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GEOLOGY AND COAL RESOURCES OF THE CEDAR MOUNTAIN QUADRANGLE, IRON
COUNTY, UTAH

By Paur Averirr

ABSTRACT

The Cedar Mountain quadrangle lies in southeastern Iron
County, Utah, a few miles south of Cedar City. It covers the
southern half of the Cedar City coal field, which lies on the
western edge of the much larger Kolob coal field. The Hurri-
cane fault zone, one of the most pronounced structural features
of southwestern Utah, crosses the northwest corner of the
quadrangle, and is responsible for the 3,000-foot Hurricane
Cliffs, which divide the quadrangle into three physiographic
units: the topographically low Great Basin to the northwest,
the precipitous Hurricane Cliffs, and the topographically high
Kolob Terrace to the southeast.

The rocks exposed in the Hurricane Cliffs range from the
Moenkopi formation of Early and Middle(?) Triassic age to the
Straight Cliffs and Wahweap sandstones of Late Cretaceous
age. These beds dip generally eastward at angles ranging from
vertical to overturned near the base of the Hurricane Cliffs,
to about 6° a few miles east of the Cliffs, This structure repre-
sents the east half of an ancestral anticline, termed the “Kanarra
fold,” which was broken and displaced longitudinally near the
fold axis by the younger Hurricane fault.

The coal in the Cedar Mountain quadrangle is exposed near
the crest of the Hurricane Cliffs in the Tropic formation and
Straight Cliffs sandstone. The thickest and best beds are at
the top of the Tropic formation in a coal and shale sequence
termed the “Upper Culver coal zone.” Minable beds containing
as much as 7 feet of coal occur in this zone. The estimated
remaining reserves in the quadrangle in beds containing 72
inches or more of coal total 229 million tons. Additional re-
serves are present in thinner beds. The rank of the coal lies
near the boundary between high volatile C bituminous and
subbituminous A. The ash content ranges from about 5 to 17
percent, and the sulfur content from 4.4 to 7.3 percent,

The Kolob Terrace, which extends over the southeastern half
of the quadrangle, is a broad rolling dissected upland, 9,000 to
10,000 feet above sea level, developed on gently dipping beds
of Cretaceous age. The terrace is covered locally by basalt
flows of Quaternary age, which, in turn, are surmounted by
several cinder cones.

The terrace is now being dissected by headward-working
tributaries of the North Fork of the Virgin River, which drain
southward to the Colorado River, and by many small streams,
which drain westward into the Great Basin. As a consequence
of lying on a major divide between the Colorado River and
Great Basin drainage, the part of the Kolob Terrace in the
Cedar Mountain quadrangle, and the region just to the east,
contain preserved remnants of an ancient gravel-covered pedi-
ment and abandoned stream-channel deposits on ridges as
evidence of earlier erosion cycles.

INTRODUCTION
LOCATION OF AREA

The Cedar Mountain quadrangle lies on the west
edge of the Kolob coal field in southern Iron County,
Utah (figs. 1, 2). The quadrangle covers an area of 58
square miles between lat 37°30700”” and 37°37/30"” N.,
and long 113°00°00”" and 113°07’30”” W. Cedar City,
a town of about 6,000 inhabitants and the largest in
Iron County, is 5 miles north of the quadrangle.
Kanarraville, a small settlement of 300 inhabitants, is
about 5 miles west of the quadrangle.

PURPOSE AND SCOPE OF PRESENT WORK

The Cedar City coal field is about 250 miles by rail-
road from Hoover Dam and 575 miles from Los
Angeles. As the nearest coal field to these major
power-producing and power-consuming centers, the
Cedar City field has been the subject of persistent
interest for many years. The fieldwork on which this
report is based was undertaken primarily to obtain
data on the coal resources as they relate to the future
development of the Pacific Southwest, and secondarily
to contribute to a study of Utah coal reserves being
undertaken by the Geological Survey as part of a
program to estimate the coal reserves of the United
States. The greater part of the fieldwork was done in
3 periods, ranging from 2 to 3 months each during the
summers of 1952, 1954, and 1955.

PREVIOUS WORK

Systematic investigations of the geology and mineral
resources of southwestern Utah began in 1872, results
of which are recorded in the classic reports of Howell
(1875), Gilbert (1875), and Dutton (1880, 1882). The
first attempt to appraise the thickness, distribution,
and quality of the coal in the Cedar City field was
started by Lee (1907) and amplified by Richardson
(1909). The structure and geologic history of the
Hurricane fault zone have been studied and described
by Huntington and Goldthwait (1903, 1904) and
later by Gardner (1941). The geology and water

1



ARIZONA

GEOLOGY AND COAL RESOURCES, CEDAR MOUNTAIN QUADRANGLE, IRON COUNTY, UTAH
| R
! 33 pc\F\c / \\ | {§
bl & o s
L L\ 6 '\\ —
I UH‘ON — Y * < & |
] fk/w34 I R N Q_@b \y:s AN
I o \ &2 TN _/Panguitch
i o :!_ !
) / \ $ \
I L1 35 Iron Spring; & l
]
d Granite Mountam &gﬁj:j {
&
I 36 i ' GARFIELD
H lron o :
L | Mounta}n ,{ L
NN et TP
ac
! 37 H Mo?.nrr: : kS CREEATEL Mountain _i
| —— Kana : - - 4—- j - _——
. . i‘Qg .
l 38 3‘” ’@L f e i p
4 J
! %\\ Dé“ 210N I— ._‘o< y i e 4
[ $ | NATIQNAL ‘ .
) L MORUMENT]
i * & & . NG Brhee |
\3 & by (% N \
« : \ # 40 ?\66 ﬁ/& § I T—I K l K A N
2 I W X 'S H I | N ¢ TS0 [N Mmon| 5 1 8 7 ] 5
E - 19 18’(\ ‘L7 16 15& 14 13 )0 12 H { ;—LI >/
Z & N T TNaTiON |
I % “ e ,\AN%‘X@EZ LI PAle . l ,_/
! Vs e < irgin . JJ | ; 7
' s o <A ,
I a St George _\f ¥ *
| / 5 f 3 >
3 F S
H ‘]mgﬂ" 43 I . o
1 R N SN0 AN N S I AN I O e e
]
]

0 10
S S S S|

"2[0 30 MILES

FIGURE 1.—Map of southwestern Utah showing location of southern Iron County and Washington County and the Cedar Mountain
quadrangle.

resources of the Cedar City Valley, including the north-
west corner of the Cedar Mountain quadrangle, have
been described by Thomas and Taylor (1946). A
reconnaissance map and report on the geology of
eastern Iron County by Gregory (1950a) include the
area covered by the present paper; his report presents
a few additional details about the coal not contained
in the earlier reports of Lee and Richardson. Studies
of the stratigraphy and geology of surrounding areas
are contained in reports by Gregory and Williams
(1947), Mackin (1954), Pillmore (1956), Threet,' and
others as listed in the bibliography.

1R. L. Threet, 1952, Geology of the Red Hills area, Iron County,
Utah: Unpublished doctor of philosophy dissertion, Washington
Univ. [Seattle].
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GEOGRAPHY
TOPOGRAPHY

The Hurricane Cliffs, a prominent escarpment 3,000
feet high, extends across the northwest corner of the
Cedar Mountain quadrangle and divides it into two
unequal parts. (See pl. 1.) The smaller area northwest
of the Hurricane Cliffs is part of the relatively low
Basin and Range province, which covers most of
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4 GEOLOGY AND COAL RESOURCES, CEDAR MOUNTAIN QUADRANGLE, IRON COUNTY, UTAH

western Utah and areas to the west and south. The
larger upland area southeast of the Cliffs, known
generally as Cedar Mountain, is part of the Kolob
Terrace, which, in turn, is part of the High Plateaus
of central Utah.

The land surface at the base of the Hurricane Cliffs
is between 5,800 and 6,200 feet above sea level, whereas
the upland surface on Cedar Mountain is 9,000 to
10,000 feet above sea level. The maximum relief in the
quadrangle is 4,415 feet as measured between the low
point of 5720 feet in the northwest corner of the
quadrangle and the high point of 10,135 feet on top of
the knoll in sec. 26, T. 37 S., R. 11 W.

DRAINAGE AND WATER SUPPLY

The upland areas in the Cedar Mountain quadrangle
form part of the major divide between the Great Basin
and Colorado River drainage. Urie Creek, which flows
north along the west edge of the quadrangle through
Right Hand Canyon, and Shurtz Creek, which flows
west from the center of the quadrangle, both discharge
into the Cedar City Valley, a closed basin without
exterior drainage. Crystal Creek, which heads in the
southeast corner of the quadrangle and flows to the
southeast, joins the North Fork of the Virgin River
above Zion Canyon. Kanarra Creek and Willow Creek,
which head in the southwest corner of the quadrangle,
flow generally southwest and south into Ash Creek and
La Verkin Creek, respectively, and join the Virgin
River near the town of La Verkin, about 20 miles west
of Zion Canyon.

Except in the uppermost reaches, all these streams
are perennial, but they are both narrow and shallow,
particularly during the late summer months when the
winter accumulation of snow has melted.

The water impounded in the small reservoir in
Meadow Hollow, sec. 16, T. 38 S., R. 11 W., is diverted
from its normal course down Willow Creek by way of
a ditch just south of the quadrangle to the head of
Spring Canyon, and thus ultimately reaches the
Kanarraville area.

The town of Cedar City depends in part on springs
in Shurtz Creek and in Right Hand Canyon for its
domestic water supply, and an extensive network of
pipes lead from gathering points in these canyons to
storage tanks on the outskirts of town. The trunkline
of this collecting system in Shurtz Creek is shown on
plate 1.

ACCESSIBILITY AND ROUTES OF TRAVEL

U.S. Highway 91, a main route of travel between
Salt Lake City, Las Vegas, and Los Angeles, passes

through Cedar City and Kanarraville, only a few miles
west of the Cedar Mountain quadrangle. State High-
way 14, a modern surfaced road that connects U.S. 91
at Cedar City with U.S. 89 at Long Valley Junction,
follows the valley of Coal Creek about 3 miles north
of the quadrangle. From these highways several
good graded dirt roads lead into the quadrangle.

The most frequently traveled of these roads leaves
State Highway 14 about 4 miles east of Cedar City
and extends up the valley of Right Hand Canyon.
One fork from this road winds up the west slopes of
Right Hand Canyon and the north and west slopes
of Lone Tree Mountain and enters the Cedar Mountain
quadrangle from the north. This 1s the preferred
route to the top of Cedar Mountain. Another fork
extends up the valley of Right Hand Canyon to the
Tucker coal mine in the extreme northeast corner of
the quadrangle.

An older road leaves U.S. 91 about 1 mile south of
Cedar City, follows a steep winding course in Green
Hollow, and joins the above-mentioned road from
Right Hand Canyon just before it enters the quad-
rangle.

Another frequently traveled road turns off U.S. 91
about 4 miles south of Cedar City and enters the
quadrangle in the northwest corner.

These roads and their extensions and connections
on Cedar and Kanarra Mountains, as shown on plate
1, provide access to most of the upland areas in the
quadrangle and to other points to the east and south
on the Kolob Terrace. The road leading south from
sec. 18, T. 88 S., R. 10 W., continues through Zion
National Monument to Virgin, Utah, but is used very
little for through travel.

The main line of the Union Pacific Railroad passes
about 30 miles west of Cedar City, and a spur line
from Lund, Utah, to Cedar City provides a direct rail
connection to Salt Lake City and to Los Angeles.
Cedar City also supports a modern airport, and is a
regularly scheduled stop on a route served by Bonanza
Air Lines.

STRATIGRAPHY

The sedimentary rocks exposed in the Cedar Moun-
tain quadrangle form a 7,000- to 9,000-foot sequence
ranging from the Moenkopi formation of Early and
Middle(?) Triassic age, to the Straight Cliffs and
Wahweap sandstones of Late Cretaceous age. The
beds of Cretaceous age are overlain in turn by basalt
flows and volcanic ash of late Tertiary and Quater-
nary ages. The older beds, which are exposed near the
base of the Hurricane Cliffs, crop out as conspicuous
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ledges and slopes in various characteristic shades of
. red and brown. The younger beds of Cretaceous age,
which are exposed near the top of the Hurricane
Cliffs and form the broad eastward-sloping upper
surface of Cedar Mountain, are a more uniform olive
drab, and stand in marked contrast to the brightly
colored underlying beds.

Viewed as a whole, the sequence consists largely of
alternating beds of sandstone, siltstone, and shale,
intercalated with a few conspicuous beds of limestone
and gypsum. The limestone beds, in particular, are

continuous over wide areas in southwestern Utah and
are important stratigraphic markers.

In general, the beds form an uninterrupted sedi-
mentary sequence, but several minor disconformities
are present, one of which at the base of the Moenave
formation has stratigraphic significance throughout
southwestern Utah and northern Arizona. The
lithologic characteristics, succession, and thickness of
the several formations exposed in the quadrangle are
summarized in table 1 and discussed in greater detail
in subsequent paragraphs.

TABLE 1.—Generalized section of rocks exposed in the Cedar Mountain quadrangle, Iron County, Utah.

System | Series Group Formation and member

Thickness
(feet)

Lithologic characteristics

Straight Cliffs and Wahweap sandstones

Sandstone, fine-grained, massive; in beds 5 to 40 ft thick; and
siltstone. Contains 4 or 5 layers of oyster shells. Forms
cliffs. QGrades upward to nonresistant shale and siltstone,

1, 590+,
which form upper surface of Kolob Terrace.

Tropic formation

Cretaceous
Upper Cretaceous

Shale, light- to dark-gray, 80 percent; and 20 percent pale yellow-
ish-orange, fine- to medium-grained sandstone in beds 1 to 5 ft
thick. Contains several coal beds. Local conglomerate at
blase. Top is marked by the Upper Culver coal zone. Forms
slope.

1,070]

Disconformity

‘Winsor formation

Sandstone, fine-grained, and mudstone; in beds typically 1 to 2 ft
thick. Characterized by strong color banding in shades rang-
ing from light gray to red brown. Forms slope.

300-320

Curtis formation

130-140 | Massive gypsum 100 ft thick at base overlain by 30 ft of limestone

resembling the Carmel formation. Forms break in slope.

Slight disconformity
Entrada formation

Sandstone, siltstone, and mudstone, red-brown; and conspicuous

150-200
amounts of gypsum in thin beds as cement. Forms slope.

Jurassic
Upper Jurassie
San Rafael

Carmel formation

Limestone, light-gray, shaly, very thin bedded. Fossiliferous
in central part. Crops out as two conspicuous ledges above
slopes covered with small angular talus fragments.

540-650

Disconformity

Navajo sandstone

Juras-

| Juras-
sic
and

sic (?)

Sandstone, moderate reddish-orange, medium-grained. Cross-
bedded on massive scale. Crops out conspicuously as isolated

1, 700+
blunt points.

Cedar City tongue

Mudstone and silty mudstone, reddish-brown; and light-gray
to moderate reddish-orange siltstone, in beds 1 to 5 ft thick.
Forms strike valley.

425-800

Kayenta formation
sandstone

Jurassic(?)

Shurtz sandstone tongue of Navajo

Sandstone, fine- to medium-grained, reddish-orange; like over-
lying Navajo sandstone, but somewhat more even bedded.
Forms prominent ridge.

62-345

Lower member

Glen Canyon

Mudstone and silty mudstone, reddish-brown; and light-gray

275-420
to light-brown siltstone; in beds 1 to 5 ft thick. Forms slope.

