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GEOLOGY OF THE CATHEDRAL BLUFFS OIL-SHALE AREA, RIO BLANCO AND GARFIELD COUNTIES, COLORADO

INTRODUCTION

The Cathedral Bluffs oil-shale area, in Garfield and Rio Blanco Coun-
ties, western Colorado, occupies approximately 385 square miles on the
western margin of the Piceance Creek Basin. The present study of the
Cathedral Bluffs oil-shale area was made by the U. S. Geological Sur-
vey, as a part of the Oil and Gas Investigations map series, under a pro-
gram of appraisal of the more promising oil-shale deposits in the United
States. A field party that consisted of J. R. Donnell, W. B. Cashion,
W. M. Zilbersher, and W. C. Gibson, assisted part time by M. G. Wolman,
mapped the area in 1949. F. R. Waldron spent two weeks with the party
at the beginning of the field season and rendered valuable aid in estab-
lishing a triangulation met, and in the overall planning for the project.
Donnell, Cashion, Zilbersher, and James H. Brown, Jr., completed the
field work in 1950. The map and data were finally prepared by Donscll,
Cashion, and Brown, under the general supervision of N. W. Bass. A
generalized outline of the Piceance Creek Basin and the locations of the
mapped areas covered by this and other Oil and Gas Investigations maps
are shown on figure 2. The relative location of the Cathedral Bluffs area
in the State is shown on the outline map of Colorado.

The Cathedral Bluffs face westward toward the valley of Douglas Creek
and trend generally northward from T. 4 S., R. 100 W., to and beyond the
north margin of T. 1 S., R. 100 W. The crest of the bluffs forms the di-
vide between the Douglas Creek and Piceance Creek drainage basins.
The area west of the crest is rugged badlands country, with a relief of
about 3,000 feet in 3 miles. The area east of the crest of Cathedral Blvifs
is a broad plateau that has an average altitude of 8,300 feet and slojes
gently eastward to Piceance Creek. This plateau area is characterized by
rolling country containing many straight mortheast-trending valleys tsat
are relatively shallow. The maximum relief of most valleys is less tlan
300 feet, but of some valleys it is about 500 feet. A narrow part of he
Roan Plateau trends east across Tps. 4 and 5 S., Rs. 99 and 100 W., in
the southern part of the area. The slopes from the plateau are charic-
terized by deeply incised canyons.

Several small permanent streams head in the area, but the normal flow
of water in most creeks is small. Douglas Creek and some of its triju-
taries drain much of the western part of the Cathedral Bluffs arca. Tri-
butaries of Piceance Creek drain most of the arca east of the crest of jhe
Carhedral Bluffs and north of the eastern part of the Roan Plateau. The
south slope of the Roan Plateau is drained by Roan Creek and its ri-
butaries.

Graded and unimproved roads afford access to the Cathedral Bluffs area
from East Douglas Creek valley on the west, Piceance Creek valley on:he
east, and White River valley on the north. The plateau east of Cathegeal
Bluffs and the Roan Plateau are most easily accessible from Piceaace
Creek valley. Although a few unimproved roads extend from De Beque for
a few miles up the canyons in the southern part of the area, the Roan Fia-
teau is accessible from the south by only a few horse trails from the ain-
yon floors to the plateau.

Large sections of the oil-shale sequence in the Green River formation
are clearly exposed along the west face of the Cathedral Bluffs and in
canyon walls in the southern part of the area; the uppermost part of the
sequence is exposed on Black Sulphur Creek in the southeastern part of
the area and on Big Duck Creek in the northern part. Throughout most of
the plateau east of the crest of the Cathedral Bluffs and in the Roan Fa-
teau the oil-shale sequence lies at a depth of only a few hundred feet.

Seven stratigraphic sections of the better-exposed parts of the oil-sh le
sequence of the Green River formation were measured in detail atlocativas
spaced 3 to 9 miles apart. These stratigraphic sections are shown on f 3-
uwre 1 and rhe locarions are shown on the geclogic map. The straties:
sections were measured with a hand level and a 6-foot steel tape by geol-
ogists working in pairs. The oil-shale ‘sequence was chipped clean with
a pick. Fresh samples of shale were examined carefully in the field and
the oil content of each sample was estimated. Composite channel sam-
ples of the richest part of the Mahogany ledge were collected at or near
three of the seven locations (3, 4, and 7) where stratigraphic sectisns
were measured. The oil content of each of these samples was determized
in the chemical laboratory of the U. S, Geological Survey. The estimates
and analyses are shown graphically on figure 1.

