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OIL SHALE IN NORTHWESTERN COLORADO AND ADJACENT
AREAS.

By Dean E. Winchester

PREFATORY NOTE.

By Marius R. Campbelnr.

For seyeral years it lias bocn known that some of tho slialo of tho
Green River formation iu northwcstern Colorado and nortkeastcrn
Utali would produce oil when subjccted to destructiye distillation,
but tke yiold of petroleum from the oil fields was so great that pro-
duction by distillation did not seem to be feasible, despite tho fact
that in Scotland such an industry has long been deycloped and is
to-day paying diyidonds on a largo inyestment.

The United States Geological Survey has rogarded this oil shalo as
a great reserve—an undeyeloped resource—and ono that would bo
deyeloped as soon as the demand for pctroloum greatly exceeded tho
supply. In anticipation of such an eyent, E. G. Woodruff and David
T. Day began, in 1913, an examination of the Green River forma-
tion in Colorado and Utah and mado rough field tests to determine
the richnesS of the shale. Although these tests were not entiroly
satisfactory, they tended to confirm the generat impression that this
shale constitutes a source of oil which, sooner or later, will be called
into use. Of course, no prediction could be mado as to the dato
when this additional supply would be needed, but the Survoy felt
justified in continuing the geologie investigation, in order that when
tho time of need arriyed it would have first-Tiand information on tho
richness and guantity of the shale available for distillation. Accord-
ingly tho field examination was continued during the summers of
1914 and 1915 by Dean E. Winchester, who deyised a moro eflicient
and portable apparatus for determining not, only tho auantity of
crude oil in the shale but also the amount of gas and of ammonium
sulphate (fortilizer) that might be obtained as a by-product and sold.
The experiments of Mr. Winchester confirmed tho results of tho
work done in the preyious year and indicated evcn more strongly
that a great guantity of high-class fuel is locked up in this shale.

At the present time, owing to tho great inerease in the consump-
tion of gasoline and the failure to discoyer large new oil fields, it

139



140 CONTBIBUTIONS TO ECONOMIC GEOLOGY, 1916, PAET II.

seems that the day is approaching when this additional supply will
be needed and that the public will demand all the information in
the possession of the Geological Suryey on this subject. | feel con-
fident that this report of Mr. Winchester will supply many of the
data needed to establish and deyelop the oil-shale industry in this
country. The report contains information showing the guantity and
guality of the oil that may be distilled from the richer beds of shale,
the number of such beds at the different localities examined, and
the generat distribution of the shale throughout northwestern Colo-
rado and adjacent parts of Utah and Wyoming. Mr. Winchester's
results, which have been corroborated by tests made in the labora-
tory of the Bureau of Mines, show that the guantity of oil that can
be doriyed from such shale ranges from less than 1 galion to 90 gal-
lons to the ton of shale. The field tests, howeyer, were not intended
to determine the best method of utilizing the shale in commercial
operations, but simply to provide data for fixing approximately the
yaluo of the shale as it is found to-day. Mr. Winchester, as a result
of the field tests, estimates that in Colorado alone there is enough
shale to produce 20,000,000,000 barrels of oil, and it seems probable
that in actual practice a greater yield than this can bo obtained.
He also estimates that 300,000,000 tons of ammonium sulphate
could be recovered as a by-product in the manufacture of the oil.

The results giyen in this paper show that although the Geological
Survey has done only reconnaissance work in this region, it has
demonstrated that the shale of the Green Riyer formation will yield
a yast guantity of oil, gas sufficient to carry on the process of dis-
titlation, and fertilizer enough to enrich most of the farms of the
Middle West, and that this reserve is ready wheneyer the demand is
sufficient to warrant the establishment of a new industry to suppte-
ment the fading supply of petroleum from the oil fields.

INTKODUCTION.

The economic study of the oil shale of Colorado and Utah was
begun in 1913 by Woodruff and Day,1and the results of their pre-
liminary work showed that the shale of the Green Kiver formation in
Colorado and Utah will yield oil in commercial guantities when
subjected to destructive distillation. As a result of a more detaded
examination along the north, east, and southeast sides of the Uinta
Basin, in northwestern Colorado, made during the summer of 1914
and in eastem Utah in 1915 the writer finds that although the thickest
and richest beds of shale are exposed along the southem margin of the
basin, nearly every section examined contains beds of shale more
than 3 feet thick that will yield considerable ocil. An examination ofi

i Woodruff, E. G., and Day, D. T., Oil shale of northwestern Colorado and northeastern Utah: U. S.
Geol. Survey Buli. 581, pp. 1-21,1914 (Buli. 581-A).
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the same formation in southwestem Wyoming in 1915 indicates that
in that area there are no thick beds of rich shale.

The oil shale of the United States has received yery little attention,
chiefly because petroleum has been abundant. Before petroleum
was discovered in Pennsylyania the Mormons distilled oil from shale
near Juab, Utah, where the ruins of an old still can yet be seen.
Many attempts have been made to distill cannel coal, and a few
experiments haye been made with the Deyonian black shale of the
East, but no shale-oil industry has been established in America.
According to Baskeryille 1there were 55 oil companies in the United
States in 1860. “ Many of the companies were of smali capacity and
most of them were not more than fairly started when the discoyery of
petroleum paralyzed the industry.” In Scotland, howeyer, seyeral
well-established plants mine and distill shale of Carboniferous age.
In 1908, according to Ells,2 the oil-shale industry of Scotland em-
ployed about 8,300 men, of whom nearly 4,000 were miners; and in
the preceding year the production of oil shale in Scotland amounted
to 2,775,799 (long) tons, and the average yield of crude oil was 23
(Imperial) gallons to the long ton (24.6 United States gallons to the
short ton).3 The operations have paid dividends in spite of this low
yield, because of the cheapness of labor, the value of the by-products,
and lack of competition with petroleum. The cost of mining shale
in Scotland is reported by the same author to be $1 a ton, the cost of
distilling the crude oil from the shale is 40 cents a ton, and the cost of
making ammonium sulphate (the principal by-product) from the
shale is 46 cents a ton. AU mining in Scotland is underground, and
in many of the mines the shale beds dip at angles of 30° to 60° and
there are numerous faults, which greatly increase the expense of
mining. At many places in Colorado and Utah, howeyer, the rich
shale has oiily a light oyerburden (see Pl. X1) and could be mined
with a steam shoyel.

In Colorado alone there is sufficient shale, in beds that are 3 feet or
more thick and capable of yielding more oil than the ayerage shale
now mined in Scotland, to yield about 20,000,000,000 barrels of crude
oil, from which 2,000,000,000 barrels of gasoline may be extracted by
ordinary methods of refining, and in Utah there is probably an egual
amount of shale just as rich. The same shale in Colorado, in addition
to the oil, should produce with but little added cost about 300,000,000

1Baskerville, Charles, Economic possibilities of American oil shales: Eng. and Min. Jonr., vol. 88, pp.
149-154, 195-199, 1909.

2Ells,R. W., Reporton tests made in Scotland of oil shale sent from New Brunswick in the spring of 1908,
with a view of ascertaining its economic value, especially as regards the yield of crude oil and sulphate of
ammonia, pp. 24, 26, Canada Dept. Mines, 1910.

3In this paper results of distillation are given in United States gallons (42 gallons to the barrel) and
referred to the short ton (2,000 pounds). Care should be taken in comparing figures with those given in

reports on oil shale of Scotland, in which results are given in Imperial gallons (35 gallons to the barrel) and
referred to the long ton (2,240 pounds).
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l.ons of ammonium sulphate, a compound especially valuable as a
fertilizer. The industry reauires a large eguipment of retorts, con-
densers, and oil refineries, as well as of mining machinery, so that it
can not be profitably handled on a smali scale.