Springdale sandstone member

110+| Sandstone, pale reddish-brown to purplish, fine- to medium-
grained, massive; some crossbedding. Forms ledge.

Moenave formation

Triassic(?)

Dinosaur Canyon sandstone member

Siltstone and mudstone, red-brown. Base includes a 40-ft bed
of red-brown siltstone. Uip]f]ermost beds are thinner bedded

400+
and include a few beds of light-gray siltstone.

Disconformity

Chinle formation,

Mudstone and siltstone, reddish-brown to grayish-red. Upper
beds are characteristic purplish mudstone. Disconformity at

255-360
top marked by 6-ft limy bed containing shale fragments.

restricted

Upper
Triassic

Shinarump member

Sandstone, greenish-gray,.fine- to coarse-grained, crossbedded;
locally conglomeratic. Forms ridge.

40-60

Disconformity

Upper red member

Siltstone and mudstone, red-brown, with beds of gray-white
gypsum and resistant light-brown siltstone. Forms strike
valley with Shnabkaib and middle red members.

515+

Shnabkaib member

Siltstone and mudstone, light- to olive-gray; intercalated with
beds of red-brown mudstone. Gradational with underlying
and overlying units.

320L|

Triassic

Middle red member

370=+| Siltstone and mudstone, red-brown, and a few beds of gray-white
gypsum.

Moenkopi formation

Virgin limestone member

Limestone, fine-grained to aphanitic, and silty shale. Fossilif-
erous. Less calcareous, more gypsiferous towards top. Forms
conspicuous ridge.

133+

Disconformity:
Lower red member

4544 Siltstone and mudstone, red-brown, with intercalated gypsum
in wafer-thin layers.

Lower and Middle(?) Triassic

Timpoweap member

102+| Limestone and shaly limestone, yellowish, fossiliferous, resistant.
Crops out at base of Hurricane Cliffs south of Shurtz Creek.

614092 O -62 -2
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TRIASSIC.SYSTEM
MOENKOPI FORMATION

The Moenkopi formation of Early and Middle(?)
Triassic age includes the oldest rocks exposed in the
Cedar Mountain quadrangle. It crops out in a belt
145 to 1 mile wide along the base of the Hurricane
Cliffs where the beds are folded and faulted, or steeply
dipping.

The formation is made up of six distinctive members,
which differ markedly in lithology, color, and re-
sistance to erosion. These differences, which are sum-
marized in table 1, give rise to the ridges and
variegated slopes that characterize outcrops of the
formation in the Cedar Mountain quadrangle.

A detailed account of the regional stratigraphy and
history of the Moenkopi formation is contained in a
report by McKee (1954).

As noted by McKee, the Moenkopi thickens from
east to west across northern Arizona and southern
Utah. The sediments were derived from the east and
deposited in shallow waters on a westward-sloping
flood plain. The Moenkopi formation is thus thicker
and more diversified in southwestern Utah than it is
in areas to the east. In the Cedar Mountain quad-
rangle it includes both marine units, represented by
the Timpoweap and Virgin limestone members, and
nonmarine units, represented by the mudstone and
siltstone members.

The three lower members of the Moenkopi, which
are based on pronounced lithologic differences, are
shown separately on the geologic map (pl. 1), but the
three upper members, which are based on color dif-
ferences, are shown as a single unit because of the
difficulty of establishing in the disturbed rocks map-
pable boundaries at the base and top of the dominantly
white Shnabkaib member. The six members are dis-
cussed in greater detail under separate headings below.

TIMPOWEAP MEMBER

The Timpoweap member was first defined by Reeside
and Bassler (1922, p. 60) and given the name “Rock
Canyon” member. Gregory (1948, p. 225-226; 1950b,
p. 54-60) later redefined the unit and assigned the
name Timpoweap, which has now become firmly fixed
in the geologic literature. In areas south of the Cedar
Mountain quadrangle, where the full thickness of the
Timpoweap is exposed, it consists of a variable and
erratic sequence of conglomerate, limestone, and shale
that is 0 to 450 feet thick (Gregory, 1950a, p. 31-33;
Gregory and Williams, 1947, p. 224-226). In the Cedar
Mountain quadrangle the upper part of the membeér
crops out in valley bottoms at the base of the Hur-
ricane Cliffs, but the lower part is below drainage.

The best exposure of the member is about 0.3 of a
mile southwest of Shurtz Creek where the visible
upper part of the member is 102 feet thick. At this
locality the Timpoweap dips uniformly eastward
toward the Hurricane Cliffs, whereas farther south
the member is folded and broken by minor faults sub-
sidiary to the Hurricane fault zone. At the locality
south of Shurtz Creek the Timpoweap member con-
sists of a basal fossiliferous limestone unit 15 feet
thick, overlain by a sequence of yellowish calcareous
shale and thin fossiliferous limestone beds 87 feet
thick. A section measured at this locality is given
below :

Section of Timpoweap member in SWY sec. 9, T. 37 8., R. 11 W,
0.3 of a mile southwest of Shurtz Creek
Triassic:
Lower red member of Moenkopi formation.
Timpoweap member of Moenkopi formation:

1. Limestone, fossiliferous; in beds 2 to 6 in. thick;
and gray shale. Forms bench. Weathered
slopes have a brown tinge, derived by com-
mingling of shale fragments from beds in over-
lying lower red member___________________ 16

2. Shale, calcareous, thin-bedded, gray.
tains a few 2- to 3-in. beds of dark-gray fos-
silferous limestone. Has superficial brown
color on weathered slopes like unit 1________ 11

3. Mostly concealed, presumably gray shale. Has
superficial brown color like units 1 and 2.

Feet

Radioactivity 1% times background. . ______ 16
4. Limestone, thin-bedded, shaly, fossiliferous.
Weathers yellow. Formseliff ____________ 22

5. Concealed. Yellowish weathered slopes cov-
ered with rubble of thin-bedded shaly lime-
stone. Basal part radioactive, 134 times back-
ground__________________________________ 22

6. Limestone, fossiliferous, finely crystalline, yel-
lowish-gray; in beds 1 to 3 ft thick. Con-
spicuously veined with calcite. Weathers to
irregular rubble . __ ___________________ . _ 15

Total, exposed thickness_ ___ ____________________
Base concealed by fault.

The limestone at the base of the member resembles
the underlying Kaibab limestone in appearance, and
the distinction between the two is based on dif-
ferences in age as determined by fossils. Fossils in
the Kaibab limestone, which is exposed a few miles
south of the Cedar Mountain quadrangle, are clearly
of Permian age, whereas those in the Timpoweap are
clearly of Triassic age. Lists of representative species
in the two units are given in a report by Gregory
(1950b, p. 54, 63).

LOWER RED MEMBER

The lower red member of the Moenkopi formation
is a sequence of soft, reddish-brown silty shale and
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Unit 8 is a thin-bedded fossiliferous limestone and
siltstone sequence, about 70 feet thick, which is
markedly less resistant than other units in the Carmel.
It forms the base of the slope above the lowermost
cliff-forming ledge of the Carmel, and is responsible
for a saddle on the point in secs. 11 and 14, T. 37 S,,
R. 11 'W., north of Shurtz Creek. A collection of
mollusks taken from unit 3 at this locality by Ralph W.
Imlay and the writer (USGS Mesozoic locs. 25672,
26309) is said by Imlay (written communication, Octo-
ber 3, 1955) to be the same as the assemblage occurring
in the lower 14 to 14, of the Carmel in the San Rafael
Swell. The species making up this collection are
listed below:

Astrocoenia cf. A. hyatti Wells (worn fragments)
Pentacrinus asteriscus Meek and Hayden
Ostrea Sp.
Plicatula sp.
Nucula sp.
Trigonia conradi Meek and Hayden
americena Meek
Lima (Plagiostoma) occidentalis Hall and Whitfield
Camptonectes platessiformis White
Ctenostreon sp.

In the Iron Springs district to the west unit 3 has
been termed the siltstone member of the Carmel by
Mackin (1954).

Unit 4 consists of a lower sequence of very thin-
bedded argillaceous light-gray slope-forming limestone
107 feet thick, and an upper sequence of somewhat
thicker bedded light-gray cliff-forming limestone 127
feet thick. This cliff-forming limestone is the upper-
most of the two main ledges shown in figure 9. Unit 4,
which in the accompanying section is 234 feet thick,
has been recognized in the Iron Springs district to the
west, and is there termed the Homestake limestone
member of the Carmel.

The contact between units 1 and 2 is sharp and dis-
tinct; it has little value in geologic mapping, however,
for it is generally concealed in a weathered slope and
is, in any event, too near the top of the Navajo sand-
stone to have structural significance. The contacts
between the upper units are gradational and cannot be
traced precisely in all parts of the quadrangle, though
the individual units can be recognized.

Like most of the rocks in the Cedar Mountain quad-
rangle, the Carmel formation was deposited in fairly
shallow water as evidenced by the very thin bedding,
which suggests rhythmic seasonal deposition, and by
local ripple and current marks. The Carmel is overlain
conformably by the Entrada sandstone.
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ENTRADA SANDSTONE

The Entrada sandstone of Late Jurassic age is
nowhere exposed in the Cedar Mountain quadrangle.
Its position in the stratigraphic sequence is well
marked, however, by weathered red-brown slopes,
which separate the gray cliffs of the underlying Car-
mel formation from the white cliffs of the overlying
Curtis formation. Its probable relation to the Carmel
formation and to the Entrada of the Colorado Plateau
has been discussed previously in the section on the
Carmel formation.

Although the Entrada sandstone is not visible for
study in the Cedar Mountain quadrangle, it is well
exposed in the canyon of Coal Creek, about 3 miles
north of the quadrangle, and in the cliffs at the head
of Squaw Creek, 2 miles north of the quadrangle in
sec. 24, T. 36 S., R. 11 W. Sections measured at these
localities by Williams (Gregory, 1950a, p. 80, 83)
show the formation to be 157 and 155 feet thick, re-
spectively.

South of the Cedar Mountain quadrangle, the
Entrada is reported to be somewhat thicker. On the
divide between Deep and Crystal Creeks, sec. 2 and 11,
T. 39 S., R. 10 W., it is 224 feet thick, and in Taylor
Creek, T. 38 S., R. 12 W, it is more than 200 feet
thick (Gregory, 1950a, p. 89, 93). The Entrada is at
least 150 feet thick in the Cedar Mountain quadrangle,
and it may well be 170 to 200 feet thick.

Where exposed in Coal Creek, the Entrada consists
of very fine grained reddish-brown sandstone and silt-
stone, intercalated with red-brown mudstone. The
beds of sandstone and siltstone, which make up the
greater part of the total thickness, are typically about
1 foot thick, but locally may be as much as 5 feet
thick. The sandstone is loosely cemented with gypsum,
and contains a few white beds. The mudstone contains
thin layers and veinlets of gypsum. The sandstone
beds disintegrate almost as readily as the mudstone
beds, and even in good exposures many of the features
of the formation are obscured by the disintegration
products.

The Entrada sandstone is conformable with the
underlying Carmel formation, but shows a slight
disconformity at the contact with the overlying Curtis
formation.

CURTIS FORMATION

The Curtis formation of Late Jurassic age is com-
posed largely of massive gypsum, a hydrous calcium
sulfate (CaSO, - 2H.0), which crops out locally as
a sparkling white cliff or erodes to form a slope covered
with white gypsum boulders. In detail, it consists of
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a lower gypsiferous unit 100 to 110 feet thick, and an
upper unit about 30 feet thick, composed of thin-
bedded hard shaly limestone, similar to that in the Car-
mel formation. Some of the limestone beds show ripple
marks. The probable relation of the Curtis formation
of southwestern Utah to the Carmel formation and to
the Curtis formation of the Colorado Plateau has been
discussed in the section on the Carmel formation.

At the base, the gypsum tends to be bedded and
contains thin beds of limestone and gypsiferous shale,
but, in general, the gypsum is highly contorted and
seems to be a single incoherent mass. In other parts
of Iron County a central unit of red and brown sand-
stone 6 to 30 feet thick lies between the gypsum and
the limestone (Gregory, 1950a, p. 41), but this was
not observed in the Cedar Mountain quadrangle.

The formation is about 140 feet thick in the Cedar
Mountain quadrangle, which compares closely with
measurements of 128 feet in Coal Creek 3 miles north
of the north boundary of the quadrangle, and 137 feet
in Spring Canyon 1 mile west of the southwest corner
of the quadrangle (Gregory, 1950a, p. 80, 85).

The Curtis lies with a slight disconformity on the
underlying Entrada sandstone, but is conformable
with the overlying Winsor formation.

Data on the possible commercial use of gypsum
from the Curtis formation are given on page 64.

WINSOR FORMATION

The Winsor formation, which is assigned provision-
ally to the Upper Jurassic System, was defined and
named by Gregory (1950b, p. 96-98) from outcrops
near Winsor Cove 3 miles southwest of Mount Carmel
in Kane County. It is very poorly exposed in the
Cedar Mountain quadrangle, but its position in the
stratigraphic sequence is clearly marked by sporadic
outcrops of grayish-orange to red-brown sandstone and
by persistent reddish-brown slopes overlying the Curtis
formation.

The Winsor formation probably is equivalent to the
uppermost part of the Carmel formation of the
Colorado Plateau (p. 19). If this correlation be-
comes firmly established, the Carmel, Entrada, Curtis,
and Winsor formations of the Cedar Mountain quad-
rangle and southwestern Utah will have to be regarded
as a single thick formation that is equivalent in age
to the thin Carmel formation of the Colorado Plateau.

The best exposures of the Winsor formation are just
south and west of the southwest corner of the quad-
rangle, in sec. 18, T. 38 S., R. 11. This area is best
shown on the topographic map of Zion National Park.
At this locality the Winsor is 300 to 320 feet thick and

consists of a sequence of alternating fine-grained even-
bedded sandstone and mudstone in beds ranging in
thickness from a few inches to more than 40 feet, but
typically ranging from 1 to 3 feet. About two-thirds
of the total thickness, including most of the thicker
beds, is sandstone, and about one-third is mudstone.
In addition, the sequence includes a few thin stringers
of gypsiferous mudstone and a few layers of very
coarse sandstone and pebble conglomerate.

The formation is typically reddish brown in overall
appearance, but the sandstone beds range in color
from light gray through various shades of pale orange
and red to reddish brown, and the mudstone beds
range from pale green to red brown. In general, the
lower half of the formation is lighter than the upper
half. In fresh exposures the formation appears
strongly layered, with individual layers, typically 1
or 2 feet thick, set apart by differences in texture and
by color. (See fig. 10.)

The Winsor formation is conformable with the
underlying Curtis formation and is overlain uncon-
formably by sandstone and shale of the Tropic forma-
tion of Late Cretaceous age. The contact with the
Tropic formation is marked in some places by a re-
sistant 10-foot conglomerate bed with 4-inch cobbles,
at others by thinner uncemented conglomerate with
smaller pebbles, and at others by little more than a
weathered zone. In Green Hollow just north of the
north boundary of the guadrangle and in Coal Creek
Canyon about 3 miles north of the north boundary,
the contact is characterized by a zone of light-gray
and purplish mudstone several feet thick resembling
sedimentary material from the Winsor formation that
was reworked by the advancing Cretaceous sea.

A section of the Winsor formation measured at the
head of Pine Hollow is given below:

Section of the Winsor formation at head of Pine Hollow, a tributary
of La Verkin Creek, NE. cor. sec. 18,T. 38 S., R. 11 W.

Cretaceous: Tropic formation.