The geologic boundaries of formations and bers were mapped on
aerial photographs after the detailed stratigraphic sections were meas-
ured. Altitudes of persistent key beds were measured by aneroid barom-
eter or by plane-table surveys spaced at intervals of 1 to 2 miles alang
the outcrops. At many places throughout the area dips and strikes were
measured by determining with the plane table che relative altitudes of
three poiuts on a single stratum; most of these dip and strike determi-
pations are shown on the geologic map. These data conmstitute the basis
for the reconnaissance structure contours sh on the geologic map.

The Cathedral Bluffs area was previously described and mapped as
part of reconnaissance surveys of the oil shales of northwestern Colorado
by Woodruff and Day (1914), Winchester (1917; 1923), and Bradley (1931).
Detailed geology of the southern part of the Piceance Creek Basin was
described by Duncan and Denson (1949) and Waldron, Donnell, and Wright
(1951).

STRATIGRAPHY

The rocks exposed in the Cathedral Bluffs area have a thickness of
about 4,000 feet. They consist, in ascending order, of: interbedded sand-
stone, shale, and coal of the Mesaverde formation of Late Cretaceous age;
interbedded sandstome, varicolored shale, and conglomerate of the Wa-
satch formation of Paleocene and Eocene age; and thin-bedded marlstone,
oil shale, shale, sandstone, oolitic limestone, and algal limestone of the
Green River formation of Eocene age (table 1).

Table 1. Generalized description of the rocks exposed in or mear the
Cathedral Bluffs oil-shale area

Evacuation Creek member. 600 feer thick.

Gray and brown fine- to medium-grained sandstone
with interbedded gray marlstone and a few thin
oil-shale beds. Upper part contains lenses of
massive sandstone. Member weathers to rounded
slopes.

Parachute Creek member. 400 to 750 feet thick.
Grayish-black, gray, and brown marlstone, including
principal oil-shale units and several thin altered
tuff and analcite key beds. Includes tbe Mahogany
ledge, which includes the Mahogany bed and Mahog-
any marker. Weathers light gray and blue; forms
cliffs and steep alopes.

Garden Gulch member. 200 | Lower shaly member (of
fecr thick. southern part of the Cathe-

Gray marlstone; some dral Bluffs oil-shale area).

grayand brown shale, Graydmarl:zone;n few
and a few thin beds :e = °_l gray and
of oil shale. Weathers rowa silistone and

limestone. Several
gray; forms steep

thin oolitic and al-
slopes and subdued gl isdes Madiber

Tertiary
Eocene
Green River formation

Wasatch formation. 300 feet thick.
Massive buff sandstone; a few interbedded red, brownish-
yellow, gray, and maroon shale beds. Weathers to a
slope capped by low sandstone cliffs.

Paleocene ?]

Mesaverde formation. Uppermost 500 feet exposed in mapped

MESAVERDE FORMATION
The oldest rocks exposed in the Cathedral Bluffs area are those of the

Mecaverde formation of Late Cretaceous age. The formation crons out
along East Douglas Creek about 3 miles west of the Cathedral Bluffs.
The beds dip gently eastward. The Mesaverde formation is composed of
massive buff sandstone, some gray shale beds, and a few coal beds. The
formation was not examined in detail or mapped during the present investi-
gation. The approximate upper boundary shown on the geologic map is
modified from a map by Gsle (1909, pl. 18).

WASATCH FORMATION

The Wasatch formation crops out in a relatively broad belt of country in
the west-central part of the Cathedral Bluffs area. As defined in an early
Geological Survey report on this region (Gale, 1910, p. 8l), the formation
was believed to include, in its lower part, beds that are equivalent to the
Fort Union formation, which is of Paleocene age. Paleontological evi-
dence collected by several workers since the publication of this early
report has demonstrated that the lowermost part of the formation is of
Paleocene age but that most of the formation is of Eocene age (Brown,
1949; Patterson, 1939; Wood et al., 1941). The boundary between the Pale-

By J. R. Donnell, W. B. Cashion, and James H. Brown, Jr.

