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EXPLANATION
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Alluvium

Talus, slope wash, alluvial-fan, mudflow, and
stream-channel deposits
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Landslide debris

Terrace gravel
Gravel above present drainage levels

UNCONFORMITY

Basalt

Flows interlayered with or closely associated with
t.he Sevier River formation

Sevier River formation

Partly consolidated fanglomerate, sand and silt,
mainly of local origin

UNCONFORMITY

Joe Lott tuff

White, stony rhyolitic tuff with included small
Sragments of rhyolite and latite

‘Mount Belknap rhyolite

Tm, undifferentiated.
Tmg, light-gray rhyolite with marked flow laminations.
Tmr, reddish-brown tuffaceous rhyolite or welded tuff

Dry Hollow formation
Tdl, reddish-brown and gray porphyritic quartz latite
and porphyritic latite.
Tdt, white to pale brownish-gray erystal tuff, mostly of
quartz latite composition

Roger Park basaltic breccia
Dark-gray, brownish-gray, and red breceia mostly
basaltic andesite in composition

UNCONFORMITY

4
50 79
Veins, showing dip
Alunite veins, a (green),; quartz-carbonate veins and

quartz veins, q (red). Dashed where approximately
located

Tam y
Rhyolite dikes
Dikes of rhyolite porphyry that intrude the Bullion
Canyon volcanics near Copper Belt Peak. Dashed
where approxzimately located

Intrusive latite

Sills of latite at base of Tertiary section between
Cottonwood Creel and Gold Gulch

Quartz monzonite
Intrusive rocks

Bullion Canyon volcanics
Flows, tuffs, and breceias of latitic and andesitic
composition; Delano Peak latite member, brownish-
red porphyritic latite along crest of Tushar Moun-
tains, Thd; stippled overprint indicates silicified,
argillized, or alunitized rocks

Conglomerate
Conglomerate and tuffaceous sandstone benecth the
Bullion Canyon voleanics, composed of fragments of
underlying formations

UNCONFORMITY

H

Arapien shale
Red sandstone, red and gray shale and gray limestone

Navajo sandstone
Mainly light brownish-gray quartzite

Chinle formation
Variegated shale and purple sandstone; Shinarump
member at base, mostly light-gray sandstone, conglom-
eratic sandstone, and light greenish-gray siltstone, kRes

Moenkopi formation
®’mu, upper unit, red siltstone and shale,
®ml, lower marine unit, gray limestone and shale

Pk

Kaibab limestone
Gray limestone, dolomite, sandstone, and quartzite

T
Contact, showing dip
Dashed where approximately located

Fault, showing dip
Dashed where approxvimately located, dotted where con-
cealed or inferred. U, upthrown side; D, downthrown
side
io,

A

Plunge of minor anticline

>
Strike and dip of beds
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Horizontal beds
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INTRODUCTION

The Delano Peak quadrangle is in
southwestern Utah about 180 miles
south of Salt Lake City. It is part
of the Marysvale alunite region in
southwest Utah, which has been
mapped by the U. S. Geological
Survey, and includes the Delano
Peak, Marysvale, Monroe, and Sevier
15-minute quadrangles and a part of
the Beaver 15-minute quadrangle.

The quadrangle, which covers
about 235 square miles, lies west of
the Sevier River valley in Piute and
Beaver Counties. Marysvale, the
nearest town, is at the mouth of
Pine Creek 1% miles east of the
quadrangle boundary. This com-
munity, which had a population of
520 in the 1950 census, is connected
with Salt Lake City by U. S. High-
way 89 and a branch of the Denver
and Rio Grande Western Railroad.

The highest parts of the Tushar
Mountains lie in the quadrangle.
These mountains, one of the minor
divisions of the High Plateau physi-
ographic province described by
Dutton (1880), are deeply dissected
and rugged. Much of the upland
surface is above 10,000 feet in alti-
tude, and Delano Peak, the highest
point in Utah outside of the Uinta
Mountains, has an elevation of
12,173 feet. Steep slopes with 2,000
to 5,000 feet of relief face the Sevier
River valley to the east; slopes at
the northern boundary of the quad-
rangle descend 3,000 to 5000 feet
into the Clear Creek basin in the
adjoining Sevier quadrangle. Steep
slopes also characterize the deeply
eroded area southwest of the crest
of the Tushar Mountains in the
drainages of Indian Creek and the
South Fork of North Creek.

This mountainous region is acces-
sible by a few roads in the canyons
of Beaver, Pine, Cottonwood, City,
and Indian Creeks and in the canyon
of the Beaver River. Intermediate
areas can be reached by trail.

C. E. Dutton (1880) wrote the
earliest description of the Marysvale
region. Butler and Gale (1912),
Loughlin (1915), and Butler and
others (1920, p. 536-558) wrote sub-
sequent reports concerned primarily
with the alunite deposits and the
related general geology. Eardley
and Beutner (1934) discussed the
geology and geomorphology of part
of the region. Callaghan (1938,
p. 91-134; 1939, p. 438-452) reviewed
the previous literature, treated in
detail some of the alunite deposits,
and discussed the petrology and
petrography of the voleanic and
intrusive rocks. Kerr and others
(1957) mapped part of the area on a
large scale in connection with a
study of hydrothermal alteration
and uranium mineralization.

Geologic mapping in the Delano
Peak quadrangle for this report
began in 1936 and was completed in
1938. Field checks were made in
subsequent years. Callaghan was
assisted by George F. Seager in 1936,
Wallace de Laguna in 1937, and
Vincent C. Kelley in 1938. Respon-
sibility for the field work rests
largely with Callaghan; the field
work of Parker in this quadrangle
was limited mostly to field checks.
Most of the report, however, was
written by Parker and is based prin-
cipally on the notes, specimens, and
previous reports of Callaghan and
oral and written discussions with
him.