Unconformity marked by 6-in. layer of yellow sandstone, which
grades laterally within about 20 ft into a 6-in. pebble con-
glomerate layer.

Jurassic:

Winsor formation: Feet
1. Concealed. Largely sandstone like unit 3. 22

2. Mudstone, pale green____________________ 1
3. Sandstone, fine-grained, reddish-brown_____ 9
4. Mudstone, reddish-brown and pale-green;

in alternating layers 6 in. to 1 ft thick___._. 19

5. Sandstone. fine- to medium-grained, reddish-
brown; in beds 2 to 5 ft thick, separated
by 1- to 3-in. stringers of mudstone__.___ 25
6. Mudstone, reddish-brown.________________ %
7. Sandstone, fine-grained, pale-red (10R 6/2)__ 6
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Fossils of marine, brackish- , and fresh-water origin
have been collected at various places both vertically
and horizontally throughout the Tropic formation.
(See Richardson, 1927; Gregory, 1950a, p. 55, and
1950b, p. 104). These fossils and the enclosing sedi-
ments provide evidence of many changes in sea level
and position of the shoreline in Tropic time (Spieker
and Reeside, 1926; Gregory, 1950b, p. 102-105). In
general, the lower part of the formation was deposited
in brackish water very near shore, as evidenced not
only by fossils of brackish-water origin, but also by
local conglomerate beds and crossbedded sandstone.
Higher in the formation the fossils are dominantly
of marine origin, and the characteristic sedimentary
material is shale, representing deposition farther from
shore.

The maximum westward advance of the Upper
Cretaceous sea probably took place during the middle
or upper middle part of Tropic deposition. The major
eastward retreat of the sea began in late Tropic time,
and continued throughout deposition of the Straight
Cliffs sandstone, which represents a major return to
near-shore type of deposits. However, the major ad-
vance and retreat of the sea was greatly complicated
by many minor short-term oscillations of sea level,
which are primarily responsible for the heterogeneous
nature of the formation.

Each of the several coal zones in the Tropic forma-
tion, for example, records a minor eastward retreat of
the sea, which created for a short time the near-shore
swampy environment necessary for plant accumula-
tion. The marine marl or shale overlying each coal
zone records a relatively rapid westward advance of
the sea, terminating plant accumulation.

Because of the high percentage of shale in the
Tropic formation it weathers to relatively smooth
slopes below the cliffs of the more resistant Straight
Cliffs sandstone. These weathered slopes are remark-
ably unstable and have given rise to numerous land-
slides. The largest and most conspicuous slide in the
area is the mile-long tongue of debris from the Tropic
formation in Green Hollow just north of the Cedar
Mountain quadrangle, which extends from near the
top to the base of the Hurricane Cliffs, obscuring all
the older formations. Elsewhere, most of the outcrop
of the Tropic formation is largely concealed by slump
and landslide material, which ranges in thickness from
10 to about 50 feet, measured normal to the slope, and
by a thick growth of scrub oak, which is more
abundant on the Tropic formation than on other
formations in the stratigraphic sequence.

The Tropic formation is partly exposed in an un-
disturbed condition at only three places in the Cedar
Mountain quadrangle: (1) on the ridge between the
forks of Shurtz Creek in secs. 13 and 14, T. 37 S.,
R. 11 W.; (2) on the ridge below Graff Point in the
center of sec. 29, T. 37 S, R. 11 W.; and (3) on
the northwest and southwest slopes of Bean Hill in
sec. 8, T. 38 S., R. 11 W. It is best exposed at the
second locality where the following section was meas-
ured :

Section of Tropic formation on point in the center of sec. 29, T. 37
8., R. 11 W., just above the Kanarra Mountain road

Cretaceous:
Straight Cliffs sandstone.
Tropic formation:
1. Upper Culver coal zone. Not exposed;  Feet
thickness includes shale partings_ ___._____ 12
2. Largely concealed. Mostly shale with a few
2- to 10-ft beds of sandstone____________ 373
3. Sandstone, fine-grained_- - _ . ______________ 6
4, Largely concealed. Contains several 5-ft
beds of sandstone, but shale is at least
two-thirds of total_____________________
5. Sandstone, fine-grained, thin-bedded. Top
bed 1 ft thick, others 2to4in. _________ 6
6. Shale, dark-gray to light olive-gray (57
5/2); some red brown. Contains 2 or 3
thin beds of fine-grained sandstone______ 35
7. Sandstone, fine- to medium-grained, arkosic,
pale yellowish-orange (10YR 8/8); in beds
1 to 3 ft thick. Thins in both directions

140

along strike__________________________. 16

8. Shale, light- to dark-gray, with carbonaceous
shale zone 1 ft thick near top__.________ 22

9. Sandstone, fine- to medium-grained. Lay-
ers 21in. thiek_________________________ 7
10. Concealed_.___________ .. 9

11. Sandstone, fine- to medium-grained, thinly
laminated. No outerop, but strong line
of slumped blocks ____ ... ___ 2
12. Concealed slope. Largely sbale, but may
contain a few beds of sandstone 1 ft or

less thiek ____ . 75
13. Shale, light- to medium-gray__._.___ - 6
14. Shale, carbonaceous . - _____________. - 2

15. Shale, light-gray to olive. Sandy at base. . 15
16. Sandstone, fine- to medium-grained, pale
yellowish-orange (10YR 8/4); in beds 1 to

2ft thick_ . 7
17. Concealed ____ _ ___ o __ 40
18. Sandstone, fine-grained, pale yellowish-

orange (10YR 8/4) . _ . ______________-- 2
19. Shale, light- to dark-gray, with 2-ft zone of

carbonaceous shale in middle_ . _________ 13
20. Sandstone. Like unit 18___._____________ 2
21. Conecealed___ __ e 17
22. Sandstone. Like unit 18_________________ 2

23. Shale, light olive-gray (5Y 5/2) to dark-
gray, with some carbonaceous shale in
float . _ e 18
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Cretaceous—Continued
Tropic formation—Continued Feet

24. Sandstone, fine- to medium-grained; with
few thin coarse-grained layers; arkosic;
minor small-seale crossbedding; grayish-
yellow (5Y 8/4) to pale yellowish-orange
(10YR 8/6). Beds 5 to 10 ft thick, sep-
arated by thin shale beds_______________ 80

25. Concealed slope. Largely shale, but expo-
sures elsewhere show thick sandstone at
base. The section in Shurtz Creek con-
tains two 40-ft sandstone beds at base,
overlain by a shale and mudstone sequence

in which red mudstone is conspicuous._._ 160
26. Conglomerate, mostly chert and quartzite
in pebbles typically 1 to 2 in. across, but

with cobbles as much as 4 in. across_____ 5

Total, Tropic formation________ .. _____________ 1,072

Winsor formation.
STRAIGHT CLIFFS AND WAHWEAP SANDSTONES

The Straight Cliffs and Wahweap sandstones, which
overlie the Tropic formation, were defined and named
by Gregory and Moore (1931, p. 100-104) from expos-
ures in the Kaiparowits region. In mapping areas to
the west, Gregory (1948, 1950a, 1951) treated the two
sandstone sequences as one undifferentiated unit be-
cause persistent regional changes in lithology obscured
the original boundary. On the geologic map (pl. 1)
the two formations are also undifferentiated for rea-
sons explained in the description of the Straight
Cliffs sandstone below. However, the absence of a
boundary between the two formations is of little con-
sequence in the Cedar Mountain area because the
Straight Cliffs sandstone crops out on a very steep
slope, and the upper boundary would lie very near
and parallel to the lower boundary. Nevertheless, the
two units exhibit differences in lithology and topo-
graphic expression that merit individual description.

STRAIGHT CLIFFS SANDSTONE

As here interpreted, the Straight Cliffs sandstone of
the Cedar Mountain quadrangle is about 600 feet thick.
It forms the uppermost ledges at the top of the Hur-
ricane Cliffs and the inner canyon walls of Crystal
Creek.

The Straight Cliffs sandstone consists of a sequence
of fine-grained massive marine sandstone beds inter-
calated with perhaps an equal amount of siltstone. The
sandstone beds, which form the conspicuous outcrops,
range in thickness from 5 to as much as 40 feet, but
are highly lenticular. The amount of sandstone in the
Straight Cliffs sequence seems to be greatest in the

.Hurricane Cliffs and at the head of Crystal Creek.
East of these points the sandstone seems to decrease,

and the bedding seems to become more uniform. Most
of the sandstone beds are friable, and the formation is
particularly difficult to core drill.

The Straight Cliffs sandstone also contains 4 or 5
layers of oyster shells, individually 1 to 6 feet thick,
distributed throughout the total thickness. Near the
base it contains a 20-foot sequence of shale and car-
bonaceous shale overlying the basal marine marl, which
was discussed above.

The Straight Cliffs sandstone is of late Colorado
(Niobrara) age and is roughly equivalent to the Blue
Gate shale of the Henry Mountains region and to the
middle part of the Mancos shale of Colorado (Cobban
and Reeside, 1952). Lists of representative fossils
from the Straight Cliffs sandstone are contained in
reports by Richardson (1927) and Gregory (1950a, p.
55-56; 1950b, p. 107).

In areas to the east Pillmore (1956) and Cashion
(1961) selected the top of the highest resistant sand-
stone bed in the sequence as the top of the Straight
Cliffs sandstone. This line has been traced from Pill-
more’s area westward about 2 miles into the Cedar
Mountain quadrangle, and is shown on the geologic
map (pl. 1) in secs. 6 and 7, T. 38 S., R. 10 W., on the
north side of Crystal Creek. This boundary cannot
be traced with certainty west of this general area.

Taking into account the different basal boundaries
selected for the Straight Cliffs sandstone in the Cedar
Mountain quadrangle and in the Orderville NW
quadrangle to the southeast (Pillmore, 1956), and the
uncertainty as to the upper boundary in the Cedar
Mountain quadrangle, the Straight Cliffs sandstone in
its gross aspects seems to maintain a fairly uniform
thickness of about 600 feet across the two quadrangles.

WAHWEAP SANDSTONE

Sandstone beds like those in the Straight Cliffs
continue without interruption into the overlying
sequence considered to be equivalent to the basal part
of the Wahweap sandstone; but the beds gradually
decrease in thickness, number, and resistance to erosion,
and a few hundred feet above the base the Wahweap
consists primarily of shale and siltstone.

In the section of the Straight Cliffs and Wahweap
sandstones the boundary between the two units was
selected at the top of the highest conspicuous resistant
sandstone bed in the sequence, and on this basis con-
forms, at least roughly, with the boundary selected by
Pillmore (1956) and Cashion (1961), which is shown
on plate 1 in secs. 6 and 7, T. 38 S., R. 10 W., on the
east side of the quadrangle. Using this boundary, the
part of the Walweap sandstone exposed in the Cedar
Mountain quadrangle is 987 feet thick. The contact
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between the Wahweap sandstone and the overlying
Kaiparowits formation lies several miles east of the
Cedar Mountain quadrangle and across a wide expanse
of deeply eroded canyons at the head of the Virgin
River drainage.

The Wahweap probably is of latest Colorado (Nio-
brara) age (Cobban and Reeside, 1952).

A section of the Straight Cliffs and Wahweap sand-
stones measured from a point on the east edge of the
quadrangle in sec. 20, T. 37 S., R. 10 W, up the west
fork of Urie Creek and down the divide north of the
road in Shurtz Creek is given below:

Partial section of Straight Cliffs ‘and Wahweap sandstones from
east edge of quadrangle in sec. 20, T. 37 S., R. 10 W., up west
fork of Urie Creek and down divide north of road in Shurtz Creek

Cretaceous:
Wahweap sandstone: Feet
1. Concealed. Mostly gray shale with a few
4— to 6-in. beds of sandstone_ _ _________ 182
2. Sandstone, fine- to medium-grained, soft,
friable, pale yellowish-orange (10YR 8/6).
Contains a few hard beds. Forms small

dunes here but not elsewhere_ _ _________ 15
3. Concealed_______._____________________ 64
4. Sandstone, fine-grained, arkosic, yellowish-

orange (10YR 7/6) ____ .. _____________ %
5. Concealed_ .. __________________________ 8
6. Sandstone, likeunit4____________________ 1%
7. Shale, gray .. ____________________.___ 1
8. Sandstone, like unit 4____________________ 1%
9. Shale, gray._ . _____.___ 1
10. Ledge containing abundant oyster shells___ 1
11. Concealed; largely shale__________________ 11
12. Shale, medium light-gray___._____________ 6
13. Shale, carbonaceous_ . ___________________ 1
14. Concealed; mostly gray shale_____________ 21

15. Marly clay, dark yellowish-brown (10YR
4/2). Contains fossil fragments plus

oystershells_______________ ___________ 2
16. Shale, carbonaceous_ . ___________________ 2
17. Shale, light brownish-gray (5YR 6/2) ______ 7
18. Limestone, argillaceous, yellowish; no fossils. 1
19. Shale, gray._____________________________ 6
20. Shale, carbonaceous. Radioactivity 2.2

times background. - ___________________ 2

21. Coal. Radioactivity 2.2 times background.
22. Shale, carbonaceous, with coaly streaks.

o
W

Radioactivity 2.2 times background_ ____ 214
23. Clay, orange-yelow_________________.____ 14
24. Coal. Radioactivity 2.9 times background.. %
25. Shale, carbonaceous. Radioactivity 2.2
times background _ _ ________________.__ 2
26. Shale, light olive-gray (5Y 6/1). Radio-
activity 1.9 times background____._______ 4
27. Sandstone, thin-bedded, fine~- to medium-
grained, arkosic, grayish-yellow (5Y 8/4)
to pale yellowish-orange (10YR 8/6).
Radioactivity 1.6 times background_____ 1
28. Shale, light olive-gray (5Y 6/1). Radio-
activity 2.0 times background. .. _______ 3
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Cretaceous—Continued
Wahweap sandstone—Continued Feet

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Clay, marly, dark yellowish-brown (10YR
4/2). Contains white fossil fragments.
Radioactivity 1.7 times background._.___ 2
Shale, carbonaceous, with coaly streaks.
Radioactivity 2.2 times background_____ 14
Shale, brown, clayey. Radioactivity 2.2
times background. _ . _________________ 1
Concealed. Radioactivity 1.7 times back-

Sandstone, fine- to medium-grained, arko-
sie, grayish-yellow (5Y 8/4) to pale
yellowish-orange (10YR 8/6). Radioactiv~
ity 1.4 times background._______________ 2
Concealed. Probably gray shale. Contains
few oyster shells in float. Radioactivity

1.4 times background._._.________.____. 5
Ledge containing abundant oyster shells.
Radioactivity 1.4 times background_.____ 1
Concealed. Probably gray shale. Radio-
activity 1.4 times background. . ________ 2
Ledge containing abundant oyster shells
Radioactivity 1.4 times background._____ 3

Concealed. Mostly soft gray shale with
few thin beds of fine-grained sandstone
and ledges of oyster shells. Thickness
calculated from width of outerop versus

Sandstone, fine-grained, very pale orange
(10YR 8/2); in beds 1 in. to 1 ft thick;
outerop inconspicuous; some oyster shells. 12

Concealed, dark soil. Probably carbona-
ceous shale and gray shale with a few
thin, 2- to 4-in. beds, of sandstone______ 37

Total, Wahweap sandstone, measured.__________ 987
Straight Cliffs sandstone:

41.
42.

44,
45.
46.
47.

48.
49.

50.

51.

52.

53.
54.