GREEN RIVER FORMATION

The Green River formation of Eocene age is divided into four members
(Bradley, 1931, p. 9) in the region including the Cathedral Bluffs area.
Theyare, in ascending order, the Douglas Creek, Garden Gulch, Parachute
Creek, and Evacuation Creek members. In the southern part of the Cathe-
dral Bluffs area the two lower members and the lowermost part of the Par
achute Creek member merge into a relatively homog; q e that
is mot easily separable into members; accordingly, in this part of thearea,
equivalent rocks of the two lower members and the lowermost part of the
Parachute Creek ber are mapped as a single unit, which is desig-
nated as the lower shaly member.

Douglas Creek member.--The Douglas Creek member of the Green River
formation consists mostly of massive beds of buff, medium-grained calcar
eous sandstone, alternating with siltstone and a few beds of low-grade
oil shale. The sandstone is friable and weathers to rounded surfaces.
The Douglas Creek member forms a broad benchat the base of the Cathe-
dral Bluffs and, except for a place about 2 miles east of the location of
the Lake Creek measured stratigraphic section (loc. 4 on geologic map)
and a place near the head of Spring Creek, most of the member isconcealed
by talus and landslide material. The top of the uppermost massive sand-
stone bed, which is 10 feet or more thick, was selected as the comtact
between the Douglas Creek member and the overlying Garden Gulch mem-
ber. The thickness of the Douglas Creek member in the Cathedral Bluffs
area was not determined. Only the uppermost 30 to 40 feet of the member
was measured in detail, in stratigraphic sections 4 and 6 (fig. 1). The
Douglas Creek member is about 800 feet thick at the type locality (Bradley,
1931, p. 10) on Douglas Creek, about 6 miles west of the mapped area,
but the member thins and the npper sandstones pinch out and interfinger
with shale and marlstone eastward and morthward from Douglas Creek.
Accordingly, the thickness of the member probably is considerably less
than 800 feet in the Cathedral Bluffs area. In the Roan Creek drainage,
a few miles south of the Cathedral Bluffs area, rocks equivalent to the
Douglas Creek member, Garden Gulch member, and the lowermoat part of
the Parachute Creek ber are mapped as a single unit, called the low-
er shaly member (Waldron et al., 1951). The upper third of the lower shaly
member extends up the canyons a few to nearly 10 miles into the southern
part of the Cathedral Bluffs area.

Garden Gulch member.--The Garden Gulch member of the Green River
formation consists of gray marlstone and siltstone and a few thin beds of
oil shale, algal limestone and, locally, oolitic limestone; the basal pant
of the member contains a few thin beds of sandstone. Many garpike scales
and ostracods are present locally. Beds of brown fissile shale that con-
tain carbonized fish remains are present near the base of the member on
Cathedral Creek at the location of stratigraphic section 6 (fig. 1). These
fossils were identified by Jean Hough (1950) of the U. S.Geological Sur-
vey as Knightia sp. (prohably K. eoceana Jorden) and Erismotopteris sp.,
buth long-ranging Eocene forms. Along the southern part of the Cathedral
Bluffs the Garden Gulch member is 200 to 300 feet thick. Northwardalong
the bluffs the lower members of the Green River formation, including the
Garden Gulch member, are mostly concealed by talus, and details of the
thickness and character of the beds were not ohtained. Perhaps the Gar-
den Gulch member thickens northward along the bluffs as the upper sand-
stones of the Douglas Creek member pinch out. The Garden Gulch mem-
ber weathers to stecp alopes broken by a few low ledges formed by low-
grade oil shale.

