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REVISED STRATIGRAPHY AND RADIOMETRIC AGES OF
VOLCANIC ROCKS AND MINERAL DEPOSITS IN THE
MARYSVALE AREA, WEST-CENTRAL UTAH

By T. A. STEVEN, C. G. CUNNINGHAM, C. W. NAESER, and
H. H. MEHNERT

ABSTRACT

The Marysvale area, Utah, is near the northeast end of a broad belt of Tertiary igneous
rocks that extends east-northeastward from southern Nevada to central Utah. In late
Oligocene and early Miocene time (30-21 m.y. (million years) ago), a composite volcanic
center consisting of numerous local volcanoes was active in the general Marysvale area.
The volcanoes consisted of near-source lava flows, volcanic breccias, and minor pyroclas-
tic deposits of generally intermediate composition flanked by coalescing aprons of
volcaniclastic debris. Locally derived ash-flow tuffs form important marker beds within
the assemblage. Concurrently with local volcanism, ash flows from distant sources in the
Great Basin extended into the Marysvale area to interleave marginally with locally

- derived volcanic rocks.

Local volcanic activity in the Marysvale area probably began about 30 m.y. ago with
eruption of mafic intermediate-composition lava flows and volcanic breccias. About 29
m.y. ago, a widespread sheet of crystal-rich ash-flow tuff (Oligocene Needles Range
Formation) was spread across the region from distant, as yet unidentified centers to the
west or southwest. The Needles Range Formation is exposed all around the Marysvale

- area, but may have been excluded in places within it by local volcanoes. Accumulation of

intermediate-composition volcanic rocks from local centers continued after deposition of
the Needles Range Formation, and by 21 m.y. ago, a major pile of volcanic rocks had been
built in the Marysvale area. The name Bullion Canyon Volcanics is applied to this
assemblage of Oligocene and Miocene volcanic rocks.

About 27 m.y. ago a sequence of distinctive crystal-rich ash flows was erupted from a
center in the northern part of the Marysvale pile, and a small trapdoor type block
subsided at the source. The resulting ash flow tuff sheet, here named Three Creeks Tuff
Member of the Bullion Canyon Volcanics, made up a significant part of what was
formerly considered part of the Dry Hollow Formation. The Dry Hollow previously was
believed to be younger than the Bullion Canyon Volcanics. However, we have found the
Three Creeks Tuff Member in Bullion Canyon, in the type locality of the Bullion Canyon
Volcanics, thereby demonstrating the lateral equivalence of the Dry Hollow and part of
the Bullion Canyon. We abandon the name Dry Hollow Formation.

Bullion Canyon rocks overlying the Three Creeks Tuff Member consist of a poorly
understood assemblage that includes a basaltic andesite shield volcano, ash-flow tuffs of
diverse lithologies and sources, and intermediate-composition lava flows and volcanic
breccia. The Delano Peak Tuff Member (formerly the Delano Peak Latite Member) is one
of the more distinctive of the ash-flow units in the upper part.

Between 21 and 18 m.y. ago, repeated rhyolitic eruptions from two source areas in the
Marysvale area produced a heterogeneous assemblage of ash-flow tuffs, lava flows
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2 STRATIGRAPHY AND RADIOMETRIC AGES, MARYSVALE AREA, UTAH

and domes, and associated pyroclastic and mudflow breccias, and emplaced local rhyolite
and granite intrusive bodies. Two cauldrons, the major Mount Belknap caldera and the
minor Red Hills caldera, subsided in response to ash-flow eruptions. Intracaldera and
near-source densely welded tuffs of the Mount Belknap Volcanics (formerly Mount
Belknap Rhyolite) are generally equivalent to the less welded outflow facies of the Joe
Lott Tuff Member (formerly formation rank), and the whole rhyolitic assemblage is here
called the Miocene Mount Belknap Volcanics. The outflow is designated the Joe Lott
Tuff Member of the Mount Belknap. The intracaldera and outflow facies from both
source areas are divided into several new formal and informal members with complex
interrelationships.

Basin-range faulting began after eruption of the Mount Belknap Volcanics, and
continued through much of the remainder of Cenozoic time. The Sevier River Formation
consists of fluviatile and minor lacustrine sediments deposited in basins that developed
concurrently with faulting. Basalt flows were erupted widely but in low volume during
the period of Sevier River sedimentation.