GENERAL GEOLOGY

Except for a few square miles of
pre-Tertiary sedimentary rocks in
the eastern part of the quadrangle,
most of the area is composed of
Tertiary igneous rocks that have a
wide range in composition and a
variety of eruptive rock types.
These rocks are divided on the basis
of a marked unconformity into
Miocene(?) and Pliocene(?) units
(the earlier and later Tertiary
groups of Callaghan, 1939). The
Miocene(?) unit consists chiefly of
pyroclastics of latitic and andesitic
composition and minor flows. The
unit also includes the intrusive rocks
and nearly all the mineral deposits.
The Pliocene(?) unit, which origi-
nally covered the entire area, is
composed of pyroclastics and flows
of basaltic andesite, latite, quartz
latite, and rhyolite.

Upper Pliocene or lower Pleisto-
cene rocks comprise partly indurated
fanglomerate, sand, silt, and clay
that accumulated in structural
basins. Scattered thin basalt flows
are interbedded with these sedi-
ments.

Pleistocene and Recent surficial
deposits consist of terrace gravel,
landslide debris, and alluvium.

PRE-TERTIARY SEDIMENTARY ROCKS

Sedimentary rocks older than the
Tertiary volecanic sequence are
limited to the eastern margin of the
quadrangle between Bullion and
Tenmile Creek Canyons where they
have been elevated along the Tushar
fault. These rocks, which range in
age from Permian to Jurassic, are
represented by the Kaibab lime-
stone, Moenkopi and Chinle forma-
tions, the Navajo sandstone, and the
Arapien shale. They are overlain
unconformably by well-bedded con-
glomerate and sandstone of Terti-
ary(?) age that lies at the base of
the volcanic sequence. Where the
conglomerate is absent, pre-Tertiary
rocks are overlain directly by the
volcanic rocks. The great thickness
of Cretaceous(?) and early Tertiary

rocks found west of Richfield
(about 30 miles to the north) is
notably absent here.

Kaibab limestone.—The oldest
rocks exposed on Deer Trail
Mountain, have been assigned to the
Kaibab limestone of Permian age.
Included at the base of the Kaibab
are beds of quartzite that may
belong to the Coconino sandstone,
also of Permian age. Because these
quartzite beds are exposed only im a
small area at the base of Deer Trail
Mountain they have not been sepa-
rately distinguished on the map.

The Kaibab strata consist of
quartzite, dolomite, limestone and
sandstone and are about 850 feet in
exposed thickness. The basal
quartzite (Coconino(?) sandstone) is
gray to tan and crosshedded. Its
exposed thickness is about 200 feet,
though an additional 300 feet of this
rock at depth is indicated by drilling
at the Deer Trail mine. Above the
basal quartzite are 420 feet of inter-
bedded gray dolomite, yellowish-
gray sandstone, and quartzite and a
230-foot sequence of nodular sili-
ceous dolomite, massive granular
fossiliferous limestone, and yellow-
ish-gray thin-bedded dolomite.

Fossils collected from the massive
limestone in the upper part of the
formation were identified by James
Steele Williams (written communi-
cation, 1942) as “Productus” (Dicty-
oclostus) cf. “P.” ivesi Newberry s.l.
and Composita cf. C. subtilita Hall.

Moenkopi formation.—The Moen-
kopi formation of Early and Mid-
dle(?) Triassic age rests conform-
ably on the Kaibab limestone and is
overlain conformably by the Shina-
rump member of the Chinle forma-
tion. All these strata as well as
the underlying Kaibab dip genitly
westward into Deer Trail Mountain
(section B-B’),

The Moenkopi has been subdividled
into two map units, a lower umit
containing principally marine shale
and limestone and an upper unmit
composed of nonmarine red beds.

The lower unit is about 500-600
feet thick at Deer Trail Mountain
and consists of basal red beds over-
lain by buff calcareous shale and
interbedded thin-bedded argillaceous
gray limestone, some of which is
nodular. The limestone contains
coiled cephalopods of the genus
Meekoceras, pentamerid crinoid
columnals, and other fossils.

The upper nonmarine unit consists
of about 1400 feet of variegated
red and greenish-gray siltstone and
shale that has abundant ripple
marks, raindrop impressions, and
mud cracks.

The total thickness of the forma-
tion is nearly the same here as that
measured by the writers in the Cove
Fort quadrangle some 30 miles to
the northwest, but the thicknesses
of the individual members are
different. In the Cove Fort quad-
rangle the lower unit is more than
1,000 feet thick and the upper unit
is about 850 feet thick.

Chinle formation, ineluding Shin-
arump member.—The Chinle forma-
tion of Late Triassic age rests on
the Moenkopi formation without
apparent discordance of beds,
though disconformable relations are
suggested by basal conglomerate
lenses in the Shinarump member
(Stewart, 1957) at the base of the
Chinle elsewhere in the region.

The Shinarump member at the
mouth of Bullion Canyon is 224 feet
thick, and includes, in the lower
part, light-gray sandstone with
intercalated beds of reddish-brown
sandstone and siltstone that are
distinguished with difficulty from
the red beds of the Moenkopi.
Light-brownish-gray sandstone that
is flecked with limonite and contains
scattered pebbles forms the upper
100 feet of this unit.

Above the Shinarump member,
the Chinle formation is typically
purple, red, greenish-gray, and
vellowish-brown variegated silt-
stone and shale. Mud balls and
pellets are abundant throughout
these strata and fragments of plant
fossils are in the uppermost beds.

At the mouth of Bullion Canyon
the thickness of the Chinle strata
above the Shinarump is 200 feet; and
farther south on Deer Trail Moun-
tain is 320 feet.

Navajo sandstone.—The Navajo
sandstone of Jurassic(?) and
Jurassic age is the most widely
exposed pre-Tertiary formation in
the quadrangle; it extends from
Gold Guleh along the east face of
Deer Trail Mountain into Bullioin
Canyon. The formation rests on the
Chinle with apparent conformityy
and is overlain by the Arapien shale.
In places, where the erosion surface
at the top of the pre-Tertiary rock:s
truncates the Arapien shale, thee
Navajo is overlain either by thee
Tertiary(?) conglomerate or by the
Bullion Canyon voleanics.