In Scotland, according to EUs,1the following yaluable products are
manufactured from the shale: (1) permanent gas, used principally
for fuel in the retorts; (2) naphtha, gasoline, and motor spirit; (3)
burning or lamp oil; (4) intermediate oil used for gas making; (5)
lubricating oil; (6) solid parafhn; (7) still grease; (8) still coke, which
contains some oil and is used for gas fires, smokeless fuel, and carbon
for electrical purposes; (9) sulphate of ammonia [a fertilizer which in
the United States is worth from $50 to $60 a ton]; and (10) liguid fuel,
used in the refineries. The distillation of the oil shale of the Green
Kiver formation will probably yield different products, and the
processes of distillation used in Scotland may not be well adapted to
this shale.

In the 11 field tests made by Woodruff2in 1913, 1 sample of shale
yielded as low a$ 10.4 gallons of oil to the ton of shale; 8 between
16 and 40 gallons, averaging 27.2 gallons; one 45.2 gallons; and one
61.2 gallons. Of the 57 samples tested in 1914 (Nos. 1-57, pp.
152-153), 17 samples yielded less than 10 gallons of oil to the ton
of shale; 22 samples between 10 and 20 gallons; 11 samples between
20 and 30 gallons; 3 samples between 30 and 40 gallons; 2 samples
40.6 gallons each; 1 sample 65.3 gallons; and 1 sample 86.8 gallons.
Seventy-five samples (Nos. 58-133) were tested in 1915. Of those
obtained in Utah (34 samples, Nos. 58-91) 6 yielded less than 10
gallons of oil to the ton of shale; 7 between 10 and 20 gallons; 7
between 20 and 30 gallons; 9 between 30 and 40 gallons; and 5
more than 40 gallons. The maximum yield, 90 gallons to the ton,
was obtained from a thin bed near Watson, Utah. Samples 93-132,
from Wyoming, yielded less than 30 gallons, except 4, which yielded
more than 30 gallons. One of these represented a 2-foot bed, which
yielded 50 gallons to the ton.

As these guantities compare fayorably with those obtained from
the oil shale of Scotland, it seems probable that in time the distilla-
tion of oil from the Green River shale may become as important an
industry in this country as the distillation of oil from Carboniferous
shale has become in Scotland, or if richer raw materiat can be found
here in abundance it may even exceed the present shale-oil industry
abroad.

Ells, R. W ., op. cit., pp. 54-56.
*Woodruff, E. G., and Day, 1). T., op. cit., p. 4.
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FIELD WORK.

Personnel and methods —In order to estimate the value of the oil
shale of the Green River formation as an economic resource, the
writer, assisted by H. M. Robinson and Frank A. Elliott, in 1914,
made a careful study of the entire exposed portion of the formation
at a number of places along the north, east, and southeast sides of
the Uinta Basin in Colorado (localities A to P, PI. XV I1I11). During
the later part of the season Mr. Robinson made a hasty examination
of the shale of the same formation at several places in northeastem
Utah (localities 1-4, Pl. X). During the season of 1915 Walter B.
Wilson, John N. Massey, and Yong K. Lee assisted the writer in
examining the Southern part of the area of the Green River formation
in southwestern Wyoming and the south side of the Uinta Basin,
near the eastem line of Utah. A large number of samples of shale
were distilled in the field and in the laboratory of the Bureau of
Mines at Washington to determine the guantity of oil and other
products which could be obtained from them. Much of the Chemi-
cal work was done under the direction of David T. Day, of the Bureau
of Mines-; C. A. Davis, also of the Bureau of Mines, was detailed to
the Survey for several months to make a microscopic study of the
organie matter in the shale. To Messrs. Day, Davis, and David
White, who visited the field early in September, 1914, the writer is
indebted for many helpful suggestions concerning methods of work
and interpretation of results.

The limits of the Green River formation were mapped in the field
and the exact place at which each sample of shale was obtained was
determined by the use of telescopic alidade, stadia rod, and piane
table. Geologie sections were measured at seyeral localities. The
accompanying map of northwestern Colorado and eastern Utah (PI.
XVI111) is compiled from field sheets prepared by the writer, from
published and unpublished data collected by Gale 1 in connection
with an examination of coal fields in the adjacent areas, and from
data shown on the township plats of the General Land Office. The
land net was compiled from these plats, but owing to discropancies
between surveys and resuryeys it was necessary to make numerous
more or less arbitrary adjustments and the land net shown on the
map therefore comprises only township lines. The resuryey of
the area north of the base line in Colorado and along Douglas Creek
south of it was only recently completed, and the corners are well
marked, but the corner posts of the much older surveys elsewhere
are yery poorly preseryed or entirely gone. The land suryey of that
part of eastem Utah shown on Plate XV 111 is good. In many places
the geologie boundaries shown are taken directly from maps published

1Gale, H. S., Coal fields of northwestern Colorado and northeastern Utah: U. S. Geol. Survey Buli. 415,
1910.
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by Mi\ Gale, inasmuch as whereyer tested these maps proved to bo
entirely satisfactory for the purposes of this work. The places from
which samples 1-4 were collected are shown on the smaller map
(PI. X).

The map of southwestem Wyoming (Pl. X1X) is compiled from
maps by Veatchl and Schultz2 and unpublished data by Schultz,
together with the data collected by the writer during the field work
and data shown on the township plats of the General Land Office.
A large part of the area has been recently resurveyed, and the land
lines are trustworthy, except in the extreme eastem part, where the
old suryey is known to be very poor.

Area examined.—The examination of 1914 was confined to a nar-
row strip about the north, east, and southeast sides of the Uinta Basin
in Colorado, except that during a short trip into central Utah Mr.
Robinson sampled shale beds at the four localities shown on Plate X.
A portion of the outcrop of the formation along the Colorado-Utah
line near White River was examined, but the greater part of the
season was spent along the margin of the main basin to the east.
The Green River formation occupies an area of about 1,900 square
miles in Colorado and a larger area in northeastern Utah. The main
area in Colorado is separated from the Utah part of the Uinta Basin
by the Douglas Creek anticline, which extends in a generat northerly
direction along the valley of Douglas Creek near the State line.
The limit of the oil-yielding shale in most places practically coin-
cides with the boundary of the Green River formation, but north-
west of Meeker only the lower part of the formation is present, and
this is barren of oil. A similar condition prevails south of Grand
River.

The eastern edge of the Uinta Basin in Utah, near Watson, was
examined in considerable detail during August and September, 1915.
Most of the season, howeyer, was spent in a reconnaissance examina-
tion of southwestem Wyoming (Pl. X1X). The eastem margin of
the Green Riyer formation in Wyoming between the Union Pacific
Railroad and the Colorado-Utah-Wyoming line was examined, and
samples of shale from the localities indicated on the map were tested.
A hurried trip was made across the Green Riyer basin to Fossil,
Wyo., and southward along the western part of the area known to
contain the Green Riyer formation.

Northwestern Colorado and northeastern Tltah—The surface of the
part of the field represented by Plate XV 111 consists mainly of deeply
dissected uplands surrounded on all sides by more open yalleys
caryed in the shale and soft sandstone of the Wasatch formation,

1Veatch, A. C., Geography and geology of a portion of southwestem Wyoming, with special reference
to coal and oil: U. S. Geol. Survey Prot. Paper 56, pi. 3,1907.

