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BEDROCK, SURFICIAL, AND ECONOMIC GEOLOGY OF THE SUNNYSIDE
COAL-MINING DISTRICT, CARBON AND EMERY COUNTIES, UTAH

By FRANK W. OsTERWALD, JoHN O. MABERRY, and C. RicHARD DuNrRUD

ABSTRACT

The Sunnyside mining district is in the western Book Cliffs of
Utah, at the north end of the Colorado Plateau. The region has been
inhabited by humans since pre-Basket-Maker time. Bituminous
coal, which forms the economic base for much of east-central Utah,
has been mined extensively from the district since about 1900. Most
of the coal is used to make metallurgical coke for the steel industry

in the Western United States. Mining is difficult in much of the dis-

trict, but the importance of the coal to the steel industry provides
the stimulus for mining it. Among the difficulties that hamper
mining in the district, the most important is coal-mine bumps (rock-
bursts in the coal), which are continuing hazards to life and property
in the mines.

A sedimentary sequence more than 10,000 feet (3,050 meters)
thick, ranging in age from Jurassic to Eocene, crops out in the
district and dips gently northeastward into the Uinta Basin. Rocks
ranging in age from Precambrian to Early Jurassic in the district
are known only from drill records. The exposed sedimentary rocks
represent deposition in both continental and marine environments,
under a wide variety of local conditions. The Blackhawk Formation,
the major coal-bearing unit, was deposited in a dominantly deltaic
environment during the retreat of the Late Cretaceous sea. Most
Tertiary rocks were formed in continental depositional environ-
ments. A large freshwater lake occupied much of the area during
Tertiary time. Sedimentation largely ceased by the end of late
Eocene time.

A complex sequence of nonindurated sedimentary materials of
Quaternary age yielded much information on the geomorphic and
structural history of the district. These materials range from
stream alluvium of probable early Pleistocene age high in the Book
and Roan Cliffs to man-induced talus that formed after 1959. The
lower Pleistocene alluvial deposits probably were deposited in old
strike valleys by strong southward-flowing streams of an earlier
drainage pattern. Range Creek, Little Park Wash, and parts of
Whitmore and Horse Canyons probably are remnants of this earlier
pattern. Scattered boulder deposits near the top of West Ridge may
be remnants of pre-Wisconsin glacial deposits. Three levels of pedi-
ments were cut along the base of the Book Cliffs during pre-Wis-
consin time, following a great amount of erosion when the lower
Pleistocene alluvium and glacial materials were deposited. Surficial
deposits of early Wisconsin(?) age are widespread at high elevations
in the district. The most widespread is a unit composed of slope
mantle, colluvium, and landslide debris. Some Pleistocene land-
slides in this unit were reactivated by modern construction activ-
ities. Materials of late Wisconsin(?) age consist mostly of various
types of stream alluvium related to major modern drainage courses.
Some of these alluvial materials are valuable sources of ground
water and forage for livestock, although much alluvium in the
southern part of the district, derived mostly from Mancos Shale, is
mostly dry and nearly barren of vegetation. Surficial deposits of

Holocene age consist mostly of small talus cones along tributary
drainages, small alluvial fans, and alluvium along modern streams.
A few large masses of talus north of Dragerton formed after 1959 as
a result of tremors and ground motion related to mining. These
Quaternary materials indicate that many of the structural features
observed underground in the coal mines may have resulted from dif-
ferential stresses set up by erosion during and after the cutting of
pre-Wisconsin pediments. These stresses have a direct relationship
to occurrence of coal-mine bumps. Three large mine-waste dumps
constitute another Holocene surficial unit.

The geologic structure of the district is simple. The beds dip
northeastward less than 20°, except in some fault zones. Steeply
dipping joints occur in three major sets, one trending west-
northwest, one trending north to north-northwest, and one trending
east-northeast. The most consistent orientation of faults is nearly
parallel to these joint directions. Stratigraphic separation on all
faults exposed at the surface in the mining area is less than 200 ft
(60 m); horizontal separation on a fault west of the mining area is
about one-half mile (0.8 km). A pronounced belt of west-northwest-
trending faults in the central part of the district probably is the
crest of a collapsed anticline. Most folds in the district are broad
and gentle. Locally, steepened dips of the coal beds near the Book
Cliffs suggest folding as a result of elastic rebound of Mancos Shale
during erosional unloading. Minor structural features in the coal,
such as cleavages and fracture zones, which are known to be impor-
tant factors controlling coal-mine deformation, probably were
formed by the same stress system that caused the joints.

Coal is the only commodity now mined in the district, but gyp-
sum, methane, and asphalt-impregnated sandstone are present in
potentially economic quantities. Water is a valuable commodity in
the district, because it is so scarce. A few shows of oil have been
found in wells in the district and uranium prospecting formerly was
widespread, but no commercial production of either commodity is
known. Minor occurrences of metallic sulfide minerals were found
along a few faults.

INTRODUCTION

The Sunnyside coal-mining district, as defined here,
is in east-central Utah and is a part of the Book Cliffs
Coal Field which extends from Castle Gate, Utah, east-
ward for about 150 miles (240 km) to Palisade, Colo.
{fig. 1). The Book Cliffs Coal Field is geologically coex-
tensive with the Wasatch Plateau Coal Field, which
extends southward from Castle Gate for about 75
miles (120 km); these fields are separated mainly for
convenience (Spieker, 1925, p. 17). Fisher (1936, p. 3)
referred to all of the Book Cliffs Coal Field west of the

1
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FIGURE 1.—Index map of eastern Utah and western Colorado.

Green River (fig. 1) as the ‘“Sunnyside district,” a
usage at variance with ours. The coal-mining area near
Castle Gate, 25 miles (40 km) west of Sunnyside, is
separate geologically, geographically, economically,
and technologically from that near Sunnyside and is
not considered to be within the district. The Sunnyside
district, from which high-volatile bituminous coking
coal is mined from the Blackhawk Formation of Cre-
taceous age, includes the Sunnyside mines of Kaiser
Steel Corp., the Geneva (formerly Horse Canyon) and
Columbia Mines of United States Steel Corp., and the
Book Cliffs Mine of the Book Cliffs Coal Co., and is
within the Sunnyside and Woodside 15-minute topo-
graphic Quadrangles (fig. 1).

