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IRON DEPOSITS OF UTAH

by

Kenneth C. Bullock!

ABSTRACT

Utah is the fifth ranking state in the nation in
iron ore production. Small surficial iron occurrences
discovered in fifteen counties were used for flux,
ocher and other minor uses. Two iron deposits in
Washington County with moderate ore potential have
not been developed commercially. The only large iron
production in the state has come from the Iron
Springs district in Iron County.

Iron Springs district, on the east edge of the
Basin and Range province in southwest Utah, is the
largest iron-producing district in the western states.
Ore bodies lie 12 to 20 miles west of Cedar City.
Several open pit mines in operation are controlled by
three major iron-producing companies. Iron ore was
discovered in 1849; commercial production started in
1923.

Deposits in the Iron Springs district are clus-
tered along the margins of three intrusions of quartz
monzonite porphyry. They are oval in plan, 3 to 5
miles in diameter, and are aligned in a northeast
direction. Jurassic, Cretaceous and Tertiary sedimen-
tary strata and Tertiary volcanic rocks flank the
intrusions. Concordance with the intrusive bodies has
been overemphasized. Margins of two intrusions are
complexly folded and faulted.

Principal iron ore minerals are hematite and
magnetite. The ore occurs as contact metasomatic-
hydrothermal replacements and breccia fillings mainly
in Jurassic limestone, but also in younger strata and
porphyry. Small fissure veins of magnetite occur in
all three porphyry intrusions. From 1923 through
1968 the Iron Springs district produced 78,000,000
long tons of iron ore. Estimates based on drilling
operations, geophysical data and geologic information
indicate a probable ore potential in the district to be
more than 300,000,000 long tons.
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HISTORY OF THE IRON INDUSTRY IN UTAH

Iron ores in Utah were first discovered in 1849
in the Iron Springs district in Iron County, and
major iron production from this district began in
1923. During the past half century the Iron Springs
district has become the largest iron-producing district
in the western states, making Utah the fifth state in
the nation in iron ore production. The Utah iron
mining industry may be divided into five stages in
time over the past 120 years.

The first stage, from 1849 through 1884,
marked by Mormon pioneer efforts to produce iron
from Iron County deposits, was doomed to failure
principally because of lack of funds and good coking
coals and of competition of cheaper imported iron
products after the completion of the transcontinental
railroad through Utah. Only a few thousand tons of
iron ores were mined and processed into finished
products.

The second stage, starting about 1869 with the
coming of the railroads to Utah and continuing until
about 1922, marked the development of the nonfer-
rous mining industry in Utah and the use of iron
ores, chiefly limonite gossans, for fluxing purposes in
the smelting of lead, copper, zinc, silver and gold
ores. Several hundred thousand tons of fluxing iron
ores were used during this time by Utah smelters.
Small amounts of magnetite and hematite ores are
still being used today.

The third stage of iron mining in the state, the
Ironton Works stage, was a 20-year period from 1923
to 1942, marked by the completion of the Ironton
blast furnace near Provo. Ore production from the
Iron Springs district averaged 230,585 long tons
annually, all of it shipped to Ironton. Iron mining
was conducted by Utah Iron Ore Corporation and
Columbia Iron Mining Company during this period.

The fourth stage began with World War II and
extended to 1961 with the wartime construction of a
huge steel plant at Geneva, near Provo, now known
as the Geneva Works and owned by the U. S. Steel
Corporation. Production in the Iron Springs district
averaged 3,108,820 long tons annually during this
time. Columbia Iron Mining Company, a subsidiary of
U. S. Steel, greatly increased its shipments of ore to
the Geneva and Ironton Works. CF&I Steel Cor-
poration began production from its properties in the
Iron Springs district in 1943 and made shipments of
ore to its furnaces at the Minnequa Works, Pueblo,
Colorado. Utah Construction and Mining Company
started independent iron ore production from its
properties in 1944 from the Iron Springs district. Its
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principal sales were made to the Kaiser Works at
Fontana, California, and later to foreign markets. In
1958 they made a longterm contract with U. S.
Steel to ship ore to the Geneva Works,

In the fifth stage, after 1961, iron ore produc-
tion from the Iron Springs district was curtailed
because the Geneva Works used about 1.5 million
gross tons annually of taconite ores from U. S. Steel
Corporation’s operation at Atlantic City, Wyoming.
Since 1962 the average annual iron ore production
from the Iron Springs district has been slightly more
than 2 million long tons. Taconite ores will continue
to compete with iron ore production in Iron Springs
district, since taconite concentrates average more than
60 percent iron content and Iron Springs district ores
have averaged about 52.7 percent since 1923.

Iron occurrences in the Iron Springs district are
clustered about three igneous intrusives in the form
of limestone replacement bodies, breccia fillings and
replacements, and fissure fillings in porphyry. The
district will continue to be the only major iron pro-
ducing district in Utah in the future. The Iron
Springs district produced nearly 78 million long tons
of iron ore from 1923 through 1968. The estimate
of ore potential, based on drilling operations, geo-
physical data and geologic information, still exceeds
300 million tons, and additional ore bodies may be
discovered in the district. In the future the iron ores
may require increasing amounts of beneficiation to
meet competition of taconite ores from Wyoming and
Montana.

The study of Utah iron ore deposits shows that
of the 29 counties in the state, 12 have few or no
deposits, 15 have small surficial occurrences with
small economic value, one has a moderate ore poten-
tial, and one county has major deposits and ore po-
tential. Washington County has two deposits with
moderate ore potential in the Bull Valley district.
Iron County contains important iron deposits, all in
the Iron Springs district. The main portion of this
report is devoted to the Iron Springs and Bull Valley
districts; the 15 counties with small deposits are
discussed also.

BEAVER COUNTY
Beaver Lake Mountains Deposits

Beaver Lake Mountains deposits lie in the north
third of the range near the base of Lime Mountain,
about 14 miles by road northwest of Milford. The
principal iron occurrences are on Bat Ridge in sec.
16, at Black Rock mine in sec. 19, and Skylark mine
in sec. 20, all in T. 26 S., R. 11 W. (figure 1). Black
Rock mine is held by assessment work by Hampton
C. Burke of Milford.

Beaver Lake Mountains form a low circular
mass of hills with low relief, reaching 1,700 feet on
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Lime Mountain in the north portion of the range.
This area is composed of Paleozoic strata that have
been folded, thrust and cut by high-angle faults
(Barosh, 1960). The strata near Skylark and Black
Rock mines on the south flank of Lime Mountain
are metamorphosed and probably are Ordovician Fish
Haven and Silurian Laketown dolomites. Near the
mines the strata are white to light gray in color and
contain small amounts of tremolite. Undifferentiated
Paleozoic carbonate rocks occur along Bat Ridge east
of Lime Mountain.

The Tertiary quartz monzonite that intruded
the Paleozoic strata is medium gray, medium-grained
and granular in texture. It forms outcrops and boul-
ders that disintegrate into arkosic grus. The intrusion
altered the sedimentary carbonate rocks for varying
distances from its contact, and in places has pro-
duced some mineralization. The alteration consists of
rather extensive bleaching of dolomite, forming gen-
erally white to light gray recrystallized dolomite.
Tremolite is occasionally present. The mineralization
consists of a narrow sporadic zone usually less than
10 feet wide containing skarn minerals and some
localized iron minerals.

Bat Ridge iron occurrence consists of a lens of
magnetite and calcite, at the central part on the
north side of the ridge. Adjacent to the igneous con-
tact is a massive magnetite zone nearly 10 feet wide,
followed by an 8-foot zone containing about 20 per-
cent ore. The ore zone is mostly covered by float,
but the mineralization extends for about 100 feet
along the contact. No development work has been
done here. A little farther on the northeast side of
the ridge is a skarn zone similar to that at Skylark
mine. Garnet and chlorite are abundant, and magnet-
ite is limited. An adit penetrates this skarn zone
parallel to the contact for about 150 feet. The
Copper Mountain mine shaft is sunk into a skarn
zone farther east. A few hundred tons of iron ore
may be available from Bat Ridge.

Black Rock mine, near West Spring, about one-
half mile west of the Skylark mine, is in a pipelike
ore body of remarkedly pure specular hematite, that
measures about 10 feet in diameter at the shaft col-
lar. The deposit occurs near the intrusive contact,
entirely within the carbonate rock. A 300-foot shaft
was sunk in the hematite ore. Several hundred tons
of ore were shipped to nearby smelters during the
late nineteenth century. Nearly 200 tons are stock-
piled at the mine, and perhaps several hundred addi-
tional tons are yet unmined. The stockpile contains
nearly pure specular hematite.

Skylark mine has a mineralized zone about 20
feet wide and slightly longer at the shaft collar and
lies in a small roof pendant of carbonate rock, nearly
surrounded by quartz monzonite. The ore appears in
a tactite-type rock containing magnetite and hematite.
Other minerals present are epidote, quartz, calcite,
cuprite, chalcopyrite, chlorite, garnet and limonite. A
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Figure 1. Beaver County iron occurrences.

1. Bat Ridge prospect, Beaver Lake Mountains
2. Black Rock mine, Beaver Lake Mountains
3. Skylark mine, Beaver Lake Mountains
4. Creole mine, Mineral Range
5. Cave mine, Mineral Range
6. The Iron mine, Mineral Range
7. Copper King mine, Star Range
8. Oid Hickory, Montreal, Bawana and
Maria mines, Rocky Range

9. Blawn Mountain prospects, Wah Wah Mountains
10. Blawn Wash Iron mine, Wah Wah Mountains
11. Dry Canyon prospects, Wah Wah Mountains
12. Emma mine, Wah Wah Mountains
13. Iron Duke prospects, Wah Wah Mountains
14. King Iron prospects, Wah Wah Mountains
15. Wah Wah Pass prospects, Wah Wah Mountains
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few tons of iron ore were produced for fluxing at
the nearby smelters in the late nineteenth century,
and several tons of ore are stockpiled at the mine.
Iron ore potential of the three occurrences is less
than 5,000 tons. Chemical analyses of the ores are
given in table 1.

Mineral Range Deposits

Creole mine lies four miles northeast of Miners-
ville in the Lincoln mining district on the southwest
end of Mineral Range, in sec. 29, T. 29 S.,, R. 9 W.
(figure 1). A graded road extends northeast from
Minersville for 3% miles to where the road forks. The
mine lies one-half mile along the right fork and is
owned by Croff Oil Company of Salt Lake City.

Creole mine is a contact metasomatic deposit
localized along a limestone and quartz monzonite
contact. The mine was originally developed for lead-
silver ore and later was worked chiefly for copper. In
1907 about 200 tons of limonite gossan were mined
and used as a flux for smelters at Milford. Gold,
silver, and copper were found. Nevada Massachusetts
Company acquired a lease on the property in 1942
for the purpose of removing tungsten ore. In 1943
about 200 tons of tactite ore, containing dissemina-
ted scheelite ore, were mined. In 1966-67, 16
diamond drill holes showed a nonferrous ore zone
ranging from 7 to 35 feet thick. About half of the
holes penetrated a capping of limonite gossan or mag-
netite or a combination of both.

Sedimentary rocks near the Creole mine are
Talisman quartzite, Pennsylvanian in age, and Kaibab
limestone, Permian in age. The quartzite is gray to
pink in color and weathers to a dark gray. It con-
tains some limestone beds. The Kaibab limestone
measures 700 feet thick (Earll, 1957), and is
medium-bedded to massive, tan to light gray, with an
abundance of chert which occurs in lenses, nodules
and thin beds in limestone, and is light to medium
gray in color.

The Tertiary quartz monzonite which intrudes
the sedimentary rocks is medium gray to pink in
color and weathers to gray and brown. It is com-
posed of pink to flesh-colored orthoclase, white pla-
gioclase and varying amounts of quartz, biotite and
hornblende. It is cut by occasional aplite dikes.

The intrusive metamorphosed the limestone
rocks, producing a tactite zone and mineralizing the
host rocks. The principal minerals in the tactite are
garnet, vesuvianite, epidote, tremolite, quartz, calcite
and opal. The zone varies in width from less than
one foot to more than 100 feet and lies adjacent to
the intrusive contact. Primary ore minerals are mag-
netite, pyrite, chalcopyrite, bornite, scheelite and
galena, and secondary minerals are limonite, mala-
chite, azurite, cerussite, chrysocolla, copper pitch and
manganese oxides. Where ore minerals are present
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they are intimately associated with tactite. The ore
minerals and tactite are often capped by limonite
gossan or magnetite, or a limonite zone overlain by
magnetite. Mixtures of magnetite, tactite and sulfides
are common.

The Creole property was developed by a steep
inclined shaft with drifts, adits and recent drilling
operations east of the mine. Drilling indicated a
rather extensive nonferrous ore zone, overlain in part
by limonite or magnetite or both. A limonite gossan
zone exposed at the main workings is up to 10 feet
thick. This zone is generally overlain by magnetite
whose occurrences are localized, with irregular to len-
ticular outlines. Surface outcrops of magnetite are 50
feet long and less than four feet wide, except at one
point where a magnetite-tactite zone measured nine
feet wide. On the main working level of the mine a
lenticular body of magnetite measures 12 feet thick.

One of several magnetometer profiles showed a
fairly large anomaly, but profiles only 50 feet on
either side showed no particular extension of this ore
body. From surface and underground observations
and from the geophysical data, the ore potential of
the Creole mine is estimated to be less than 25,000
tons. Chemical analyses of the magnetite ores from
the Creole mine are given in table 1.

Cave mine lies on the west side of Mineral
Range in the Bradshaw mining district, nearly 10
miles by road southeast of Milford, in sec. 12, T. 29
S., R. 10 W. (figure 1). It lies a short distance south
of Cave Canyon Wash along a steep mountain front
at about 6400 feet. The mine is accessible from
Utah Highway 21, seven miles southeast of Milford,
thence east nearly three miles along a poor dirt road.
The property is owned by Croff Oil Company of Salt
Lake City.

Ore was found in a cave in 1859, but little was
done with it until 1875-76 when ore was shipped to
the Milford smelter. The ore consisted of a series of
cave-filling deposits along a fissure and replacement
bodies in adjacent dolomite and dolomitic limestone.
The ore, composed of limonite gossan and cerussite
which contained gold and silver, was an oxidized
residual of primary sulfides. Oxidation shrank the
deposits and created void spaces above the ore in
some caves. Ore was sometimes found on cave floors
covered by fallen roof material. It was richest at and
just above the floor, decreasing in values upward, and
barren or essentially barren at the top. Some high-
grade ore was produced; it was sold for a maximum
of $800 per ton, but the average price was in the
order of $25 to $30 per ton. Several hundred tons
of ore were shipped in 1880, then little was done
until 1900. Since this date Cave mine has yielded
1,400 tons of iron ore used as smelter flux.

The Cave mine deposits occur in Mississippian
Redwall limestone, perhaps a thousand feet or more
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Table 1. Analyses of iron ores in Utah, by county.

Location Number of Percentages
Samples Fe SiO, Mn Cu

BEAVER COUNTY

Bat Ridge prospects,

Beaver Lake Mtns. 1 48.6 7.6 0044 0.02 0.098

Black Rock mine,

Beaver Lake Mtns. 1 57.2 14 0044 0.16 0.06

Skylark mine,

Beaver Lake Mtns. 1 37.3 94 008 0.017 0.03

Creole mine,

Mineral Range 9 54.2 42 0.11 023 0.116

Cave mine,

Mineral Range 2 50.3 34 021 0.068 0.042

The Iron mine,

Mineral Range 1 51.3 86 076 0.025 043

Copper King mine,

Star Range 2 39.78 14.15 032 0.09 031

Old Hickory mine,

Rocky Range 2 46.5 125 005 026 0.13

Bawana mine,

Rocky Range 2 42.73 136 027 030 091

Maria mine,

Rocky Range 2 49.33 8.8 0.30 0.13 1.11

Mill tailings concentrate,

Rocky Range 3 68.4 6.0 048 026 087

Iron Queen mine, Blawn

Mtn., Wah Wah Mtns. 3 50.8 43 006 008 0.09

Blawn Wash Iron mine,

Wah Wah Mtns. 1 46.0 94 018 0.17 036

Dry Canyon prospects,

Wah Wah Mtns. 1 48 4 112 030 039 0.04

Emma mine,

Wah Wah Mtns. 1 55.1 104 030 011 0381

Iron Duke prospects,

Wah Wah Mtns. 2 39.0 13.7 014 059 1.65

King Iron ﬁrospects,

Wah Wah Mtns. 2 45.6 84 0.16 0.06 0.20

Red claim, Wah Wah Pass

prospects, Wah Wah Mtns. 1 57.6 30 025 001 0.1

West claim, Wah Wah Pass

prospects, Wah Wah Mtns. 1 46.0 1.8 051 0.01 0.01

BOX ELDER COUNTY

Copper Mtn. mine,

Pilot Range 3 48.9 134 012 0.18 0.12

Tecoma mine,

Pilot Range 3 41.7 104 0.02 0.03 1.57




6 Utah Geological and Mineralogical Survey, Bulletin 88, 1970

Table 1 (continued).

Location Number of Percentages
Samples Fe SiO, S P Mn Cu

West outcrop, Wasatch Iron
& G.M.C. prospects, 3 504 184 004 0.06 0.06
Wasatch Mtns.

East outcrop, Wasatch Iron
& GM.C. prospects, 2 457 252 005 014 0.05
Wasatch Mtns.

CACHE COUNTY

Magnetite ore, Deadman
Gulch prospect, 1 57.5 5.76 0.06 0.12 0.01
Bear River Range

Hematite ore, Deadman
Gulch prospect, 1 39.8 112 032 009 0.10
Bear River Range .

Surface outcrops,

‘Mineral Point mine, 2 67.1 4.1 0.05 0.02 0.03
Bear River Range

50-foot level,

Mineral Point mine, 3 62.6 447 0.01 0.01 0.02
Bear River Range

Storage ore bins,
Mineral Point mine, 2 61.5 939 001 001 002
Bear River Range

Shaft along fault contact,

Mineral Point mine, 2 550 166 004 0.03 001
Bear River Range
DAGGETT COUNTY
Rock Springs sandstone, .
Spring Creek prospects, 2 212 514 004 0.10 0.14
Antelope Flat
Quaternary iron bed,
Spring Creek prospects, 2 24.1 476 0.02 1.70  0.06
Antelope Flat
Birch Creek prospect,
Uinta Mtns. 2 364 393 009 056 006

GRAND COUNTY
Batchelor Basin prospects,
12 §alel\(/ﬂnszjl prosp 3 482 202 047 0.05 0.01

IRON COUNTY
exclusive of Iron Springs district

Iron Peak prospects,

Markagunt Plateau 14 62.4 49 0.006 0.03 036
JUAB COUNTY

Little Oak Creek prospects,

Canyon Range 2 45.5 80 001 004 0.04

Limonite ore
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Table 1 (continued).

Location

Number of
Samples

Fe

Si0,

Percentages
S P

Mn

Cu

Little Oak Creek prospects,
Canyon Range
Hematite ocher

Iron Blossom mine,
Drum Mtns.

Black Jack Iron mine,
East Tintic Mtns.
East outcroppings

Black Jack Iron mine,
East Tintic Mtns.
Main outcroppings

Dragon mine,
East Tintic Mtns.

Lockheed mine,
Sheeprock Mtns.
Surface samples

Lockheed mine,
Sheeprock Mtns.
70-ft. level, 375-1b. sample

MILLARD COUNTY
exclusive of Cricket Mtns.

Iron Mine Pass prospects,
Beaver Mtns.
West prospect

North Fork prospect,
Pavant Range

Widemouth Canyon prospect,
Pavant Range
80-ft. shaft

Widemouth Canyon prospect,
Pavant Range
Surface outcroppings

Twin Peaks prospect,
Twin Peaks

MORGAN COUNTY

Queen of the West mine,
Wasatch Mtns.
Main shaft, gossan ore

Queen of the West mine,
Wasatch Mtns.
Surface gossans

Queen of the West mine,
Wasatch Mtns.
Magnetite outcrops

SALT LAKE COUNTY
Big Cottonwood mine,

Wasatch Mtns.
Metallurgically tested ore

2

50 1bs.

41.0

58.2

50.5

53.6

56.0

58.2

60.1

53.8

51.2

46.5

353

60.7

56.6

50.2

48.2

3735

15.3

5.2

12.6

7.3

4.5

8.7

5.2

2.9

4.8

1.8

14

3.8

4.6

4.1

2.7

18.2

0.11

0.20

0.18

0.18

0.20

0.14

4.45

0.09

0.23

0.09

0.14

0.013

0.05

0.07

0.80

0.96

0.07

0.02

0.52

0.42

0.45

0.09

0.14

0.29

0.24

0.02

0.01

0.019

1.06

0.27

0.50

0.01

0.10

0.03

0.17

0.15

0.16

0.25

0.01

2.52

0.02

0.26

0.02

0.15

0.12

0.10

0.11

1.67
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Table 1 (continued).

Location Number of Percentages
Samples Fe Si0, S P Mn Cu
Big Cottonwood mine,
Wasatch Mtns, 2 56.1 68 027 034 0.16
High-grade magnetite

SEVIER COUNTY

Krotki Iron deposit,

Antelope Range, 5 57.7 477 0.08 0.024 1.27
Stalactitic massive ore

Krotki Iron deposit,

Antelope Range, 3 51.2 1.60 0.04 0.028 148
Ocherous ore in tuff

TOOELE COUNTY

Iron Claims prospect,

Deep Creek Range 2 414 242 001 0.015 0.29

Gold Hill barite-limonite

Brospect, 3 377 272 025 019  0.02
eep Creek Range

Iron King mine,

Sheeprock Mtns. 5 613 6.54 0.02 0.03 0.09

Consolidated Lela prospects,

Stansbury Mtns. 3 60.1 11.3 0.45 0.02 0.01

Skull Valley Indian

Reservation prospects, 3 464 298 050 0.09 001

Stansbury Mtns.

UINTAH COUNTY

Black Canyon prospects,
Uinta Mtns. 2 256 358 078 007 0.04

Cow Hollow prospect,

Uinta Mtns. 2 52.6 4.8 0.24 0.02 0.02
Hematite ore

Cow Hollow prospect,

Uinta Mtns. 2 29.2 54 1.60 0.04 0.02
Gossan ore

Dry Fork prospects,
Uinta Mtns. 2 33.2 40.8 0.74 0.02 0.06
Hematite ore

Mosby Park prospect,
Uinta Mtns. 2 428 224 0.07 040 0.05

Pope Iron mine,
Uinta Mtns. 6 532 221 029 0.04 0.06

Wild Mountain prospects,
Uinta Mtns. 2 299 472 006 0.02 0.06

UTAH COUNTY

Iron King mine,
East Tintic Mtns. 4 46.8 645 0.10 039 5.60
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Table 1 (continued).

Location Number of Percentages
Samples Fe Si0, S P Mn

Diamond Fork prospect,
Wasatch Mtns. 2 44.8 194 0.10 198 0.03

WASATCH COUNTY

Ferry Iron mine,
Uinta Mtns. 6 572  20.1 0.05 0.02 0.07

WASHINGTON COUNTY
exclusive of Pilot deposits

Buckey claims,

Bull Valley district 3 50.6 15.2 0.034 0.39 0.12
Cove Mountain deposits,

Cove Mountain, 20 44.7 31.6 039 0.05 0.18
Bull Valley district

Farnsworth prospects,
Mastodon claims, 3 62.3 9.26 0.21 0.015 0.10
Bull Valley district

Farnsworth prospects,
Low Down claims, 2 56.5 9.8 0.02 0.042 025
Bull Valley district

Farnsworth prospects, High

Up claims, | 3 58.2 472 003 0.023 031
Bull Valley district

Soft Iron prospects,

Bull Valley district 5 44.7 16,5 0076 0.19 024
Emma mine,

Mineral Mtn. 3 38.6 11.8 001 003 030
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in thickness in the Mineral Range (Earll, 1957). It
consists of cherty gray limestone and dolomite that
weathers light to medium gray and is thin- to thick-
bedded. An igneous intrusion of quartz monzonite
outcrops below the Cave mine and cuts the Redwall
limestone. An abundance of tactite minerals has de-
veloped in places along the igneous contact.

The Redwall limestone was cut by faults of
unknown but small magnitudes where primary ore
mineralization took place. Oxidation of pyrite and
galena converted these minerals into a spongy limo-
nite and limonite ocher deposit containing cerussite
and some gold and silver. Mine workings consist of a
series of adits at varying elevations along the fissures,
connecting drifts and raises. The oxide zone contain-
ing limonite and goethite gossan appears to have been
largely depleted. Local miners say additional ore is
available in the mine but the ore potential is prob-
ably small. Chemical analyses of Cave mine ore are
given in table 1.

The Iron mine property, on McGarry Knoll on
the west side of Mineral Range, lies seven miles
southeast of Milford in sec. 20, T. 28 S., R. 9 W,
(figure 1). The area is accessible from the Pass road
that traverses the Mineral Range between Milford and
Beaver. The property lies one mile northeast of a
telephone booster station on the Pass road near the
western mountain base. The property has been
known as the PH and L mine, P and H mine, and
The Iron Mine; the latter term is used on the Adams-
ville topographic quadrangle map. The property is
held by E. W. Hood of Beaver.

McGarry Knoll is a prominent hill of bedrock
nearly 150 feet high surrounded by Quaternary allu-
vium. A bedrock outlier consists mainly of Permian
Kaibab limestone, Triassic Moenkopi Formation and a
small exposure of quartz monzonite rock. Sedimen-
tary formations strike northwest and dip steeply
toward the east. The quartz monzonite intrusive
forms a limited outcrop on the west side of the hill
at the mine workings.

Kaibab limestone in the Mineral Range is a
medium-bedded to massive, tan to light gray lime-
stone, about 700 feet in thickness; it contains an
abundance of chert. It is overlain by the Triassic
Moenkopi Formation and consists of about 1,500
feet of red, brown and yellow calcareous sandstone
and sandy shale, gray limestone, and red-brown to
maroon sandy shale.

Along the southwest side of the knoll a quartz
monzonite intrusive has cut the Kaibab limestone. A
small contact metasomatic deposit of tactite with
some magnetite has developed. A 50-foot shaft on
the south end of the Knoll contained very little mag-
netite; the main mineralization occurs about 500 feet
farther north along the southwest side of the out-
crops. A tactite zone which can be traced intermit-
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tently for about 300 feet has a width up to 20 feet,
and contains at least one layer of magnetite with a
maximum thickness of two feet. The magnetite oc-
curs as a replacement along a favorable limestone
bed. The adjacent limestone has been marbleized to
some extent. Of the three small workings, two pros-
pect holes are less than ten feet deep and show little
magnetite; the third operation consists of a short
caved adit and an excavation 20 feet deep and 40
feet long that parallels the strike of the Kaibab lime-
stone beds. The best exposure of tactite is shown in
this pit. Outcrops of magnetite are small, but one
layer can be traged about 40 feet and averages one
foot thick. This property contains less than 100 tons
of magnetite ore. A chemical analysis of the ore is
given in table 1.

Star Range Deposits

Copper King mine lies five miles west of Mil-
ford, in the SW% sec. 5, T. 28 S., R. 11 W. (figure
1). The mine is accessible via Utah Highway 21, five
miles west of Milford, then south two miles on a dirt
road. The property consists of 13 patented mining
claims owned by Eugene N. Davie of Milford.

Mineralization at Copper King is a contact
metasomatic type. Talisman quartzite, Pennsylvanian
in age, has been intruded by Tertiary quartz monzo-
nite porphyry. Limited copper, iron and tungsten
mineralization occurs along the contact. The Talisman
quartzite consists of nearly 1,100 feet of fine-grained
brown to pink orthoquartzite with some lenses of
limestone and gypsum (Baer, 1962). The quartz mon-
zonite porphyry contains about equal parts of ortho-
clase and plagioclase and 25 percent quartz. It has
intruded and lies northwest of the Talisman quartzite
outcrops.

The deposit consists of partial magnetite
replacements in carbonate lenses of Talisman quartz-
ite, with primary bornite, and secondary azurite,
malachite and cuprite. Scheelite can be found along
the mineralized contact. The property was originally
developed for its copper content.

Iron mineralization can be traced intermittently
for about 400 feet along the contact. Lenses up to
10 feet wide are exposed, and one shaft exposes
magnetite to a depth of 110 feet. One exposure
shows small amounts of magnetite across a width of
nearly 50 feet. The property has been developed by
four shafts and several prospect pits. Based on sur-
face exposures and development work, the ore poten-
tial is estimated as ranging from 5,000 to 10,000
tons of magnetite ore. Chemical analyses of the ores
are given in table 1.

Rocky Range Deposits

Rocky Range iron occurrences all lie at the
south end of the range in secs. 22 and 23, T. 27 S.,
R. 11 W., about five miles northwest of Milford
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(figure 1).. These deposits are the OId Hickory,
Montreal, Bawana, and Maria mines. Bawana and
Maria operations belong to the Cerro Verde group
and were first operated by the American Mining
Company, later by the West Toledo Mining Company,
for their copper mineralization.

Rocky Range is composed of a belt of Triassic
sedimentary rocks which have been intricately
intruded by Tertiary igneous rocks. The Triassic
Moenkopi Formation has a varied lithology in its
2,200-foot thickness (Hobbs, 1945). The lower por-
tion is dark gray marine limestone and green shale,
nearly 350 feet thick. Red, brown and green shales
with interbeds of limestone make up the next 500
feet. The upper portion consists mainly of inter-
bedded sandstone and shales. These sedimentary
strata are steeply inclined or vertical in attitude and
vary considerably in strike.

Igneous rocks of quartz monzonite and grano-
diorite compositions intrude the Moenkopi Formation
and form small stocks, dikes and sills in sedimentary
strata. Ore bodies are found near igneous contacts
forming contact metasomatic type deposits which
tend to be somewhat tabular and lenticular. Lime-
stone beds forming the main host rocks were meta-
morphosed and mineralized to a rock composed
mainly of magnetite, garnet, diopside, epidote and
chlorite. The proportion of magnetite to silicates
varies widely, from about 90 percent magnetite and
10 percent silicates to 90 percent silicates and 10
percent magnetite. Minor constituents are primary sul-
fides of pyrite, chalcopyrite and bornite; secondary
copper ores are azurite, malachite, copper pitch and
chrysocolla. Copper ranges from a trace to two per-
cent and was the principal metal extracted during
mining operations. Scheelite is found with the mag-
netite in Old Hickory mine.

The magnetite and copper ore body of Old
Hickory mine was known for many years before ex-
traction of copper in 1906-07. In 1917-18 the mine
was worked for iron ore to be used as a flux, and in
1941-43 18,000 tons of tungsten ore were removed.
The property was developed by a 300-foot shaft and
several working levels. Most of the ore above the
80-foot level was stoped out to the surface forming
a glory hole. The main Old Hickory magnetite ore
body forms a tabular block cut by a quartz monzo-
nite dike. It measures about 450 feet long, 6 to 30
feet wide and roughly 300 feet deep. This property
is estimated to contain at least 100,000 tons of mag-
netite ore.

The nearby Montreal magnetite-copper property
was known prior to 1900. Copper production has
been intermittent and small, and no known iron pro-
duction is recorded. A magnetite ore body about 50
feet long and 12 feet wide at the surface of the
mine was covered by waste rock from the Bawana
open pit mine.
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The Bawana magnetite-copper mine lies north-
east of the Old Hickory mine about one-quarter of a
mile. Geochemical and geophysical surveys outlined
an anomalous area, and exploratory drilling disclosed
an ore zone 500 feet in strike and 70 feet wide,
with the ore body dipping steeply to the northeast.
Ore minerals occurred as a replacement of a roof
pendant of a limestone member of the Moenkopi
Formation that lies adjacent to a mass of quartz
monzonite. In 1962 stripping operations began, and a
flotation plant with a daily capacity of 400 tons of
ore was put in operation. The plant is two miles
south of the Bawana open pit. The property was
largely mined out by 1967, producing roughly
700,000 tons of ore. At present the iron ore concen-
trate is collected in a tailings pile adjacent to the
plant. Ore processed in the flotation plant contains
20 to 25 percent iron, principally magnetite.

The Maria magnetitecopper ore body was dis-
covered by geophysical surveying and lies about one-
quarter mile west of the Bawana open pit. Stripping
operations in 1967 exposed the top of the ore body
that measures about 600 by 50 feet. The mineralogy
and general geology is similar to the Bawana mine. It
is estimated that the Maria ore body contains about
500,000 tons of magnetite-copper ore.

The total ore potential of Old Hickory, Bawana
and Maria mines and their extensions probably ranges
between 1.5 million and 2 million tons. The iron ore
potential lies in the copper byproduct concentrate,
consisting of high-grade magnetite which is wasted in
mill tailings. Chemical analyses of these ores and the
mill tailings concentrate are given in table 1.

Wah Wah Mountains Deposits

Blawn Mountain prospects are located on Blawn
Mountain in the southern Wah Wah Mountains, 21
miles northwest of Lund. The crest of the mountain
is an east-west trending ridge of white silicified rhyo-
lite with a maximum elevation of 8,390 feet. Iron
mineralization lies along this ridge in the S% sec. 30,
T. 29 S., R. 15 W. (figure 1). The largest iron out-
cropping is the Iron Queen mine. The property is
held by assessment work by Mickey Robis of Milford
and Murray, Utah.

Blawn Mountain consists of Paleozoic quartzite
and dolomites that have been intruded by rhyolite
and rhyolite porphyry (Miller, 1959) which lie mainly
north of Blawn Ridge. The oldest sedimentary forma-
tion in the immediate area is Ordovician Eureka
quartzite, a white fine-grained orthoquartzite, perhaps
150 feet thick. The south side of Blawn Mountain is
bounded by dolomites that conformably overlie the
Eureka quartzite. The oldest of these strata consists
of 400 feet of alternating beds of black and medium
to light gray dolomite which is correlated with Ordo-
vician Fish Haven dolomite. These strata are overlain
by about 1,200 feet of light to medium gray dolo-
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mite correlated with Silurian Laketown dolomite.
Conformable above these strata are about 300 feet of
dense and light-colored Devonian Sevy dolomite.

Hydrothermal activity has produced argillic and
alunitic alteration and silicification (Whelan, 1965).
The argillic alteration produced extensive kaolinite
deposits of potential economic value. The kaolinite is
massive, remarkably pure, and is tan and white; the
tan color is caused mainly by surficial iron staining.
Some dickite and montmorillonite are present. The
alunite is tan and white and is distinguished from the
kaolinite by its powdery character. At the Iron
Queen mine alunite overlies kaolinite. The crest of
Blawn Mountain consists of silicified rhyolite por-
phyry, white in color and forming a hard porcelain-
like rock.

There are 10 small iron occurrences on Blawn
Mountain occurring near the rhyolite intrusive and
dolomite contact as small lenticular replacement pods
in hydrothermally altered dolomite. Most of the ex-
posures more or less align themselves in a west-
northwest direction for 4,200 feet. The chief iron ore
is hematite, containing varying amounts of magnetite,
goethite and limonite. Much of the ore is dense with
a dark brown to black color; occasionally masses con-
tain voids partly filled with limonite and goethite.
Some samples are iridescent and others are slightly
magnetic. The ore lies adjacent to or surrounded by
kaolinitic and alunitic alteration zones, and veinlets
of kaolinite cut the ore. Small quantities of purple
fluorite and manganese oxide ores are also present.

Iron Queen mine, the largest iron occurrence,
lies midway along the iron ore alignment. Mineraliza-
tion on this outcrop extends for 250 feet with a
maximum width of 60 feet. The property has been
developed by glory holes, an adit and drifts. Several
hundred tons of iron ore were shipped from this
mine to the San Francisco mining district to be used
as a fluxing ore. A recent drift driven about 150 feet
below .the surface outcrops exposed a replacement
body of ore seven feet thick.

Most of the other iron outcrops on Blawn
Mountain have been prospected by shallow pits and
trenches, with few or no shipments. Some of the
iron outcrops and old workings were buried or
destroyed by recent development work in search of
kaolinite. The Blawn Mountain iron ore potential is
probably less than 1,000 tons of gossan ore, princi-
pally associated with the Iron Queen mine. Chemical
analyses are given for the Iron Queen mine in table
1.

Blawn Wash iron mine is on the north side of
the wash near the head of the canyon on the south-
east end of the Wah Wah Mountains, about one and
one-half miles northeast of Blawn Mountain in sec.
20, T. 29 S., R. 15 W. (figure 1). The property is
situated about 22 miles by road from Lund and 38
miles via Utah Highway 21 from Milford. It has been
restaked several times.

Utah Geological and Mineralogical Survey, Bulletin 88, 1970

The iron occurrence is associated with undif-
ferentiated Ordovician Fish Haven and Silurian Lake-
town dolomites. The Fish Haven consists of 400 feet
of light gray to black dolomite. The Laketown is
estimated to be about 1,200 feet thick near the
Staats mine, a light to medium gray, medium-bedded
dolomite about three miles southwest of the prop-
erty. One mile east of the mine in Dry Canyon,
Ordovician-Silurian strata are exposed as an overthrust
sheet resting tectonically on Mississippian strata (Mil-
ler, 1959).

Iron ore occurs along a high-angle fault in the
overthrust sheet; the ore deposit consists of a fissure-
filling and a bedded replacement deposit. The ore
consists mainly of goethite and limonite gossan with
some hematite and manganese oxides. The property
was developed by a shaft about 50 feet deep, a drift,
and a stope that has caved near the shaft, forming a
glory hole about 30 feet in diameter and 35 feet
deep. Iron mineralization is exposed as a carbonate
replacement in the glory hole and measures 10 feet
long and 5 feet wide. Small stockpiles of iron ore are
found near the shaft. Several hundred tons of gossan
ore were shipped during the late nineteenth century
to the San Francisco district for fluxing. A 20-foot
shaft was sunk 100 feet southeast of the iron mine
shaft in search of uranium during the early 1950’s.
The ore appears to be largely depleted, with perhaps
less than a 200-ton ore potential remaining. A
chemical analysis of the ore is given in table 1.

Dry Canyon prospects lie near the mouth of
Dry Canyon on the southeast end of Wah Wah
Mountains. Dry Canyon lies midway between Willow
and South Willow creeks, about two miles south by
road from Willow Spring. The iron prospects lie on
each side of the road between two prominent knolls
in sec. 14, T. 29 S., R. 15 W. (figure 1), about 24
miles by road north of Lund and 35 miles via Utah
Highway 21 from Milford. The prospects were staked
as Mainline claims by Lamar Hodges of Beaver, but
no assessment work has been done.

Iron mineralization is associated with Pennsyl-
vanian Ely limestone. The Ely forms the easternmost
sedimentary outcrops in Dry Canyon where several
hundred feet are exposed in a window through a
thrusted plate of Ordovician-Silurian strata (Miller,
1959). The base is not exposed. The limestone is
folded into a north-plunging anticline which has been

. cut by the overriding thrust plate and is composed of

light to medium gray limestone with dolomite and a
few interbedded calcareous sandstones and shales.
Locally it contains abundant lenses and nodules of
brown-weathering chert.

Several small iron outcrops in a gossan-type
deposit are scattered over an area several hundred
feet in radius; the largest outcrop measures only 20
feet in diameter. Three shallow prospect holes reveal
that the main minerals are goethite and limonite,
with small amounts of hematite and occasional man-
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ganese stainings. The ore occurs as small fissure
fillings and bedded replacements and is hard and
spongy. No iron ore has been shipped from this
property. The ore potential is small, with less than
100 tons of iron ore exposed. A chemical analysis of
Dry Canyon ore is given in table 1.