2Schultz, A. R., The Southern part of the Rock Springs coal field, Sweetwater County, Wyo.: U. S.
Geol. Survey Buli. 381, pp. 214-281, 1908.
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Shows thin bedding in this part of the Green River formation. Darker bands are richest beds. About 600 feet
of rock exposed.

B. OIL SHALE ON EAST SIDE OF PICEANCE CREEK NEAR WHITE RIYER, COLO.

Most of the projecting ledges are rich shale.
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A. BOOK CLIFFS WEST OF RIFLE, COLO.

Oil shale forms upper cliff. About 3,000 feet of rock exposed. (See fig. 13, p. 145.)

P
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-B. GREEN RIVER FORMATION NORTH OF WHITE RIVER, 9 MILES WEST OF RANGELY, COLO,

Dark projecting beds are oil shale. Cliff about 1,000 feet high.
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which lies beneath the oil-yielding Green River shale and above tho
coal-bearing Mesaverde formation. Tbo Book Cliffs near Rifle,
Colo. (PI. XII, A), stand about 9,000 feet aboye sea leyel. The
Grand Hogback, which extends along the eastern margin of the field
nearly parallel with the boundary of the Green Riyer formation,
reaches an altitude of about 9,500 feet and is formed by the steeply
upturned resistant sandstones of the Mesaverde formation. The
Green Riyer formation, probably owing to the presence of oil-yielding
shale, resists erosion to a marked degree and gives rise along the
Southern margin of the area to nearly perpendicular and at most
places impassable cliffs, which in the vicinity of Rifle and De Beque
rise to heights of 3,000 or 4,000 feet above the valley of Grand Riyer,
only a few miles distant. (See fig. 13.) West of the Grand Hogback
and north of Rio Blanco post office the shale forms hills of consid-
erable prominence, known as the Petrolite Hills. The outcrop of

the oil shale along tho east sido of the Douglas Creek anticline is
marked by nearly perpendicular cliffs known as the Cathedral
Bluffs. Cliffs similar to these and egually impassable form the bound-
ary of the formation along White Riyer (Pl. XII, B) and southward
along the Colorado-Utah State line to a point near Watson, Utah.
(See PI. X1, A))

By far the larger part of this area drains northward to White
River through Evacuation, Douglas, Yollow, and Piceance creeks,
and to the Pacific Ocean through Green and Colorado riyers. That
part of the area south of the Book Cliffs is drained by Grand River,
which joins Colorado Riyer in Central Utah. White and Grand
rirers and Roan, Douglas, Yellow, and Piceance creeks are the
only streams that carry water throughout the year.

The valley of Grand Riyer is trayersed by the mam Ime of the
Denver & Rio Grande Railroad. The narrow-gage line of the
Uintah Railway between Mack, Colo., and Watson, Utah, crosses
the Book Cliffs near the Colorado-Utah line and furnishes transpor-
tation facilities for a considerable part of the Uinta Basin. The

46990°—Buli. 641p—16--2
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ranchers and farmers in this area do a yery largo part of their ship-
ping by way of Meeker, Rifte, and the Denyer & Rio Grande Railroad.
The proposed extension of the Denver & Salt Lake Railroad (“ Moffat
road”) westward from Craig down Yampa Riyer, to the north of
the field, will furnish an additional outlet.

The surface of the area is so rough that wagon trayel is forced to
follow certain long-used routes, such as the Government road from
Rifle to Meeker and the well-kept road between Meeker and Rangely
down the yalley of White River. Roads also lead from Rangely
northwest and Southwest to Yernal and Dragon, Utah, respectively,
and there is a fair wagon road up Piceanoe Creek connecting with
the Goyernment road at Rio Blanco post Office. Aside from these
wagon roads there are few routes that can be used to adyantage.

The yalleys of White and Grand rivers and of Piceance and Roan
creeks are occupied by smali but prosperous ranches which under
irrigation produce alfalfa, timothy, grain, and yegetables. Con-
siderable fruit is raised in the yalley of Grand River. The area
outside of these yalleys is used only for stock range.

Rifle is the largest railroad town in the area. and is a shipping
point for nearly the entire region. It is the starting point of the
mail stage and freight lines which supply Meeker and the settlements
in thatyicinity. Meeker, a thriying town of 800 inhabitants on White
Riyer in T. 1 N., R. 94 W., is the distributing point for a large area
to the north, east, and west. Rangely, 60 miles down Wiliite Riyer,
eonsists of a store and post office and is connected with Meeker by
stage that makes three trips a week. Supplies for Rangely and
yicinity are freighted from Dragon, Utah, a station on the Uintah
Railway, and Watson, at the end of the same railway 9 miles north
of Dragon, is the shipping point for ore from the gilsonite mines of
the Uinta Basin and for produce from Ashley Valley, 50 miles to
the northwest. A toll road from Watson to Yernal is used by
daily automobile mail and passenger stages that conneot with the
trains of the Uintah Railway. Rio Blanco, halfway between Rifle
and Meeker, eonsists of a smali store and post office. Piceance and
Sulphur aro merely post offices located at ranch houses. De Beque
and Grand Valley are smali but prosperous towns on the Denver &
Rio Grande Railroad south of the Book Cliffs.

Southwestern Wyoming—That portion of southwestern Wyoming
which is shown on the map (Pl. X1X) includes the Southern part of
the Green Riyer basin and the western rim of the Southern Red
Desert Basin. The surface is in most places rolling and coyered
with yegetation characteristic of arid regions.

Trees grow only along streams and in a few smali upland areas.
The region is drained through Green Riyer and its tributaries except.
in-the area adjacent to the west line of the State, where the run-off
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A. GREEN RIVER FORMATION EAST OF GREEN RIVER CITY, WYO.

Samples of oil shale 127 and 128 taken from beds at base of upper cliff.

B. GREEN RIYER FORMATION IN T. 10 S, R. 15 E., ABOUT 25 MILES NORTH OF SUNNYSIDE, UTAH.
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ftnds its way to Great Salt Lako by the way of Bear Riyer. Steep
cliffs mark the eastem margin of the main basin, and Green River
yalley is bordered by precipitous walls for seyeral miles near the town
of Green Riyer. (Sec PI. X111, A.) Altitudes range from 5,900 feet
above sea level on Green River near Linwood to 8,750 feet in the
southwestern part of the area shown on the map.

Green River has its beginning far to the north, in the Wind River
Mountains, but its principal tributaries in this area, Blacks Pork and
Henrys Fork, rise in the Uinta Mountains of northem Utah. Aside
from the three streams mentioned above, together with Hams Fork,
a tributary of Blacks Fork, and Bear Riyer, there are in this area
very few streams that carry water the year round.

The main line of the Union Pacific Railroad crosses the area in a
generat westerly direction and is joined at Granger by the Oregon
Short Lilie, which connects with points to the northwest. Rock
Springs, Kemmerer, and Eyanston, coal-mining towns, and Green
Riyer, a railroad division point, are the principal towns of the region.
Seyeral villages have been estabhshed in the irrigated district around
old Fort Bridger and along Henrys Fork near the southem linge of
the State. Many of the towns on the railroad consist of only a few
houses, a storeg, and a post office. The Lincoln Highway follows in
generat the ling of the Union Pacific Railroad, and good automobile
roads connect many of the smaller towns with the railroad and this
highway.

TESTS OF THE SHALE.

APPARATTJS POR FIELD DISTILLATION.