Alteration and mineralization in the Marysvale area took place at several times and
at many different locations during middle and late Cenozoic time. Volcanic rocks
adjacent to local monzonitic intrusions in the southern Antelope Range were widely
altered about 22 m.y. ago during terminal stages of eruption of the Bullion Canyon
Volcanics. Alunite of potential economic value was formed at many of the centers of
alteration, and sparse copper is known at a few. The gold- and silver-bearing veins in the
Kimberly area on the northern slope of the Tushar Mountains appear also to have
formed at about this time.

The uranium-molybdenum-fluorine mineralization in the main uranium producing
district of the Marysvale area (central mining area) took place later, after accumulation
of the Mount Belknap Volcanics. This mineralization was most intense in the southern
Antelope Range in the area that had previously been widely altered and mineralized
during the latter part of Bullion Canyon volcanic activity. The major mineralized area in
the eastern Tushar Mountains, characterized by zonally arranged alunite deposits and
base-and-precious-metal veins and mantos, formed about 14 m.y. ago, after Mount
Belknap volcanism. Widespread occurrences of uranium in the fill and in adjacent walls
of the Mount Belknap caldera also formed after the Mount Belknap Volcanics had
erupted. '

A much younger, probably Pleistocene, period of mineralization is represented by
native sulfur deposits along the northwest side of the Marysvale volcanic pile. These
deposits probably are related genetically to geothermal systems generated by nearby
basaltic volcanoes of Quaternary age.

INTRODUCTION

Restudy of the regional geology and mineral resources of the Marys-
vale area, Utah, begun in 1975, has resulted in significant revisions in the
local volcanic stratigraphy. More such revisions will undoubtedly be
required as the study progresses. Concurrently with the field studies,
numerous radiometric age measurements of volcanic rocks and
mineralized materials have been made. These, in conjunction with ages
already published by earlier workers, establish a time frame for volcanic
activity and mineralization in the area. The revised stratigraphy and age
data have specific_application to several mineralized districts near
Marysvale, and are intended to aid in exploring for and in developing
any mineral resources that may exist.
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Ficure 1.—High Plateaus and adjacent areas of southwestern Utah. Stippled areas are
underlain largely by volcanic rocks. G, Gunnison; F, Fillmore, R, Richfield, Mv, Marys-
vale; B, Beaver; M, Milford; P, Panguitch; CC, Cedar City; S, Spry intrusion. Modified
from Anderson and Rowley (1975, fig. 1).

GEOLOGIC SETTING

- The Marysvale area (figs. 1 and 2) is near the northeastern end of a
broad belt of Tertiary igneous rocks and associated mineral deposits as
much as 100 km (kilometers) wide that extends for more than 350 km
east-northeastward from southeastern Nevada into central Utah. The
northeastern terminus is along the eastern margin of the Awapa Plateau
and Fish Lake Mountains (Williams and Hackman, 1971) at the border
between the High Plateaus subprovince and the Colorado Plateaus
province proper (fig. 1). Marysvale is in the Sevier River valley about 65
km west-southwest of this terminus. The geologic relations described in
this report are exposed largely in the Tushar Mountains and southern
Pavant Mountains west and northwest of Marysvale. :
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Figure 2.—Ash-flow-related cauldrons and points of reference in the Marysvale area,

Utah. 1, The Narrows; 2, Winkleman alunite deposit; 3, Yellowjacket alunite deposit, 4,
The Teacup, 5, Red Hills; 6, Whitehorse alunite deposit; 7, Gray Hills; 8, Deertrail mine;
9, Mineral Products mine; 10, Sheeprock mine; 11, Blue Lake.

The broad belt of igneous rocks, or various parts of it, has been called
by many names, including the Wah Wah-Tushar belt (Hilpert and
Roberts, 1969, p. 29-31), Pioche belt (Roberts, 1966; Shawe and Stewart,
1976, p. 226), Pioche-Beaver-Tushar belt (Callaghan, 1973) and infor-
mally the Pioche-Marysvale belt. Subsidiary trends within the belt have
been called the Delamar-Iron Springs subbelt (Shawe and Stewart, 1976)
and the Blue Ribbon lineament (Rowley and others, 1978). These re-
finements have little impact on this report other than to indicate
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GEOLOGIC SETTING 5

existence of the complex belt, and the geographic position of the Marys-
vale area within it.