Emma mine is located about 15 miles north-
west of Lund in the low hills west of Blue Mountain
in the southeast Wah Wah Mountains. It lies in the
hills immediately east of the lower Blawn Wash drain-
age in sec. 7, T. 30 S., R. 14 W. (figure 1). The
mine is about three miles north of Adams Well,
which is near the junction of Milford and Lund
roads. The original Emma property consisted of eight
claims and was held by assessment work for many
years by Flag Mining Company. The property was
restaked in 1967 by W. S. Neal.

Iron mineralization occurs in undifferentiated
Cambrian strata which form the higher ridges and
knolls north and east of Adams Well. These strata are
Middle and Upper Cambrian carbonate rocks, part of
the Blue Mountain thrust plate (Miller, 1959), over
Mesozoic strata. A small window of Jurassic Navajo
sandstone is exposed near the Emma mine. Iron ore
occurs along high-angle faults near the thrust fault
and is a gossan-type deposit. The ore is found as
fissure fillings and partial replacements in the carbon-
ate rocks on both sides of a prominent limestone
ridge. The chief iron mineral is hard and ocherous
hematite. Goethite, limonite and manganese oxides
are abundant locally.

Emma mine and adjacent prospects were devel-
oped by numerous pits, adits and shafts; the adits are
now caved. Several hundred tons of fluxing ore came
from selective mining operations. The largest develop-
ment work was at the Emma shaft, where the ore
assayed about $5.00 per ton in gold on the surface
outcrops. A shaft 220 feet deep was sunk and drifts
were made on the 50-, 100-, and 200-foot levels,
totalling more than 1,000 feet of workings. A small
vein of copper was found on the 100-foot level. The
iron ore potential is extremely small, less than 100
tons useful as ocher. A chemical analysis of the
Emma iron ore is given in table 1.

Iron Duke (Iron Glory, Ruby) prospects are
about 13 miles northwest of Lund in the low hills
west of Blue Mountain in the southeast Wah Wah
Mountains. These prospects lie one mile east of
Adams Well which is situated near the junction of
Milford and Lund roads, near a small reservoir 500
feet from the Milford road. They lie in sec. 17, T.
30 S., R. 14 W. (figure 1). The property has had
various ownerships. They were restaked in 1967 by
Glen Lowder of Springville who called them the
Lowder claims.

Iron mineralization is associated with undiffer-
entiated Cambrian strata which form the high ridges
and knolls east of Adams Well. These strata, Middle
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and Upper Cambrian carbonate rocks that are part of
Blue Mountain thrust sheet, were thrust over
Mesozoic sedimentary rocks. The Cambrian forma-
tions are cut by numerous high-angle and tear faults.
Tertiary volcanic rocks lie east of the property. Min-
eralization took place along a high-angle fault that
cuts Cambrian carbonate rocks, and considerable brec-
ciation and gouge has developed. A gossan deposit
has formed with some fissure filling and partial
replacement taking place along the fault. The main
iron minerals are limonite and goethite, with some
manganese staining. The ore is hard, spongy and
clinkery in appearance.

The property was developed by two shallow
shafts, each about 12 feet deep and lying within 50
feet of each other. A few tons of iron ore are stock-
piled at each working but none has been shipped.
The ore potential is small, with less than 100 tons in
this occurrence. Chemical analyses of these ores are
given in table 1.

King Iron prospect lies 15 miles by road north-
west of Lund in the southern hills of the Wah Wah
Mountains, in sec. 33, T. 30 S., R. 15 W. (figure 1).
The property is held by assessment work by Lamar
Hodges of Beaver.

Iron mineralization is associated with Middle
and Upper Cambrian carbonate rocks that have been
thrust over Jurassic Navajo sandstone. These Cam-
brian strata form most of the ridges and knolls rising
above Tertiary volcanics and Quaternary alluvium and
have a local relief of about 1,200 feet. Near the King
Iron property the Cambrian strata strike northeast
and dip about 35° northwest. They outcrop for eight
miles in a north-south direction and three miles in an
east-west direction. In the center of these outcrops is
a large window through the Blue Mountain thrust
plate in which Navajo sandstone of the autochthon is
exposed. The Cambrian section of rocks consists of
about 150 feet of olive green shales and more than
1,700 feet of medium to dark gray limestone, dolo-
mitic limestone and dolomite.

The Blue Mountain thrust plate of Cambrian
strata is cut by numerous tear and high-angle faults.
The King Iron prospect lies along such a faulted zone
in medium gray limestone. The ore consists of a
gossan-type deposit containing limonite and goethite
with some hematite. The deposit is largely a fissure
replacement body in limestone. One large outcrop of
iron ore measures 40 feet long and up to 12 feet
wide; the ore is hard and massive and weathers to
dark brown and black. The property was developed
by numerous bulldozer cuts and one core drill hole.
Large blocks of iron float are scattered below the
iron outcrop. This ore body has potential of about
1,000 tons. A chemical analysis of the ore is given in
table 1.

Wah Wah Pass prospects occur in the central
Wah Wah Mountains, where Utah Highway 21 crosses
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the range. The summit lies 32 miles northwest of
Milford at 6445 feet. Two iron occurrences were
prospected west of the summit and north of the
highway. Red claim lies one and one-half miles north-
west of the summit in SE% sec. 19, T. 26 S., R. 15
W. (figure 1). West claim lies a little over one-half
mile west in the same section. The properties are
unclaimed.

Sedimentary rocks in the Wah Wah Pass area
consist of gently east-dipping Cambrian strata. Iron
mineralization is associated with Orr and Weeks for-
mations. The Orr Formation is exposed throughout
most of the pass area, and Weeks Formation is ex-
posed only on the west side of the range. Older
Cambrian strata underlie these formations along the
west side of the pass and are exposed at Lime Point.
The Weeks Formation consists of 600 feet of light to
dark gray laminated limestone and dolomite. The Orr
Formation is composed of 1,400 feet of medium to
dark gray, thin- to medium-bedded limestone (Erick-
son, 1966).

Intrusive igneous rocks of diorite and quartz
diorite composition cut the sedimentary strata and
are exposed discontinuously for four miles through
Wah Wah Pass. Although much of the area is covered
by grus and pediment gravels, the intrusives appear to
be three separate plugs or stocks with numerous sills
and dikes of similar composition. The topographic
low of the pass is the result of more rapid weath-
ering of the igneous rock compared to Cambrian sedi-
mentary strata at higher elevations. The intrusives
vary in quartz content and type of ferromagnesium
minerals present but otherwise appear to be closely
related. Textures range from coarse-granular to
porphyritic-aphanitic. Fresh surfaces are medium to
dark gray, and weathered surfaces turn brownish.

Intrusive igneous rocks have produced an irregu-
lar contact metamorphic aureole surrounding the
stocks. The aureole varies from 200 to 2,000 feet in
width and produces marble and skarn minerals. Mar-
ble composes most of the zone of alteration and is
generally light colored and coarse-grained in texture.
Locally, dark brown or greenish brown skarn rocks
occur adjacent to igneous contacts; the main skarn
minerals are grossularite, chlorite, anorthite, diopside,
idocrase, calcite and forsterite.

Iron mineralization occurs at several places on
the north side of the diorite intrusions through Wah
Wah Pass, usually along the outer edge of marble or
in adjacent limestone. Hematite is the main iron min-
eral and produces reddish outcrops in limestone and
marble. Most of the iron occurrences are limited to
staining of carbonate rocks. Mineralization occurs
along bedding planes, joints, small fissures and faults,
and as small pipelike bodies. Outcrops are suggestive
of gossans and most have been prospected by shallow
pits or shafts.

The two largest iron occurrences are found
along faults with gouge up to five feet wide. At Red
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claim hematite occurs as a fissure filling and replace-
ment in a four-foot gouge zone along a north-
trending fault. Hematite occurs as small hard chunks
and clusters in gouge. Some ocherous hematite and
small amounts of limonite, turgite, goethite and man-
ganese oxides are found. Not all of the gouge zone is
mineralized. The deposit is associated with cherty,
medium to dark gray limestone belonging to the Orr
Formation. This property was developed by a 10-foot
prospect pit into the side of the hill, then by mining
along the fault zone by means of a short adit. A
second iron outcrop is developed by a three-foot pit
200 feet farther north. This outcrop shows little
gouge, has more massive hematite, and manganese
oxides are present. At least 25 tons of bright red ore
are stockpiled at the two dumps.

The iron ore on West claim in sec. 19 is a
fissure filling and replacement in a marbleized zone of
the Weeks Formation. Iron occurs in a five-foot
gouge zone along a north-trending fault. The adjacent
rock is light to medium gray marblized limestone;
hematite is the main iron mineral and consists of
hard clinkery ore, in large chunks and blocks in
gouge. Some ore is iridescent. Limonite, turgite and
manganese oxides are present. The small amounts of
hematite are soft and ocherous. The gouge is not all
mineralized, showing streaks of light-colored rock.
This deposit was developed by a shaft nearly 30 feet
deep and by a short drift northward along the gouge
zone. At least 30 tons of ore are stockpiled at the
shaft. Some shipment of iron ore appears to have
been made from this property. Fifty feet east is a
shallow prospect pit containing clinkery and spongy
hematite, goethite, limonite, turgite and pyrolusite.
Two iron-stained outcrops occur in marble east of
the shaft about 500 and 1,000 feet respectively. Each
shows a reddish staining of carbonate rocks over an
area about 100 feet in diameter.

The iron ore potential of Wah Wah Pass de-
posits is small, fewer than 500 tons of hematite
ocher. Chemical analyses of these ores are given in
table 1.

BOX ELDER COUNTY
Pilot Range Deposits

Copper Mountain mine, in the Lucin mining
district at the north end of Pilot Range, lies along
the summit of the range about eight miles southwest
of Lucin and about eight miles east of Montello,
Nevada. The claims lie in secs. 9, 10, 15 and 16, T.
6 N., R. 19 W. (figure 2). The ore deposits were
discovered in 1868 and the mining district was orga-
nized in 1872. Between 1886 and 1894 copper prop-
erties were extensively worked. During this interval
iron ore, high in silica and aluminum, was mined and
shipped to Salt Lake Valley smelters.

The largest iron and copper development was
the “Glory Hole” at the summit of Copper Moun-
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tain. The original glory hole is now covered by waste
from newer open pit operations. The last major
mining operation was carried on in 1953, when about
9,000 tons of low-grade iron ore were mined from
this glory hole area and shipped to Richland, Wash-
ington, for use by the Atomic Energy Commission.
Copper Mountain mining property was purchased by
the Uranium Petroleum Corporation (Upetco) in
1955,

Ore deposits at Copper Mountain mine are
hydrothermal fissure fillings and replacement bodies
along the Copper Mountain fault zone. Mineralization
is genetically related to the Patterson Pass monzonite
intrusive from which solutions have selectively re-
placed carbonate rocks and filled fissures. Sedimen-
tary rocks that are mineralized are Ordovician Fish
Haven dolomite, the Silurian Laketown Formation,
and the lower member of the Devonian Guilmette
Formation. Primary ores of copper, iron, silver, lead
and zinc were formed and oxidized, forming oxidized
and gossan ore bodies. Copper ore minerals are
azurite, malachite, native copper, cuprite and chryso-
colla. Iron ore minerals are goethite, limonite and
hematite. Native silver, cerrusite, anglesite, and small
amounts of primary galena have been reported. Cop-
per and iron deposits were worked by open pits and
extensive underground workings. Ore was removed to
depths of 150 to 200 feet below the outcrops and
consisted mainly of ocherous to hard, massive to
spongy, reddish brown gossan. It often contains mix-
tures of white to reddish brown clay composed of
halloysite, kaolinite and alunite. Copper content of
the gossan varies greatly at different locations, from
little or no copper to commercial quantities.

The principal structural control of the area is
the Copper Mountain fault zone that trends northerly
near the summit of the mountain. On the east side
of the fault zone gossan contains only small quan-
tities of copper, lead and silver. On the west side a
high percentage of copper carbonates occurs with
small amounts of iron oxides. These copper ore
bodies are typically surrounded by masses of porous
iron oxides.

Three main ore bodies are exposed at the Cop-
per Mountain property within 2,000 feet; no connec-
tion among them was observed. The central and
eastern ore bodies, forming continuous ore faces for
220 and 250 feet respectively, have been the most
important producers, and of these two the central or
“Glory Hole” gave the largest tonnage. The eastern
ore body contains a low copper content in gossan
and is truncated on the east by a vertical diabase
dike. The western gossan ore body is smaller than
the other two, but it has a similar type of ore.

More than 200,000 tons of measured and indi-
cated ores containing 2.5 percent copper in gossans
were determined on Copper Mountain property by
Blue (1960). Reserves are estimated to be much
larger. Many milling problems related to these ores
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make them unsuitable for either copper production
or for steel making, but other uses such as natural
pigments, atomic adsorption or other industrial uses
could be developed in the future. Chemical analyses
of these ores are summarized in table 1.

Tecoma mine lies on the northwest slope of the
Pilot Range along the Utah-Nevada boundary line in
the Lucin mining district. The mine lies approxi-
mately seven miles east of Montello, Nevada, in secs.
9 and 16, T. 6 N, R. 19 W. (figure 2). The property
lies about one mile west of the Copper Mountain
mine.

Metallic ore was discovered in the Lucin district
in 1868. Between 1875 and 1890 more than 10,000
tons of high-grade oxidized lead ore were mined,
largely from the Tecoma mine. Fourteen shipments
of lead ore and approximately 2,000 tons of oxidized
zinc ore went to American Smelting and Refining
Company at Murray between 1914 and 1919. In
1920 Utah Zinc Company received 6,000 tons of
zinc ore; no work of importance has been done at
the Tecoma property since then. These ores were ob-
tained mainly from gossan ore bodies.

The mines at Tecoma Hill are fissure fillings
and replacement bodies in favorable carbonate beds.
The original ores were mainly sulfides that were oxi-
dized. Some primary galena, pyrite, chalcopyrite and
sphalerite are present, but the sulfides are very
limited in distribution. The ore is composed of sub-
stantial quantities of iron oxides as gossan which in-
cludes goethite, limonite and hematite. Commercial
ore minerals in the past have been anglesite, cerrusite,
wulfenite, smithsonite, hemimorphite, plumbojarosite,
native gold and native silver. Alunite, halloysite and
kaolinite clay minerals occur here.

The ore deposits are structurally controlled by
east and northeast fractures in Paleozoic strata. Ore
deposition is in Fish Haven and Laketown dolomites
and the Guilmette Formation (Blue, 1960). The
Ordovician Fish Haven is massive, gray to black cal-
careous dolomite, with chert nodules and stringers.
This formation is typically a cliff former and meas-
ures about 375 feet thick. The Silurian Laketown
dolomite is a light to medium gray dolomite and a
calcareous dolomite. It is a conspicuous cliff-former
and measures about 1,050 feet thick. The overlying
Devonian Guilmette Formation is divisible into two
members, the lower, a dark gray to black, thick-
bedded limestone with dolomite stringers near the
base and measuring more than 850 feet thick, and
the upper, a fine-grained, massive, thick-bedded ortho-
quartzite 270 feet thick. These strata strike slightly
west of north and dip about 30° to the east.

Patterson Pass monzonite stock outcrops over a
considerable area on the east side of the Pilot Range.
A few outcrops occur on the west side near the
Tecoma Hill mines. An east-west dike cuts across the
area. Underground exposures indicate that the dike
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thickens rapidly with depth. Other dikes have been
intersected by underground workings.

The major structural feature at the Tecoma
mine appears to be an east-west zone of brecciation
paralleling the hanging wall side of the east-west
trending monzonite dike. A few pronounced fractures
paralleling the zone of brecciation show some miner-
alization as iron oxides but they are tight and of
minor importance. A stronger series of northeast-
striking fractures appears to have localized ore at var-
ious places along the dike. The main ore body of the
Tecoma mine is approximately 50 feet wide and 600
feet long and lies adjacent to and parallels the dike
(Young and Thurber, 1950). Almost complete
replacement of carbonate has occurred in the upper
80 feet of the ore body. The principal minerals are
iron oxides. Oxidation of the original sulfides resulted
in a segregation of zinc and lead. The lead ore con-
tains very little zinc and occurs as narrow pipes and
bedded replacements extending irregularly through the
main ore body. The enclosing gossan contains zinc
carbonate with small quantities of lead. Most of the
lead ore was mined out, and the gossan remaining
consists of red, brown and yellow iron oxides con-
taining varying amounts of smithsonite.

The Tecoma mine was worked through four
adits, located at successively higher elevations. The
three upper levels intersect the main ore body; most
of the ore was taken from these workings. A 400-
foot crosscut was driven from the surface to intersect
a mineralized outcrop east of the main ore body.
Several other adits and shallow shafts were dug, and
most of the workings are open and accessible. The
Tecoma mine has an estimated ore potential of
200,000 tons of gossan-type ore; much of it contains
zinc. The ore would be most useful as a pigment in
paint or related industries. Chemical analyses of the
ores are given in table 1.

Wasatch Mountains Deposits

Wasatch Iron and Gold Mining Company prop-
erty is located in the Willard mining district along
the western front of the Wasatch Mountains, about
three miles by jeep road northeast of Willard in the
S% sec. 13, T. 8 N,, R. 2 W. (figure 2). Two main
outcrops lie high above the valley floor midway
between Willard Canyon and Facer Creek. The topog-
raphy is steep and rugged. A jeep road extends east
of U. S. Highway 91 about one mile north of Willard
to the lower iron ore outcrops which lie at an eleva-
tion of about 5,500 feet. The second outcrop is ap-
proximately one-half mile farther east at a much
higher elevation.

The original mining locations were made in
1870 and some shallow development work was done.
Approximately 3,000 tons of iron fluxing ore were
mined for use in local smelters, and 1,000 tons of
ore were shipped to Ohio for use in steel mills. In
about 1915, F. C. Fisher purchased the property and
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incorporated the Wasatch Iron and Gold Mining
Company. The property is privately owned, and the
major stock is controlled by Frank S. Mathis of Salt
Lake City.

The geology of the Willard mining district is
complex, consisting of Precambrian and Paleozoic
strata that have been disturbed by folding and exten-
sive overthrust and transverse faults. The Willard
thrust is well exposed in the district. The Precam-
brian Mineral Fork Formation, consisting of quartzite,
slate and tillite, is thrust over Cambrian Tintic
quartzite, Ophir shale and undifferentiated Cambrian
carbonate strata.

Iron mineralization lies in the overthrust Min-
eral Fork Formation and occurs as fissure fillings and
replacements along southeast-trending faults associated
with the Willard overthrust. The ore contains abun-
dant brecciated fragments. The westernmost and
principal ore body measures about 20 feet wide and
can be traced continuously for 160 feet along the
surface. The ore consists of blue-gray hematite, spec-
ularite, magnetite, limited reddish brown hematite
and some malachite staining.

The other ore body, about one-half mile farther
east and several hundred feet higher in elevation,
measures 15 feet wide and is exposed for SO feet
along the strike. It contains abundant slickensides.
The ore is composed of blue-gray hematite, specular-
ite, some magnetite and malachite, and has a high
quartz content. Iron float found between the upper
and lower ore bodies apparently represents minor
mineralization between the two ore bodies.

From the surface exposures and geophysical
work done on the property, it is estimated that
Wasatch Iron and Gold Mining Company has an ore
potential of 50,000 and 100,000 tons. The deposits
are composed of low-grade iron ore that is highly
siliceous and contains large amounts of copper.
Chemical analyses of these ores are given in table 1.

CACHE COUNTY
Bear River Range Deposits

Deadman Gulch (Red Bluff) prospects lie 35 miles
northeast of Logan in the Bear River Range, in sec. 28,
T. 14 N., R. 4 E., and are accessible from U. S. Highway
89 at the head of Logan Canyon (figure 3). The property
is near the Cache-Rich County line, 1% miles west of the
highway. The property is held by Riley and LeMoille
Harris of Hyde Park.

Iron mineralization occurs in the Cambrian
Bloomington Formation, which consists of about
1,500 feet of gray, massive, thin-bedded limestone,
some sandy argillaceous beds and a shale member at
the base of the formation. Ore occurs in several small
bedded replacements in limestone. Faulting does not
appear to be a structural control for mineralization;
if faulting has occurred the displacement is minor.
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Figure 3. Cache County iron occurrences.

1. Deadman Gulch prospects, Bear River Range
2. Mineral Point mine, Bear River Range
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Deadman Gulch prospects were developed by
four bulldozer cuts in areas of reddish-stained lime-
stone. One prospect hole exposed a small hematite
replacement and another exposed limited magnetite
replacement. The hematite is blue-black to reddish in
color and is relatively hard; the magnetite is black,
massive and high-grade ore. The iron ore potential is
small for this property and has no commercial value.
A chemical analysis is given for each type of ore in
table 1.

Mineral Point mine is located on the east fork
of the Little Bear River in the Bear River Range,
about 13 miles east of Avon in NE% sec. 25, T. 9
N., R. 2 E. (figure 3). The deposit is accessible from
Avon over a dirt road that follows the bottom of
East Fork Canyon for about nine miles, then forms a
series of switchbacks on the east side of the canyon
to the deposit along the crest of Mineral Point ridge.
The main underground workings at the 50-foot level
are approximately 7,245 feet above sea level. The
topography is relatively rugged, and the area is cov-
ered by a heavy growth of brush, aspen and mahog-
any; a few fir trees grow near the mine.

The Mineral Point iron deposit was discovered
in 1875 by the Cranney family of Logan. In 1928,
Supersteel Corporation of America purchased 32 un-
patented claims from them. Charles P. Olsen made
the last assessment filings on the property in 1964.

The deposit consists of hard, massive, steel-gray
specular ore, well crystallized and composed of
micaceous and foliated plates of hematite. Much of
the ore is highly siliceous, with massive milky quartz
and a few quartz crystals. A small quantity of red
hematite ocher was found in the underground work-
ings.

Strata in the immediate vicinity consists of
Brigham quartzite and the Langston Formation, both
Cambrian in age. Brigham quartzite is composed of
purple, buff, gray and pink massive quartzite, with
some conglomeratic beds, measuring about 2,000 feet
thick. The Langston Formation, measuring 380 feet
in this area, conformably overlies quartzite and con-
sists of medium- to thick-bedded, crystalline, light
gray dolomite which weathers to light tan, and some
limestone and shale. The sedimentary rocks strike
roughly northeast and dip 15° to 30° to the north-
west.

Iron deposition occurs along the steeply dipping
Mineral Point fault, which has brought the Langston
Formation down to abut against the Brigham quartz-
ite. Ore occurs mainly as a replacement body in do-
lomite of the downfaulted block. Near the footwall
the ore is highly siliceous and consists mainly of fis-
sure fillings in Brigham quartzite. The Mineral Point
fault strikes northwest and dips about 75° to 80°
southwest, with a minimum displacement of about
100 feet. Other faults are probably present, but they
are of minor importance and cause small displace-
ment near the mine.
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The iron ore deposit is a hydrothermal replace-
ment body along a fissure zone. Mineralizing solu-
tions moved up along a fault zone, producing fissure
fillings in quartzite. When dolomitic rocks of the
Langston Formation were encountered, a wedge-
shaped replacement body developed. Partial to com-
plete replacement occurred in the dolomite, and pore
space and fracture fillings took place in the quartzite.
The ore replacing the dolomite is higher in iron con-
tent and is less siliceous than that found near the
quartzite contact. Near the margins of the ore body
the ore contains considerable unreplaced dolomite or
quartzite fragments.

The iron deposit was originally explored by a
50-foot inclined shaft. The property was developed
by extending the inclined shaft to 150 feet and con-
necting it by two adits or crosscuts. Since iron crops
out near the crest of Mineral Point ridge, an adit was
driven at the 150-foot level from the east side of the
ridge for 375 feet. This level is cut entirely in Brig-
ham quartzite in the footwall block. A second adit
was driven at the 50-foot level from the west side of
the ridge 525 feet. Short drifts to the north of this
level helped to explore the deposit. The portal of
this level is at 7,245 feet, 100 feet higher than the
workings driven from the east side of the ridge. This
50-foot level is developed entirely in Langston For-
mation in the hanging wall block. The east adit and
inclined shaft below the 50-foot level are inaccessible
because of caved ground.

In 1928, Columbia Steel Corporation of Califor-
nia drilled three diamond drill holes on the property
from the surface. One hole 80 feet deep was drilled
in the footwall of the ore body. Siliceous iron ore
was found in this hole to 57 feet. Two holes, 170
and 180 feet deep, were drilled west of the out-
cropping iron deposit. Both holes were collared in
Langston Formation but entered the underlying Brig-
ham quartzite at approximately 150 and 160 feet re-
spectively. No iron ore was encountered in either of
these holes.

In cross section the Mineral Point ore body is
wedge-shaped and formed along the Mineral Point
fault. At the surface the iron deposit measures up to
55 feet wide and can be traced for about 150 feet
along its strike. With depth the width of the ore
body decreases to about 40 feet in the workings of
the S0-foot level. The ore body apparently then thins
rapidly below this level since the base of the Lang-
ston Formation is reached about 100 feet below the
surface outcroppings. The ore is then confined to
small fissure fillings along the steeply dipping fault in
Brigham quartzite. A slightly mineralized zone was
encountered at the intersection of the Mineral Point
fault on the 150-foot level. Several magnetometer
profiles were made across the property. A slight
anomaly appeared directly above the main iron out-
crops. The ore body was essentially nonmagnetic.

The Mineral Point deposit was discovered in
1875, and only small lots of iron ore were shipped
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from this property. Supersteel Corporation of Amer-
ica shipped 600 tons to Pittsburgh, Pa., for testing,
but the ore proved unprofitable. From geologic
studies and the development work on the proptery, it
is estimated that the ore potential of the Mineral
Point mine ranges from 50,000 to 100,000 tons.
Chemical analyses of the ores are given in table 1.

DAGGETT COUNTY
Antelope Flat Deposits

Spring Creek prospects are located on the north
side of Antelope Flat in secs. 14 and 15, T. 3 N, R.
22 E, S. L. B. M. (figure 4). The area is six airline
miles north of Flaming Gorge dam, 13 miles by road
from the dam site. No mining claims are known to
be staked on the property.

Iron mineralization, exposed at Spring Creek
(Minnies) Gap, consists of brown limonite in thin
lenses and nodules, and cement in sandstone. The
occurrence forms a prominent bed three to eight feet
thick along the crest of a hogback. Small amounts of
pyrolusite are present. The iron occurs in the Rock
Springs member of the Cretaceous Mesa Verde For-
mation. At Spring Creek Gap this member is 350
feet thick and composed of massive fine-grained sand-
stone. The iron occurrence is traceable for several
hundred feet; it is highly siliceous and varies widely
in physical appearance and chemical character. Other
mineralized zones are traceable along the strike of
the Rock Springs member, but no commercial iron
ore occurs in this formation.

Utah Geological and Mineralogical Survey, Bulletin 88, 1970

A second occurrence of limonite and manganese
at Spring Creek Gap is a bed of limonite sand up to
four feet thick and an overlying bed of manganif-
erous sand up to one foot thick, outcropping in
Quaternary sediments. These beds can be traced
about 400 feet along the east side of Spring Creek
Gap at road level. The beds are horizontal in
attitude, and abut against the steeply inclined Rock
Springs sandstone and the previously described
mineralized zone in the sandstone. These two occur-
rences could be confused by a casual observer.
Neither the Cretaceous Rock Springs occurrence nor
the Quaternary sedimentary beds have commercial
potential. Chemical analyses of these two occurrences
are given in table 1.

Uinta Mountains Deposits

Birch Creek prospect, in the Uinta Mountains
about 16 airline miles southwest of Manila and 31
miles by Utah Highway 43 and 165, lies on the east
slope of Birch Creek about 700 feet above the road
in sec. 10, T. 2 N., R. 17 E., S. L. B. M. near the
Summit County boundary (figure 4). The slope is
steep and heavily forested, and no road or trail has
been established to the property.

The prospect occurs on the north flank of the
Uinta Mountains in undifferentiated Mississippian
limestone exposed in a mile-wide band from the
western border of Daggett County east for 15 miles,
where it is faulted out by the Uinta fault. The iron
occurrence is a gossan consisting of highly siliceous
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limonite, goethite and hematite. These minerals have
partially replaced brecciated limestone over an area
about 10 feet wide and 30 feet long. The ore was
bottomed at about 30 feet. Original development
work was done by local ranchers in search of pre-
cious metals, none of which was found. The ore is
low-grade and high in silica, and the ore potential of
this prospect is extremely small. A chemical analysis
is given in table 1.

Red Creek and Willow Creek are southward-
draining tributaries to the Green River in the Uinta
Mountains. These drainages liec about seven miles
apart. Many small copper prospects, some with iron
mineralization, occur in the canyons on the divides
between Red Creek on the west and Willow Creek on
the east. The area is bounded on the north by Clay
Basin and on the south by Browns Park. The area
liesin T. 2 and 3 N.,, R. 24 and 25 E,, S. L. B. M.

(figure 4).

Iron ore occurs as small fissure veins and dis-
seminations associated with diorite and pegmatite
dikes or along faults of varying magnitudes. It is
commonly associated with quartz veins or is dissemi-
nated in quartzite and schist wall rock or in dike
rock. Primary copper minerals are chalcopyrite and
bornite; secondary minerals are chalcocite, malachite
and azurite. Iron minerals are pyrite, limonite,
goethite and hematite.

The prospects occur mainly in the Archeozoic
Red Creek complex. This complex is composed of
quartzite, mica schist, amphibolite, diorite, carbonates
and pegmatites. Iron occurrences consist of limonite
and goethite gossans or small veins of specularite or
hard massive hematite. One vein of hematite measures
one foot wide and can be traced for a few feet. Iron
outcroppings are common, but they are so small that
they were not sampled for analysis. The Red Creek-
Willow Creek prospects have no commercial potential
for iron ores.

DUCHESNE COUNTY
Uinta Mountains Deposits

Dry Gulch prospect lies insec.4, T.2N.,,R.3W.,
U. B. M. in the Uinta Mountains. The property is about
one-half mile south of Heller Lake (figure 5), 43 miles
northeast of Duchesne; it is accessible by the Altonah
road to Dry Gulch. Glenn A. Hancock of Salt Lake City
has four unpatented claims, the Linda claims, staked in
the area.

The ore is a gossan deposit found in the basal
section of the Pennsylvanian Morgan Formation,
which is a light gray cherty limestone. Immediately
below the gossan lies a black shale unit of the Missis-
sippian series, a dark gray to black, highly organic
and pyritiferous shale. The Morgan Formation is
somewhat brecciated with some fault gouge. Iron
mineralization occurs along the brecciated zone and
has partially replaced limestone.

21

The deposit is a limonite and goethite gossan,
cellular in nature and displaying iridescent color.
Some manganese oxides and small amounts of hema-
tite and pyrite can be found in the ore. The ore
body, originally about 14 feet thick, has been dis-
turbed by bulldozer cuts. The remaining gossan is less
than four feet thick and can be traced for 100 feet.
The ore potential of the Dry Gulch prospect is
extremely small. Analyses of the ores are given in
table 1.

Farm Creek prospects lie on the east side of
Pole Mountain and the west side of Farm Creek in
the Uinta Mountains, in sec. 33, T. 3 N, R. 1 W,
U. B. M. (figure 5). The deposits lie 22 airline miles
north of Roosevelt. It is 31 miles to the property by
an oiled highway to Whiterocks, then north along
Pole Mountain road. Six miles north of the Ashley
National Forest boundary and the Elkhorn Guard
Station is a logging road extending north for 1%
miles. The nearest iron outcrop is about one-fourth
mile farther north through forested land. Several
prospects and two adits lie still farther north. The
deposits have been staked under the names of Iron
King, Iron Blossom, Black Laddle, Black Ruby, Black
Slide, Lucky Strike and Red Bug claims. Utah Iron
Corporation has staked 30 claims in this area.

Iron occurs along a faulted zone in Mississip-
pian limestone which unconformably overlies the Pre-
cambrian Uinta Mountains group. The iron occur-
rences are generally near the base of exposed
Mississippian rocks in brecciated zones, probably
related to the South Flank fault zone of the Uinta
Mountains. The hard, massive and spongy-textured
ore deposits are limonite and goethite gossans.
Mineralization consists of staining of limestone rocks,
breccia fillings and partial replacements. Several
prospect pits are cut into outcrops, and two short
adits trend generally west into brecciated and iron-
stained limestone. Several small iron outcrops are
found in section 33 but all are small in size. Iron ore
potential is probably less than 1,000 tons for all
Farm Creek outcrops. A chemical analysis of a
typical ore is given in table 1.

Moon Lake (Paint) mine lies approximately 40
miles south of Duchesne in the Uinta Mountains in
sec. 15, T. 2 N,, R. 6 W, U. B. M. (figure 5). It lies
three miles west of Moon Lake at an elevation of
about 10,000 feet and is accessible from Moon Lake
road, one-quarter mile south of the lodge. The prop-
erty consists of five claims held by assessment work
by Ellis R. Maxfield of Midvale.

The deposit is composed of reddish hematite
ocher which occurs in fault breccia and as pods or
small lenses in Mississippian Madison limestone (Crit-
tenden and Wallace, 1967). Small amounts of hard
hematite and some limonite and malachite have been
reported. A brecciated zone developed along the
South Flank Uinta fault and was mineralized by frac-
ture fillings and by partial replacements of limestone.
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Figure 5. Duchesne County iron occurrences.

1. Dry Gulch prospect, Uinta Mountains

2. Farm Creek prospects, Uinta Mountains

3. Moon Lake or Paint mine, Uinta Mountains
4. Rock Creek prospect, Uinta Mountains

5. Tungsten Pass prospect, Uinta Mountains
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Apparently renewed faulting
crushed the ore into an
earthy-ocherous product, but
left some hard uncrushed
hematite within lenses and
pods of ore.

The area has long been
prospected; there has been
some mining of ore for use as
ocher in the paint industry.
During the summers of 1947
and 1948 the deposit was
operated by two leasers. A
small lot of 20 tons of hema-
tite was sold to Bennett Paint
Company of Salt Lake City.
The steep rugged terrain makes
mining operations difficult.

The mine was developed
by two adits about 20 feet
apart and reportedly 20 to 40
feet in length. Both adits are
now completely caved. The
Madison limestone is stained
reddish near the workings, but
outcrops of ore are poor
because of talus, slump cover
and inaccessiblity to the work-
ings. Some iron float and the
dump rock give a fair indica-
tion of the character of
mineralization. Scanty hema-
tite-bearing float in the vicinity
of adits and limited production
of ocherous hematite suggest a
deposit too small for commer-
cial exploitation. Chemical
analyses of these ores are given
in table 1.

Rock Creek prospect is
39 miles from Duchesne on
the east side of Miners Gulch,
a tributary of Rock Creek, and
lies in the Uinta Mountains
near the boundary line of secs.
18 and 19, T. 2 N, R. 6 W,
U. B. M. (figure 5). The area
is accessible from Utah High-
way 35 from Duchesne and by
Rock Creek road. The prop-
erty was staked by Van C.
Killian of Roosevelt. The
property has been staked as
the Hilltop, Red Ledge, Red
Mare and Iron mine claims.

Rock Creek prospect is
located along the South Flank
Uinta fault. The ore consists
principally of red hematite
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ocher, replacing limestone beds that were fractured
and brecciated by faulting. The limestone belongs to
undifferentiated Madison and Deseret formations,
Mississippian in age.

The iron ore is chiefly hematite ocher occurring
in pods and lenses in denser hematite. Some mineral-
ization extends over an 8-foot zone and can be
traced for 30 to 40 feet. Shallow shafts have been
sunk in the best outcrops. Other outcrops show slight
mineralization or staining of brecciated limestone. Ore
potential of this property is small. A chemical
analysis of this ore is given in table 1.

Tungsten Pass (Red Castle) prospect is located
at Tungsten Pass in the high Uinta Mountains at
about 11,000 feet, three airline miles southwest of
Kings Peak in sec. 15, T. 4 N, R. 5 W, U. B. M.
(figure 5). The area is accessible by road and several
miles of trail from Yellowstone Creek, north of
Mountain Home. The property was staked in 1954,
but no assessment work has been completed since the
original development work.

The iron outcrop is well exposed in a hillside
cut. The ore is a specular hematite which occupies
fractures and surrounds breccia fragments, and occurs
in a 5-foot-wide fault zone which strikes north 60°
east and dips 65° northwest, and in reddish brown
quartzite of the Precambrian Uinta Mountain group.
About three feet of mineralized rock contain 10 to
20 percent specular hematite and is traceable for 20
feet. Workings completely crosscut the deposit, ex-
posing barren quartzite on both sides of the fault
zone. Discontinuous specks of specularite are trace-
able for 120 feet along the fault zone. Bedrock ex-
posures are excellent in the immediate area, and
there is no likelihood that the occurrence extends
beyond the above dimensions. The ore potential of
this property is nil, and no samples were taken for
chemical analyses.

GRAND COUNTY

Batchelor Basin prospects, about 15 miles east
of Moab in Batchelor Basin on North Mountain of
the La Sal Mountains, lie on the east side of Horse
Mountain in unsurveyed secs. 11 and 14, T. 26 S.,
R. 24 E. (figure 6). The property is reached by 35
miles of road via Castle Valley and lies in the lower
part of Batchelor Basin. The principal iron occur-
rences are on the Day and Petersen claims, composed
of 30 unpatented lode claims. The property is held
by assessment work by Lynn Day of Moab and
Lloyd B. Petersen of Riverton, Utah.

The Day and Petersen claims have been re-
staked on land that was originally explored for gold
and copper. Many old prospects and caved adits were
left. Recent work was done by the present owners in
search of iron ores. Small amounts of hematite,
traces of malachite and some limonite are found on
claim No. 3. Iron mineralization in Batchelor Basin is
largely of the gossan type. Several other prospects
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and adits contain pyrite which has partially altered to
hematite and limonite. Two shallow prospect pits
contain small amounts of magnetite with occasional
malachite staining.

The La Sal Mountains are composed of three
distinct topographic masses, each of which is cut by
a stock surrounded by a cluster of laccoliths radiating
from the stock (Hunt, 1958). The earliest intrusions
were diorite porphyry, followed by monzonite and
later by syenite. Sedimentary rocks in the La Sal
Mountains are late Paleozoic and Mesozoic in age. On
North Mountain in the Batchelor Basin area, sedimen-
tary rocks of undifferentiated Pennsylvanian and Per-
mian strata have been intruded by diorite porphyry.
The Day and Petersen mining claims are on or near
the contact of sedimentary and igneous rocks. Miner-
alization is developed along zones of vertically
sheeted joints in diorite and in fractured quartzose
sandstone; similar mineralization occurs in Miners
Basin on the west side of North Mountain. The iron
ore potential on the Batchelor Basin property is small
and of poor quality. Chemical analysis of the ore is
given in table 1.

IRON COUNTY
Iron Springs District Deposits
Location and Geologic Setting

The Iron Springs mining district lies on the east
edge of the Basin-and-Range province in southwest
Utah, about 20 miles west of the Markagunt Plateau
and the Hurricane fault scarp which form the west
boundary of the Colorado Plateau. Ore bodies lie
from 12 to 20 miles west of Cedar City in Iron
County and occur in T. 35, 36, and 37 S., R. 12,
13, and 14 W. (figure 7). Iron Springs district is the
largest iron ore-producing district in the western
states. Several open pit iron mines are in operation in
the district and are controlled by three major iron
producing companies. Originally, the Iron Springs dis-
trict included only Granite Mountain and Three Peaks
deposits and the Pinto district included Iron Moun-
tain operations. The Iron Springs district now
includes the three iron-producing areas, covering a
region about 4 miles wide and 21 miles long.