The Navajo sandstone in this
quadrangle has the same general
features that characterize the
formation in other regions of the
Southwest, though it differs some-
what in details of lithology. The
sandstone is light brownish gray,
massive, and medium grained and is
conspicuously crossbedded. It is
sufficiently cemented on Deer Trail
Mountain to be considered quartzite.
The thickness is about 2,000 feet.

Arapien shale.—The Arapien
shale of Late Jurassic age (Spieker,
1946) is the youngest pre-Tertiary
formation in the quadrangle. It is

most extensively exposed in Gold
Gulch and Tenmile Creek Canyon
but is exposed discontinuously
through the unconformable over-
lying Tertiary rocks in Cottonwood
Creek and Bullion Canyons.

Two members of the formation,
the Twelvemile Canyon and Twist
Guleh members, are recognized
although they have not been mapped
separately. The Twelvemile Canyon
member, which constitutes the lower
part of the formation, is about 2,150
feet thick. About 1,000 feet of
material at the base consists of
medium- to thin-bedded gray lime-
stone and buff-weathering shaly
beds. Mud pellets and intraforma-
tional breccia are present in the
limestone, and some beds contain
fossils that belong to the “Carmel
fauna” (John B. Reeside, Jr,, U. 8.
Geological Survey, written commu-
nication, August 1937). Overlying
the limestone in ascending order are
140 feet of reddish-brown sandstone,
285 feet of buff-weathering gray
shale, 170 feet of reddish-brown
sandstone, and about 550 feet of
buff-weathering gray shale in which
some beds contain ripple marks, mud
cracks, and salt casts.

The Twist Gulch member, the
upper part of the Arapien shale, is
reddish-brown siltstone, sandstone,
shale, and a few beds of calcareous
grit. This member characteristi-
cally weathers to rounded topo-
graphic forms. The top of the unit
is nowhere exposed because it is
truncated by overlying Tertiary
rocks. The maximum thickness
exposed is about 700 feet in Tenmile
Creek Canyon.

Fossils identified by J. B. Reeside
(written communication, August
1937) from limestone beds in the
Twelvemile Canyon member are as
follows: Gervillia cf. G. montanensis
(Meek), Ostrea engelmanni Meek,
Ostrea strigilecula White, Trigonia
montanensis Meek, Camptonectes
cf. C. platessiformis White, Pleu-
romya sp., Cypricardia? sp., Natica ?
8p., Pentacrinus asteriscus Meek,
Dentalium subquadratum Meek,
Lima sp., and Astarte sp.

TERTIARY(?) CONGLOMERATE

A thin series of conglomerate and
sandstone beds that generally is rot
more than 50 feet thick rests uncen-
formably on the Arapien shale snd
the underlying Navajo sandstone
and occurs discontinuously beneath
the Miocene(?) voleanic rocks in
the area between Tenmile Creek
and Bullion Canyons. The conglom-
erate is derived entirely from the
underlying rocks. Conformably
above the conglomerate and appar-
ently grading into it is a water-laid
tuffaceous sandstone that also
contains some detrital materialfrom
the older rocks.

Whether or not this conglomerate
represents part of the thick (reta-
ceous(?)-early Tertiary sequeice of
coarse clastic rocks that ire so
prominently exposed in the lavant
Range west of Richfield, 30 niles to
the north is not clear. Thediscon-
tinuity of the conglomerate at the
base of the Miocene(?) iolcanic
rocks suggests that an uncorformity
separates the two formatioms; this
relationship, if true, wouldsupport
a correlation with the Pavait rocks.
Still, present evidence coes not
negate the possibility that the
conglomerate represents the basal
sediments of the Miocene(’) rocks.

MIOCENE(?) IGNEOUS AND META-
MORPHIC ROCKS

Bullion Canyon volcanizs.—The
Bullion Canyon voleanies, named
for exposures in Bullion Canyon

(Callaghan, 1939), is the oldest and
most widespread voleanic formation
in the Delano Peak quadrangle.
The formation is extensively
intruded by quartz monzonite and
contains most of the mineral
deposits of the area. Large areas
east of the crest of the Tushar
Mountains and the canyon of the
South Fork of North Creek are
underlain by this formation.

These volcanie rocks rest on the
Tertiary(?) conglomerate and sand-
stone and are overlain unconform-
ably by the various Pliocene(?)
voleanic formations. A Miocene(?)
age is assigned to the Bullion Canyon
voleanics because, in the adjoining
Sevier quadrangle to the north, the
formation lies unconformably on the
Upper Cretaceous(?) and lower
Tertiary series of sedimentary rocks,
a part of which contains limestone
beds of late Eocene or early Oligo-
cene age.

The Bullion Canyon voleanics is
composed of both pyroclastics and
flows. In general pyroclasties form
great thicknesses in the lower part
of the voleanic sequence, whereas
flows form most of the upper part:
the proportion of flows to pyro-
clastics varies greatly from place to
place. In the eastern part of the
Tushar Mountains approximately
2,500 feet of latite and andesite tuffs
and breccias with scarcely 10
percent of latite flows form the
lower part of the Bullion Canyon
sequence.

A dark-purplish-gray andesite
breccia in the lower part of the
Bullion Canyon volecanics is finely
porphyritie, containing oligoclase
phenocrysts and chlorite aggregates
that are pseudomorphic after horn-
blende or augite. The groundmass
crystals are about 0.03 mm across.
Alteration of the rock has produced

carbonate, chlorite, quartz, and
minor sericite. Other breccias are
lighter colored and probably less
caleie than the specimen described
above. Massive crystal tuffs, which
form great thicknesses in the lower
part of the Bullion Canyon sequence,
resemble normal latite in mineral
and chemical composition.

The Delano Peak latite member
of the Bullion Canyon voleanies is
named for a peak in the middle of
the quadrangle (Callaghan, 1939).
It is a lenticular body that forms
conspicuous cliffs at the crest of the
Tushar Mountains. At its thickest
part the member is more than 800
feet thick. The upper part seems to
be a flow breccia and rocks in
contact with it are not metamor-
phosed; therefore, it is regarded as
a flow and not an intrusion.