The Marysvale area has long been recognized as being a composite
volcanic center that shed volcaniclastic debris and possibly pyroclastic
deposits laterally in all directions to intertongue with volcanic units from
other centers. The Marysvale accumulation consists of numerous local
volcanoes made up of complex assemblages of near-source lava flows
and volcanic breccias of generally intermediate composition (largely
andesitic and rhyodacitic) that were erupted between 30 and 21 m.y.
ago. The local vent facies rocks pass laterally into reworked deposits that
coalesce into a widespread composite apron surrounding the clustered
volcanoes. Local and regional ash-flow sheets are interleaved with the
Marysvale volcanic assemblage, and provide much-needed stratigraphic
markers.

During the same interval that the generally intermediate-composition
volcanic rocks were erupted near Marysvale (30-21 m.y.. ago), wide-
spread ash-flow tuff sheets were accumulating in adjacent parts of the
Great Basin area from the Tushar Mountains westward into Nevada.
This great ash-flow tuff field has been studied by many geologists,
chiefly by J. H. Mackin (1960, 1963) and many of his students (Mackin
and others, 1954; Nelson, 1950; Mackin and Nelson, 1950; Blank, 1959;
Blank and Mackin, 1967; Threet, 1952, 1963a, 1963b; Cook, 1957,
1960, 1965; Williams, 1967; Anderson, 1965, 1971; Anderson and
Rowley, 1975; Rowley, 1968). Other workers who have studied aspects
of the volcanic geology of southwestern Utah are Armstrong (1970);
Best and others (1973); Bushman (1973); Caskey and Shuey (1975);
Earll (1957); Erickson (1973); Erickson and Dasch (1963); Gromme,
McKee, and Blake (1972); Lemmon, Silberman, and Kistler (1973);
Liese (1957); McGookey (1960); and Shuey, Caskey, and Best (1976). As
a result, the complex stratigraphy of the ash-flow tuff field is fairly well
known, and the distribution (although not the sources) of many of the
individual sheets has been established. This well-known sequence in the
Great Basin area, however, is only partly coordinated with coeval events
in the Marysvale area, largely because many details of the volcanic
sequence in the latter area have been poorly known.

Beginning about 21 m.y. ago, the volcanic materials erupted in the
Marysvale area changed markedly to silicic alkali rhyolite flows, domes,
and ash-flow tuffs. The largest volume of these silicic rocks was erupted
between then and 18 m.y. ago, and a major caldera’ in the central
Tushar Mountains subsided 19 m.y. ago in response to catastrophic

'We use the terminology of Smith and Bailey (1968, p. 616) in which cauldron is the general term describing all
volcanic subsidence structures regardless of size or shape, and caldera is limited to more or less circular depressions
generally formed by volcanic subsidence.
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eruption of many tens of km?® of ash-flow tuffs. Similar rocks were
erupted episodically throughout the remainder of Cenozoic time in
west-central Utah, but only locally and in relatively small volume (Lip-
man and others, 1975; Mehnert and others, 1977; Erickson, 1973, p.
20_21; Earll, 1957, p. 60-62; Petersen, (1975). Scattered basalt flows
were erupted from many centers during the same interval.

PREVIOUS STRATIGRAPHY

The basic stratigraphy of the Marysvale area as previously understood
was largely established by Callaghan (1939). The bulk of intermediate-
composition volcanic rocks was called Bullion Canyon Volcanics of
Miocene(?) age. As described by Callaghan, the lower 2,500 feet? of the
unit consist predominantly of latitic and andesitic tuffs and breccias with
10 percent or less flows. The Delano Peak Latite Member near the
middle of the formation was considered to be a single thick lenticular
lava flow over 800 feet thick. The upper part of the formation was
described as a mixture of dark lava flows and volcanic breccias in which
the flows constitute 50 percent or more of the assemblage; this part of
the unit was believed to be 2,500 feet or more thick.