Ledge containing abundant oyster shells_.__ 3

Sandstone, fine-grained, thin-bedded, very
pale orange (10YR 8/2), laminated at
top, massive at base. Contains a few
medium- to coarse-grained layers in upper

part of massive beds______.____________ 43

. Coneealed__________________________.___ 75
Sandstone, fine-grained__ . _______________ 2
Concealed________ ... 3
Ledge containing abundant oyster shells___ 5

Sandstone, fine-grained, very pale orange
(10YR 8/2); in beds 1 to 5 ft thick.
Contains a few oyster shells. Forms

conspicuous outerop_ - _____ 59
Coneealed______ . ___.._ 90
Sandstone containing oyster shells. Forms

ledge el 6
Sandstone, fine-grained; in beds 1 to 2 ft

thick, and shale; partly concealed_______ 33

Sandstone, fine-grained, dense, very pale
orange (10YR 8/2);in beds a few inches to
5 ft thick. Contains many oyster shells_. 27

Concealed__ . __ ... 48
Ledge containing abundant oyster shells__._ 1
Sandstone, fine-grained, very pale orange

(10YR 8/2); in beds 4 in. to 1 ft thiek;
partly concealed..____ . ____________..._- 13
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Cretaceous—Continued
Straight Cliffs sandstone—Continued Feet
55. Concealed___ __ o ____ 11
56. Sandstone, fine-grained, dense, very pale
orange (10YR 8/2); in massive beds 5 to 10 ft

thick. Forms conspicuous outerop.___.__ 40
57. Concealed___ . ________________________.___ 65
58. Concealed. Heavy float of oyster shells.___ 8

59. Sandstone, fine-grained, very friable, very pale
orange (10YR 8/2); some crossbedding; in
beds 6 in. to 5 ft thick. Does not form
ledge - - - 18

60. Coneealed. - ___________________________ 7

61. Sandstone, very fine grained, very pale yellow-

62. Concealed. Probably soft marl and siltstone. 40

Total, Straight Cliffs sandstone___________________
Tropic formation.

IGNEOUS ROCKS

About one-fifth of the area of the Cedar Mountain
quadrangle is covered by thick olivine basalt flows and
associated cinder cones, which are conspicuous features
of the landscape. Three small obscure outcrops of
several varieties of older volcanic rocks of intermediate
to acid composition are also present. The basalt is very
resistant to erosion, and has produced many sheer
cliffs and an equal number of large talus slopes.
Boulders and cobbles of basalt and older volcanic
rocks form a considerable part of the material in pedi-
ment, fanglomerate, and stream-channel deposits, and
thus are to be found in all parts of the quadrangle.

OLDER VOLCANIC ROCKS

Outerops of older volcanic rocks of early Tertiary
age, and of intermediate to acid composition, are
present at three small exposures in the Cedar Mountain
quadrangle. Two of these exposures lie very close
together on the North Hills at the base of the Hurri-
cane Cliffs, and the third lies about 6 miles to the east
and about 3,000 feet higher on the Kolob Terrace. The
igneous rocks at the two localities are different in type
and origin, and must be described separately.

WELDED TUFF DEPOSITS ON THE NORTH HILLS

Two small outcrops of welded tuff are partly
exposed below gravel of the fanglomerate on the
North Hills in the SW1, sec. 5, T. 37 S., R. 11 W. The
tuff in the northern outcrop is apparently the same as
Member D of the tuff sequence described by Mackin
(1954) in the Granite Mountain area of the Iron
Springs district to the west. The tuff in the southern
outcrop is apparently the same as Member E, which
overlies Member D in the Granite Mountain area.

KOLOB LATITE

The third occurrence of older volcanic rock in the
Cedar Mountain quadrangle is a small outcrop of
porphyritic quartz latite that is exposed on the Kolob
Terrace on the west side of Urie Creek near the center
of sec. 17, T. 37 S., R. 10 W. At this point the quartz
latite lies below a thick flow of younger basalt, which
forms an extensive lava plateau on the west side of
Urie Creek.

The latite, here named the Kolob latite, is evidently
the lower part of an early and once more extensive lava
flow, or series of flows, that originated east of and
higher than the present outcrop, as evidenced by many
boulders of this rock in surficial deposits east of the
Cedar Mountain quadrangle.

The shape of the outcrops of both the quartz latite
and the overlying basalt suggest that they occupy a
former stream channel that drained either to the north
or west.

The Kolob latite exhibits many conspicuous pheno-
crysts of plagioclase and small amounts of ferromag-
nesian minerals in a fine-grained matrix. The
plagioclase phenocrysts, which comprise 40 to 45 per-
cent of the rock, are light gray and of intermediate
lime-soda (Abs—An;) composition. A few of the
crystals are zoned. The individual crystals range
typically from 2 to 5 mm in the long dimension, but a
few are as much as 1.5 cm long.

The ferromagnesian minerals consist of euhedral
crystals of augite and biotite. Both of these minerals
show partial alteration to magnetite, hematite, and
chlorite. The biotite is the more highly altered of the
two, and exhibits pronounced reaction rims. Accessory
minerals are magnetite and apatite.

The matrix is a microgranular intergrowth of quartz
and orthoclase.

The percentage distribution of each of the several
major components of the rock is about as follows:

Percent

Matrix (quartz and orthoclase) .. ... _____ 45-50
Plagioclase (Abs—Ang) - ___ _______________ 40-45
Augite o _____ 4- 6
Biotite . _ .. 2- 4

The weathered surface of the rock is light gray or
pinkish gray, and exhibits a rough granitelike texture.
The porphyritic character is not readily apparent be-
cause of the preponderance of phenochrysts. A few of
the large crystals of plagioclase, which are conspicuous
and diagnostic features of the rock, are visible on most
large surfaces.

As determined by the distribution of residual
boulders in surficial deposits, the Kolob latite was
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on the extreme east edge of the quadrangle. This small
outcrop is noteworthy, both because it is remote from
other areas of voleanic activity and because it is near
the bottom of a deeply incised valley where erosion
is most vigorous. Considering its exposed location
and small size, it is likely that this is the most recent
manifestation of volecanic activity in the quadrangle.

SURFICIAL DEPOSITS

The Hurricane Cliffs and the Kolob Terrace have
been subjected to intermittent uplift and continued
erosion since early Tertiary time. The erosion has
progressed at a very rapid rate as a consequence of the
pronounced elevation of the upthrown block, which is
9,000 feet or more above sea level over most of the
area of the Kolob Terrace. One of the more interest-
ing products of the downcutting, other than the
conspicuous cliffs and canyons, is the vast quantity of
clastic material, including silt, sand, gravel, cobbles,
and boulders, that has been transported and re-
deposited in various parts of the quadrangle.

This material occurs as isolated and abandoned
stream-channel deposits and as ancient pediment de-
posits on the highest parts of the Kolob Terrace; as
a gravel covering of a pedimentlike surface in the
Shurtz Creek valley; as bolson and fanglomerate de-
posits in the Cedar City Valley; and as talus, land-
slide debris, and Recent alluvium in various parts of
the quadrangle.

ABANDONED STREAM-CHANNEL DEPOSITS ON
KOLOB TERRACE

Lying generally east of the Cedar Mountain quad-
rangle, but extending a short distance into the eastern
part of the quadrangle, is a system of long, narrow
ridges capped with gravel that are interpreted as
abandoned stream channels. The largest abandoned
stream channel within the boundaries of the Cedar
Mountain quadrangle crops out in the south half of
sec. 17, T. 37 S, R. 10 W. (See pl. 1.)

The material in this deposit ranges in size from
small pebbles to boulders 10 to 12 feet in diameter.
The pebbles and cobbles are well rounded, the small
boulders are subrounded, and the large boulders are
subangular to angular. The material was derived from
the Kaiparowits formation of latest Cretaceous age,
the Wasatch formation of early Eocene age, and the
Kolob latite of early Tertiary age. Basalt is not
present. The deposit disappears beneath basalt in the
SW14 sec. 17 and is therefore older than basalt. It
is considered to be of middle to late Tertiary age.
The channel was undoubtedly formed at or near the
base of the Wasatch Cliffs at a time when they stood

about 5 miles west of their present position.

Other channel deposits shown on plate 1 are much
younger. They a1l contain basalt, and are related to the
present erosion cycle.

ABANDONED GRAVEL-COVERED PEDIMENT ON
KOLOB TERRACE

In secs. 2, 3, 4, and 10 of T. 37 S., R. 10 W, less
than a mile east of the Cedar Mountain quadrangle, is
the lower west end of a high gently sloping gravel-
covered pediment. Like the abandoned stream-channel
deposit in sec. 17, the pediment is a relic of an earlier
erosion cycle, and is also of middle to late Tertiary
age. The pediment formerly extended westward into
the east edge of the Cedar Mountain quadrangle as
evidenced by the unusual concentration of quartzite
cobbles along the road in sec. 8, T. 37 S., R. 10 W.

FANGLOMERATE DEPOSIT AT NORTH HILLS

The fanglomerate deposit at North Hills caps a low
hill at the base of the Hurricane Cliffs in the north-
west corner of the Cedar Mountain quadrangle (pl. 1).
The deposit, covers an area of about 1 square mile in
the quadrangle and several square miles west of the
quadrangle. The fanglomerate material ranges in size
from small pebbles to boulders as much as 10 feet in
diameter and ranges in composition from the Navajo
sandstone to the Kolob latite. Particularly abundant
and conspicuous in the fanglomerate are cobbles and
boulders of limestone of the Wasatch formation and
Kolob latite and cobbles of quartzite from conglom-
erate beds in the Kaiparowits formation. Except
for small amounts of material from the Navajo sand-
stone and the Carmel formation, the fanglomerate
material closely resembles in both composition and
texture material in the abandoned stream-channel
deposit in sec. 17, T. 37 S, R. 10 W., which was
described in preceding paragraphs. Like the stream-
channel deposit, the fanglomerate deposit does not
contain basalt.

Material from the Hurricane Cliffs is no longer
being deposited on the North Hills deposit. As shown
on plate 1, the deposit is faulted on the east side and
is separated from the Hurricane Cliffs by a down-
faulted alluvial valley 14 to 1 mile wide. The deposit
is now being actively eroded by minor intermittent
streams. Murie Creek, which issues from the Hurri-
cane Cliffs near the head of the deposit and which
is an obvious source for the constituent fragments of
the Carmel formation and the Navajo sandstone, now
skirts the deposit on the south side.

It is immediately apparent that the major part of
the gravel deposit was not transported by the present
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Murie Creek because it heads in areas of basalt and
in rocks of Cretaceous age and does not have access
to the Kaiparowits or Wasatch formation or to the
Kolob latite. However, evidence for the existence
of an older stream ancestral to the present Murie
Creek is well preserved in the geology and topography
of the quadrangle.

ANCESTRAL MURIE CREEK

The headwaters of ancestral Murie Creek are de-
fined by the barbed drainage at the head of Crystal
Creek. As shown clearly by the detailed topography in
the southeastern part of the quadrangle, several of the
headward tributaries of Crystal Creek flow first to the
west or north, then turn abruptly about 90° and flow
to the south or east. These tributaries formerly flowed
westward, but were captured by the headward ero-
sion of the more vigorous Crystal Creek. This act
of stream piracy must have taken place in late Ter-
tiary time because after being diverted the new tribu-
taries of Crystal Creek cut down many hundreds of
feet and were later filled by basalt of Quaternary age.

A second line of evidence is found in the branch-
like pattern of the basalt flows emanating from Co-
op and Pine Spring Knolls. These flows bifurcate first
in secs. 21 and 28, T. 37 S, R. 11 W, and again in
sec. 2, T. 38 S., R. 11 W., and can easily be visualized
as filling the branches of a westward-flowing stream
of considerable proportions. The flow in secs. 1, 2,
and 12, T. 38 S., R. 11 W., slopes eastward, con-
forming to the reversal of drainage resulting from the
capture by Crystal Creek of the headwaters of ances-
tral Murie Creek, but it has preserved the ground plan
of the ancestral creek.

Basalt filling the channel of ancestral Murie (Creek
extends from sec. 12, T. 38 S., R. 11 W., to outliers
on the north side of the present Murie Creek in sec.
20, T. 87 S, R. 11 W. The filling took place in
Quaternary time. The present Murie Creek developed
later by erosion of beds on the south side of the basalt
filling the older channel. This interruption and south-
ward diversion of Murie Creek resulted in its de-
veloping the new course on the south side of the North
Hills deposit.

A final, less conclusive, line of evidence of an
ancestral Murie Creek is found in the small scattered
occurrences of boulders and cobbles in see. 7, T. 38
S., R. 10 W,, and in secs. 1, 2, and 12, T. 38 S,, R.
11 W, which are similar in composition to the aban-
doned stream-channel deposits to the east and north-
east, and to the fanglomerate at North Hills as
previously described. These scattered boulders are now

much lower topographically than the former head-
waters of ancestral Murie Creek. Presumably they have
been reworked and lowered as the topography has been
lowered by the headward erosion of Crystal Creek.
However, the presence of material similar in composi-
tion to the fanglomerate at North Hills in the head-
waters area of ancestral Murie Creek is in harmony
with the concept as developed by the stronger lines
of evidence.

In total, the three lines of evidence strongly suggest
that in late Tertiary time the ancestral Murie Creek
headed eastward to within a mile or so of the east
boundary of the quadrangle, and in the process of
growing to that length transported and deposited the
material in the North Hills fanglomerate. The capture
of the headwaters of ancestral Murie Creek by the
headwaters of Crystal Creek in late Tertiary time
slowed deposition of the fanglomerate at North Hills,
and subsequent filling of the channel of ancestral
Murie Creek by basalt terminated deposition of the
fanglomerate.

RELATION OF BASALT FLOWS TO FANGLOMERATE
DEPOSIT

As shown on plate 1, the fanglomerate material
at North Hills is largely interspersed with many small
isolated masses of basalt. Most of these masses dip
eastward at angles ranging from 10° to 20°, but a few
dip westward at comparable angles. The evidence is
clear that these many small masses of basalt were
part of a larger flow or flows that were faulted. Most
of the dipping masses are buried in gravel, but this
relation is most readily explained by assuming that
the basalt was deposited on top of the fanglomerate
and later broken by faulting, which disturbed both the
basalt and the underlying gravel.

At no place in the small area studied could it be
said with confidence that gravel lay in normal strati-
graphic succession upon basalt. On the other hand,
the nearly horizontal mass of basalt in the north-
east corner of the North Hills and others are clearly
on top of the gravel. Similarly, no cobbles or boulders
of basalt were observed in the gravel. On the basis
of this inconclusive evidence, it seems most likely that
the basalt was deposited on top of the fanglomerate
and is correspondingly younger.

Thomas and Taylor (1946, p. 34) have reported that
“just southwest of Cedar City, in sec. 15, T. 36 S., R.
11 W., the fanglomerate lies beneath, beyond, and
above the end of a basalt flow some 50 feet thick.” On
the basis of this evidence they conclude that the fan-
glomerate is “roughly contemporaneous with the basalt,
the deposition having perhaps been initiated before
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T. 37 S., R. 11 W.; in the head of Kanarra Creek in
secs. 4 and 5, T. 38 S., R. 11 W.; and on the west side
of Right Hand Canyon. Except for the small arcuate
slumped area in the southwest corner of sec. 13, T. 37
S., R. 11 W, this slumped material does not have the
distinctive topographic expression of the slide des-
cribed above, and for this reason has not been shown
as landslide breccia on the geologic map (pl. 1). How-
ever, most of the area of outcrop of the Tropic forma-
tion is concealed by such featureless slump material,
which may be 10 to 50 feet thick measured normal to
the slope. All the slumped areas in the Tropic forma-
tion are covered with a dense growth of vegetation,
which attests to the more abundant supplies of water
held in the slumped material.