Nearly all the coal currently mined (1972) in the
Sunnyside district is shipped to steel plants at Provo,
Utah, and Fontana, Calif.; these plants depend upon

the mines as major sources of metallurgical coke.
Mining difficulties in the district have increased stead-
ily because of the ever-increasing depths to which
mining is pursued so that large tonnages of coal can be
produced rapidly. The value of the remaining coal adds
economic incentive to mine coal in the district, in spite
of many physical difficulties.

Among the difficulties which have plagued mining in
the Sunnyside district are coal-mine bumps. Bumps—
which are spontaneous and commonly violent releases
of energy stored in coal or rock in mine ribs, floors,
roofs, and faces, resulting in sudden ejections of coal
and rock—have been a continuing problem in the dis-
trict since the mines were first opened in 1899. Bumps
are frequent in the mines of the district, and even small
ones may slightly damage equipment or injure per-
sonnel. Deaths have occurred when single football-size



INTRODUCTION 3

pieces of coal were suddenly ejected from highly
stressed ribs. Large bumps have caused large areas of
some mines elsewhere in central Utah to be closed and
sealed (John Peperakis, Kaiser Steel Corp., oral
commun., 1965).

Our investigations were concerned primarily with
bumps and began in 1958 at the request of and in coop-
eration with the U.S. Bureau of Mines. Members of the
Bureau staff had studied engineering problems related
to coal'mine bumps for many years, but wanted
supplemental information concerning geologic factors
that might influence the occurrence of bumps. Because
of its economic importance, history of frequent bumps,
and accessible surface geology, we selected the Sunny-
side No. 1 Mine for our initial study. The study later
was expanded to include most mines in the Sunnyside
district. Active cooperation with the Bureau of Mines
continued until 1961; after 1961 the work was carried
on by the Geological Survey, with continuing informal
cooperation with the Bureau in the field.

This report. presents the results of our surface geo-
logic investigations in the district from 1958 through
1969 and serves as an_ introduction to a series of
reports on various specialized facets of our studies.
Much additional research will be needed before the
mechanics of coal-mine bumps can be fully understood
and before all the geologic, engineering, and topo-
graphic factors that influence them can be evaluated
fully. The application and extension of our research to
the study of mine failures in other areas as described in
this series of reports may lead eventually to general
principles which can be used to make mining safer and
more economical than at present. Application of geo-
logic studies to design of mines will effectively increase
the minable reserves of many commodities. The geo-
logic features discussed in this report provide the basic
information for our engineering-geologic studies of
bumps that will be presented in future reports.

FIELDWORK AND ACKNOWLEDGMENTS

Underground and surface geologic mapping of the
Sunnyside No. 1 Mine area was begun by Osterwald
and R. E. Eggleton in 1958. Few, if any, guidelines
were available for this work, so mapping scales were
made large enough to depict any possible but obscure
relations between geologic features and failure of coal
and rock in underground workings. Underground map-
ping of selected areas in which details of coal failure
could be closely studied was at the scale of 1 in. to 40 ft
(1:480). After pertinent features were delineated by
this detailed mapping, large areas of the mine were
mapped, using standardized mining engineering maps
as bases, at the scale of 1 in. to 200 ft (1:2,400). Surface

mapping in the field was done on enlarged aerial photo-
graphs, delineating all beds more than 10 ft (3 m) thick.
Information plotted on the photographs in the field
later was transferred in the office by photogrammetric
methods to specially prepared topographic base maps
having a scale of 1 in. to 500 ft (1:6,000), and a 20-ft (6-
m) contour interval (Osterwald, 1961, 1962a; Oster-
wald and others, 1969; Dunrud and Barnes, 1972). The
bases were prepared by extending horizontal and ver-
tical control from mining company surveys, so that
maps of underground workings could be fitted accu-
rately to the surface geologic maps.

The surface and underground mapping of the Sunny-
side No. 1 Mine area was completed in 1959 by Oster-
wald and Harold Brodsky. Brodsky (1960) also inde-
pendently studied the stratigraphy of the Mesaverde
Group and the coal beds at Sunnyside. During the
1960 field season a simple mechanical three-component
seismograph was operated in the office building of
Kaiser Steel Corp. to determine whether earth tremors,
which are commonly felt in the region, could be re-
corded and related to known bumps. Brodsky con-
tinued his stratigraphic work in 1960, and both men
collected additional surface geological information for
the Sunnyside No. 1 Mine-area map (Osterwald, 1961,
1962a). Vertical and horizontal control also was ex-
tended from mining company surveys in preparation
for mapping parts of the Sunnyside No. 2 and
Columbia Mines.

Osterwald and Dunrud began mapping surface and
underground geology of the Sunnyside No. 2 and
Columbia Mines, at a scale of 1 in. to 200 ft (1:2,400), in
1961. The surface geology was mapped on enlarged
aerial photographs and transferred to a special topo-
graphic base having a scale of 1 in. to 500 ft (1:6,000)
and a 20-ft (6-m) contour interval. This work was
largely completed in June 1962, when construction of a
fixed seismic-monitoring network encompassing the
entire district was begun. James O. Duguid, Jr.,
Barton K. Barnes, and Jerome Hernandez helped with
construction of the network and installation of the
instruments. Dunrud and Duguid measured strati-
graphic sections near the Geneva Mine in preparation
for geologic mapping in that area. Maberry con-
structed structure-contour and overburden-thickness
maps for the area of the Sunnyside No. 2 and Columbia
Mines, and participated in the final surface and under-
ground work, which began in the fall of 1963 (Oster-
wald and others, 1969).

Modification and debugging of the seismic system
and interpreting records occupied most of our time
during 1963, although Dunrud and Barnes began to
map surface geology at the Geneva Mine. Mapping at



4 SUNNYSIDE COAL-MINING DISTRICT, UTAH

the Geneva Mine was done at the same scales as at the
Sunnyside No. 1 mine but with emphasis on different
details because of the different geology and mining
practices. A topographic base map also was specially
prepared (Dunrud and Barnes, 1972). Mapping at the
Geneva Mine was essentially completed in 1966,
although subsidence cracks and fault movements were
measured at irregular intervals after that time.