Typical latite of the Delano Peak
is brownish red with abundant
phenocrysts of oligoclase, horn-

blende, and biotite. The glassy
groundmass has fluidic strueture
and contains magnetite and minor
quartz. The phenoerysts of oligo-
clase, as much as 4 mm long and
averaging 1.5 mm in length, are
commonly fragmented, and the bio-
tite plates are bent. Magnetite grains
are clustered around many of the
hornblende crystals. The reddish cast
of the rock is due to films of hema-
tite that surround and replace the
magnetite grains. The rock is some-
what altered; chlorite formed at the
expense of the hornblende and
biotite, and carbonate and quartz
were produced.

The upper part of the Bullion
Canyon volecanies, exposed in the
northern, western, and southern
parts of the Tushar Mountains, is
chiefly composed of flows. Most of
these flows are dark gray; some are
nearly black; and most of them are
more caleic than the flows in the
lower part of the sequence. Their
total thickness is unknown but is
probably in excess of 2,500 feet.

A specimen from Delano Peak,
believed to be typical of much of
the calcic latite in the upper part
of the Bullion Canyon voleanic
sequence, is medium dark gray and
not conspicuously porphyritic. Some
phenocrysts of andesine and augite
are 3 mm and 2 mm long respec-
tively, and together with crystals
of hornblende and magnetite, they
are enclosed in a matrix of devitri-
fication products and felted plagio-
clase microlites. Slight alteration
has produced quartz, carbonate,
sericite, and chlorite. Other flows,
although they may differ in color
and texture, are similar in mineral
and chemical composition and show
various degrees of alteration to
chlorite, carbonate, quartz, and
sericite. In some rocks the plagio-
clase phenocrysts are somewhat
replaced by orthoclase.

Quartz monzonite intrusive
rocks.— Bodies of quartz monzonite
intrude the Bullion Canyon voleanies
in Marysvale Canyon, near the
mouth of Pete Ritts Hollow in Deer
Creek, in the vicinity of Tip Top, at
the head of Pine Creek, and in Ten-
mile Creek Canyon. They are all
small stocks mostly less than a mile
wide.

As a consequence of the small size
of the intrusive bodies, texture,
color, and appearance change
abruptly from place to place within
the same mass as well as from body
to body. The mineralogy, however,
is similar throughout.

In Marysvale Canyon immediately
east of the northeast corner of the
Delano Peak quadrangle, the Plio-
cene(?) Mount Belknap rhyolite
overlies the eroded surface of a
quartz monzonite stock that is the
largest stock in the region. This
unconformable relationship estab-
lishes the pre-Pliocene(?) age of the
quartz monzonite at this locality.

Only the southwest part of the
stock at Marysvale Canyon is
exposed in the Delano Peak quad-
rangle. Rocks of this stock are the
most nearly equigranular and gran-
itoid in appearance of those studied
The grain size of the major minerals
is mostly from 1to4 mm. The rock
consists of calcic oligoclase, ortho-
clase, quartz, augite, and biotite:
accessory magnetite, apatite, and
sphene; and later tourmaline,
epidote, chlorite, and sericite. The
plagioclase tends to form large elon-
gate grains, but the abundant ortho-
clase and less plentiful augite and
biotite are nearly equant. Some
dusty orthoclase is interstitial in the
plagioclase and also invades and
replaces it. Micrographic inter-
growths of quartz and orthoclase
are common. Some of the augite is
completely changed to chlorite, but
much of it is unaltered. Some of
the biotite seems to be a late min-
eral that forms rims at the contacts
of magnetite and augite. The rock
has slightly less than 10 percent of
quartz in both the norm and mode.

The small intrusion in Deer Creek
is finer grained and darker in color
than the stock in Marysvale Canyon.
One small intrusive in the group
near Tip Top, south of the Sevier
mine, is nearly black and is conspic-
uously porphyritic. Phenocrysts of
oligoclase-andesine are enclosed in
a groundmass that contains minor
quartz and considerable plagioclase,
some of which is replaced by ortho-
clase. The dark color is due chiefly
to disseminated magnetite. Other
minor intrusives are mostly fine
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grained but have the same mineral
content as the coarser grained
bodies.

Intrusive latite.— Latite sills that
are a few feet to more than 100 feet
thick are exposed southwest of the
mouth of Cottonwood Creek Canyon,
where they intrude only the con-
glomerate at the base of the vol-
canic sequence. The latite, unlike
the quartz monzonite intrusives, is
medium dark gray, porphyritic, and
contains small amygdules filled with
quartz and carbonate. The pheno-
crysts, which are augite and horn-
blende rather than plagioclase, are
mostly 0.3 to 1 mm long, though
some are as much as 5 mm long. The
groundmass ranges in grain size
from 0.03 to 0.4 mm and averages
about 0.1 mm; it is composed mostly
of oligoelase, orthoclase(?), and
minor interstitial quartz. Both
phenocrysts and groundmass are
replaced to a moderate extent by
carbonate, epidote, chlorite, quartz,
and a little sericite. Superficially
the rock has a diabasic appearance,
but a chemical analysis suggests
that it belongs to the latite group.
Its contact effects on adjacent
rocks are negligible.

Rhyolite dikes.—Dikes of rhyolite
porphyry intrude the Bullion Canyon
volcanies near Copper Belt Peak in
the divide region between Beaver
Creek and Bullion Canyons. This
rhyolite consists of large pheno-
crysts of orthoclase as much as 7
mm long and smaller phenocrysts of
quartz and plagioclase. The ground-
mass is a felted aggregate of lath-
like microlites of feldspar of low
index of refraction. Original biotite
has been completely altered to
chlorite, magnetite, and carbonate.
Orthoclase is clouded by the alter-
ation products, kaolinite, sericite(?),
carbonate, and chlorite. Original
plagioclase crystals are almost
completely replaced by orthoclase.

Because the dikes are mineralized
by quartz veins older than the Plio-
cene(?) rocks, they are considered
to belong to the Miocene(?) and do
not represent feeders for the Plio-
cene(?) rhyolite.