Three quartz monzonite porphyry intrusives are
exposed at the surface and form the dominant topo-
graphic features of the district. These intrusives form
the Iron Mountain, Granite Mountain and Three
Peaks bodies. Exposed intrusions are oval in plan,
three to five miles in diameter, and .are aligned in a
northeast direction. Jurassic, Cretaceous and Tertiary
sedimentary rocks and Tertiary volcanic rocks flank
the intrusive bodies. Concordance with intrusive rocks
has been overemphasized. Margins of Iron Mountain
and Granite Mountain intrusives are complexly folded
and faulted.

Hematite and magnetite form contact metaso-
matic-hydrothermal replacements and breccia fillings
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in the Jurassic limestone. The principal ore deposits
occur along borders of the quartz monzonite por-
phyry intrusives or in roof pendants of replaced lime-
stone within the intrusives. Small fissure veins of
magnetite occur in the quartz monzonite porphyry.
Production from the Iron Springs district from 1923
through 1968 was more than 78 million long tons of
ore, nearly all of which has been direct-shipping ore
with a weighted average iron content of 52.7 percent.

Previous Work

The Iron Springs district received only passing
attention by members of the early scientific expedi-
tions of Powell (1875, 1878), Dutton (1880, 1882)
and associates in their general surveys of the high
plateaus and the Colorado River, and from the geolo-
gists of the Wheeler Survey—Gilbert (1875), Howell
(1875) and Marvine (1875). Howell was the first of
the early geologists to make anything like a specific
description of the Iron Springs district and its iron
deposits. Newberry (1880, 1881a, 1881b, 1882) re-
garded Iron Springs iron ores and intrusive rock to
be metamorphosed sediments of probably Lower Silu-
rian age. Putnam (1880) prepared the first map of
the Iron Springs district, showing the location of
mining claims and briefly describing some ore de-
posits. Blake (1886, 1893) made a brief note on the
iron deposits and described the association of apatite
with magnetite, and Hewett (1902) wrote a few
notes on iron ores of southwest Utah. A general
economic account of the district with special refer-
ence to the chemistry of the ores was made by
Lerch (1904). Leith (1904, 1906) made a reconnais-
sance study of the Iron Springs district, tentatively
regarding them as contact metamorphic in origin. Jen-
nings (1904, 1905) believed the iron ores resulted
from ore magmas which filled fissures in igneous
rocks and formed sheets of ore in sedimentary rocks.

The first concerted geologic investigation of the
Iron Springs district was made by Leith and Harder
(1908). They mapped the area, described the sedi-
mentary and igneous rocks, discussed some of the
exposed ore deposits and proposed a contact meta-
morphic origin for the ores. Ores occurred along
margins of laccoliths replacing overlying Carboniferous
limestone, and formed fissure fillings in the intrusive
bodies. The work of Leith and Harder was accepted
with little question for several decades. Butler (1920)
made a brief study of the district and expressed
agreement with the work of Leith and Harder; how-
ever, he regarded the intrusive bodies as stocks rather
than laccoliths. Rohifing (1923) and MacVichie
(1925, 1926) described some of the known ore
bodies in the district based on outcrops and shallow
development workings.

Brief reviews of the writings of Leith and
Harder are given in textbooks by Lindgren (1933),
Tarr (1938), Knopf (1933, 1942) and Emmons
(1940), portraying a pyrometasomatic origin of Iron
Springs deposits; they generally agree that the ores
are associated with stocks. Wells (1937, 1938) re-
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garded the intrusives to be plugs or stocks and sug-
gested a pneumatolytic origin for the ores.

A detailed investigation of the Iron Springs dis-
trict was started during World War 11 by J. H.
Mackin of U. S. Geological Survey as a strategic min-
eral project. Plane table mapping of mineralized
border zones of intrusions was accompanied by mag-
netometer surveys and diamond drilling by U. S.
Bureau of Mines. Final reports covering magnetic
studies and drilling were published by Young (1947),
Allsman (1948) and Cook (1948, 1950). A prelimi-
nary geologic report on structural control of mineral-
ization, with a map of the Three Peaks intrusion, was
published by the Utah Geological and Mineralogical
Survey (Mackin, 1947a). Mapping was subsequently
extended throughout the district, and in 1951 a pre-
liminary aeromagnetic map of the district was com-
pleted (Dempsey, 1951). In 1954 a geologic map of
the Granite Mountain intrusion was published
(Mackin, 1954). Lead-alpha age determinations of
igneous rocks in the district are given by Jaffe
(1959), and Bellum and Nugent (1963), and Granger
(1963) briefly describe the general nature of ore de-
posits and mining operations in the district. In their
textbook, Park and MacDiarmid (1964) review the
literature of the Iron Springs district and describe the
general geology and deuteric origin of the ore
deposits as proposed by Mackin.

Lewis (1958) and Ratté (1963) made detailed
investigations on rock alterations in the Iron Springs
district. Slawson (1958) and Dahl (1959) performed
detailed trace element studies on ores of the district,
and a similar study was made on the Carmel Forma-
tion by Everett (1967). Magnetic beneficiation and
concentration of iron ores in the district are treated
by Erspamer (1964), Juvelin (1965), McArthur and
Porath (1965), Juvelin and McArthur (1967) and
O’Carroll  (1967). Reports on a gravimeter survey
(Cook and Hardman, 1967a, 1967b), an aeromagnetic
survey (Blank and Mackin, 1967) and a preliminary
report on the iron ore deposits (Mackin, 1968) of
the Iron Springs district have recently been published.
This writer gives a review of the studies of previous
writers in addition to his own investigations and in-
terpretations of the Iron Springs district. Detailed ac-
counts of other investigations can be found in the
cited literature. Plate 1 is a geologic map of the Iron
Springs district.

Sedimentary Rocks

Jurassic and Cretaceous sedimentary rocks crop
out in the Iron Springs district near the iron ore
deposits. Jurassic marine limestone and siltstone are
overlain by Jurassic and Cretaceous terrestrial clastic
rocks. Tertiary sedimentary and layered ignimbrite
volcanic rocks lie along the fringes of the district.

Carmel Formation is the oldest (Jurassic) strat-
igraphic unit exposed in the Iron Springs district, and
is composed of the Homestake limestone and a basal
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siltstone member. These strata form the innermost of
several concentric belts of sedimentary and volcanic
rocks around the igneous intrusions.

The basal siltstone is in contact with quartz
monzonite porphyry intrusions, and is typically hard,
fine-grained and generally thin-bedded, but may be
massive. The color varies from light to dark greenish
gray or grayish tan. Maroon banding and mottling are
common, and rock coloration frequently is spotted or
splotchy as a result of irregular alteration. A portion
of the siltstone member is noticeably granular and is
composed of small quartz grains. The basal siltstone
varies in thickness to 100 feet, with an average thick-
ness of approximately 50 feet. Variations in thickness
are caused primarily by minor cross cutting by the
intrusive contact.

Leith and Harder (1908) considered the basal
siltstone to be altered limestone, a contact meta-
morphic phase of Homestake limestone. Mackin
(1954), Lewis (1958) and Everett (1967) demon-
strated that compositional differences between lime-
- stone and siltstone members are primarily strat-
igraphic. Contact metasomatic effects on the siltstone
are limited to development of a fine-grained skarn
rock. The siltstone is easily separable from Home-
stake limestone where the limestone is unaltered, but
can be distinguished from silicified phases of
limestone only petrographically. The basal siltstone is
highly resistant to iron mineralization and commonly
occurs as a barren layer between iron ore replace-
ments in Homestake limestone and quartz monzonite
porphyry. The Carmel Formation (Gregory, 1950) in
the Colorado Plateau east of the district consists
mainly of limestone underlain by tuffaceous siltstone,
sandstone, limestone and gypsum, collectively called
the Temple Cap member of the Carmel by Cook
(1957). The Temple Cap member is underlain by
Jurassic Navajo sandstone. In the Iron Springs district
the basal siltstone is equivalent in part to the Temple
Cap member in the Colorado Plateau.

The Homestake limestone member (Mackin,
1954) of the Carmel Formation consists of massive-
to thick-bedded limestone from 210 to 300 feet in
thickness, averaging approximately 250 feet. It con-
sists chiefly of gray, blue-gray and black limestone,
locally shaly or carbonaceous. Several beds contain a
few Jurassic marine fossils which indicate it is equiv-
alent to middle and upper portions of the Carmel
Formation in the Colorado Plateau. Leith and Harder
(1908) erroneously classified Homestake limestone as
Carboniferous. The upper 5 to 20 feet of the Home-
stake limestone consist of light gray, thin-bedded,
argillaceous and siliceous limestone which is com-
posed locally of soft, gray-green, earthy limestone
which is distinguished by its ripple marks and mud-
cracks, providing a good horizon marker. Also locally,
a thin sedimentary breccia occurs at the top of the
Homestake limestone member. This suggests that
some parts of the limestone were exposed to weath-
ering and erosion for a short time prior to Entrada
deposition.
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The Homestake limestone is the host rock for
the iron ore replacements in the Iron Springs district.
Ore normally replaces the lower half of the limestone
member, but with increasing intensity of metallization
the full thickness may be replaced. Where the entire
Homestake limestone is replaced by iron ore, assay
logs and drill holes indicate that the lower half con-
tains high-grade ore ranging from 50 to 58 percent
iron. The ore in the upper half of the formation
averages 40 to 45 percent iron.

Entrada Sandstone. The Homestake limestone
member of the Carmel Formation is overlain con-
formably by a clastic unit believed to be equivalent
to Upper Jurassic Entrada sandstone of the Colorado
Plateau (Gregory, 1950). Entrada sandstone in the
Iron Springs district is quite unlike the red and white
beds of friable, gypsiferous sandstone of the Colorado
Plateau. In the Iron Springs district it consists of
thinly stratified maroon and gray-green shales and
siltstones and medium- to coarse-grained gray or
gray-green sandstone. A basal unit composed of
maroon and gray shale measures about 40 feet thick
and often contains blebs of finely crystalline rose
quartz and calcite which give the rock a pink and
spotted appearance. An overlying sandstone about 20
feet thick contains deep maroon spots up to one-
quarter inch in diameter; it is a distinctive horizon
marker throughout the district. Upper Entrada sand-
stone consists of medium- to coarse-grained channel
sandstone with interbeds of shale and siltstone.
Layers of quartz sandstone usually occur as thin
beds, and layers of arkosic sandstone are normally
thick-bedded, both interlensing with variegated shale
and siltstone. The upper 30 to 40 feet of Entrada
sandstone often contain pink blebs of rose quartz
and calcite similar to the basal unit.

Thickness of the Entrada varies to 250 feet in
the district. Variations in thickness are created by
erosion previous to deposition of the overlying Iron
Springs Formation. Unaltered Entrada sandstone is
readily recognizable in outcrop and in drill cores by
its maroon color. Where Entrada sandstone has been
altered by the intrusions, the formation has been
modified to various shades of gray by emanations
from intrusions.

Marshall Creek breccia. The local talus-
fanglomerate Marshall Creek breccia, of Cretaceous
age, occurs along the margins of the Iron Springs
intrusions (Mackin, 1947b, 1954). It occurs at a dis-
conformable contact between Entrada sandstone and
the overlying Iron Springs Formation. It has no
counterpart in the Colorado Plateau, and owes its
existence to local post-Entrada deformation in the
Iron Springs district. The Marshall Creek breccia
lenses irregularly, varying in thickness to 100 feet
within short distances along the strike. It consists
largely of angular blocks of Homestake limestone up
to five feet in diameter and smaller fragments of En-
trada sandstone. The matrix commonly is maroon cal-
careous siltstone, which may or may not contain
limestone fragments. Thin, irregular bands of jasper
occur frequently in the matrix.
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It appears that after Entrada deposition, several
local horstlike blocks were uplifted, crackling the
Homestake limestone in the uplifted blocks. Most of
the Entrada sandstone and part of the crackled
Homestake limestone were removed from uplifted
horsts, forming a talus-fanglomerate, Marshall Creek
breccia, over Entrada near the boundary faults. Iron
Springs sediments were subsequently deposited over
normal Homestake and Entrada sediments in parts of
the district remote from uplifted blocks, on Marshall
Creek breccia mantling the Entrada along the borders
of uplifts, and directly on the crackled phase of
Homestake limestone on the horst blocks.

Iron Springs Formation. The Entrada sandstone
and Marshall Creek breccia are overlain uncon-
formably by the Iron Springs Formation (Mackin,
1947b, 1954, 1968) which is probably of Late
Cretaceous age. This formation is composed of lentic-
ular beds of sandstone, siltstone, shale and conglom-
erate with local beds of limestone and coal. The beds
are so irregularly distributed throughout the section
that the formation is difficult to subdivide. The
lower 400 feet of the formation are composed of a
basal conglomerate made up mainly of quartzite
pebbles, with some limestone pebbles, in a gray
quartzitic matrix. This grades upward into variegated
fresh-water limestone and sandstone with small con-
glomerate lenses. This in turn grades into interlensing
coarse gray and brown limy sandstone and mostly
limestone conglomerate.

The remaining 2,600 feet of the Iron Springs
Formation consist of sandstone, siltstone and shale,
with small lenses of limestone and conglomerate.
Conglomerate and sandstone are dominantly brown in
color; shales and siltstones are variegated, ranging
from red through gray to green; the limestones vary
from gray to reddish. A few thin lenses of coal are
present. The Iron Springs Formation varies in
thickness to more than 3,000 feet in the district,
owing partly to relief of the surface during depo-
sition, but chiefly to folding and subsequent erosion
prior to deposition of overlying Tertiary rocks.

Claron Formation was first described by Leith
and Harder (1908) in the Iron Springs district. The
formation consists of Early Tertiary fluvial and lacus-
trine sediments ranging from 1,000 to 1,500 feet in
thickness (Mackin, 1968). The Claron Formation is
composed of conglomerate, red and gray sandstone
and siltstone, and pink and white limestone. These
strata rest unconformably on the Iron Springs Forma-
tion; in places the pre-Claron erosion surface trun-
cates the Iron Springs Formation and the Entrada
sandstone so that the Claron rests directly upon
Homestake limestone.

The Claron Formation is correlated with the
Eocene Wasatch Formation (Gregory, 1950) in the
Markagunt Plateau at Cedar Breaks, 20 miles east of
the district. The Claron consists of two principal
members: the lower red Claron, made up chiefly of
conglomerate, sandstone and fresh-water limestone,
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characterized by their red color; the upper gray
Claron, composed chiefly of light gray sandstone and
conglomerate with some interbedded layers of white
limestone. The upper gray Claron member contains
increasing amounts of tuffaceous materials toward the
top. Recent age-dating (Armstrong, 1963) of the
overlying Needles Range Formation indicates a mid-
Oligocene age. This suggests that at least the upper
gray Claron member which contains pyroclastic
materials could possibly be Oligocene in age.

Igneous Rocks

Igneous rocks in the Iron Springs district are
composed of three pre-intrusive volcanic sequences
with a maximum aggregate thickness of 2,300 feet,
three quartz monzonite porphyry intrusives with
which the iron ore deposits are associated and two
younger volcanic sequences with a maximum thick-
ness of about 2,000 feet. The volcanic rocks are
mainly ignimbrites rather than lava flows, and were
probably formed by nuees ardentes which spread
laterally as density currents. Maps of these sequences
show that they form sheets substantially uniform in
thickness, Mackin (1960) gave formal stratigraphic
names to these volcanic sequences in southwest Utah
and in the Iron Springs district. Correlation of vol-
canic stratigraphic units by distinctive lithologic
features has been independently verified by quantita-
tive study of phenocrysts in volcanic rocks (Williams,
1960). A brief summary of the igneous rocks occur-
ring in and near the Iron Springs district is given
below.

Needles Range Formation. The beginning of vol-
canism in the Iron Springs district is signaled by
shards of glass near the base of the upper gray
Claron Formation which becomes increasingly
tuffaceous toward the top. The Needles Range For-
mation is the first major volcanic unit in the Iron
Springs district. It overlies the Claron Formation and
measures up to 1,000 feet in thickness. The type
locality is on the east side of Needles Range in
Beaver County and consists primarily of crystal-rich
ignimbrites. The formation has two and at some
sections three ignimbrite members. Colors are pink to
dark red-brown, but range from black welded vitro-
phyre phases near the base to light gray near the
top. The lower two members of the type locality are
designated Wah Wah Springs tuff, 800 feet thick and
showing a complete gradation upward from a black
vitrophyre to light gray nonwelded ashy top, and the
Minersville tuff, a dark gray to black devitrified tuff
several hundred feet thick. Potassium-argon age dates
(Armstrong, 1963) for the Needles Range Formation
are 28 to 29 million years, placing it in the mid-
Oligocene.

Isom Formation. At the type locality in the
Iron Springs district, the Isom Formation rests on the
Needles Range Formation, and in some places rests
directly on the Claron Formation. Isom consists of
three members with a total thickness of about 200
feet. The lower member consists of rather uniform
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tuffaceous ignimbrite materials and occurs only lo-
cally. The overlying Baldhills member is composed of
black to dark brown latite porphyry and forms the
bulk of Isom volcanic outcroppings. The uppermost
member, Hole-in-the-Wall, consists of purplish gray
latite porphyry about 40 feet thick. Baldhills and
Hole-in-the-Wall members exhibit some ignimbrite
features but have internal structures indicative of vis-
cous lava flows. The Isom Formation is probably
Middle Oligocene in age.

Quichapa Formation. The Iron Springs district
is the type locality for the Quichapa Formation
which consists of four ignimbrite members with a
total thickness of nearly 1,100 feet. Leach Canyon
tuff is the lowermost member and is about 500 feet
thick. The rock is a gray to flesh-colored rhyolite
tuff which encloses conspicuous lithic fragments of
dark red felsite, pumice and broken pyrogenic min-
erals. A black, gray and pink vitrophyre to several
tens of feet in thickness forms a basal unit; the
upper 50 or more feet are an ashy top of distinctly
bedded tuff. Leach Canyon tuff is characterized by
dark lithic fragments up to 10 percent, pyrogenic
minerals ranging from 15 to 25 percent and by a
moderate degree of welding. The overlying Swett tuff
member of the Quichapa Formation ranges from 30
to 45 feet in thickness and occurs only locally. It is
composed of a thin basal vitrophyre and a massive
lithoidal rock, both with a high degree of induration.

The overlying Bauers tuff member of the
Quichapa Formation is about 200 feet thick and con-
sists of three units. The basal unit is a black vitro-
phyre about 10 feet thick and is flecked toward the
top with red spherulites. The main or middle unit
measures more than 150 feet thick and consists of a
strongly indurated red to deep red-brown rhyolite
tuff. This unit possesses a prominent compaction
foliation which is made apparent by parallel light
gray lenticules. The upper 10 to 40 feet are com-
posed of massive lithoidal rock containing no lenti-
cules. Bauers tuff is characterized by a low content
of pyrogenic minerals (10 to 15 percent), by a high
degree of welding and by flattened white pumice
fragments or lenticules. Harmony Hills tuff forms the
uppermost member of the Quichapa Formation and
measures up to 350 feet in thickness. The rock is tan
to light red-brown latite tuff containing up to 45
percent pyrogenic minerals. The tuff shows no grain
size stratification or sorting, indicative of its ignim-
brite origin. Harmony Hills tuff is characterized by a
low degree of welding, moderate induration and a
high content of pyrogenic minerals.

The Quichapa Formation is the youngest of the
pre-intrusion volcanic sequences. Leach Canyon tuff,
the oldest ignimbrite member of the Quichapa For-
mation, has a lead-alpha date of 28 million years
(Jaffe, 1959). This dates the Quichapa Formation as
probably Middle to Upper Oligocene in age.

Quartz monzonite porphyry intrusions. Three
bodies of quartz monzonite porphyry crop out in the
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Iron Springs district: Iron Mountain, Granite Moun-
tain and Three Peaks. These intrusive bodies were
emplaced at or near the end of the Quichapa episode
of volcanism. They may be floored in part by Juras-
sic Navajo sandstone. The emplacement occurred
along the base of the Jurassic Carmel Formation,
arching the sedimentary and volcanic roof rocks and
producing steep-sided topographic and structural
features. Navajo sandstone, however, has not been
seen in outcrop nor penetrated by drilling. Marginal
contacts of the intrusions are concordant with the
Carmel Formation or are ruptures in roof rocks
formed during emplacement. The three intrusions are
aligned along a northeast-trending Laramide anticlinal
flexure which is locally overthrust. Each intrusion is
oval in plan, three to five miles long, with its long
axis trending parallel to the regional alignment. The
intrusions have fine-grained chilled borders, and
though they lack noteworthy assimilation effects
along the margins, they definitely resulted from
forceful injection of a viscous melt. Along the south-
east side of Iron Mountain the intrusive contact is a
breccia zone on a Laramide thrust.

Detailed studies of the Iron Springs district by
Mackin (1947b, 1954, 1968), Lewis (1958) and Ratté
(1963) show that the three intrusives possess a zonal
arrangement of three phases of quartz monzonite por-
phyry. These phases are a peripheral shell, a zone of
selvage joints, and an interior phase. These phases are
well developed and easily discernable at the Three
Peaks intrusion. At the Granite Mountain intrusion
the major portion of the igneous rock is considered
to be the zone of selvage joints. Some marginal por-
tions and a few high peaks of Granite Mountain
belong to the peripheral shell phase; only small ex-
posures of interior quartz monzonite appear. At the
Iron Mountain intrusion the peripheral shell phase
apparently is well exposed and covers most of the
outcrops; the interior phase and the zone of selvage
joints are less distinctive and are found only where
deeper erosion has cut the intrusion.

The peripheral shell phase developed along the
sides and across the top of the intrusions as a chilled
border zone. The thickness is probably variable but
usually ranges from 100 to 200 feet. The surface
outcrop patterns are related to the structure and the
degree of erosion at each intrusion. Erosion has bared
the Iron Mountain intrusion, exposing primarily the
peripheral shell phase in most outcrops. Deeper
erosion at the Granite Mountain and Three Peaks in-
trusions limits the peripheral shell phase to cappings
of higher peaks and appearances along the margins of
intrusions, except where faulting has brought sedi-
mentary rocks in contact with the other two phases.
The peripheral shell phase consists of fine-grained
quartz monzonite porphyry which is resistant to
weathering, forming bold outcrops and ledges. The
rock is fresh and hard in outcrop, has a light to
medium gray color and contains sparkling crystals of
black hornblende and biotite. Phenocrysts of plagio-
clase crystals form from 30 to 40 percent of the
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porphyry, hornblende and augite from 4 to 8 per-
cent, and biotite from 6 to 10 percent. The ground-
mass totals 38 to 58 percent of the rock and is
made up mainly of quartz and quartz-potash feldspar
intergrowths. Accessory and opaque minerals total
from 2 to 4 percent of the rock.

The second zone of intrusions is an interior
phase that consists of coarse-grained quartz monzon-
ite porphyry. Chemical composition and mineralogy
are substantially identical to the peripheral shell. The
interior phase weathers easily to grus, because of
alteration of mafic minerals. The rock has a rusty
brown color with white splotches of relatively fresh
plagioclase phenocrysts. Rocks of the interior phase,
which is characterized by low, crumbly knobs or flat
barren areas, seldom occur as outcrops. The outcrops
have a coarse granular friable texture. In large out-
croppings the porphyry forms rounded knobs with
thin concentric exfoliation shells. The interior phase
is well exposed at the Three Peaks intrusion, but
only small outcrops are found at the Granite Moun-
tain and Iron Mountain intrusions. Numerous xeno-
lithic blocks believed to be Navajo sandstone are
found in the interior phase of the Three Peaks intru-
sion. Both peripheral shell and interior zone are
jointed along radial and concentric planes a few feet
to a few tens of feet apart and show little or no
alteration.

The third and intermediate zone in quartz mon-
zonite porphyry intrusions in the Iron Springs district
is the zone of selvage joints (figure 8). Rocks from
this zone form an area of rugged topography. Selvage
joints are composed of roughly parallel ribs of highly
resistant porphyry. Quartz monzonite porphyry on
each side of any individual joint is bleached and
hardened, through a width across the rib ranging
from a fraction of an inch to one foot or more.
Differential weathering produces a ribbed topography
since each selvage joint forms a resistant linear out-
crop pattern which stands above the adjacent por-
phyry. Selvage joint ribs grade within one-half inch
into crumbly, altered quartz monzonite characteristic
of the interior phase. The rock is light gray to green-
ish gray, occasionally pink. Selvage joints are radial,
concentric and oblique, with smooth planar surfaces;
they are not always present between interior zone
and peripheral shell. Those joints which are miner-
alized contain magnetite and accessory pyroxene,
apatite, calcite and hematite. Selvage joints end
abruptly as they merge with the interior phase of
porphyry. The zone of selvage joints is well exposed
at the Three Peaks intrusion, forming a belt from
one-half to one mile wide and separating interior and
peripheral shell phases. Most surface outcrops at
Granite Mountain are composed of this zone of sel-
vage joints, with some border exposures of peripheral
shell zone. Iron Mountain apparently has very few
exposures of the zone of selvage joints, because of
the limited depth of erosion of the intrusion.

Rencher Formation is regarded as evidence of
the first important volcanism that accompanied and
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followed the emplacement of igneous intrusions in
the Iron Springs district. Intrusions produced dome
mountains to several thousand feet high. Lowlands
between the domes became sites of deposition of vol-
canic products and detrital materials supplied by ero-
sion from the domes. The Rencher Formation (Cook,
1957) consists of ignimbrites and other volcanic rocks
with a thickness to 1,000 feet in southwest Utah.
The rocks are welded tuffs and tuff breccias of
rhyodacite and quartz latite compositions. The forma-
tion apparently fills depressions between intrusive
domes and lies on the surface of folded and eroded
rocks. It rests directly on the Harmony Hills member
of the Quichapa Formation in the Iron Springs dis-
trict, on aprons of detritus bordering intrusive domes,
and unconformably across truncated edges of eroded
strata on the flanks of some domes. It is regarded as
probably of Miocene age.

Page Ranch Formation overlies the Rencher
Formation in the Iron Springs district. The type
locality (Cook, 1957) lies on the southwest end of
the Iron Springs district. The Page Ranch Formation
is composed of two members (Mackin, 1960), and is
nearly 1,000 feet thick. The lower member consists
of crudely bedded fanglomerates, made up chiefly of
subangular blocks of older volcanic rocks, and is
designated the Ironton member. The upper part of
the Page Ranch Formation is known as Kane Point
tuff and is composed mainly of rhyodacite ignim-
brites. This member is a vitric to crystal tuff,
moderately welded; it contains a few lithic fragments
and is gray-brown to purplish brown. Jaffe (1959)
determined the age of Kane Point tuff as 19 million
years, and therefore Miocene in age.

Surficial Deposits

Unconsolidated and poorly consolidated Pleisto-
cene and Recent sediments occur as intermontaine
basin fillings on both sides of the Iron Springs dis-
trict. Pleistocene fanglomerates or high-level alluvial
terraces are found 150 to 500 feet above valley
floors and present drainage systems. Deposits are
poorly sorted sediments, sand and gravel and a few
include huge boulders. Fanglomerates are certainly
stream-borne sediments, and must interfinger with
certain valley floor deposits. These fanglomerate ter-
races represent accumulations in areas which are no
longer sites of deposition because of more recent
structural adjustments.

Gravity surveys on the east side of the Iron
Springs district have recognized the Cedar Valley gra-
ben block (Cook and Hardman, 1967b) with an indi-
cated depth to bedrock of about 4,000 feet. On the
west side of the Iron Springs district, gravity surveys
outline the Avon graben block with an alluvial depth
of approximately 6,000 feet. The Cedar Valley and
Avon grabens probably contain Middle to Upper Ter-
tiary and certainly Pleistocene sediments. Surficial de-
posits of the valley floors consist of recent lacustrine
sediments, sand dunes, stream bed deposits, alluvial
fans and landslide debris.
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Along the flanks of Iron Mountain, Granite
Mountain and Three Peaks Mountains, a thin veneer
of pediment gravels rests on the truncated surfaces of
older rocks. These pediment surfaces blend into allu-
vial fan and bajada deposits, some of which contain
from 3 to 20 percent iron. A mobile magnetic con-
centrator is being used to recover alluvial ores to
depths of 60 feet; its operation may soon extend to
depths of 100 feet or more.

Structural and Age Relationships

Concordant contacts. The primary structural re-
lationship in the Iron Springs district is concordance
of intrusive porphyry contacts with sedimentary bed-
ding at the same stratigraphic horizon. Concordance
of intrusive porphyry is with the basal siltstone mem-
ber of the Jurassic Carmel Formation. This relation-
ship is proven by detailed mapping of border zones
of intrusions, by hundreds of drill holes to 1,000
feet down-dip from surface outcrops, and by many
scattered drill holes up to several miles from the in-
trusive contact. About one-half of the exposed length
of the intrusive contact is faulted, yet drilling on the
down-thrown sides indicates that the contact remains
concordant with the same stratigraphic horizon.

Pre-intrusive setting. The Jurassic Carmel Forma-
tion is the lowest stratigraphic unit exposed in the
Iron Springs district. The formation consists of basal
siltstone and Homestake limestone members and
measures to 300 feet in thickness. A ripple-marked
argillaceous limestone at the top of the Homestake
limestone member grades upward within a foot into
maroon and gray shale which in turn grades into
shale and siltstone interlensing with arkosic sandstone.
This unit varies to 220 feet in thickness in various
parts of the district. It rests conformably on well-
dated Homestake limestone with no erosional break
and is regarded as equivalent in part to Jurassic
Entrada sandstone of the nearby Colorado Plateau.
After deposition of Entrada sandstone, local horstlike
blocks were uplifted several hundred feet along the
present alignment of Iron Springs intrusions. Most of
the Entrada and some of the Homestake limestone
were removed from the uplifted areas by erosion.
Local talus-fanglomerate breccia, made up partly of
angular fragments of Homestake limestone and lesser
amounts of Entrada sandstone, was spread out over
the Entrada near the boundary faults. This local unit
was named Marshall Creek breccia by Mackin (1947b)
from exposures in the southern part of Three Peaks
area, and varies to 100 feet in thickness.

The Cretaceous Iron Springs Formation was de-
posited conformably on the normal Carmel-Entrada
succession in parts of the district remote from the
uplifted blocks. Lower members of the Iron Springs
Formation were never deposited on the belt of
Homestake hills because it stood at least 300 feet
above the surrounding lowland at the beginning of
Iron Springs time. As Iron Springs sedimentation con-
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tinued, deposition took place unconformably over
Marshall Creek breccia and Homestake limestone.
Sedimentation continued until more than 3,000 feet
of sandstone, conglomerate and shale accumulated in
late Cretaceous time in the Iron Springs district.

In most of the district, the Tertiary Claron For-
mation rests on various members of the Iron Springs
Formation with an angular unconformity of generally
less than 30°. Regional relationships indicate that the
Iron Springs Formation was only moderately warped
and eroded before deposition of the Claron Forma-
tion. Locally, however, along the border of the three
Iron Springs intrusions, the Iron Springs Formation
shows an angular discordance up to 90°, indicating
tight folding. The major structural element associated
with this post-Iron Springs deformation is a Laramide
anticline, overthrust toward the east and centered
along the northeast structural alignment of Iron
Springs district intrusives. The Tertiary Claron Forma-
tion rests on steeply dipping beds of the Cretaceous
Iron Springs Formation on both flanks, and directly
upon the Homestake limestone member of the Juras-
sic Carmel Formation. The full thickness of the Iron
Springs Formation must have been removed by ero-
sion along this anticlinal ridge previous to deposition
of the Tertiary Claron Formation. No post-Claron dis-
turbance is observed in the district until after the
emplacement of mid-Tertiary intrusives.

Intrusive relationships. During late Oligocene or
early Miocene, the Iron Springs district intrusions
were formed by injection of magma along a zone of
incompetent sedimentary rocks between Navajo sand-
stone and the Carmel Formation. The top of the
Navajo sandstone is commonly the sole of bedding
thrusts in southwest Utah (Miller, 1966) and south-
east Nevada (Longwell, 1940). Tectonic gliding along
incompetent Carmel members between the Homestake
limestone member and Navajo sandstone has been
suggested (Mackin, 1954). Field studies indicate this
relationship for the Laramide Iron Springs district
structure which trends about north 30 east through
the district. The Iron Springs structure is a foreland
anticline, overthrust to the east and rising abruptly
above gently tilted Cretaceous Iron Springs strata on
the southeast and northwest. Structural features that
developed in sedimentary strata above the intrusive
zone during post-Entrada and post-Iron Springs
deformations controlled the manner and shape of
roof-yielding when intrusions occurred.

Iron Mountain, Granite Mountain and Three
Peaks intrusions are believed by the writer to be es-
sentially stocklike. Originally, advancing magmas were
injected through several feeders that served mainly to
further distort pre-intrusive structures. Magma reached
the incompetent zone in the lower Carmel Formation
and was forcibly inserted into this zone in a sill-like
fashion, with a mushrooming effect, and by lifting
the roof rocks in a concordant manner. Intrusions
made room for themselves mainly by doming and up-
faulting the roof which consists of basal siltstone and
Homestake limestone members of the Carmel Forma-
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tion and from 3,000 to 6,000 feet of overlying sedi-
mentary and volcanic rocks. Magmatic stoping,
melting and assimilation must have taken place at
depth, as evidenced by =xenolithic blocks of Navajo
sandstone in the interior zone of the Three Peaks
intrusion, all of which enlarged the intrusive bodies
to stocklike forms and dimensions.

The Three Peaks intrusion probably advanced
from a stocklike body from the east, forming in part
laccolithic lobes to the west and south. Emplacement
of the Granite Mountain intrusion from the north-
west formed either a thick silllike body or a stock-
like intrusion which mushroomed below the Carmel
Formation, producing several bulges. The exposed
Granite Mountain intrusion represents an eastern in-
trusive horst of a much larger intrusion. The Iron
Mountain intrusion is essentially a stock. Intrusive
deformation was intense as indicated by the over-
turning of the Carmel Formation around the south-
east half of the border and an intrusive fault contact
with the Iron Springs Formation on the west and
northwest borders. The southeast contact is along an
intrusive thrust (Mackin, 1968) which follows a
breccia zone of an earlier Laramide thrust.

Size of intrusions. The Iron Mountain, Granite
Mountain and Three Peaks intrusions are each oval in
plan, three to five miles long, and are aligned for 18
miles along a northeast trend. Their total surface
exposures are less than 14 square miles in extent.
Aeromagnetic surveys by Dempsey (1951) and Blank
and Mackin (1967) roughly delineate lateral subsur-
face extent of the three intrusions. Study of the
Three Peaks intrusion shows that the northwest
boundary is an intrusive fault and that the southwest
and south margins form a series of monoclines and
monoclinal flexures. The northern part of the intru-
sion is largely buried beneath pediment gravels but
extends at least two miles north from the main sur-
face outcroppings. The east margin terminates along a
line believed to represent the trace of a fault.This
fault postdates the intrusion and probably displaced
it for several hundred feet. The subsurface margin of
the intrusion is apparently about one mile farther
east of the fault. Surface exposures of the Three
Peaks intrusion cover an area of more than six square
miles. The aeromagnetic survey of the area suggests
that the subsurface size of the intrusion is at least 18
square miles, or three times as great as that exposed
by erosion (figure 9).

The Granite Mountain intrusion is the eastern-
most and structurally the highest bulged part of a
largely concealed intrusive body. The intrusion is
many times larger than the surface outcrops and
peaks from which it gets its name. Isomagnetic con-
tours of the Granite Mountain intrusion show that
porphyry extends beneath sedimentary and alluvial
cover for about four miles southwest, and two or
three miles west and northwest of Granite Mountain.
The intrusion is a long slab several thousand feet
thick whose upper surface shows several local bulges.
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The exposed Granite Mountain bulge is bounded on
the southeast by the Cory-Armstrong fault and on
the northwest by the Clive fault. Granite Mountain is
regarded as an intrusive horst laid bare by erosion.
The exposures of the Granite Mountain intrusion
cover slightly more than two and one-half square
miles. The aeromagnetic survey of the area suggests
that the subsurface size of the intrusion is at least 24
square miles, or nine times greater than that exposed
by erosion. The Granite Mountain and Three Peaks
intrusions appear to be connected in the subsurface
and are about the same age.

Margins of the aeromagnetic anomaly at the
Iron Mountain intrusion correspond more closely to
the porphyry outcrop margins than the other two
intrusions and suggest a more limited subsurface ex-
pansion. A westward continuvity of the south-dipping
sedimentary rocks along the south margin of the Iron
Mountain intrusion, weak incomplete magnetic anom-
alies and penetration of the intrusion by deep test
drilling in the area, however, all suggest a westward
expansion of the intrusion beneath alluvium and bed-
rock cover. The Iron Mountain intrusion is marked
by severe intrusive deformation. Surface exposures on
the intrusion cover an area of slightly more than five
square miles. An aeromagnetic survey of the Iron
Mountain area suggests a subsurface size of the intru-
sion of at least 11 square miles or more than twice
as great as that exposed by erosion.

Shape of intrusions. The nature of igneous in-
trusions in the Iron Springs district has long been a
controversial issue. Leith and Harder (1908) classified
the intrusions as laccoliths. They based their conclu-
sions on the more or less circular outline of the in-
trusions and the manner in which the sedimentary
rocks encircle the intrusions. Butler (1920) regarded
them as stocks since their laccolithic character had
not been demonstrated. Wells (1938) referred to the
igneous intrusions simply as plugs or stocks with no
discussion. Granger (1963) considered the intrusions
to be stocks. Ratté (1963) suggested that the intru-
sions began as laccoliths but later, as a result of
wholesale foundering and assimilation of Navajo sand-
stone and subjacent rock, became stocklike. Mackin
(1947b, 1954, 1968) regarded the intrusions as lac-
colithic blisters, and based his premise entirely on
circumstantial evidence such as concordance of con-
tact, limited contact metamorphism, flattish planar
flow structures, radial pattern of primary tension
joints, aeromagnetic data suggesting floored intrusions
and the floored Pine Valley laccolith south of the
Iron Springs district.

A gravity survey of the Iron Springs district
(Cook and Hardman, 1967b) shows a continuous
gravity high about 30 miles long extending over the
Iron Springs district and including the Stoddard
Mountain intrusion south of Iron Mountain. Gravity
surveys, aeromagnetic and ground magnetometer data,
geologic relationships and scattered exploratory drill
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hole data suggest that a large porphyry body of bath-
olithic dimensions underlies the Iron Springs district.
A common source of magma is indicated by the
quartz monzonite composition of Stoddard Mountain,
Iron Mountain, Granite Mountain and the Three
Peaks intrusions. The gravity survey further shows a
gravity ridge centered one to two miles west and
northwest of the intrusions in the Iron Springs dis-
trict. This offset suggests that the main body of
porphyry is probably buried at a relatively shallow
depth beneath the gravity ridge. The aeromagnetic
survey supports this interpretation (figure 9).