The seismic recording system was completely rede-
signed and modified by Electronics Engineer John B.
Bennetti, Jr., in 1963. Bennetti also designed and built
special transistorized preamplifiers for the system in
1964, and in 1965 he installed a 14-channel FM mag-
netic-tape-recording system, using specially modified
equipment. The seismic system operated almost con-
tinuously from 1963 to 1977, largely through the ef-
forts of Jerome Hernandez, and was a valuable tool in
avoiding casualties from bumps, as well as a valuable
research tool. Dunrud, Barnes, and Hernandez inter-
preted most of the seismic records (Barnes and others,
1969; Dunrud and others, 1970, 1973).

A continuously recording tiltmeter was installed at
the seismic recording station near Sunnyside in 1962.
Bennetti modified and redesigned both the transducer
and recorder sections of the tiltmeter several times. A
microbarograph and two recording thermographs were
operated continuously until 1977 at the recording sta-
tion to determine whether ground tilt or changes of
seismic activity patterns are related to changes of air
pressure or temperature (Osterwald and Dunrud, 1966,
p. 104-107).

Maberry began an independent study of sedi-
mentary structures, stratigraphy, and trace fossils in
the Blackhawk Formation in 1966, to determine
whether such features could be used to predict mining
conditions before actual mining. His results are con-
tained in a separate report (Maberry, 1971).

Osterwald began mapping the geology of the Wood-
side 15-minute Quadrangle in 1962 so that regional
structural and stratigraphic changes could be related
to deformational patterns in the coal mines. This work
was recessed in 1963 and 1964 because of the large
amount of time required to operate the instrumenta-
tion systems, but was resumed in 1965 and completed
in 1968. Maberry, aided in 1968 by J. L. Stevenson,
mapped the eastern part of the quadrangle, where
much unmined coal exists, in an attempt to predict
mining conditions on the basis of work at Sunnyside.

Responsibility for the material in this report is di-
vided among us. Osterwald assembled much of the
material gathered from various facets of the fieldwork
and wrote most of the sections on Quaternary geology,
structure, and economic geology. Maberry wrote the
material pertaining to pre-Pleistocene stratigraphy

and to characteristics of the coal, utilizing his own
measured sections as well as those by R. E. Eggleton,
Harold Brodsky, Dunrud, and Osterwald, and V. H.
Johnson (written commun., 1962). Dunrud supplied
much information on stratigraphy and structure of the
Horse Canyon area, and contributed importantly both
to the investigations of structural features in the coal
and its associated rocks, and to the interpretation of
many features.

The work upon which this report is based could not
have been done without the help and interest of many
persons. We are particularly indebted to David J.
Varnes of the Geological Survey, who originally out-
lined possible geologic problems that could be investi-
gated and who planned the original work at the Sunny-
side No. 1 Mine. His continuing interest and guidance
in later phases of the work were invaluable.

Many employees of the mining companies con-
tributed greatly to the investigation through discus-
sion of problems and by providing logistical and moral
support. John Peperakis of Kaiser Steel Corp. and
R. M. von Storch of United States Steel Corp. gave
ready access to the properties under their control and
were always ready to discuss problems or new develop-
ments. Members of the engineering staffs of their com-
panies, particularly R. J. Bowen, J. T. Taylor, Lynn F.
Huntsman, and J. B. McKean, were very helpful in
contributing their knowledge of the area to our study.

'We greatly appreciate the many courtesies and the
assistance given by many miners and local residents.
We are particularly grateful to the Ray Wilcox, Waldo
Wilcox, and Don Wilcox families, who gave us free
access to their lands along Range Creek. Elwin Ras-
mussen of Dragerton, Utah, devoted much time,
energy, and skill to keep our field vehicles and other
mechanical equipment in good operating condition.

PHYSIOGRAPHY AND GENERAL GEOLOGY

The Sunnyside district is along the southern
margin of the Uinta Basin (Fenneman, 1931, p. 304),
which is formed by the Book Cliffs (figs. 1, 2), an im-
posing southwestward- and westward-facing escarp-
ment of alternating siltstones and sandstones of Late
Cretaceous and Tertiary age. These rocks make up a
series of light-brown cliffs which are separated by
narrow slopes of nonresistant siltstones and mud-
stones. Above the Book Cliffs, a series of reddish cliffs
and slopes made up mostly of sandstones, siltstones,
and mudstones of early Tertiary age constitutes the
Roan Cliffs. The Roan Cliffs are capped by an irregular
surface which is called the Tavaputs Plateau. The
Tavaputs Plateau, cut into extremely rough topog-
raphy by many canyons, slopes gently northward and
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Quaternary materials were of considerable interest to
our investigations, because their depositional history
provides clues to the diastrophic and erosional his-
tories of the region, which bear importantly on the
stress history of the coal and on the distribution of
strain energy stored in the coal. Some sedimentary
units of Quaternary age are correlated tentatively with
similar units recognized by Richmond (1962) in the La
Sal Mountains, Utah, about 130 miles (210 km) south-
east of Sunnyside. These correlations are tenuous at
best, because they are based largely on inferences
drawn from the topographic positions of the units and
from their relationships to the regional geomorphic de-
velopment. Other units, on even less definitive evi-
dence, are correlated with units elsewhere in the Colo-
rado Plateau, as summarized by C. B. Hunt (1956, p.
217, 38).

PLEISTOCENE SERIES

SEDIMENTS OF EARLY PLEISTOCENE AGE

Stream-worn gravels and boulders indicative of
former stream terraces are widely scattered on inter-
fluvial divides along the face of the Book Cliffs and
along valley slopes above Whitmore Canyon (Qal on
pl. 2). These terrace remnants are found at several
levels, but some that tentatively can be correlated indi-
cate a gradual depositional gradient to the south.
Cobbles and boulders in all remnants that we
examined were derived from the Bluecastle Sandstone
Member of the Price River Formation, sandstones of
the North Horn Formation, the Flagstaff Limestone,
and sandstones of the Colton Formation. Still higher
and older remnants along the top and flanks of Patmos
Mountain (pl. 1) overlie the Green River Formation
and slope about 2° south; all fragments in these rem-
nants were derived from the Green River Formation.
In general, the rock types in each remnant are similar
to the rocks near the stratigraphic level at which the
remnant occurs; this similarity suggests that the
former streams by which the rocks were deposited
flowed southward in a series of strike valleys, as do the
streams presently flowing in Range Creek, Little Park
Wash, and in parts of Whitmore and Horse Canyons
(pl. 1). Range Creek and Little Park Wash probably are
survivors of the drainage pattern in which the gravels
were deposited. Streams flowing westward down the
face of the ancestral Book Cliffs, as the cliffs retreated
to their present position, probably captured some of
the older and higher streams (Osterwald and others,
1971, p. 13). The age of these remnants is unknown,
but they clearly are older than the Book Cliffs. The old

streams probably existed during early Pleistocene
time, but they possibly could have been of Pliocene
age.

