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Talus, slope wash, alluvial fan, mudflow, and
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Flows interlayered with or closely associated with
the Sevier River formation
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Pliocene or Pleistocene

Sevier River formation

Partly consolidated fanglomerate, sand and silt
v mainly of local origin
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Joe Lott tuff
White, stony, welded, rhyolite tuff with included
small fragments of rhyolite and latite
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Mount Belknap rhyolite
Tm, undifferentiated.
Tmeg, light-gray rhyolite with marked flow laminations.
Tmr, reddish-brown tuffaceous rhyolite or welded tuff

Pliocene(?)
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Dry Hollow formation
Tdb, dark-gray to dark brownish gray basaltic andesite
flows, locally vesicular.
Tdl, reddish-brown and gray porphyritic quartz latite
and porphyritic latite.
Tdt, white to pale brownish gray crystal tuff mostly of
L quartz latite composition.
Stippled areas designate silicified and argillized rock
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Miocene(?)

Bullion Canyon voleanics
Latite flows, tuffs, and breceias; alunitized, argillized,
or silicified rock, stippled; modified Bullion Canyon
voleanics near quartz monzonite bodies, random dash;
Is, limestone, probably exposures of underlying
L Kaibab limestone
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Gypsum, sandstone, siltstone, and shale
Light-gray sandstone interbedded with red and green-
ish-gray siltstone and shale. Shale weathers to
orange bands. Gypsum veinlets in lower 200 feet

Gypsum, sandstone, siltstone,shale, and limestone
Tgs and Tss ,undifferentiated west of Cove Spring

A

Sandstone, siltstone, shale, and limestone
Sandstone, siltstone, shale and argillaceous limestone
weathering to red, green, orange and white bands

Limestone and shale

Buff-wenthering limestone and shale containing
freshwater fossils

N

Sandy conglomerate

Red and yellow mottled calcareous sandstone, pebble
w and cobble conglomerate, and impure limestone beds

Eocene or Oligocene

r

Upper Eocene or lower Oligocene

%)

A

Eocene(?)

T.26'S.

Paleocene and

Sandy conglomerate and boulder conglomerate

%/ Tsc and TKbe, undifferentiated in area west of Peavine
,/;/ 7 Hollow in valleys of Cummings and Second Creeks

A

Boulder conglomerate

Red conglomerate containing large boulders of
L quartzite and limestone

Upper Cretaceous (?)
and Paleocene

UNCONFORMITY

Navajo sandstone
Massive, orange, quartzose sandstone
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INTRODUCTION

The Sevier quadrangle is a part of
the Marysvale alunite region in
southwest Utah which has been
mapped by the U. S. Geological Sur-
vey and which includes the Sevier,
Monroe, Delano Peak, and Marys-
vale 15-minute quadrangles and part
of the Beaver 15-minute quadrangle.
In the vicinity of Marysvale, alunite
and base and precious metals have
been mined in the past, but uranium
was the only material produced in
1960. Though few mineral deposits
are known in the Sevier quadrangle,
geologic mapping was extended into
this quadrangle from the mineral-
ized area around Marysvale in order
to establish more clearly the rela-
tions among the volcanic formations,
as well as to study the relations
between the voleanies and the older
sedimentary rocks.

The Sevier guadrangle, comprising
about 235 square miles, contains
parts of Sevier, Piute, and Millard
Counties. The quadrangle embraces
the northern slopes of the Tushar
Mountains, the Clear Creek drainage
basin, and part of the Pavant Range.
The crest of the Pavant Range
trends east-northeast through the
northern two-thirds of the quadran-
gle, and streams that flow south and
southeast from the divide drain into
eastward-flowing Clear Creek. The
area north of the crest is drained by
the tributaries of Corn Creek, which
empiies into the Great Basin to the
west o* the mapped area. Much of
the Pavant Range is characterized
by a rolling upland surface with
large parks and flats.

The town of Marysvale lies 3.7
miles south of the quadrangle. U. S.
Highway 89 and a branch of the
Denver and Rio Grande Western
Railroad conneect it with Salt Lake
City about 200 miles to the north.
State Highway 13, which follows the
couvse of Clear Creek across the
quadrangle, joins U. S. Highways 89
and 91 at Sevier and Cove Fort,
respectively. Many dirt roads
branch from the state highway and
allow access to the Pavant and Tus-
har ranges. The northeast corner
of the quadrangle can be reached by
U. S. Forest Service roads, which
enter the mountains from the Sevier
Valley near Joseph, Elsinore, and
Richfield.

C. E. Dutton (1880, p. 25-54, 169-
187, 225-256) wrote the earliest geo-
logic description of the Marysvale
region. Butler and Gale (1912),
Loughlin (1915), and Butler and
others (1920) wrote subsequent
reports dealing primarily with alu-
nite, other mineral deposits, and
related general geology. Eardley
and Beutner (1934) discussed the
geology and geomorphology of part
of the region, especially that of
Marysvale Canyon. Callaghan (1938,
1939) reviewed the previous litera-
ture, treated in detail some of the
alunite deposits, and discussed the
petrology and petrography of the
voleanic and intrusive rocks. Maxey
(1946, p. 324-356) described the pre-
Tertiary and Tertiary rocks and
structures in the Pavant Range
north of the Sevier quadrangle.
Kerr and others (1957) mapped part
of the area on a large scale in con-
nection with a study of hydro-
thermal alteration and uranium
mineralization.

Mapping was begun by Callaghan,
who was assisted in 1936 by G. F.
Seager, in 1937 by Wallace de
Laguna, and in 1938 by V. C. Kelley.
Mapping was resumed briefly by
P. D. Proetor in 1946 and by Calla-
ghan in 1947. The work was com-
pleted by R. L. Parker in 1950 and
1951. Permian fossils were collected
and identified by James Steele
Williams, of the U. S. Geological
Survey, in 1947. A.R. Palmer, also
of the Geological Survey, examined
the Ordovician and Cambrian sec-
tions in 1951 and collected fossils.