The three Iron Springs igneous intrusions are
structural domes several miles wide. They are attrib-
uted to the deformation that accompanied physical
injection of quartz monzonite magma. The intrusions
are regarded by this writer as being essentially stock-
like in form and connected at depth by a large bath-
olithic body. The obvious alignment of the exposed
intrusions and their offset from the gravity ridge sug-
gest that the intrusions were fed at depth along a
zone of weakness such as a gliding plane that accom-
panied folding and thrusting along Laramide struc-
tures. Feeders, regarded as stocklike or perhaps even
sill-like in the case of Granite Mountain, spread out
along the zone of weakness between Navajo sand-
stone and Carmel Formation by mushrooming into
zones of weakness.

The Iron Mountain intrusion is the most stock-
like in form; it has contacts that are principally the
result of intrusive faulting. The Three Peaks intrusion
is also stocklike with an intrusive fault contact on
the northwest side and a laccolithic nose shown best
on the southwest side. A laccolithic nose on the
southeast side of the intrusion is suggested by aero-
magnetic and gravity data. Granite Mountain shows
the fewest stocklike characteristics. Data from the
aeromagnetic survey have been interpreted by Blank
and Mackin (1967) to be a thick sill-like mass. A
more or less centrally situated feeder stock, however,
is visualized by the writer, mushrooming laterally
below the Carmel Formation and producing several
bulges at points of greatest weakness. The exposed
Granite Mountain intrusion has been described by
Blank and Mackin under the noncommittal term of
intrusive horst.

The writer doubts the circumstantial evidence
advanced by Mackin (1947b, 1954, 1968) that Iron
Springs intrusions are all floored, and concludes that
only a small portion of the intrusions can be floored
by Navajo sandstone. The sandstone has never been
encountered by the thousands of drill holes cut in
the district nor by exploratory drill holes around the
periphery of the district where all holes have bot-
tomed in porphyry. Concordance of contacts has
been overemphasized in the district since about half
of the exposed length of intrusive contacts are
faulted. Concordant roofs, on the other hand, are
found among stocks as well as laccoliths. Limited
contact metamorphism occurs wherever a magma
lacks superheat and does not negate subjacent intru-
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sive bodies. The planar flow structures and the radial
pattern of primary tension joints could be produced
by central stocks feeding sill-like or laccolithic lobes.
Aeromagnetic surveys do not show the depth of a
thick causative body and therefore cannot provide
conclusive evidence that the intrusions are floored.

It appears to this writer that the three intrusive
bodies might be better interpreted as an igneous
complex of semiconcordant stocks rather than simply
laccolithic blisters. The stocks in turn are underlain
and were fed by a larger batholith. The above con-
clusions have been reached after evaluation of the
following: gravity surveys of Cook and Hardman
(1967b); aeromagnetic surveys by Dempsey (1951)
and Blank and Mackin (1967); ground magnetometer
data by Cook (1950) and by others; persistent bot-
toming of drill holes in quartz monzonite porphyry
at the various iron properties, and similar bottoming
by exploratory drilling throughout the district and in
adjacent areas; the same quartz monzonite compo-
sition for all the intrusions; detailed geologic and
geophysical investigations of the district by the
writer, mining company geologists and others.

Age of intrusions. The Iron Springs district
intrusives are post-Quichapa and pre-Rencher in age.
A lead-alpha date of the Three Peaks intrusion is 22
million years (Jaffe, 1959). A potassium-argon date
for the same intrusion is 24 million years, +4 or -2
million years (Armstrong, 1966). These dates suggest
a late Oligocene or early Miocene age. From
combined lithologic and structural evidence, Blank
and Mackin (1967) considered the Iron Mountain
intrusion to be the oldest of the three Iron Springs
district intrusions.

Mineralogy and Mode of Occurrence

The most important iron ore minerals in the
Iron Springs district are hematite and magnetite.
These minerals are mixed in proportions that vary
within a given area or deposit. Ores range from hard
pure magnetite to soft friable varieties of hematite.
Iron deposits have three primary modes of occurrence
and one secondary origin. These are: replacement
type bodies in limestone; breccia fillings and replace-
ments along faults and pipelike structures; fissure vein
fillings in porphyry; alluvial ores of secondary origin
that will be discussed in a later section.

Mineralogy of ores. In addition to magnetite
and hematite, some specular hematite and martite oc-
cur in a few ore deposits, and goethite, limonite and
turgite can be found in relatively small amounts.
Gangue minerals in the ores are numerous and varied
and include calcite, phlogopite, apatite (fluorapatite),
quartz and chalcedony, pyrite, marcasite, diopside,
azurite, malachite, chrysocolla, chalcopyrite, bornite,
galena, magnesite, gypsum, barite, epidote, garnet,
vesuvianite, scapolite, tourmaline, chlorite, tremolite,
actinolite and wollastonite. The minerals are listed in
order of their relative abundance, the most abundant
first. A more complete list of minerals found in the
ores is found in the section Genesis of Ore Deposits.
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Mineralogy of the various types of ore occur-
rences in the district is similar but relative abundance
changes considerably. Replacement type ores in lime-
stone are finely crystalline magnetite and hematite,
the magnetite ranging from about 10 to 50 percent
within each ore body. Disseminated in the ore in
small amounts are fine-grained calcite, quartz and gar-
net. Pyrite, apatite and phlogopite often occur in
small veins cutting the ore or as fillings in vugs.
Large fissure veins and some open-space breccia
fillings along faults contain coarsely crystalline mag-
netite octahedra. Long prismatic crystals of apatite
are commonly intergrown with magnetite. Quartz,
chalcedony, amethyst and pyrite occur in vugs and
open spaces in veins and breccia fillings. Mineral-
ization in small fissure veinlets and many of the
breccia fillings along faults consist of fine- to coarse-
grained intergrowths of magnetite and hematite.
Magnetite may be present in small quantities or may
be absent. Calcite and phlogopite are often the main
gangue minerals. Diopside, apatite and dolomite may
dominate small veins. Actinolite, tremolite, gypsum
and dolomite may be present in noticeable quantities.
Pipelike breccia fillings and replacement ore bodies
differ from other occurrences mainly in that the ores
are predominantly hard and coarsely crystalline mag-
netite, and in the case of the Blowout and Little
Allie ore bodies, there is also an abundance of
fibrous magnetite.

Replacement ore bodies. By far the most im-
portant ores in the Iron Springs district are replace-
ment deposits in the Homestake limestone member of
the Carmel Formation. Ore replaces the lower part of
limestone first, but with increasing metallization the
full thickness of about 250 feet may be replaced.
Where the entire Homestake limestone is replaced by
iron ore, the lower half is high-grade ore containing
from 50 to 58 percent iron, and the upper half of
the formation averages 40 to 45 percent iron.

The limestone replacement ore bodies are
usually tabular and lenticular in form, occurring in
offdipping limestone along the contact zone of intru-
sives; they measure a few feet to 1,000 feet or more
along strike and down-dip. The footwall of the ore
conforms with the stratigraphic base of the Home-
stake limestone member and is separated from
porphyry by the basal siltstone member of the
Carmel Formation. Iron ore replacements extend up-
ward from the base of the Homestake limestone,
ranging from a few feet thick to the full thickness of
the limestone, in which case the hanging wall is the
basal shale member of the Entrada sandstone. If re-
placement is less than complete in the Homestake,
the ore edges against limestone where the contact is
sharp or grades off within a few inches.

The Lindsay ore body on the east side of Gran-
ite Mountain is a good example of an offdipping
homoclinal replacement ore body (figure 10). The
Shortline ore body on the southwest side of Granite
Mountain is of the replacement type in a premineral
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graben block. Another variation is the April Fool ore
body on the west side of Three Peaks, a replaced
xenolithic slab or roof pendant of limestone com-
pletely surrounded by porphyry. Some of the major
replacement ore deposits in limestone at Iron Moun-
tain are A and B, Burke, Blackhawk, McCahill, Pinto,
Rex, Comstock and Mountain Lion ore bodies. At
Granite Mountain are Desert Mount, Shortline,
Pioche, Lindsay and Vermilion ore bodies; and at
Three Peaks are April Fool and Irene ore bodies.
Deposits range from less than 100,000 to more than
100 million tons of iron ores.

Breccia fillings and replacements. Brecciated
zones in the Carmel Formation, Entrada sandstone,
Iron Springs Formation and quartz monzonite
porphyry contain iron ore mineralization as breccia
fillings and breccia replacements (figure 11). Brec-
ciated zones may occur within Homestake limestone
replacement ore bodies, or they may occur above,
along the margins, or below these ore bodies, or in-
dependently of these relationships. Breccia fillings and
replacements of rubble occur in broken zones of the
Entrada sandstone and the Iron Springs Formation
above the non-deroofed Rex ore body at Iron Moun-
tain. Diamond drilling of the Rex deposit disclosed
extensively replaced breccia extending through the
main limestone replacement body. A basal breccia
involving the siltstone member of the Carmel Forma-
tion and the outer part of the porphyry is found in
parts of the footwall beneath the Lindsay ore body
at Granite Mountain.

Mineralized brecciated fault zones associated
with replacement ore bodies are typified by Short-
line, Clive-Constitution, Little Allie, Armstrong,
Lindsay and others at Granite Mountain, and the A
and B, Burke, Dear, Pinto, Comstock, Mountain Lion
and others at Iron Mountain. The Blowout and Pot
Metals ore bodies occur along the Calumet fault zone
which is probably the mashed lower plate of the
Laramide thrust in the district, and replaced this
breccia. Basal siltstone and Homestake limestone
members of the Carmel Formation lie in the over-
thrust block and are essentially unmineralized.

Some ore bodies in the Iron Springs district re-
semble breccia pipe structures and form crude cylin-
drical ore bodies. They lie on the periphery of
intrusives along major faults or fault intersections.
These breccia pipes occur mainly in the monzonite
and may contain large angular to rounded blocks and
fragments of porphyry or sedimentary rocks com-
pletely surrounded by ore. The principal ore mineral
of the breccia pipes is magnetite. Examples of such
breccia pipes are Blowout and Pot Metals ore bodies
on the southeast side, the Dear claim in the Com-
stock area on the northeast side of Iron Mountain,
and Armstrong and Little Allie ore bodies on the
east side of Granite Mountain.

Drill hole cores from the Rex ore body on the
west side of Iron Mountain and the Desert ore bodies
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in secs. 2, 3, 4 and 9 which lie in the valley between
Iron and Granite mountains show high brecciation.
Tonnages of ore associated with breccia fillings and
replacements are some of the largest in the district.

Fissure fillings. Most of the vein or fissure fil-
lings, abundant in quartz monzonite porphyry intru-
sions, are too small to be of economic importance.
Fissure veins occur in numerous selvage joints which
cut intrusions and are of radial, concentric and
oblique types. Radial joints are continuations of the
joint system from the interior zone and strike normal
to intrusive contacts and have vertical dips. Concen-
tric joints strike parallel to igneous contacts and dip
into intrusives, normal to contacts. Oblique joints are
curved types that swing from radial to concentric
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stone, Entrada sandstone and the Iron Springs Forma-
tion also form roof pendants, particularly on the
northeast side of Iron Mountain. Most pendants are
less than 1,000 feet in length, but the one on which
the Comstock-Mountain Lion group of claims is
located is about one mile long and 2,000 feet wide.
The main replacement ore bodies occurring along the
margins of the Iron Mountain intrusive are the Rex
and Burke ore bodies on the west side, A and B,
Blowout, Duncan, Calumet, Limecap, McCahill and
Pinto ore bodies on the south and southwest sides,
and Pot Metals, Yellow Jacket and Homestake mine
deposits on the east side. Black Hawk ore body on
the south end, and Comstock-Mountain Lion and
Dear ore bodies on the northeast side of Iron Moun-
tain are roof pendant replacements. Some of the

patterns.

Thirty to 50 percent of the selvage joints con-
tain some magnetite and accessory hematite, apatite,
calcite, pyrite, pyroxene and other minerals. Comb
structures and vugs with abundant magnetite octa-
hedra indicate that fissures were filled rather than
replaced. Encrustations of magnetite crystals in many
veins suggest that joints were opened repeatedly dur-
ing the time of metallization. Contacts between the
veins and porphyry are sharp. Inclusions of quartz
monzonite porphyry fragments in some fissure veins
represent either pre-ore breccia or stoping of joint
wall rock by iron ore emanations.

Fissure veins are unusually abundant in the por-
phyry intrusjons. Thousands of the veins in the dis-
trict are less than four inches in width, scores of
them are several feet wide, and a few are more than
ten feet in width. Most of the larger veins occur in
radjal joints, but some fill concentric and oblique
joints. Radial fissure veins are typically wedge-shaped
both in plan and cross section, with the thickest part
toward the margins or borders of the intrusions.
Some of the larger veins in the district are Great
Western, Blackbird and Zelma veins at Three Peaks,
and Chesapeake, Excelsior and Tip Top veins at Iron
Mountain (figure 12). Potential tonnage in the indi-
vidual fissure veins ranges to about 100,000 tons.

Ore Deposits

Iron Springs district is a belt about 21 miles
long and four miles wide and has been the largest
iron-producing district in the western states. Iron ore
bodies are clustered around three semiconcordant
stocks as replacement bodies in limestone, as breccia
fillings and replacements along faults and pipelike
structures, and as fissure veins in quartz monzonite

porphyry.

The Homestake limestone member of the Car-
mel Formation is exposed most of the way along the
south and east margins of the Iron Mountain intru-
sive. On the west and northwest the Iron Springs
Formation is in fault contact with porphyry for
about three and one-half miles. The northeast margin
is bordered by alluvium. Blocks of Homestake lime-

Targer fissure veins on Iron Mountain are the Tip
Top, Chesapeake, Excelsior and Black Magnetic de-
posits. Black Hawk, Burke and Pinto ore bodies have
been mined out. Mining operations are being con-
ducted at the Comstock, Mountain Lion and Duncan
ore bodies.

At the Granite Mountain intrusion, Entrada
sandstone and Iron Springs Formation are in fault
contact on the south, southeast and northwest sides
of the intrusive, and the Homestake limestone forms
an intrusive contact on the east and north sides.
Desert alluvium abuts porphyry on the west and
southwest sides. Desert Mound, an east-west trending
hill, lies less than one mile southwest of Granite
Mountain proper. It is formed by monzonite and
alluvium on the north side; Homestake limestone,
Entrada sandstone, and Iron Springs Formation form
the ridge and slopes on the south side. The principal
ore bodies surrounding Granite Mountain on the
southeast and east sides are Little Allie, Armstrong
and Lindsay ore bodies, and Little Mormon, Pioche,
Vermilion and Twitchell deposits on the north and
northeast sides. Two blind ore bodies along the Clive
fault on the northwest side of Granite Mountain are
the Clive-Constitution and Georgia deposits. Ore
bodies of note at Desert Mound are Shortline and
Desert Mound deposits, and non-outcropping Desert
ore bodies to the southwest of Desert Mound, in-
cluding Thompson, Section 2, Section 3, Section 4
and Section 9 deposits. Shortline and much of the
Lindsay ore bodies are mined out. Mines in operation
are in Lindsay, Armstrong, Pioche and Vermilion de-
posits at Granite Mountain, and Desert Mound ore
body at Desert Mound.

Homestake limestone is in intrusive contact on
the south and west margins of the porphyry of the
Three Peaks intrusion. The north, east and southeast
borders of the intrusive are covered by alluvium. No
large replacement ore bodies have been discovered
along the intrusive margins at Three Peaks. April
Fool, Irene, McGarry and Smith deposits are rela-
tively small roof pendant ore bodies, occurring as
partial replacements of Homestake limestone blocks
completely surrounded by porphyry. Many fissure
veins of magnetite are found in Three Peaks por-
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phyry, the largest of which are Great Western, Black-
bird and Zelma fissure veins. Mines are in operation
at Smith and Irene ore deposits at Three Peaks
(figure 13).

A brief summary of some of the more impor-
tant ore bodies discovered in Iron Springs district is
given below. The deposits are listed alphabetically.

A and B ore body lies in sec. 2, T. 37 S., R.
14 W., on the southwest end of Iron Mountain near
the idle crushing and screening plant at Iron Moun-
tain station, immediately south of Black Hawk and
west of Blowout properties. The ore body was dis-
covered and outlined by magnetometer studies and
explored by drilling operations of U. S. Steel Corpor-
ation. It is now being drilled by CF&I Steel Cor-
poration. The top of the deposit lies beneath 300 to
400 feet of cap rock and alluvium along a major
fault structure extending along the south side of Iron
Mountain, It is a replacement ore body occurring
largely in vertical and overturned Homestake lime-
stone. The deposit is probably a westward continua-
tion of the Blowout ore body but has been displaced
by a north-trending fault. Near the surface the Home-
stake limestone dips northward and is mineralized
only near the base of the formation, but at greater
depth the limestone is vertical and overturned and is
largely replaced by iron ores. The mineralization con-
sists of a mixture of magnetite and hematite ex-
tending to a depth of more than 2,000 feet. This is
the greatest depth that ore has been traced in the
district by drilling operations. The property is owned
jointly by the U. S. Steel and CF&I Steel corpora-
tions. The ore body has a potential of 30 million to
40 million tons. Underground mining would be
required for the deeper ore.

April Fool ore body lies in NW% sec. 10, T. 35
S., R. 12 W., on the northwest side of Three Peaks.
The property is covered by alluvium. It was dis-
covered by a U. S. Bureau of Mines magnetometer
investigation of the area in 194445 and is held by
the Charlotte Mining Company. An anomalous area
about 1,700 feet long was drilled. The ore body lies
about 250 feet below the surface and averages about
113 feet thick. April Fool ore body is a replacement
of Homestake limestone which occurs as a foundered
slab or sliver of limestone completely surrounded by
porphyry. The ore consists of soft granular material
with ribs of hard ore. Blocks of unreplaced limestone
are common. Magnetite is the main mineral but
hematite is common in parts of the deposit. Ore
potential of this deposit is probably between .5 mil-
lion and 1 million tons. The stripping ratio for open-
pitting this deposit would be high.

Armstrong ore body lies in NW% sec. 32, T. 35
S., R. 12 W.,, on the east side of Granite Mountain.
The property is about one-third mile south of the
Lindsay deposit. The ore body has wholly replaced a
wedge of Homestake limestone. Monzonite lies west
of the deposit, and the Iron Springs Formation is in
fault contact to the east. The deposit is associated
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with the Cory-Armstrong fault, a major in-dipping
thrust fault that dips west and brings quartz monzo-
nite porphyry against steeply dipping beds of the
Iron Springs Formation. The throw of this marginal
thrust exceeds 1,300 feet.

The Armstrong ore body was lens-shaped at the
surface, extending about 1,000 feet along the contact
zone and measuring about 270 feet at its widest sur-
face outcrop. Below the surface, the ore narrows and
extends downward along the fault zone to an un-
determined depth. At about 350 feet the ore averages
40 feet thick and becomes a breccia filling and re-
placement along the Cory-Armstrong thrust fault
which dips about 70° west.

Angular blocks of quartz monzonite are associa-
ted with fault breccia, indicating a late intrusive
fault. The fault breccia is impregnated with magnetite
and doubtless served as a conduit or feeder for the
Armstrong ore body. Little Allie, Armstrong and
Lindsay ore bodies form a more or less continuous
ore zone with varying vertical and horizontal dimen-
sions of ore bodies and perhaps separated by faults.
Armstrong ore is somewhat harder, more massive, and
higher in magnetite, silica and phosphorous content
than other deposits on the east side of Granite
Mountain. Mining by Utah Construction and Mining
Company began on the Armstrong deposit about
1948. The property has an iron ore potential of at
least 4 million to 5 million tons. The deeper ore
would have to be recovered by underground mining
methods.

Ashton ore body lies in SE% sec. 9, T. 35 S.,
R. 12 W., on the west side of Three Peaks. This
deposit is a fissure vein about 6 feet wide and 300
feet long in quartz monzonite porphyry and lies
slightly more than one mile north of the Great
Western fissure vein deposit. A 47-foot shaft appears
to be the major development on this property which
is held by Utah Construction and Mining Company.
The property has a small ore potential, perhaps in
the range of 50,000 to 100,000 tons.

Black Hawk ore body lies in SE% sec. 35, T.
36 S., R. 14 W, on the south end of Tron Mountain.
The deposit is owned by U. S. Steel Corporation and
has been depleted. Ore extraction began in 1936. A
crushing, screening and loading plant to handle this
and other ores was placed in operation at the Iron
Mountain station a short distance southwest of Black
Hawk pit.

The Black Hawk ore body was a large replace-
ment deposit in a roof pendant of Homestake lime-
stone. Near the surface the ore was extremely hard
and dense, but with depth the ore changed to large
masses of soft, granular ore containing magnetite and
hematite. These ores had an average iron content
greater than either the nearby Pinto or Burke de-
posits and contained a smaller amount of impurities.
The property produced about 20 million tons of ore.
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Black Magnetic ore body lies in NE% sec. 30,
T. 36 S., R. 13 W., on the northeast side of Iron
Mountain. The deposit is a small fissure vein deposit
in quartz monzonite porphyry, with an ore potential
of about 50,000 to 70,000 tons. The ore outcrops
near the crushing, screening and loading facility for
CF&l Steel Corporation, owners of the property.
Magnetite is the chief ore mineral.

Blackbird ore body occurs near the north end
of Three Peaks in NE% sec. 3, T. 35 S,, R. 12 W,
This ore body is a fissure vein deposit in quartz
monzonite porphyry, and consists principally of mag-
netite. The fissure vein is lenslike in form and
apparently dips about 80° east; at the surface the
vein has a strike length of 740 feet and a maximum
width of about 30 feet. Abundant apatite in the ore
gives it a high phosphorous content. The property is
owned by Utah Construction and Mining Company.
Ore potential of this fissure vein is perhaps in the
range of 50,000 to 100,000 tons.

Blowout ore body lies at the south end of Iron
Mountain, immediately east of the railroad loading
station. The property is in NW% sec. 1, and the NE%
sec. 2, T. 37 S., R. 14 W. The Blowout deposit
originally formed a prominent outcrop. The property
is owned by CF&I Steel Corporation and was mined
under contract by Utah Construction and Mining
Company. Mining operations have been virtually con-
tinuous since 1947 and produced 7,168,047 tons of
ore through 1968 when production stopped. Tonnage
potential is approximately 10 million tons. Ore from
the Blowout deposit consists of hard massive mag-
netite with an average iron content near 60 percent.
Original surface outcrops measured about 850 feet
long and 400 feet wide. Drilling operations show that
the ore body extends to a depth of at least 800 feet.

The Blowout ore body is located along the
Calumet fault zone, traversing the south side of Iron
Mountain. Downslope and south from the ore body,
overturned Homestake limestone is essentially un-
replaced and is part of the upper plate of the
Laramide Iron Springs Gap thrust. Between the
Homestake limestone belt and porphyry and ex-
tending for about two miles between Blowout and
Pot Metals ore bodies is the Calumet fault zone.
Breccia several hundred feet wide in this zone
contains fragments of Homestake, Entrada and Iron
Springs lithology, which is probably the mashed
lower plate of the Laramide thrust. The Blowout ore
body is a breccia pipe replacement along this faulted
structure and lies mostly in quartz monzonite por-

phyry.

The Blowout breccia pipe is an excellent ex-
ample of a previous channelway that provided a deep
plumbing system for iron-rich hydrothermal solutions.
The core was high in quartz which occurs mainly in
vugs. White and drusy quartz was present, and
amethyst quartz was common near the surface. The
ore also contained galena, chalcopyrite, bornite and
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pyrite, with the pyrite content increasing with depth.
The ore body contained an unusual variety of fibrous
magnetite that occurred at every level. The Blowout
ore deposit is a good example of an ore body
showing a hydrothermal origin.

Burke ore body was located on the southwest
side of Iron Mountain, mainly in SW¥% sec. 35, and
SE% sec. 34, T. 36 S., R. 14 W. Ore originally was
exposed continuously over a north-south strike for
about 1,600 feet with a maximum surface width of
exposure of 350 feet. The deposit was a typical con-
tact metasomatic replacement of Homestake lime-
stone. It was an ore body of average size whose form
was tabular and homoclinal, dipping toward the west.
Drilling operations by the U. S. Steel Corporation
and the U. S. Bureau of Mines showed that the de-
posit was composed of two ore budies at depth. The
north section was known as Burke No. 2 and the
south section as Burke No. 3. The Burke ore body
has been mined out.

In the vicinity of the Burke ore deposit the
Homestake limestone strikes north-south and dips 20°
to 40° west. Quartz monzonite porphyry is in intru-
sive contact with Homestake limestone and lies
immediately east of the iron deposit. A small por-
phyry cupola west of the Burke No. 3 ore body
delimited its westward extension at depth. The Burke
No. 2 ore body was considerably larger, and the ore
extended to a depth of about 1,000 feet down-dip.
The ore was variable in thickness but averaged about
150 feet and consisted principally of hard dense mix-
tures of magnetite and hematite. The property is
owned by U. S. Steel Corporation. The Burke ore
deposit produced about 16 million tons of ore and is
now depleted.

Calumet ore body is located on the southwest
side of Iron Mountain in N% sec. 3, T. 37 S., R. 14
W. The deposit was discovered by an aerial magne-
tometer survey conducted by U. S. Steel Corporation.
It lies 400 to 600 feet below the surface and
measures about 400 feet long and 200 feet wide, and
is a replacement type ore deposit that occurs in the
lower portion of Homestake limestone. The limestone
strikes north 70° west and dips 30° southwest. The
property has an ore potential of nearly 2 million
tons. The deposit is held by the Milner Corporation.

Chesapeake ore body is a fissure vein deposit
in quartz monzonite porphyry on the east slope of
Iron Mountain. The property lies in SE% sec. 25, T.
36 S.,, R. 14 W, and is held by CF&I Steel
Corporation. The main vein can be traced for nearly
2,100 feet. Two veins are present for more than half
the strike distance and have been cut by two
northwest-trending faults. The veins vary from about
2 to 10 feet in width, with an average thickness of
about 4 feet. No development work has been done
on this property. The ore potential is perhaps be-
tween 100,000 and 200,000 tons.
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Clive-Constitution ore body lies ih NWY% sec.
30, T. 35 S.,, R. 12 W., on the northwest side of
Granite Mountain. The northeast-trending Clive fault
brought the Iron Springs Formation in fault contact
with quartz monzonite porphyry The Iron Springs
Formation strikes north 45° to 60° east and dips on
the average about 15° northwest. Drill holes revealed
mineralized breccia along the Clive fault and replace-
ment ore in Homestake limestone. At least six drill
holes passed through the full stratigraphic thickness
of Homestake limestone, encountering about 55 feet
of ore near the base between 738 and 793 feet
below the surface. Drilling also suggests that ore ex-
tends up the thrust fault for about 600 feet toward
the surface with an average thickness of about 33
feet. A magnetic anomaly extends for about 1,200
feet along the strike. Ore cut by the drill holes
ranges from fairly soft mixtures of magnetite and
hematite to somewhat harder ore, largely magnetite.
If ore extends 200 feet down-dip replacing limestone
beds, the ore potential is at least 1 million tons. The
property is owned by James D. Murphy and Mildred
R. Quinn and leased by Utah Construction and
Mining Company.

Comstock ore body lies in NW% sec. 30, T. 36
S., R. 13 W., on the northeast side of Iron Mountain
(figure 14). The property is owned by CF&I Steel
Corporation. The Comstock ore body is a huge roof
pendant replacement deposit in Homestake limestone
and is associated with the largest roof pendant in the
Iron Springs district. The roof pendant measures
about one mile long and about 2,000 feet wide. It is
cut by several faults of small to large displacements,
producing a juxtaposition of sedimentary blocks.
Brecciation of porphyry and sedimentary rocks is
important in localization of the iron mineralization.

This deposit underlies Comstock, Copper
Fraction, Dear, Sunbeam, Strip, Emma and the
Mountain Lion group of claims, and is known to be
one large continuous ore body. This deposit is one of
the largest known ore reserves in the Iron Springs
district, with an ore potential of approximately 50
million to 60 million tons. Production began in 1956.
Current mining operations are conducted under con-
tract by Utah Construction and Mining Company.
Much of the future iron ore production of CF&I
Steel Corporation will come from the Comstock ore
body. A total of 4,161,041 long tons of ore has
been mined from the Comstock deposit through
1968.

Dear ore body joins Copper Fraction and Com-
stock lode claims on the south and lies in W} sec.
30, T. 36 S., R. 13 W., on the northeast side of Iron
Mountain. The deposit is a small replacement body
mainly in Homestake limestone, at the south end of
the huge Comstock ore body. Iron ore replaces lime-
stone, forming commercial ore, and occurs in brec-
ciated porphyry (figure 11). Huge brecciated masses
of quartz monzonite porphyry are mineralized by
fracture fillings and partial replacements of porphyry.
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Many brecciated blocks several feet in diameter are
exposed in the Dear ore pit. Several porphyry blocks
are subrounded by forceful movements and by partial
iron ore replacements. Brecciation has been of major
importance in the localization of the Dear and Com-
stock ore bodies. U. S. Steel Corporation is owner of
the property which has an ore potential of 1 million
tons or more.

Desert Mound ore body occurs in NW% sec. 1
and NE% sec. 2, T. 36 S., R. 13 W. at Desert
Mount, a low hilly area about one mile southwest of
Granite Mountain (figure 15). The Homestake lime-
stone, Entrada sandstone, and Iron Sprmgs Formation
strike east-west and dxp 20° to 30° south along
Desert Mound ridge. These sedimentary rocks form
the south slope and top of the ridge, and the under-
lying quartz monzonite porphyry forms the north
slope. The ridge has been cut by north-trending
faults. This cross-faulting and shearing are regarded as
premineralization.

The Desert Mound ore body is a typical homo-
clinal, off-dipping metasomatic replacement type ore
body 1n Homestake limestone. The deposit dips 20°
to 25° south, and the thickness of the overburden
increases in ‘that direction. The deposit is about
1,400 feet long, ranges from 50 to 250 feet thick
and extends down-dip at least 1,000 feet. Ore is
mainly hematite containing one-half to one percent
pyrite in certain zones and has a relatively high phos-
phorous content. Some cinnabar, cuprite, tenorite and
malachite were associated with the iron ore.

Mining started in surface outcrops in 1926 by
the Milner Corporation on the Desert Mound and
King No. 1 claims. Mining moved from the Desert
Mound to the Contact claim in 1931. Mining con-
tinued on the Contact and King No. 1 claims at
Desert Mound until 1936, when operations shifted to
Iron Mountain. Mining was resumed on the Desert
Mound ore body in 1949 by U. S. Steel Corporation
and has been in more or less continuous operation
since. The Desert Mound ore body is owned by
CF&I Steel Corporation and Milner Corporation and
mined by U. S. Steel. The ore body has produced 18
million tons of ore, and about 2 million tons remain
to be mined.

Duluth ore body is located in N% sec. 36, T.
36 S., R. 14 W., on the southeast side of Iron Moun-
tain. The property contains five patented claims
owned by U. S. Steel Corporation. Iron ore occurs
mainly as fissure veins in quartz monzonite porphyry,
and several small mineralized roof pendants of Home-
stake limestone outcrop. Limited exploratory work
and no development work have been done. The de-
posit may possibly have an ore potential of 500,000
tons.

Duncan ore body lies in parts of SEY sec. 34,
T. 36 S., R. 14 W. and NE% sec. 3, T. 37 S., R. 14
W., on the southwest side of Iron Mountain. The
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property is owned by CF&I Steel Corporation. The
ore body occurs as a massive replacement of Home-
stake limestone. The ores are medium soft to medi-
um hard and have a high sulfur content. A fissure
traverses the deposit and is bounded by pyrite miner-
alization, Pyrite gives the ore a sulfur content of 1
percent and higher in some areas.

The Duncan mining claims were acquired about
1900 by the Colorado Coal and Iron Company, later
changed to Colorado Fuel and Iron Company, and
now CF&I Steel Corporation. No mining activity was
conducted on the property until 1942, when the cor-
poration contracted with Utah Construction and
Mining Company to strip and ship the ore. The de-
posit has been in continuous operation until recent
years, and lately on an intermittent basis. The de-
posit has an ore potential of probably less than 5
million tons. A total of 2,301,249 long tons was
mined from the Duncan ore body through 1968.

Eclipse ore body lies west of the Vermilion
property in NE% sec. 30, T. 35 S., R. 12 W., on the
north end of Granite Mountain. The deposit occurs
in a step-faulted block of Homestake limestone as a
small replacement body. Drilling operations exposed
14 feet of ore in one hole and 19 feet in another. A
small magnetic anomaly extends for about 700 feet
along strike. The west end of the anomaly swings
southwest and conforms to the direction of the mar-
ginal Clive thrust fault. This ore body is owned by
Utah Construction and Mining Company and has an
ore potential of less than 500,000 tons.

Excelsior ore body is located on the Excelsior
lode claim in E% sec. 25, T. 36 S., R. 14 W., high
on the east side of Iron Mountain. The ore body is a
fissure vein about 1,000 feet long and from 2 to 20
feet wide (figure 12). It is cut by three northeast-
trending faults which offset the fissure vein. The iron
ore mineral is high-grade magnetite. The property is
owned by CF&I Steel Corporation. No development
work has been performed on the property. The de-
posit has an ore potential in the range of 200,000
tons.

Georgia ore body lies in SE% sec. 25, T. 35 S,
R. 13 W., on the west side of Granite Mountain, and
is associated with the northeast-trending Clive thrust
fault. Drill holes and recent stripping operations show
a replacement ore body in Homestake limestone oc-
curring as a wedge along the Clive fault. Ore also
occurs as breccia fillings and replacements along the
fault zone. The ore body was covered by about 90
feet of alluvium which recently was stripped prepara-
tory to mining operations. The Georgia ore deposit is
owned by Milner Corporation and is leased by Utah
Construction and Mining Company. The property has
an ore potential of about 500,000 to 1 million tons.
Mining operations started during the latter half of
1969.

Great Western ore body lies near the south end
of Three Peaks in NE% sec. 21, T. 35 S, R. 12 W,
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a fissure vein in the selvage joint zone of quartz
monzonite porphyry. The original fissure had an aver-
age strike of north 65° east with a dip of 75° north-
west, a surface strike length of about 750 feet and a
maximum width of 25 feet. The vein is the largest
known in the Three Peaks area. The ore is composed
of hard and dense magnetite with small amounts of
hematite and limonite. The ore contains quartz, apa-
tite and calcite. The average iron content is greater
than 60 percent. Production from this property from
1937 to 1957 totaled about 80,000 tons. Utah Con-
struction and Mining Company owns the property.
The potential of the remaining ore in the fissure vein
is probably between 50,000 and 100,000 tons.

Homestake mine ore body occurs in S)% and
NEY% sec. 19, T. 36 S., R. 13 W., on the northeast
side of Iron Mountain. Original development work
was done in the early 1900’s. A 200-foot vertical
east shaft encountered ore at 200 feet, and a
100-foot inclined west shaft penetrated more than 50
feet of ore. A crosscut at the 50-foot level of this
shaft shows an ore body about 60 feet thick. In
recent years drilling by the owner, U. S. Steel Cor-
poration, has delineated the ore body in detail.

The Homestake mine ore body is a metasomatic
replacement deposit in Homestake limestone. Near
the mine the Homestake limestone, Entrada sandstone
and lIron Springs Formation strike about north 40°
west and dip 70° to 80° east. The ore body dips
steeply east parallel with the bedding. A magnetic
anomaly can be traced for about 1,100 feet along
strike giving the highest values at the north end of
the anomaly. The ore is covered with alluvium; there
is very little outcropping on this deposit. The ore
contains as much as 1 percent copper. Ore potential
of this deposit is more than 5 million tomns.

Irene ore body lies in SE% sec. 3, T. 35 S., R.
12 W., on the northwest side of Three Peaks, and is
a replacement type deposit in a small roof pendant
of Homestake limestone. It is steeply dipping, sur-
rounded by quartz monzonite porphyry and is only
partly replaced. The strike length of the deposit at
the surface was about 300 feet and the maximum
width was about 50 feet. The property is owned by
Jones Brothers Company and leased by Utah Con-
struction and Mining Company. The property pro-
duced about 1 million tons of high-grade ore, low in
silica, sulfur and phosphorus. The ore potential may
approach 2 million tons.

Jeannette ore body is located in SEY% sec. 31,
T. 35 S., R. 12 W., on the southeast side of Granite
Mountain. The deposit is a fissure vein in quartz
monzonite porphyry. The main vein, which averages
about five feet in width, can be traced for more than
300 feet. It strikes to the northeast and is associated
with smaller veins with a similar attitude. The ore
potential is only a few thousand tons.

Jones ore body lies in NE% sec. 21, T. 35 S.,
R. 12 W, on the south end of Three Peaks, a short
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distance east of the Great Western fissure vein. The
Jones ore body is a fissure vein in quartz monzonite
porphyry. The strike length is about 300 feet and
the average width is approximately three feet. The
ore potential is perhaps only a few thousand tons of
magnetite ore.

King ore body lies a short distance northeast of
Desert Mound ore body in SW% sec. 36, T. 35 S., R.
13 W., on the southwest side of Granite Mountain. A
magnetic anomaly outlined by the U. S. Bureau of
Mines prompted cutting of seven exploratory churn
drill holes. Brecciated and mineralized porphyry rock
was encountered in .six holes; the seventh was cut in
barren Homestake limestone. The average iron con-
tent was 28.2 percent. The King claims are owned by
the Milner Corporation. The ore body is considered
noncommercial, with an ore potential possibly of
100,000 tons of low-grade ore.

Last Chance ore body is located in NEY% sec.
30, T. 36 S., R. 13 W., on the east side of Iron
Mountain, a small outcropping replacement type ore
body a short distance east of the Comstock ore
body. The property is owned by CF&I Steel Corpora-
tion. The deposit appears to have a potential of
about 1 million tons. Utah Construction and Mining
Company plans to strip and mine this ore body.

Lime Cap ore body lies in SE% sec. 34, T. 36
S., R. 14 W., on the west side of Iron Mountain,
between the Burke and McCahill ore bodies. The ore
deposit is a small off-dipping replacement in the
lower part of the Homestake limestone. It is similar
to the nearby Duncan ore body and has a moder-
ately high sulfur content. The property is owned by
U. S. Steel Corporation, Milner Corporation and A.
E. Moreton. The ore potential is probably between 2
million and 3 million tons.

Lindsay ore body is located in SW% sec. 29,
and NW% sec. 32, T. 35 S., R. 12 W., on the east
side of Granite Mountain (figure 16). The Lindsay
deposit originally outcropped along its strike for
about 1,300 feet; its widest surface exposure was
about 300 feet. The deposit extended an additional
700 feet southward beneath bedrock and alluvium.
This ore body is an example of a homoclinal, contact
metasomatic deposit which typifies the Iron Springs
district. The deposit dips toward the east. Quartz
monzonite porphyry and the basal siltstone member
of the Carmel Formation are west of the deposit; the
upper unreplaced limestone beds of the Homestake
limestone member of the Carmel Formation lie to
the east. The formation strikes approximately north-
south and dips about 45° east. The dip of the ore
body is somewhat steeper, 55° to 60° east. At the
northeast end of the Lindsay pit the ore is nearly
vertical. The deposit originally measured up to 200
feet thick and extended down-dip for at least 1,100
feet. The deposit was essentially a tabular pod with
little or no lensing. At depth, however, the deposit
apparently merges into a breccia pipe deposit, sug-
gesting that the Lindsay deposit has been fed from
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depth and not from the adjacent porphyry as has
been suggested by Mackin (1954).