Several feet of stream alluvium covers the top of
West Ridge (pl. 1; Qt on pl. 2). Much of this alluvium
is dark brown and deeply weathered and consists of
silt, clay, and some sand. A few lenses of flat to oblate,
rounded sandstone gravels and cobbles, as well as a
few sandstone boulders, are interbedded with the fine-
grained material. The alluvium fills low places in a
gently rolling topography on top of the ridge. Small
hills underlain by sandstones of the Colton Formation
project upward through the alluvium in some places.
Siltstones of the Colton beneath the alluvium are
deeply weathered whereas sandstones are not, al-
though they are less tightly cemented than the silt-
stones. In some places the alluvium is slightly plastic
but is nonswelling. On the south part of West Ridge
the alluvium fills a broad but shallow valley that may
be an ancient stream course (pl. 2).

SEDIMENTS OF PRE-WISCONSIN(?) AGE

BOULDER DEPOSITS

In the Sunnyside district two separate areas of scat-
tered, deeply weathered boulders (Qm on pl. 2) are the
only units of Quaternary age that may be of glacial ori-
gin. These two areas, each several hundred feet long
and a few hundred feet wide, are near the crest of West
Ridge at altitudes of 8,640 to 8,800 ft (2,633-2,682 m).
They are about 800 ft (245 m) above the floor of an
ancient valley in which Whitmore Canyon is en-
trenched (p. 41; pl. 2), or about 1,750 ft (530 m) above
the present floor of Whitmore Canyon. The boulders
are rounded to subangular and range in size from 1 or
2 m to the dimensions of small houses. No matrix sur-
rounds the boulders, presumably because it has long
since been eroded. Bedding planes in the boulders
trend at widely diverging attitudes, and only in a few
is bedding parallel to the strike and dip of the under-
lying Colton Formation. The boulders were deposited
on stream alluvium of probable early Pleistocene or
Pliocene age. Although the boulders are similar litho-
logically to sandstones of the Colton Formation at
lower elevations in West Ridge, no logical source for
such boulders is present on West Ridge; therefore,
they probably were transported to their present posi-
tion by ice from one or more modified cirquelike de-
pressions in the west side of Bruin Point at an eleva-
tion of about 10,000 ft (3,050 m) 4 miles (6.5 km) to the
northeast, or from Mount Bartles (fig. 1) at a slightly
lower elevation 7 miles (11 km) to the north. Whatever
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the source, the glacier could not have flowed on any
presently existing topography because all the possible
sources are separated from West Ridge by large
canyons.

The exact age and correlation of the boulder masses
cannot be determined directly. Because of their topo-
graphic distribution and general characteristics, the
boulder masses may be correlative with some of the
pre-Wisconsin glacial deposits in other parts of the
Colorado Plateau, as summarized by C. B. Hunt (1956,
p- 35-36). The boulder masses, which clearly antedate
Whitmore Canyon, also may be correlative with Rich-
mond’s (1962, p. 25-35) lower member of the Harpole
Mesa Formation in the La Sal Mountains, Utah, which
occupies a similar topographic and physiographic posi-
tion. Richmond correlated the Harpole Mesa Forma-
tion with the Nebraskan, Kansan, and Illinoian Glacia-
tions of the midcontinent region.

ALLUVIUM OF BULL FLAT

A large area of alluvium (Qa2) underlies Bull Flat, a
large and gently sloping bench 1,000 ft (300 m) below
the top of West Ridge and 800 ft (245 m) above the
floor of Whitmore Canyon (fig. 31, pl. 2). Smaller
berms along the inner gorge of Whitmore Canyon but
below the elevation of Bull Flat also are covered with
alluvial materials. At the point where the unimproved
road to West Ridge crosses the eastern edge of Bull
Flat (pl. 2), the alluvium consists of about 1 ft (0.3 m)
of dark-brown soil, rich in organic material, which is
covered by as much as 20 ft (6 m) of reddish-brown
silty alluvium containing some sand and many
rounded cobbles, gravels, and boulders mostly derived
from sandstones of the Colton Formation. Some of the
boulders are as much as 15 ft (4.5 m) in diameter. The
central part of Bull Flat is a broad shallow depression
that apparently is an old southward-trending stream
course partly reexcavated, and so the modern drainage
is northward and into Whitmore Canyon (pl. 2). Some
of the landforms along this depression apparently are
meander scars (Harold Brodsky, U-S. Geological Sur-
vey, oral commun., 1959). Some of the alluvial deposits
may be of the same age as those along the face of the
Book Cliffs (pl. 2), but they are clearly younger than
the alluvium at the top of West Ridge. The alluvium
seemingly is overlapped at its west edge by light-
reddish-brown slope mantle and colluvium of probable
early Wisconsin(?) age which contains flat subangular
plates of sandstone as large as small boulders. (See
“Upland slope mantle.”’) The alluvium of Bull Flat
probably is of pre-Wisconsin age.

PEDIMENT GRAVELS

Three series of pediment gravels formed at the base
of the Book Cliffs between pre-Wisconsin(?), and Holo-
cene(?) time in the Sunnyside district. Gravels, which
contain pebble- to boulder-size fragments in a clay- to
sand-size matrix and become coarser near the cliffs,
cap the various pediment surfaces. The three series
represent different ages and generally can be distin-
guished by their topographic position, degree of ero-
sion, cementation, lithologic characteristics, and de-
gree of weathering of included fragments. These three
series of gravels in the district may be equivalent to
the three or more units mapped by Fisher (1936, p. 6,
pl. 9) at the base of the Book Cliffs in eastern Utah and
western Colorado.