Two other slumped areas are perhaps worthy of
mention. One in the SE14, sec. 9 and NE1 sec. 16, T.
38 S., R. 11 W., involves blocks of basal Straight Cliffs
sandstone, which have separated along joints and have
slumped southeastward as a result of movement in the
underlying Tropic formation.

Another slumped area is the slope southeast of The
Three Knolls in parts of secs. 25, 26, and 35, T. 37 S.,
R. 11 W. This area is about % mile wide and about 1
mile long and involves beds of the Wahweap sandstone
and volcanic ash from The Three Knolls. The slumped
material is largely overgrown with aspen, and the
boundaries are obscured by weathering.

ALLUVIUM

An area of several square miles between the base of
the Hurricane Cliffs and the east edge of the North
Hills is floored with alluvium. The alluvium is red
brown in color because Shurtz Creek and other smaller
creeks, which have supplied the material making up
the alluvium, have relatively large drainage areas in
the dominantly red-brown rock of Triassic age. At
the base of the Hurricane Cliffs the alluvium merges
imperceptibly with surface wash from the beds of
Triassic age, with the result that the line on plate 1
delimiting the edge of the alluvium is placed rather
arbitrarily at the break in slope.

The alluvium is composed largely of well-bedded
silt, but contains layers of sand, and, locally, gravel
that was deposited during periods of flood.

RECENT GULLYING

In common with most areas in the semiarid south-
west, the alluvium in the Cedar Mountain quadrangle
has been cut extensively by gullies during the last 50
to 70 years. The severity of such gullying is well
lustrated in sec. 5, T. 87 S., R. 11 W., at points where

the main road into the Cedar Mountain quadrangle
crosses the gully system of lower Shurtz Creek. In
this area, the main channel of Shurtz Creek 1s in a
narrow gully with vertical walls nearly 20 feet high,
which clearly reveal the sedimentary sequence in the
alluvium.
STRUCTURE

The Cedar Mountain quadrangle is divided structur-
ally into three parts: (a) the Hurricane fault zone
in the extreme northwest corner of the quadrangle,
which is part of the huge Basin and Range province
extending to the west and south; (b) the zone of de-
formed rocks in the Hurricane Cliffs, which merits
special description because most of the deformation
in the cliffs occurred before movement on the Hur-
ricane fault zone; and (c) the upland area at the
top of the Hurricane Cliffs, which is part of the Kolob
Terrace of the High Plateaus of Utah to the east.

HURRICANE FAULT ZONE

The Hurricane fault zone, which extends across the
northeast corner of the Cedar Mountain quadrangle,
is the most pronounced structural feature in southern
Utah. As described by Gardner (1941) it is a major
zone of rock dislocation, 170 to 200 miles long and
locally several miles wide, that extends in a generally
north-south direction from a point on the Colorado
River in Arizona to a point a few miles north of
Cedar City. The rocks on the east side of the fault
zone have been uplifted relative to those on the west
by amounts ranging from 1,500 feet at the south end
of the zone to at least 8,000 feet at the north end.
The east edge of the fault zone lies at the base of the
Hurricane Cliffs, which constitute the deformed and
eroded edge of the uplifted block.

In the Cedar Mountain quadrangle the Hurricane
fault zone is about 3 miles wide, extending from the
base of the Hurricane Cliffs westward beyond the
northwest corner of the quadrangle. On the basis of
mapping by Thomas and Taylor (1946, pl. 3; p. 51-57)
the zone includes about four major faults and about
three separate fault blocks, which have been down-
faulted differentially.

Three of the major faults in the Hurricane fault
zone cross the northwest, corner of the Cedar Mountain
quadrangle. The Hurricane fault proper, along which
most of the displacement has occurred, lies at the base
of the Hurricane Cliffs and marks the eastern margin
of the zone. This fault is in line with, and presumably
continuous with, the East Enoch fault of Thomas and
Taylor (1946, pl. 3).

The next fault to the west, here termed the “North
Hills fault,” marks the east edge of the North Hills.
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This fault is not exposed in the quadrangle, but its
presence is clearly indicated by the eastern dip of the
basalt on the west side of the fault and by the wide
alluviated valley between the North Hills and the
Hurricane Cliffs. The North Hills fault is in line with
the West Enoch fault of Thomas and Taylor and,
like it, is downthrown on the east side. The North
Hills fault must die out or join the Hurricane fault
a mile or so beyond the west edge of the quadrangle.
The downfaulted block between the Hurricane fault
and the North Hills fault, here termed the “North
Hills graben,” is comparable to, and may be continuous
with, the Enoch graben of Thomas and Taylor.

The next fault to the west, the Bulldog fault of
Thomas and Taylor (1946, pl. 3), crosses the extreme
northwest corner of the Cedar Mountain quadrangle,
but throughout this short distance lies below the North
Hills fanglomerate. Its presence and position have
been established by a zone of steeply dipping fanglom-
erate material in a small gravel pit in the NW1/, sec.
5, T. 837 S., R. 11 W, which is in line with the trace
of the fault as established by Thomas and Taylor
from evidence to the north and south.

The numerous broken and tilted masses of basalt
on the North Hills fanglomerate suggest that other
faults are present in the older rocks concealed beneath
the gravel. Similarly, other faults may be concealed
beneath the alluvium in the North Hills graben.

A suggestion of the complex structures that may
be below the alluvium in the North Hills graben is
found in the presence of two anomalous outcrops of
the Shinarump member of the Chinle formation at the
base of the Hurricane Cliffs, which seem to have been
faulted into position. One such exposure occurs in
the SW1/4, sec. 9 and the other in the NE14 sec. 19,
T. 37 S., R. 11 W. At both localities the Shinarump
exposures are near the zone of maximum structural
disturbance on the edge of the Hurricane fault zone,
and they lie just above the level of alluviation at the
base of the Cliffs where geologic relations are obscure.

At the first locality in the SW14, sec. 9 the Shina-
rump mass strikes N. 65° E. and dips 50° W., which is
parallel to the strike and dip of nearby beds in the
middle red member of the Moenkopi formation, but
which is en echelon to the general trend of the Hur-
ricane fault zone. Between the Shinarump exposure
and the alluviated valley to the west is a small area of
transported gravel containing boulders as large as 2
feet in diameter. This gravel and nearby occurrences
of similar gravel are considered to be fanglomerate
material of Quaternary age, which has been uplifted
a few feet by Recent movements on the Hurricane
fault zone.

The Shinarump cannot be interpreted as part of the
transported surficial material because of its compara-
tively large size and definite strike. Therefore, it has
been interpreted as part of a block brought into posi-
tion by movements on the Hurricane fault zone.
Accordingly, a short hypothetical cross fault has been
drawn at this locality to conform with this interpre-
tation.

At the second Shinarump exposure in the NE14
sec. 19 the beds strike nearly east-west and dip 40° N.
Here again the strike of the Shinarump is en echelon
to the trend of the Hurricane fault zone, and the dip
is in general accord with the dip of the nearby beds in
the lower red member of the Moenkopi formation. This
exposure of the Shinarump is much larger than the
first exposure and is clearly underlain by beds in the
upper part of the Moenkopi formation and overlain
by other beds in the basal part of the Chinle formation,
which establishes that the block is not overturned. It
is to all appearances an exotic block, or horse, on the
edge of the Hurricane fault zone.

AMOUNT OF DISPLACEMENT

As the several downfaulted blocks in the Hurricane
fault zone are largely concealed beneath alluvium and
fanglomerate material, the age and amount of displace-
ment on the zone can be ascertained only from a few
widely scattered exposures. About 2 miles west of the
Cedar Mountain quadrangle Thomas and Taylor (1946,
pl. 3) have mapped blocks of Navajo sandstone, lime-
stone of the Wasatch formation, and Tertiary vol-
canic rocks in the Hamilton Fort horst, which con-
stitutes one of the major downfaulted blocks in the
fault zone. About 10 miles north of the quadrangle
Thomas and Taylor (1946) and Threet® have mapped
large areas of Wasatch and Cretaceous beds in the Red
Hills, which in a broad general sense constitute part
of the downfaulted zone. The Wasatch formation of
early Eocene age is thus the youngest sedimentary
formation exposed on the downfaulted side of the
Hurricane fault zone. As discussed in the section on
igneous rocks, the still younger volcanic rocks of early
Tertiary age also extended across the fault zone and
were broken by the first movements on the zone.

These downfaulted blocks in the Hurricane fault
zone are at the same elevation as the base of the
nearby Hurricane Cliffs. The oldest rock exposed in
the base of the Hurricane Cliffs is the Timpoweap
member of the Moenkopi formation, which is roughly
8,000 feet stratigraphically below the Wasatch forma-

5R. L. Threet, 1952, Geology of the Red Hills area, Iron County,
Utah: Unpublished doctor of philosophy dissertation, Washington
Univ. [Seattle].
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tion. Although the total stratigraphic interval is not
a precise measure of total displacement because the
beds were folded into an anticline before faulting, it
is indicative of the order of magnitude of the displace-

ment.

A partial check on this figure is found in the dis-
placement of some of the younger voleanic rocks.
Mackin, who has mapped in the Iron Springs district
about 10 miles west of the Hurricane Cliffs, states (oral
communication, 1956) that certain sequences of vol-
canic rocks exposed in the district at an altitude of
about 6,000 feet are identical to sequences on Brian
Head about 12 miles east of the Cliffs at an altitude
of about 11,000 feet. The apparent displacement of
5,000 feet is an assured minimum because the beds on
Brian Head dip about 38° eastward, and beds near
the fault zone dip eastward even more steeply. If an
average dip of 3° is projected west across the 12-mile
interval from Brian Head to the Hurricane fault zone,
an additional 3,300 feet would be added to the ap-
parent displacement. The figure of 8,000 feet thus
seems to be fairly well substantiated as the minimum
displacement on opposite sides of the Hurricane fault
zone in the Cedar Mountain quadrangle. Gardner
(1941, p. 248) has suggested that the maximum dis-
placement is 10,000 feet near Kanarraville, which is
very near the mapped area. All factors considered, the
displacement in the Cedar Mountain quadrangle prob-
ably is between 8,000 and 10,000 feet.

DIP OF FAULT PLANES

The easternmost fault of the Hurricane fault zone
is parallel to, and very near the base of, the Hurricane
Cliffs, and locally, both north and south of the Cedar
Mountain quadrangle, the plane of movement is ex-
posed in the rocks at the base of the Cliffs. Near the
mouth of Camp Creek, 6 miles south of the southern-
most exposure of the fault zone in the Cedar Mountain
quadrangle, slickensided surfaces on beds on the up-
thrown side of the fault dip 65° W. In areas farther
south, Gardner (1941, p. 247) reports that dips on the
planes of movement range from 70° W. to vertical.
In areas north of Cedar City, Thomas and Taylor
(1946, p. 52) report that the dip on the fault “appears
in rather poor exposures to dip about 70 degrees
westward.” As the three measurements are in good
general agreement, it may be assumed that in the Cedar
Mountain quadrangle the easternmost major fault in
the Hurricane fault zone, and probably most of the
faults in the zone, dip steeply westward at angles
ranging from 65° to vertical.

The westward dip of the planes of movement and
the relative direction of movements on opposite sides

of the Hurricane fault establish it as a normal fault.
The grooves on the slickensided surface near the mouth
of Camp Creek are normal to the strike of the fault,
which substantiates the belief that there is no ap-
preciable horizontal component in the motion.

AGE AND NATURE OF MOVEMENT

Upward movement of the block on the east side of
the Hurricane fault zone has been in progress inter-
mittently since early Tertiary time. A part of the
movement has taken place in Pleistocene and Recent
time, and movement is continuing at the present time.
The evidence used to date this movement and to prove
its intermittent nature may be summed up as follows:
1. The Wasatch formation of Eocene age and over-

lying voleanic rocks of distinctive intermediate
to acid composition, considered to be of Eocene
to Miocene(?) age, exhibit maximum displace-
ment on opposite sides of the fault zone and
establish the first strong movement as being in
post-Eocene to post-Miocene ( ?) time.

2. Older fanglomerate deposits, such as those on the
North Hills, contain cobbles and boulders of
older volcanic rocks, but none of basalt, thus
establishing their age as being between the two
periods of volcanic activity. The fanglomerate
deposits were originally laid down against the
Hurricane Cliffs, but are now separated from it
by a low alluviated valley. The deposits accumu-
lated in late Tertiary time, and were later isolated
from the base of the cliff because of downfaulting
of a block between the present North Hills and
the cliff.

3. Basalt lava flows of Quaternary age are present
on both sides of the fault zone. Locally, as on the
north side of Murie Creek, these lavas poured
down a steep valley in the Hurricane Cliffs. Else-
where, as on Square Mountain, the basalt ter-
minates abruptly at the edge of the cliff as if
cut off by faulting. Basalt flows on the older
fanglomerate deposits of the North Hills have
themselves been extensively broken by minor
faults, and most outcrops now dip toward the
Hurricane Cliffs. This phenomenon of basalt on
the downthrown side of the Hurricane fault dip-
ping toward the fault has also been observed by
Gardner (1941, p. 254) in Ash Creek, and is
considered by him to indicate a sag in rocks on
the downthrown side of the fault, perhaps in-
duced by the outpouring of lava. Gardner pre-
sents a list of six or eight other such occurrences
in southwestern Utah and northern Arizona. The
faulted basalt flows thus present evidence of
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several periods of quiet and several intervening
periods of movement.

4. The sloping gravel-covered pedimentlike surface
in Shurtz Creek valley could have been developed
only during a period of stability of the upthrown
block. This period occurred after most of the
basalt outpourings because the basalt flows have
been cut by the headward erosion of Shurtz
Creek and have contributed to the gravel on the
pediment.

5. The sloping gravel-covered surface in the Shurtz
Creek valley is cut off abruptly at the base of
the Hurricane Cliffs. The movement has been so
recent that the gravel still stands in a steep slope
on the uplifted side of the fault. (See fig. 15.)
At the same time, the main stream and tributaries
of Shurtz Creek are now entrenched below the
gravel-covered surface. This entrenchment ob-
viously took place after, and because of, the re-
newed uplift.

6. Locally, the steepest part of the Hurricane Cliffs
is imposed on relatively nonresistant beds in the
lower red member of the Moenkopi formation at
the base of the Cliffs. Normally, the gentlest up-
ward slope would be at the base, and the present
steepness can only be the result of comparatively
recent upward movement.

7. The alluvial material in the Coal Creek fan is
broken locally by small faults (Thomas and Tay-
lor, 1946, p. 54).

8. Fifteen minor earthquake tremors attributed to
movement on the Hurricane fault zone have been
recorded during the last 75 years. These are dis-
cussed in greater detail below.

EARTHQUAKE ACTIVITY

The most recent evidence of movement along the
Hurricane fault zone is found in the record of earth-
quake activity in southwestern Utah as reported by
Townley and Allen (1939), Heck (1928, 1947), and by
the U.S. Coast and Geodetic Survey (1928-51). Of 31
tremors recorded in Iron and Washington Counties
between 1881 and 1949, 14 were reported from Cedar
City on the trace of the fault zone, and 1 covered a
large area in southwestern Utah on both sides of the
zone, and may be attributed to movement along the
zone.

