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THE UTAH GEOLOGICAL AND MINERAL SURVEY is one of eight divisions in the Utah Department of Natural Resources. The
UGMS inventories the geologic resources of Utah (including metallic, nonmetallic, energy, and ground-water sources); identifies the state’s
geologic and topographic hazards (including seismic, landslide, mudflow, lake level fluctuations, rockfalls, adverse soil conditions, high ground
water); maps geology and studies the rock formations and their structural habitat; and provides information to decisionmakers at local, state,
and federal levels.

THE UGMS is organized into five programs. Administration provides support to the programs. The Economic Geology Program
undertakes studies to map mining districts, to monitor the brines of the Great Salt Lake, to identify coal, geothermal, uranium, petroleum and
industrial minerals resources, and to develop computerized resource data bases. The Applied Geology Program responds to requests from local
and state governmental entities for site investigations of critical facilities, documents, responds to and seeks to understand geologic hazards, and
compiles geologic hazards information. The Geologic Mapping Program maps the bedrock and surficial geology of the state at a regional scale
by county and at a more detailed scale by quadrangle.

THE INFORMATION PROGRAM distributes publications, answers inquiries from the public, and manages the UGMS Library. The
UGMS Library is open to the public and contains many reference works on Utah geology and many unpublished documents about Utah geology
by UGMS staff and others. The UGMS has begun several computer data bases with information on mineral and energy resources, geologic
hazards, and bibliographic references. Most files are not available by direct access but can be obtained through the library.

THE UGMS PUBLISHES the results of its investigations in the form of maps, reports, and compilations of data that are accessible to the
public. For future information on UGMS publications, contact the UGMS sales office, 606 Black Hawk Way, Salt Lake City, Utah 84108-1280.






INTRODUCTION
By Alex C. Keith

The support of graduate level geologic investigations within the State of Utah is an
objective of the individual programs within the Utah Geological and Mineral Survey
(UGMS). This support is done on a contract basis and includes money and various
forms of equipment and tools. Both of the authors in this Special Studies publication
were supported by the UGMS through such programs. Mark Bunnell was contracted
through the coal geology program under the supervision of Archie Smith. Theodore
Taylor was contracted through the metals program under the supervision of Hellmut

Doelling.

Support for these students is initially based on a $1,500 grant and the publication of
their final report. Other assistance is offered to the students in the form of advice, field
checking their work, and air photos and base maps. The student has completed his
obligation to the UGMS when a final acceptable product has been delivered and the
work has been field checked by UGMS staff members and other invited scientists.

The theses are then edited by the contract supervisor, other UGMS personnel, and
selected non-UGMS professionals. The outside review of M. Bunnell’s thesis was done
by Prof. V. J. Hucka of the University of Utah Mining Engineering Dept. and Rick
Smith, Engineering Geologist, Utah Division of Oil, Gas, and Mining. The comments

which they provided were valuable in creating the final published report.
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ROOF GEOLOGY AND COAL SEAM CHARACTERISTICS
OF THE NO. 3 MINE, HARDSCRABBLE CANYON,
CARBON COUNTY, UTAH

By Mark D. Bunnell’

ABSTRACT

The No. 3 mine in Hardscrabble Canyon, Carbon
County, Utah is an underground coal mine located in the
Sub-3 seam, the lowest coal bed of the Spring Canyon coal
group in the Upper Cretaceous Blackhawk Formation. To
gain a more complete understanding of the mine, a geologic
analysis was conducted which included underground map-
ping of roof rocks, measurement of stratigraphic sections
throughout the mine, petrographic analysis of the coal and
roof and floor rocks, and projection of roof lithologies into
future mining areas.

Lithology and stratification of beds immediately overly-
ing the No. 3 mine vary greatly due to rapid lateral changes
in three major sedimentary facies in the mine roof including
a fluvial channel facies, an overbank facies, and a swamp
facies. The fluvial channel facies includes fluvial channel-fill
sandstone bodies exposed in the mine roof. The overbank
facies contains thinly bedded sandstone, siltstone, and
mudstone. The swamp facies contains deposits of coal and
carbonaceous mudstone.