GENERAL GEOLOGY

The Sevier quadrangle contains
the greatest diversity of rocks and
structures of any of the quadrangles
studied in the Marysvale region.
Although most of the quadrangle is
underlain by Tertiary voleanics, the
northern part contains Cambrian,
Ordovician, Permian, Triassic, Ju-
rassic, and Cretaceous(?) and Terti-
ary sedimentary rocks. Thrust
faults and folds are restricted to
rocks older than the Cretaceous(?)
and Tertiary strata. These struc-
tures are quite different from the
subsequent broad flexures and nor-
mal faults of Tertiary and Quater-
nary age.

Tertiary volcanies rest uncon-
formably on Tertiary sedimentary
strata and are in turn overlain by
the partly consolidated detritus of
the Sevier River formation. The
volcanic rocks are divided on the
basis of profound breaks in the
sequence into three principal units
(Callaghan, 1939, p. 441), (1) a Mio-
cene(?) unit of latite breccias, tuffs,
and flows, (2) a Pliocene(?) unit of
quartz latite, latite, basaltic andes-
ite, and rhyolite, and (3) scattered
thin basalt flows of late Pliocene or
early Pleistocene age that are inter-
bedded with the Sevier River for-
mation. Small stocks of quartz
monzonite have intruded the Mio-
cene(?) voleanies, and most mineral
deposits and extensive rock altera-
tion are restricted to these voleanics.

PRE-TERTIARY SEDIMENTARY ROCKS

Cambrian and Ordovician strata.
Rocks of Cambrian and Ordovi-
cian age are exposed at the northern
boundary of the quadrangle in the
canyon of Corn Creek and on a ridge

a mile southwest of the junection of
Corn Creek and Second Creek.
These rocks form the southernmost
extremity of the Pavant overthrust
mass described by Maxey (1946,
p. 328-333, 353), and H. K. Lauten-
schlager (Ph. D. thesis, Ohio State
University, 1952), which extends
more than 20 miles to the north-
northeast in the Pavant Range. In
the Sevier quadrangle Cambrian
and Ordovician rocks have been
thrust upon Jurassic Navajo sand-
stone and are overlain unconform-
ably in places by massive conglom-
erate beds of Late Cretaceous(?)
and early Tertiary age.

The outcrop area a mile southwest
of the junction of Corn and Second
Creeks is a klippe of Cambrian rocks
on Navajo sandstone. The lower
part of the klippe consists of light-
to dark-gray limestone that is mot-
tled with buff and yellowish brown.
Trilobites, identified as early Middle
Cambrian by A. R. Palmer of the
Geological Survey, were found in
these strata. The part of the klippe
topographically above the limestone
is massive white quartzite that is
thoroughly fractured and mottled
red and purple. This quartzite is
similar lithologically to the Lower
Cambrian Tintic quartzite. Its
anomalous position above the lime-
stone may be explained as either a
result of overturning of the Cam-
brian strata during thrusting or a
result of imbricate thrusting. Be-
cause data indicating that the beds
are overturned are lacking, the im-
bricate thrust interpretation is
favored.

In the canyon of Corn Creek about
3 miles east of its junction with
Second Creek, a thick sequence of
lower Paleozoic limestone, siltstone,
and shale rests upon Navajo sand-
stone and is overlain unconformably
by boulder conglomerate of Late
Cretaceous(?) and early Tertiary
age. Not only is there a thrust
surface at the contact with the
Navajo, but at least one additional
imbricate(?) thrust surface occurs
within the Paleozoic rocks. The
rocks below this latter thrust con-
tain Ordovician fossils, and it is
possible to demonstrate by means of
the fossils that these beds are over-
turned. The Paleozoic rocks below
the imbricate(?) thrust deseribed in
descending topographic order but in
ascending stratigraphic sequence,
consist of 450 feet of thin- to
medium-bedded gray limestone with
intercalated gray and purplish-gray
shale, about 100 feet of very fossil-
iferous limestone and interbedded
dark-gray calcareous shale with
gray calcareous siltstone near the
top, and about 100 feet of white,
pink, and tan quartzite. Preliminary
work by P. E. Cloud, Jr., G. A.
Cooper, R. J. Ross, Jr., and A. R.
Palmer, of the U. S. Geological Sur-
vey, indicates that these strata are
of Early and Middle Ordovician age
and correlate with parts of the
Garden City and Swan Peak forma-
tions. The quartzite may be younger
than the type Swan Peak formation.
The Paleozoic rocks above the
imbricate(?) thrust consist of a
thick series of gray limestone beds
with minor amounts of shale and
siltstone. Though no fossils were
found, some of the limestone and
shale is believed to be Ordovician in
age, and some is possibly Cambrian.

Kaibab limestone.—Limestone
interbedded with quartzite and shale
underlies more than 10 square miles
in the northwest corner of the quad-
rangle. These beds have been
mapped as the Kaibab limestone of
Permian age and occur in an over-
thrust sheet, the structure of which
may be more complex than shown
on the map. In the area immedi-
ately to the west, the Kaibab, and
underlying strata of Pennsylva-
nian(?) age, are well exposed and
are less deformed than in the Sevier
quadrangle. Here, the Kaibab is
more than 1,000 feet thick. Most
of the formation consists of light-
gray to dark-gray limestone and
minor amounts of light-gray sand-
stone. Limestone beds near the top
of the formation contain abundant
fossils, notably fenestellid bryozoa,
brachiopods, and colonial corals.

Moenkopi formation.—The Moen-
kopi formation of Early and
Middle(?) Triassic age rests upon
Kaibab strata and underlies the
Shinarump member of the Chinle
formation. Outecrops of the Moen-
kopi are prominent in the north-
central and northwestern parts of
the quadrangle where belts of these
rocks trend east-west and northeast-
southwest respectively. In order to
obtain greater detail in mapping, the
formation has been divided into an
upper and a lower unit.