The sequence of rocks overlying the Bullion Canyon Volcanics of
Callaghan (1939) was rearranged somewhat by Calwaghan and Parker
(1961a, 1961b, 1962a, 1962b) and Willard and Callaghan (1962) to
include the Roger Park Basaltic Breccia to the south, and a younger unit
of thick widespread latite flows they called Dry Hollow Formation, both
interpreted by them to be Pliocene(?) in age. Some tuffs and basaltic
andesite lava flows were included in the Dry Hollow Formation. A major
criterion Callaghan and associates used to distinguish the units was
degree of alteration; the Bullion Canyon was described as widely altered,
whereas the Roger Park and Dry Hollow are characteristically fresh. The
age of the Roger Park was changed to Miocene by Anderson and Rowley
(1975).

The young rhyolites of the Marysvale area were split into two pre-
sumably sequential units of Pliocene(?) age. Those in the central and
eastern Tushar Mountains were called Mount Belknap Rhyolite, and
were separated into the informal red Mount Belknap welded tuffs and
the gray Mount Belknap lava flows. These were believed to be somewhat
older than, although closely related to, the softer, gray, partly welded
rhyolite tuffs of the Joe Lott Tuff that crop out in places all around the
periphery of the high Tushar Mountains.

Fluviatile and minor lacustrine deposits of the Sevier River Formation
filled structural basins that formed in late Cenozoic time, during wide-
spread normal faulting that followed the major rhyolitic eruptions.
Local basalt lava flows were erupted durmg the period of late faulting
and Sevier River sedimentation.

This sequence established by Callaghan and associates has been used
with only slight modification by most geologists who have worked in the
Marysvale area in the last 25 years. A group from Columbia University,

*Thicknesses from Callaghan (1939) are given in the units used in the original report (I foot=0.3 m.).
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led by P. F. Kerr, studied the main uranium-producing district and some
surrounding areas during the 1950’s (summarized by Kerr and others,
1957). They used the basic framework with little change, but gave formal
member names to numerous individual local lava flow and volcanic
breccia units in the Bullion Canyon Volcanics of Callaghan (1939).
Kennedy (1960, 1963a, 1963b) accepted without significant modifica-
tion the main elements of the early stratigraphy, as did Callaghan (1973).
The geology of the Marysvale area is depicted on the geologic map of
Utah (Hintze, 1963) according to this same scheme.

The stratigraphic sequence used by Molloy and Kerr (1962) disagrees
in important aspects with that used previously in the area, and does not
fit with many of our own observations.

Geologists working into the Marysvale area from elsewhere, largely
from the Great Basin to the west and southwest, have questioned aspects
of the locally established sequence. Mackin (1963) believed that he
recognized ash-flow units of his Needles Range Formation within the
Dry Hollow Formation in the Clear Creek area between the Tushar
Mountains and Pavant Range. The Needles Range Formation is a dis-
tinctive and exceptionally widespread ash-flow tuff unit at or near the
base of the Tertiary volcanic succession throughout much of southwest-
ern Utah and adjacent parts of Nevada, and is an excellent marker unit.
Followup work by Caskey and Shuey (1975) demonstrated that the
Needles Range Formation is indeed present in this area, but at a lower
horizon near the base of the volcanic pile, and that the unit observed by
Mackin was a lithologically similar but probably local ash-flow tuff
higher in the volcanic succession. This younger tuff was named the Clear
Creek Tuff Member of the Bullion Canyon Volcanics by Caskey and
Shuey (1975), an appropriate name from local considerations, but one
that has been preempted by prior use elsewhere and is thus unaccept-
able. Both Mackin (1963) and Caskey and Shuey (1975) recognized that
the welded tuff along Clear Creek was equivalent in part to a local tuff
member and in part to a latite lava flow member of the previously
described Dry Hollow Formation.