Oldest pediment gravel —Remnants of the oldest
pediment gravel (Qpo on pl. 1) are distributed along
the base of the Book Cliffs throughout the district at
elevations between 6,000 and 7,000 ft (1,830 and 2,135
m). These gently sloping, nearly planar remnants,
which cap pediments cut in Mancos Shale, are large
and abundant in the northern part of the district,
where they are one of the most striking features of the
landscape. They stand as isolated buttes and mesas as
much as 300 ft (91 m) above surrounding lowlands, or
as extensive high-level sloping plains as much as 6
miles (10 km) long and 3 miles (5 km) wide. Upper sur-
faces of the remnants appear to have a uniform dip
away from the Book Cliffs, but the dip actually de-
creases gradually away from the mountains and there-
fore longitudinal sections of the surfaces approximate
logarithmic curves. The dip, however, is not always di-
rectly away from the present face of the Book Cliffs;
some remnants near the canyon of Bear Creek, about 5
miles (8 km) northwest of Dragerton, dip nearly south
at a place where the front of the Book Cliffs trends
northwest. The upper surface of a large remnant 4.5
miles (7 km) southwest of Dragerton (pl. 1) dips gently
eastward toward the Book Cliffs, although a nearby
surface from which the remnant was separated by ero-
sion dips westward. These divergent surfaces are not
related to mouths of major canyons, where streams de-
bouched laterally at different times, indicating pri-
mary divergence of surfaces, as is commonly found in
southern Utah (Fred Peterson, written commun.,
1973).

The oldest pediment gravel (pl. 1) consists of sub-
rounded to subangular rock fragments set in a matrix
of pale-reddish-brown sand and silt. The material is
crudely bedded (fig. 21), firmly cemented with calcium
carbonate, and is more resistant to erosion than the
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shatter zones, which probably are important in the oc-
currence of bumps in underground coal mines (Oster-
wald and Brodsky, 1960) at a few localities. In general,
where we could map cleavages at the outcrop, they
were nearly parallel to northwest- and east-northeast-
trending joints in nearby sandstone ledges, indicating
that the cleavages were formed by the same stress sys-
tem that caused jointing. The shatter zones also are
nearly parallel to these same joint sets.

ANALYSIS OF THE COAL

Generally, the Sunnyside coal is high in volatiles and
fixed carbon, low in sulfur and other impurities, and
has a good heating value (tables 1, 2). Coke from the
Sunnyside coal is high in fixed carbon, has low ash and
very low sulfur contents, and has a relatively high
heating value (table 3). Coke made from the Sunnyside
coal yields about two-thirds its weight in furnace-size
coke pieces, and these contain many lateral and trans-
verse fractures (Averitt, 1966, p. G24). When the coal
is blended with higher rank coals and coked at a fast
rate of heating, the fusion of the coke is improved and
the yield is metallurgical-grade coke (Gray and
Schapiro, 1966, p. 71).

RESERVE ESTIMATES

Clark (1928, p. 100-103) estimated that the Sunny-
side coal bed contained 1,811 million short tons
(1.643X10*2 kg) of coal in the Sunnyside Quadrangle.
His estimate was based on the assumption that a coal
bed extends laterally under overburden for approxi-
mately the same distance that it extends along the out-
crop, that it will have an average thickness the same as
at the outcrop, and that it thins at the same rate under
overburden as it thins along the outcrop. V. H. John-
son (written commun., 1951) estimated reserves of the
Sunnyside bed in the Woodside Quadrangle to be

TABLE 1.—Ultimate and proximate analyses of nine samples

of Sunnyside coal
[Modified from Clark, 1928, p. 83-86]

Condition of coal

Run-of-mine Dry

(percent) (percent)
Moisture. ... .................. 4.1-9.0 2.4-5.1
Volatiles...................... 31.8-39.9 33.2-40.8
Fixedcarbon .................. 47.7-52.7 48.7-54.3
Ash... ... . ... .o, 4.7-8.2 4.9-8.5
Sulfur........................ .46-1.73 47-1.79
Hydrogen..................... 5.0-5.7 4.7-5.6
Carbon....................... 62.2-71.9 64.9-73.8
Nitrogen...................... 1.25-1.6 1.3-1.6
Oxygen........ccoovvvvevnnn.. 11.8-22.9 10.8-20.1
BTU.............c. o it 10,860-13,030 11,330-13,420

TABLE 2.—Proximate analyses (in percent) of ranges of five
samples of Sunnyside coal from the Sunnyside No. 1 Mine,
and average of two samples of Sunnyside coal from the Colum-
bia Mine

[R. F. Abernethy, U.S. Bureau of Mines, analyst (1958). Leaders (---), not applicable]

Volatile Fixed

Moisture matter carbon Ash
Sunnyside No. 1 Mine
Asreceived . ......... 1.8-2.2 36.4-40.1 55.7-58.4 2.1-4.9
Moisturefree ........ 37.4-40.9 56.8-59.7 2.3-5.0
Moisture and ash
free............... 38.4-41.8 58.2-61.6
Columbia Mine
Asreceived . ......... 2.25 40.5 59.2 7.6
Moisture free ........ 41.7 50.6 7.9
Moisture and ash
T€C. .o eeennnnnn. 45.3 54.7

about 410 million short tons (3.7X10" kg) in beds more
than 14 in. (36 cm) thick under less than 3,000 ft
(900 m) of overburden. Johnson’s estimate was based
on zones of relative confidence of thickness and extent
of coal beds. Of his 410-million-ton (3.7X10'-kg) fig-
ure, Johnson estimated 391 million tons (3.55X10" kg)
in the category of measured reserves (80-percent confi-
dence), 15 million tons (1.4X10' kg) in indicated re-
serves (about 50-percent confidence), and 5 million tons
(4.5X10° kg) of inferred reserves (about 25-percent con-
fidence). Kaiser Steel Corp. in 1965-66 drilled explora-
tory holes in the Sunnyside Quadrangle on land that
was completely unexplored for coal in Clark’s time,
and cores recovered by that drilling program show that
Clark’s concepts were approximately correct.