The lower unit of the formation
consists of the following lithologies
from bottom to top: (1) red siltstone
and shale; (2) dense gray, somewhat
argillaceous, thin-bedded limestone
containing beds of buff calcareous
shale; (3) alternating beds of buff-
weathering shaly limestone and
thin-bedded limestone, many of
which contain abundant specimens
of the cephalopod, Meekoceras; and
(4) red and buff siltstone, shale, and
sandstone with interbedded gray
limestone containing Pentacrinus
columnals. The thickness exceeds
1,000 feet.

The upper unit of the Moenkopi
is composed of about 850 feet of
reddish-maroon siltstone and shale.
The siltstone commonly contains
ripple marks and small cross-
laminations. In a few places struc-
tural complications prevent distin-

guishing the upper and lower parts
of the formation.

Chinle formation ineluding Shina-
rump member.—The Chinle forma-
tion of Late Triassic age follows the
general east-west and northeast-
southwest-trending belts of the
underlying Moenkopi formation in
the north-central and northwestern
parts of the quadrangle. Nowhere
is the complete thickness of the for-
mation exposed in the mapped area
because the upper contact is con-
cealed by talus from the overlying
Navajo sandstone.

The lower part of the formation,
which has been separately mapped
as the Shinarump member, consists
mainly of locally crossbedded, fine-
to coarse-grained, light-gray sand-
stone with abundant flecks of brown
limonite. In places the sandstone
grades into shaly beds. Chert and
jasper pebble-conglomerate that
contains silicified wood and carbo-
naceous plant remains, typical of the
Shinarump in other parts of Utah
and Arizona, occurs as lenses near
the base of the member. The thick-
ness of the Shinarump ranges from
60 feet in the vicinity of Middle
Creek in the north-central part of
the quadrangle to more than 200 feet
in the Dog Valley area immediately
west of the quadrangle.

The contact between the Shina-
rump member and the overlying
purple sandstones of the Chinle for-
mation seems to be gradational and
its position is established largely on
the basis of color. The stratigraphic
interval above the purple sand-
stones, which in most places is
covered by talus of Navajo sand-
stone, consists of variegated shales
and siltstones. The total thickness
of these strata above the Shinarump
member is estimated to be between
300 and 400 feet.

Navajo sandstone.—The Navajo
sandstone of Jurassic and Juras-
sic(?) age is probably the most con-
spicuous formation in the northern
part of the Sevier quadrangle. In
places it forms massive cliffs several
hundred feet high. The formation
rests upon the shale and siltstone of
the Chinle formation, though these
strata are usually concealed by talus.
Formations that normally overlie
the Navajo are absent in the mapped
area either because of nondeposition
or because of overthrusting and
erosion prior to the deposition of the
Upper Cretaceous(?) and lower
Tertiary rocks. The Navajo con-
sists entirely of quartzose sandstone
that is massive, medium grained,
and conspicuously crossbedded.
Little variation is shown through
its entire thickness of more than
1,500 feet. Its color is mostly
orange, though large light yellowish-
gray mottling occurs, which bears no
relation to either bedding or joint

planes.

UPPER CRETACEOUS(?) AND LOWER
TERTIARY SEDIMENTARY ROCKS

A series of conglomerate, sand-
stone, shale, and limestone beds lie
between the highly deformed Paleo-
zoic and Mesozoic rocks in the
northern part of the quadrangle and
the thick sequence of Tertiary vol-
canic rocks in the central and
southern part. The outcrop is
broadest at the northeastern corner
of the quadrangle, where these rocks
are more than 5,000 feet thick. The
outcrop narrows markedly toward
the western side of the quadrangle
where the thickness decreases.
These rocks have been broken down
into five lithologie units.

The basal unit consists of approx-
imately 1,900 feet of massive, coarse,
boulder conglomerate in the vicinity
of Trail Spring Canyon, but thins
greatly toward the west. The
boulders are as much as 4 feet in
diameter and consist mainly of
white, pink, and red quartzite that
resembles the Cambrian Tintie
quartzite. Less abundant boulders of
gray nodular limestone typical of the
Cambrian and Ordovician sequence
are also present. The thrust plates
of early Paleozoic rocks to the west
appear to be the source of much of
this material. Much of the conglom-
erate is dark red mottled with large
areas of light yellowish gray.

Approximately 1,100 feet of pebble
and cobble conglomerate, calcareous
sandstone with pebble econglomerate
lenses, and a few sandy to silty lime-
stone beds overlie the massive
boulder conglomerate beds. The
pebbles and eobbles are composed of
limestone and quartzite like the
boulders in the underlying conglom-
erate. This sandy conglomerate
unit is banded with colors of red,
light yellow, and shades of light
purplish gray. Both composition
and color of the beds change
markedly along the strike.

The contact between the sandy
conglomerate and the underlying
boulder conglomerate has been arbi-
trarily established in the vieinity of
Trail Spring Canyon at the top of a
prominent red conglomeratic sand-
stone that separates the coarse con-
glomerate below from the more
sandy and calcareous one above. In
the vieinity of Middle Creek and in
the area to the west, the contact
between these two units cannot be
distinguished because of consider-
able thinning and wedging-out of
beds. In this area the conglomerate
units have not been differentiated.
Their combined thickness is as little
as a few tens of feet near Bull
Valley at the western border of the
map.

A conspicuous shale and limestone
unit occurs stratigraphically above
the sandy conglomerate. This

member is more widespread and has
less variation in lithology than any
other unit in this series of rocks in
the area; thus, it serves as an
excellent marker horizon. It con-
sists of light to moderate brownish-
gray limestone beds and buff-
weathering calcareous shale. The
limestone commonly weathers to
platy and blocky fragments, where-
as the shale weathers to paper-thin
sheets and fluffy bentonitic soil. In
the Trail Spring area the thickness
is about 400 feet. Small freshwater
gastropods collected from these
strata in the adjoining Monroe
quadrangle have been identified by
T. C. Yen of the U. S. Geological
Survey as being of late Eocene or
early Oligocene age.

The unit that overlies the buff-
colored unit consists of pale brown-
ish-gray, white-weathering lime-
stone and intercalated shale overlain
by a series of orange-weathering
pink limestone, gray sandstone, and
orange shale. Inasmuch as consid-
erable variation in composition and
color occurs, it has not been feasible
to distinguish this unit from the
overlying unit west of Trail Spring.
Though measurements are not
reliable because of poorly exposed
sections, the thickness is estimated
to be more than 600 feet near the
rastern boundary of the quadrangle.