Lower shaly member.--Rocks equivalent to the Douglas Creek member,
Garden Gulch member, and the lowermost part of the Parachute Creek mem-
ber are mainly gray and brown shale and barren gray marlstone inthe south-
eastern part of the area, where theyare combined into a single-unit called

che lowa: sicly member. The mewbor forms eteep talus-coverad elopos
and the basal part is not exposed in the mapped area. The member is
about 1,000 feet thick in the De Beque oil-shale area (Waldron et al.,
1951), which adjoins the Cathedral Bluffs area on the southeast.

Paracbute Creek member.—~The Parachnte Creek member of the Green
River formation comsists of alternating beds of gray, brown, and grayish-
black marlstone and oil shale, and coutains the oil-shale beds thatr are
of possible economic interest in the mapped area. The member is consid-
erably more resistant to weathering than the overlying and underlying
members and forms the steep face of the Cathedral Bluffs and the steep
slopes in the deep gulches of Big Duck, Corral, and Black Sulphur Creeks.
The thickness of the member, which was determined by measuring the
stratigraphic sections shown in figure 1, ranges from about 400 feet in
the northern and western parts of the area to about 750 feet in the south-
eastern part. [n general, the Parachute Creek member thickens and the
organic content of the shales increases eastward toward the center of the
Piceance Creek structural basin.

Several distinctive and persistent beds ia the upper oil-shale zone of
the Parachute Creek member, most of which are preseut also in the adja-
cent De Beque area (Waldron et al., 1951) and in Naval Oil Shale Reserves
1 and 3 (Duncan and Denson, 1949), were used in making correlations.
It is noteworthy that several key beds in the upper part of the Parachute
Creek member that were identified in the De Beque area and in Naval Re-
serves 1 and 3 could not be traced northward into the Cathedral Bluffs
area, because this part of the member is concealed by soil and rubble
on gentle slopes. The Mahogany marker, an analcitized tuff that averages
0.3 foot in thickness, is the most persistent key bed that is not composed
of oil shale. This bed is 5 to 15 feet above the Mahogany bed, which
is the thickest rich oil-shale bed in the Green River formation. Both of
these are in the Mahogany ledge, which contains several beds of distinc-
tive mahogany-colored oil shale and is the richest oil-shale unit in the
area. An analcitized tuff bed, of irregular thickness that ranges from a
featheredgeto 2 feet, is found in orjust below the Mahogany ledge. About
50 to 100 feet above the Mahogany marker is a wavy-bedded tuff chat aver-
ages 3 feet in thickness and is present in all the measured stratigraphic
sections except 1 and 2 (fig. 1). Several zomes in the upper part of the
Parachute Creek member contain ellipsoidal cavities as much as 5 feet
long and 3 feet wide in maximum dimensions.

Evacuation Creek member.~-The Evacuation Creck member of the Green
River formation is composed of alternating beds of brown and yellowish-
brown massive sandstone and gray to grayish-white marlstone, and some
beds of low-grade oil shale. The upper part of the member contains lenses
of brown massive cross-bedded channel sandsione. Beds of the member
comprise the surface rock throughout most of the plateau in the mapped
area. The boundary between the Evacuation Creek and Parachute Creek
members isdrawn between the lenticular beds of massive sandstone above
and beds of marlstone below. At the southern margin of the mapped area
the lenticular sandstone beds are separated from the Mahogany marker of
the Parachute Creek bér by a e of marlstone 500 feet cthick.
Northward and westward across the area, however, sandstone beds, here-
in placed in the Evacuation Creek member, occur at progressively lower
horizons. At the locality of measured stratigraphic section 1 (fig. 1), at
the porthern margin of the mapped area, beds of massive sandstone are
present only 75 feet above the Mahogany marker. A complete section of
the Evacuation Creek member was not measured in the Cathedral Bluffs
area. The thickness was calculated from the geologic map and structure
contours to be about 600 feet.