A large nurnber of samples of shale were collected (see Pl. X1V)
and tested in the field in order that a definite idea of its yalue as a
source of oil might be obtained. Seyeral large samples were also
shipped to the Chemical laboratory of the Geological Suryey so
that different methods of treatment might be devised to increase
if possible the yield of crude oil and other yaluable products. In
the early part of the work (1914) the apparatus designed and used
by Woodruff and Day lduring the preyious season, described bolowj
was used to make the tests.

The retort into which the shale was charged consisted of a section of 12-inch iron
casing pipe 4 feet long, having flanges screwed on the ends and a removable iron pigte
with asbestos gaskets fitted to each end of the retort. On one side of the retort there was
fitted a smali steam dome, a pressure gage, and a safety valve. From the top of the
dome a pipe led to a block-tin condensing coil in. a smali water-filled tank. The coil
discharged into Wolff bottles set in series and provided with stopcocks so that the lig-

uids could be drawn off without interfering with the operation of the condenser.
During the operation the retort was suspended from iron supports in a narrow trench,

1Woodruff, E. G., and Day, D. T., op. cit., p. 4.
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Covered with iron plates and earth, and a flue erected at the back. Heat was obtained
from a wood fire placed under the retort.

The operation consisted of removing the head, charging the retort with shale broken
into pieces not larger than 4 inches in diameter, and replacing the head. Fire was
started to give a gentle heat at first and was gradually increased until the lower part of
the retort became red hot; then the fire was held constant until near the close of the
process, when it was increased for a short time and then allowed to subside. Water
vapor, gas, oil and gas, and finally only gas was the order in which the products were
obtained. From seven to eight liours’ heating was required for a charge.

This apparatus necessitated the mining of a large guantity of
shale (100 pounds or more) for each test. The apparatus, being
large and not easily transported and eyentually becoming unfit for
use through leakage, was abandoned and replaced by a smali still
which reguired a sample weighing only about 1 pound and which was
heated by gasoline torches. With two of these smali distilling
outfits four samples of shale were tested easily in one working day,
whereas only one sample of shale a day could be tested with the
larger apparatus. The distilling apparatus used in 1915 (see PI. XV),
which is similar to that used during the later part of the 1914 season,
but much more compact and lighter, consists of the following es-
sential parts:

Two gasoline blast lamps (BartheFs).

One iron mercury retort (one-half pint) with delivery tubes.

One brass condenser.

Two ring stands.

One 3J-inch ring.

One large condenser clamp.

One receiyer for condensed liguids (50 eubic centimeter glass graduate).

One ammonia scrubber (8-ounce bottle filled with glass beads).

Two pairs combination pliers.

One postat balance.

Six feet of rubber tubing.
Glass tube for connecting condenser, receiver, and ammonia scrubber.

One glass separatory funnel.

Because of its simplicity and because its flame can be adjusted to
any desired angle or length, the Barthel blast lamp was chosen to
furnish heat for the still. This lamp consists of a smali spherical
gasoline tank with bumer, mounted on an iron base in such a way
that the bumer may be tumed at any angle. To manipulate the
burner the tank is first filled nearly fuli of gasoline and the cap
securely screwed down. Gasoline is placed in the smali cuplike
depression around the bumer and lighted. When this gasoline is
bumod out, suflicient heat will have been produced to generate gas
under pressure, which may bo lighted at the end of the burner on
opening the bumer valve. If the flame is yellow or sputters tho
burner is not sufficiently hot and must be reheated. The gasoline
tank of each bumer holds suflicient fuel to keep the blast burning
about 2 hours. Inasmuch as each distillation of shale reguires from
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3 to 4 hours, two bumers are used with each retort. The second
torch may be most easily lighted by playing the flame of the first
on the burner of the second.

The yessel in which the shale is placed to be heated is an ordinary
iron mercury retort (capacity, one-half pint), which is equipped with
close-fitting lid and clamp and an iron delivery tube. The deliyery
tube is fastened to the inner tube of the condenser by a smali brass
plumber’s union, which provides a very easily disconnected joint.
The retort is held in place above the flame of the burner by a ring
and ring stand.

The condenser used in the outfit consists of an inner tube of thin
brass three-eighths of an inch in diameter and 15 inches long, to one
end of which is soldered a smali brass plumber’s union. This inner
tube is surrounded by a second thin-walled brass tube 1J inches in
diameter, 11 inches long, which is provided with a two-hole rubber
stopper at each end, one hole being for the inner tube. A smali brass
tube 2 inches long is inserted through the second hole of each stopper
to proyide connection for the entrance and waste of the water which
is circulated between the inner and outer tubes to keep the inner
tube cool. The delivery tube from the retort is so bent that when
the retort is in an upright position the condenser will be tumed at an
angle of about 40° from the horizontal. The condenser is held in
position by a single clamp, attached to a ring stand.

The receiver for the condensable products of the distillation
consists of a 50 cubic centimeter glass graduate, proyided with a
two-hole rubber stopper through which are thrust two glass tubes;j
one for the entrance of the liguids and permanent gases from the
condenser and the other for the escape of the permanent gases to
the «mmonia scrubber. The glass tubes have a diameter of about
a quarter of an inch and are bent at the proper angles to make
connections with the condenser and scrubber. The tubes should
barely penetrate the cork.

The ammonia scrubber consists of an ordinary glass cylinder or
8-ounce wide-mouthed bottle, proyided with a glass tube reaching
nearly to the bottom of the bottle for the entrance of permanent gas
from the receiyer. The bottle is filled with glass beads, which pro-
yide additional surface and a means of breaking up the gas into smali
bubbles as it passes up through a 10 per cent solution of sulphuric
acid.

The water for cooling the condenser may be had from waterworks,
or if no running water is at hand a tank or tub may be stationed near
the condenser, at a sliglitly higher leyel, and the water conyeyed
over the top by a siphon entering the condenser at the lower end
and wasting at the upper end.

The pliers- are used for handling the retort.
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The postat balance has a capacity of 4 pounds and is used to weigh
the sample of shale.

The glass separatory funnel is used to separate the oil from the
water derived from the shale.

In order to determine the guantity of oil and ammonia that may
be deriyed from a sample of shale, the shale is first pulyerized to pass
through a screen of J-inch mesh. After tliorough mixing a sample
weighing 8£ ounces is so selected as to represent the entire guantity.
This sample is placed in the iron retort and the coyer securely
fastened. In order to prevent leaks the joint between the cover
and retort bowl is plastered with a thick paste made of a mixture
of powdered graphite and glycerine. The delivery tube from the
retort is then coupled with the inner tube of the condenser. The
ammonia scrubber is filled approximately two-tturds fuli with a
15 per cent solution of sulphuric acid, and cool water (not ice water)
is started circulating through the condenser. The blast lamp is
then lighted and placed beneath the retort, with the flame tumed
as low as possible. After heating about 10 minutes water and oil
will begin to condense and be deliyered into the receiyer. The
permanent gas will pass into the ammonia scrubber and bubble up
through the sulphuric acid, which will combine with any ammonia
contained in it, producing soluble ammonium sulphate. Gentle
heat should be applied to the retort as long as any oil is deliyered
to the receiyer; then the flame of the bumer may be lengthened until
at the end of three or four hours the bumer will be at fuli blast,
the retort will be red hot, and the shale will cease to yield either
oil or gas. The products of the distillation are then measured;
the guantity of oil in the receiyer is recorded, as well as the guantity
of water in the same receiyer. The liguid products of the distillation
are then transferred to the separatory funnel and the water drawn off
from the oil and added to the liguid contained in the ammonia
scrubber. The materiat contained in the ammonia scrubber is
then placed in a glass-stoppercd bottle and transferred to a Chemical
laboratory for the determination of the guantity of ammonium
sulphate. The yield of oil in United States gallons to the short ton
of shale is egual to the number of cubic centimeters of oil in the
receiyer, provided the sample of shale used weighs 8J ounces. The
oil obtained from the distillation should be placed in a smali bottle
for determination of its specific gravity, which can best be done in
the laboratory. In order to compute the number of pounds of
ammonium sulphate which may be deriyed from a short ton of shale
it is necessary only to multiply the number of grams of ammonium
sulphate found in the sample by 8.8.