The uppermost unit of this series
of rocks in the Sevier quadrangle is
so poorly exposed that no accurate
stratigraphic deseription or estimate
of thickness can be made. However,
in the northwest corner of the Mon-
roe quadrangle in Flat Canyon,
where it forms a prominent bluff,
this unit consists of 200 feet of inter-
bedded light-gray sandstone and red
and greenish-gray siltstone and
shale. The siltstone and shale
weather to orangish-pink and white,
layered, fluffy bentonitic soil. Vein-
lets of gypsum are abundant. The
remaining 200 feet of strata con-
sists of prominent gray sandstone
beds interstratified with orange, red,
and greenish-gray siltstone and
shale. The siltstone and shale
weather readily, stain the sandstone
orange, and give a ribbed appear-
ance to the outcrop surfaces. Silt-
stone and shale are more abundant
toward the top of the unit.

In mapping northeast of the Sevier
guadrangle Lautenschlager (1952)
carried southwestward the designa-
tions of the Upper Cretaceous(?)
and Tertiary sedimentary forma-
tions of central Utah developed by
Spieker and his students (Spieker,
1946, p. 130-140; Hardy, 1952, p. 41).
We examined these formations near
Richfield as mapped by Lauten-
schlager. The Green River forma-
tion, which thins to the southwest
and pinches out before reaching the
border of the Monroe quadrangle, is
the key in the recognition of forma-
tions of this group. It is underlain
in descending order by the Flag-
staff, North Horn, and Price River
formations and is overlain by the
Crazy Hollow (Spieker, 1949), Bald
Knoll (Gilliland, 1949, 1951), and
Gray Guleh formations (Spieker,
1949). The Flagstaff and Crazy
Hollow are so much alike that they
cannot be distinguished from one
another where the Green River
formation is absent. The Price
River formation is considered to be
Late Cretaceous in age, the North
Horn formation is Late Cretaceous
and Paleocene, and the Flagstaff
formation has been assigned the age
of Paleocene and Eocene(?) (La
Rocque, 1951).

The matehing of units at the
northern boundary of the Monroe
quadrangle gives the following
correlation. The boulder conglom-
erate in the Sevier and Monroe
quadrangles is equivalent to the
North Horn and the lower part of
the Flagstaff (and possibly some
Price River strata). The sandy
conglomerate unit includes the
remainder of the Flagstaff and the
Crazy Hollow formation. The lime-
stone and shale unit and the over-
lying sandstone, siltstone, and lime-
stone unit correspond to the Bald
Knoll formation. Most, if not all,
of the gypsum and sandstone unit
and the overlying discontinuous beds
of bentonite (Monroe quadrangle)
along with tuff of the Dry Hollow
formation are equivalent to the
Gray Guleh formation.

MIOCENE(?) IGNEOUS ROCKS

Bullion Canyon volcanics.—The
Bullion Canyon volcanics are the
oldest of the volcanic rocks in the
Marysvale region. All granular
intrusives and nearly all mineral
deposits are restricted to them and
underlying rocks. In the northern
part of the Sevier quadrangle these
rocks form a wide arcuate outcrop
belt, extending from the eastern to
the western border, and roughly
paralleling the exposures of the
older sedimentary formations. They
also occupy the southeastern corner
of the gquadrangle and underlie
large areas in the quadrangles to
the south and east. The Bullion
Canyon volcanies lie unconformably
on the Upper Cretaceous(?) and
lower Tertiary series of sedimentary
rocks and in places are overlain by
either the Mount Belknap rhyolite
or the Dry Hollow formation. The
late Eocene or early Oligocene age
of limestone beds in the underlying
series of sedimentary rocks indicates
that the Bullion Canyon voleanic
rocks are not older than Oligocene
and that they are possibly early
Miocene in age.

The Bullion Canyon voleanie
sequence, which is at least 5,000 feet
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thick in the Marysvale region, is
composed of both pyroelastics and
flows. The lower part of the
sequence consists mostly of latitic
and andesitic, massively bedded
tuffs, erystal tuffs, and breccias,
and a few flows of latite. Flows of
latite, calcic latite, and less abundant
tuff beds, totaling more than 2,500
feet, form the upper part of the
Bullion Canyon voleanies. In the
Sevier quadrangle only the lower
part of this volecanic sequence is
present. Medium- to light-gray and
purplish-gray massive tuffs and
breccias and a few purple porphy-
ritic latite flows are well exposed
in Marysvale Canyon in the south-
eastern part of the quadrangle.
South of the hamlet of Sevier at
the mouth of the canyon yellowish-
white, stony, well-bedded tuff re-
sembles the younger Joe Lott tuff.

Latite breccias and tuffs of the
lower Bullion Canyon volcanies in
the northern part of the quadrangle
thin eastward and ecompletely dis-
appear in the northwestern part of
the adjoining Monroe quadrangle.
As a consequence of this wedging,
the younger Dry Hollow formation
rests directly on lower Tertiary
sedimentary rocks. It is not clear
whether the Bullion Canyon volcan-
ics were removed by erosion prior to
the eruption of the voleanics of the
Dry Hollow formation or are absent
due to nondeposition.

The Bullion Canyon voleanics are
commonly much more extensively
altered than the later groups. This
feature may, if used with caution,
distinguish the two groups. The
earliest and most widespread type
of alteration in the Bullion Canyon
rocks is characterized by the forma-
tion of carbonate, chlorite, sericite,
and some quartz. In some areas
alunite, quartz, kaolinite, and minor
amounts of pyrite have formed later
in these rocks. The alunitic type of
alteration is believed to have
resulted from interaction of sulfate-
bearing solutions with the primary
minerals (Willard and Proctor, 1946,
p. 631). This type of alteration is
usually found near quartz monzonite
intrusives, which are believed to
overlie the source of the sulfate-
bearing solutions. In certain areas
alunitic alteration has been suffi-
ciently intense to produce alunite
deposits, which have been mined for
potash and alumina. In places
silicification has been superposed on
the alunite alteration to yield a mass
of silica which tends to preserve the
structure of the previously altered
rock.