A most important contribution in the volcanic stratigraphy of the
High Plateaus area of Utah was made by Anderson and Rowley (1975),
who mapped large areas in the southern Sevier Plateau, Markagunt
Plateau, southern Tushar Mountains, and Black Mountains (fig. 1)
south of the Marysvale area. These workers summarized all available
data on the Cenozoic volcanic sequence to the south and southwest, and
attempted to make preliminary correlations with the sequence described
by Callaghan and associates in the Marysvale area. They noted certain
discrepancies between the established Marysvale stratigraphy (largely
within the Bullion Canyon Volcanics) and observations made by them.
Being unable to coordinate the described sequences in the two areas,
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Anderson and Rowley (1975) named their assemblage of intermediate-
composition lava flows and volcanic mudflow breccia the Mount Dutton
Formation, and suggested that the term Bullion Canyon Volcanics
might be a more appropriate term in the northern part of the Marysvale
volcanic pile. This introduction of duplicate nomenclature for what is
probably the same conceptual assemblage of rocks may have had ad-
vantages as a temporary palliative, but in the long term it cannot do other
than confuse future stratigraphic discussions.

Anderson and Rowley (1975) clearly showed that the regional Needles
Range Formation is at or near the base of the volcanic sequence along the
southern margin of the Marysvale pile, that the overlying ash-flow sheets
of the Great Basin sequence intertongue with peripheral deposits from
the Marysvale centers along the southwestern side of the pile, and that
other ash-flow tuff sheets of different provenance intertongue with
similar marginal deposits to the south and southeast.

Williams and Hackman (1971) mapped the east end of the broad
igneous belt in the northern Sevier and Awapa Plateaus and Fish Lake
Mountains. Most of these deposits are marginal correlatives of the Bul-
lion Canyon Volcanics or of the Mount Dutton Formation, but Williams
and Hackman also distinguished at least one regional ash-flow tuff sheet
(Osiris Tuff of Miocene age) also described by Anderson and Rowley
(1975).

These peripheral studies thus have built a skeletal geologic framework
nearly all the way around the local Marysvale pile. The framework of
overlapping regional ash-flow tuff sheets provides a basis for decipher-
ing the local complexities and placing them in a regional context.

PRESENT INVESTIGATIONS

Our own field investigations (by Steven and Cunningham) in the
Marysvale area, made during the summers of 1975 and 1976, have
indicated that major revisions are required in the previously used
stratigraphy. Corroboratory evidence has come from radiometric dating
of volcanic and mineralized rock samples (by Naeser and Mehnert).
Rather than being sequential units, the formerly described Bullion Can-
yon Volcanics and Dry Hollow Formation are largely lateral equivalents.
The Clear Creek Tuff Member of Caskey and Shuey (1975), herein
renamed the Three Creeks Tuff Member of the Bullion Canyon, is a
distinctive locally derived ashflow unit that has been recognized within
both the Bullion Canyon and Dry Hollow; lithologic correlation is sup-

ported by radiometric ages. The Delano Peak Latite Member (Cal- -

laghan, 1939) is a thick simple cooling unit of densely welded ash-flow
tuff of unknown source within the Bullion Canyon Volcanics in the
central Tushar Mountains.

Nd
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Ash-flow tuffs in the Mount Belknap Volcanics (the red member of
the Mount Belknap) are densely welded near-source equivalents of the
less welded peripheral Joe Lott Tuff; the two facies intergrade laterally
and comprise a single outflow sheet derived from the Mount Belknap
caldera source in the central Tushar Mountains. Rhyolite lava flows and
domes of comparable composition (the gray member of the Mount
Belknap) were erupted from a separate source area north of Marysvale
over a span of 34 m.y., a span that also included the pyroclasttstic
eruptions from the Mount Belknap caldera source. The caldera was
filled by a complex mixture of rhyolite lava flows, volcanic breccias, and
ash flow tuffs lithologically identical with comparable rock types in the
Mount Belknap Volcanics outside the caldera.

Hydrothermal alteration and mineralization took place around local
centers during both Bullion Canyon and Mount Belknap periods of
eruption. In places the effects of different periods of hydrothermal
activity are superimposed.