OIL SHALE IN NORTHWESTERN COLORADO. 151

RESULTS OF TESTS.

SALIENT rEATURES.

The results of the tests made in the field and in the laboratory
at Washington are given below and show yariation from a maeimum
yield of 90 gallons of oil to the ton of shale to a minimum of 0.31
galion. The yield of ammonium sulphate was not detcrmined for
samples tested during the early part of the first season’s work, but
those which were tested show a range from 18.3 pounds oy dry
distillation or 34 pounds by steam distillation to 0.4 pound to the
ton of shale. =Likewise the yield of inflammable gas ranges in the
samples for which the amount was recordcd from 4,549 cubic feet
to the ton of shale to less than 500 cubic feet. Many of the samples
that were subjected to destructive distillation were selected not
because they were supposed to be rich in oil but in order that the
field men might be better able to judge from the appearance of the
shale how much oil it would yield when subjected to distillation.
Seyeral samples were selected in order to determine the geologie
range of oil-yielding shale. Ali samples were taken near the outerop,
and it is probablo that some of the more yolatile constituents of the
oil had been lost by evaporation, hence the results of distillation
tests do not show the maximum amount of oil that may be obtained
even by the method of distillation used. The stratigraphic position
of nearly all the beds sampled is given in the sections (pp. 170-189).
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Results oj distillation oj samples oj oil shale collected in 1914.
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Results of distillations of samples of oil shale in thefield in 1915.
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Grayity of oil at
60° F.

Specific
grayity.

0.8989
.9327
.9019
9041
.8983

Degrees
Baums.
25.74

25.22
24.85

24.66

27.53
24.97
28.49

27.67
26.70

24.54

30.79
29.81
26.65

24.49

24.52
28.77
27.44

- 2245

Yield of oil
per short
ton of
shale (U. S
gallons).

32
31

Yield of
ammonium
sulphate
per short
ton of shale
(pounds).

9.65

7.05
0.20

3.94
5.91

11.14

7.59
3.86

4.50

aCoIIectOed by A. R. Sehultz from fissile shale described as Wasatch in U. S. Geol. Survey Buli. 381,

p. 222, 1s)10.

4  Collected by David White from a point near Eiko, Nev.
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Most oils obtained from the distillation of shale are reddish brown,
and at ordinary temperatures range from semisolid vaseline-like
products to a tbin liguid.

Samples 7, 8, 10, 11, 12, 18, 19, 21, 23, 24, and 25 were distilled
in the large field retort, and the resulting oils have a specific gravity
ranging from 0.9109 (23.7° Baume) to 0.9371 (19.4° Baume). The
oils obtained from samples distilled in the smali apparatus range in
specific gravity from 0.8449 (35.7° Baume) to 0.9496 (17.4° Baume),
though by far the larger number of samples show a specific gravity
of less than 0.90 (25.0° Baume). The difference in the oils obtained
by using the large and smali apparatus is probably due to conditions
of heating rather than to differences in original materiat, but the
oil from all samples distilled in a particular apparatus may be as-
sumed to have been obtained under conditions approximately similar.
About one-fourth of the distillations were made in the Washington
laboratory of the Bureau of Mines, with an apparatus similar to the
smali outfit used in the field. In order to compare the tests made
in the laboratory with those made in the field with the smali appa-
ratus, shale from two samples tested in the field was tested in the
laboratory, and the results were found to check very closely.

It was suggested at the beginning of the oil-shale investigations
that distillation of shale with the injection of steam into the heated
retort might result in a product of increased value, but before 1914
no sample had been treated in such a way that a comparison of the
value of dry and steam distillation could be made. The writer
therefore during the first field season selected a sample of shale and,
after careful mixing, divided the sample into two eaual parts (142
pounds eacti). One part was distilled dry and the other part dis-
tilled in the same apparatus on the following day with the addition
of steam to the heated mass. From the dry-distilled sample (No.
19) oil was obtained at the rate of 6.27 gallons to the ton of shale;
the steam-distilled sample (No. 18) yielded 22.88 gallons of oil to the
ton. It is not likely that the larger yield of oil obtained from the
second sample could be entirely due to the effect of the steam, and
it is probable that to other factors, such as teakage-, may in part be
due the difference in guantity of oil obtained under the two methods
of distillation. That the oil produced by steam distillation is not
radically different from that produced by dry distillation is shown
by the similar proportion of products which the oils yield on frac-
tionation. (See table, p. 156.) It is unfortunate that in this test,
the only one made on a large sample, there was no eguipment
available to ascertain the effect of steam distillation on the yield of
ammonium sulphate. Later, six samples of oil shale were distilled
with steam at the Washington laboratory of the Bureau of Mines.
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For these samples the guantity of oil derived by steam distillation
exceeded that by dry distillation only slightly or in some samples
not at all. At the same time the oil produced by steam distillation
has a uniformly heavier gravity. The detailed results of these tests
are given on page 160.

Oils from nine samples treated in the field and in the laboratory
were redistilled with the following results:

Results offractionation of skale oil.

4 6- 10 18 19 27 32 51 57
Begins to boil at °C................ 80 52 50 70 72 65 80 70 54
Distillation (cubic centime
ters):
To 100°C.... 6 10 2 25 2 4 25 7 4
100 to 125°C 2 .5 3.5 1 1 1.5 3.5 1 2
125 to 150° C 2 1.5 6.5 25 8 1.5 4.5 1 3
Total gasoline 10 12 12 6 n 7 105 9 9
150to 175° C... 2 2 8 6 6.5 3 6 2 5
175 to 200° C 2 4 6 5 5 3 5 4 4.5
200 to 225° C 5 4 7.5 5 5 4 6 4 5
225t0 250° C 75 6 7 5 5 5 8 6 5
250t0 275° C 6 6 7.5 7 7 7 8.5 6.5 7
275to 300° C... 6 10 13 7 7 17 9 13 12
Total kerosone.............. 28.5 32 49 35 355 39 42.5 35.5 38.5
38.5 a4 61 41 46.5 46 53 44.5 47.5
Total residuum............. 61.5 56 39 59 53.5 54 47 51.5 52.5
Amountofoil used.................. 100 100 100 100 100 100 100 96 100

Specifi ity at 60° F.

pectiicgraviy 2 ' 0.8937 0.8850 0.9138 0.9290 0.9327 .08946 0.8838 0.9126  0.9126
7947 7769 .8090 .7974 8202 7849  .7568  .7838 .7605
.8602  .8466 8260 .8742 8876 .8722  .8524  .8682 .8538