Unstable roof conditions in the mine are, in general,
closely related to various depositional facies in the mine
roof and include: 1) roof falls associated with channel-fill
sandstone bodies, 2) falls associated with overbank sand-
stone deposits, 3) falls associated with overbank siltstone
deposits, and 4) “cathedral-type” roof falls which appear to
be unrelated to immediate roof rock type.

The Sub-3 seam is a high-volatile bituminous coal. Lith-
otype bands in the coal seam are laterally continuous, com-
prised primarily of clarain and durain bands. Microlithotype
analyses of polished columns showed percentages of micro-
lithotypes within lithotype bands, and maceral analysis of
the coal indicated a high-volatile B bituminous rank with a
high percentage of vitrinite. Cleating in the Sub-3 seam is
well developed.

Miscellaneous geologic features occur in the No. 3 mine
that affect both mine roof and coal seam characteristics.
These features include clastic dikes or “spars,” rock splits
or partings, coal seam rolls, coal bed methane and oil seeps.

Underground geologic mapping and analysis in coal
mines provide mining companies with an understanding of

roof and coal seam conditions, as well as increasing their
ability to predict geologic conditions in advance of mining.
This understanding can help improve mine safety and pro-
duction.

INTRODUCTION

During mining in the No. 3 mine in Hardscrabble
Canyon, Carbon County, Utah, local unstable roof condi-
tions have been encountered that have slowed mine pro-
duction at times and, more importantly, have presented a
safety hazard to mine personnel. Problems of roof control,
coupled with other mining problems related to the geologic
setting of the n:ine area, created the need for an in-mine
geologic analysis of the mine roof as well as the mined coal
seam.

This study was undertaken in an effort to establish and
understand the geologic factors that affect the mine roof
and to analyze the general characteristics of the coal bed.
An attempt has also been made to project mine roof condi-
tions into proposed future mining areas and to analyze the
coal both megascopically and microscopically. With the pre-
sent increased interest in efficient, safe, and cost-effective
coal development, an understanding of the geologic
parameters that affect coal and coal mining in the area is
vital.

Coal being mined in the No. 3 mine is in the Sub-3 seam,
the lowest coal bed of the Spring Canyon coal group in the
Upper Cretaceous Blackhawk Formation. The Spring
Canyon coal group forms the basal coal zone of the exposed
Blackhawk Formation in the mine area and is underlain by
a thick littoral marine sandstone unit. This massive sand-
stone is part of the basal Spring Canyon Sandstone Tongue
of the Blackhawk Formation.

Regionally, the Sub-3 seam is reported to range in thick-
ness from 20 cm (8 in) in western surface exposures (in
sec. 8, T.13S., R. 9 E) to 2.2 m (7.2 ft) in eastern expo-
sures (in sec. 11, T. 13 S., R. 9 E.). The seam reaches a

'Department of Geology, Brigham Young University, Provo, Utah; currently
with Utah Fuel Company, Skyline Mines, Scofield, Utah.
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Numerous other geologic features also affect mining con-
ditions in the No. 3 mine. These include such things as clas-
tic dikes or “spars,” rock partings or ‘“splits,” coal seam
rolls, coal bed methane, and oil seeps. Because many of
these features are poorly understood, much more regional
study of their occurrences in other coal mines of the Book
Cliffs and Wasatch Plateau needs to be done.

Underground geologic mapping and analysis is important,
not only for understanding roof and coal seam conditions
within underground coal mines, but for prediction of geo-
logic conditions in advance of mining as well. An under-
standing of depositional environments of rocks in the mine
roof and their relationship to roof conditions can be gained
by careful monitoring and mapping as mining advances.
This understanding can be vital to mine safety and produc-
tion, and proper measures can be taken to stabilize various
types of unstable roof. Existing drill hole information can
also be used to project expected roof conditions into pro-
posed mining areas. Detailed in-mine study of coal seam
characteristics can help in the prediction of coal quality as
well as aid in the mining process.
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PETROLOGY AND GEOCHEMISTRY OF THE
0.K. COPPER-MOLYBDENUM DEPOSIT, BEAVER COUNTY, UTAH

By Theodore W. Taylor’

ABSTRACT

The O.K. deposit, located in the Beaver Lake Mountains of
southwestern Utah, is a hydrothermal copper-molybdenum
deposit hosted by a calc-alkalic quartz monzonite intrusion of
Oligocene age. Primary ore minerals, chalcopyrite, molyb-
denite, and minor pyrite are concentrated in a pipe about 100
feet (30 m) in diameter composed of coarsely crystalline
quartz. Minor occurrences of vein, disseminated, and fracture-
filling mineralization are also present. Mining of high-grade
ore pockets within the pipe prior to 1902 produced 1145 tons
of ore averaging 40 percent copper, 7.5 oz/ton silver, and .18
oz/ton gold. Total production from the mine through 1974
was about 650,000 tons of ore containing about 7716 short
tons of copper. No molybdenum grades are available.