Although a comprehensive drilling program would
be necessary to prove coal reserves in the southern
part of the district, Johnson’s estimate seems to be
realistic because of the continuity and regular thick-
ness variations of the coal bed. The main seam of the
Sunnyside coal bed, for example, is about 15 ft (4.5 m)
thick in the southernmost part of the Geneva Mine
(sec.24,T.16 S, R. 14 E.) and is about 17 ft (5 m) thick
directly updip at the outcrop, more than a mile (1.6 km)
away.

TABLE 3.—Averages of 20 proximate analyses of coke samples

made from Sunnyside coal, Sunnyside and Columbia Mines
[From Reynolds and others, 1946, p. 45]

Number

of samples Data
True specificgravity . ... ................ 6 1.90
BTU ... e 20 12,946
Volatiles. ................ ... iiin... 20 '1.84
Fixedcarbon .......................... 20 88.33
Ash. ... . 20 19.83
Sulfur........ ... ... 20 182

‘In percent.
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GYPSUM

A nearly horizontal bed of apparently pure gypsum
crops out over large areas in the southwestern part of
the district and in adjacent areas to the south and east.
The gypsum, which is at least 10 ft (3 m) thick, is near
the base of the upper part of the Carmel Formation.
The gypsum bed is irregular, having large pinches and
swells, probably as a result of differential hydration of
anhydrite. The gypsum, cropping out in an area of
gently rolling topography dissected by numerous
small gulleys, weathers to a distinctive reticulate pat-
tern in the soil as a result of minor differential leach-
ing. Local ponding of surface-water runoff in small
basins produces locally derived gypsum-rich silty and
clayey soils (gypsite), which weather to similarly pat-
terned surfaces.

Several small prospect pits were opened in the gyp-
sum in SEY, T. 18 S., R. 13 E. (unsurveyed), about 2
miles (3 km) south of the southwest corner of plate 1.
Although a few tons apparently were removed, prob-
ably for testing, no gypsum was commercially pro-
duced. The deposit is about 15 miles (24 km) from the
nearest railroad by a rough unimproved road.

Gypsum also occurs at the top of the Summerville
Formation and locally is as much as 50 ft (15 m) thick
(V. H. Johnson, written commun., 1951). Our field in-
vestigations showed that this gypsum is more silty
than that in the Carmel, and it crops out mostly along
steep canyon walls. Other thin beds, lenses, and veins
of impure gypsum are common throughout the Sum-
merville (fig. 7). No prospect pits or other exploration
works for gypsum in the Summerville are known in the
district.

WATER

Potable water, from surface and underground
sources, is a scarce and valuable commodity in the
Sunnyside district. The only permanent streams in the
district containing water suitable for human consump-
tion are Range Creek and Grassy Trail Creek. Domes-
tic and boiler water for the town of Sunnyside and for
electric power in the mines formerly was obtained from
Range Creek by an elaborate pumping and pipeline
system that raised the water about 1,400 ft (430 m) to
the crest of Patmos Mountain, then dropped it about
2,600 ft (800 m) to Sunnyside (Clark, 1922, p. 212).
This system was replaced in 1952 by a dam and reser-
voir in the upper part of Whitmore Canyon on Grassy
Trail Creek, although the Range Creek pumps and di-
version ponds were left in place and ruins of the pipe
over the mountain remain as a standby system. Water
from Price River is unfit for human consumption but is
used as stock water and for irrigation water at Silvagni
Ranch. During 1977 some water pumped from the

Sunnyside No. 3 Mine was used to supplement domes-
tic supplies. The only other sources of potable water in
the district are small springs near the base of sand-
stones in the Colton and Green River Formations and
in limestone beds in the North Horn and Flagstaff For-
mations. Several large springs issue from the bases of
alluvial fans near Horse Canyon and Whitmore
Canyon. A few wells in surficial material contain
potable water, mostly near Grassy Trail Creek.

The alluvial-fan sand, silt, and gravel at the mouth of
Whitmore Canyon is one of the most valuable sources
of water in the region. Springs issue from the base of
the alluvial fan or from the base of the pediment gravel
beneath it at several places along the southern and
western margins of the fan. Whitmore Spring (in-
formally named), the source of Icelander Creek, half a
mile (0.8 km) south of Dragerton, formerly was used as
a source of industrial water. Other springs along the
perimeter of the fan, such as Big Spring (informally
named), about 4.3 miles (7 km) southwest of Dragerton
(pl. 1), as well as shallow wells within the fan, are im-
portant sources of domestic, irrigation, and livestock
water for various ranches. Water from Big Spring for-
merly was piped about 10 miles (16 km) to Cedar for
use in railroad-locomotive boilers. The springs prob-
ably are supplied by flow within the fan, which is re-
charged from Grassy Trail Creek and from under-
ground flow within the alluvial sand and silt of Whit-
more Canyon,

Coon Spring, at the southwestern edge of the alluvial
fan at the mouth of Horse Canyon, about 1 mile
(1.6 km) southeast of Cedar (pl. 1), is a valuable source
of stock water. A few other small springs derived from
underground flow within the Horse Canyon fan are
also usable as sources of stock water. Water from all
other springs within the lowland area west of the Book
Cliffs contains large amounts of gypsum and alkali
salts (V. H. Johnson, written commun., 1951).

Water pollution is a serious problem in much of the
Sunnyside district. Streams and springs in the Colton
and Green River Formations generally are pure, except
where locally polluted by livestock, and also are free
from high concentrations of dissolved salts. Streams
crossing the Mesaverde Group and older rocks, how-
ever, rapidly acquire high concentrations of sulfates
and alkali salts. Industrial operations also contribute
large amounts of pollutants to Grassy Trail Creek, Ice-
lander Creek, and to the intermittent stream in Horse
Canyon. Although much wash water from the coal
preparation plant at Sunnyside is recycled, as is much
mine water pumped from the Sunnyside No. 3 Mine,
large amounts go to the Sunnyside Mine dump (pl. 1),
where additional organic and chemical pollutants are
acquired that eventually flow into Icelander Creek.
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Other water from the Sunnyside mines that contains
much dissolved iron, as well as salts, is used for irriga-
tion in the town of Sunnyside.