Residuum.'......ccoee .9695 .9643 .9884 .9894 1.0160 .9684 .9368 .9695 .9628
Asphalt.percentby weight.. 1.35 .82 2.82 4.10 3.62 2.49 A7 1.40 1.03
7.70 6.93 2.22 3.72 1.63 4.56 4.70 9.21 4.00
.54 1.06 .73 1.42 A1 .69
Nitrogen.......ccccoeveeenee do ... 1.848 887 2198 1549 1643 1.267 1849 1.820 2135
Unsaturated hydrocarbons:
82 86 81.6 72
Kerosene.......ccce... do— 55 55 64 71 71 61 57 62 58

'A study of the table reveals a fairly uniform guantity of products
from the different samples, the gasoline rangingfrom 6 to 12 per cent,
the kerosene from 28.5 to 49 per cent, the paraffin from 1.63 to 7.70
per cent, and the sulphur from 0.41 to 1.42 per cent. The samples
for fractionation were chosen to illustrate both range in physical
character of the shale and wide geograpbic distribution. Sample 4
was from massive shale obtained near Soldier Summit, Utah (for
location see Pl. X); sample 6, from brown shale near Elko, Nev.;
sample 10, from massive shale in sec. 9, T. 1 N., R. 103 W., Colo.
(see PI. XVII11); samples 18 and 19, from massive shale in sec. 16,
T. 2 N.,, R. 98 W., Colo. (No. 18, steam distilled; No. 19, same
sample, dry distilled); sample 27, from papery shale in sec. 11, T. 1
N., R. 97 W., Colo.; sample 32, from massive shale in sec. 11, T. 1 N,,
R. 97 W., Colo.; sample 51, from massive shale in sec. 6, T. 6 S., R.
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94 W., Colo.; sample 57, from massive black sliale insec. 1, T. 7 S,,
R. 98 W., Colo.

The samples, except No. 27, were obtained within a few inches of
the outcrop and probably were slightly weathered, although physical
eyidence of weathering in the type of shale sampled extends only a
very short distance back from the outcrop. As the papery shale
weathers to considerable distance back from the outcrop a drift 18
feet long was driven for the purpose of ohtaining a sample (No. 27),
but the zone of weathering had not been passed at the point of
sampling.

In order to determine the behayior of shale oil when subjected to
the Rittman process 1of refinement, two samples were tested at the
Pittsburgh laboratory of the Bureau of Mines. The only samples of
shale oil ayailable for these tests were two obtained by Woodruff 2
in 1913 from field distillations of shale described below.. The samples
had remained sealed sirice the date of original distillation and were
therefore probably not greatly altered. Each sample was fractionated
in the ordinary way with the following results:

Fractionation of shale oil by ordinary method.

Sample A: Speciflc Sample B: Speciflc
gravity, 0.882; boil- gravity, 0.925; boil-
mg point, 32° C. ing point, 25° C.

Distillation—

Porcentago  Speciflc Percentage  Speciflc
by weight. gravity. by weight. gravity.

To 75°C "3.4 0.691 2.5 0.700
75° to 100° C 2.4 .738 1.6

100° to 125° O 4.8 754 3.6 772
125° to 150° C .. 5.6 775 55 792
150° to 175°C.. 6.4 .795 5.8 .814
175° to 200° C 6.6 .821 6.7 .842
200° to 225° C .. 6.8 .844 6.1 .862
225° to 250° C ... 7.2 .866 6.4 .884
250° to 275° C 9.4 .892 7.2 913
275° to 300° C 8.7 .901 9.0 929
Residuum... 38.5 Solid. 43.0 Solid.

The residuum over 175° C. of each sample (A and B) was then
diyided into two parts (A and A', B and IV) and run in aRittman
furnace with 150 pounds pressure, different temperature being used
for each part, as indicated below.

A. Subsurface sample from north side of White River, 5 miles east of White River stage station, T.9S.,
R.25E., Utah. Bed, 3feet 6inches thick. Yield, 33.3 gallons of oil to the short ton of shale.

B. Sample obtained 4 miles north of Ninemilo Creek, approximately in sec. 12, T. 11 S., R. 16 E., Utah.
Bed, 6inches thick. Yield, 39 gallons of oil to the short ton of shale.

i = _—— -

1Rittman, W. F., Dutton, C. B., and Dean, E. W., Manufacture of gasoline and ben/.ene-toluene from
Petroleum and other hydrocarbons: Bur. Mines Buli. 114, 1916.

2Woodruff, E. G., and Day, D. T., op. cit. pp. 4,19, 20.
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Rittman furnace tests on residuum obtained from distillations of skale oil at temperature
over 175° C. Pressure 150 pounds (gage reading).

Sample A. Sample A'. Sample B. Sample B".

525 550 525 600
0.920 0.920 0.957 0.957
.901 .902 .929 .959
e 79 82 70

The oil recovered from the treatment in the Rittman furnace was
then distillecl with the following results:

Distillation of oil recoveredfrom Rittman tests of skale oil.
Sample A. Sample A'. Sample B. Sample B".

0.901 0.902 0.929 0.959

ntby weight)— 42 28

To 100°.... 2.2 i 2.8 alsg
100°to 125°. 11 8.0 1.1 2.5
126° to 150°. 14 10.7 1.6 2.7
150° to 175°. 2.7 13.8 3.0 4.2

7.0 20.0 6.3 6.9

175° to 200°
aDistillation, 75° to 100° C.

An examination of the above tables shows that by ordinary
methods of fractionation Samples A and B will yield 22.6 and 19.0
per cent, respectiyely, of distillate up to 175° C. Treatment of the
residuum above 175° C. in the Rittman furnace with 150 pounds
pressure and temperatures of 525° to 600° C. produoes an oil which
will yield additional fractions below 175° C. acoording to the tem-
perature used in the furnace. Tests of two samples of shale oil do
not furnish adeguate data for generalizations but merely indicate
that under proper treatment shale oil may be made to yield a much
larger percentage of gasoline than that shown in the tables on pages
156 and 157.

AMMONIUM SULPHATE.

Inasmuch as one of the yaluable products deriyed from the distilla-
tion of shale in Scotland is ammonium sulphate, it is interesting to
compare the amount of nitrogen in the shale with the amount that is
accounted for in the products of distillation. The following table is
based on the assumption that all the nitrogen in the shale can be con-
yerted to ammonium sulphate:
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Relation between total amount of nitrogen in skale and amount accountedfor in products
of distillation.

Theoretical Ammo- Total Total
equivalent Equivalent nium nitrogen nitrogen un-
of nitrogen Yield of ammo- sulphate  accounted accounted

Sample  Nitrogen in am- oil per Nitrogen nium extrpacted forin forin
No. in shale. Inon,jum ton of in oil. sulphate from gas ammonium ammonium
(uphate,  shale (perton of pertonor (sulfhate  sulphate,

: shale). P
shale). shale). shale).

Per cent.  Pounds. Gallons. Percent. Pounds. Pounds. Pounds. Pounds.
36.6 . 1.848 10.9

4. 0.39 16.8 3.5 14.4 22.2
.39 36.6 86.8 887 26.7 6.0 32.7 3.9
46 43.2 8.4 1.267 3.7 18.3 22.0 21.2
54 50.8 40.6 1.849 26.1 8.5 34.6 16.2
46 43.2 28.0 1.820 18.2 7.3 25.5 17.7
1.22 115.0 65.3 2.135 50.0 7.0 57.0 58.0
53 49.9 32.0 (u ¥<n? 7.0 642.9
.35 33.0 15.0 a 4.1 IEN 628.9
.73 68.8 32.0 féa% (0) 5.4 [EX &63.4
.80 75.4 55.0 (aj ) (0) 65 ga VgllS 6
1.30 122.5 90.0 (a) . .
32 o1 o W o) SR 6251
43 405 32.0 o o 71 633.4
.68 64.1 37.0 ga)) Ea3 7.8 E:g 656.3
.60 56.7 30.0 Q) Eag 3.9 Ea‘} 652.8
.68 64.1 34.0 o a 5.7 a 658.4
.10 9.4 8.0 Eaa (a) 7 (a) b8.7
.50 47.1 50.0 (a) m 2.0 “ b45.1
132... .85 80.1 50.0 (@) (u 4.5 u 675.6

aNot determined. . i i o
6Nitrogen unaccounted for is much greater in these sampies because the amount in oil was not deter-

mined.