1

STRUCTURE

ledges. Inverfingers with The Cathedral Bluffs area is on the west flank of the Piceance Creek
Douglas Creek member. Less Douglas Creek, str:lctuml basin and on the east flank of the Douglas Creek auticline,
than 800 feet thick. Garden Gulch, and which are two of the larger structural features in northwestern Colorado.
Buff sandstone and gray Iowes past of Pars The beds dip generally eastward at an angle of about 3°. Several gentle
shale; a few thin al- chiite) Greekl moe folda, however, are superimposed on the homocline. The Clear Creek syn-

gal limestone beds. Bers: Weathers cline {(Waldron et al., 1951), trending about N. 65° W., extends into the
Weathers buff; forms alopes and low Cathedral Bluffs area from the adjacent De Beque oil-shale area to the
slopesand low cliffs. cliffs southeast. North of the Clear Creek syncline and parallel to it in che

vicinity of Cathedral Creek is a southeast-trending anticlinal nose con-
taining beds with a maximum dip of 10° on the northeast flank. Another
southeast-trending anticlinal nose is located near Corral Gulch; here the
dip of the beds is somewhat less than on Cathedral Creck.

Minor folds ranging in width from a few feet to several hundred feet are
present in the sandstone and barren marlstone beds of the Evacuation

% w\area. Creek member. Some of the rich oil-shale beds in the Parachute Creek
Sla 2 Massive buff dstone; some shale and coal beds. member contain minor compaction folds commonly a few feet across.

.“‘.'..: 'é: § A fault in beds of the Evacuation Creek member was traced for about
(el =] g 1% miles southeastward across the east-central part of T. 2 S., R. 99 W.,

and for about 4 miles farther southeastward beyond the east boundary of
the mapped area. A bed of massive sandstone on the southwest side of
the fault trace is in contact with a white weathered bed of marlstone on
the northeast side. Neither bed could be identified in the stratigraphic
column, so the direction of displacement was not determined. The mini-
wuin v. .0 el Jdioplacement of te Leas is abour YU feet, at the piace where
the fault crosses Ryan Gulch, 1 mile east of the mapped area.

Two systems of vertical joints, one trending northeast and the other
trending northwest, are promineutly exposed in the surface rocks. The
joints apparently determined the drainage pattern in the mapped area.
Many streams have remarkably straight, northeastward courses, while the
courses of many of the tributary streams are northwestward or southeast-
ward, or approximately at right angles to the courses of thelarger streams.

Structure contours drawn on the Mahogany marker are shown on the geo-
logic map. The position of the contours for much of the area is controlled
by altitudes determined in the field along the outcrop of the Mahogany
marker and on a relatively few strike and dip readings obtained with the
plane table on marlstone beds in the Evacuation Creek member. The po-
sition of the contours in the northeastern part of the mapped area is less
reliable than elsewhere, however, because there the altitude of the datum
bed was determined -by extrapolation from exposed marlstone beds that
lie above the Mahogany marker, and the intervals between these beds and
the datum bed appear to be variable.

Brush Creek

6000"

ocene and Eocene beda, however, is indefinite in the Cathedral Bluffs

area (Brown, 1949). Along the upper course of Cathedral Creek the Wa- OIL SHALE

satch formation consists mostly of beds of buff sandstone and small a-

mounts of interbedded varicolored shale and clay; north of that area the Magnesian marl consolidated mixture of clay, mud, and calcium

formation consists predominantly of varicolored shale, and small amounts and magnesium carbonatc—~makes up most of the rock of the Parachute

of brown sandstone and limestone in lenticular beds. Creek and Garden Gulch members of the Green River-formation. Some beds
The formation was measured by plane table in secs. 21 and 28, T. 1N., of fissile shale having little or no carbonate content are exposed along

R. 100 W., along upper Spring Creek, and was 371 feet thick there. The the Cathedral Bluffs in the Garden Gulch and Douglas Creek members._

contact between the Wasatch formation and the overlying Green River for- Most of the marlstone beds contain solid organic matter in amounts rang-

mation was drawn at the top of the uppermost bed of red shale. The con- ing from a trace to as much as 50 percent of the rock, and some of the

tact, however, is somewhat obscure near the head of Cathedral Creek; fissile shale beds have a large organic content. The beds rich in organic

dded

there it was drawn directly above the uppermost seq of interb
thin beds of coal, shale, and redbeds.

matter and capable of yielding about 15 gallons or more of oil per ton by
distillation in a retort are classed as oil shale.