Contact metamorphic rocks.—
Contact metamorphic effects are
restricted to the rocks bordering the
larger quartz monzonite intrusive
bodies. Latites of the Bullion Can-
yon voleanies in the contact zone
have been turned mostly pink,
though in some places they have
become black or green.

Phenoecrysts of plagioclase and, in
many places, phenocrysts of biotite
have been retained, but the ground-
mass has been recrystallized, and is
obviously granular though very fine
grained. In the pink rock orthoclase
and minor quartz have been intro-
duced, so that the groundmass is
now an aggregate of orthoclase and
interstitial quartz. The degree of
metamorphism is indicated by the
size of the grain. Though the plagi-
oclase phenocrysts tend to persist,
they commonly are partly replaced
by orthoclase. Magnetite also has
been introduced; in some places its
abundance accounts for the black
color. Light-colored biotite has been
introduced with the magnetite, so
that the contact aggregate is essen-
tially orthoclase, magnetite, and
light-brown biotite. In a few places
epidote is sufficiently abundant to
give a greenish cast to the rock.
Chlorite is a minor constituent. In
general the outstanding feature of
both intrusive and contact rocks is

the introduction of orthoclase and
replacement of earlier plagioclase.

PLIOCENE(?) VOLCANIC ROCKS

Roger Park basaltic breeccia.—The
Roger Park basaltic breccia, named
for exposures in Roger Park at the
southern boundary of the quad-
rangle, is a breccia composed of
fragments and matrix of basaltic
andesite. It underlies large areas
south of the quadrangle and thickens
in that direction. The breccia has a
maximum thickness of about 2,000
feet at the south border of the quad-
rangle, but it thins rapidly and
disappears to the north.

The Roger Park basaltic breccia
is overlain by latite and tuff of the
Dry Hollow formation and rests on
latite flows and breccias of the Bul-
lion Canyon voleanics. Although it
lies on caleciec latite flows of the
Bullion Canyon voleaniecs without
noticeable unconformity, in the
vicinity of Spry about 20 miles to
the south the breccia overlies the
eroded surface of a quartz latite
intrusive, suggesting that the bree-
cia belongs with the Pliocene(?)
volcanics.

Whether or not the Roger Park is
equivalent to the basaltic andesite
of the Dry Hollow formation, which
is so conspicuous in the Monroe
quadrangle to the northeast, cannot
be stated with certainty because
each occurs in widely separated
localities and cannot be traced lat-
erally into the other. Both these
formations overlie calcic latite flows
of the Bullion Canyon volecanies and
are similar in chemical composition.

The basaltic andesite breccia is
various shades of dark gray, brown-
ish gray, and red. The matrix is
commonly lighter colored than the
fragments that it encloses, but frag-
ments and matrix have the same
chemical and mineral compositions.
The fragments are typically porphy-
ritic with phenocrysts of andesine-
labradorite, augite, and basaltic
hornblende. Less common are crys-

tals of olivine and pigeonite. The
phenocrysts range from 0.2 mm to 2
mm in length. The groundmass of
some specimens is composed entirely
of feldspar microlites, magnetite
grains, and other microerystalline
constitutents, whereas that of other
specimens is composed partly of
glass and microcrystalline minerals.
Neither orthoclase nor quartz is
visible in the rock, though chemical
analyses and norms suggest their
presence.

Dry Hollow formation.—The Dry
Hollow formation crops out only in
the southern part of the Delano
Peak quadrangle, but it is wide-
spread in adjacent quadrangles. It
rests upon either the Bullion Can-
yon volcanics or the Roger Park
basaltic breccia and is overlain by
the Joe Lott tuff. In places where
the Joe Lott is absent, the Sevier
River formation and associated
basalt flows rest direetly upon it.
The thickness is in excess of 1,000
feet in the area west of Big Cove
but is less than 200 feet near the
head of City Creek in the southeast
corner of the quadrangle.

In adjacent quadrangles, the Dry
Hollow formation consists of latite,
latite tuff, and basaltic andesite,
but in the Delano Peak quadrangle
the formation is composed of latite
and latite tuff only; latite is by far
the dominant lithology. The latite
in the Big Cove area contains prom-
inent streaks and lenses of vitro-
phyre and has flow-structure that
is strongly contorted. It is mostly
gray and is strongly porphyritic,
containing large glassy plagioclase
and sanidine(?) erystals as much as
2 mm long.

Tuff oeecurs locally at the base of
the Dry Hollow formation in both
the southeast and southwest corners
of the quadrangle. It consists of
light-gray to pinkish-gray latite
tuff and breceia, which in the south-
western oceurrence is pumiceous.

Mount Belknap rhyolite.—The
Mount Belknap rhyolite underlies
much of the northern half of the
quadrangle and here makes up the
crest of the Tushar Mountains,
which include the picturesque
yvellowish-white peaks of Mount
Baldy and Mount Belknap. The
rhyolite forms a lenticular body,
which in conformity with the
regional structure, dips west, north,
and east from the middle of the
Tushar Mountains. The center of
this mass probably represents the
eruptive center from which much
of the rhyolite of thre Mount Belk-
nap and Joe Lott formations origi-
nated,

The rhyolite has not been sub-
divided at the crest of the Tushar
Mountains, although two readily
distinguishable rhyolite units, a red
and a gray, have been recognized and
mapped separately in the northeast
corner of the quadrangle.

The red variety underlies the
gray rhyolite and rests on various
older rocks, which include quartz
monzonite, the Bullion Canyon vol-
canics, and in the Sevier quad-
rangle to the north, the latite of the
Dry Hollow formation. The red
rhyolite is about 2,000 feet thick and
is composed mostly of reddish-brown
tuffaceous rhyolite. Lenticular
masses of bedded tuff and breccia
are irregularly distributed through-
out it. Commonly the basal part of
the unit is marked by black to
greenish-black pitchstone.