The Lindsay deposit is underlain along part of
the footwall by a basal breccia, composed of the
basal siltstone member of the Carmel Formation and
the outer margin of the porphyry which is strongly
brecciated and mineralized. The upper contact of the
ore and unreplaced limestone is sharp. The ore is
often lean and poor near the quartz monzonite por-
phyry contact. The property is owned jointly by U.
S. Steel Corporation and Utah Construction and
Mining Company. Mining begun in 1945 by Utah
Construction and Mining Company produced about
16 million long tons of ore through 196&. There are
perhaps 4 million tons of ore that can yet be mined
economically by open pitting.

Little Allie ore body lies in SW¥% sec. 32, T. 35
S., R. 12 W., on the east side of Granite Mountain.
The ore body is located on the Cory-Armstrong in-
dipping thrust fault which has a throw of about
1,300 feet. The Iron Springs Formation is in fault
contact with quartz monzonite porphyry. The deposit
was pipelike in form and situated mostly in the
quartz monzonite porphyry, and was associated with
a strongly brecciated zone which likely served as a
feeder pipe for iron-bearing hydrothermal solutions.
Breccia fillings and replacements extended northward
from the main ore body along the Cory-Armstrong
fault. Ores consisted of massive and fibrous magnetite
and intimate intergrowths of magnetite and quartz,
and vugs of quartz and amethyst were common. The
property, owned and operated by Utah Construction
and Mining Company, has produced more than 3 mil-
lion long tons of ore.

Little Jim ore body is situated in SE% sec. 35,
T. 35 S, R. 13 W, in the Desert Mound area on the
southwest end of Granite Mountain. A magnetic
anomaly was disclosed by the U. S. Bureau of Mines
investigation during 1944-45. The deposit appears to
be similar to the King ore body, consisting of miner-
alized and brecciated porphyry. The property is
owned by Milner Corporation and leased by U. S.
Steel Corporation. The ore potential is small and con-
tains only low-grade ore.

Little Mormon ore body lies in W% sec. 29, T.
35 S, R. 12 W,, immediately south of Pioche ore
body on the north side of Granite Mountain. This
contact metasomatic replacement is associated with
four small faults that displace the contact zone. The
ore body is located where the largest fault crosses
the contact. The deposit has a surface outcrop 375
feet long and an apparent width of 110 feet. Home-
stake limestone strikes northerly and dips 30° to 35°
east. The ore body replaces about 50 feet of the
lower part of the limestone and also dips toward the
east. The property is owned by the U. S. Steel
Corporation and has an estimated ore potential of
about 1 million tons. The deposit is leased to the
Utah Construction and Mining Company.
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McCahill ore body lies in W% sec. 34, T. 36 S.,
R. 14 W., on the southwest end of Iron Mountain,
west of the Lime Cap and Burke ore deposits. The
ore body was disclosed by an aerial magnetometer
survey conducted by the U. S. Steel Corporation.
The McCahill ore body does not outcrop and lies
500 to 800 feet beneath the surface, a tabular re-
placement ore body that dips to the west. Ore is
traceable for about 1,200 feet down-dip; in places
the full thickness of the Homestake limestone is
replaced. The ore body apparently is cut by a fault
which thins the ore body, a mixture of hematite and
magnetite, fairly high in sulfur from the presence of
pyrite. The deposit is owned by the Duluth and Utah
Iron Mining Company and A. E. Moreton. The ore
potential of this property approaches 30 million tons.

McGarry ore body lies in W% sec. 10, T. 35 S,
R. 12 W., on the west side of Three Peaks. The
deposit is either a small roof pendant replacement of
infolded Homestake limestone or a down-faulted slice
of limestone completely surrounded by porphyry.
Basal Homestake limestone is present. Ore is exposed
at the surface in an area 380 feet long with a maxi-
mum width of 60 feet. The property is owned by
the Utah Construction and Mining Company. The ore
potential is small, probably less than 500,000 tons,
averaging about 54 percent iron and 0.3 percent
phosphorus.

Mountain Lion ore body lies in SW¥% sec. 19,
and NW¥% sec. 30, T. 36 S., R. 13 W,, on the north-
east side of Iron Mountain (figure 17). This is a
metasomatic replacement type of deposit, associated
with the largest roof pendant of the Homestake lime-
stone in Iron Springs district. It is a northward
extension of the huge Comstock ore body. Surface
exposures of the deposit are more than 2,000 feet in
length. It is bounded and cut by faults of varying
magnitudes and often shows brecciation. The prop-
erty is owned by U. S. Steel Corporation. A total of
3,281,332 long tons of ore have been mined by
CF&I Steel Corporation from the Mountain Lion de-
posit on an ore exchange agreement. U. S. Steel
started mining in this pit in 1970. The ore body has
been outlined by drilling operations. The Comstock,
Mountain Lion and nearby claims constitute an ore
potential approximating 50 million to 60 million
tons, of which the Mountain Lion ore body would
constitute approximately one-fourth.

Pinto ore body occurred in SW% sec. 35, T. 36
S., R. 14 W., and extended into NW¥% sec. 2, T. 37
S., R. 14 W., on the southwest side of Iron Moun-
tain. Claims covering the deposit were located early
in the history of the district, but no large-scale
mining was done until 1942. The ore body was
depleted in 1957 by U. S. Steel, owners of the

property.

Pinto ores were formed by metasomatic replace-
ment of the Homestake limestone. The deposit was a
moderate sized, off-dipping, homoclinal ore, sur-
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rounded on three sides by quartz monzonite
porphyry. The property lies between the Burke and
Black Hawk ore bodies bounded by a fault at the
south end of the deposit. The iron ore minerals were
hematite and magnetite mixtures, and small pockets
and veinlets of galena occurred in the ore. Only a
thin mantle of overburden covered the main ore
body. The property produced more than 10 million
long tons of good quality ore.

Pioche ore body lies in NW% sec. 29, and NE%
sec. 30, T. 35 S., R. 12 W., at the north end of
Granite Mountain. The Pioche and Vermilion deposits
are often regarded as one deposit because of their
proximity, but the writer prefers to treat them
separately since they are separated by a northeast-
trending fault with a 300-foot breccia zone. Ores
from the Pioche and Vermilion deposits provided ore
for the initial blast furnace at Ironton, Utah, owned
by the Columbia Steel Corporation of California. This
operation which began in 1923 was the first com-
mercially profitable iron ore venture in the Iron
Springs district with significant yield. Mining con-
tinued until July 1926, then was idle until 1959,
when U. S. Steel began stripping operations.

The Pioche ore body is a metasomatic replace-
ment deposit in the Homestake limestone. This for-
mation changes strike from northwest at the Lindsay
ore body to east-west as the monoclinal structure ex-
tends northwest from the Lindsay Pit around the
north end of Granite Mountain. At the Pioche
deposit the Homestake limestone strikes essentially
east-west and dips 30° to 45° north. The ore body is
somewhat crescent-shaped and can be traced on the
surface for more than 1,200 feet along strike. The
deposit dips northward and was displaced by step-
faulting. The ore body is of moderate size with
potential of about 4 million tons.

Pot Metals ore body lies in NE% sec. 31, T. 36
S., R. 13 W., on the east side of Iron Mountain,
along the brecciated Calumet fault zone. The struc-
tural setting of this deposit is similar to that of the
Blowout ore body. Downslope and east from the
main brecciated zone, the Homestake limestone has a
nearly vertical dip, with several small replacement
pods of ore. The deposit consists of several replace-
ment pods and fissure veins in the breccia zone and
porphyry. The ore is high in silica. The property,
owned by CF&I Steel Corporation, has an ore poten-
tial of less than 1 million tons.

Queen of the West ore body lies in SWY% sec.
30, T. 36 S., R. 13 W., on the east side of Iron
Mountain. The ore body is a small roof pendant
replacement type deposit in Homestake limestone and
is completely surrounded by quartz monzonite por-
phyry. The ore outcrop originally measured about
600 feet along the strike and is 200 feet wide.
Replacement of the roof pendant was not complete.
The property is owned by CF&I Steel Corporation,






K. C. Bullock—Iron Deposits of Utah

which started mining the ore body in 1956; the
deposit was depleted in 1967. The property produced
about 500,000 tons of ore.

Rex ore body is situated in SW% sec. 26, SE%
sec. 27, NE% sec. 34, and NW% sec. 35, all in T. 36
S., R. 14 W., on the west side of Iron Mountain. A
small topographic high known as Milner Hill is
exposed on the Rex property. It is part of the Iron
Springs Formation and strikes north-south and dips
about 20° west. The formation is in fault contact
with the Iron Mountain intrusion. Surface expressions
of the Rex deposit are limited to a small mineralized
outcrop of Iron Springs Formation and a few large
scattered boulders of iron ore.

A strong pear-shaped magnetic anomaly, about
3,000 feet in diameter, was disclosed over the Rex
ore body during U. S. Bureau of Mines investigation
of the district in 1944-45. This deposit produced the
strongest and most extensive anomaly observed from
magnetic surveys of the bureau. Drilling operations
disclosed this deposit to be the largest replacement
and breccia filling ore occurrence in the Iron Springs
district.

The Rex ore body is situated on the non-
deroofed westward extension of the Iron Mountain
intrusion. Extensive brecciation is associated with
Homestake limestone, overlying Entrada sandstone
and the Iron Springs Formation. The main Rex ore
body is a metasomatic hydrothermal replacement of
Homestake limestone, but mineralization is also
strong in overlying brecciated formations. Significant
breccia filling as veinlets occurs in the Entrada sand-
stone and the Iron Springs Formation where they
overlie the main Rex ore body. Iron mineralization
was encountered in the lower Iron Springs Formation
at a depth of about 500 feet, continuing through the
Entrada sandstone and into typical replacement ore
in underlying Homestake limestone. A mineralized
zone more than 750 feet thick occurs at this deposit.
The property is owned by U. S. Steel Corporation.
The estimated ore potential of this ore body exceeds
100 million tons of ore.

Section 2 ore body lies in SW% sec. 2 and
SE% sec. 3, T. 36 S., R. 13 W., southwest of Desert
Mound. The deposit is non-outcropping and was dis-
covered by aerial magnetic surveys by the U. S. Steel
Corporation. The deposit, a nearly complete replace-
ment body of the Homestake limestone member,
thins in each direction. The property was extensively
drilled by U. S. Steel, lessee of the property. The
deposit is owned by the Milner Corporation and the
Iron County Land Company. The top of the ore
body lies from 900 to 1,300 feet below the desert
surface. The Section 2 ore deposit has an estimated
iron ore potential of more than 10 million tons.

Section 3 ore body lies in SE% sec. 3, T. 36
S., R. 13 W, southwest of Desert Mound and
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Granite Mountain. Section 3 ore deposit is a small
replacement type occurrence in Homestake limestone.
The top of the ore lies 600 to 800 feet below the
surface and was discovered by aerial magnetic surveys
by U. S. Steel Corporation. The property was drilled
by U. S. Steel which leased the property from the
Milner Corporation. The ore potential of this deposit
is about 2 million tons.

Section 4 ore body is sitvated in SEY% sec. 4,
T. 36 S., R. 13 W., southwest of Desert Mound and
Granite Mountain. This small deposit lies 900 feet
below the surface and was discovered by aerial mag-
netic surveys by U. S. Steel; the deposit is a meta-
somatic replacement of Homestake limestone. The
property, owned by the Lone Pine Company, has an
estimated ore potential of about 1 million tons.

Section 9 ore body is located in N% sec. 9, T.
36 S., R. 13 W., southwest of Desert Mound and
Granite Mountain. This deposit lies 700 to 900 feet
below the surface and was discovered by aerial mag-
netic surveys by U. S. Steel. An extensive drilling
program was conducted during 1958-61. The deposit,
a metasomatic replacement of Homestake limestone,
was cut by five or six north-trending faults of vary-
ing magnitudes. The deposit shows considerable brec-
ciation and may be separated in two  ore bodies.
Section 9 West ore body has an ore potential of
about 15 million tons, and Section 9 East ore body
has a potential of about 20 million tons. The prop-
erty is owned by the Lone Pine Company and
others.

Shortline ore body is situated in S% sec. 35, T.
35 S., R. 13 W., near Desert Mound, at the south-
west end of Granite Mountain. The deposit was
originally concealed by more than 100 feet of allu-
vium and was discovered by a ground magnetometer
survey. Initial drilling was conducted in 1930. A total
of 23 churn drill holes were made during this period,
mainly on the east half of the deposit. The U. S.
Bureau of Mines completed six diamond drill holes
on the deposit in 1942-45. Additional drilling was
conducted by U. S. Steel and production begun in
November 1949. The deposit is now depleted.

The Shortline ore body was a metasomatic
replacement of Homestake limestone. The limestone
occurred as a graben block or wedge of Homestake
limestone that was infaulted into the intrusive por-
phyry and bounded by pre-mineral east-trending
faults. The deposit had a maximum east-west length
of about 1,800 feet and an average width of 300
feet. In some sections ore replaced the full thickness
of Homestake limestone, from 150 to 300 feet. At
depth along the south margin the ore became local-
ized along a brecciated zone and extended to an
undetermined depth, The ore was mainly hematite, a
soft fine granular mixture with sporadic ribs of hard
dense ore. The deposit averaged about 49 percent
iron and 0.12 percent phosphorus. The property is
owned by U. S. Steel and the Milner Corporation.
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The Shortline deposit produced about 6 million long
tons of ore. The pit is largely refilled by waste rock
from the Desert Mound ore body.

Smith ore body lies on the south end of Three
Peaks in SW¥% sec. 22 and SEY% sec. 21, T. 35 S., R.
12 W. The ore deposit is a metasomatic replacement
of Homestake limestone which occurs as a roof
pendant in quartz monzonite porphyry. The ore is
associated with a recumbent fold north of the Home-
stake limestone, is bounded on both sides by the
basal siltstone member of the Carmel Formation, and
has completely replaced up to 200 feet of limestone.
Strike length of the east deposit was approximately
600 feet. This deposit produced about 1 million long
tons of high-grade magnetite ore. The length of the
west ore deposit is somewhat greater; it has an ore
potential of about 2 million tons. The ore is good
grade magnetite with some hematite and has been
mined intermittently for several years. The property
is owned by the Utah Construction and Mining
Company.

State Section 2 ore body occurs on Utah state
land in NE% sec. 2, T. 36 S., R. 13 W., at Desert
Mound southeast of Granite Mountain. The deposit
lies about 500 feet below the surface. A magnetic
anomaly was mapped over the deposit by the U. S.
Bureau of Mines in a geophysical survey in 1944-45.
The property was leased from the state by U. S.
Steel, which drilled the property. A small replace-
ment type ore deposit was disclosed in Homestake
limestone, about 500 feet below the surface, aver-
aging approximately 40 percent iron, and has an ore
potential between 1 million and 2 million tons.

State Section 16 ore body occurs on Utah state
land in SW¥% sec. 16, T. 35 S., R. 12 W, on the
southwest side of Three Peaks. A magnetic anomaly
mapped by the U. S. Bureau of Mines in 194445
prompted exploration by diamond drilling. One hole,
drilled by the Bureau in 1951, additional holes in
1962 and 1963, and subsequent holes drilled by the
Utah Construction and Mining Company, reveal a
metasomatic replacement type ore body in Home-
stake limestone. The limestone formation and ore
body dip about 60° south. Ore lies 800 to 1,000
feet below the surface and is principally magnetite.
The ore potential of this deposit probably is approx-
imately 1 million tons.

Thompson ore body lies in NW¥% sec. 2, T. 36
S., R. 13 W., at Desert Mound on the southwest end
of Granite Mountain. This deposit is not exposed at
the surface but lies beneath a low hill of Entrada
sandstone and Iron Springs Formation. It was dis-
covered by the U. S. Bureau of Mines during its geo-
physical surveys of the district in 194445. Exposed
sedimentary rocks strike east-west and dip about 20°
south. Surface mineralization consists of martite
crystals disseminated in bedrock and small fissure fill-
ings of magnetite and hematite along joints and
fractures. The deposit is a tabular pod, somewhat
elliptical in shape, which dips southwest. The ore lies
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from less than 200 to more than 300 feet below the
surface, is about 600 feet long and 300 feet wide,
and ranges from 85 to 235 feet in thickness. The
property is owned by Matthew Leonard and Orval

Clark. The ore potential is about 1 million tons.

Tip Top ore body lies near the center of sec.
25, T. 36 S., R. 14 W, near the top of Iron Moun-
tain. The deposit is a fissure vein in quartz monzon-
ite porphyry and is about 800 feet long and 2 to 30
feet wide. The vein is located on the Tip Top
patented lode claim and is owned by the Utah Con-
struction and Mining Company. The property has an
ore potential of 100,000 to 200,000 tons.

Twitchell ore body in NW¥% sec. 30, T. 35 S., R.
12 W., lies between the Clive-Constitution and Eclipse
ore bodies on the northwest side of Granite Mountain.
The ore body is non-outcropping and occurs along the
Clive fault which brought the Iron Springs Formation in
fault contact with quartz monzonite porphyry. The fault
has vertical to high-angle reverse dips and shows con-
siderable brecciation. Iron ore occurs as breccia fillings
and minor replacements of the Iron Springs Formation
and has marked silicification. The ore potential is prob-
ably between .5 and 1 million tons; the ore would
require benefication.

Vermilion ore body lies in NE% sec. 30, T. 35 S.,
R. 12 W., at the north end of Granite Mountain. The
deposit lies immediately west of the Pioche ore body,
where a northeast-trending fault with a 300-foot breccia
zone separates the two deposits. The Vermilion ore body
strikes east-west for about 600 feet and dips gently
north. It is a metasomatic replacement of Homestake
limestone and averages about 50 feet in thickness. The
Homestake limestone crops out on the south side of the
deposit and dips about 30° north. Overburden increases
rapidly toward the north. Homestake limestone is
exposed throughout the Vermilion pit, but a few
hundred feet west it is faulted down by the Clive mar-
ginal thrust fault, bringing the Iron Springs Formation in
fault contact with porphyry. The Vermilion ore body is
much smaller in length, thickness and depth than the
nearby Pioche ore body; it is owned by U. S. Steel and
leased to the Utah Construction and Mining Company-
The ore potential of this deposit is about 2 million tons.

Wall Street ore body is located in NWY% sec.
31, T. 35 S.,, R. 12 W., on the east side of Granite
Mountain. The deposit is a fissure vein in quartz
monzonite porphyry; the vein length is about 500
feet. The property is held by the Utah Construction
and Mining Company. The ore potential is small,
probably ranging between 50,000 and 100,000 tons.

Yellow Jacket ore body is located in SE% sec.
19 and NE% sec. 30, T. 36 S., R. 13 W_, on the north-
east side of Iron Mountain. The deposit lies imme-
diately south of the Homestake mine ore body and
is a contact metasomatic replacement in Homestake
limestone. Replacement was not complete as shown
by the presence of chlorite, epidote and other sili-
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cates in the ore. Limestone strikes northwest and
dips from 70° to 80° northeast. Original outcrops of
ore were about 375 feet along strike, and the ore
body dips steeply parallel with Homestake limestone
beds. The property is owned by U. S. Steel and
leased by the Utah Construction and Mining Com-
pany. The ore body has been stripped in preparation
for mining. Since the ore is high in silicates and
sulfur it will be treated at the Iron Springs beneficia-
tion plant. The ore potential of this deposit is at
least 1 million tons.

Zelma ore body lies in SW% sec. 15 and SE%
sec. 16, T. 35 S., R. 12 W., at the south end of
Three Peaks, a short distance northwest of the Great
Western ore body. The Zelma deposit is a fissure vein
in quartz monzonite porphyry with a strike length of
about 800 feet and a maximum width of 10 feet.
The property, owned by the Utah Construction and
Mining Company, has an ore potential of about
50,000 to 100,000 tons.

Magnetic Concentration

Magnetic concentration of iron ores was intro-
duced in the Iron Springs district by the Utah
Construction and Mining Company. They began direct
shipping of iron ores from the Iron Springs district in
1944. As their reserves of direct-shipping ore dimin-
ished and as the need for higher-grade furnace feed
at the Geneva Works increased, beneficiation facilities
were added to meet the specifications of the steel
mills. Such a plant was installed at Iron Springs
where it began operations in April 1961 (Erspamer,
1964). Grinding, scrubbing and wet magnetic separa-
tion facilities were capable of handling 2,500 tons
per day of minus 1%-inch ore.

Three years later a revised contract called for a
higher-grade product, and the Utah Construction and
Mining Company expanded their Iron Springs plant
to handle 4,000 tons per day of minus 1%-inch ore
(figure 18). Nearly all run-of-mine ore is processed at
the plant by crushing, grinding, screening and open
hearth cobbing, wet beneficiation of blast furnace ore
by scrubbing and wet magnetic separation and stock-
piling, blending and loading of concentrates for ship-
ment. In 1967 the Utah Construction and Mining
Company mined 398,152 tons of ore in the district,
of which 19,247 tons were direct-shipping ores. The
remaining 355,014 tons, with an average iron content
of 42.7 percent, were shipped to the beneficiation
plant. During the same year this company shipped
248,205 long tons of concentrates from mined ore
with an average iron content of 58 percent to the
Geneva works.

Allyvial Iron Ores

The principal iron ore deposits in the Iron
Springs district occur as irregular bodies of magnetite
and hematite which replace mainly the Homestake
limestone member of the Jurassic Carmel Formation,
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and lie near contacts of Tertiary quartz monzonite
intrusives. The ore bodies are major replacements in
limestone, breccia fillings and replacements along
faults and pipelike structures and as minor fissure fill-
ings in intrusive rocks. Alluvial iron ores are concen-
trated from weathered products of intrusive rock and
iron ore deposits. As weathering progressed, mag-
netite-hematite debris moved downslope and concen-
trated in alluvium on pediment and bajada slopes.
The fact that alluvial deposits contained significant
quantities of magnetic ore was known long before
any serious considerations were given to ore recovery.

An innovation in the Iron Springs district was
the installation of a mobile magnetic iron ore concen-
trator by the Utah Construction and Mining
Company (Juvelin, 1965, 1967). This is a dry mag-
netic separation plant, self-propelled, and designed to
treat low-grade alluvial deposits. A high-speed drum
separation method, developed by Sala-Masinfabrik in
Sweden, made treatment of low-grade ores feasible.
In 1958 a laboratory model was purchased and in-
stalled in the company’s research laboratory at Palo
Alto, California.

A year later, trenches were dug in alluvium in
the district with a backhoe and the debris sampled.
A Caldwell bucket drill was used to determine the
depth of alluvium and to obtain samples. Laboratory
and pilot plant test results justified a more detailed
investigation. A prototype of an Indiana General
high-speed drum was used for additional tests on
alluvial ores. In 1962 a full scale model was set up
at the Iron Springs pilot plant and large scale tests
were run. During this time a mobile plant was con-
ceived and designing began. The final design and
construction contract was awarded Bodinson Manufac-
turing Company of San Francisco in 1963. The
mobile magnetic iron ore concentrator went into
operation in 1964 (Juvelin and McArthur, 1967) on
the McCahill-Thompson property on the northeast
side of Iron Mountain.

Absence of titanium in the ore, relatively high
magnetite concentration, and large quantities of
debris between 28 mesh and 24 inches allow an
especially favorable operation. The alluvial deposits
average about 10 percent iron and range from 3 to
20 percent (McArthur and Porath, 1965). Three per-
cent iron is roughly the inherent iron analysis of the
intrusive rock. A cutoff as low as 6 percent iron is
used in alluvial concentration. A typical structure of
the crude alluvium follows:

Structure of Crude Alluvium

Size Percent
+8,’ 2
_8’?+4!’ 1 2
47+3/4” 15
3/47+1/4” 11
-1/4°+100 mesh - 35
-100 mesh 25
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Mining depths to 100 feet or more are con-
templated.

The process used in recovering iron ore from
crude alluvium is essentially a size separation fol-
lowed by magnetic separation of size fractions (see
figure 19). Oversize is eventually used as open hearth
ore, the undersize in blast furnaces.

In 1967 Utah Construction and Mining Com-
pany produced 300,578 long tons of dry crude field
concentrate with an average grade of 53.5 percent
iron content. They shipped 227,711 long tons of
alluvial concentrates with a minimum 60 percent iron
content from the Iron Springs beneficiation plant.

Production and Chemical Analyses

Iron ore production from the Iron Springs dis-
trict by Mormon pioneers was meager and sporadic,
with only a few thousand tons of ore being pro-
cessed. The first major development of metallic iron
production from iron ores was achieved in 1924 by
Columbia Steel Corporation of California at the Iron-
ton Plant at Provo, where a blast furnace with a
rated capacity of 500 tons of pig iron daily or
200,000 tons annually was erected. The greatest ore
production from the district prior to United States
entry into World War II was 354,795 long tons in
1938. After the Geneva Works was completed, ore
production rose to 1,931,795 long tons in 1945.
From 1944 to 1961 iron ore production averaged
3.25 million long tons annually. Under the stimulus
of the Korean War, ore production from the Iron
Springs district rose to 4,836,596 long tons in 1953.

Since August 1962 the Geneva Works has been
receiving 1.5 million gross tons annually of agglom-
erated taconite pellets from U. S. Steel Corporation’s
mine at Atlantic City, Wyoming. Production of ore
from the Iron Springs district has been greatly re-
duced since the use of taconite ore. From 1962 to
1968, ore production from the Iron Springs district
has averaged 2.02 million long tons. Production dur-
ing 1968 was 1,763,511 long tons.

Three major iron mining companies produce
ores from open pit operations in the Iron Springs
district: U. S. Steel, Utah Construction and Mining
Company and CF&I Steel Corporation. The largest
pit in the district has a diameter of about 2,500 feet.
Pit depths extend to 500 feet. Three active open pits
are operated in 1970 by U. S. Steel, the Desert
Mound, Pioche and Mountain Lion pits; Utah Con-
struction and Mining Company has five operations:
the Armstrong, Lindsay, Irene and Smith pits and
the alluvial iron ore deposits. CF&I Steel Corporation
has two active pits, the Duncan and Comstock
deposits.

The main production from the Iron Springs dis-
trict is direct-shipping ore. Generally the grade of
direct-shipping ore ranges from 45 to 68 percent iron
with an average iron content between 50 and 55 per-
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cent. This ore only requires crushing and screening
prior to shipping. Ores with iron content from 20 to
45 percent are upgraded by Utah Construction and
Mining Company’s beneficiation plant at Iron Springs.
This low-grade ore is. being stockpiled by other com-
panies for future processing. Open hearth and blast
furnace ores are shipped from the district. Open
hearth ore must be coarse, dense, high-grade and low
in impurities, from minus 7 inches to plus 2% inches
in diameter. The finer and lower-grade ores are used
for blast furnace ore, all minus 2% inches in
diameter. U. S. Steel’'s specifications for iron ores
vary somewhat, but the following examples are
general guidelines which iron producers are required
to meet.

Iron ore specifications of U. S. Steel Corporation
(percent).

Open Hearth Furnaces Blast Furnaces
Fe 58.0- minimum 50.0 minimum
SiO, 7.0 maximum 10.0 maximum
S 0.05 ” 0.10 ”
P 040 ” 0.25 ”
Cu 0.04 ” 0.04 ”
Ni 0.04 ” 0.04 ”?
Pb 0.01 ” 0.01 ”
Zn 0.01 ” 0.01 ”
As 0.01 ” 0.01 ”?

Since 1962, about 70 percent of the iron ore
produced in the district was shipped to the Geneva
Works at Provo, and most of the balance went to the
Minnequa Works, Pueblo, Colorado. From 1923
through 1968, the Iron Springs district has produced
nearly 78 million long tons of iron ore with a
weighted average grade of 52.7 percent iron content.
Table 2 shows the annual iron ore production from
the district from 1923 through 1968 with weighted
average grades of iron content for each year.

Ore Reserves

Leith and Harder (1908) estimated the iron
reserves of the Iron Springs district to be 40 million
tons, based on surface exposures and depths of ore
exposed by pits, drill holes and erosional surfaces.
The district had produced but a few thousand tons
of ore when investigated by Leith and Harder. The
largest single deposit estimate based on exposures was
15 million tons. They indicated that their tonnage
estimate was too small rather than too large, since
depths used in calculations were those actually ob-
served, and nowhere were the bottoms of any ore
deposits exposed to view.

Wells (1938) made a limited study of the Iron
Springs and Bull Valley districts. He indicated that
individual replacement ore bodies of 10 million tons
of ore were known, and estimated that the total
tonnage in Iron Springs and Bull Valley districts was
probably about 100 million tons.
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Table 2. Iron ore production, 1923-1968, and weighted average analyses of iron ores from Iron Springs district,

Iron County.
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Iron Percent Iron Percent Iron Percent

Year Long Tons Weighted Average | Year Long Tons Weighted Average Year Long Tons Weighted Average
1923 57,753 - 1939 262,087 531 1955 3,806,367 53.4
1924 164,154 — 1940 326,500 549 1956 4,126,811 52.6
1925 270,029 53.0 1941 355,006 544 1957 4,245,038 52.1
1926 275,567 54.1 1942 321,034 535 1958 3,563,760 49.6
1927 222879 52.0 1943 922,959 537 1959 2,762,155 50.1
1928 320,655 52.6 1944 1,542,284 52.6 1960 3,369,084 50.7
1929 320,960 51.7 1945 1,931,749 52.8 1961 3,832,550 51.2
1930 277,774 52.0 1946 17317,176 53.6 1962 2,629,758 51.7
1931 183,668 53.0 1947 2,823,853 53.3 1963 1,880,683 52.8
1932 136,874 52.6 1948 3,233,413 539 1964 2,082,180 529
1933 95,129 52.2 1949 2,712,390 55.9 1965 2,138,674 53.4
1934 161,009 52.3 1950 3,159,926 54.4 1966 1,956,101 52.7
1935 161,010 523 1951 3,902,594 55.1 1967 1,708,044 53.2
1936 153,923 54.7 1952 4,059,956 53.95 1968 1,763,511 53.4
1937 190,908 54.5 1953 4,836,596 54.1 — —
1938 354,795 54.1 1954 2918926 53.1 Total 77,838,251 52.7

Allsman (1948) of the U. S. Bureau of Mines contact metamorphic, pyrometasomatic, pneumat-

estimated that 100 million long tons could conserva-
tively be classified as measured, and indicated reserves
with a grade of 45 to 50 percent iron content. This
estimate was based on results from drilling, geology
and geophysics. An additional 250 million long tons
were inferred from geological and geophysical evi-
dence supported by very limited drilling.

Mackin (1968) considered the reserve estimates
by Allsman to be optimistic. This writer on the other
hand is impressed by the many large ore bodies
delineated by magnetic surveys and by several large
ore deposits whose tonnage has been determined by
exploratory and development drilling operations. The
Rex ore body exceeds 100 million tons of ore, and
the Comstock-Mountain Lion deposit has at least 60
million tons. In addition to the 78 million long tons
of iron ore mined from the district through 1968,
the ore potential of the district exceeds 300 million
tons. This estimate is based on ore occurrences in
areas where the horizontal and vertical outlines of
ore bodies are fairly well established by magnetic sur-
veys and where detailed drilling has been done.
Several areas in the district still are unexplored in
detail but have been outlined in a broad way by
aeromagnetic and gravity surveys. Some of these areas
promise new deposits, especially since the geophysical
data suggest the intrusive bodies are stocks rather
than laccoliths in form. The writer estimates the ore
potential of the Iron Springs district could easily
exceed 500 million tons.

Genesis of Ore Deposits

The genesis of iron ores in the Iron Springs
district has long been a controversial issue. The first
two concepts of origin were derived from casual stud-
jes and are only of historical interest. Proposed
origins are metamorphosed sediments, ore magma,

olytic, deuteric alteration and contact metasomatic-
hydrothermal. The writer proposes the latter origin
for the development of iron ore deposits in the dis-
trict.

Metamorphosed sediments origin. The first
hypothesis of origin of Iron Springs ores was pro-
posed by Newberry (1880, 1881a, 1881b, 1882). He
suggested the iron ores were metamorphosed sedi-
ments of probable Lower Silurian age. He considered
the ores to be interstratified with layers of granite,
and based his conclusion on examination of the Blair
placer, now known as the Great Western fissure vein
in the Three Peaks area.

Ore magma origin. Jennings (1904, 1905) also
studied the fissure veins in the Three Peaks area. He
thought the iron deposits to be ore magmas resulting
from differentiation of a basaltic magma at depth,
and that ore magmas were forced to the surface in
the form of dikes into diorite porphyry. He further
suggested that when the quantity of material was
more than sufficient to fill the fractures it over-
flowed in the form of sheets, and when the fractures
extended into the overlying sedimentary rocks they
were filled with ore.

Contact metamorphic origin. After study, Leith
(1904, 1906) and Leith and Harder (1908) concluded
that the ores were contact metamorphic in origin.
They suggested that the ores were closely related in
origin to intrusions of large masses of andesite taken
to be laccoliths. The first effect of the intrusions was
contact metamorphism of the limestone in the form
of fusion of limestone, introduction of silica and the
formation of anhydrous silicates. Ore-bearing solutions
followed shortly after contact metamorphism of lime-
stone and after the outer part of the intrusives had
crystallized. They suggested that iron was carried in
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the form of ferrous chloride. The resulting ore de-
posits constitute fissure veins in the intrusive, fissure
and replacement deposits along the contact zone in
limestone, and breccia cement in Cretaceous strata.
The source of iron-bearing solutions for the various
types of deposits was the same, and they considered
the mineralizing solutions to come from still hot
magmas of the intrusive interiors. Butler (1920) made
a limited study of the Iron Springs district and
agreed with the conclusions of Leith and Harder con-
cerning the origin of the ores, except that he re-
garded the intrusives as stocks.

Pyrometasomatic origin. Lindgren (1925, 1933)
called the Iron Springs district ores pyrometasomatic
deposits associated with stocks. He defined the term
as those deposits formed by metasomatic changes in
rocks, principally in limestone, at or near intrusive
contacts, at high temperatures, and under the influ-
ence of magmatic emanations. In his classification,
however, he included numerous deposits remote from
intrusive contacts. Tarr (1938), Knopf (1933, 1942)
and Emmons (1940) agreed generally that Iron
Springs ores are associated with stocks and classified
them as pyrometasomatic or contact metamorphic de-
posits. Both terms, however, have become obsolete
for ores associated with intrusive contacts.

Preumatolytic origin. Wells (1938) ascribed the
origin of the iron ores in the district to high temper-
ature pneumatolytic action. Although he did not use
the term, his description typified this process. He
stated that during intrusion of monzonite porphyry
stocks, the hoods and overlying rocks were fractured,
causing sudden release of pressure and liberating
water vapor and iron chloride gases from the stocks
which were still hot. These gases escaped to the sur-
face along tension fractures without appreciably
heating the country rocks, and deposited magnetite
and hematite in fissures and replaced contiguous frac-
tured limestone.

Deuteric alteration origin. Mackin (1947b, 1954,
1968) hypothesized a deuteric alteration origin for
Iron Springs deposits. He delineated three zones in
the intrusive bodies which he regarded as laccoliths.
The first zone, a peripheral shell 100 to 200 feet
thick, is composed of fine-grained quartz monzonite
porphyry containing fresh biotite and homblende
phenocrysts. An interior zone is composed of coarse-
grained porphyry in which biotite and hornblende
underwent deuteric alteration. A third zone, of
selvage joints, separates the interior from the periph-
eral shell. Rock on each side of individual selvage
joints is bleached through a narrow zone to six
inches thick on each side of the joint, but ranging in
thickness from less than one inch to several feet. Bio-
tite and hornblende are completely altered in this
zone. Mackin and Ingerson (1960) proposed a
deuteric release of iron and associated substances
from the bleached selvage zone to form the iron ores
of the district. They considered the iron to be
“sweated out” of the selvage joint rock by diffusion
and deposited as fissures in porphyry and as replace-
ments in limestone.

Utah Geological and Mineralogical Survey, Bulletin 88, 1970

Mackin (1968) published the chemical composi-
tion of intrusive rock from the peripheral shell,
interior rock, and selvage joint rock (table 3). lron
content in the peripheral rock is 3.64 percent, 3.26
percent in the interior rock, and 2.18 percent in
bleached selvage joint rock. The deuterically altered
zone contains about the same amount of iron as the
fresh peripheral zone, but bleached selvage rock con-
tains somewhat less total iron. Mackin therefore
proposed that bleached selvage rock is the source of
iron-forming fluids, and that the mechanism of trans-
fer of iron to replacement bodies was by diffusion.

Table 3. Chemical composition (by percent) of intrusive
rock types in the Iron Springs district, Utah
{Mackin, 1968).

Peripheral Interior Selvage Joint

Shell Rock? Rock®
Si0, 60.67 62.47 63.96
A1, 04 17.13 16.74 16.98
Fe, 0, 222 3.04 1.08
FeO 2.28 1.52 1.31
Fe 3.64 3.26 2.18
MgO 2.53 2.19 1.16
Ca0 4.57 3.95 391
Na, O 3.19 325 4.05
K,0 3.39 2.83 3.34
H,0 1.02 1.71 0.69
TiO, 0.78 0.76 0.79
P 0.09 0.09 0.07
S 0.06 0.0t 0.01
F (ppm) 419 282 69

! Average of 15 analyses.
2 Average of 10 analyses.
3 Average of 8 analyses.

Mackin was forced into a deuteric origin for
iron since he eliminated a deep source of iron-rich
emanations by his conclusion that Iron Springs
district intrusjions were shallow laccoliths. This writer
questions the quantitative adequacy of this hypothesis
since the selvage rock zone usually measures only a
few inches thick on either side of any individual sel-
vage joint. A deuteric theory of origin for the huge
replacement ore bodies in the Iron Springs district
appears to be entirely inadequate. Recent information
further indicates that even if the intrusive bodies
were floored, they are still sufficiently thick to
produce ample residual iron-rich emanations to form
Iron Springs ore deposits without requiring a deuteric
release of iron from biotite and hornblende along
thin bands of selvage joint rocks.

Contact metasomatic-hydrothermal origin. This
writer proposes a contact metasomatic-hydrothermal
origin for Iron Springs iron ore deposits. The term
connotes ore occurrences near intrusive contacts with
an assemblage of high-temperature minerals and the
introduction of constituents from the intrusive into
country rocks and fissures in chilled intrusive mar-
gins. The writer gives a brief review of his interpreta-
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tion of the structural setting, magmatic activity,
deuteric and metasomatic alterations, and hydro-
thermal deposition of ores in the Iron Springs
district.

The stage for Tertiary intrusive activity and
metallization of jron ores was set by post-Entrada
and post-Iron Springs deformations. Deep penetrating
faults of post-Entrada age prepared the ground and
provided the loci for intrusive masses. Yielding of
roof rocks was controlled largely by structural fea-
tures produced during Laramide or post-Iron Springs
deformation. An incompetent horizon between mas-
sive Navajo sandstone and the overlying basal silt-
stone member of the Carmel Formation served as a
zone of tectonic Laramide gliding. Emplacement of
quartz monzonite porphyry in the district was

accomplished first along deep penetrating post-

Entrada faults, and was accompanied and followed by
stoping, assimilation and even cauldron subsidence of
pre-Carmel strata. Intrusive masses later entered the
incompetent horizon below the basal siltstone
member, in part in a mushrooming manner, and
raised the roof rocks in a concordant manner. Intru-
sive forces were so intense that sharp folding, over-
turning and thrust faulting occurred on several flanks
of the advancing magmas. About one-half of the
boundary contacts have high-angle and thrust faults.
Concordance of the roof rocks on the one hand has
led many geologists to conclude that the intrusions
are laccolithic in form. Emplacement of magma on
the other hand must have been accompanied by con-
siderable stoping, assimilation and cauldron subsidence
of pre-Carmel strata, as well as by bodily uplifting of
roof rocks. The facts that deep diamond drilling on
the flanks of intrusions has nowhere cut through
porphyry, and that aeromagnetic and gravity anoma-
lies indicate great depth and breadth to the intru-
sions, have led the writer to conclude that the
igneous intrusions are discordant in depth and are
essentially stocks in form.