It will be noticed that in no test has the entire amount of nitrogen
present in the shale been accounted for in the products of distilla-
tion, and except for one sample (No. 6) there is a larger amount of
nitrogen unaccounted for than the amount which was extracted from
the fixcd gas in the form of ammonium sulphate. In the sampies
tested the amount of ammonium sulphate extracted from the perma-
nent gas averages 11.1 per cent of the theoretical total amount of
ammonium sulphate available from the shale, and an average of 41
per cent of the theoretical total available ammonium sulphate is
accounted for by the nitrogen in the shale oil itself. Therefore the
theoretically available ammonium sulphate unaccounted for averages
more than twice as much as is extracted from the gas produced in
the distillation of the shale. In the shale works of Scotland distilla-
tion is carried on with the injection of steam, which results, accord-
ing to Steuart,1 in practically doubling the amount of ammonium
sulphate that is extracted from the permanent gas by the dry method.
The table given above indicates that there is ample nitrogen in the
shale to allow the extraction of double the amount of ammonium
sulphate obtained in the dry distillation, provided the right process
is used.

1Steuart, D. R., The oil shale of the Lothians, 2d ed., p. 144, Scotland Geol. Survey Mem., 1912.
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During May, 1916, six samples of oil shale were tested at the Bureau
of Mines, witli an apparatus similar to that used in the field, but so
arranged that superheated steam was injected into the retort during
the entire process of distillation. The samples were selected to repre-
sent a wide geographical distribution, as well as differences in rich-
ness and physical character, and the results of the tests are extremely
interesting. Each of the samples had been tested previously in the
field apparatus without steam, and the results therefore fumished
factors that may be used to conyert the results of field tests into
what are yery probably close approximations to results to be expected
from commercial practice.

Companson of steam and dry distillation.

Oil. Ammonium sulphate.
With steam. Without steam. Theoretical Yield asdetermined.
Sample yield,
No. equivalent
. . of nitrogen ~ With  Without
Yield Yield . . :
(gallons  Specificgravity.  (gallons  Specific gravity. (plorbligzlger (s;euann&s (Sgeuanrgs
per ton). per ton). ton). per ton). perton).
3.0 0.9346'(19.7°B.) 16.8  0.8937 (26.6° B.) 36.6 13.4 3.5
10.0 9135 (23.2° B.) 8.4 .8946 (26.5°B.) 43.2 29.9 18.3
44.0 9630 (15.3° B.) 40.6 .8838 (28.4° B.) 50.8 34.0 8.5
39.0 9234 (21.6°B.) 28.0 9126 (23.4°B.) 43.2 15.8 7.3
55.0 .9286 (20.7°B.) 55.0 .9052 (24.6°B.) 75.4 231 9.6
50.0  .9109 (23.7° B.) 50.0 .8449 (35.7° B.) 80.1 8.4 45

The average amount of ammonium sulphate produced from the
shale by steam distillation was about two and one-half times the
amount obtainedfrom the same samples by dry distillation, thus pro-
yiding afactor for the conyersion of the figure for ammonium sul-
phate by dry distillation to ammonium sulphate which may be
obtained with steam distillation (the method practiced in the oil-
shale industry of Scotland and France).

In the six samples tested an average of 37.8 per cent of the nitrogen
in the shale was accounted for in the ammonium sulphate obtained
by steam distillation, compared with an ayerage of 15.7 per cent
recovered by dry distillation. During the two seasons the yield of
ammonium sulphate was determined for 57 of the samples that
yielded more than 15 gallons of oil to the ton-of shale. In these
samples an ayerage of 6.7 pounds of ammonium sulphate to the ton
was obtained. This multiplied by 2.5, the factor mentioned aboye,
giyes an ayerage of 16.7 pounds of ammonium sulphate to the ton,
which seems to be a fair estimate of the quantity that may be pro-
duCed in commercial practice from shale of the area examined in
1914 and 1915.
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CHEMICAL ANALYSES OF OIL SHALE.

Shale samples 4, 6, 27, 32, 51, and 57 were analyzed by methods
used in making ultimate analyses of coal, with the following resnlts:

Analyses of samples of shale from the Green River formation in Colorado, Utah, and
Nevada.

[Made at the Washington laboratory of the Bureau of Mines; J. D. Davis, chemistin charge.]

Location. Proximate. Ultimate. Heat-
Form vale
Sample of P
~ Vola- . ~ - (British
No. Sec. T. R. a;\iglg Mois- tile Fclé(:',d Ash. Sul- dHr)t;- Car- t'\rI(; Oxy- ther-
) ture. mat- O © phur. cen bon. en. 9en. mal
ter. : gen. gen. units).

4 . U 105 3355 (p 6543 027 180 1337 039 1874 2,266
---------------- *) 33.91 66.12 .28 170 1351 .39 18.00 2,290
o @ 1.05 4504 4573 107 519 3676 .39 10.86  7.714
---------------- 4552 4621 108 513 37.15 .39 1004 7,796
N 318 1955 7900 108 175 834 .46 937 1157

2 n STW. U 2019 ¢ 8159 112 144 861 .48 676 1195
IN. 45 37.90 6265 55 2.76 2248 54 1102 4012

82 u WU 3807 S 6293 55 272 2258 .55 1067 4030
6 6S. 9w 43 39385 59.05 30 2,24 1887 .46 1818 3,055

U 40.02 6021 30 220 1895 .46 17.83 3,068

85 51.60 4623 95 432 3640 122 1088 6976

CLLER— 1 7s. sw. Y 5204 (o 46.63 .96 426 3671 123 1021 7036

aAnalysis A represents the composition of the sample as it comes from the ground. Analysis C
represents the theoretical condition of the shale after all the moisture has been eliminated.
o Soldier Summit, Utah.
¢ The conditions of heating in the volatile matter determination are different from those in the ash deter-
mination, and owing to different reactions the guantity of inorganic residue is not the same in both. As
a I;IeSLllLt, the value of the fixed carbon is for some examples negative.
Elko, Nev.

In addition to the ultimate analyses shown above, the percentages
of nitrogen and sulphur in 14 samples of shale tested for oil in 1915
were determined, with the following results:

Partial analyses of samples of shalefrom Utah and Wyoming.

[Made at the Washington laboratory of the Bureau of Mines; J. D. Davis, chemist in charge.]

Location.
Sample No. Nitrogen. Sulphur.
Sec. T. R. State.
Per cent. Per cent.
20 1S 25E___ Utah 0.53 0.58
20 1S. 25E .35 31
20 11S. 25E .73 70
20 118S. 25E .80 87
20 1S 25E 1.30 1.59
20 11S 25E .70 58
20 1S. 25E .32 81
20 11S 25E 43 42
26 10S 25E .68 .56
9 13N 99W ... Wyoming... .60 71
13 13N 108 W 68 1.66
5 21N 107 W 10 77
5 21N 107 W .50 2.78
(a) .85 5.15
a Elko, Nev.