Quartz monzonite intrusive rocks.

In the Sevier quadrangle intru-
sive bodies are restricted to the
southeastern corner of the quadran-
gle where they are exposed in the
walls of Marysvale Canyon and,
as in other parts of the Marysvale
region, are restricted entirely to the
Bullion Canyon volcanies and older
rocks. The stock opposite the mouth
of Deer Creek, which extends south
and west into the adjacent quadran-
gles, is more than 3 miles across.
In the northwest corner of the
Marysvale quadrangle the eroded
surface of this intrusive is overlain
by the Mount Belknap rhyolite,
establishing a pre-Pliocene(?) age
for the quartz monzonite at this
place.

Although the color and texture of
the numerous quartz monzonite
bodies in the Marysvale region are
variable, probably because of their
variation in size, their chemical and
mineral compositions are remark-
ably similar. Commonly the smaller
bodies are finer grained and porphy-
ritic.

The stock opposite the mouth of
Deer Creek is medium gray and
nearly equigranular. The grain size
of most of the principal minerals is
1to4 mm. The rock contains about
33 percent of caleic oligoclase, 29
percent of orthoclase, 6 percent of
quartz, 11 percent of augite, 14 per-
cent of biotite, 7 percent of magnet-
ite, and minor amounts of apatite,
sphene, tourmaline, epidote, chlorite,
and sericite. The plagioclase tends
to be in large elongate crystals, but
the abundant orthoclase and the less
plentiful augite and biotite are
nearly equant. Dusty orthoclase is
interstitial to the plagioclase,
though it also invades and replaces
it. Quartz and orthoclase inter-
growths are common. Some of the
augite is completely changed to
chlorite, although much of it remains
unaltered. Some of the biotite,
apparently a late mineral, borders
magnetite and augite grains.

The larger bodies of quartz mon-
zonite are surrounded by a narrow
zone of hornfels in which the plagio-
clase phenoerysts in the Bullion
Canyon voleanies tend to be pre-
served or are partly replaced by
orthoclase. The groundmass is
generally completely replaced by a
very fine grained aggregate con-
sisting of quartz with less abundant
magnetite, orthoclase, biotite or
phlogopite, and possibly other
minerals. These contact rocks are
generally harder, tougher, and more
resistant than either the intrusive
rocks or the unmetamorphosed
voleanies.

PLIOCENE(?) IGNEOUS ROCKS

Dry Hollow formation.—The name
Dry Hollow latite was proposed by
Callaghan (1939) in the Marysvale
region for the widespread latite
flows that overlie the Bullion Can-
yon volecanics. When the mapping
was extended farther into the Sevier
and Monroe quadrangles, the inter-

fingering of tuff and basaltic
andesite with the latite indicated
that these voleanic rocks form a
closely related series. Therefore,
the Dry Hollow formation is re-
defined here to include all these
rocks. The formation is overlain in
different places by the Mount Bel-
knap rhyolite, the Joe Lott tuff, and
the Sevier River formation. The
type section is in Dry Hollow at the
east-central edge of the Sevier
quadrangle, where latite tuff, latite,
and basaltic andesite are exposed.

The Dry Hollow formation is
widespread in the Sevier quadrangle.
The latite flows thicken and are the
dominant rock type in the western
and the southwestern part of the
quadrangle; the tuff is prominent
in the central and southwestern
parts. In the east-central part of
the quadrangle basaltic andesite
flows intertongue with the tuff and
latite and thicken greatly to the
east in the Monroe gquadrangle.

The tuff of the Dry Hollow for-
mation is composed of the same
material as the associated latite
flows, and in some places it is diffi-
cult to distinguish between them.
The tuff ranges from pale purplish
gray to light brownish gray and is
composed of abundant erystal frag-
ments of quartz, plagioclase, bio-
tite, hornblende, and preexisting
rock fragments, all of which are
enclosed in a matrix of glass and
ash. The profusely distributed, dark-
brown biotite erystals are perhaps
the most striking feature of this
rock. The mineral composition and
texture, as seen under the miecro-
scope, allow the rock to be classified
a crystal latite tuff. The thickness
ranges between 400 and 900 feet.

Individual flows of the latite are
more than 200 feet thick in many
places, and the aggregate thickness
is probably about 1,000 feet. The
two most widespread types of latite
in the formation are the brownish-
red and the gray varieties. In the
Clear Creek basin these two varie-
ties of latite are separated by about
500 feet of tuff. The brownish-red
latite contains abundant pheno-
erysts of oligoclase, quartz, horn-
blende, biotite, magnetite, and
apatite, which reach a maximum
length of about 3 mm. The ground-
mass contains minute mineral
grains, but is mostly light-brown
glass. Hematite coatings on mag-
netite grains and disseminated
hematite flecks account for the red
color.

The gray latite flows generally
have a lower proportion of pheno-
crysts than the brownish-red latite
and in places are sufficiently
vesicular to resemble basaltic
andesite. The latite usually weath-
ers in massive blocks in contrast to

the basaltic andesite which com-
monly oceurs as slabs. A specimen
of gray latite from a locality west
of Elsinore, a few miles east of the
Sevier quadrangle, is typical of this
latite. It is porphyritic with pheno-
crysts of orthoclase as much as 2.6
mm long and oligoclase as much as
1.9 mm long. Other less abundant
erystals are quartz, hornblende, and
biotite. The groundmass is finely
granular with minute plagioclase
laths, magnetite grains, and hema-
tite flecks. The groundmass plagio-
clase is oriented showing a primary
flow-structure. Some small pris-
matic apatite erystals are included
in the large feldspar crystals.

The basaltic andesite flows, which
are interbedded with the latite and
tuff, thicken greatly in the Monroe
quadrangle to the east where the
thickness is in excess of 2,000 feet.
Though in outerop these rocks
resemble basalt, chemical analyses
show them to be basaltic andesite.