Microscopically a specimen typi-
cal of the red variety, though not
glassy, is obviously not granular. It
contains fragments of either light-
or dark-gray rhyolite, which are
commeonly 5 to 10 mm in diameter.
Both fragments and matrix are
devitrified and consist of orthoclase
phenoerysts 0.2 to 0.8 mm long and
scarce quartz phenoerysts, which
are enclosed in a groundmass of
minute feldspar grains and minor
biotite flakes. Magnetite occurs
in the fragments, but very little
occurs in the matrix. The red color
is due to minute flecks of hematite.
Tiny spherulites occur in groups, and
crystallized streaks and lenses con-
tain orthoclase. The tuffaceous
character and collapsed-bubble
structure suggest that this rock is
a welded tuff.

The gray rhyolite may be an ero-
sion remnant of an extrusive rhyo-
lite dome in the northern Tushar
Mountains. This variety of rhyo-
lite is characterized by prominent
contorted flowage bands; the darker
bands include material that is only
slightly devitrified and the lighter
bands are more obviously erystal-
line. Thin lenses parallel to the
flowage lamination are filled with
small quartz and orthoclase crystals,
and larger cavities are lined with
visible quartz crystals, some of them
amethystine. As a whole the rock is
light gray and has no phenocrysts.

Another gray variety of rhyolite,
though not mapped separately,
forms the upper part of Mount
Belknap and may represent part of
the eroded rhyolite dome mentioned
above. It is a light-gray to almost
white rock that resembles a very
fine grained quartzite. It is essen-
tially a holoerystalline, nonporphy-
ritic, equigranular aggregate of
quartz and feldspar with minor
amounts of biotite, magnetite, red
iron oxide, and cristobalite(?). The
grain size of most of the quartz is
0.03 to 0.05 mm. The feldspar is
microcline mieroperthite.

Widespread alteration of the red
facies has bleached whole square
miles of the Mount Belknap rhyo-
lite. This alteration has produced
little change other than the intro-
duction of pyrite, decrease in sodium
and iron oxide, increase in potas-
sium, and the formation of quartz
and sericite. The alteration is
probably related to hot-spring
activity.

Joe Lott tuff.—The Joe Lott tuff
crops out in the Beaver River basin
southwest of Delano Peak. In this
area it overlies both the latite of the
Dry Hollow formation and the Bul-
lion Canyon volcanics. Most exten-
sive exposures of the tuff occur in
the basin of Clear Creek in the
Sevier quadrangle to the north,
where the aggregate thickness is in
excess of 800 feet. Exposures in
the Delano Peak quadrangle do not
allow precise measurements of thick-
ness, but at least 600 feet of the tuff
is preserved in the Beaver River
basin.

The Joe Lott is a rhyolite welded
tuff that is believed to be closely
related to the Mount Belknap rhyo-
lite and is believed to have come
from the same eruptive center some-
where in the northern Tushar
Mountains. As exposed in the
Delano Peak and adjacent quad-
rangles, the Joe Lott tuff, like the
Mount Belknap sequence, is dis-
tributed concentrically around the
northern Tushar Mountains from
which the thickness of both for-
mations roughly decreases radially.

. In many places pyroclastic frag-

ments from the Mount Belknap
rhyolite and the Bullion Canyon vol-
canics that are contained in the tuff
suggest that the Joe Lott erupted
from a region composed of these
rocks—probably the northern Tushar
Mountains.

The “ve Lott is in white to pale-
brownish-gray beds as much s 100
feet thick, which show no lami»ation,
though a few thin pink interbeds are
commonly laminated. The tuff con-
sists of a stony matrix that encloses
white stony rhyolite fragments
similar to the matrix and scattered
fragments of dark porphyritic latite
and gray rhyolite which were doubt-
lessly derived from the Bullion Can-
yon volcanics and the Mount
Belknap rhyolite respectively. The
dark fragments are generally 10 to
15 mm in diameter. Under the
microscope most of the tuff appears
to be partly devitrified glass con-
taining glass shards and minute
crystal fragments of orthoclase,
biotite, and scarce quartz.

UPPER PLIOCENE OR LOWER PLEIS-
TOCENE SEDIMENTARY AND
VOLCANIC ROCKS

Sevier River formation.—The
Sevier River formation is exposed
in the highest parts of the Tushar
Mountains south of the valley of
Lake Stream in the southern part of
the quadrangle and in the dissected
pediment between Cottonwood and
Beaver Creeks at the eastern bound-
ary. In these places it rests uncon-
formably on the Joe Lott tuff and
various older formations,

The formation is a valley-fill
deposit and consists of partly consol-
idated fanglomerate, conglomerate,
sand, and silt that for the most part
have been derived by erosion from
older rocks in the contiguous high-
lands. The composition and color of
the material vary from place to
place depending upon the nature of
the source material. Quartzite frag-
ments found in the formation in the
Deer Flat area at the mouth of Bul-
lion Canyon suggest that pre-Terti-
ary sedimentary rocks were exposed
to erosion during its accumulation.
In places the formation is similar to
more recent surficial deposits but is
faulted and tilted, whereas the
more recent deposits are unde-
formed.

Near the mouth of Clear Creek in
the Sevier quadrangle sand and silt
beds of the Sevier River formation
grade into diatomite beds. In addi-
tion to fresh-water gastropods, these
beds yielded diatoms that K. E. Loh-
man of the U. S. Geological Survey
regards as late Pliocene or early
Pleistocene in age. The formation
affords a reference for dating rocks
and structures of the region.

Basalt.—In the southern part of
the quadrangle and elsewhere in the
region a few thin flows of olivine
basalt, most of them less than 50 feet
thick, are closely associated with and
believed to be contemporaneous with
the Sevier River formation. In some
places, where the Sevier River for-
mation is absent, the basalt rests on
older rocks.

PLEISTOCENE AND RECENT DEPOSITS

Terrace gravel.—Deposits of ter-
race gravel are composed of poorly
sorted boulders, cobbles, pebbles,
and sand. In composition the
deposits are identical to recent allu-
vial deposits, but they differ in slope
of their surfaces and in their eleva-
tion above present drainage chan-
nels. Some of these deposits repre-
sent old stream terraces, whereas
others may preserve old alluvial fan
surfaces. In the Delano Peak quad-
rangle these deposits are mostly
restricted to the area between Bea-
ver and Cottonwood Creeks at the
eastern boundary. Better examples
occur west and south of Marysvale
in the adjacent Marysvale quad-
rangle.