The observed concentration of 15 out of 31 tremors
on the Hurricane fault zone is more or less expectable
in view of the strong geologic evidence of Recent
movement. On the other hand, the concentration of
14 out of 15 tremors at Cedar City, as compared to
only 1 tremor throughout the remaining 170-mile

length of the fault to the south, merits some specula-
tion. The town of Cedar City is located on the un-
consolidated alluvial fan of Coal Creek, where the
effects of an earthquake shock would be most notice-
able. The displacement on the Hurricane fault zone
is also greatest in the Cedar City area; hence, evidence
of tectonic disturbance should be greatest. In spite of
these facts, the comparative absence of reports of
shocks from the towns of Kanarraville, Pintura,
Toquerville, and Hurricane, all of which are located
on the fault zone south of Cedar City, seems to sug-
gest that the present movement on the fault zone is
concentrated at the north end.

HURRICANE CLIFFS

The Hurricane Cliffs constitute the eroded edge of
the uplifted block on the east side of the Hurricane
fault zone. The exposed beds in the base of the Cliffs
are the oldest in the quadrangle and exhibit deforma-
tion that is older than, and clearly not related to,
motion on the Hurricane fault zone. The most con-
spicuous manifestation of this deformation is the
pronounced eastward dip of the beds in the lower
half of the Cliffs. (See fig. 17.) The general impres-
sion gained in driving along the roads at the base
of the Cliffs is that all the lower beds dip 20° to 60°
eastward, and this is true for many miles along the
face of the Cliffs. Locally, however, for a distance of
4 or 5 miles between Spring Canyon, near Kanarra-
ville, and Murie Creek, on the east edge of the Cedar
Mountain quadrangle, the lower beds are overturned
to the east and dip steeply westward. The north end
of this zone of overturned beds extends a short dis-
tance north of Murie Creek into the Cedar Mountain
quadrangle. Farther north the beds again dip east-
ward at angles ranging from vertical just north of
Murie Creek to about 25° E. just south of Shurtz
Creek. North of Shurtz Creek the beds in the base of
the Hurricane Cliffs form a low northward-plunging
anticline, here named the Shurtz Creek anticline. This
small fold is the clue to the nature and origin of the
older structure displayed in the Hurricane Cliffs.

KANARRA FOLD

The structures preserved in the Hurricane Cliffs
represent the east half of a former sharply -olded
north trending anticline, or welt, called the Kanarra
fold by Gregory and Williams (1947, p. 240). This
older anticline was broken by the Hurricane fault
zone along a line approximately parallel to, and very
near, the axis of folding. The west half of the fold,
including most of the fold axis, is now concealed
beneath alluvial material in the downthrown block
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dipping to the west, and the upthrown side is to the
east. Throughout sec. 10 the vertical displacement on
the fault is roughly 600 feet.

The Bear Trap fault is obscured on a slumped and
overgrown slope throughout its extent in sec. 4, but
the displacement is believed to decrease in this direc-
tion. Depending on the amount of displacement, the
Upper Culver coal zone should be either at, or just
below, the surface on the north side of the fault. A
dotted line in this area on plate 1 shows the approxi-
mate position of the coal, assuming maximum displace-
ment on the fault. 1t must be emphasized that coal
was not observed in this position, and that the line has
only diagrammatic value. Exploration by trenching
or drilling, preferably the latter, would be required to
establish the exact position of the coal zone at this
locality.

Similarly, in the SW14, sec. 10 the Upper Culver
coal zone should come back against the Bear Trap fault
on the downthrown side, somewhat as shown by the
dotted line on plate 1. Again, the dotted line has only
diagrammatic value, and drilling would be required to
establish the exact position of the coal. In this locality
the coal should be very near the surface over a con-
siderable area.

Although all evidence of the Bear Trap fault in
and north of sec. 4 is concealed beneath slumped
material, talus, and basalt flows, a small fault in the
NE1, sec. 28, T. 37 S., R. 11 W., could be the north-
ward termination of the Bear Trap fault.

About 2,000 feet east of the Bear Trap fault is a
very minor parallel fault that breaks beds of the
Straight Cliffs sandstone. This fault is conspicuous
both on aerial photographs and in the topography, but
the vertical displacement is only a few feet.

RELATION BETWEEN THE MURIE CREEK AND BEAR TRAP
FAULTS .

The displacement on top of the Tropic formation
between secs. 22 and 28, T. 37 S., R. 11 W., which has
been interpreted by the writer as evidence of an east-
ward extension of the Murie Creek fault under a basalt
flow, was observed by Richardson (1909, p. 392; pl.
25), who interpreted it as evidence of a northward
extension of the Bear Trap fault along the boundary
between secs. 21 and 22. Although this was a most
reasonable interpretation, restudy of the area did not
reveal evidence of offset in the sedimentary rocks
north of the basalt covering. In part for this reason
and in part for reasons stated in the discussion of the
Murie Creek and Bear Trap faults, the Richardson
interpretation has been abandoned.

HICKS CREEK FAULT

The Hicks Creek fault is a strike fault about 1 mile
long in the area between Murie and Hicks Creeks,
secs. 16 and 17, T. 37 S., R. 11 W. This fault has only
a moderate vertical displacement, but it is responsible
for a repetition of the conspicuous conglomerate of
the Shinarump member of the Chinle. The beds
involved in the faulting dip steeply eastward, and the
stratigraphic sequence is normal, both above the east-
ernmost Shinarump ridge and below the westernmost
Shinarump ridge. Between the two ridges is an isolated
outcrop of sandstone in the Shinarump dipping 80°
W., which is interpreted as being a small block, or
horse, in the fault plane. The relations suggest that
the fault plane dips west, and that the Hicks Creek
fault is a normal fault with the upthrown side to the
east.

About 214 miles to the north is another short fault
of moderate displacement that also is responsible for a
repetition of the Shinarump. At this locality the beds
dip gently eastward, and the fault can be interpreted
only as a steeply dipping normal fault with the up-
thrown side to the east.

These two faults are believed to join under the
gravel-covered pediment in the Shurtz Creek valley as
shown on the geologic map (pl. 1) and accompanying
cross section. Although direct evidence for such con-
nection could not be found in the few available expo-
sures between the two localities, the indirect evidence
for the connection is very convincing. Both faults dip
to the west and are upthrown on the east sides. Both
are strike faults of moderate displacement. Both cause
repetition of the Shinarump. Furthermore, the belt of
outcrop of beds in the upper part of the Moenkopi
formation (middle red, Shnabkaib, and upper red
members), which underlies the broad gravel-covered
area where connection between the two faults has been
made, is too wide in relation to the visible dips and
the known thickness of the units, and can be explained
only by assuming repetition of part of the sequence.

KOLOB TERRACE

The Kolob Terrace, the third and largest of the
three major parts of the quadrangle, is a lower ter-
racelike southern extension of the High Plateaus of
Utah. It is bounded on the north by the Pink Cliffs
ramparts of the Markagunt section of the High
Plateaus and on the west by the Hurricane Cliffs.
Unlike the High Plateaus proper, which are developed
largely on beds of Tertiary age, the Kolob Terrace
is developed entirely on the Straight Cliffs and
Wahweap sandstones and overlying beds of Cretaceous
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age. These beds dip gently and uniformly eastward
away from the Hurricane Cliffs at angles of 6° or less.
Faults are conspicuously absent. All the upland area
in the Cedar Mountain quadrangle above an altitude
of 9,000 feet 1s part of the Kolob Terrace.

In the Cedar Mountain quadrangle the Kolob Ter-
race is characterized by a gently rolling subdued
topography, by a fairly good soil and vegetation cover,
and by the deeply incised canyons of Crystal Creek
and other tributaries of the North Fork of the Virgin
River, which head in the area due east of the quad-
rangle. This subdued topography (fig. 14) is a relic
of a former erosion cycle before the last major uplifts
on the Hurricane fault. At this earlier stage—which
must have been in late Tertiary time—stream gradients
were less, and downcutting was much less rapid than
at present. With the last great uplift on the Hur-
ricane fault in early Quaternary time, the period of
rapid downcutting and canyon development began,
and has continued to the present.

The open country on the east side of the quadrangle
north of Crystal Creek is typical of the undissected
relic topography of the former erosion cycle. The
canyon of Crystal Creek, which heads in the southeast
corner of the quadrangle, is a typical canyon developed
in the present cycle of canyon cutting.

Outside the Cedar Mountain quadrangle, the Xolob
Terrace consists of two distinct levels. The descrip-
tion above applies to the upper level, which is devel-
oped on the softer rocks of the Wahweap sandstone,
and which exhibits the subdued topography inherited
from an earlier erosion cycle. East and south of the
quadrangle, however, the upper level of the Kolob
Terrace drops off steeply to a lower level developed
on the more resistant sandstone beds in the Straight
Cliffs sandstone. This lower level, known as the lower
Kolob by the residents, is a graded platform, or
stripped plain, formed by gradual removal of the over-
lying softer beds during both the past and present
cycles of erosion. The flat surface of the lower Kolob
is cut into numerous isolated peninsulas by the
dendritic pattern of the deeply incised canyons, which
add to its distinctive appearance.

DRAINAGE CHANGES

The three major streams that head in the Cedar
Mountain quadrangle—Shurtz, Crystal, and TUrie
Creeks—have different gradients and erosive power,
and the divides between them are gradually shifting
in response to these differences.

SHURTZ CREEK

The Shurtz Creek amphitheater has been formed
largely in Quaternary time since the last major uplift
on the Hurricane fault. Headward erosion has pro-
gressed rapidly because the stream is developed on
relatively nonresistant sedimentary rocks between two
great basalt flow sheets—one emanating from Pryor
Knoll and the other from The Three Knolls. Because
of its steep gradient and favorable location, Shurtz
Creek is rapidly enlarging its drainage area headward
at the expense of Urie Creek, which has a longer route
and a lower gradient to the Cedar City Valley by way
of Right Hand Canyon and Coal Creek.

CRYSTAL CREEK

As a tributary of the North Fork of the Virgin
River, and thus of the Colorado River, Crystal Creek
has a much lower ultimate base level than Urie Creek
and thus is working headward at the expense of Urie

Creek.
URIE CREEK

The headward drainage area of Urie Creek is
gradually being captured by headward erosion of
Shurtz Creek from the west and Crystal Creek from
the south.

MINOR FEATURES OF INTEREST

During work in the Cedar Mountain quadrangle, the
writer noted several minor features of geologic and
general interest that should be recorded for the in-
formation of subsequent visitors to the area. The
locations of these features are shown on the geologic

map (pl. 1).
NATURAL BRIDGE IN SHIVER CREEK

A small but very beautiful natural bridge spans the
lower course of a tributary of Shiver Creek near its
junction with Crystal Creek in the NE14SW14, sec. 1,
T. 38 S., R. 11 W. (See fig. 18.) The rocks at this
locality dip uniformly 2° to 3° eastward, and are com-
posed of sandstone and shale in alternating layers. The
bridge is formed from a single 2-foot bed of hard
sandstone, which is the uppermost layer in a thicker
sandstone sequence. The bridge originated near the lip
of a waterfall at the present position of the span by
the diversion of the stream downward through a joint
crack back of the span and by the subsequent upstream
migration of the waterfall.

Because the bridge crosses the channel of an active
and precipitous stream, it has a relatively short life
expectancy. On the other hand, erosion of the stream
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Cliffs zone is very poorly exposed, and information
about its thickness and nature is based on a very few
observations. However, the few points of observation
are well distributed, and thus suggest that the zone is
present at its place in the sequence everywhere in the
quadrangle.

The zone was examined in detail at locality 15 in
Shurtz Creek where it contains 3 layers of coal
totaling 35 inches in thickness, separated by '3 layers
of shale totaling 11 inches in thickness. (See pl. 3.)

At localities 32a and 39, Richardson (1909, p. 392
393) recorded 4 feet of coal in the zone, which, if
entirely free of partings, would be sufficient to merit
additional attention.

LOCAL COAL BEDS

Although most of the coal in the Cedar Mountain
quadrangle is concentrated in the four zones described
above, several thin local beds occur higher in the
stratigraphic section.

In the SW1j sec. 9, T. 38 S., R. 11 W., are 2 local
exposures of thin coal, each about 18 inches thick.
The 2 exposures are about 300 feet above the top
of the Upper Culver coal zone, and they lie one-half
mile apart on opposite sides of the divide between
Kanarra and Willow Creeks. Although precise correla-
tion cannot be established between these two occur-
rences, it is very likely that an area of thin coal
underlies the divide between the two localities.

In the NE14 sec. 10, T. 38 S, R. 11 W, is an
exposure showing 2 thin layers of coal, one 17 inches
and the other 18 inches thick, separated by a 4-inch
parting of gray shale. A section measured at this
locality is given below :

Section of coal in the NEY sec. 10, T. 38 8., R. 11 W.

Top: Concealed. Inches

Shale, gray______________________________________ 4
Coal_ _ . 17
Clay, gray .. ____._____._ 4
Coal and shale (weathered) .- ___ ___________________ 18
Clay, brown and gray _ ___ ______________.___________ 2

Bage: Concealed.

This local coal zone is about 400 feet above the top
of the Upper Culver coal zone. Considering that the
coal in the SW1j sec. 9, as described above, is only
300 feet above the top of the Upper Culver coal zone
and is also about 18 inches thick, the possibility must
be considered that the coal in the NE14 sec. 10 is
a correlative of the coal in the SW14 sec. 9. The
possibility must also be considered that the intervals
of 300 and 400 feet, respectively, above the top of the
Upper Culver coal zone may contain small accumula-

tive errors in opposite directions. In particular, the top
of the Upper Culver coal zone as mapped one-half
mile south of the coal locality in the NE14, sec. 10 is
in a nearly vertical cliff where a small error in
plotting horizontal location could result in a consider-
able vertical error.

In sec. 20, T. 37 S., R. 10 W., on the east side of
Urie Creek, about 1,250 feet above the top of the
Upper Culver coal zone is a zone of carbonaceous
shale and thin coal that crops out over a horizontal
distance of about three-quarters of a mile. The zone
consists almost entirely of carbonaceous shale, but
contains 2 layers of coal 3 and 8 inches thick, respec-
tively. The shale and associated coal are mildly
radioactive, and the 8-inch layer of coal, in particular,
registered a count of 2.9 times background. The zone
is described as units 20 to 25, inclusive, in the detailed
section of the Straight Cliffs and Wahweap sandstones,
beginning on page 29.

PROBABLE CORRELATION WITH COAL BEDS OF
OTHER AREAS

In a stratigraphic section measured on the south
flank of Kanarra Mountain near the southwest corner
of the Cedar Mountain quadrangle, Gregory (1950a,
p- 84) reported 3 thin coal beds in the lowermost 100
feet of the Tropic formation. Although only carbo-
naceous shale was observed at this stratigraphic posi-
tion in sections observed in the central part of the
Cedar Mountain quadrangle, Richardson (1909, p.
395) and, more recently, Cashion (1961) have reported
coal beds of minable thickness in the basal 100 feet of
the Tropic formation in the Orderville-Glendale area
to the east of the Cedar Mountain quadrangle.

From these scattered observations it seems certain
that there is a coal zone in the basal part of the Tropic
formation that thins from east to west, and that
probably pinches out in or near the Cedar Mountain
quadrangle.