Hydrothermal alteration of quartz monzonite around the
mineralized pipe is represented by a series of concentric, nested
alteration zones containing mineral assemblages similar to
those found in porphyry stock work deposits. Silicic, quartz-
sericite (phyllic), argillic, and propylitic alteration zones were
identified, both mineralogically and geochemically.

Mineralization is interpreted to be most closely related to
the low fluorine, plutonic, calc-alkalic type of stockwork
copper-molybdenum deposits with many characteristics of
magmatic-hydrothermal breccia pipes. Possible genetic
models for the deposit are presented and exploration
possibilities discussed.

INTRODUCTION

The O.K. deposit is a small copper- and molybdenum-
bearing body of massive quartz hosted by quartz monzonite. It
is located in the southern Beaver Lake Mountains, approxi-
mately 10 miles (16 km) northwest of Milford, Utah (figure 1),
and is bounded by the San Francisco Mountains to the west,
the Milford Basin to the south, the Rocky Range to the
southeast, and the Beaver River Valley to the east and north.
Access is provided by numerous dirt roads from Utah
Highway 21 near Milford, Utah.

Discovery of the O.K. deposit was made in the 1870s and
mining began in 1900 (Butler, 1913). Production was inter-
mittent between 1900 and 1975. Early production, from 1900
to 1907, exploited a high-grade pod of copper-molybdenum

ore by underground methods. Early production, prior to 1902,
consisted of 1145 tons of ore averaging 40 percent copper, 7.5
oz/ton silver, and .18 oz/ton gold (Butler, 1913). Under-
ground workings totalled approximately 4500 feet (1371 m) in
length and consisted of a shaft, an incline, and three levels at
200, 300, and 400 feet (61, 91, 122 m) (Butler, 1913).
Exploration in the area resumed in the 1950s when the Bear
Creek Mining Company became interested in the area and
conducted a drilling program. In 1968, open-pit mining began
at the O.K. deposit after a merger between the American
Mining Company and the West Toledo Mining Company. Ore
was treated by acid leach and cementation. In 1970, Shield’s
Development Company operated the O.K. Mine and in 1971
Essex International, Inc. took over operations. Essex operated
the mine until it closed in 1973. Steven and Morris (1984)
report that about 7 million Kg of copper and minor gold and
silver were produced from the mine. Approximately 7,000
short tons of copper (635,000 tons of ore) were produced by
open pit mining after 1970.

Early investigations in the area were conducted by B.S.
Butler in the early 1900s (Butler, 1913; Butler, 1914; Butler and
others, 1920). A study of the geology and ore deposits of the
Beaver Lake Mountains was made by Barosh (Barosh, 1960).
Geologic mapping of the Milford 15’ quadrangle, which
includes the O.K. deposit, was completed in 1979 (Lemmon
and Morris, 1979) and the adjacent Beaver quadrangle was
donein 1984 (Lemmon and Morris, 1984). A mineral resource
potential study of the Richfield 1° x 2° quadrangle (Steven and
Morris, 1984) was completed which provides a regional
volcano-tectonic framework from which the O.K. deposit may

be viewed.
The present study was undertaken to gain an understanding

of the processes of mineralization and alteration which
produced the O.K. deposit. Field work consisted of limited
mine mapping and sample collection. A total of 47 samples
from a .3 acre (1200 m?) were collected, encompassing both the
O.K. and adjacent Beaver-Harrison deposits. Plate 1 shows
sample locations in and adjacent to the O.K. pit. Drill cuttings

'Deparment of Geological Sciences, Lehigh University, Bethlehem, Pennsylva-
nia; currently with E.C. Jordan Co., Portland, Maine.









