Intrusive action at Iron Mountain, Granite
Mountain and the Three Peaks areas are all related in
time and space, but not all magmatic action came to
rest simultaneously. Also depth of emplacement was
different for the three intrusions. Groundmass texture
of peripheral shell rock from the Three Peaks intru-
sion is consistently coarser than that of Granite
Mountain and Iron Mountain porphyrys, hence must
have formed at greater depths. Since the zone of
emplacement is at the same stratigraphic horizon, a
regional dip toward the northeast is assumed during
the magmatic stage. As initial forces of the intrusion
ebbed, intrusive bodies entered a magmatic stage of
crystallization. A chilled border zone or peripheral
shell formed along the outer margins of each intru-
sion, with widths from 100 to 200 feet thick. Since
emplacement at Three Peaks was at a greater depth
than either Granite Mountain or Iron Mountain, a
much thinner peripheral shell was developed.

Two main stages are visualized for magmatic
emanations, alterations and ore deposition at Iron
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Springs district: a late magmatic stage in which
occurred deuteric alteration of porphyry, metasoma-
tism of contact rocks and formation of magnetite-
apatite fissure veins and a hydrothermal stage during
which large limestone replacement ore bodies and
breccia filling and replacement ore bodies were
formed. The late magmatic stage started shortly after
the peripheral shell had formed, and crystallization
was nearing completion in the upper magmatic cham-
bers. Subsequently, surges of magma opened tension
joints that extended into the largely consolidated
interior phase rocks. Early magmatic emanations were
likely gaseous in nature, but liquid emanations
probably dominated.

Rocks in the interior zones of intrusions are
extensively deuterically altered. Biotite is partly or
completely converted into an aggregate of orthoclase,
albite, magnetite, chlorite and apatite, and hornblende
into chlorite, biotite, magnetite and epidote. Py-
roxene varies from fresh to altered masses of uralite,
biotite, epidote and chlorite. Plagioclase and ortho-
clase are only slightly altered along small fractures to
clay and sericite, and quartz is unaltered. Minerals in
the peripheral shell rock are only slightly altered.
Plagioclase and orthoclase show slight alterations to
clay and sericite. Biotite and hornblende form pheno-
crysts that are usually fresh; quartz is not altered. In
the bleached selvage joint rock, biotite and horn-
blende are completely deuterically altered. Pyroxene
ranges from fresh to considerably altered grains. Plagi-
oclase and orthoclase are moderately altered so that
clay imparts a cloudy appearance to grains in thin
section. Quartz appears to be fresh.

Escaping solutions from the cooling intrusions
introduced silica and soda into the bleached porphyry
adjacent the selvage joint, and at the same time
leached iron, fluorine and phosphorus from the por-
phyry (table 3). When the proper temperature, pres-
sure and concentration were attained, magnetite,
apatite and chalcedony were deposited in open joints,
giving tise to fissure veins. Iron is believed to have
come also from residual fluids during this late mag-
matic stage of crystallization, contributing to the
formation of fissure veins. Renewed openings pro-
duced encrusted fissure veins.

Ratté (1963) showed that large amounts of
Si0,, Al 03, MgO, Na,O, Fe, P and F were intro-
duced into sedimentary rocks of the contact zone,
producing fine-grained skarn rocks. Contact metaso-
matic minerals that developed in altered basal silt-
stone of the Carmel Formation are actinolite,
diopside, hedenbergite, phlogopite, scapolite, tremo-
lite, vesuvianite and wollastonite. The skarn minerals
are fine-grained and are recognized from thin sections
of the rocks. Mackin (1954, 1968) called the altered
basal siltstone a hornfels, emphasizing contact meta-
morphism and isochemical changes only. This writer
prefers the term fine-grained skarn rock for altered
basal siltstone and altered Homestake limestone,
emphasizing the introduction of constituents. Igneous
emanations produced progressive metasomatic altera-
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tion of Homestake limestone. This can be observed
by tracing unaltered limestone through altered zones
into large replacement ore bodies. The first effect of
this metasomatic action was bleaching of limestone,
then enlarging grain size by recrystallization of cal-
cite, followed by the development of some phlogo-
pite and vesuvianite. Continued metasomatism
converted the limestone into a fine-grained skarn rock
composed of apatite, calcite, diopside, epidote,
garnet, phlogopite, quartz, vesuvianite and wollasto-
nite. The main skarn mineral is fine-grained andradite
garnet. Altered siltstone and limestone are difficult to
distinguish; however, the siltstone contains detrital
quartz and feldspar, and the limestone typically con-
tains andradite garnet.

As the intrusive forces subsided, previously
formed tension joints were closed or filled with mag-
netite, and brought to a close the late magmatic
stage. Subsidence of magmatic forces resulted in
development of brecciated subsidence structures in
porphyry and adjacent country rocks. Many similar
brecciated zones were developed during the structural
history of the district, including post-Entrada faults,
post-Iron Springs or Laramide thrusts, intrusive struc-
tures, and finally subsidence structures. Some
subsidence structures coincide with earlier brecciated
zones, and others are cut or connected. These struc-
tural elements are expressed as brecciated fault zones
and breccia pipes which formed pervious channelways
and provided deep plumbing systems for iron-rich
emanations. The main hydrothermal stage of mineral-
ization followed subsidence, during which time the
major replacement deposits, breccia filling and
replacement ore bodies were formed.

Ore-bearing solutions entering the Homestake
limestone preferentially replaced first calcite, then
silicate skarn minerals, and formed replacement ores
of magnetite and hematite. A metasomatic origin of
the ore bodies is indicated by the lack of overall
differences in stratigraphic thickness between lime-
stone and equivalent replacement ore bodies, and is
clearly demonstrated by detailed mapping and by
numerous diamond drill holes. Bedding and other
pre-ore structures can be traced in places from lime-
stone into ore with no break in continuity.

The main replacement ore bodies are the result
of hydrothermal emanations, rising principally along
faulted and brecciated zones that not only formed
important channelways but also formed important
loci for replacement deposits. The Shortline deposit is
located along a graben block. A basal breccia,
strongly mineralized, is exposed in the footwall at
the Lindsay pit. The Clive-Constitution, A and B, and
other ore bodies are located along intrusive faults.
The Blowout and Pot Metals deposits replaced brec-
ciated portions of the lower plate of a Laramide
thrust. The A and B, Armstrong, Blowout, Desert
Mound and Burke ore bodies occur along or near
cross-fanlts. Breccia pipe structures occur at Blowout,
Dear, Armstrong, Little Allie and other ore bodies.

Utah Geological and Mineralogical Survey, Bulletin 88, 1970

These and other deposits are indicative of the impor-
tance of brecciation not only serving as channelways,
but also important in the localization of ore bodies.
Breccia pipes in particular appear to have been feeder
pipes for hydrothermal solutions. The Blowout, Little
Allie and Armstrong ore bodies occur along the con-
tact zone but mostly in porphyry, and are composed
mainly of magnetite, representing deep-seated plumb-
ing for hydrothermal emanations. The cores of these
breccia pipes are high in quartz as amethyst, galena,
chalcopyrite, bornite and pyrite. The pyrite content
increases with depth.

A contact metasomatic-hydrothermal origin of
the Iron Springs ore deposits is further indicated by
detailed studies of ore mineralogy. Minerals associated
with the ore deposits of the district are actinolite,
albite, amethyst, andradite, ankerite, apatite, arago-
nite, azurite, barite, bornite, calcite, chalcedony,
chalcopyrite, chlorapatite, chlorite, chloropal, chryso-
colla, cinnabar, native copper, cuprite, diopside, dolo-
mite, dufrenite, epidote, fluorapatite, galena, garnet,
goethite, gypsum, hedenbergite, hematite, isoclasite,
lepidocrocite, limonite, lodestone, maghemite, magne-
site, magnetite, malachite, marcasite, martite,
melanterite, metastrengite, memetite, pyrite, quartz,
phlogopite, rhodochrosite, rockbridgeite, scapolite,
scolecite, selenite, siderite, specularite, sphene, spinel,
tenorite, tourmaline, tremolite, turgite, vesuvianite
and wollastonite. This list includes important contact
metasomatic, hypogene and secondary minerals. Those
that are particularily indicative of hypogene or hydro-
thermal mineralization are apatite, barite, bornite,
chalcopyrite, cinnabar, dolomite, galena, hematite,
lodestone, magnetite, marcasite, pyrite, quartz, rho-
dochrosite, specularite and tourmaline. The presence
of bornite, chalcopyrite, galena and pyrite embedded
in massive magnetite, pockets of cinnabar and other
sulfides in iron ore, and intimate association of finely
disseminated pyrite with the ore are conclusive evi-
dence of a hydrothermal origin for the iron deposits.
Pyrite increases slightly with depth of mining, and
some ore has such a high content of pyrite that it is
removed to lean ore dumps.

In summary, the writer proposes a contact
metasomatic-hydrothermal origin for the main iron
ore deposits in the Iron Springs district. The deposits
are concentrated along the roof and margins of semi-
concordant stocks in the form of replacement bodies
in limestone roof rocks, breccia fillings and replace-
ments along faults and pipelike structures along
intrusive margins, and fissure fillings in quartz monzo-
nite porphyry. The iron is thought to have been
derived principally from residual fluids resulting from
magmatic crystallization of the porphyrys. These mag-
matic emanations were released in part during the
late magmatic stage but principally during the hydro-
thermal stage of mineralization. The main
channelways for emanations are mostly along faults
and brecciated zones, in part along selvage joints.
Some iron apparently was leached from the porphyry
wall rocks by ascending hydrothermal solutions, but
it was a minor source of mineralization.
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Markagunt Plateau Deposits

Iron Peak prospects lie about four airline miles
and six miles by road northeast of Paragonah, on the
north side of Little Creek, one-half mile east of the
Dixie National Forest boundary line. The property is
situated east of the Hurricane fault on the west side
of Markagunt Plateau, in secs. 19 and 30, T. 33 S.,
R. 7 W. (figure 7). The elevation of Iron Peak is
near 8,500 feet, with a local relief of about 1,000
feet, with steep slopes and rugged topography. The
area is accessible on Little Creek road one-half mile
north of Paragonah. The property has been restaked
several times, most recently by W. L. and V. H.
Rasmussen of Veyo. No assessment work has been
done since 1964.

Iron Peak is composed of Tertiary volcanic
rocks that overlie the Claron or Wasatch Formation
which consists of about 1,400 feet of nonmarine sed-
imentary strata. They are composed of red basal
conglomerate and sandstone up to 150 feet thick, an
intermediate sequence of pink limestone and calcar-
eous shales up to 900 feet thick and a top series of
white limestones up to 350 feet thick. These strata
essentially lie flat or dip gently east.

A sequence of Tertiary volcanic rocks, primarily
of ignimbrite origin, overlies the Claron or Wasatch
Formation. Iron Peak may be a volcanic neck or plug
from which such extrusions took place. The igneous
rocks are mostly latite and andesite in composition;
the main rock-forming minerals are andesine plagio-
clase, basaltic hornblende, biotite and augite. Zeolites
are found adjacent to zones of iron mineralization.

Hematite and magnetite occur as small vein and
replacement bodies in volcanic rocks. The hematite is
probably an oxidation product of magnetite. Scat-
tered fragments of ore from small veins can be found
on each side of Iron Peak. Three principal iron de-
posits were found. One, on the southwest slope of
the mountain, was developed by a 25-foot shaft, now
caved, that bottomed in ore. From the bottom of
the shaft a crosscut ran in ore northwest for 14 feet.
Low outcrops of iron ore extend northwest and
southeast from the shaft and dip from 70° northeast
to vertical. About 25 feet southeast of the shaft, an
open cut was run toward the shaft, cutting 10 feet
of ore. About 225 feet southeast of the shaft, an
open cut and an adit ran north, cutting about 13
feet of ore. Other test pits and trenches in the vicin-
ity show narrow seams of ore six inches to two feet
thick.

A second occurrence, near the summit of Iron
Peak, is an ore body 65 feet long and from 10 to 20
feet wide which has been exposed by shallow
trenches. The strike of the ore body is north 36°
east. A third ore body lies on the north slope of
Iron Peak, forming a low outcrop for a few feet at
the surface. A bulldozer cut exposed a 12-foot-wide
deposit of magnetite. Surface exposures, limited
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development work and magnetometer survey work
indicate that the Iron Peak property has an ore
potential of less than 5,000 tons. Chemical analyses
of the ore are given in table 1.

JUAB COUNTY
Canyon Range Deposits

Little Oak Creek (Iron Crown) prospects lie on
the east side of Canyon Range, eight airline miles
north-northwest of Scipio, about one-half mile south
of Little Oak Creek in sec. 10, T. 17 S., R. 3 W.
(figure 20). The property was staked by A. L.
Alldredge of Delta and M. J. Alldredge of Oak City.
It lies near the base of Canyon Range along the
eastern mountain front which has been outlined by

-Basin and Range block faulting. The deposits occur

in undifferentiated rocks belonging to Ordovician and
Silurian systems and are composed mainly of Lake-
town and Fish Haven dolomites.

Ore mineralization consists of two main out-
crops separated by about 600 feet, occurring as
bedding replacements in dolomitic limestone. The
southern outcrop is composed of clinkery limonite
gossan exposed by workings along the surface for 30
feet. Debris now covers much of the workings.
Limonite and goethite occur as a shallow replacement
about two feet thick which dips into the hillside.
This ore was smelted at one time by early settlers of
Scipio. Several tons of ore are stockpiled here,

The northern outcrop lies about 100 feet higher
in elevation. It was developed by a 30-foot adit and
short foxhole workings. The ore is mainly hematite
ocher with some hard hematite and spongy limonite
and goethite. This mineralization is a bedding replace-
ment ranging from a fraction of an inch to two feet
in thickness. No ore shipments are known to have
been made from this prospect. Chemical analyses of
these ores are given in table 1.

Drum Mountains Deposits

Iron Blossom mine is situated in the Drum
Mountains, 39 miles northwest of Delta and 2 miles
north of the ghost town of Joy. The property occurs
in sec. 15, T. 14 S, R. 11 W. (figure 20), and is
held by assessment work by George Van of Delta.
The Drum Mountains are formed by a westward-tilted
structural unit, composed of as much as 9,000 feet
of quartzite and 3,000 feet of carbonate rocks of
Cambrian age. These strata strike north and dip west
and are cut by numerous east- and northeast-trending
faults with displacements of a few feet to a few
thousand feet. Bodies of manganese carbonate ore
were formed by replacement of two dolomite beds
near the base of the carbonate series along intersec-
tions with faults. These ores have been oxidized to
pyrolusite, wad and psilomelane. More than 72,000
tons of manganese ore were shipped from the Drum
Mountains.
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Figure 20. Juab County iron occurrences.
1. Little Oak Creek prospects, Canyon Range
2. Iron Blossom mine, Drum Mountains
3. Black Jack Iron mine, East Tintic Mountains
4. Dragon mine, East Tintic Mountains
5. Lockheed mine, Sheeprock Mountains
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Local iron mineralization also occurs along
faults in the Cambrian carbonate rocks. The Iron
Blossom property represents the largest of these
deposits. The ore is a gossan resulting from oxidation
of an iron sulfide ore body and lies along a north-
east-trending fault of undetermined displacement in
Notch Peak limestone of Upper Cambrian age. Similar
smaller gossans occur along other faults in the
Cambrian carbonate strata. Iron minerals at the Iron
Blossom mine are goethite and limonite, varying from
massive to spongy, to ocherous varieties. Development
work consists of an open pit and a short adit; about
50 tons of ore are stockpiled. The property has an
ore potential of a few hundred tons. A chemical
analysis of the ore is given in table 1.

East Tintic Mountains Deposits

Black Jack iron mine lies about one-half mile
east of Mammoth in the Tintic district in the East
Tintic Mountains, SW% sec. 30, T. 10 S., R. 2 W,
immediately north of Diamond Pass (figure 20). The
property is accessible by a short mountain road on
the southeast side of Mammoth.

Black Jack mine is located along and near a
monzonite dike that cuts Upper Cambrian Ajax lime-
stone. The formation measures more than 500 feet
thick and is composed of light to dark gray dolo-
mite, chert and thin beds of limestone near the top.
Silver City monzonite stock lies a few hundred feet
south of the mine. Iron mineralization occurs along
the north end of an altered north-trending dike
extending from the nearby monzonite stock.

The Ajax limestone has been metamorphosed
and shows various types of alteration. Below the
deposit and south toward the contact with the Silver
City stock, the formation contains enstatite, spinel,
garnet and magnetite, and is criss-crossed with vein-
lets of white calcite. Near the iron deposit, both
pyritic and argillic replacement took place in lime-
stone, Pyrite ore was oxidized, forming a small
gossan deposit. Iron ore is surrounded by halloysite
clay which has extensively replaced Ajax limestone.
Some exposures at the top of the iron outcrops are
brecciated and consist of silicified limestone frag-
ments in an iron-stained matrix.

The iron deposit is composed mainly of
goethite and limonite with some hematite, and the
ore is mainly hard, compact and spongy. The deposit
was developed by an open cut, a shaft and crosscut,
and an adit. The open cut lies along the east wall of
the monzonite dike, which was altered to halloysite,
and the adit from the road west of the dike lies 100
feet below the open cut, penetrating the ore. The
Black Jack shaft at the 200-foot level failed to
encounter iron ore, showing that the deposit pinches
out. Mineralization that can be traced about 125 feet
along the surface measures to 30 feet in width.

A small prospect about 450 feet up the slope
east of the Black Jack deposit is composed of a
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small body of yellow and red low-grade iron ore,
friable to soft earthy in texture. Some manganese
oxides are also present. The ore potential of the
Black Jack mine is estimated to be less than 5,000
tons. About 200 tons of fluxing ores were shipped
from this property. Chemical analyses of Black Jack
ores are given in table 1.

Dragon mine, in the Tintic district in the East
Tintic Mountains, lies about 1% miles east of Silver
City in sec. 31, T. 10 S., R. 2 W. (figure 20). The
original Dragon mine was operated before the turn of
the century for fluxing ores by the Dragon Consoli-
dated Mining Company. The ore was used in smelting
siliceous ores from the Colorado-Humbug ore vein.
Since 1949 the property has been under option from
the International Smelting and Refining Company and
mined for halloysite by Filtrol Corporation. More
than a million tons of halloysite have been produced;
it is used as a catalyst in refining crude oil.

The Dragon mine is situated near the northeast
side of the Silver City monzonite stock at a point
where the Dragon fissure extends south from lime-
stones into the stock. Sedimentary rocks exposed at
the Dragon mine are Upper Cambrian Ajax limestone
and the lower part of the Ordovician Opohonga lime-
stone. Close to the intrusive, the limestones are
partially metamorphosed, extensively recrystallized
and forming silicates locally. Beds strike southeast
and dip to the east about 20°. Along the Dragon
fissure, extensive and complete alteration of limestone
took place. Both pyritic and argillic replacement
occurred, especially in the upper Ajax Formation.
Mineralization resulted from hydrothermal solutions
rising along northeast fissures and replacing limestone.

Pyrite ore bodies formed by the hydrothermal
solutions were extensively oxidized to form gossan
iron ore deposits consisting of goethite and limonite
with some hematite, turgite and manganese oxides,
and ranging from massive and compact varieties to
spongy and botryoidal masses. The largest deposits
were irregular ore shoots whose largest dimensions
were parallel to the Dragon fissure. Ore shoots and
veins were nearly vertical and surrounded by halloy-
site. Boundaries of the ore bodies were marked by
minute branching cracks of iron oxides penetrating
the clay a short distance, and by small specks and
spots of iron oxides in the halloysite.

Most of the iron production came from a large
open pit measuring about 200 by 75 feet. Ore
bottomed near the 300-foot level. A vertical shaft
was sunk to a depth of 1,065 feet from which drifts
and drill holes were extended to explore iron ore
occurrences. On the 400-foot level a small iron body
was encountered which appears to be a flat mass
ending a short distance below that level. The Dragon
mine produced 322,000 tons of iron ore which con-
tained small amounts of silver and gold. The deposit
was largely depleted by the early part of this cen-
tury. Similar but smaller iron cccurrences are found
at Black Jack iron mine, Brooklyn shaft and Hunting-
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ton tunnel. The present halloysite clay operations at
the Dragon niine do not attempt to reclaim iron ore
associated with the clay deposit. A chemical analysis
of Dragon mine ore is given in table 1.

Sheeprock Mountains Deposits

Lockheed mine, in the West Tintic district in
the Sheeprock Mountains, in sec. 28, T. 11 S.,, R. 5
W. (figure 20), is accessible from U. S. Highway 6,
16 miles south of Eureka. A dirt road extends west
one mile to the Jerico railroad station on the Union
Pacific railroad. The mine lies an additional 16 miles
west of Jerico at the south end of the Sheeprock
Mountains. The original mine workings were opened
in 1913 and known as the Iron King mine. The
property was renamed and is now held by D. H.
Morrison of Salt Lake City.

Lockheed mine is in a contact metasomatic
type deposit. Mineralization resulted from intrusion
of West Tintic monzonite stock into the Ordovician
Pogonip group which is composed of bleached and
recrystallized limestone with small amounts of dolo-
mite. The color of the limestone ranges from light
gray to blue-gray, with yellowish streaks and partings
of argillaceous material. The formation exceeds 1,000
feet in thickness near the mine. Ordovician strata
have been steeply folded and overthrust by Precam-
brian strata. In the vicinity of the Lockheed mine,
Pogonip limestone strikes northerly and dips from
70° to 80°. The stock intrudes Pogonip, forming an
irregular contact which in places shows roof pendant
relationships or follows the bedding in dikelike forms.

Iron ore is exposed along a north-trending lime-
stone and monzonite contact. At the surface the
deposit is approximately 200 feet long and from 10
to 20 feet wide, dipping steeply to the west. At the
south end the ore body is V-shaped, with a 75-foot
extension to the northeast. A tongue of monzonite
cuts the deposit into two sections about half way
along its strike. The ore is magnetite and specular
hematite, with small amounts of pyrite which occurs
as disseminated grains and small veinlets in the ore.
The deposit contains some copper; malachite stains
the surface outcrops, and chalcopyrite and covellite
are associated with ores mined underground. Scheelite
is erratically distributed in some tactite zones. Tiny
amounts of sphalerite, silver and gold are present, A
small shipment of ore containing gold, silver and
copper, in addition to iron, was shipped from this
property in 1913. In late 1942 a six-ton lot of mag-
netite and pyrite ore was shipped to Salt Lake City
for testing. A 20-ton lot of scheelite ore was shipped
in 1943, In 1946, 400 tons of magnetite ore were
shipped to smelters in Tooele to be used as a flux.

The Lockheed property was developed by three
vertical shafts, a few shallow prospect pits, and bull-
dozer cuts. Iron King shaft is 165 feet deep. Three
short levels were driven from this shaft. On the
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70-foot level a drift was made to the north in the
hanging wall of the ore; a crosscut to the east pene-
trated 34 feet of ore. On the 97-foot level a short
crosscut to the west and drifts to the north explore
the deposit. There appear to be two separate masses
of iron ore on this level; faults of small displacement
apparently have shifted the ore body. On the
160-foot level a short crosscut to the west did not
expose any iron ore. However, on the assumption
that the dip of the ore body remains the same as
shown on the 70-foot level and continues to this
depth, the ore would be found farther to the west
than the present face of the crosscut on the 160-foot
level.

A magnetometer survey made on this property
suggests a limited and shallow iron ore occurrence.
From surface exposures, underground workings and
geophysical data, it is estimated that fewer than
25,000 tons of magnetite and specular hematite ore
occur on the Lockheed property. Chemical analyses
of Lockheed iron ores are given in table 1.

MILLARD COUNTY
Beaver Mountains Deposits

Iron Mine Pass prospects are situated in the
Beaver Mountains which lie on the southeast side of
the Sevier Lake playa, 18 miles northwest of Milford
along the common boundary of secs. 23 and 24, T.
25 S., R. 12 W. (figure 21). The area is accessible
from Utah Highway 21 one mile west of Milford,
where a dirt road extends northwest for 18 miles to
the Beaver Mountains. The Iron Mine Pass prospects
occur near a low pass along this road on the east
side of the ridge. The occurrence was staked and
held by assessment work by various owners, but is
unclaimed now.

The Iron Mine Pass prospects follow a major
fault in Precambrian strata which consist of undiffer-
entiated metasedimentary rocks, composed chiefly of
reddish brown to purple quartzite and argillite. They
are Proterozoic in age and comparable to Precambrian
strata exposed in the Canyon Range, Sheeprock
Mountains and Big Cottonwood series in the Wasatch
Mountains. Dolomitic beds interstratified with quartz-
ite are the host rock for iron mineralization.

The iron occurrence is a gossan type of oxi-
dized ore, containing varying mixtures of hematite,
goethite, limonite and small amounts of manganese
oxides. The deposits consist of small scattered pods
of ore along a fault zone of unknown displacement.
The ore occurs as fissure and breccia fillings and as
small replacement bodies in dolomitic beds. A few
feet of argillic alteration are exposed in the workings
and form a white clay adjacent to and mixed with
the iron mineralization.

Three small mine workings, on the east side of
Iron Mine Pass road, lie within 10 feet of the road
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within 300 feet along the road. The first excavation
is a 12-foot-deep shaft or pit with a 4-foot diameter,
and the second is a shallow pit about 6 feet deep
and 10 feet long. The third excavation is about 8
feet deep, 10 feet wide and 20 feet long. The last
few feet of workings form a short adit. A fourth
excavation, on the west side of the road about 300
feet away, is the largest operation, measuring 15 feet
deep, 10 feet wide and 30 feet long. A short adit
forms the westernmost portion of this working. A
few tons of ore appear to have been shipped. The
potential of the property is small, less than 100 tons
of low-grade iron ore. Two chemical analyses are
given for the ores in table 1.

Cricket Mountains Deposits

The Cricket Mountains are situated about 25
miles southwest of Delta on the east side of the
Sevier Lake playa (figure 21). The range is 26 miles
long with a maximum width of 12 miles, and the
highest peak rises from the valley floor 2,440 feet to
an clevation of 7,040 feet. The area is accessible
from Utah Highway 257 from Delta or Milford.

Cambrian strata comprise the bulk of the Crick-
et Mountains which have been cut by a series of
north-trending normal faults, tipping sedimentary
blocks eastward and producing displacements up to
3,000 feet. Escarpments are well exposed on the west
side of each ridge, and dip slopes are characteristic of
the east side of the ridges. The age of the faulting
cannot be easily determined owing to the predomi-
nance of early Paleozoic strata, but the faulting is
typical of Basin and Range block-fault structures.
Tear and transverse faults of small to large displace-
ment are scattered throughout the range.

The Cricket Mountains are composed of five
block-fault mountain ridges which strike about north
15° east; the strata dip generally from 15° to 25°
east. The easternmost block consists of a synclinal
structure whose trough passes through George’s Val-
ley and whose limbs each form elongate ridges.
Topographically, the Cricket Mountains are formed
by five ridges outlined by Basin and Range faulting
and one ridge formed by erosion of a synclinal limb.
Other flexures and numerous low hills occur through-
out the range.

Cambrian strata have an aggregate thickness of
about 7,800 feet in the Cricket Mountains. The
Lower Cambrian is represented by 3,050 feet of Pros-
pect Mountain quartzite whose base is not exposed,
by 225 to 255 feet of Pioche shale measured by the
writer in Headlight Gap Canyon and Fillmore Can-
yon, and by 230 feet of overlying Ophir Formation.
Predominately carbonate rocks of Middle and Upper
Cambrian age measure 2,265 and 2,000 feet respec-
tively. A Tertiary breccia and conglomerate up to
200 feet thick is distributed sparsely through the
range and lies unconformably on Cambrian strata.

Prospect Mountain quartzite on a fresh surface
exhibits colors of white, pink, red and brown to
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maroon in the upper section. On a weathered surface
the color is light to dark brown. Prospect Mountain
quartzite is massive, cross-bedding is prominent, and
its texture varies from fine to coarse. It contains
some pebble conglomerate and thin beds of shale,
especially near the top of the formation. The upper
boundary is arbitrarily assigned at the top of a dark
maroon ferruginous quartzite which averages 18 feet
in thickness and is regarded as a low-grade iron for-
mation. Conformable overlying Pioche shale is
composed of olive green, thin-bedded shale that is
micaceous and fucoidal. This is overlain by the Ophir
Formation composed of interbedded olive green thin-
bedded shale and thick beds of pinkish, buff and
green quartzite. Thin limestone beds occur near the
top of the formation.

The upper boundary of the Prospect Mountain
quartzite is best described as a ferruginous quartzite
and represents a low-grade syngenetic sedimentary
iron occurrence. It varies from 5 to more than 25
feet in thickness, with an average of about 18 feet.
In some outcrops the ferruginous horizon appears to
be absent; in places it is separated into two members
by a one- to three-foot phyllitic shale member. The
ferruginous quartzite is well exposed in the three
western ridges for much of the length of the Cricket
Mountains. In Fillmore Canyon a one-foot ferruginous
bed lies 30 feet above the base of the Pioche shale.

James (1954) defined an iron formation as a
chemical sediment, typically thin-bedded or laminated
and containing 15 percent or more iron of sedimen-
tary origin. On this basis the ferruginous quartzite
could qualify as an iron formation, and is regarded
to have accumulated in a strongly oxidizing near-
shore environment. The site of accumulation was
receiving detrital sediments and was favorable to
chemical precipitation of iron oxide in the form of
hematite.

The only ore mineral observed in the ferrugi-
nous quartzite is hematite, occurring as a cement
forming a thin coating around the mineral grains,
filling voids between the grains and forming thin
bands, and occasional oolites. The oolites commonly
contain tiny detrital grains of quartz ranging in size
from fine- to coarse-grained. The massive quartzite
layers typically contain coarse-grained quartz and con-
tain hematite as a thin film around individual sand
grains. Thin-bedded layers of ferruginous quartzite
contain much larger quantities of hematite which
occurs as a cement filling the voids, forming thin
hematite layers, and oolitic grains. Chemical analyses
of the ferruginous quartzite in the Cricket Mountains
are given in table 4.

Thirty miles to the north in the Drum Moun-
tains, the upper limit of the Prospect Mountain
quartzite is drawn at the top of a massive 50-foot
member of maroon coarse-grained hematitic quartzite
(Crittenden and others, 1961). The weathered surface
of this member ranges in color from red to almost



70

black. OQutcrops form a prominent stratigraphic
marker throughout the east side of the range. Only
two layers, each about two feet thick, in this hema-
titic quartzite contain sufficient iron concentration to
be comparable to the iron deposit in the Cricket
Mountains. This occurrence, however, indicates that
the site of deposition extends at least 30 miles north
of the Cricket Mountains.

Table 4. Analyses of ferruginous quartzite member,
Prospect Mountain quartzite, Cricket Mountains,
Millard County.

Thickness Percentages

Location in feet Fe 1Insol. S P Mn
Red Rock Pass 12 21.3 56.0 0.08 045 0.01
Headlight Canyon 1 15 18.6 60.2 0.04 0.05 0.01
Headlight Canyon 2 10 224 552 0.09 0.20 0.01
Headlight Gap 1 5 12.2 76.3 0.04 0.14 0.01
Headlight Gap 2 15 17.3 65.1 0.06 0.24 0.01
Headlight Gap 3 24 25.6 48.8 0.10 0.18 0.02
Fillmore Canyon 1 25 14.0 64.7 0.04 0.17 0.01
Fillmore Canyon 2 22 13.8 73.9 0.08 0.20 0.04
Fillmore Canyon 3 22 19.3 62.5 0.07 0.39 0.01
Rogers Spring 1 25 15.0 67.9 0.08 0.24 0.02
Rogers Spring 2 25 27.3 46.6 0.07 0.20 0.02

Average 18 18.8 61.6 0.07 0.22 0.015

Pavant Range Deposits

North Fork prospect lies in the Pavant Range
seven airline miles east of Kanosh in sec. 13, T. 23
S., R. 4% W. (figure 21). The area is accessible by a
dirt road west of Richfield through Deer Creek, past
Redview Guard Station, to Sunset Peak, and south
for two miles. The road passes within one mile of
the property. The area can also be reached, but with
difficulty, from Corn Creek, then along a jeep trail
up the North Fork and along Woolsey Ridge. The
property was staked as King and Pinto claims by
Joshua S. Robinson of Fillmore; no assessment work
has been done for many years.

Sedimentary rocks in the vicinity of the King
and Pinto claims consist of Cambrian quartzite and
limestone. These strata include about 3,000 feet of
Tintic quartzite -that is thick-massive to medium-
bedded metaquartzite. It is white to pink in color,
grading into buff, red and purple, with greenish
quartzite toward the top of the formation. Overlying
undifferentiated limestone strata up to 2,500 feet
thick are of Middle and Upper Cambrian age; pos-
sibly other Lower Paleozoic strata occur also. The
lower limestones are light to dark gray, thin- to
medium-bedded limestone. The upper two-thirds of
the strata are composed of dark to medium gray,
medium- to massive-bedded limestone, interbedded
with dolomitic limestone and dolomite.
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The Pavant overthrust sheet formed by these
lower Paleozoic strata was thrust over Mesozoic and
Permian rocks after late Jurassic time. The trace of
the thrust fault crops out in Corn Creek southeast of
Kanosh and can be traced for many miles northeast
through the Pavant Range. The thrust fault dips
approximately 20° east.

The iron mineralization is associated with a
sheared zone in Cambrian limestone, and is a typical
gossan-type deposit with fissure fillings and replace-
ments in limestone. The principal minerals are
goethite and limonite, oxidized from pyrite. The ore
is mostly hard and spongy, with some ocher. The
property lies in a coved area that is heavily wooded
by scrubby oak brush. Bulldozer cuts have exposed
limonite outcroppings discontinuously for more than
200 feet. There are a few hundred tons of gossan ore
available on this property that may be useful as
ocher. A chemical analysis of the North Fork pros-
pects is given in table 1.

Widemouth Canyon prospect lies in the south
Pavant Range about 12 miles by road southwest of
Kanosh, nearly one-half mile southwest of Widemouth
Canyon in sec. 16, T. 24 S., R. 6 W. (figure 21).
This prospect was originally known as the Elephant
mine, later as the Bullawana, and recently was
restaked as the Iron Jack claim by Taft Paxton of
Kanosh.

Iron mineralization outcrops across the top of a
small prominent hill along the mountain front. Iron
float is scattered over a radius of about 500 feet.
Ore is found in place in the form of several small
gossan cappings, all measuring less than 20 feet long.
The ore is mostly limonite, with some hematite and
occasional showings of manganese oxides. Mineraliza-
tion occurs as fissure fillings and replacements in
Ordovician limestone and as breccia filling along a
prominent fault which brings quartzite in fault con-
tact with limestone.

The property was developed by a shaft and a
few prospect holes down to 20 feet. Two small pros-
pect holes were excavated in quartzite breccia along
the fault contact. Most of the iron mineralization
occurs in light gray limestone. The largest develop-
ment is a century-old 80-foot shaft sunk into the
largest outcrops in search of silver, gold and copper
ores. All the outcrops combined probably contain
fewer than 500 tons of gossan ore. Chemical analyses
of these ores are given in table 1.

Twin Peaks Deposits

Twin Peaks prospect, also known as Black
Diamond and Black Crystal, lies 19 miles by an oiled
and dirt road west of Kanosh, on the north side of
north Twin Peak in sec. 27, T. 23 S., R. 8 W.
(figure 21). The Twin Peaks rise prominently above
the low-lying desert hills west from the Pavant Range
into the Sevier Desert, and are separated geograph-
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ically by about five miles, each peak forming a
separate mountain mass and rising approximately
1,000 feet above the basin floor.

The Twin Peaks are composed of quartz latite
and rhyolite volcanic rock of Late Tertiary age. In
the vicinity of the Twin Peaks prospect the volcanic
rocks contain large phenocrysts of feldspar and
smaller crystals of quartz, and hornblende, biotite
and accessory minerals, all in a glassy matrix. The
color of the rocks varies from light gray to pink and
buff.

Of the three outcrops of iron mineralization on
north Twin Peak, only one contained commercial
amounts of ore. The largest outcrop was developed
by an inclined shaft about 200 feet deep, now inac-
cessible. Two diverging magnetite veins up to two
feet wide are exposed at the surface. They can be
traced only 10 feet on the surface and represent
branches of a slightly larger vein that has been mined
for a short distance along the inclined shaft. The
exposed veins contain abundant wall fragments of
volcanic rocks, some of which are cut by small vein-
lets of magnetite.

The ore is composed principally of magnetite,
with some hematite and martite crystals altered from
the magnetite. A large slickenside surface is exposed
in the workings. Mineralization was controlled by a
fault of small displacement and along fissures in vol-
canic rock. The deposit was formed mainly by fissure
filling, but some replacement has taken place. A mag-
netometer survey was conducted over the property;
the magnetic profiles suggest very limited near-surface
iron ore. About 50 tons of ore were shipped from
this property in 1940 to the Ironton Works in Provo.
From limited outcrops and negative results of the
magnetometer survey, the iron ore potential is esti-
mated at probably less than 200 tons. Chemical
analyses of Twin Peaks iron ore are given in table 1.

MORGAN COUNTY

Queen of the West mine is located in the Hard-
scrabble (Mill Creek) district on the east side of the
Wasatch Mountains, nine miles south of Morgan in
NE% sec. 9, T. 2 N, R. 2 E. (figure 22). The prop-
erty is reached by three miles of oiled road to
Porterville and six miles of dirt road along Hard-
scrabble Creek. The property lies on the east side of
the canyon at an elevation of 6,400 feet. The topo-
graphy is comparatively steep.

The Queen of the West mine was first operated
by Norway Iron Mining and Manufacturing Company
in 1879. Several hundred tons of iron ore were shipped
to an experimental iron furnace at Ogden in the
eighties. Several carloads of ore were shipped to
various smelters for use as a flux. In 1923 a few test
carloads were shipped to American Smelting and
Refining Company, and a few years ago some ore
was shipped to the Ideal Cement Plant at Devils
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Figure 22. Morgan County iron occurremnces.
1. Queen of the West mine,
Wasatch Mountains.

Slide. These operations all proved unprofitable, and
the property has remained idle for a number of
years. Mine property consists of four unpatented
claims. Property ownership has changed several times.
The present owner is Russel C. Porter of Morgan.

The deposit was explored and developed by five
adits, shallow shafts and prospect holes, and several
short crosscuts. Total length of mine workings aggre-
gates about 1,000 feet. Several of the mine workings
have caved and are not accessible. The iron mineral-
ization, associated with east-dipping undifferentiated
Cambrian limestone, occurs along steeply dipping
northeast-trending fissures as fracture fillings and
limestone replacements. Cambrian rocks in the mine
area are composed of 1,300 feet of limestone and
dolomite. The rocks are dark gray in color, pisolitic
and oolitic in certain beds, and contain interbedded
gray to olive-gray shale and white dolomite.