In the Orderville Canyon NW quadrangle to the
southeast of the Cedar Mountain quadrangle, Pillmore
(1956) selected as the base of the Straight Cliffs
sandstone of that area the base of a sandstone ledge
that lies just below the Lower Culver coal zone of the
Cedar Mountain quadrangle. Therefore, the base of the
Straight Cliffs sandstone of the Orderville Canyon
NW quadrangle is about 150 feet lower stratigraphi-
cally than the base selected for the Cedar Mountain
quadrangle. If the Upper and Lower Culver coal
zones of the Cedar Mountain quadrangle persist to the
southeast, they lie just above the basal ledge of the
Straight Cliffs sandstone as mapped in the Orderville
Canyon NW quadrangle.
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RANK AND QUALITY OF THE COAL

The rank of the coal in the Cedar Mountain quad-
rangle and vicinity lies near the boundary line between
high volatile C bituminous and subbituminous A, ac-
cording to the standard classification of the American
Society for Testing Materials (1954). The distinction
between coals of these two particular ranks is some-
what difficult to make because the range of assigned
heat values is the same for both ranks, and the final
distinction is based on tests of weathering and ag-
glomerating properties, which are applied less fre-
quently than tests of composition and heat value.
However, because the range of assigned heat values
is the same for both ranks, the distinction is of less
significance than the rank names suggest.

Table 2 gives analyses of several different kinds of
samples taken from different openings at various times
in the past. Included are mine or bed samples of both
fresh and weathered coal, samples of parts of beds, and
samples of sized coal taken from the tipples. In deter-
mining the range of composition of coal from the Cedar
Mountain quadrangle and vicinity, it is necessary to
consider the same kind and condition of samples. The
best comparison is one based on unweathered mine or
bed samples analyzed since 1919 when analytical pro-
cedures were standardized. As recorded in the table,
18 samples comply with these conditions. In this group
of samples the heat values range from 10,350 to 11,430
Btu on an as-received basis; the ash contents range
from 4.7 to 12.2 percent ; the sulfur contents range from
5.6 to 6.7 percent; and the moisture contents range
from 6.1 to 13.5 percent.

From these data it is apparent that the coal in the
Cedar Mountain quadrangie and vicinity has moderate
heat values, moderate to high ash and moisture con-
tents, and relatively high sulfur contents.

Although to a certain minor extent the differences
recorded in table 2 are due to differences in the thick-
ness of coal sampled, to minor differences in the degree
of weathering, and possibly to differences in the amount
of moisture in the mines, the samples record a con-
sistent difference in the composition of the coal between
the northern and southern parts of the area. In gen-
eral, the coal in the northern part of the area seems to

be lower in moisture, higher in ash, and siightly higher
in heat value than coal in the southern part.

All the coal breaks down, or slacks, slowly upon
exposure to the air, but not to a degree that interferes
seriously with use.

HISTORY OF MINING

Coal was first mined in the Cedar City area in 1854
from the opening known as the Leyson mine in Right
Hand Canyon (loc. 4, fig. 20). Near here also were
the first coke ovens in the region, which yieided the
low-grade coke used in some of the early attempts to
produce iron from the deposits at Iron Springs. These
activities constituted the first recorded use of any of
Utah’s large and varied mineral resources. As the coal
was unsuited for the production of metailurgical coke
and was soon replaced by charcoal, coal mining lan-
guished throughout the early years. A typical coal-
mining operation lasted only a few years and yielded
only a few hundred hard-won tons of coal before being
abandoned either to another operator or in favor of
another locality.

Most of the early mining operations were along Coal
Creek and in Right Hand Canyon, where the coal is
more accessible than elsewhere; but activities soon
spread to Cedar and Kanarra Mountains. The Corry
mine on Lone Tree Mountain (loc. 12) was opened in
1885, the old Kanarravilie mine on the Kanarra Moun-
tain road (loc. 31) was opened in 1896, and the Culver
mine of the head of Shurtz Creek (loc. 21) was opened
in 1903. By this time the location of the coal crop was
established, and the nature of the coal was well
understood.

The early pattern of intermittent smalii-scale pick-
and-shovel type of mining operations continued into
the 1940’s, by which time more modern mechanized
methods were gradually introduced. During the sum-
mer of 1955 the three largest mines in the area—the
Koal Kreek (old MacFarlane), Webster, and Tucker
mines (loc. 1, 7, 8, respectively) were highly mecha-
nized and were set up and operating on a sustained,
year-round basis.

Pertinent details about most of the mines and pros-
pects in the Cedar City area are given in table 3.
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PRODUCTION

During the early years of coal mining in Iron
County, production was both sporadic and intermittent.
In some years no production was recorded; in others,
production was only a few hundred tons. For the fiscal
year ending June 30, 1895, production in Iron County
totaled only 780 tons according to records of the Utah
State Mine Inspector; for 1898 and 1899 production
totaled only 524 and 575 tons, respectively.

In the period following the First World War, coal
production increased somewhat, and for most years
probably ranged between 1,000 and 2,000 tons per year.
In 1920 and 1921, the Utah State Mine Inspector
reported 2,350 and 1,280 tons, respectively.

Following the 1932 depression, production increased
steadily and by 1942 reached 6,329 tons, as reported
in the U.S. Bureau of Mines Minerals Yearbook for
that year. Table 4 shows the total recorded coal pro-
duction from Iron County for 1942 and subsequent
years. The most significant feature of the table is the
marked increase in production from 6,565 tons in
1947 to 19,858 tons in 1948. This increase was the
result of the completion in 1947 of a modern coal-fired
electric-generating plant of 2,500 kilowatts capacity,
owned by the California-Pacific Utilities Co. The
plant is located on Coal Creek about 1 mile east of
Cedar City. The construction of this plant, which
consumes the major part of the coal mined in Iron
County, had been made necessary by the postwar in-

TABLE 4.—Production and value of coal and number of men em-
ployed in mining coal in Iron County, Ulah, 1942-58

[Data from U.8. Bureau of Mines Minerals Yearbook (1943-58)]

Production | Average nﬁglegglg ?)f nﬁ,‘]’f{:,g %f &;esrf’;%i
Year (in short value working men em- man per
tons) per ton days ployed day
daily
1942 __ . ____ 6, 329 $3. 45 254 7 3. 57
1943 ___ . ____ 7, 701 4, 45 288 8 3. 34
1944 _________ 7, 477 2. 96 236 7 4. 53
1945 _____ 9, 577 3. 61 257 11 3. 39
1946 ______ 8, 786 2. 64 255 9 3. 83
1947 ______ 6, 565 3. 00 273 7 3. 44
1948 _________ 19, 858 4. 55 280 14 5. 07
1949__________ 20, 941 5. 07 270 19 4. 09
1950 _________ 24, 689 4. 66 270 18 5. 08
1951 ________ 24,113 5.10 260 20 4. 63
1952 _ ________ 22, 069 4.75 275 23 3. 50
1953 ______ 31, 241 4. 49 266 19 6. 17
1954 ________ 33, 701 4.78 236 23 6. 20
19556 - _____ 31, 753 4. 48 259 12 10. 23
1956 . ___ .. __. 36, 996 5. 15 279 17 7. 80
1957 . ____. 39, 612 4. 65 287 18 7. 67
1958 . ______ 34, 714 5. 24 228 17 8. 97

crease in production of iron ore at the several mines
in the nearby Iron Springs district and by the rapid
increase in use of deep wells as a source of water for
irrigation in the Cedar City Valley. In recent years
the use of electricity for pumping water has grown
to such proportions that record peaks in the genera-
tion of electricity and in coal production have been
attained during the summer months.

MINING METHODS

All the coal in the Cedar City area is mined by the
room-and-pillar method. The rooms are filled with
rock waste as mining advances, and the pillars are
normally not recovered. Because the roof rock is
relatively soft and because the upper layers of coal
are relatively impure, the upper layers of coal are
usually left in place to help support the roof.

In each of the three operating mines the coal is
undercut, loaded by machinery, and moved to the
surface by endless belts. At the mine mouth the larger
pieces of waste are handpicked from the coal, and it
then goes directly to the tipple without further treat-
ment.

The productivity rate of the Iron County mines has
increased steadily through the years as a result of
increased mechanization. Between 1942 and 1958,
for example, the average output per man per day
increased from 3.57 to 8.97 tons, whereas the national
average, which includes the largest and most efficient
mines in the United States, increased from 5.12 to 11.33
tons (U.S. Bureau of Mines, 1945, 1959).

The mined coal is moved by truck to Cedar City
and nearby communities.

USES

Most of the coal mined in the Cedar City area is
used for the production of electric power at the
previously mentioned 2,500 kilowatt steam-electric
plant owned by the California-Pacific Utilities Co.
A much smaller amount is used for household fuel
in Cedar City and nearby communities. All the coal
is consumed locally.

Because of the moderate to high ash, high sulfur,
and relatively low rank, the coal is unsuited for the
manufacture of coke. Because of the ash and sulfur
contents, it is less than ideal as a household fuel. As
a result, coal of higher quality from the Carbon and
Emery Counties, Utah, fields is regularly imported into
Cedar City and sold for household fuel at a premium
over the price of the locally produced coal.

With the almost certain prospect that natural gas
will soon be piped into Cedar City as an active com-
petitor of coal as a household fuel, the near-term
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market for the local coal is fixed firmly by the re-
quirements of the local electric plant.

In addition to the local electric plant, however, two
large potential outlets exist for Cedar City coal. The
first is at Hoover Dam, about 250 miles by rail to the
southwest, where future demands for power may re-
quire the construction of a steam-electric plant to
augment and firm up the fluctuating output of hydro-
electric power.

The second potential outlet is for the manufacture
of cement in the Los Angeles area, about 575 miles
to the west. At present in the Los Angeles area cement
kilns are fired by natural gas purchased at low cost
on interruptable contracts. When natural gas is not
available at times of peak household use, the industry
turns to crude oil, which is more expensive than
natural gas, or than imported coal would be. As the
population and use of energy increase, the available
amounts of natural gas may be diverted gradually to
household use, which yields a premium rate, and the
cost of fuel to the cement industry will increase cor-
respondingly. Thus, the day may come when the
cement industry of the Los Angeles area will convert
to coal as the most economical and most reliable
source of heat. The ash and sulfur contents of the
Cedar City coal present no serious problems in its use
in the manufacture of cement.

COAL RESERVES

The estimated coal reserves remaining in the
ground in the Cedar Mountain quadrangle as of Janu-
ary 1, 1956, totaled nearly 260 million tons, of which
229 million tons, or nearly 90 percent, is in beds 72
inches or more thick. (See tables 5, 6.) Most of this
large tonnage of thick coal is within 2 miles of
known outcrops, and reasonably accessible to existing
lines of transportation. It should be, therefore, of
future interest and value to the Pacific Southwest
where population and use of fuel are increasing
rapidly.

METHODS OF PREPARING ESTIMATES

The coal reserves in the Cedar Mountain quadrangle
were calculated and classified according to the
standard procedures of the Geological Survey
(Averitt, 1961) with a few minor exceptions, which

follow.
AREAL EXTENT OF BEDS

The areal extent of coal beds and layers included in
the estimate was determined in two ways. The thicker
beds and layers in the upper part of the Upper Culver
coal zone, which could be readily identified and cor-
related between all outcrops and openings, were con-

sidered to underlie all parts of the quadrangle
enclosed by the line of outcrop.

The thinner beds and layers below the uppermost
thick layers in the Upper Culver coal zone, which
could be recognized and correlated only for short
distances, were considered to extend back of the out-
crops in semicircular areas having radii equal to one-
half the length of the known outerops. Such
semicircular areas are considered to yield tonnage
figures fairly representative of the amount of coal that
might exist back of the outcrops, but they do not
necessarily portray the exact shape or location of the
assumed blocks of coal.

DISTINCTION BETWEEN MEASURED AND INDICATED
RESERVES AND INFERRED RESERVES

In the Cedar Mountain quadrangle only a small
amount of coal can be classed as measured because the
points of observation are strung out along the line
of outerop, and locally are more than the recommended
one-half mile apart. On the other hand, relatively
large quantities of coal can be classed as indicated
because almost all the points of observation are within
the recommended interval of 114 miles, and because
they are so distributed that almost all the coal-bearing
part of the quadrangle is within 2 miles of the outcrop.
In reporting reserves in the quadrangle, therefore,
these two classes are combined into a single class
termed “measured and indicated.”

The distinction between the combined class “meas-
ured and indicated” on one hand and “inferred” on the
other is based on different criteria for beds and layers
in different parts of the coal-bearing sequence. Because
the coal in the upper part of the Upper Culver coal
zone is thick, continuous, and readily correlated
between exposures in all parts of the quadrangle, it is
for the most part classed as “measured and indicated.”
However, an area of coal in the extreme east-central
part of the quadrangle, which is more than 2 miles
from any outcrop, is classed as “inferred.” Similarly,
an area in secs. 27, 28, 33, and 34, T. 38 S,, R 11 W,
which is largely covered by basalt, is also classed as
“inferred.”

For beds and layers lower in the coal-bearing
sequence, which are markedly less continuous than the
layers in the upper part of the Upper Culver coal zone,
the arcs drawn as described under “Areal extent of
beds” enclosed all the coal that was classed as “meas-
ured and indicated.” Where good correlations could
be established between beds in the head of Willow
Creek and the head of Crystal Creek, limited areas of
inferred reserves were considered to extend under the
divide between the two streams.
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TABLE 5.—Estimated remaining coal reserves in the Cedar Mountain quadrangle, Iron County, Utah, by bed and township, as of
January 1, 1966

Reserves, in millions of short tons

Total
Measured and indicated Inferred
Bed —_
Average Tons Average Tons Tons
thickness Acres (millions) | thickmess Acres (millions) Acres (millions)
(inches) (inches)
T.36and 37 S., R. 10 W.
Upper benches of Upper Culver coal zone_ __________ 72 5, 890 63. 6 72 990 10. 7 6, 880 74. 3
Lower benches of Upper Culver coal zone: Locs.
17-20_ e 25 120 ;20 (R ISP IS 120 .5
Lower Culver coal zone: Locs. 37-38_ _ _ |- e | __ 26 285 1.1 285 1.1
Total | __ 6, 010 64.1 |________ 1,275 11.8 | 7,285 75.9
T.37S.,R.11'W
Straight Cliffs coal zone: Loc. 15___________________ 20 100 0.3 Joo oo 190 0.3
Upper benches of Upper Culver coal zone_ . _________ 78 4, 760 55.7 78 1, 340 15. 7 6, 100 71. 4
Lower benches of Upper Culver coal zone:
Loes. 13-15__ o _.__ 17 125 2 PR ISP NS 125 .3
Loes. 17-21_____ __ __ _ o _______ 25 430 1.6 || 430 1.6
Lower Culver coal zone:
Loe. 28 _ . 34 220 | R O RO ISR (U 220 1.1
Loes. 33-38_ e e 26 270 1.0 270 1.0
Total . __ __ o 5, 635 59.0 |o_____._ 1, 610 16. 7 7, 245 75.7
T.38S., R. 10 W.
Upper benches of Upper Culver coal zone_ __________ 77 2, 420 2709 || 2, 420 27.9
Lower benches of Upper Culver coal zone: Locs.
87-38 e 16 60 D U SRR ISR U 60 .1
Lower Culver coal zone: Loes. 37-38_ ____._________ 26 470 1.8 26 555 2.2 1, 025 4.0
Total e 2, 950 20.8 [________ 555 2.2 3, 505 32.0
T.38S., R. 11 W.
Upper benches of Upper Culver coal zone_ __________ 82 4, 500 55.4 || . 4, 500 55. 4
Lower benches of Upper Culver coal zone:
Loe. 32a_ _ _ . 30 145 7 20 355 1.1 500 1.8
Locs. 33-36__ 18 1, 340 3.6 |- 1, 340 3.6
Loes. 37-38_ . 16 145 E 2 (OO SRR 145 .3
Loes. 33-38_ e e 17 1, 300 3.3 1, 300 3.3
Lower Culver coal zone:
Loes. 33-35_ ____ o _____ 27 1, 130 4.6 ||| 1, 130 46
Loes. 37-38_ o __ 26 325 1.3 | e 325 1.3
Loes. 33-38_ e e e 26 1, 500 5.9 1, 500 5.9
Total _ __ e 7, 585 659 (- _______ 3, 155 10. 3 | 10, 740 76. 2
Grand total .. _ ___________ o _____|_______ 22, 180 218.8 |.____.___ 6, 595 41.0 | 28,775 259. 8
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TABLE 6.—Summary of estimated remaining coal reserves in the Cedar Mountain quadrangle, Iron County, Utah, as of January 1, 1956

[The quadrangle contains no reserves in the thickness range of 42 to 72 in.]