The inorganic constituents of the marlstone and oil shale are largely
microcrystalline magnesium and calcium carbonate, clay minerals perhaps
of the beidellite group, and small amounts of detrital quartz, feldspar,
mica, zircon, and apatite. Organic matter of the oil shale and marlstone
is in solid form and consists mostly of black, brown, or reddish brown
material which appears structureless at ordinary magnifications under
the microscope. In places, however, the oil shale contains microscopic
plant and animal remains of many forms, and megascopic fish, insect,
and fragmental plant remains (Bradley, 1931, .pp. 37-54). Par of the or
ganic matter, generally more than half, converts to shale oil by heating
in a retort.

The marlstone including oil shale is laminated; the laminae, known as
varves (Bradley, 1929, p. 95), range in thickness from a paper edge to
about one-third of an inch. Generally the varves rich in organic matter
are thin and the varves containing little or no organic matter are relatively
thick, Varved beds rich in organic matter predominate in the seq e
of beds that comprise the Mahogany ledge. Above the Mahogany ledge,
varved beds as much as a foot thick that are rich in organic matter alter
nate with varved beds 2 to 8 feet thick that are lean in organic matter
or are barren.

OIL-SHALE ZONES

The principal oil-shale beds of the Cathedral Bluffs area are in the
Parachute Creek member of the Green River formation. They are grouped
for convenience into three units, designated as the lower, middle, and
upper oil-shale zones, and are separated by essentially barren marlstone
units ranging from 15 to 65 feet in thickness. These zones, which were
recognized in Naval Reserves 1 and 3 (Duncan and Denson, 1949) and
traced across the De Beque oil-shale area (Waldron et-al., 1951), are less
readily distinguished as they are traced westward and northward in the
Cathedral Bluffs area, where the sequences of rich oil-shale beds become
thin. A few beds of oil shale were observed by Winchester (1923, pp.
55-57, pl. 8) in the Douglas Creek and Garden Gulch members of the Green
River formation, but exposures of these are poor. During the present in-
vestigation detailed studies were confined to the better-exposed upper
part of the entire sequence of oil-shale beds. Thercfore, detailed data
are lacking for the lower part of the Green River formation, particularly
in the northern part of the mapped area.

The upper oil-shale zone is the richest of the three zones. It ranges
in thickness from 165 feet at Fletcher Gulch on the northern margin of
the area to about 530 feet on Bear Creek in the southern part of the area
(fig. 1). The Mahogany ledge, in the lower part of the upper oil-shale
zone, ranges in thickoess from about 35 to 105 feet, and contains the
vichest and thickest sequence of oil-shale beds in the Green River for
mation. Itis possibly the only unit of economic interest in the Cathedral
Bluffs area.

The middle oil-shale zone ranges in thickness from about 90 feet on
the upper part of Cathedral Creek to about 145 feet on Philadelphia Guich
(fig- 1)- The measured stratigraphic sections, shown in figure 1, indicate
that the middle oil-shale zone contains only one sequence of rich oil-
shale beds, and that sequence is relatively thin.

The lower oil-shale zone ranges in thickness from a featheredge to
about 200 feet in the Cathedral Bluffs area. On Carr Creek, in the south-
em part of the area, oil-shale beds of the lower oil-shale zone interfinger

with barren silty marlstone and sandstone. The zone loses its identity
west of Carr Creek. On Box Elder and Cathedral Creeks (fig. 1), in the
central part of the area, the lower oil-shale zone is relatively thick and
contains richer oil shales than at other outcrops in the area, but no con-
tinuous sequence was found that was as much as 15 feet thick and con-
wained suuie uveraging 15 galions per ton.

OIL-SHALE RESOURCES

Preliminary estimates of tonnage and oil content of selected sequences
of oil shale in the Cathedral Bluffs area were calculated from field esti-
mates of oil yield of individual beds, examined during the measurement
of the stratigraphic sections shown on figure 1, and from laboratory anal-
ysesof samples obtained from the Mahogany ledge in three of the sections
(3, 4, and 7). Also used were the data on thickness of oil-shale beds
and oil conteut obtained from drill-hole cores in the area southeast of the
Cathedral Bluffs area and from wells drilled in the Piceance Creek gas
field, 15 miles east of the area; these data furnished part of the control
for the position of the thickness lines shown in figures 3 to 6.