Landslide debris.—Landslides
oceur in many parts of the quad-
rangle, though the largest area
covered by them is southwest of the
crest of the Tushar Mountains near
Delano Peak. Commonly these large
masses of rock debris have cirque-
shaped excavations at their heads.
Hummocky topography, ponds and
lakes, and small internally drained
depressions are other features com-
mon to slides. In some places land-
slide debris may include material of
glacial origin.

Alluvium.—Slope wash, talus,
stream deposits in present drainage
channels, and alluvial fan material
are all mapped as alluvium.

STRUCTURAL GEOLOGY

The Tushar Mountains are mostly
voleanic rocks that are gently
inclined, broadly warped, and locally
displaced by normal faults.

In the northern half of the quad-
rangle, the rocks, which are prinei-
pally Mount Belknap rhyolite, dip
gently west, north, and east from
the highest parts of the range in a
broad, arching structure (section
A-A’). The dips roughly correspond
to the slope of the topography so
that structural highs appear as
topographic highs and structural
depressions as topographic basins.
In the southern half of the quad-
rangle, the voleanic rocks dip gently
to the west and southwest, but are
slightly warped in places (section
c-C').

One of the major structural fea-
tures in the Delano Peak quadrangle
is the Tushar fault (sections A-A’,
B-B’), which outlines the east side
of the Tushar Mountains. The max-
imum throw along the fault is
between Cottonwood and Pine
Creeks where the difference in
elevation is about 3,500 feet between
beds of the Bullion Canyon voleanics
on either side of the fault zone.
Eardley and Beutner (1934) esti-
mated a displacement of 1,500 feet
for the fault, but the offset of for-
mations suggest that the displace-
ment is much larger. The fault
apparently dies out to the north
near Beaver and Deer Creeks, and
it also disappears southeastward
beyond Gold Guleh in the Marysvale
quadrangle, where the fault meets a
branching fault of opposite throw.

A part of the Antelope Range is
in the northeast corner of the quad-
rangle. This east-trending range is
formed by an anticline structure
that plunges gently to the east and
ends against the Sevier fault in the
adjacent Monroe and Marysvale
quadrangles.

Closely spaced normal faults are
observed in the pre-Tertiary strata
along the front of Deer Trail Moun-
tain, but few of these faults can be
recognized in the massive overlying
voleanic formations. Without doubt
some of these faults are of Tertiary
or Quaternary age, and possibly
some of them are older than Terti-
ary, as are faults in the Jurassic and
older rocks in the Sevier quadrangle
to the north, which have a complex
history of pre-Tertiary deformation
that includes thrusting. Mineralized
faults and fissures of Miocene(?)
age are suggested by quartz-carbon-
ate veins and alunite veins that are
restricted to Miocene(?) and older
rocks.

The faults that outline the major
structural blocks in the region are
probably Pleistocene in age because
they displace beds of the late Plio-
cene or early Pleistocene Sevier
River formation. Possibly some
movement on these faults prior to
the deposition of the Sevier River
formation formed the highlands
from which sediments of the for-
mation were derived. Faults of this
group in the Delano Peak quadrangle
are the Tushar fault and probably
the faults that are parallel to it at
the mouth of Bullion Canyon. The
north-trending faults in the south-
eastern part of the quadrangle
probably belong to this Pleistocene
group also.

GEOLOGIC HISTORY

‘Although little of the prevolcanie
history can be told from relations
existing in the Delano Peak quad-
rangle, mapping in the Sevier quad-
rangle to the north reveals evidence
of important geologic events.

Cambrian, Ordovician, Permian,
Triassie, and Jurassic strata in the
Sevier quadrangle record a complex
history of marine and continental
deposition with intervening periods
of erosion. Those rocks were
strongly folded, normally faulted,
thrust faulted, and then deeply
eroded before massive beds of
boulder conglomerate accumulated
in Late Cretaceous(?) and early
Tertiary time. After the accumu-
lation of conglomerate, the area
north of the Delano Peak quadrangle
became a fresh-water lake in which
calcareous sediments, sands, and
silts of late Eocene or early Oligo-
cene age were deposited. The region
was then tilted and eroded. In
Miocene(?) time a great thickness
of voleanic rocks (Bullion Canyon)
accumulated. The general absence
of Upper Cretaceous(?) and lower
Tertiary rocks in the Tushar Moun-
tains possibly is due to this area’s
elevated position during deposition.

The widespread Bullion Canyon
volecanics and older rocks were
intruded by quartz monzonite and
were altered and mineralized. The
voleanic rocks were then eroded and

the intrusions were exposed. Fol-
lowing the period of erosion, exten-
sive volcanic activity in Pliocene(?)
time produced the Roger Park
basaltic breccia, the Dry Hollow
formation, the Mount Belknap rhyo-
lite, and the Joe Lott tuff.

The Pliocene(?) and older rocks
were subject to erosion in the late
Pliocene or early Pleistocene, and
basins were filled by locally derived
sediments to make the Sevier River
formation. Intermittent voleanie
eruptions during this rime produced
the associated thin flows of basalt.
Faulting that outlined the present
major structural-topographic fea-
tures, such as the Sevier Valley and
the Tushar Mountains, took place
after depaosition of the Sevier River
formation and is probably Pleisto-
cene in age. Some faulting, how-
ever, may have taken place prior to
or concurrently with the deposition
of the Sevier River formation and
along the same zones followed by
the Pleistocene faulting. This would
have provided highlands for erosion
and basins for deposition of the
sediments.

The Tushar Mountains have been
modified to their present form by
erosion in Pleistocene and Recent
time. The crests of the mountains
have been altered by glaciers(?) and
landslides.