Ground water in the alluvial fan at the mouth of
Whitmore Canyon, which is a valuable source of
domestic, livestock, and irrigation water, probably is
prone to industrial, commercial, and domestic pollu-
tion. Most of the town of Sunnyside, as well as Drager-
ton and various outlying business establishments, is
on the fan. Surface water bearing waste from these
localities percolates easily into the alluvial fan and into
the alluvium along Grassy Trail Creek which is en-
trenched into it. The Sunnyside sewage-treatment
plant also is on the fan; effluent from the plant is used
to irrigate a golf course on the fan. Water percolating
downward into the basal part of the fan from these
varied operations probably mingles with the natural
underground flow and eventually could contaminate
springs along the fan margin.

PETROLEUM-SERIES COMPOUNDS

Deposits and occurrences of solid, liquid, and
gaseous compounds belonging to the petroleum series
are widely distributed in the Sunnyside district. None
of these deposits and occurrences are of commercial
value at the present time, but asphalt-impregnated
sandstone was quarried from the northeastern part of
the district for many years, and small quantities of oil
are produced from the Grassy Trail field in the eastern
part of T. 15 S., R. 13 E., about 8 miles (13 km) west-
southwest of Dragerton (fig. 1). The variety and wide
distribution of such compounds in the district have
stimulated much exploration and several attempts at
commercial extraction in the district.

ASPHALT-IMPREGNATED SANDSTONE

Several layers and lenses of asphalt-impregnated (or
bituminous) sandstone in the upper part of the Colton
Formation and in the lower part of the Green River
Formation are known to crop out on steep west-facing
cliffs (pl. 1). Asphaltic sandstones crop out near the
crest of Patmos Mountain from the head of Pasture
Canyon to the head of the left fork of Whitmore
Canyon, a horizontal distance of about 12 miles
(19 km) and in a vertical stratigraphic interval of about
1,000 ft (300 m); they probably extend much farther
south and west (Holmes and others, 1948, fig. 2). The
thickest deposits and the largest number of asphaltic
layers, however, are on the south and west faces of
Bruin Point {Holmes and others, 1948, figs. 1, 2), about
6 miles (10 km) northeast of Sunnyside.

Bituminous material partly fills pore spaces in the
asphaltic sandstone and amounts to as much as 13 per-

cent by weight of the rock. Sandstone containing con-
siderable amounts of asphaltic material is black when
freshly broken but weathers to a characteristic
medium gray. This weathering, however, extends only
a fraction of an inch into the rock (Holmes and others,
1948). Richly impregnated sandstones, when exposed
to hot summer sun, exude asphalt which can be ignited
with a match and burns with a smoky orange flame.
Asphaltic sandstone is resistant to erosion; it forms
steep cliffs and commonly contributes boulders of
richly impregnated sandstone to the alluvium along
Grassy Trail Creek in Whitmore Canyon. We found a
few of these boulders in pre-Wisconsin pediment
gravels several miles from the mouth of Whitmore
Canyon.

The asphaltic sandstones near Bruin Point were
quarried intermittently from 1892 to about 1950. Total
production was estimated to be about 335,000 tons
{8.04 X108 kg) until 1948, nearly all of which was used
for paving material (Holmes and others, 1948). All
shipments contained more than 9 percent asphalt. The
deposits were estimated to contain 1,600,000 cubic
yards (yd® or 1.2X10° cubic meters (m?, of which
900,000 yd? (6.9 X10° m?®) was measured or indicated re-
serves, and 700,000,000 yd? (5.4 X102 m? was inferred
(Holmes and others, 1948). About half of the total re-
serves was estimated to contain more than 9 percent
asphalt.

Much of the asphaltic sandstone produced from the
quarries on the south face of Bruin Point was trans-
ported to the county road in Whitmore Canyon by a
spectacular aerial tramway about 3 miles (5 km) long
having a vertical drop of about 1,750 ft (530 m). The
material was transferred to trucks at the lower end of
the tramway and hauled to a railroad loading facility
near Sunnyside.

Several attempts were made by oil companies to
mobilize the asphalt sandstone in place by injecting
hot water or steam into long drill holes so that it could
be pumped up other drill holes. At the time of our last
examination in 1969, small quantities of asphalt were
extracted, but the process apparently had not proved
to be commercially feasible.

OIL

Several small shows of oil are known in the Sunny-
side district. Several feet of oil-saturated sandstone
core was obtained in 1959 from an exploratory hole
drilled for coal in Pasture Canyon (pls. 1, 2), probably
from a sandstone-filled channel in the Blackhawk For-
mation above the Sunnyside coal seam (J. T. Taylor,
oral commun., 1961). Oil began to seep into a mine
opening from a channel-fill sandstone in the roof in
1964 during development work in the Sunnyside No. 3
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Mine (Maberry, 1971, p. 40-41). Although the seeping
has long since stopped, enough oil oozed into mine
workings to alert mining personnel to possible com-
mercial exploitation. The oil probably was derived
from organisms that inhabited the coal-forming
marshes or swamps or frem the carbonaceous sedi-
ments that surround the coal seam and probably
migrated as discrete particles into the porous channel
sands above the coal after deep burial (Maberry, 1971,
p. 40). Compaction of silts, clays, and muds adjacent to
the sand-filled channels probably was greater than
that of the stratigraphic intervals containing the chan-
nels, hence the more porous sandstones became reser-
voirs into which the oil could move after being expelled
from adjacent finer grained sediments.

Although the possibility of finding commercial quan-
tities of oil in the Blackhawk Formation at Sunnyside
probably is small, any future shallow exploration
should be concentrated on sandstone-filled channel
systems above the coal, especially where such sand-
stones pinch out into less permeable mudstones
(Maberry, 1971, p. 40). The oil in the Sunnyside No. 3
Mine is not an isolated occurrence; similar incidents
have occurred elsewhere in the Book Cliffs Coal Field.
One such locality in the Castlegate Mine north of
Helper, Utah (fig. 1), leaked enough oil to make move-
ment of haulage locomotives difficult (D. J. Varnes,
oral commun., 1959).

NATURAL GAS

Methane is commeon in coal mines throughout the
world, mostly as a result of gas exsolved from organic
molecules in the ceal. Concentrations of methane con-
stitute a major explosion hazard to ceal mining, and
extensive ventilation systems are necessary to reduce
concentrations in mine atmospheres to safe levels.
Early miners in the Sunnyside mines noticed that con-
siderable gas was evolved from the coal during mining
(Taff, 1906, p. 295). Although average methane con-
tent in the Sunnyside mines is now kept to 0.5 percent
or less, local concentrations do eccur that are above
this level.