The samples from the Mahogany ledge that were analyzed in the labo-
ratory were obtained from outcropping weathered rock. Such samples yield
less oil than fresh samples of the same beds. Winchester (1917, pp. 162-
163, pl. 14) found rhat surface samples of some weathered beds yielded
as much as 50 percent less oil than samples obtained several feet inward
from the surface. A comparison of samples obtained from outcropping
beds with samples of cores obtained from nearby drill holes located a few
miles southeast of the mapped area indicates that the surface samples
generally yield 10 to 30 percent less oil than the cores. Moreover, the
field estimates of the oil yield of shale shown on figure 1 are generally
lower than the oil yield shown by laboratory analyses of weathered sur-
face samples. In view of these facts, the field estimates of oil yield were
revised upward to make them conform more closely with the results ob-
tained by laboratory amalysis, and these revised estimates were used in
drawing the thickness lines on figures 3 to 6 and in the calculation of
reserves shown in tables 2 and 3.

In this investigation, no reserves are classified as measured reserves
in the Cathedral Bluffs area. The deposits were not sufficiently well
sampled to consider the esti of total potential oil yield accurate to
a high degree.

Reserves of oil shale containedin the areas near outcrops and controlled
by measured stratigraphic sections where the oil yield is mostly estimated
are classified in this investigation as indicated reserves. These resetves
are chiefly in the upper oil-shale zone along the Cathedral Bluffs, in the
area of the uppertributaries of the Colorado River, and in the area between
Black Sulphur Creek and Corral Gulch west to the Cathedral Bluffs.

Reserves of parts of the deposits remote from outcrops or sampled sec-
tions are classified as inferred reserves; in general, these include parts
of the middle and upper oil-shale zonesinthe eastern part of the Cathedral
Bluffs area. Estimates of these reserves are based mainly on projections
of analyses of core-drill-hole samples obtained in the northwestern part
of the De Beque area (Waldron et al., 1951) and of analyses of cuttings
from wells drilled in the Piceance Creek gas field (Duncan and Belser,
1950), remote from the Cathedral Bluffs area.

Preliminary estimates of reserves were made for several rich units of
oil shale. The part of the Mshogany ledge that includes shale yielding an
average of 30 galloas of oil per ton in a continuous sequence 15 feet or
more thick is designated as unit 1 in table 2 (see also fig. 3); this unit
was estimated to contain slightly less than 7 billion tons of oil shale,
capable of yielding slightly less than 5 billion barrels of oil, in the Cathe-
dral Bluffs area.

The part of the Mahogany ledge that yields an average of 25 gallons of
oil per ton in a sequence 15 feet or more thick is designated as unit 2 in
table 2 (see also fig. 4). It includesthe beds of unit 1 and adjacent beds.
Unit 2 was estimated to contain about 18.5 billion tons of oil shale, ca-
pable of yielding slightly less than 11 billion barrels of oil.

A third category, shown in table 3, was used to show the estimated po-
tential oil yield in the parts of the upper and middle oil-shale zones that
contain oil shale averaging 15 gallons per ton in a continuous sequence
15 feet or more thick. A potential yield of about 26.5 billion barrels of oil
was estimated for the upper oil-shale zone and a little more than 2 billion
barrels for the middle oil-shale zone; the total potential oil yield was es-
timated to be about 28.7 hillion barrels. Recoverable oil would be less
than the estimated total oil content, because of losses during mining and
retoriing.

The areas lying along the upper reaches of Clear and Brush Creeks in
the southern part of the mapped area, along the upper reaches of Black
Sulphur and Big Duck Creeks in the southeastern and mortheastern parts
of the mapped area, and between Lake and Box Elder Creeks near the Ca-
thedral Bluffs appear to be best suited for future exploitation of oil shale.
These areas contain the most accessible and richest oil shale in the Ca-
thedral Bluffs area.
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TABLE 2. PRELIMINARY ESTIMATES OF TONNAGE AND POTENTIAL OIL YIELD OF THE RICHEST PARTS OF THE UPPER OIL-SHALE ZONE