MINERAL DEPOSITS

Base and precious metals.—The
Delano Peak quadrangle contains
two major mineralized areas, the
Gold Mountain district in the north-
ern part near the crest of the
Tushar Mountains and the Ohio and
Mount Baldy districts in the eastern
part between Bullion Canyon and
Cottonwood Creek. The principal
mines of the Gold Mountain district
are the Annie Laurie and Sevier
mines. The Ohio and Mount Baldy
distriets include the mines in Bullion
Canyon, notably the Bully Boy,
Shamrock, and Cascade, and the
mines along the base of Deer Trail
Mountain, the largest of which is
the Deer Trail.

Gold and silver production from
the Gold Mountain district prior to
1917 was 143,561 ounces of gold and
460,228 ounces of silver having a
total value of $3,241,583 (Butler and
others, 1920). Production of gold,
silver, lead, zine, and copper from
the Ohio and Mount Baldy districts
prior to 1923 exceeded $2,000,000 in
value. Most of this production came
from the Deer Trail mine between
1918 and 1923 and was largely gold,
silver, and lead.

The ore deposits in the Gold
Mountain district occur in quartz
veins that contain considerable ear-
bonate and some adularia. These
veins range in width from 3 to 20
feet and cut the Bullion Canyon
voleanies.

Most gold and silver came from
the upper parts of the veins in the
Gold Mountain distriet where leach-
ing of the carbonate mineral concen-
trated the gold and silver in an
insoluble residue composed primarily
of manganese oxide and quartz.
Attempts to mine the primary ore
were not profitable.

Ore deposits in the Ohio and
Mount Baldy districts oceur in veins
and in replacement bodies in lime-
stone. The veins consist of quartz
with lamellar caleite and fluorite.
Many of these veins are 10 to 20 feet
wide and more than a thousand feet
in length and vertical extent as
revealed in the glaciated(?) walls of
Bullion Canyon. The veins cut both
the Bullion Canyon volcanics and the
underlying pre-Tertiary sedi-
mentary rocks. Some gold was
recovered from the veins in Bullion
Canyon, particularly where finely
disseminated sulfides, mainly sphal-
erite, galena, and tetrahedrite, had
been oxidized and leached.

The replacement deposits are
mantos in the Kaibab limestone.
The largest manto was the ore body
at the Deer Trail mine. Other
smaller bodies were mined from the
Pluto and Lucky Boy deposits on
the slope above the Deer Trail mine.

The manto at the Deer Trail mine
is within an altered limestone bed
that overlies the quartzite at the
base of the Kaibab limestone. It
follows the crest of a minor anti-
cline that plunges gently to the
northwest. It was mined for more
than 2,500 feet into the mountain
and ranged from 15 to 200 feet in
width and from 2 to 40 feet in thick-
ness.

The ore in the Deer Trail manto
was completely oxidized and leached
to a friable iron-stained aggregate
of sericite, kaolin, and silica, with
varying proportions of gold, silver,
and lead.

The small manto at the Lucky Boy
deposit yielded several flasks of
mercury from the selenide minerals,
tiemannite and onofrite.

Alunite.— Alunite, a hydrated sul-
fate of potassium and aluminum,
was discovered in the Marysvale
region in 1910. During World War
I when imports of potash from
Germany ceased, the price of the
material rose to a level to allow
profitable mining. Although pro-
duction records are incomplete,
Callaghan (1938) estimated that
262,000 tons of alunite and a few
more tons of alunitic material were
marketed, which amounted to as
much as 7 percent of the nation's
potash supply during the war period.

Price reductions at the end of the
war stopped the operations.

During World War II mining
activity was revived, and experi-
mental processes were attempted to
recover potash, alumina, and sulfuric
acid from the alunite in a plant con-
structed by the Defense Plant
Corporation at Salt Lake City, Utah.
At least 12,000 tons of alunite were
mined for use in the plant. An
extensive program of exploration
was conducted during this period by
the U. S. Geological Survey and the
U. S. Bureau of Mines (Hild, 1946).
Total reserves of alunitic material
from this region that contain more
than 19 percent Al,0, are estima-
ted to be 3,740,000 short tons (U. S.
Bur. Mines and U. S. Geol. Survey,
1948, p. 69). A large proportion of
these reserves is in the Delano Peak
quadrangle.

Alunite deposits in the Delano
Peak quadrangle are located in the
upper part of the Cottonwood Creek
drainage basin, at the base of Deer
Trail Mountain, and in Deer Creek at
the northeastern corner of the map
area.

The alunite deposits and their
locations are listed below.

Table 1.

Name Section Township Range
Mineral

Products 16 28 S. 4 W.
Bradburn 16 28 S, 4 W,
Sunshine 17 28 S. 4 W,
Land N cor. 7,

817,18 28 S. 4 W.
Close In 1 28 S. 4 W.
Winkelman 23 27 8. 4 W,

Except for the Close In and
Winkelman deposits, which are
alunite replacement bodies, all the
explored alunite deposits in the
quadrangle are veins. The veins
occupy fractures within irregular
envelopes of altered rock. Most of
the veins are variable in size and
shape and have a northwesterly
trend. In detail the veins pinch,
swell, curve, and branch. Not all
the veins are exactly the same age,
as some are cut by other veins and
are offset along them. All the
alunite veins are later than the
quartz veins, but dickite veinlets are
later than the alunite. The alunite
veins are typically coarsely crystal-
line, pink- and-red-banded aggre-
gates in which the crystals are
roughly normal to the banding. The
bands range from a fraction of an
inch to an inch in width. Under the
microscope, what appear to be pris-
matic crystals are really plumose
aggregates of alunite crystals. In
some deposits massive fine-grained
alunite is veined and partly replaced
by the coarse-grained alunite.

The replacement deposits of
alunite are extremely irregular in
size, shape, and composition. They
represent highly altered parts of the
Bullion Canyon volcanics in which
the minerals originally present in
the rock have been replaced by
alunite, quartz, and kaolinite. Other
associated minerals are pyrite,
limonite, hematite, sphene, and
leucoxene. In replacement deposits
alunite is extremely fine grained
and massive. Colors are white,
grayish white, dark gray, greenish,
or yellowish-gray. Some alunite is
friable, whereas some is dense and
stony; some is subtransiucent.
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