The basaltic andesite flows are
quite variable in color, ranging from
gray to dark brownish gray, and
some are exceedingly vesicular.
Many flows are strongly porphyritic,
whereas others are extremely fine
grained. All the recognizable min-
erals, labradorite or andesine-
labradorite, augite, pigeonite,
hypersthene, olivine, and magnetite
occur as phenoerysts. Grain size
differs greatly from flow to flow.
The groundmass consists of minute,
closely spaced plagioclase laths and
other tiny mineral grains embedded
in brown glass. Olivine is commonly
altered to iddingsite.

The volcanie rocks that form the
Dry Hollow formation are believed
to have erupted from the two main
centers that are indicated by the
areas of greatest concentration and
thickness of the major rock types
in the formation. One center, from
which latite flows and latite tuff
were erupted, was located in the
southwestern part of the quad-
rangle. Another center from which
came basaltic andesite flows and
some breccias was outside the quad-
rangle somewhere northeast of
Monroe. The area along the eastern
boundary of the Sevier quadrangle,
where latite flows and tuff and
basaltic andesite flows are inter-
layered, lay between the two centers
and received volcanic material from
both.

Mount Belknap rhyolite.—The
Mount Belknap rhyolite, which
occurs in the southern part of the
quadrangle in the Tushar Mountains,
was named for the high peak of the
same name in the Delano Peak
quadrangle. This formation includes
a group of rhyolitic effusives of
almost identical composition but
with differing physical appearance.
Most of the rocks are welded tuffs.

In the Antelope Range in the
Monroe gquadrangle the Mount Bel-
knap rhyolite rests on the eroded
surface of a quartz monzonite body
that intrudes the Bullion Canyon
voleanics, a relationship indicating
the unconformity between Mio-
cene(?) and Pliocene(?) volcanies.
Along the southern border of the
guadrangle, the rhyolite is under-
lain by latite of the Dry Hollow
formation and overlain by the Joe
Lott tuff.

Perhaps the most prominent and
common variety of rhyolite is the
red variety which is about 1,000 feet
thick at Deer Creek at the extreme
southern border of the quadrangle.
The roeck ranges from deep red to
salmon pink. Some parts, especially
at the base, consist of black glassy
welded tuff. Most of the mass
consists of rock fragments less than
half an inch in diameter in a matrix
of devitrified glass., Cavities com-
monly are lined with lamellar calcite
crystals and quartz. The rock
characteristically spalls to form
small thin plates locally called shale
rock. These spalls accumulate as a
thick mantle of talus or rock
glaciers in cirques above timberline
in the Tushar Mountains.

The gray variety of the Mount
Belknap rhyolite occurs in a small
area at the southeastern me.gin of
the Sevier quadrangie. This rock is
believed to be an erosional remnant
of an extrusive rhyolite dome in the
northern part of the Delano Peak
guadrangle. It consists of devitri-
fied rhyolite without prominent
phenocrysts but with highly con-
torted light- and dark-gray flowage
laminae. The darker bands are
composed of only slightly devitrified
material, whereas the lighter bands
are distinctly crystalline. Tiny
quartz and orthoclase crystals are
contained in lenses parallel to the
flowage laminae.

Another variety of rhyolite,
though not mapped separately,
forms part of Mount Belknap and
extends into the southwestern part
of the Sevier quadrangle. Possibly
this variety of rhyolite represents
the central part of the eroded rhyo-
lite dome mentioned above. Itis a
holoerystalline, exceedingly fine-
grained, nearly white rock con-
sisting of an interlocking aggregate
of quartz and low-index feldspar
with sparse minute flakes of
biotite.

The Mount Belknap rocks cov-
ered a surface of considerable
relief so that their thickness varies
greatly from place to place. They
are altered near the summit of the
Tushar Mountains where they are
bleached or even extensively silici-
fied. In most other places, where
they rest directly on altered Bullion
Canyon voleanics, they are unal-
tered.

Joe Lott tuff.—The Joe Lott tuff,
named for exposures in the canyon
of Joe Lott Creek in the south-
central part of the quadrangle, is
extensive in the Clear Creek drain-
age basin, where the aggregate
thickness is more than 800 feet. In
the Sevier quadrangle the Joe Lott
tuff rests either on the Mount Bel-
knap rhyolite or on the Dry Hollow
formation. Large areas that are
underlain by the tuff are covered
with the Sevier River formation.

The Joe Lott tuff ranges in color
from white to light brownish gray.
It consists of a stony matrix that
encloses fragments of white stony
rhyolite similar to the matrix,
scattered fragments of dark porphy-
ritic latite from Bullion Canyon vol-
canics, and fragments of the gray,
banded variety of the Mount
Belknap rhyolite. The fragments
are mostly 10 to 15 mm in diameter.
The matrix is made up of glass
shards and partly devitrified glass
in which are scattered minute crys-
tal fragments of orthoclase, biotite,
and scarce quartz.

The Joe Lott is a rhyolite welded
tuff that is believed to be closely
related to the Mount Belknap rhyo-
lite and to have come from the same
eruptive center somewhere in the
northern Tushar Mountains. In the
Sevier and adjacent quadrangles the
Joe Lott tuff like the Mount Bel-
knap sequence is distributed con-
centrically around the northern
Tushar Mountains from which the
thickness of both formations
roughly decreases radially. In
many places pyroclastic fragments
from the Mount Belknap rhyolite
and the Bullion Canyon voleanies
are contained in the tuff suggesting
that the Joe Lott erupted from a
region composed of these rocks—
probably the northern Tushar
Mountains

Although it somewhat resembles
the tuff of the Dry Hollow forma-
tion, the Joe Lott tuff differs in
being noticeably stony and has a
smaller proportion of biotite crystal
fragments. In places the tuff is
opalized. At the Red Narrows on
Mill Creek it is altered, with the pro-
duction of hematite and silica;
elsewhere alteration is very rare.