These relations are only fragments of the total architecture of the
Marysvale volcanic pile, but they do provide some limits within which
other aspects of the geology must abide. They have direct bearing on
mineral exploration now being conducted in the area, and this factor
alone provides a major incentive to publish our partial conclusions now.
The distribution of near-source (vent) facies rocks versus outflow vol-
caniclastic facies rocks within the Bullion Canyon Volcanics has not been
determined yet, nor has the attempt been made to separate out map-
pable units within the Bullion Canyon other than a few selected ash-flow
tuffs. Subtle variations have been observed within the Mount Belknap
Volcanics, but the geologic significance of these remains to be estab-
lished in more than a cursory manner. In only one very limited area has
our work extended far enough out toward the margins of the local
volcanic pile to include any of the regional ash-flow tuff sheets from
distant sources in the Great Basin or elsewhere. These and other matters
are for future study and discussion.

NEEDLES RANGE FORMATION
AND OLDER VOLCANIC ROCKS

Inasmuch as most of our effort to date (1976) has been directed
elsewhere, only the broad aspects of the lower part of the Bullion
Canyon Volcanics of Callaghan (1939) can be discussed in this report.
Work by others, corroborated by scattered observations by us, indicate
that this part of the volcanic succession consists of locally derived
intermediate-composition lava flows and volcanic breccias interleaved
with ash-flow tuff sheets from various sources. The quantities of the
different constituents vary widely from place to place, and little now can
be said about relative distributions.
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A major breakthrough (Mackin, 1960, 1963) in understanding the
stratigraphy of the lower part of the volcanic succession has come from
recognition of ash-flow tuffs of the Needles Range Formation near the
base of the pile at many scattered localities around the periphery of the
Marysvale accumulation. As the Needles Range rocks in this vicinity are
commonly underlain by a few meters to as much as several hundred
meters of locally derived lava flows and volcanic breccias, volcanism in
this vicinity obviously started somewhat earlier. Fleck, Anderson, and
Rowley (1975, p. 56-57; with additional details by Anderson and
Rowley, 1975, p. 12-13) obtained an age of 31. 1+0.5 m.y. for a local
ash-flow tuff below the Needles Range in the northern Markagunt
Plateau, south of the Marysvale pile (fig. 1). The position of this tuff with
respect to the pre-Needles Range volcanic rocks from centers near
Marysvale is not known, but the age at least gives evidence for the
beginning of volcanic activity in the general region. In the San Francisco
and Wah Wah Mountains 90-115 km west of Marysvale (fig. 1), Lem-
mon, Silberman, and Kistler (1973) dated local pre-Needles Range vol-
canic rocks as 34-31 m.y. old; whereas these ages have regional signifi-
cance on the beginning of middle Tertiary volcanism in southwestern
Utah, they may have little bearing on the time that volcanism began near
Marysvale. The relatively small volume of pre-Needles Range volcanic
rocks known near Marysvale suggests that local volcanic activity here
probably was not significant before about 30 m.y. ago, but additional
data from radiometric dating are obviously needed.

Caskey and Shuey (1975, p. 18) described a local andesitic lava flow,
which they called the Sulphur Peak Member of the Bullion Canyon
Volcanics, several hundred meters thick, at the base of the volcanic
succession along the southwestern margin of the Pavant Range north-
east of Cove Fort (fig. 2). They did not specify the stratigraphic position
of this lava flow with respect to the Needles Range Formation in their
text discussion, but on their table 1 it is shown as older. At Site 200 of
Caskey and Shuey (1975, fig. 3), 4.5 km north of Cove Fort on Highway
15, where they made magnetic measurements on the Needles Range
Formation, we estimate that dark volcanic mudflow breccia 50-70 m
thick underlies the Needles Range. When traced laterally southeastward
for a kilometer or so, the Needles Range sheet overlies a thick porphyry
lava flow of intermediate composition (possibly the Sulphur Peak
Member of Caskey and Shuey, 1975) that must have been derived froma
nearby source. Red and white sedimentary rocks of the lower Tertiary
Claron Formation underlie the volcanic succession north of Site 200.

The base of the volcanic sequence was mapped in reconnaissance by us
along Second Creek, 10 km southeast to south of Kanosh (fig. 2) to
establish the local succession within our own area of concern. Here the
Claron Formation is overlain by dark volcanic mudflow breccia a few
tens of meters thick, which in turn is overlain by a succession several

-
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hundred meters thick of complexly intertonguing ash-flow tuffs of
Needles Range Formation and local dark volcanic breccia and minor
lava flows. Even the basal volcanic breccia just above the Claron Forma-
tion contains fragments of Needles Range ash-flow tuff. Clearly ash
flows of distant derivation accumulated concurrently with locally de-
rived intermediate-composition volcanic breccia and lava flows.