Reserves, in millions of short tons, in beds of thickness shown
Measured and indicated Inferred All categories
Township Total
More Total More More
14-28 28-42 | than 72 |measured| 14-28 28-42 | than 72 | Total 14-28 2842 | than 72
inches inches inches and inches inches inches | inferred | inches inches inches
thick thick thick |indicated| thick thick thick | reserves thick thick thick
reserves
(102 R 63.6 64.1 11 1.8 L6 [ 74.3 75.9
2.2 1.1 55.7 59.0 1.0 16.7 3.2 1.1 71.4 75.7
1.9 | . 27.9 29.8 2.2 2.2 4.1 ool 27.9 32.0
9.8 .7 55.4 65.9 10.3 10.3 20.1 .7 55. 4 76.2
14.4 1.8 202.6 218.8 14.6 41.9 29.0 1.8 229.0 259.8

Table 5 shows the localities involved, the average
thickness of coal calculated, the acreage assumed, and
the reserve classification for each coal bed or layer
considered in making the reserve calculations.

RECOVERABLE RESERVES

In the Cedar Mountain quadrangle all the coal is
mined by the room-and-pillar method, which on a
national basis results in the recovery of about 50 per-
cent of the coal in the ground. The coal in the Cedar
Mountain quadrangle also contains several partings,
some of which may be left underground locally with a
consequent loss of good coal. For these reasons it is
likely that the overall average long-term recoverability
for the quadrangle will be no more than 50 percent,
though it is possible that individual mines from time
to time may recover larger amounts. If it is desired to
consider only recoverable reserves, the figures for

remaining reserves in tables 5 and 6 must be divided by
two.
AREAS EXCLUDED FROM ESTIMATE

In preparing the estimate several areas were
excluded where the coal is likely to be cut by intrusive
masses of basalt or to be disturbed by faulting. Much
of the coal in these areas could be mined if necessary,
but it does not need to be considered at present because
of the availability of abundant quantities of more
readily accessible coal. Following is a list of the
excluded areas:

1. Lone Tree Mountain, in parts of sec. 36, T. 36 8., R. 10 W,
and sec. 31, T. 36 S, R. 11 W., where several intrusive
masses of basalt are visible on the surface.

2. Small circular area surrounding visible outcrops of basalt
near central part of Pryor Knoll, sec. 18, T. 37 8., R. 10
W, and sec. 13, T. 37 8., R. 11 W,

3. Area about % mile wide and 3 miles long extending from
the northernmost of The Three Knolls to Co-Op Knoll in
parts of secs. 23, 26, 34, and 385, T. 37 8., R. 11 W., and
sec. 3, T. 38 8., R. 11 W., enclosing the line of peaks and
many small masses of basalt.

4, Area of disturbed rocks on both sides of the Bear Trap
fault in parts of secs. 8, 4, 9, and 10, T. 38 S, R. 11 W.

\OVERBURDEN

Practically all the coal in the Cedar Mountain quad-
rangle lies between 500 and 1,000 feet below the sur-
face. Only a very small amount is less than 500 feet
below the surface because the beds crop out at the
base of steep cliffs. Only a small amount is more than
1,000 feet below the surface because the topography
east of the crest of the Hurricane Cliffs slopes east-
ward in the same direction as the coal beds.

The coal is 1,000 to 1,200 feet below the surface
under the cinder cones, Pryor Knoll, The Three Knolls,
and Co-op Knoll. As the coal under these cones is
likely to be intruded locally by basalt plugs and
associated dikes, a circle of about 14 mile diameter
around Pryor Knoll and a strip of ground about 14
mile wide and 3 miles long extending from the
northernmost of The Three Knolls to Co-op Knoll
have been excluded from the estimates. Thus, for this
part of the quadrangle, the volume of coal excluded
from the estimate is roughly equal to the volume that
is more than 1,000 feet below the surface.

The coal reaches a maximum of about 1,200 feet
below the surface locally along the east-central
boundary of the quadrangle, in an area classified as
inferred because the coal is more than 2 miles from
an outecrop. -

Therefore, all the coal classified as measured and
indicated can be regarded as being less than 1,000 feet
below the surface.

OIL AND GAS POSSIBILITIES

All the past drilling for oil in southwestern Utah
has been concentrated in Washington County, about
30 miles south of the Cedar Mountain quadrangle,
where the stratigraphy is virtually the same, and
where the geologic structure is more favorable for
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the accumulation of oil than that in the Cedar Moun-
tain quadrangle. One small oil field, the Virgin field,
has been discovered as a result of the drilling in
Washington County, but other localities and structures
of equal or greater promise have proved to be dry.
Inasmuch as there has been no drilling for oil in the
Cedar Mountain quadrangle, an analysis of past ex-
ploration in Washington County will be helpful in
appraising the chance of finding oil in the quadrangle.

The Virgin field, which is about 2 miles northeast
of the town of Virgin, in Washington County, was
discovered in 1907 and inaugurated a period of petro-
leum exploration that has continued intermittently for
50 years. Between 1907 and January 1, 1955, a total
of 138 wells had been drilled in and near the Virgin
field, and the small productive area outlined as a result
of this drilling had yielded 183,300 barrels of oil
(Hansen and Scoville, 1955; National Oil Scouts and
Landmen’s Association, 1955). However, it is believed
that the overall cost of exploration and development
in the field has exceeded the value of the oil produced
(Hansen and Bell, 1949, p. 303-305). The Virgin
field is on a very low, almost imperceptible terrace or
dome in the Moenkopi formation. The producing
horizon is a thin bed of limestone near the top of
the Timpoweap member of the Moenkopi, about 600
feet below the surface. The oil is considered to have
been derived locally from the Timpoweap member,
which is fossiliferous.

The modest success in the Virgin field led to explora-
tion on other structures in Washington County, and
by January 1, 1955, about 29 additional wells had been
drilled outside the area of the Virgin field.

Most of the wells in the Virgin field are less than
1,000 feet deep, and of all the 167 wells drilled in the
County only 7 are more than 2,000 feet deep. A list of
the areas or structures tested by deep wells and the
oldest formation penetrated in each is given below:

Areas or structures in Washington County, Ulah, tested by wells
more than 2,000 feet deep

Total Oldest stratigraphie unit
Area or structure depth of penetrated
test
Pi‘ntura area_________________ 5, 496 | Coconino sandstone.
Virgin fleld__________________ 2,195 | Supai formation.
Graftondome_ ______________ 3, 508 | Kaibab limestone.
Punchbowl dome__ __________ 2, 590 | Permian rocks.

Bloomington dome of Virgin 2,532 | Supai formation.
anticline. ! 4,114 €9)
St. George (White) dome.___| 6,347 | Devonian rocks.

1 Not to be confused with Virgin field.

Except for the cluster of shallow wells in the Virgin
field, all other wells have been dry. One reason cited
for the relatively poor results obtained in Washington

Jounty is the general paucity of carbonaceous beds in
the underlying sequence. However, the sequence below
the Moenkopi formation is not altogether unfavorable
for the accumulation of oil, and it would be prema-
ture to say that the total possibilities of the region
had been exhausted.

In the Cedar Mountain quadrangle where there are
no structures as favorable for the concentration of
oil as those in Washington County, the chance of find-
ing oil is markedly less favorable than the chance in
Washington County. The Shurtz Creek anticline is a
visible structure of possible interest, but it is open to
the south and has been faulted along the crest, thereby
reducing the chance for oil concentration. On the other
hand, the top of the Timpoweap formation is only
about 400 feet below the surface at the point in sec.
4,T. 37 S., R. 11 W., where the north fork of Shurtz
Creek crosses the axis of the anticline. The rocks on
the east side of the Hicks Creek fault are updip from
a large area of possible oil accumulation and here also
the top of the Timpoweap formation is near the sur-
face. As in Washington County the older, potential
oil-bearing formations of Mississippian and Permian
ages are also present at greater depths in both struc-
tures.

Because of the large area of possible oil accumula-
tion on the east side of the Hurricane fault zone, and
because the east half of the ancestral Kanarra fold
is preserved on the east side of the fault, there is
also a remote possibility of oil concentration along
the trace of the fault where the older formations
terminate against the fault surface.

However, the chance of finding oil in any of these
structures is very small, and the risk of drilling could
justifiably be assumed only by an operator with large

resources.
GYPSUM

The Cedar Mountain quadrangle contains enormous
quantities of gypsum, a hydrous calcium sulfate,
CaSO, + 2H,0. This useful industrial mineral occurs
in a massive and contorted layer about 100 feet thick
at the base of the Curtis formation, which crops out
in a crooked belt extending from the north-central
margin of the Cedar Mountain quadrangle to the
southwest corner. This unit is well exposed along State
Highway 14 in Coal Creek Canyon, about 3 miles north
of the quadrangle. Gypsum was quarried commercially
at this point in the latter part of 1923 by the Mammoth
Plaster & Cement Co., but operations lasted only about
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1 year. The untreated gypsum was shipped to cement
plants for use as a retarder (Santmyers, 1929). In the
early history of the town of Cedar City gypsum from
this locality was used to make small batches of plaster
for local use. ‘

Although the quantity of gypsum contained in the
Curtis formation, both at the outcrop and at shallow
depths behind the outcrop, is very large, the bed is
impractical of access at most places in the Cedar Moun-
tain quadrangle. It is easily accessible, however, at
the point where the Shurtz Creek road crosses the
crop of the Curtis formation, and only a little less
accessible on the east side of sec. 29, T. 87 S.,, R. 11 W,
below the Kanarra Mountain road.

Gypsum has many uses in the manufacture of
cement, plaster, wallboard, and crayons; as a filler in
paint and paper; as a conditioner for alkaline soil; and
as a stabilizer for the ammonia present in manure. It
is a valuable and versatile raw material, and its
presence in quantity in the Cedar City area should be
of ultimate benefit to the community.

URANIUM

The rocks of Triassic and Jurassic ages exposed in
the Hurricane Cliffs are correlatives of the well-known
uranium-bearing formations of the Colorado Plateau.
Because of this fact, and because of the postwar boom
in uranium in the Colorado Plateau, the Hurricane
Cliffs were extensively prospected by means of Geiger
and scintillation counters during the period 1952-55.
Certainly, all roads, most stream channels, and many
ridges have been traversed. As a result of the increased
activity and interest, several claims were staked, par-
ticularly along the outcrop of the Shinarump member
of the Chinle formation and the overlying and under-
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lying beds. However, other than the staked claims and
a few grubbed-out prospect pits, which were visible in
the fall of 1955, there was not evidence of sustained
physical exploration or development in the area
covered by the quadrangle.

Several kinds of rock in the Cedar Mountain quad-
rangle are radioactive, at least locally; the largest
concentrations—still far below minimum ore grade—
are in coal and associated carbonaceous shale, the sec-
ond largest are in volcanic rocks of Tertiary age, and
the weakest are in noncarbonaceous shale and sand-
stone.

The most provocative occurrence of radioactivity in
the Cedar Mountain quadrangle is the coal at the
Tucker mine (loc. 8) in sec. 5, T. 37 S.,, R. 10 W. As
noted in table 7, the coal is weakly radioactive from
top to bottom, and includes one 4-inch parting near
the center that contains a maximum of 0.019 percent
uranium in the ash.

Most other outerops of coal and carbonaceous shale
that were examined gave beta and gamma ray readings
generally less than 0.015 mr per hr (milliroentgen per
hour), but several localities that gave readings of 0.02
mr per hr or more are listed in table 8. Table 8 also
presents data on the radioactivity of the ash dump of
the California-Pacific Utilities Co. powerplant in Coal
Creek Canyon, and the waste dump of the Tucker mine
(loc. 8) which gave higher readings of 0.03 and 0.03
to 0.04 mr per hr, respectively.

No radioactivity was observed in sandstone beds at
the base of the Cretaceous, but uranium mineralization
has been reported at this horizon at a locality about 20
miles southeast of the quadrangle in secs. 15 and 16, T.
40 S., R. 9 W. (Beroni and others, 1953).
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TABLE 7.—Uranium and germanium content of selected layers of coal from the Tucker mine, sec. 5, T. 37 S.,, R. 10 W,

Iron County, Utah.
[Face of main entry, 1,600 feet from entrance. Analysts, Joseph Budinsky, Mona Frank, and B. A. McCall]

Beta and Analyses in percent
3r:r::aition gamma ray
0 .
. diat L -
(thickness, Description measured tory N
in inches) in field Ash Uin Ge in Uin el in ’
ash ash sample? |sample?
(mr /hr)?
Impure coal 0.015 13.7 0.002 0.01 0.0003 (3) 138465
.02 67.4 .001 (3) .0007 0.001 138466
Shale
Impure coal .032 29.8 .006 (3) .0018 .001 138467
Shale .042 56.5 .007 (3) .0039 .003 | 138468
Coal .032 10.2 .019 (3) .0019 .001 138469
Shale }
Coal
Impure coal
> 015 15.0 002 | .001 .0003 (3) | 138470
Coal with few
Y- to Y- in.
partings
Py

1inciudes normal background radiation of 0.01 mr per hr.
2calculated from percent ash and percent uranium in ash.
3Less than 0.001 percent.
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TABLE 8.—Uranium content of rocks in and near the Cedar Mountain quadrangle, Iron County, Utah

Beta and
gamma ray
Locality Unit examined radiation eU U Remarks
measured (percent) (percent)
in field
(mr/per hr) !
Webster mine (loc. 7, fig. 20)_____. 4-in parting in coal______ 0.022 |_________ | ______ Same parting in Tucker mine
) ) ) o (loc. 8) gave 0.042 mr/per hr.
California-Pacific  Utilities Co. | Ashdump____..________ .03 20, 004 2(0. 002 | Coal in roughly equal parts
powerplant in Coal Creek Can- from Tucker, Webster, and
yon. Koal Kreek mines.
Tucker mine (loc. 8, %1 1) __ Waste dump._ - ______ 0.03 .04 | ___ |- _. Partly burned.
NW corner sec. 15, T. 37 S., R. | Shinarump member of S0} ;T PR Shurtz Creek road.
11 W. Chinle formation.
Sec. 20, T.37 8., R.10 W________ Carbonaceous shale in .02 2,003 2,003
Wahweap sandstone.
Sec. 17, T.378,, R. 10 W________ Kolob latite_ _ . .________ .02 3,003 3.001 | Urie Creek.
See. 1, T.37S, R.12W_________ Member E of Mackin .02 3.003 | 3<.001 | North Hills.
(1954) welded tuff.

1 Includes normal background radiation of 0.01 mr/per hr.
2 From Zeller (1954).
3 Analysts: Maryse Delevaux and Percy Moore.
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