UPPER PLIOCENE OR LOWER PLEIS-
TOCENE SEDIMENTARY AND VOL-
CANIC ROCKS

Sevier River formation.—Large
areas in the Clear Creek drainage
basin and the dissected pediment
in the Sevier Valley north of Sevier
are underlain by the Sevier River
formation. It consists of partly
consolidated fanglomerate, conglom-
erate, sand, and silt, which for the
most part have been derived from
highlands in the immediate vicinity.

Thus, variations in color and compo-
sition are great from place to place

and reflect the type of rocks that
were being eroded during the time
the formation was accumulating.
In the Clear Creek area these sedi-
ments consist of detritus derived
chiefly from the rhyolite tuffs and
to a lesser extent from the latite
flows of the Dry Hollow formation.
The fanglomerate and conglomerate
grade eastward into pinkish sand
and silt which in turn grade into
diatomite beds that evidently were
deposited in a freshwater lake.

The diatomite beds of the forma-
tion 2 miles north of Sevier have
vielded, in addition to freshwater
gastropods, diatoms that are re-
garded by K. E. Lohman of the U. S,
Geological Survey as late Pliocene
or early Pleistocene in age (Calla-
ghan, 1938, p. 101). The formation
is particularly significant in dating
the stratigraphic and structural
events in the region.

Some Quaternary surficial depos-
its resemble the Sevier River for-
mation, but these younger deposits
are less consolidated and have not
been involved in diastrophic move-
ments to the degree of the older
formation.

Basalt.—Flows of olivine basalt,
most of them less than 50 feet thick,
are sparsely distributed in the Clear
Creek drainage basin. They are
generally interbedded with the
Sevier formation, but in some
places where the formation is
absent, the basalts rest directly on
older rocks. The basalt is generally
exceedingly vesicular and commonly
contains olivine and labradorite
phenocrysts in a groundmass of
plagioclase laths, blebs of augite,
and granules of magnetite. Olivine
crystals are commonly altered to
iddingsite. Where these basalt
flows are not directly associated
with the Sevier River formation, it
becomes difficult if not impossible
to separate them from the basaltic
andesites of the Dry Hollow forma-
tion.

PLEISTOCENE AND RECENT
DEPOSITS

Terrace gravel.—Deposits of ter-
race gravel that are composed of
poorly sorted boulders, cobbles,
pebbles, and sand are distinguished
from recent alluvium by their
elevated position with respect to
the present drainage. Some of
these deposits are as much as 600
feet above the present channel of
Clear Creek. Other terrace gravel
occurs along the course of Second
Creek in the northern part of the
quadrangle.

Landslide debris.—Prominent
landslides are found along the crest
of the Pavant Range and on its
steep north-facing slopes in the
northeastern part of the quadrangle.
These large masses of rock debris
form hummocky surfaces and com-
monly have steep slopes, cliffs, or
cirque-like excavations at their
heads.

Alluvium.—Slope wash, talus,
stream deposits in present drainage
channels, and mudflow and alluvial
fan deposits have been mapped as
alluvium.

STRUCTURE

The Sevier quadrangle includes a
part of the Pavant Range, the Clear
Creek downwarp, and the north end
of the Tushar Mountains, all parts
of the High Plateaus physiographic
province at the eastern margin of
the Great Basin. The movements
that elevated and depressed the
various segments are of late Terti-
ary and Quaternary age. In the
northern part of the quadrangle,
however, the Tertiary rocks have
been removed, revealing Mesozoic
and Paleozoic rocks that were in-
volved in compressive structural
movements prior to the deposition
of the Tertiary cover.

The Cambrian and Ordovician
rocks at the northern boundary of
the quadrangle are conspicuously
exposed in thrust plates on the
Navajo sandstone. Though the
gross relations of these thrusts are
quite simple, their internal structure
is complex. In the klippe one mile
southwest of the junction of Second
and Corn Creeks, the Lower Cam-
brian Tintic quartzite appears to
overlie younger Cambrian lime-
stones.The quartzite is believed to
have been thrust into this position,
although the whole sequéence could
have been overturned during thrust-
ing.

A thrust plate in Corn Creek
Canyon (section B-B’) contains
Cambrian(?) and Ordovician lime-
stone, shale, and some quartzite.
These rocks are complexly faulted
and folded, and in places are over-
turned. The thrust plate as a whole
appears to dip eastward. This,
however, is not the original attitude
of the plate because the east and
southeast dips of the overlying Ter-
tiary rocks indicate that the area
has been subsequently warped and
tilted in these directions. The
thrusts are believed to have origi-
nated west of the quadrangle in the
Great Basin where other exposures
of lower Paleozoie rocks occur.

In the northwestern corner of the
quadrangle Kaibab strata have been
thrust upon an overturned syncline
which contains Triassic and Juras-
sic rocks (section A-A’). The upper
part of the overturned limb of the
syncline has also been thrust against
the synclinal core of Navajo sand-
stone as evidenced by the thinning
and disturbed nature of Triassic
strata along the trace of the over-
thrust. In some places the entire
thickness of red shale and siltstone

in the upper part of the Moenkopi
is absent and Chinle rocks (including
the Shinarump member) occur as
isolated outerops along the trace of
the lower Navajo contact. The
Triassic strata beneath the Kaibab
thrust plate are overturned, where-
as the Kaibab rocks are tentatively
interpreted as right side up, though
possibly they are overturned also.
Where erosion has been sufficiently
deep, Triassic strata are exposed as
fensters in the thrust plate. North-
west-trending normal faults displace
beds of both the thrust plate and the
rock of the underlying syncline.

In the north-central part of the
quadrangle east of the Permian
thrust plate the Mesozoic strata
form a broad anticline that plunges
north. Abundant closely spaced
normal faults of small magnitude
are clearly shown by displacements
of the thin Shinarump member of
the Chinle formation. Nearly all
these faults are downthrown to the
east and they strike mostly north
and northeast.

