0812 34,2 0.7320.017 19C148-2, Do
10.08 santdine.
nKasits  10.82 .60 1.1541 4%.4 0.7440.008 0G24, Penfce laplill from prouinent, thick ashflow of the Blahep
10.83 aanidine. Teff at the Califernia tasalsting Aggrvgste Quarey
fn the W1/4 WI/G sec. 8, To & 5.y Re 33 Boy Binhep
15-aiwte quadranple, laye Cownty, Calif.; cellecter,
fie &e tzett
DRAMILT  10.9) 501063 11230 98,2 0.7120.009 20C248, De.
10.409 santdine.
DKALI2S 11.02 5.0520 - 1.1848 .4 0.7340.009 8nc2l, Puaice laptill from thin, bass) lenttewlor ashflov
11.04 saaldine. of the Bishop Teff at the Califeraie Insuleting Aggrepece
Quarry in the MVI/4 W/A sece &, T. & B., Ra 32 €., Bishop
13-aimute quadrangie, layo Cowaty, Calif.; collecter,
€. A Taett
10.63 " 738 1.i80 416 2 764 2 #40001, Puaiee dlocks (rom aver bose of mommiled soh~-
10,56 1.002 43.8 saniding. flow tufl st the Calilornia Tusulating Aggregste
quorry 1n the W1/4 sec, &, T § S0, Re 33 K0,
Bishop=13-ataute quedrany! Moo Co.y Callf.g
eollectors, A. Cox and G. §. Dulrywple; ses
Salrysple and ethers (1943) and Delrywple (1980).
10.49 s.6n 1,154 3.0 9:72640.02% 642002, Tusice Cragments from the basal atr-fall weit of
10.72 t.799 L18q 4.4 sanidine. the Bishop Tuff in 8 voad cut aleng .3, Righvay
. 3 near Tous Plece {n the VI/2 sec. 3, To & 30,
R. 30 t., Cass Disble 1S-atmte
Wone County, Calif.} cellecter, R. J. Jandst see
Dalrynple awd others {1983) sad Balrysple {1930).
EAZ93  9.87 2.3161 1,031 41.0 2.:15£0.007 3-10%, Punice fragments free bassl atr=fall wait of
sanidine. Bishop Teft ta the WEL/4 SWI/4 sec. 28, T. 2 S.,
Re 32 Boy White Mowntain Peah 13-mimte
quadrangle, Mono Cownty, Caltf.| eollecter,
Re Wo Wildreth; ses Nitdreth (1977).
RA2938  10.40 2.12% 10780 A28 D:2440.00% =109, Punice fragments (ron todge of poorly welded ssh=
. senldines Flow of lewer goeling ualt of Sishop Teff in SWI/4
see. 4, T. & 8., Re 33 £., Sishop 15-minute
quadrangle, Meno Ceunty, Calif.; eollector, B. V.
l|llmlll ses Rildretn {1977,
DRAINS?  8.92 0.4284 1.139% 2.1 1. 1420.60 796148, Rand picked puntice Lagillit Crem basel atr-fall
(8 biotine. wntt of the Piohop Tl at the Callfornie
1 tlag Aggregats Quarey Le the WUL/4 WT/4
sy Ba 33 B., Sishep 13-aluute
qunmlh. Inys Cownty, Calif.) eollectors,
€. Ad Izett, Go To Cobyla, aud Jo G. Noney.
DRAISSE  0.90 3.39% 11337 1.4 1.3620.13 7961400, So.
0.8y plag
(qts 20T
PRALL2Z  0.83 10,1766 0.800% 6.8 0.6620.04 soc2ie, Punics Lapilll Crem thia, lovermoet leatlicular ashflew (fig. 1)
0.8% ag of the Blehop Tulf at the Calllornis Insulating Aggregete

Quarry
13-aisute quadrsagle, Tayo County, Calif.; cellector,

Gs Ao

" the NVI/4 WIL/4 vec. &, Ts

Re 33 By Bishep