Location Area Average Average quantity Average oil yield Quantity of Potential oil yield
thickness of rich oil shale per acre rich oil shale per township
per acre (thousands of bbl. per township (millions of bbl.
T. R.W. (acres) (feet) (thousands of short tons) (bbl.=42 gal.)) (millions of short tons) (bbl. = 42 gal.))
Unit 1

A continuous sequence of oil-shale beds 15 feet or more thick in the Mahogany 15 5,062 1 504 36.0 5 182
ledge that yields an average of 30 gallons of oil per ton. (See fig. 3.) 25. 100 192 15 44.4 313 9 6
2S8. 99 18,906 23 68.2 48.7 1,289 921
3S. 100 1,856 16 47.4 33.8 88 63
3s8. 99 20,314 35 103.9 74.2 2,111 1,507
4 8. 100 4,954 17 50.5 36.1 250 179
4S. 99 20,442 38 112.8 80.6 2,306 1,648
5 S. 100 2,752 16 476 33.8 131 93
58. 99 6,682 24 71.2 50.9 476 340
TOTAL 81,160 6,915 4,939
Unit 2 1N. 99 7,974 20 61.6 36.6 491 292
A continuous sequence of oil-shale beds 13 feet or more thick (includes unit 1) 1S. 99 25,715 26 79.9 4£7.6 2,214 1,224
in the Mahogany ledge and adjacent beds that yields an average of 25 gallons 2S. 100 11,795 25 76.9 45.8 907 540
of oil per ton. (See fig. 4.) 28. 9 22,867 43 132.2 78.8 3,025 1,802
3S. 100 2,624 32 98.3 58.7 258 154
38. 99 20,314 65 200.0 119.0 4,063 2,417
4 S. 100 11,386 30 92.3 54.9 1,051 625
4S. 99 20,442 69 212.4 126.4 4,342 2,584
5S. 100 13,229 27 83.1 49.4 1,099 654
58. 99 6,682 49 150.7 89.8 1,007 600
TOTAL 143,028 18,457 10,892

TABLE 3. PRELIMINARY ESTIMATES OF TONNAGE AND POTENTIAL OIL YIELD IN THE UPPER AND MIDDLE OIL-SHALE ZONES FROM SEQUENCES OF BEDS

15 FEET OR MORE THICK WHOSE AVERAGE YIELD IS 15 GALLONS OF OIL PER TON

(RECOVERABLE RESERVES ARE LESS, OWING TO LOSSES DURING MINING AND RETORTING)

Location Area Average Quantity of oil Average oil yield Quantity of Poteatial oil yield
thickness shale per acre per acre oil shale per township
(thousands of bbl. per townahip (millions of bbl.

T. R.W. (acres) (feet) (thousands of short tons) (bbl. =42 gal.)) {millions of short tons) (bbl.=42 gal.))
1N. 100 1,414 25 82.7 29.7 117 42
IN 99 10,496 48 158.2 56.5 1,660 593
18. 100 14,086 40 131.8 47.1 1,857 663
18. 99 25,933 72 237.8 84.7 6,146 2,197
Upper oil-shale zone, including the Mahogany ledge. (See fig. 5.) 2S. 100 11,834 64 210.7 75.3 2,493 891
28. 9 22,867 160 527.1 188.2 12,053 4,299
38 100 2,624 91 299.9 107.1 787 281
3S8. 9 20,314 274 903.0 322.0 18,344 6,541
4. 100 11,386 89 292.7 104.5 3,333 1,190
4S. 99 20,442 297 979.6 347.2 19,876 7,097
5 S. 100 13,229 74 243.8 87.1 3,225 1,152

3S. 99 6,682 201 662.1 236.5 4,424 _ 1,580
SUBTOTAL 161,307 74,315 26,526
28. 9 7,450 29 95.6 34.1 712 254
Middle oil-shale zone. (See fig. 6.) 3s8. 99 15,782 43 141.7 50.6 2,236 799
48. 9 18,118 47 154.8 33.3 2,805 1,002
58. 9 3,264 24 79.6 28.2 258 92
SUBTOTAL 44,614 6,011 2,147
TOTAL ESTIMATES, ALL ZONES 80,326 28,673
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