The age of the disturbance involv-
iing the Paleozoic and Mesozoic
sstrata cannot be definitely estab-
llished from the exposures in the
{Sevier gquadrangle. Rocks from
(Cambrian to Jurassic are involved
iin the folding and thrusting, but
strata representing the Late Juras-
sic and most of the Cretaceous are
motably absent from the area. The
massive beds of conglomerate,
‘which unconformably rest upon the
wolder disturbed strata, may be in
part late Late Cretaceous in age, as
suggested by Spieker (1946, p. 151).
If so, the diastrophism took place
prior to late Late Cretaceous time.

The Tertiary roeks, which under-
lie most of the quadrangle, form a
very broad, gently southward plung-
ing anticlinal warp with its crest at
the top of the Pavant Range in the
vieinity of Rockwood Peak. Ingen-
eral, the rocks dip southeastward
toward the Sevier valley and south
toward Clear Creek valley, forming
the north limb of the broad east-
ward-plunging Clear Creek down-
warp (see section C-C’). The south
limb of the downwarp is formed by
the northward-dipping beds in the
northern slopes of the Tushar
Mountains.

A remarkable fold involving the
Joe Lott tuff and the Sevier River
formation lies parallel to and just
south of the axis of the Clear Creek
downwarp. The tuff is arched
sharply and broken by a number of
faults so that even the axis of the
fold is not in a continuous direct line.
This fold was caused probably by
shortening of the relatively brittle
bed of partly welded tuff beneath a
shallow cover of relatively uncon-
solidated Sevier River formation.

Abundant normal faults in the
Clear Creek downwarp and in the
slopes north of Sevier displace the
Sevier River and all older forma-
tions. Most of those faults trend
northeast, though many trend north
and a few east. Only a few faults
trend in a northwest direction.

GEOLOGIC HISTORY

The Sevier guadrangle has the
most extensive geologic record of
the five quadrangles in the Marys-
vale region. Rocks of Cambrian,
Ordovician, Permian, Triassie, Ju-
rassie, Cretaceous(?), Tertiary, and
Quaternary ages are present, repre-
senting a complex history of marine
and continental deposition.

Jurassic and older rocks are
folded and thrust faulted. The
Paleozoie rocks that erop out in the
quadrangle are restricted to over-
thrust plates, which contain only
recognized parts of the Cambrian,
Ordovician, and Permian systems.
A normal Paleozoic sequence, how-
ever, probably is present at depth.
These Paleozoic rocks record long
intervals of marine deposition dur-
ing which the region was covered
by shallow seas.

Both marine and continental
sediments of the Moenkopi forma-
tion aceumulated during Early and
Middle(?) Triassic time. Included
are shallow-water marine, deltaie,
llacustrine, playa, and flood-plain
ttypes of deposits (McKee, 1954,
. 78-80). Continental deposition of
tthe Chinle formation and the Navajo
sandstone followed in Late Triassic
and Jurassic times. The Arapien
shale, a marine deposit of Late
Jurassic age that overlies the
Navajo in adjoining quadrangles on
the south and east, is absent in the
area either because of nondeposition
or because of uplift by thrust
faulting and later erosion.

After the accumulation of the
Navajo sandstone in Jurassic and
Jurassic(?) time but before Late
Cretaceous time the region was
deformed by folding and thrust
faulting and was uplifted. Erosion
of the uplifted terrain resulted in a
surface of considerable relief upon
which Upper Cretaceous(?) and
Paleocene sands and coarse gravels
were deposited. Deposition of cal-
eareous mud, silt, and clay of lacus-
trine origin as well as sand and
gravel continued into the late
Eocene or early Oligocene.

The Tertiary voleanic and intru-
sive history has much in common
with that of the other quadrangles
in the Marysvale region. The Bul-
Lion Canyon voleanies of Miocene(?)
age was intruded by quartz monzo-
nite, altered, and mineralized. These
rocks were later eroded and prob-
ably were removed from large
mreas prior to deposition of the Dry
Hollow formation of Pliocene(?)
age. Dry Hollow rocks probably

erupted from two main centers, one
in the southwest part of the Sevier
quadrangle from which came latite
flows and latite tuff and one east of
the Monroe quadrangle from which
came basaltic andesite flows. Depo-
sition of the Dry Hollow formation
was followed closely by great vol-
umes of Mount Belknap rhyolite and
Joe Lott tuff which erupted from a
central area in the northern Tushar
Mountains in the adjoining Delano
Peak quadrangle.

In the late Pliocene or early
Pleistocene a period of erosion and
filling of basins gave rise to the once
very extensive Sevier River forma-
tion, which is especially well repre-
sented in the Sevier quadrangle by
erosional remnants in the drainage
basin of Clear Creek and on the
north slopes of the Tushar Moun-
tains. Intermittent voleanic erup-
tions during this time produced the
associated thin flows of basalt.

Subsequent to the deposition of
the Sevier River formation, great
uplifts and relative depressions
created the highlands and depres-
sions such as Sevier valley to the
east of the quadrangle and the Clear
Creek downwarp. These predomi-
nantly vertical movements produced
both warping and faulting in zones
of maximum adjustment. More
recent erosion of highlands and fill-
ing of depressed areas formed the
landscape that is seen today.

MINERAL DEPOSITS

No mineral deposits were being
exploited in the Sevier quadrangle
in 1960. Though the road up Mill
Creek furnished access to the Annie
Laurie and other mines of the Gold
Mountain district, all the mineral-
ization is within the adjoining
Delano Peak quadrangle. Mineral-
ization in the Sevier quadrangle is
essentially limited to Marysvale
Canyon. Several prospects for gold
were opened and at least one was
productive. A tunnel at Belknap
lately extended by Trinity Gold
Mine Corp. penetrated contact rock
on the north side of the quartz mon-
zonite intrusive without revealing
minable deposits. The large mass
of altered rock between Belknap
and Pittsburg was prospected for
alunite, and considerable masses of
altered rock with a low alunite con-
tent were found. A small vein of
pink fine-grained alunite was re-
vealed in pits in altered rock in the
steep slope just northwest of Pitts-
burg, but was not in sufficient
quantity for exploitation. Adequate
gravel for road metal and other
construction purposes is found along
the streams and in terraces.The Joe
Lott tuff has been used for building
stone.
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