South and southeast of the Marysvale volcanic pile, Anderson and
Rowley (1975, p. 14) described thin local deposits of ash-flow tuff, lava
flows, volcanic mudflow breccia, and volcanic arenite that separate the
sedimentary Claron Formation from the Needles Range Formation. A
local laccolithic body called the Spry intrusion (Anderson and Rowley,
1975, p. 16) 45 km south of Marysvale (fig. 1) is believed to have been
emplaced during the same interval; related volcanic eruptions spread
autoclastic volcanic breccia and ash-flow tuffs widely over adjacent parts
of the Markagunt Plateau and southern Tushar Mountains.

The Needles Range Formation is a distinctive crystal-rich ash-flow
tuff that extends over an area of more than 50,000 km? in southwestern
Utah and adjacent parts of Nevada. At least three separate ash-flow
sheets, the Cottonwood Wash, Wah Wah Springs, and Lund Tuff Mem-
bers, with different distributions and probably different local sources
have been recognized (Shuey and others, 1976). All members contain
abundant phenocrysts of plagioclase, quartz, biotite, and hornblende, in
different proportions, set in a variably welded matrix. Numerous
radiometric ages measured on samples of the three members from
widely scattered areas, collected at different times by different geol-
ogists, and analyzed in different laboratories, indicate that the Needles
Range eruptions took place in late Oligocene time about 29 m.y. ago; a
“best estimate” age of 28.9+1.2 m.y. has been given by Fleck, Anderson,
and Rowley (1975, p. 58).

Rocks of the Needles Range Formation have been recognized as far
east as the Fish Lake Mountains plateau northeast and east of the
Marysvale area (fig. 1) (McGookey, 1960; Williams and Hackman, 1971),
in the Sevier and Markagunt Plateaus southeast and south of Marysvale
(Anderson and Rowley, 1975) and on the west side of the Pavant Range
northwest of Marysvale (Caskey and Shuey, 1975). Magnetic measure-
ments made by Caskey and Shuey (1975) and distribution maps pub-
lished by Shuey, Caskey, and Best (1976) indicate that the Needles
Range rocks near Marysvale belong to the Wah Wah Springs Tuff
Member of the formation.

Whereas known exposures of Needles Range Formation virtually
surround the Marysvale area, no evidence is known to indicate that the
formation ever extended unbroken across the area. The base of the
volcanic pile near Marysvale can be seen along the eastern face of the
Tushar Mountains between Bullion Canyon and Cottonwood Creek
(fig. 2), where an anticline of pre-Tertiary sedimentary rocks is exposed
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in cross section. Cursory examination of the lower part of the volcanic
succession above the sedimentary rocks in local areas did not disclose any
Needles Range ash-flow tuffs here; this may indicate that the sedimen-
tary rocks are part of a prevolcanic hill that stood above the level of
accumulation of the Needles Range Formation and earlier volcanic
rocks. Elsewhere the Needles Range may have been excluded by local
volcanoes built by earlier or concurrent eruptions, as for example the
Spry intrusion (Anderson and Rowley, 1975), or by lower Tertiary
upwarps that predate the volcanic rocks (Rowley, 1968).

BULLION CANYON VOLCANICS

The Oligocene and Miocene Bullion Canyon Volcanics is a complex
assemblage of near source and outflow facies lava flows, volcanic brec-
cias, and volcanic mudflow breccias that accumulated around a cluster of
generally intermediate composition volcanoes centered in the Tushar
Mountains, Antelope Range, and northern Sevier Plateau. Ash-flow
tuffs of local and distant derivation interleave marginally with the
heterogeneous volcanic rocks of the clustered volcanoes.

The resulting pile of volcanic rocks is obviously so complex that it will
eventually have to be split into numerous units to be mapped separately.
Our present state of knowledge is too rudimentary in many aspects to do
this now in more than a preliminary manner. Certain ash-flow tuff units
are distinctive and can be recognized as individual members, but the
whole assemblage must no<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>