The ore consists of limonite and goethite gossan
with some hematite, is typically brown in color, and
varies from hard compact ore to porous and friable
masses to earthy varieties. Small bodies of hard
massive magnetite are present, containing small
amounts of chalcopyrite and considerable calcite.
Gossan ore bodies, varying in thickness from two to
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several feet wide, occur along paralle] fissures as dis-
continuous ore bodies. Mineralization cannot be
traced far on the surface because it occurs in lenses
and pods. From surface exposures and underground
workings, the ore potential of Queen of the West
property is estimated to be about 25,000 tons or
more. Chemical analyses of the ores are given in
table 1.

SALT LAKE COUNTY

Big Cottonwood mine lies at the head of Big
Cottonwood Canyon, Big Cottonwood district, in the
Wasatch Mountains. It is located in the SW¥% sec. 2,
T. 3 8., R. 3 E. (figure 23), about one mile south of
Brighton and about 1,200 feet south of Dog Lake,
near the Salt Lake-Utah County line. Mountain Lake
(Jack) mine lies about 350 feet east of Big Cotton-
wood mine. The area is accessible from Salt Lake
City to Brighton on Utah Highway 152 along Big
Cottonwood Canyon. A dirt road in poor condition
and a mountain trail lead from Brighton to the mine.
The portal of the adit is approximately 9,650 feet in
elevation. The slopes are steep and the topography
rugged.

The Big Cottonwood mine is owned by Great
Western Mines Company, which controls about 100
claims in this area. Original interest in this property
was in copper and precious metals. Small shipments
of ore were made soon after its discovery in 1875.
In 1907 small shipments of copper ore went to the
Tintic smelter. Value of the iron ore as a flux made
it possible to ship profitably. Total production of ore
was not significant.

The Big Cottonwood mine is a low-grade
copper-bearing magnetite deposit and consists of three
separate lens-shaped ore bodies. The ore formed by
contact metasomatism through replacement of carbon-
ate rocks. Sedimentary rocks near the mine are the
Mississippian  Gardison and Deseret limestones. The
Gardison limestone is blue-gray in color, has distinct
bedding, contains some light gray chert, is highly
fossiliferous, and measures about 450 feet thick.
Overlying Deseret limestone consists of dark gray to
black limestone and some dolomite, characterized by
its abundance of chert; it measures about 900 feet in
thickness. The Gardison and Deseret limestones were
intruded by masses of granodiorite of the Clayton
Peak and Alta stocks. A skarn zone approximately 50
feet wide developed along much of the contact zone.
The skarn contains garnet, magnetite, ludwigite and
forsterite, with lesser amounts of enstatite, chlorite,
plagioclase, calcite, pyrite, chalcopyrite, bornite and
scheelite. The copper minerals have partly altered to
malachite.

The Big Cottonwood mine lies near the south-
west end of Dog Lake, and surface outcrops of
magnetite form prominent exposures on the ridge
between Dog Lake and Lake Martha. A large body of
Gardison and Deseret limestones occurs as a roof
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pendant in granodiorite. Two separate bodies of
magnetite ore occur at the surface between the
granodiorite and the skarn zone. The east end of the
north ore body lies about 400 feet southwest of the
mine portal. It is somewhat crescentshaped and is
approximately 375 feet long with a maximum thick-
ness of about 50 feet. The ore body lies in an east-
west direction, then extends toward the southwest.
The north end of the south magnetite ore body lies
650 feet southwest of the mine portal. This ore body
extends in a south-southeast direction for 315 feet
and has an average thickness of 20 feet.

The third body of magnetite ore occurs under-
ground in the Big Cottonwood mine adit. The portal
of the mine is cut in granodiorite. The adit extends
southwest for 700 feet in granodiorite, then a cross-
cut passes through 110 feet of skarn rock containing
some magnetite and weak copper mineralization. A
drift then cuts about 30 feet of magnetite. This ore
body extends in a north-northwest direction for an
undetermined distance. The drift ends in granodiorite
about 860 feet from the portal.

Detailed metallurgical tests on samples of mag-
netite ore from the mine by the U. S. Bureau of
Mines indicate that fine grinding is necessary to
liberate iron and copper minerals. The chief mineral
constituents of the ore are magnetite, enstatite,
chalcopyrite and bornite. Chalcopyrite and bornite
occur as inclusions in magnetite and enstatite and
along fractures. Enstatite and magnetite are intimately
intergrown. The copper content of the ore averages
1.67 percent. Straight magnetic separation and flota-
tion successfully removed sulfur and copper from the
iron ore; grinding to 100-mesh was necessary. Mag-
netic separation gave high iron recoveries with more
than 60 percent iron and low sulfur and copper
content.

Iron ore potential of the Big Cottonwood
deposit is estimated to be more than 200,000 tons
with an average grade of 37.35 percent iron. The ore
body is low-grade, copper-bearing and highly siliceous.
The chemical character of the ore is given in table 1.
Other low-grade magnetite deposits similar to the Big
Cottonwood deposit occur in the Michigan-Utah
mine, Alta Consolidated mine, South Hecla mine,
Grizzly Gulch, along the south contact of Alta and
Clayton Peak stocks near Lake Catherine, and in the
basin at the head of Little Cottonwood Canyon.
Most of these occurrences have not been extensively
prospected and have yielded comparatively little or
no ore.

SEVIER COUNTY

Krotki iron deposit lies six miles directly north
of Marysvale in the central part of the Antelope
Range, near the Piute County line in sec. 15, T. 26
S., R. 4 W. (figure 24). The deposit occurs near the
summit of the Iron Peaks. The property has been
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variously called Krotki, Iron Peaks and Iron Cap
deposits. The property is held by assessment work by
Ronald and Garfield James of Marysvale.

Iron mineralization occurs in Bullion Canyon
volcanics of Tertiary age. The basal portion of Iron
Peaks consists of 700 to 800 feet of volcanic tuff;
the upper portion of the peak is made up of 250
feet of pyroxene andesite which has been silicified.
The tuff has been affected mainly by argillic altera-
tion, but both members show each type of alteration.

Iron mineralization occurs here under two quite
different physical conditions. The upper ore body
near the summit of Iron Peak occurs along irregular
fissures. The ore, in silicified pyroxene andesite, has
been explored by several prospect pits and one long
adit. Most of the ore is dense and stalactitic and is
composed of limonite and goethite. It appears to be
a typical gossan resulting from the oxidation of

pyrite.

The lower Krotki occurrence lies in volcanic
tuff and was explored by several prospect pits, a
short adit and a small room-and-pillar development
from an open face. A small amount of massive
gossan appears near surface fissures. The main iron
occurrence consists of a four- to five-foot zone of
bedded replacement ore in volcanic tuff which dips
gently into the hill. The ore is composed of yellow
and reddish layers of ocherous limonite and hematite,
and layers of black manganese and iron oxides. Alter-
nating layers and mixtures of limonite, goethite,
hematite and manganese oxides are somewhat
puzzling, but are regarded as resulting from oxidation
of primary sulfides that have selectively replaced a
narrow zone in volcanic tuff. An adit about 50 feet
lower in elevation was driven about 225 feet east-
ward beneath this ore body, but it failed to en-
counter iron mineralization. Only argillic alteration of
tuff with a high alunite content was exposed in the
adit.

About 500 tons of massive stalactitic fluxing
iron ore were shipped to smelters near Salt Lake
City. Apparently liitle of this type of ore remains on
the property. The potential of the Krotki iron
deposit is a few hundred tons of ocherous-type ore;
the potential might be increased by drilling. Chemical
analyses of the Krotki deposits are given in table 1.

TOOELE COUNTY
Deep Creck Range Deposits

Iron Claims prospects lie on the south end of
Ochre Mountain in the Deep Creek Range, in the
Gold Hill district eight miles southwest of Gold Hill
in sec. 20, T. 8 S., R. 18 W. (figure 25). Gold Hill is
60 miles south of Wendover and is accessible on
alternate U. S. Highway 50. The Iron Claims
prospects are reached by a jeep road that joins the
Gold Hill-Tbapah road at its summit, and then
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extends for two miles to the northwest. The property
contains four unpatented claims held by assessment
work by George Rupp and Alma Watkins,

Ore occurrences consist of several small gossan-
type deposits, the largest of which measures 15 feet
long and 5 feet wide. Mineralization lies along a wide
east-west trending fault zone which dropped the
Oquirth Formation down against Ochre Mountain
limestone. The fault zone measures about 500 feet
wide and is composed of highly brecciated limestone
and orthoquartzite from these formations. Ochre
Mountain limestone is Mississippian in age and is
composed of about 4,500 feet of fine-grained, cherty,
thick-bedded limestone. The Oquirth Formation is
Pennsylvanian in age and consists of 8,000 feet of
orthoquartzite, sandy limestone, shale, limestone and
some dolomite (Nolan, 1935).

Gossan ore is composed mainly of limonite and
goethite with some hematite, and ranges from hard
siliceous to soft friable varieties. Mineralization is

_spotty and weak. The ore potential of the exposed

gossans is less than 200 tons of highly siliceous ores.
A typical chemical analysis is given in table 1.

Gold Hill barite-limonite prospects lie about
three miles southwest of Gold Hill on the east end
of Ochre Mountain in the Deep Creek Range, in secs.
14 and 15, T. 8 S., R. 18 W. (figure 25). The prop-
erty is composed of several unpatented claims.

Iron mineralization consists of several large
gossan-type occurrences which outcrop on two closely
spaced spurs in Ochre Mountain limestone. This for-
mation comprises much of Ochre Mountain which has
been cut by numerous faults of varying magnitudes.
In the immediate area of mineralization, the Ochre
Mountain limestone strikes northwest and dips about
27° northeast. The formation is composed of 4,500
feet of fine-grained, cherty, thick-bedded limestone of
Mississippian age.

Gossan ore occurs along faults of small displace-
ment, fills brecciated zones and replaces favorable
carbonate beds. The ore is mainly goethite and
limonite, with some hematite. The deposit is highly
silicified and contains an abundance of barite.
Gossans outcrop intermittently in a zone about 1,600
feet long and 500 feet wide; individual outcrops
measure from a few feet to one which is 200 feet
long and 30 feet wide. Several prospect holes and
one short adit were cut during exploratory work. The
ore potential indicated by outcrops probably exceeds
25,000 tons of highly siliceous iron ore of poor
quality. A chemical analysis is given in table 1.

Sheeprock Mountains Deposits

Iron King mine lies on the northeast side of
the Sheeprock Mountains on the south side of East
Government Canyon, in the Columbia district in sec.
20, T. 9 S., R. 6 W. (figure 25). The mine is held
by assessment work by E. T. Hansen of Vernon and
John R. Edwards of Provo.
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Figure 25. Tooele County iron occurrences.

1. Iron Claims prospects, Deep Creek Range

2. Gold Hill barite-limonite prospects, Deep Creek Range

3. Iron King mine, Sheeprock Mountains

4. Consolidated Lela prospects, Stansbury Mountains

5. Skull Valley Indian Reservation prospects, Stansbury Mountains
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The iron mineralization is associated with Cam-
brian Tintic quartzite, a buff-colored, highly jointed
and fractured formation, massive with indistinct bed-
ding and with an aggregate thickness of about 2,600
feet, The mine is located along the Government
Creek fault zone which strikes east-west and dips
about 70° south. Ore mineralization consists of
specular hematite and quartz gangue occurring in
fault breccia. The main ore body lies at the intersec-
tion of two steeply inclined faults where a small
chimney-shaped ore body was formed.

The property was developed by a 30-foot shaft
and two drifts along intersecting faults. The drifts are
about 40 and 100 feet in length. Mineralization
ranges from two to three feet wide along the longer
drift. The ore body is composed of fissure fillings
and limited fissure replacements of brecciated Tintic
quartzite. Approximately 80 tons of ore were shipped
in 1924 to American Smelting and Refining Company
at Murray. The ore potential of the property is prob-
ably less than 1,000 tons. Chemical analyses of the
better grade ore are given in table 1.

Stansbury Mountains Deposits

Consolidated Lela and Skull Vailley Indian
Reservation prospects. Considerable prospecting,
mainly for copper, gold, lead and silver, has been
done along the. base of the western escarpment of
Stansbury Mountains between Monument Canyon on
the north and Indian Hickman Canyon on the south.
Prospecting has been mostly in T. 3 and 4 S., and R.
7 and 8 W., in the Grantsville district. The. area can
be reached by U. S. Highway 40 to Timpie on the
northwest end of the range. A hardsurfaced road
extends south 15 miles to Iosepa.

Limited iron mineralization occurs in the Pioche
shale, the limestone beds of the Ophir Formation,
and Teutonic limestone, where they are in contact
with the Stansbury fault. Many shallow pits, adits,
tunnels and shafts were developed in altered zones
and gossans. The Pioche shale, Ophir Formation, and
Teutonic limestone are all Cambrian in age. The
Pioche shale is composed of interbedded shale, phyl-
litic shale, graywacke and quartzite, and is approxi-
mately 225 feet thick. This is overlain by the Ophir
Formation, composed of interbedded quartzite, shale
and limestone, with an average thickness of about
1,000 feet. The overlying Teutonic limestone consists
of a dolomitic limestone unit, an interbedded lime-
stone and shale, a dolomite and an upper argillaceous
mottled limestone, and has an average thickness of
1,100 feet. These strata along with other Paleozoic
strata in the Stansbury Mountains were subjected to
broad folds with localized minor reverse faults, thrust
faults and later major normal faults.

Iron mineralization is associated with the Stans-
bury fault, a major normal fault outlining the west
flank of much of the range. Its position is clearly
marked by a recent fault scarp which can be traced
from Deadman Canyon north for 17 miles to Box
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Canyon. Throughout much of its trace the fault
forms contact between Pioche shale, Ophir Forma-
tion, or Teutonic limestone. Displacement along the
Stansbury fault may be as much as 10,000 feet
(Rigby, 1958).

Limonite, goethite, hematite .and some magnet-
ite constitute iron minerals found along the Stans-
bury fault. Numerous small gossans outcrop along the
trace of the fault, normally measuring less than 50
feet long and 10 feet wide. Goethite and limonite
form hard spongy ore, and hematite gossans are
usually earthy. Highly brecciated zones occasionally
are stained with iron minerals. Exposures are a few
feet wide and up to 100 feet long. A few dissemina-
tions of magnetite and hematite were observed in
limestone and shaly limestone, and a small replace-
ment ore body is found on Consolidated Lela
property. Some iron occurrences are stained by
malachite and have given an incentive for exploratory
work on the outcrops. Small amounts of pyrite and
chalcopyrite were found in some exposures. Most of
the gossan outcrops are regarded as alteration pro-
ducts from pyrite. Only two deposits are worthy of
describing briefly, the Consolidated Lela and the
Skull Valley Indian Reservation prospects.

Consolidated Lela prospect lies in sec. 31, T. 3
S., R. 7 W., near Big Pole Canyon (figure 25), and is
reached by an unimproved dirt road two miles south
of Josepa that extends eastward for 3% miles along a
section line between T. 3 and T, 4 S. The claims are
held by Conie Hoopiiaina of Murray. One magnetite
and hematite outcrop measures 10 by 40 feet. A
magnetometer survey of the area showed a small
magnetic anomaly a few hundred feet west from the
outcrop ore. The ore potential is small, probably less
than 10,000 tons of ore. Chemical analyses are given
for the Consolidated Lela ore in table 1.

Skull Valley Indian Reservation prospects lie in
sec. 21, T. 4 S., R. 7 §S., less than one mile north of
the mouth of Indian Hickman Canyon (figure 25).
This property is accessible by a dirt road extending
northeast from the reservation headquarters for five
miles to the mouth of Indian Hickman Canyon. Iron
outcroppings lie from one-half to one mile northward
along the trace of the Stansbury fault in Teutonic
limestone. No access road is available north from
Indian Hickman Canyon. Iron outcrops are low-grade
gossans. Mineralization is scattered over a relatively
wide area, but the ore is poor and high in silica, and
the ore potential does not exceed a few thousand
tons. A chemical analysis is given for Skull Valley
Indian Reservation prospects in table 1.

UINTAH COUNTY

Black Canyon prospects lie at the bottom and
on the east side of Black Canyon in the Uinta Moun-
tains, in unsurveyed sec. 8, T. 2 S., R. 20 E., S. L.
B. M. (figure 26). The area is reached by 26 miles of
road from Vernal, via Dry Fork Canyon on Red
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Figure 26. Uintah County iron occurrences.

1. Black Canyon prospects, Uinta Mountains

2. Cow Hollow prospects, Uinta Mountains

3. Dry Fork prospects, Uinta Mountains

4. Mosby Park mine, Uinta Mountains

5. Pope Iron mine, Uinta Mountains

6. Wild Mountain prospects, Uinta
Mountains
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Cloud Loop road and by a 1%-mile forest
trail which extends eastward from the
point where Alma Taylor road joins Red
Cloud Loop road, nine miles north of the
Ashley National Forest boundary in Dry
Fork Canyon. The principal prospect is the
Goat Claim, held by Clyde L. Burns of
Vernal.

Kinney (1955) incorrectly correlates
the Black Canyon prospects with the
Woodside deposit as described by Boutwell
(1904). The Woodside is equivalent to the
Cow Hollow deposit. The Black Canyon
prospects, along the South Flank Uinta
fault zone, consist of goethite and limonite
which cement a coquina-like limestone con-
taining brecciated sandstone pebbles. A
shallow prospect hole was dug in the black
shale unit of Mississippian age along the
bottom of Black Canyon. The prospect is
very low in iron and high in silica. The
shale unit is composed of about 200 feet
of shale with thin beds of coquina lime-

Boranza O |- /rf—4o° oo'n. stone and some sandstone.

Immediately east of this mineraliza-
tion and extending for nearly one mile, the
limestone unit of Mississippian age is
down-faulted against the Precambrian Uinta
Mountain group by the South Flank Uinta
fault. Occasional limonite and siliceous

N hematite rubble is associated with lime-
stone along the fault zone, but no iron
exposures are found in place. A few shal-
low prospect holes and a shallow shaft
were made during iron exploration. The
iron ore potential of Black Canyon pros-
pects is insignificant. A chemical analysis of
the goethite and limonite is given in table
1.

Cow Hollow (Woodside) prospect lies
in the Uinta Mountains in unsurveyed sec.
3, T. 2 S, R. 20 E.,, S. L. B. M. (figure
26), southwest of Taylor Mountain about
16 airline miles northwest of Vernal. The

area is accessible from Red Cloud Loop road between
Trout Creek Park and Government Park and by a poor
jeep road that extends seven miles south to the bottom
of Cow Hollow. The prospect lies about one-half mile
west of the junction of Cow Hollow and Ashley Creek
and about two miles west of Red Pine Setting. This
deposit was first opened in 1913 and was briefly
described by Boutwell (1904) as the Woodside deposit.
In 1955, six claims, called Iron Crown claims, were
staked by Frank Watkins of Vernal. A shaft about 30
feet deep was sunk, but it is now caved and partly
filled with surface debris. In 1963 the property was
relocated by Edward H. Abplanalp of Vernal.

A hematite outcrop measures about 25 feet long
and up to 15 feet wide. A small quantity of float lies
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on the slope below the outcrops. A shaft extends
through the ore, bottoming in iron-stained quartzite.
The ore is reddish brown to black hematite which has
replaced the limestone unit of Mississippian age. A
three-foot cap of limonite and goethite gossan outcrops
on the up-slope side of the hematite. The gossan is
about 25 feet south of the hematite and appears to be
overlying it. Hematite and limonite have replaced brec-
ciated limestone or occur as breccia fillings of lime-
stone; traces of malachite are present. Iron mineraliza-
tion occurs along a brecciated zone of the South Flank
Uinta fault. The ore potential of the Cow Hollow
prospect is a few hundred tons of hematite and
negligible amounts of gossan. Chemical analyses of
these ores are given in table 1.

Dry Fork prospects lie in secs. 10 and 11, T. 2
S., R. 19 E,, S. L. B. M., 22 miles northwest of Vernal
along the East Fork of the Dry Fork in the Uinta
Mountains (figure 26). The area is accessible on Dry
Fork along Red Cloud Loop road to Brownie Canyon
along a short unimproved dirt road, five miles north of
the Ashley National Forest boundary, northwest from
Red Cloud Loop road.

A small gossan cap in sec. 10 was exposed by a
shallow shaft. Limonite and goethite mineralization,
occurring as a cement in fault breccia of sandy shale, is
associated with a black shale unit of Mississippian age.
The ore potential is negligible. A second iron outcrop
lies in the southwest part of sec. 11 in the Uintah
Basin Youth Reforested area. Rubble, consisting of
brecciated limestone and sandy limestone which has
been cemented or partially replaced by hematite, is
scattered over a steep slope. Mineralization is associ-
ated with the limestone unit of Mississippian age. The
occurrence has no commercial potential. A chemical
analysis of the hematite ore is given in table 1.

Mosby Park prospect lies in sec. 26, T. 2 S., R.
18 E., S. L. B. M., 36 miles northeast of Roosevelt
(figure 26). The prospect is on the northeast side of
Mosby Mountain and on the west edge of Mosby
Park, and is accessible by Mosby Mountain road. Five
miles north of the Ashley National Forest boundary
at Loggers Cabin Park, an unimproved dirt road forks
to the northeast and extends 0.6 miles to the pros-
pect in Mosby Park. The Iron Mask claim was staked
over a small iron occurrence by Neal V. Schaefer-
meyer of Roosevelt.

The iron occurrence consists of a small limonite
and goethite gossan; mineralization occurs as widely
spaced rubble over an area a few feet wide and 100
feet long. No ore is in place as an outcrop. A
200-foot adit was cut into the hillside exposing brec-
ciated limestone. Only slight mineralization was
detected near the portal. Gossan occurs with the
limestone unit of Mississippian age; the rock is some-
what brecciated and iron mineralization serves as
breccia fillings and partial replacements. Mississippian
limestone is in fault contact with the Uinta Mountain
group of quartzite and shale. The iron potential is
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insignificant. A chemical analysis of the gossan rubble
is given in table 1.

Pope Iron mine is located in the eastern Uinta
Mountains, 28 miles north of Vernal in sec. 16, T. 1
S., R. 21 E., S. L. B. M. (figure 26). The area is
accessible from the Vernal-Manila road, Utah Highway
44. The mine lies on the northeast side of Brush
Mountain on Dyer Ridge at an elevation 9900 feet,
below a peak of Mississippian limestone, and adjoins
the more famous Dyer Copper mine at a slightly
lower elevation. The Dyer Copper mine prior to the
turn of the century was operated for oxidized copper
ore. The original minerals probably were chalcopyrite
and chalcocite that had altered to malachite. The
deposit has been largely exhausted. The mine was
operated during World War I, in 1937-39, and again
in the early 1960’s. The fact that Pope Iron and
Dyer Copper mines join suggests a genetic relation-
ship. A small limonite and goethite gossan caps the
Dyer Copper deposits, and small amounts of mala-
chite are found at the Pope Iron mine. These
properties lie on patented land owned by Lora
Sannes of Salt Lake City.

Iron mineralization occurs near the contact
between a shale member in the upper part of the
Uinta Mountain group and undifferentiated Mississip-
pian limestone. Several thousand feet of Proterozoic
quartzitic sandstone and interbedded sandy shale
comprise the Uinta Mountain group. The Mississippian
strata consist of about 1,000 feet of light gray cherty
limestone and dolomitic limestone, which unconform-
ably overlie the Uinta Mountain group.

The Pope Iron deposit is largely massive and
subspecular hematite with small amounts of limonite,
magnetite and malachite. Some ore shows a mammal-
lary structure, and part of the ore is slightly
magnetic. Iron replacement ranges from slightly
altered to partially replaced rock, to high-grade sub-
specular hematite. The mineralization lies in a north-
east-trending belt up to 40 feet wide and traceable
intermittently for 400 feet. A few tons of high-grade
iron ore were shipped prior to the turmn of the
century to the Dyer Copper smelter for flux. Recent
exploratory works on the Pope Iron deposit are a
series of bulldozer cuts, trenching, prospect pits and
churn drill holes. The depth of iron mineralization is
limited and averages about twenty feet deep.

Some iron outcrops occur in the shale of the
upper part of the Uinta Mountain group, but the
exposures are poor. Most of the recent exploratory
work shows mineralization in Mississippian limestone,
ranging from partly altered to partial replacement of
rock, to limited pockets of complete replacement.
One recent churn drill hole passed through the main
high-grade hematite outcrop and bottomed in light
gray dolomitic limestone. Mineralization is located at
or near the contact between the Precambrian Uinta
Mountain group and the overlying Mississippian lime-
stone. Ore was localized by each rock type; dolomitic



80

limestone has been the principal host rock. Faulting
appears to be an important structural control. The
occurrence of ore is probably genetically related to
the South Flank Uinta fault which traverses the
south slopes of the Uinta Mountains. Small faults cut
the Pope Iron mine property, and it is along these
fractures that ore solutions have ascended, filling frac-
tures and replacing the strata. Some ore shows
slickensided surfaces, indicating post-mineralization
faulting. Pre-Mississippian faults in the Uinta Moun-
tain group are not exposed locally, but if they are
present, they could have served as channelways for
ascending ore solutions. No major faulting was
observed in the vicinity of the Pope Iron mine.

A magnetometer survey across the property
indicates deposits of commercial importance. A geo-
logic survey of the small pockets of high-grade, hard,
subspecular hematite ore with an iron content of
more than 50 percent suggests an ore potential of
less than 5,000 tons for the Pope Iron mine. A few
thousand tons of partially replaced limestone with an
average grade of about 12 percent iron content out-
crop along the mineralized belt. Chemical analyses of
the Pope Iron mine deposits are given in table 1.

Wild Mountain prospects lie in the northeast
corner of Uintah County near the Utah-Colorado
boundary line in sec. 11, T. 2 S., R. 25 E., S. L. B.
M. (figure 26). The area is accessible by the Diamond
Mountain road and is 35 miles northeast of Vernal.
The main iron mineralization lies on the southwest
slope of Wild Mountain. Three claims are held by
assessment work by Melvin E. Richins of Vernal.

Iron mineralization occurs in Mississippian brec-
ciated limestone which dips gently southwest and
overlies the Cambrian Ladore Formation and the
thick Precambrian Uinta Mountain group of reddish
sandstone and shale. Hematite has partially replaced
Mississippian limestone and also occurs as a breccia
filling. Calcite crystals and a trace of malachite were
observed. A second prospect lies on the north side of
Wild Mountain near the divide, but only minor
hematite mineralization occurs as breccia fillings and
limestone staining. The property was prospected by
shallow pits and bulldozer cuts. The iron potential of
the Wild Mountain prospects is insignificant. A chem-
ical analysis of the ore is given in table 1.

UTAH COUNTY
East Tintic Mountains Deposits

Iron King mine lies in the East Tintic Moun-
tains, in sec. 21, T. 10 S., R. 2 W., in southwest
Utah County, about two miles southeast of Eureka
and one mile southwest of Dividend (figure 27). The
property is accessible from U. S. Highway 6 two
miles east of Dividend. A dirt road extends south for
about four miles to the mine. The Iron King mine
was developed by two shafts, underground workings,
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several adits, and prospect pits. Most -of the explora-
tory and development work was in search of gold
and silver ores.

A thick section of Lower Paleozoic limestones
and dolomites outcrops in the vicinity of No. 1 shaft
of the Iron King mine and forms the gently west-
dipping limb of the main Tintic syncline. Several
north-south and east-west trending faults cut the
strata. No. 1 shaft is located near the east-trending
Iron King fault. In the vicinity of No. 2 shaft there
is a great complexity of structure where the Iron
King and Eureka Lily faults intersect. A swarm of
monzonite porphyry dikes cuts the center portion of
the Iron King property.

Metallic production from the Iron King mine
has been small, and consisted of two types of ore,
gold-silver and iron-manganese. Most of the gold and
sitver came from fissure-type deposits at No. 2 shaft
area. A total of 14,000 tons of goldsilver ore was
removed. No. 1 shaft was sunk in a large iron-
manganese deposit at or near the surface along the
Iron King fault. Several thousand tons of iron ore
were shipped to smelters for flux and to the Ironton
blast furnace south of Provo.

The Iron King iron-manganese ore body is a
gossan deposit. The main minerals are goethite and
limonite, but hematite is present in considerable
quantities, Most of the ore contains pyrolusite and
other manganese oxides, and varies from hard massive
or spongy varieties to soft friable types. Mineraliza-
tion occurs as fissure fillings and replacements of
carbonate rocks adjacent to monzonite dikes. The ore
was mined from open pits, adits and underground
workings. The deposit contains abundant argillic
alteration. A few thousand tons of iron-manganese
ore probably remain on the property. Chemical
analyses of the Iron King ores are given in table 1.

Wasatch Mountains Deposits

Diamond Fork prospect is located in sec. 4, T.
9 S., R. 4 E., five miles north of Thistle on the east
side of the Wasatch Mountains and seven miles by
road north of Thistle in Diamond Fork (figure 27).
The property is accessible from U. S. Highway 6 in
Spanish Fork Canyon and consists of four unpatented
claims held by Ilyn D. Garrick of Provo.

The iron mineralization is a shallow gossan-type
ore body; the ore occurs along a brecciated fault
zone in Thaynes limestone, Triassic in age. This lime-
stone is composed of pink and gray sandy limestone,
sandstone and variegated shale, and measures about
1,300 feet in Spanish Fork Canyon. A fault of small
displacement has brecciated the Thaynes limestone. A
limited amount of spongy gossan ore occurs along
the fault as breccia fillings and replacements of lime-
stone. Boulders of float are scattered over a broad
area, and a few bedrock outcrops may be found
along the fault zone. The largest outcrop measures 3
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by 30 feet. Iron minerals are goethite and limonite.
The ore potential of the Diamond Fork prospect
does not exceed a few hundred tons. A chemical
analysis of the ore is given in table 1.

WASATCH COUNTY

Ferry (Rhodes Plateau) Iron mine is situated on
the west end of the Uinta Mountains, about 20 miles
southeast of Kamas, near the head of Soapstone
Basin at an elevation of 9,600 feet. The deposit
occurs on Iron Mine Creek near the divide separating
the Provo and Duchesne River drainages. The princi-
pal outcrops lie in NE% sec. 19, T. 2 N, R. 9 W,
U. B. M. (figure 28), and are accessible from Kamas
via Utah Highway 150 to Soapstone Guard Station,
then eight miles of dirt road to the head of Soap-
stone Basin.

The Ferry Iron deposit is held by Assets Corpo-
ration of Salt Lake City and consists of seven
patented claims covering 140 acres. In 1879 and
1880, approximately 500 tons of iron ore were
mined and shipped to the Park City smelter where it
was used as a flux. Operations ceased with the
closing of the smelter, and the property has been idle
since that time. The deposit was surveyed for patent
in 1882 and patented by E. P. Ferry in 1890. Assets
Corporation is the executor for the Ferry estate.
Although the deposits have been known since 1879,
only intermittent exploration and development work
have been done. Workings consist of an open cut 45
by 25 feet, a caved shaft, several prospect holes and
two short adits that have no relationship to iron out-
croppings.

The ore is composed of gray, massive, semispec-
ular hematite and red hematite ocher. The hematite
is extremely hard, slightly magnetic, and makes up
most of the deposit, and the ocherous ore is soft,
friable, and has a distinct Indian red color. The ore
is composed of high-grade replacements, partial
replacements, breccia fillings, ocher and slightly
stained country rock.

Iron mineralization occurs along a wide brec-
ciated zone associated with a branch of the South
Flank Uinta fault that traverses the south slopes of
the Uinta Mountains. The breccia zone has an east-
west trending strike and measures from 600 to 1,500
feet wide. Iron mineralization occurs as breccia
fillings and as partial to complete replacements in
fractured carbonate rocks. The breccia is mainly
Deseret limestone in the vicinity of the Ferry Iron
mine but includes some Madison limestone. Both
formations are Mississippian in age.

The largest iron occurrence at the Ferry Iron
mine is near an open cut and shaft, where the ore
measures about 15 feet thick, then thins rapidly
laterally. All iron outcrops are confined to the brec-
ciated fault zone, but in each case the mineralization
is sparse except near the open cut and shaft. Several
magnetometer lines were run across the property, but
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only one small anomaly was found near the shaft.
From the general geology of the deposit and a mag-
netometer survey, the iron ore potential is estimated
to be less than 1,000 tons on this property. Chemical
analyses of the Ferry Iron mine ores are given in
table 1.

WASHINGTON COUNTY
Bull Valley District
Location and Geologic Setting

The Bull Valley district is located in the east
part of the Basin and Range province in southwest
Utah, immediately south of Enterprise in the north-
west part of Washington County in the Bull Valley
Mountains. The principal iron ore deposits lie in T.
38 and 39 S., and R. 17 and 18 W. (figure 29). The
area is accessible from St. George on Utah Highway
18, and from Cedar City on Utah Highways 58 and
18. The Bull Valley district lies in a mountainous
region with steep slopes and isolated peaks. Iron
occurrences in the district have been known since
1903, but no production has been recorded. The Bull
Valley district is the only area in Utah outside of the
Iron Springs district that possesses iron ore potential.

The geology of the Bull Valley district is
essentially an eruptive-tectonic complex. An aggregate
thickness of about 6,700 feet of volcanic materials
accumulated intermittently over the district during
Oligocene-Miocene time. Hypabyssal intrusive bodies
of quartz monzonite porphyry were emplaced, some
of which erupted to the surface. Prevolcanic sedimen-
tary rocks are largely exposed where they have been
arched by intrusions. Sedimentary rocks include the
Carmel Formation and Entrada sandstone of Jurassic
age, Iron Springs Formation of Cretaceous age, and
Claron Formation of Tertiary age.

The iron mineralization is related to quartz
monzonite porphyry intrusions. Hematite and mag-
netite, the ore minerals, are replacements of volcanic
and limestone rocks, fissure and breccia fillings, and
chemical precipitates from thermal springs.

A reconnaissance of the Bull Valley district was
made by Leith and Harder (1908) who made a few
comparisons of iron occurrences in the Bull Valley
and Iron Springs districts. Wells (1937, 1938, 1941)
mapped an area that included the main Bull Valley
intrusion and made a limited study of the ore de-
posits. He established the intrusive-extrusive relation-
ship and the major stratigraphic divisions. Zoldock and
Wilson (1953) investigated the Pilot and Cove Moun-
tain iron deposits in the district for U. S. Bureau of
Mines. Blank (1959) studied the general geology of
the district in detail but made no attempt to study
the iron ore deposits. This writer will review the
geology of the district and give a detailed account of
the principal iron ore deposits.
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Sedimentary Rocks

Sedimentary rocks in the Bull Valley district
are the Carmel Formation and Entrada sandstone of
Jurassic age, Upper Cretaceous Iron Springs Forma-
tion, and Lower Tertiary Claron Formation. They are
buried beneath a volcanic cover over most of the
district and are exposed only on structural highs such
as the Bull Valley-Big Mountain intrusive arch.

Carmel Formation is the oldest (Jurassic) sedi-
mentary rock exposed in the district, and is made up
of four members with an aggregate thickness of
about 550 feet. A basal siltstone member is exposed
in places and is in concordant contact with the Bull
Valley intrusion. It averages about 30 feet in thick-
ness and consists of gray, massive to thick-bedded,
calcareous siltstone. It can be considered for the
most part a fine-grained skarn rock, resistant to
weathering and forming outcrops with brownish
colors. Much of the Carmel Formation consists of the
overlying Homestake limestone member which
measures approximately 315 feet thick. It is a blue-
gray, massive to thick-bedded limestone with shaly
partings and beds of argillaceous limestone. Some of
the lower beds contain abundant starshaped colum-
nals of the fossil echinoderm Pentacrinus. An over-
lying shale member about 75 feet thick is composed
of calcareous shale which weathers into small angular
chips. The upper member of the Carmel Formation is
composed of massive limestone averaging about 130
feet thick. The lower beds are blue-black argillaceous
limestone, and the upper beds are pink, gray, yellow
and buff limestone that resembles some of the mas-
sive limestone beds of the Tertiary Claron Formation.
This upper limestone member is a cliff-former and
weathers with a rough pitted surface.

Entrada sandstone was not recognized in ex-
posures at the Bull Valley intrusion; it probably was
removed by erosion along this structural high before
the Iron Springs deposition. About 50 feet of deep
maroon to olive-green shale are exposed at the sur-
face on the southeast side of Big Mountain in the
northeast part of the district and are regarded as
Entrada. Drill core data around the periphery of the
Big Mountain intrusion show the presence of about
130 feet of these strata at depth.

Iron Springs Formation (Cretaceous) discon-
formably overlies the Carmel Formation and the
Entrada sandstone. In the vicinity of Big Mountain
the formation is well exposed and is composed of
light brown, buff and white massive to thick-bedded
sandstone and siltstone, with a few thin interbeds of
maroon or gray shale. Locally, the basal unit of the
Iron Springs Formation is a conglomerate. Toward
the Bull Valley intrusion the colors of the formation
are more variegated, with orange, reddish brown and
purple the common colors. A full unfaulted section
of the Iron Springs Formation was not observed in
the district. A thickness of about 1,000 feet is
exposed in Moody Wash south of the Bull Valley
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intrusion, and up to 2,000 feet are exposed in the
Big Mountain area.

The Iron Springs Formation was upfolded into
the Bull Valley-Big Mountain anticlinal arch prior to
the deposition of the Claron Formation. Deposition
of the Claron took place first along the flanks and
away from the topographic high, but it ultimately
buried the arch so that Upper Claron limestone was
deposited across the crest. Angular discordance be-
tween the Iron Springs Formation and the overlying
Claron varies from zero along the crest to about 30°
along the flanks. In the southeast part of the district
several miles from the arch there is no apparent dis-
conformity separating the two formations.

The Claron Formation consists mainly of
conglomerate, siltstone and limestone. It is generally
divisible into three principal members with an aggre-
gate thickness of about 650 feet in the district.
These members are a basal conglomerate, a middle
red siltstone and an upper gray limestone. The basal
conglomerate is made up of pebbles and cobbles of
gray limestone and tan quartzite which varies from
gray to yellow and red. It is very thin or absent near
the crest of the anticlinal arch; away from the arch
it thickens to several hundred feet. The middle
Claron member is an easily weathered red siltstone
with interbeds of pink limestone and pebble conglom-
erate up to ten feet thick. This member is absent or
subordinate on the crest of the arch and is well
developed in areas remote from that structure. Gray
massive and thick-bedded freshwater limestone com-
poses the upper Claron Formation. Individual beds
range from six inches to 10 feet in thickness and
form prominent ledges. The limestone is interbedded
with thin layers of friable siltstone. Algal structures
appear locally in this limestone. The upper beds are
somewhat lighter in color and thinner, and are
marked by delicate pink and white mottling and
banding.

Igneous Rocks

The first period of major volcanic activity
developed during Oligocene time, when about 2,550
feet of volcanic rocks were spread over the Bull Val-
ley district. These rtocks are represented by the
Needles Range and the Isom and Quichapa forma-
tions. Toward the end of this volcanic activity, the
axjal portion of a Laramide arch from Bull Valley to
Big Mountain became a site of intrusions of quartz
monzonite porphyry, forming the Bull Valley, Hard-
scrabble and Big Mountain intrusions. Following this
period of intrusive activity, about 4,150 feet of vol-
canic rocks accummulated in the area during Late
Oligocene-Miocene time. These rocks appear in the
Rencher Formation, Shoal Creek breccia, Maple Ridge
porphyry, Cove Mountain Formation and Ox Valley
tuff. The geology of the intrusive-extrusive complex
of the Bull Valley district has been described in
detail by Blank (1959).