Additional methane is added to the atmosphere in
the Sunnyside mines from sandstones in the roof and
floor. We observed methane bubbling upward through
a pool of water at the bottom of the exhaust air shaft
for the Sunnyside No. 1 Mine, in Whitmore Canyon,
apparently coming from the thick sandstones of the
Sunnyside Member below the Sunnyside coal bed.
Large amounts of methane flowed into the Sunnyside
No. 3 Mine in 1966. These inflows, resembling smoke
because of the different indices of refraction of air and
methane, were easily visible with miners’ cap lights.

According to miners, the gas came from a sandstone-
filled channel above the coal, and was in sufficient
quantity to cause evacuation of the mine (John
Peperakis, oral commun., 1966). The large inflows
ceased after a few weeks when the supply of methane
in the channel was exhausted.

URANIUM

Much of the district, particularly the western part,
has been extensively prospected for uranium since
1943 (Johnson, 1959, p. 50). Most of this prospecting
was done during the 1950’s, but hundreds of additienal
claims were staked during a minor ‘“rush” in 1968.
During the earlier prospecting period, as many as a few
thousand claims for uranium were staked and many
miles of access roads built in the western part of the
Sunnyside district and in adjacent areas, probably be-
cause the outcrop belt of sandstones of the Salt Wash
Member of the Morrison Formation crosses the dis-
trict around the margin of the San Rafael Swell (fig. 1,
pl. 1). The Salt Wash and other members of the Morri-
son Formation are favorable host rocks for uranium de-
posits throughout much of the Colorado Plateau (for
example, Finch, 1967, p. 39). Many of the claims prob-
ably were staked because of locally increased radioac-
tivity or because small amounts of secondary uranium
minerals were found on outcrops. None of the claims
we examined contained any visible uranium minerals,
although we made no attempt to examine all the
claims.

Less than 100 tons (9X10* kg) of ore apparently was
shipped from the Rock Island group of claims north of
the Price River, about 0.75 mile (1.2 km) upstream
from its junction with Grassy Trail Creek (pl. 1), near
the center of sec. 8, T. 17 S., R. 13 E., before June 1955
(Johnson, 1959, p. 51). This group of 13 claims was
staked on several sandstone-filled channels in the
Brushy Basin Member of the Morrison Formation,
about 1,000 ft (300 m} north of a prominent east-trend-
ing fault that dips steeply nerth. At the time of our
examination in May 1971, radieactivity equal to about
twice normal background was measured on a lens of
iron-stained clay about 1 ft (0.3 m) thick and 15 ft
(4.5 m) long, but no other radioactivity or visible
uranium minerals could be found.

Renewed prospecting for uranium in 1968 resulted in
exploration for possible deposits in sandstone-filled
paleostream channels in the Salt Wash, where they
were thought to curve northward and northwestward
around the north end of the San Rafael Swell (James
Osburn, oral commun., 1968). This exploration alse
was stimulated by the fact that the Salt Wash is only
5 ft (1.5 m) thick on the west side of the swell (Gilluly,
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1929, p. 111) but is as much as 200 ft {60 m) thick on
the east side. Johnson (1959, p. 35-36, 50), however, in-
dicated that thick channel systems in the Salt Wash
trend northwest, across the axis of the swell. Many of
the claims staked during this exploration period were
located on outcrops of Mancos Shale or on Quaternary
units, in the hope that economic deposits could be
found at shallow depths by drilling. Many holes were
drilled along the flank of the swell northwest from the
vicinity of Coon Spring to beyond the boundary of
plate 1. No development work followed the drilling;
hence we assume that the drilling was unsuccessful.

METALLIC MINERALS

We saw a few occurrences of metallic minerals in the
district. Coarse-grained siltstones in the lower part of
the Colton Formation northwest of the mouth of Bear
Canyon (sec. 20, T. 14 N,, R. 14 E.) contain small clots
and veinlets of pyrite and a few scattered grains of a
light-colored gray sulfide mineral. Field tests with HCI
suggest that the light-colored mineral contains copper.
The siltstone is moderate brownish gray in color,
tightly cemented, and contains veinlets of calcite.

A semiquantitative spectrographic analysis by J. C.
Hamilton of the U.S. Geological Survey of green mud-
stone from the Colton Formation near the summit of
the Horse Capyon-Range Creek road (pl. 1) indicated
that the rock contained 0.015 percent copper.! The
copper content of other mudstones from the Colorado
Plateau ranges from 0.002 to 0.0051 percent (Newman,
1962, p. 418-426, tables 33, 34), suggesting that the
Colton mudstone contains more copper than many
similar rocks in the region.

We found small amounts of sulfide minerals along a
large fault about 1 mile (1.6 km) northwest of Cedar.
Near the eastern end of the exposed trace of the fault, a
shaft, now caved, was sunk in a light-tan con-
glomeratic sandstone bed, probably part of the Dakota
Sandstone. The shaft is about 20 ft (6 m) deep and has
only a small dump. Conglomeratic sandstone in the up-
thrown block of the fault is brecciated and silicified, is
weakly impregnated with iron oxides and pyrite, and
contains scattered grains of chalcopyrite, galena, and
unidentified dark metallic minerals. About three-quar-
ters of a mile (1.2 km) west of Cottonwood Creek, con-
glomerates and sandstones of the Buckhorn Con-
glomerate Member in the upthrown block of the same
fault are in contact with the Brushy Basin Member of
the Morrison Formation to the south, where a small

'This value indicates only that the copper content was within a range of values. Such
semiquantitative results are reported in percent to the nearest number in series such as 1,
0.7, 0.5, 0.3, 0.2, 0.15, 0.1, which represent approximate midpoints of group data on a geo-
metric scale. The assigned groups for semiquantitative results include the quantitative
value about 30 percent of the time.

prospect pit was sunk along the fault in sandstone of
the Buckhorn. Near the fault, the sandstone is
bleached white, locally stained with iron oxides, and
brecciated. Black metallic mineral grains are scattered
in the matrix of the rock and along small fractures.
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