Needles Range Formation was named by Mack-
in (1960) from a thick volcanic tuff sequence in the
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Needles Range, 40 miles northwest of the Bull Valley
district. The formation measures up to 130 feet thick
and is represented in Bull Valley district by a horn-
blende-biotite quartz latite tuff interbedded with
lacustrine limestone. The tuff is about 60 feet thick
on the south side of Moody Wash, where it rests
conformably on Claron limestone beds. It is conform-
ably overlain by 70 feet of white to gray massive
limestone, followed by younger volcanic rocks.

Isom Formation overlies the upper limestone
member of the Needles Range Formation, and is
composed of lava flows, ignimbrites and thin
interbeds of sedimentary rocks. The name is based on
correlation of ignimbrite members with those of the
Isom Formation in the Iron Springs district (Mackin,
1960). The total thickness in the Bull Valley district
probably does not exceed 170 feet. Three members
of the Isom Formation are recognized. The lower
member consists of vesicular latite lava flows up to
130 feet thick, bluish gray to purple or brown in
color with elongate vesicles commonly filled with
calcite. A 20-foot middle member found only on the
west side of Big Mountain is correlated with Baldhills
tuff in the Iron Springs district. It is a very dense,
highly welded, dark chocolate brown latite tuff, con-
taining phenocrysts of plagioclase and biotite. The
upper member is represented by Hole-in-the-Wall tuff
to 20 feet thick. It is a salmon-colored to purple
welded latite tuff, overlying the lower Isom vesicular
lava flows at several localities in the district.

Quichapa Formation consists of a succession of
sheet ignimbrites with local intercalated lava flows
extending throughout southwest Utah. It was named
by Mackin (1960) from occurrences in the Iron
Springs district. The formation consists of four
members with an aggregate thickness of about 2,250
feet in the Bull Valley district. The lowermost
member is the Leach Canyon tuff which rests vari-
ously on the Isom, Needles Range, and Claron forma-
tions with a maximum thickness of about 350 feet.
The Leach Canyon tuff is a pink, moderately welded
thyolite tuff with an abundance of red lithic frag-
ments averaging about one and one-half inches in
diameter. Occasional pumice fragments may occur in
the ignimbrite. The overlying Bauer tuff member is
red to bluish purple, highly welded rhyolite meas-
uring up to 200 feet thick. The lower portion
contains flattened white pumice fragments and white
streaks or schlieren. The overlying Little Creek
breccia is a thick succession of variegated augite-
homblende andesite flows and breccia. Outcrops are
typically colored dark red to dark purple with gray,
green, brown and black phases. A maximum thickness
of 1,200 feet has been estimated in the Bull Valley
district. The uppermost Quichapa is composed of
Harmony Hills tuff, a biotite-hornblende-augite quartz
latite tuff measuring up to 500 feet thick. Most
rocks of the Harmony Hills tuff are slightly to mod-
erately welded ignimbrite, which forms dark pink to
red-brown outcrops and contains at the base a black
vitrophyre.
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Quartz monzonite porphyry intrusions appeared
toward the end or following the conclusion of the
accumulation of the Quichapa Formation in the axial
portion of the Laramide arch extending 10 miles
from Bull Valley northeast to Big Mountain. These
intrusions arched their sedimentary and volcanic
cover, forming three stocks trending northeast across
the district. The Big Mountain intrusion occurs at the
northeast end of the district and forms a concordant
stock about three-fourths mile long and one-fourth
mile wide. The Hardscrabble Hollow stock lies in the
central part of the district and is about two-thirds
mile long and one-third mile wide. The Bull Valley
stock lies in the southwest end of the district and
forms a semiconcordant body about four and one-
half miles long and one and one-half miles wide.
Aeromagnetic data and structural evidence suggest
that the entire Bull Valley-Big Mountain arch has an
intrusive core of huge dimensions. The Big Mountain
and Hardscrabble Hollow intrusions are small stocks
or cupolas, and the Bull Valley intrusion is a sizeable
stock. All evidence indicates that the three merge at
depth into an intrusive body approaching batholitic
dimensions.

The Big Mountain intrusion is roofed concord-
antly by the Carmel Formation, except on the north
and northwest sides where it is in fault contact with
the Iron Springs Formation. The intrusive is a gray
to tan hollocrystalline porphyry. The Hardscrabble
Hollow intrusive is bordered and appears to be con-
cordantly roofed by the Carmel Formation. The
intrusive is white, gray or reddish porphyry in
crumbly rounded knolls. The larger Bull Valley
porphyry is a semiconcordant stock. The south and
part of the east borders are concordant and roofed
by the Carmel Formation, and the other contacts are
bordered by faults and various volcanic rocks. The
Bull Valley porphyry is hollocrystalline and is usually
white or light gray in color; its peripheral phase is
light pink, greenish or purple.

The mineralogical and textural relationships of
the three intrusives are similar. Phenocrysts compose
about one-third of the porphyrys and range in size
from 1 mm. to 1 cm. in length. Phenocrysts of
essential minerals consist of plagioclase, hornblende
and augite. Phenocrysts of accessory minerals are
magnetite, apatite, zircon and sphene. Quartz and
potash feldspar constitute most of the groundmass.

The Bull Valley intrusion differs from the other
two intrusions in that the magma continued to rise,
causing failure of part of the roof. Violent eruptions
of large quantities of quartz latite magma gave rise to
the rocks of the Rencher Formation (Blank, 1959).
The Bull Valley intrusion is, therefore, composed of
a quartz monzonite porphyry phase followed by an
intrusive and vent phase of quartz latite magma.
Igneous rocks belonging to the intrusive and vent
phase form the central and northeast side of the Bull
Valley stock and a second area in the structurally
complex area southwest of the stock. The intrusive
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and vent phase rocks are normally dense, purple, and
generally cryptocrystalline.

Rencher Formation covers large areas of the
Bull Valley district with a biotite-hornblende-augite
quartz latite. This formation represents an extrusive
phase largely from Bull Valley stock. The name
Rencher was first used by Cook (1957) from out-
crops in the Pine Valley Mountains southeast of the
district. The formation in much of Bull Valley dis-
trict is not subdivided, but in a few places it can be
divided into white tuff breccia and rusty tuff phases.
The Rencher Formation measures about 1,000 feet
thick.

After the solidification of the upper part of the
Bull Valley quartz monzonite porphyry stock, mag-
matic pressures increased, producing a sudden violent
rupture of the intrusive roof. A gaseous Peléan nuée
ardente-type eruption gave rise to a thick deposit of
ignimbrite materials exposed chiefly on the southeast
side of the stock. This eruption formed the lower
member of the Rencher Formation, the friable quartz
white tuff breccia.

A large dislocation of the roof of the Bull Val-
ley stock occurred later, and great quantities of
magma rose in a Katmaian nuée ardente-type erup-
tion, giving rise to the upper or rusty tuff phase of
the Rencher Formation. 1t is composed of a rust-
colored quartz latite tuff locally overlying the white
tuff breccia phase. The extrusive rocks become
increasingly tuffaceous with distance from the source
area at the vent. Rusty tuff can be traced from
typical rusty tuff through lava with pyroclastic tex-
tures, to lava flows, to cryptocrystalline vent phase
quartz latite.

Shoal Creek breccia rests on the eroded surface
of the Rencher Formation. Much of the Rencher and
some Quichapa rocks were removed previously from
the western area of the Bull Valley district. The brec-
cia is a dark, variegated hypersthene-augite-hornblende
andesite about 200 feet thick.

Maple Ridge porphyry is a dark biotite-augite
andesite flow about 300 feet thick overlying the
Shoal Creek breccia at Maple Ridge. It evidently
represents a frontal lobe of a lava flow which entered
the district from the west. Large white plagioclase
phenocrysts in a dark red-brown to purple ground-
mass give the rock a distinctive appearance.

Cove Mountain Formation is represented by
2,250 feet of volcanic rocks in the western portion
of the Bull Valley district. It is divided into four
members (Blank, 1959): Willow Spring, Racer Canyon
tuff, Pilot Creek basalt and Cedar Spring. The bot-
tom and top members are thinner and are limited in
their distribution. Representatives of all four members
are well exposed on Cove Mountain in the southwest
part of the district.
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The Willow Spring member has an estimated
thickness of about 50 feet. It consists of white or
gray cross-bedded tuffaceous sandstone, reddish vol-
canic breccia of possible mudflow origin, ash deposits
and volcanic pebble conglomerate. On Cove Mountain
the Willow Spring member contains detrital pieces of
hematite ore, demonstrating that the basal units of
the Cove Mountain Formation postdate iron mineral-
ization.

The Racer Canyon tuff is a succession of rhyo-
lite ignimbrite and tuffaceous interbeds. It is
composed of four or more ignimbrites, correlating
with the Kane Point tuff member of the Page Ranch
Formation in the Iron Springs district (Mackin,
1960). The rock is white, gray, pink and yellow, and
is made up of nonwelded to moderately welded tuff.
It commonly weathers into massive hoodoo land-
forms. Red or purple lithic fragments are generally
present.

Resting on an erosion surface cut on the Racer
Canyon tuff and older rocks is a member of the
Cove Mountain Formation designated Pilot Creek
basalt. It has a total thickness of about 400 feet.
The lower half is dark-colored basalt, and the upper
half basaltic breccia. The basalt is dense and reddish-
purple near the base, and brown or black and vesicu-
lar in the upper portions.

The uppermost Cove Mountain Formation is the
Cedar Spring member, composed of about 300 feet
of volcanic conglomerate, clastic breccia, tuff and
ash. The thickest deposits are loosely consolidated,
massive to thick-bedded conglomerate and breccia
derived from the Pilot Creek member. Some rock
may have originated by volcanic eruptions. The
uppermost part of the Cedar Spring member is 10 to
20 feet of pink massive airfall tuff, overlain by about
the same thickness of white tuff.

Ox Valley tuff is widely distributed in the Bull
Valley district and represents the youngest volcanic
eruption in the immediate vicinity of iron mineraliza-
tion. It is a rhyolite tuff up to 400 feet thick and
rests on eroded surfaces of the Cove Mountain and
Rencher formations. The tuff is light grayish-blue to
pink or purple, slightly to highly welded, and con-
tains few lithic fragments. It contains clear pheno-
crysts of sanidine showing blue iridescence. The lower
part of the tuff is more welded than the upper, is
darker in color, and weathers into bold ledges and
cliffs.

Structural and Age Relationships

The Bull Valley district is essentially an eruptive-
tectonic complex. Prevolcanic sedimentary rocks are
exposed largely where they have been arched by
intrusions, particularly on the structural high extend-
ing from Bull Valley to Big Mountain, a distance of
10 miles. The oldest strata exposed are marine lime-
stone, siltstone and shale of the Jurassic Carmel
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Formation. Jurassic Entrada sandstone conformably
overlies this formation. Drill core data indicate the
Entrada to be 130 feet thick at Big Mountain, but it
is apparently missing in other areas of the district.
The region was gently uplifted with minor warping in
Upper Jurassic and Early Cretaceous time, resulting in
partial efosion of the Carmel and Entrada formations.
In early Upper Cretaceous time the Iron Springs
Formation was deposited unconformably over earlier
Jurassic strata.

In late Upper Cretaceous to Early Eocene time,
the Laramide deformation produced a major anticlinal
structure in the Bull Valley district, extending from
Bull Valley to Big Mountain. Partial planation of the
Iron Springs Formation on the fold followed the up-
lift. On and adjacent to the anticlinal structure, the
Iron Springs Formation was overlain unconformably
by conglomerate, siltstone and limestone of the Terti-
ary Claron Formation. Angular discordance varies
from zero on the crest of the arch to about 30° on
the flanks. A few miles away in the southeast part of
the district, no apparent disconformity separates the
Iron Springs and Claron formations.

The first major volcanic activity developed
during Oligocene time when about a 2,550-foot thick-
ness of volcanic rocks spread over the district. The
first evidence of eruptive activity recorded by the
Needles Range formation consists of quartz latite tuff
interbedded with lacustrine limestone, indicating that
volcanism was initiated while a lacustrine environment
still prevailed in the district. This is followed by the
Isom formation, composed of lava flows, ignimbrites
and thin sedimentary interbeds. The Isom is overlain
by the Quichapa Formation, a succession of sheet
ignimbrites with local intercalated lava flows with an
aggregate thickness of about 2,250 feet.

Toward or after the end of accumulation of the
Quichapa rocks, the axial portion of the Laramide
anticline was the site of quartz monzonite porphyry
intrusions. The intrusions arched their sedimentary
and volcanic covers from Bull Valley to Big Mountain
into three exposed bodies. Concordant stocks or
cupolas were formed at Big Mountain and Hard-
scrabble Hollow, and a semiconcordant stock was
formed at Bull Valley. The intrusive mass at Bull
Valley continued to rise, causing violent eruption of
large quantities of quartz latite magma. The earliest
ejecta were tuffs and tuff breccias; they were
followed by extrusion of more liquid magma, suggest-
ing a transition from ignimbrite to ordinary lava
flows. These volcanic ejecta are known as the
Rencher Formation and measure up to 1,000 feet
thick. Iron mineralization of the Bull Valley district
is closely related to the final stages of this magmatic
activity.

Quartz monzonite-quartz latite eruptive activity
apparently was followed by a considerable period of
erosion. The northwest portion of the district was
ultimately depressed by downwarping or high-angle
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faulting, permitting an accumulation of about 3,150
feet of basic and intermediate flows and breccias,
thyolite tuffs and volcanic-derived sediments, Most of
the material appears to have spread into the area
from the west and northwest. The upper units com-
pletely buried the intrusive arch. The outcrops south-
east of that structure are evidence of this event. The
oldest unit is the Shoal Creek breccia, measuring 200
feet thick and consisting of dark-colored intermediate
and basic volcanic deposits. Maple Ridge porphyry is
inferred to rest on Shoal Creek breccia and is com-
posed of 300 feet of dark biotite-augite andesite. The
overlying Cove Mountain Formation is composed of a
basal Willow Spring member made up of 50 feet of
volcanic sediments, ash and mudflows, Racer Canyon
tuff and tuffaceous sediments up to 1,500 feet thick,
Pilot Creek basalt measuring 400 feet thick and a
Cedar Spring member of tuff and volcanic sediments
300 feet thick. The youngest volcanic sequence in
the immediate area of Bull Valley iron occurrences is
the Ox Valley tuff which consists of bluish purple
rhyolite tuff 400 feet thick with blue iridescent
sanidine crystals.

The Racer Canyon tuff is correlated with the
Kane Point tuff in the Iron Springs district, giving an
age determination of 19 million years (Jaffe, 1959).
This dates the Cove Mountain Formation as Miocene.
Younger volcanic activity of Pliocene, Pleistocene and
Recent ages are recorded north and northwest of the
main Bull Valley district.

Mineralogy and Mode of Occurrence

The principal iron ore minerals in the Bull Val-
ley district are hematite and magnetite. The hematite
varies from soft and ocherous to hard and massive.
The magnetite is found in fissure veins and in inti-
mate admixtures with hematite. Small quantities of
martite, goethite, limonite and turgite are present.

Iron ore bodies are found as contact meta-
somatic replacements, breccia fillings and replace-
ments, fissure vein fillings and thermal springs
deposits. The major iron occurrence in the Bull
Valley district is the Pilot deposit, a contact meta-
somatic-hydrothermal replacement of volcanic rocks
and thin interbeds of limestone. Breccia fillings and
replacements of brecciated rock are found at several
deposits. Fissure vein fillings occur in quartz monzo-
nite porphyry and in the Rencher Formation. The
Cove Mountain iron occurrence is unusual in that the
ore body is the result of iron deposition by thermal
springs in a shallow lake basin. Details on the
mineralogy and mode of occurrence of the Bull
Valley iron deposits are given in discussion of
individual ore bodies.

Ore Deposits
The Iron Springs district is the only area in

Utah containing commercial iron ore deposits and the
Bull Valley district is the only other district in the
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state with potentially commercial iron ores. The Pilot
deposit in the Bull Valley district contains from 15
million to 20 million tons of ore with an overall
weighted average of 31 percent iron content. The ore
would require considerable beneficiation to be com-
mercially profitable. Cove Mountain has a potential
of about 1 million tons of highly siliceous hematite
with an iron content of about 45 percent and silica
content of about 32 percent. All other known iron
occurrences in the Bull Valley district are insignifi-
cant. The geographic location of deposits in the Bull
Valley district is shown on figure 30.

Buckey group of claims is located on the north
and south side of Moody Wash in the Bull Valley
district, with two Buckey claims in sec. 31, two
Johnson claims in secs. 30 and 31, and two Iron Cap
claims in secs. 29 and 32, T. 38 S., R. 17 W. (figure
30). The claims are accessible by a U. S. Forest Ser-
vice road extending 13 miles northwest of Veyo and
three miles of unimproved road northwest to the
area. The property is held by assessment work by
Jay R. Johnson of Salt Lake City.

Rocks in the vicinity of the Buckey group are
sedimentary and volcanic. The oldest sedimentary
strata exposed belong to the Tertiary Claron Forma-
tion. Overlying volcanic sequences are Isom,
Quichapa, Rencher and Cove Mountain formations.
The Rencher Formation shows an intrusive or vent
phase into Quichapa volcanics. The Cove Mountain
Formation is in fault contact with the Rencher
Formation. The many faults and variable attitudes of
sedimentary and volcanic sequences suggest that the
nearby Bull Valiey stock and the intrusive phase of
the Rencher Formation strongly folded and faulted
overlying rocks. Most faults trend northerly and have
steep dips.

Iron mineralization occurs in the Rencher
Formation on the Buckey claim where two minor
zones of mineralization occur. Iron ore occurs in
small fissure veinlets, breccia replacements up to six
inches in diameter, and as small replacement pods in
fine-grained gray tuff-breccia. The mineralized zone in
the south central part of the Buckey claim was
exposed in two places by bulldozer excavations. The
exposed area does not exceed 500 square feet. The
largest outcrop is 12 feet long and 8 feet high and
contains small fragments of hematite ore as breccia
fillings and replacements of tuff-breccia. The outcrop
is overlain by altered light-colored biotite tuff-breccia
and is cut off on the south by a near-vertical fault.
A second mineralized zone occurs approximately
1,000 feet farther north at the north end of the
Buckey claim. It consists of a fissure zone trending
northwest in a gray fine-grained tuff-breccia. Iron
occurs in volcanic rocks as minor veinlets, small
replacement pods, and as hematite fragments from
two to six inches in diameter. One small replacement
pod measured three feet in length.

A magnetometer survey over the property
encountered no favorably mineralized bodies. One
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small anomaly was found, too small for a commercial
ore body. The property was developed by a series of
bulldozer cuts, prospect pits, and one drill hole 216
feet deep. In 1955, the U. S. Steel Corporation
drilled an exploratory hole on the mineralized zone
in the south central part of the Buckey claim and
encountered sporadic mineralization to 28 feet. The
ore consisted of small pieces of hematite to one-half
inch in size; it occurs along small fissure veins that
cut volcanic rocks. The quantity of ore exposed and
that' determined from drilling is small. The ore poten-
tial for the Buckey group is estimated to be less than
1,500 tons. Chemical analyses of the higher-grade
ores are given in table 1.

Cove Mountain deposits are located on the
north slope of Cove Mountain in the Bull Valley dis-
trict, in scattered outcrops in secs. 1, 2, 3, 10, 11,
and 12, T. 39 S., R. 18 W,, and in secs. 6 and 7, T.
39 S., R. 17 W. (figure 30). The property is accessi-
ble by a U. S. Forest Service road extending 14
miles northwest from Veyo to Wilson’s Camp, thence
two miles south over an unimproved road to the
lower claims. The main mineralized zone occurs in
parts of secs. 1, 2, 11, and 12, T. 39 S, R. 18 W,,
approximately 1,000 feet above Wilson’s Camp. The
property is held by assessment work by Jay R.
Johnson of Salt Lake City who has seven claims
known as the Iron Rod group, and other claims,
including Gregerson claims, held by W. L. and V. H.
Rasmussen of Veyo.

Iron occurrences are associated with the
Rencher Formation which is about 500 feet thick on
Cove Mountain and is composed of white to pinkish
quartz latite tuff. The Upper Rencher Formation is
partially mineralized and is capped by a siliceous
hematite bed averaging 3% feet thick; it can be
traced in continuous outcrop for more than one mile.
It is unconformably overlain by the Cove Mountain
Formation. The basal Willow Spring member of the
Cove Mountain Formation overlies the principal iron
occurrence. It consists of about 50 feet of inter-
bedded tuff, tuffaceous sandstone and latite tuff-
breccia. These volcanic-derived sediments on Cove
Mountain contain detrital pieces of siliceous hematite
ore, demonstrating that the basal unit of the Cove
Mountain Formation postdates iron mineralization.
The overlying Racer Canyon member of the Cove
Mountain Formation forms extensive outcrops north,
northwest and south of the principal iron deposits.
These volcanic and volcanic-sedimentary rocks strike
easterly and dip 15° to 20° north. Several prominent
northwest- and northeast-trending, steeply dipping
faults occur in and near the ore deposits. The sili-
ceous hematite bed is displaced approximately 50
feet by a steeply dipping fault.

The deposit on Cove Mountain consists of
about eight feet of slight hematite mineralization at
the top of the Rencher Formation and an overlying
fine-grained, siliceous, hematite bed which averages
3% feet in thickness. The siliceous hematite bed may
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Figure 30. Bull Valley district iron occurrences, Washington County.
1. Buckey group prospects, Bull Valley Mountains
2. Cove Mountain deposits, Bull Valley Mountains
3. Farnsworth prospects, Bull Valley Mountains
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possess some ore potential, and differs from the
other iron occurrences in the district in that it is
sedimentary in origin. Criteria favoring a sedimentary
origin for the siliceous hematite bed are: the simple
mineralogy consisting of fine-grained colloidal hema-
tite and quartz, the banding or ‘pseudo’ banding of
the deposit, the occurrence of the iron bed at the
same stratigraphic horizon, the continuity of the bed
for more than one mile, and the overlying bedded,
waterlain tuffs and tuffaceous sands indicating sedi-
mentary deposition in a shallow lake basin.

Iron mineralization at the top of the Rencher
Formation is not intense and is noncommercial. It
occurs as small veinlets, cavity fillings and replace-
ments in the host rock. The writer considers the
Cove Mountain siliceous hematite bed to have
resulted from deposition of iron from thermal springs
in a shallow lake basin. Partial mineralization of the
upper few feet of the Rencher Formation was accom-
plished by seepage and leaching of iron downward
from the siliceous hematite bed during and perhaps
after its deposition.

A magnetic survey on Cove Mountain iron
deposits gave negative results since the ore is nonmag-
netic. The property was developed by a series of
bulldozer cuts, trenching and drilling. In 1941, the U.
S. Bureau of Mines carried on exploratory activities
in which they dug 598 feet of trenches on the two
most prominent iron outcroppings. In 1955, U. S.
Steel drilled a hole 155 feet deep on the Iron Rod
group of claims. The ore potential of the Cove
Mountain deposits are based on the assumption that
the siliceous hematite bed continues down-dip with
an average thickness of 3% feet. The ore potential of
the Cove Mountain deposits is regarded as more than
1 million tons. A rather high stripping ratio would be
required to remove large tonnages, and stripping may
therefore be economically impractical. Both open pit-
ting and underground mining would be required to
obtain the estimated ore potential of this deposit.

The U. S. Bureau of Mines excavated 17
trenches on two prominent ore outcrops on Cove
Mountain. The trenches revealed an average thickness
of the siliceous hematite bed of 3.4 feet. A weighted
average of chemical analyses showed 45.7 percent
iron content for the siliceous hematite bed. Chemical
analyses from a series of 20 chip samples taken from
Cove Mountain deposits are given in table 1.

Farnsworth claims lie on the east and southeast
sides of the Bull Valley intrusive, about 14 miles
south of Enterprise. The property consists of three
groups of unpatented claims, the Mastodon group of
three claims at the south end of Ox Valley in sec.
23, the High Up group of five claims on the east
side of Bellas Canyon in secs. 26 and 27, and the
Low Down group of two claims on the west side of
Bellas Canyon in secs. 24, 27 and 28. All claims are
located in T. 38 S., R. 17 W. (figure 30). These 10
mining claims are held by assessment work by Clay-
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ton and Erwin Farnsworth of Las Vegas, Nevada and
Delta, Utah.

The Farnsworth properties were developed by
shallow pits, a shaft, an adit and bulldozer cuts near
small iron ore outcrops. Three small magnetite veins
are exposed on the Mastodon claims, cutting volcanic
rocks of the Rencher Formation. A magnetometer
survey of these outcrops indicated only small shallow
ore veins. The High Up group contains a small
replacement-type iron deposit which occurs along the
contact zone of the Bull Valley stock and the Juras-
sic Carmel Formation. The Low Down claims are
near the contact zone of the Carmel Formation and
the Bull Valley stock. Ore is exposed in a shallow
shaft and an adit in the Carmel Limestone. Hematite
ore is found on the High Up and Low Down groups.
No ore has been produced at the Farnsworth prop-
erty, and iron ore potential probably does not exceed
1,000 tons. Chemical analyses of iron ores from the
Farnsworth property are given in table 1.

Moody group of claims is included in one block
because of their proximity to each other, their simi-
lar geologic setting and their location adjacent to the
Pilot deposits. The Moody group includes five Moody
claims in sec. 33, seven Iron Valley claims in sec. 28,
five Iron Cross claims in sec. 29, and two Horseshoe
claims in secs. 20 and 29, all in T. 38 S., R. 17 W.
(figure 30). The property is accessible south from
Enterprise by 15 miles of improved dirt road. The
property is held by assessment work by Jay R.
Johnson of Salt Lake City.

The Horseshoe, Iron Cross, and Iron Valley
claims are staked entirely on the Bull Valley intru-
sion. The Moody claims lie on the intrusive Carmel
Formation and a small portion of the Cretaceous
Iron Springs Formation in fault contact with the Ter-
tiary Quichapa Formation. No iron mineralization of
any consequence occurs on any of the claims, located
adjacent to the patented Pilot claims of the Milner
Corporation.

A magnetometer survey did not find any mag-
netic anomalies suggestive of a commercial iron ore
body. A small northwest-trending anomaly was out-
lined on the Iron Valley group. In 1955, U. S. Steel
drilled a hole on this anomaly and cut only quartz
monzonite porphyry from the surface to 305 feet.

Pilot claims lie in the Bull Valley district in
secs. 20, 28 and 29, T. 38 S., R. 17 W, (figure 30).
The topography of the area is rugged with a local
relief of about 1,700 feet. The property is accessible
over improved and unimproved dirt roads extending
south from Enterprise about 16 miles. The property
is owned by Milner Corporation of Salt Lake City
and consists of 25 patented lode claims covering an
area of 455 acres. Milner Corporation also has several
unpatented Enterprise claims that are contiguous to
and lie on the north and northeast sides of the Pilot
claims. No iron ore outcrops on the Enterprise
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claims, but they may have some iron ore potential
since the Pilot ore body dips north toward this prop-
erty.

Ore occurrences on the Pilot property have
been known since 1903, but there has been no iron
ore production. The property was developed by many
test pits, small adits, trenches, bulldozer cuts and
drill holes. In September 1941, the U. S. Bureau of
Mines established a development project on the Pilot
claims. In one year they drilled three holes aggre-
gating 1,000 feet, trenched 6,458 feet and completed
171 feet of underground workings. During the last
half of 1955, U. S. Steel drilled six holes aggregating
3,579 feet.

The Pilot group is associated with the Bull
Valley stock. Sedimentary, volcanic and intrusive
igneous rocks are exposed. The most widely distrib-
uted rocks are lava flows, ignimbrites, tuffs, tuff
breccias and sedimentary interbeds, which form the
Needles Range, Isom, Quichapa and Rencher forma-
tions. These volcanic sequences surround much of the
Bull Valley stock, except on the south side where
concordant outcrops of sedimentary strata of the
Carmel, Iron Springs, and Claron formations are
exposed.

Iron mineralization on the Pilot property con-
sists of hematite and magnetite ores. Fissure veins cut
the Bull Valley quartz monzonite porphyry and the
Rencher Formation; replacement deposits occur in
xenolithic blocks and contact zones of the Isom and
Quichapa formations. OQutcrops of these latter forma-
tions consist of lava flows, ignimbrites, tuffs, tuff
breccias and small interbeds of limestone, and occur
in secs. 20, 28 and 29. They are completely sur-
rounded by quartz monzonite porphyry or intrusive
and vent phase quartz latite of the Rencher Forma-
tion. The largest outcrop lies in sec. 28 in Pilot claims
Nos. 7 and 11 (figure 31).

The Bull Valley stock consists of quartz monzo-
nite porphyry and an intrusive vent phase of the
Rencher Formation. In the iron mineralized area of
the Pilot claims, the intrusion stoped some xenolithic
blocks along its margin; however, in the vicinity of
the main Pilot ore body the Isom and Quichapa
formations appear to have normal intrusive contact
relationships. A major vent zone (Blank, 1959)
through which Rencher magma erupted lies immedi-
ately south and west of the main Pilot ore body.
Northeast of this ore body lies an extrusion of the
Rencher that texturally is similar to the vent area
and overlies the mineralized Isom and Quichapa
formations.

Rocks of the principal Pilot ore body in sec.
28 generally strike eastward and dip 30° north.
Bedded structures of the northmost mineralized ore
body in sec. 20 have similar strikes and dips. At least
two sets of faults occur within the Pilot property.
The more prominent set trends northeast and dips
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generally northwest and has displacements up to
several hundred feet. A second set of faults trends
northwest and dips to the northeast. Joint sets, often
mineralized, generally parallel these latter fault direc-
tions.

Iron mineralization on the Pilot property occurs
as narrow magnetite fissure veins in the intrusive and
vent phase of the Rencher Formation and as hema-
tite-magnetite replacements in the Isom and Quichapa
formations. The largest exposed fissure vein occurs on
Pilot No. 11 claim in sec. 28, immediately north of
the main Pilot replacement deposit and about 1,000
feet directly south of U. S. Mineral Monument No.
1. This fissure vein cuts the intrusive complex, strikes
north 60° west and dips 45° to 55° northwest. It
averages four feet in width and measures about 300
feet in length. The majority of the other fissures
range to about two inches in width and several feet
in length and strike northwest. The main iron mineral
is magnetite, some of which has altered to hematite.
Gangue minerals are mainly quartz and calcite.

Six outcrops of Isom and Quichapa rocks on
the Pilot property lie within the Bull Valley intrusive
complex. The smallest exposure measures about 50
by 150 feet; the largest, the Pilot ore block, meas-
ures 400 by 1,000 feet. Three of the six outcrops
show contact metasomatic-hydrothermal replacements,
but only the Pilot ore body contains potentially
commercial ore. The Pilot block lies east-west, paral-
lel to the strike of the tuffaceous beds; it dips 30°
north and is exposed on Pilot Nos. 7 and 11 claims
in sec. 28. Several zones of iron mineralization in
this block irregularly follow bedding and flow struc-
tures of the volcanic rocks and thin interbeds of
limestone. The Pilot block of Isom and Quichapa
formations appears to be in normal contact relation-
ship with Bull Valley quartz monzonite porphyry,
with the volcanic sequence dipping north and overlain
by extrusions of vent phase quartz latite of the
Rencher Formation. The second largest mineralized
area crops out at the north end of pilot No. 6 and
the south end of Pilot No. 5 claims in sec. 20. A
major fault zone bounds this block on the east side.
A north-south trending replacement body of hema-
tite-magnetite, approximately 40 by 150 feet, lies
along its west boundary. A third mineralized block
lies in the central part of Pilot No. 6 claim in sec.
29 and contains several small iron deposits associated
with volcanics and interbeds of limestone.

Surface outcrops in the main Pilot ore block
are lenticular to irregular in form. The largest
exposure lies in the east part of this block and
measures approximately 100 by 350 feet. A second
mineralized zone in the central area averages about
25 by 400 feet. Other iron occurrences lie in the
west half of the Pilot ore block but are less than
100 by 200 feet. In general, replacement bodies
follow the original bedding in the Isom and Quichapa
formations. Lower-grade iron mineralization surrounds
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the more intensely replaced zones. The chief iron-
bearing mineral is hematite. Martite crystals and
magnetite are also present. Gangue minerals are
mainly quartz, calcite and apatite. In the lower-grade
zones, iron occurs as disseminations of magnetite
crystals and as small magnetite veinlets with some
hematite.

Drilling operations on the main Pilot ore body
have shown an extension of an irregularly shaped
mineralized zone toward the north for 900 feet or
more. The mineralized zone dips about 20° north
with an average thickness of approximately 400 feet.
Hematite and magnetite replacements of volcanic
rocks, tuffaceous beds and interbeds of limestone
range from slight mineralization to high-grade ore,
containing from 10 to 60 percent iron. The variable
character of the ore would make mining of this
deposit difficult. The Pilot ore body is estimated to
have a potential of 15 million to 20 million tons of
ore with an overall weighted average of 31 percent
iron content. From 2 million to 3 million tons could
be classified as high-grade ore with a weighted
average of 45 percent iron content. Several hundred
ore samples were taken from the Pilot ore body. A
summary of the chemical analyses of these samples
made by several investigators is given in table 5.

Soft Iron group of nine claims is located
between Cove Mountain and Moody Wash in sec. 5,
T. 39 S., R. 17 W, in the Bull Valley district (figure
30). The claims are accessible by a U. S. Forest Ser-
vice road extending northwest from Veyo for 13
miles, thence one mile over an unimproved dirt road.
The property is held by assessment work by Jay R.
Johnson of Salt Lake City.
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Rocks exposed in the vicinity of the Soft Iron
prospects consist of sedimentary and volcanic rocks
in block-fault relationships. The oldest sedimentary
rock exposed is the Tertiary Claron Formation which
is overlain conformably by the volcanic Needles
Range and . Isom formations. The remaining rocks
near the property belong to the Quichapa Formation.
Mineralization is in association with an upthrown
block of Claron sediments in fault contact with
volcanic rocks of the Quichapa Formation. The Soft
Iron fault block lies in the center of the claims and
has been formed by a system of northwest-trending
faults that dip steeply to vertical. The strata strike
northwest and dip 25° to 30° southwest. Local folds
and faults produce some reversal and steepening of
dip of the beds.

Iron mineralization is weak and occurs as small
fissure veins and as small replacement pods that
occur in siltstone, limestone and tuff, and range from
a few inches to five feet in thickness. These pods are
sporadically distributed in a north-south direction in
the Soft Iron fault block. Manganese oxides are
present in some limestone outcrops. Fissure veins
range from a few inches to two feet in width and to
50 feet in length. Faults have served as feeder
channels for the iron mineralization.

The ore consists of red earthy hematite and
some magnetite. In places hard nodules of granular
hematite and magnetite are present. Gangue minerals
are of minor importance. Hematite float is scattered
over parts of the property, and the soil is stained
red. A magnetometer survey over the property gave
discouraging results. Two sharp magnetic anomalies
were observed, but they were caused by a magnetic

Table 5. Analyses of Pilot deposits, Bull Valley district, Washington County.

Name of Source of | Number of | Total Sample Weighted Averages (percent)
Deposit Samples Samples Length in ft. Fe Imsol. SiO, S P Mn
264 1,261 46.2 - — — — —
Pilot ore Trenching
body 24 120 — 17.2 — 0.011 | 0.24 | 0.08
Pilot ore Chipping
body outcrops 20 — 59.2 - 7.0 { 0.009 | 0.148 | 0.28
Pilot ore Upper
body adit 13 61.8 - - — — —
43 537 - - - — -
Pilot ore Lower
body adit 2 — 11.25 — 0.002 | 0.198 | 0.07
Pilot ore
body Drilling 237 1,898 30.7 - 31.5 | 0.006 | 0.258 -
22 109 522 - — - - -
Northwest Trenching
ore body 2 — 795 — 0.006 | 0.065 | 0.105
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volcanic glass in the Bauers tuff member of the
Quichapa Formation. Small anomalies in mineralized
zones indicated small quantities of iron exposed at
the surface.

The Soft Iron property was developed by a
series of bulldozer cuts, prospect pits and three diill
holes. In 1955, U. S. Steel drilled 961 feet on these
claims prospecting for ore. Only surface and near-
surface mineralization was encountered. One drill hole
showed iron mineralization at five feet, another at 25
feet, and a third hole showed one foot of mineraliza-
tion at 15 feet. The ore potential of this property is
probably less than 1,000 tons and would be most
useful as an iron pigment. Chemical analyses of the
Soft Tron ores are given in table 1.

Mineral Mountain Deposits

Emma mine, on Mineral Mountain near the
Utah-Nevada line, lies in sec. 4, T. 39 S., R. 19 W,
(figure 29). The area is accessible from U. S.
Highway 91 at the Shivwits Indian Reservation, eight
miles west of Santa Clara. An improved dirt road
extends northwest for 19 miles to Motoqua, thence
eight miles north along Slaughter Creek to the prop-
erty on the north side of Mineral Mountain. The
mine consists of eight unpatented claims held by
Mineral Mountain Mining Company of St. George.

Situated in a region of considerable relief, to an
elevation of more than 7,000 feet with a variation of
local relief of nearly 2,000 feet, Mineral Mountain is
a small stock formed by granite porphyry intruding
sedimentary rocks of Upper Paleozoic age. Extensive
erosion left small roof pendants and flanking masses
of sedimentary rocks. Tertiary volcanic rocks with an
aggregate thickness of several thousand feet surround
Mineral Mountain and probably covered it at one
time in geologic history. The north half of Mineral
Mountain is composed mostly of granite porphyry.
Bipyramidal quartz crystals, occurring as large pheno-
crysts in the intrusive rock, give the rock its
porphyritic texture. The intrusive is somewhat
irregular in shape and measures more than two miles
in diameter.

Two sedimentary formations outcrop on Mineral
Mountain, but only part of each formation is
exposed. These are Pennsylvanian Callville limestone
and Permian Coconino sandstone. Callville limestone
consists of fossiliferous limestone, chert that occurs
as nodules and lenses, and dolomite. The formation is
in contact with the intrusive and in general shows
concordant relationships. The largest outcrops of
Callville limestone occur on the south side of Mineral
Mountain, where a south-plunging domal structure is
exposed. A few scattered outcrops west and north of
the intrusive dip away with variable inclinations.
Some limestone outcrops form roof pendants. Along
the contact the limestone is altered locally to fine- to
coarse-grained dolomitic marble. Coconino sandstone
outcrops on the extreme south end of Mineral Moun-
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tain near Potters Peak. It consists of massive, buff to
brown cross-bedded sandstone.

Iron mineralization is restricted to the north
side of Mineral Mountain, where it occurs as small
fissure veins and replacements in a roof pendant of
Callville limestone. One outcrop measures 10 by 50
feet and contains nearly vertical stringers of mag-
netite. The veinlets vary in width from less than one
inch to several inches. A 150-foot adit crosscuts this
zone of mineralization and exposes several stringers
and a vein of magnetite two feet wide. Several pros-
pect holes are excavated on the property. Small
traces of copper occur as malachite, the most
abundant copper mineral, and azurite and chrysocolla.
All development work was directed to copper and
gold exploration.

A magnetometer survey across the roof pendant
revealed a small anomaly that suggested a shallow
iron occurrence. From a study of the geology of the
deposit, development work and geophysical data, it is
estimated that the ore potential is less than 1,000
tons. Chemical analyses of Emma mine iron ores are
given in table 1.
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