46990°— Buli. 64le— 16-—-—i
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GEOLOGY.

THE SHALE.

The Green Riyer formation, of early Tertiary (Eocene) age, con-
sists predominantly of shale. It exhibits on the weathered outcrop
a more or less white color, but closer examination reyeals an alterna-
tion of gray, bluisb gray, and wbite bands. (See Pis. X1 and XII1.)
The shale that yields the most oil when subjected to distillation is
that wbicb weathers into massiyc bencbes of grayisb-blue color but
which is dark brown to black on a freshly broken surface. After
this tough ricb shale, which appears to be without bedding planes or
laminations, is heated and the oil driven off it crumbles easily and
exhibits true shale structure. Where thin benches of rich shale are
interbedded with lean or barren shale, the former, being resistant,
weathers to projecting ledges. (See PI. X1V, A.) Some of the yery
rich beds show a yitreous luster similar to that of coal. The massiye
shale (Pl. XV, A) is exceedingly tough, resists erosion to a remark-
able degree, and as it weathers to a bluish-white surface and will burn
when ignited the ranchers of some parts of the region refer to it as
“white rock that will burn.” When freshly broken, the shale gives
off an odor of petroleum. AU gradations exist between this hard,
tough, massive rock and the papery shale (Pl. XVI, B), which
weathers to curly forms. The papery shale is in a few places black,
but usually light brown, and the thin plates of weathered shale are
remarkably fltexible, a characteristic which distinguishes it from ordi-
nary carbonaceous shale. Weathering affects the papery shale to a
distance of more than 20 feet back from the outcrop, but, except
along joint planes, the hard, massive shale shows little evidence of
weathering for more than a guarter of an inch from the exposed
surface. Oil has been distitted from the papery shale as well as from
the hard, massiye yariety, although in smaller guantity.

The hard, rich shale that crops out asprojecting ledges and weathers
to a gray or grayish-blue color is dark brown to black on the un-
weatliered surface, and in all probability weathering does not affect
the oil-yielding capacity of the shale to any considerable depths. Most
of the samples for distiUation were taken after chipping away the part
of the bed that had been changed from dark to light color, and for
most of the samples this required the removal of only an inch or two
of weathered shale. In order to determine the difference between the
shale just back of this obviously weathered zone and that a foot
or so deeper samples 65 and 66 were taken from a single bed near
Watson, Utah. Plate X1V, B, shows the relatiye position of the
materials for the two samples, as weU as the manner in which the
fresh shale breaks when mined. Sample 66 was obtained after
blasting away an ayerage of about 18 inches of outcrop shale; sample
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65 was taken within an inek or two of the weatker-exposed face.
The yield of oil for sample 65 was at the rate of 32 gallons to the
short ton, but sample 66 gave nearly twice as much, or 55 gallons
of oil to the ton.

Inasmuch as the samples of skale for the tests listed on pages
152-154 were obtained near the outerop, like sample 65, it is safe to
assume that the results given in ttiis paper do not represent the maxi-
mum yield that may be obtained from the same skale when it is mined.

Altkough oil may be obtained from the shale by destructive
distillation, it does not appear that more than a smali percentage ex-
ists in the shale as oil; at least oil has not been found in commercial
guantity in two wells that have been drilled into the shale in north-
western Colorado. The “gas well” in sec. 22, T. 1 N,, li. 97 W, is
about 400 feet deep, and develops a strong flow of artesian water,
together with considerable gas, but no oil. This well does not reacli
the richest shale beds. Another well, drilled to a depth of 1,345
feetin sec. 30, T. 2 S., li. 94 W., apparently passes through the Green
River formation and penetrates the underlying Wasatcli formation,
but dcvelops only a show of oil, and that apparently near the con-
tact between the two formations. A spring in sec. 14, T. 1 N., R.
97 W., east of Piceance Creek, issues from between two ricli beds of
shale. The water is of excellent guality and does not show any evi-
dence of oil or gas.

The foliowing description of the microscopic structure of the shale
was furnished by Charles A. Davis, who at the time of his death was
engaged in making a careful study of the rocks with special attention
to their fossil content:

The shale a$ seen under the mieroscope varies as greatly in appearance and structure
as it does when examined with the unaided eye, according to the locality and bed
from whieh the materiat examined originally came. The darker specimens yield
sections showing characteristic opacity, density, and compactness of structure and
fineness of grain. The lighter-colored samples show less opacity and appear more

granular, even when casually examined. Specimens from the same sample also
present quite different appearances, according to the direction in which the section
is cut.

Under low powers of the compound mieroscope sections cut transverse to the bedding
planes show a more or less distinet lamination or banded structure, the dark-brown
to light-yellow bands alternating irregularly with colorless or light-grayish ones.
Usually the dark bands of the section are longer and more continuous than the light
bands.

Under higher magnifications these bands resolve themselves into a series of more
or less discontinuous thin laminse, of which the brown and yellow or dark ones are
certainly longer and more continuous than the gray or colorless ones. Careful in-
spection shows that the dark laminse are usually not easily resolvable into granules,
while the light ones are obviously made up chiefly of particles of crystals of minerat
matter; much of the minerat matter is very finely divided, although some sand is
present. Moreover, mostof the laminse containing minerat matter are lens-shaped, and
in the samples in which they were carefully examined many of them were found to
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be from two to eight or ten times as long as they are thick, and the darker lamin®
in the same sections are characteristically many times longer than they are thick.

In addition to these generat characteristics shown in the cross sections the samples
exhibit the following features:

1. Well-marked openings, in places of polygonal or even sguare outline, but more
commonly of irregular lens shape or the shape of a flattemd sphere. The larger of
such openings occur usually in the lenses of minerat matter thatis in the form of coarse
particles. Some of these openings still contain bits of crystalline minerals, and others
contain fine silty residues. It is thus evident that the openings themselves may have
been formed by the breaking up of the original filling, which corresponds to that of
the shorter, lens-shaped lamin®, during the cutting of the section.

2. Irregularly distributed black opague bodies, which glisten by reflected light.
These fili lenslike openings that seem identical with those just described, as well as
other openings, including the irregularly polygonal matrices of minerals. The
materiat forming the opague bodies only partly fills some of the openings in which it
occurs. Such partly filled spaces show by their irregular filling and by the relation
of the opague matter to included minerals that they have been filled by local intrusion
from the surrounding walls, as the materiat has not yet been obseryed running from
one cavity to another, and unfilled cavities are numerous near and between those that
are filled.

3. Very dark brown or black lines, which seem to represent the edges of yegetable
structures such as fibers, filaments, or films that are of different composition or are
more fully carbonized than the generat mass of materiat with which they were laid
down. These dark lines are in placesinterlaminated with light-colored organie matter
and clearly can not be considered as intrusions into the laminated materiat after it
was laid down, as the whole series of lamin® is in places very finely wrinkled and each
individual layer is of extreme thinness, many being less than a micron thick. As
these very thin light-colored lamin® are entirely conformable with the thinnest dark
ones, they must have been laid down with them. The thicker dark lamin®, being
more opague than the light ones, can not be so readily resolved for measurement,
but where they have been carefully studied they show minute secondary lamination
as well as the inclusion of thin lines of inorganic sediment, a structure which clearly
proves their sedimentary origin and entirely undisturbed condition.

The wide range of variation in the characteristics of the structure, bedding, and
grain of the different samples of shale examined makes it impossible to discuss all the
yariations which have been found, but the points brought out are the most striking
ones noted in examining the cross sections.

A study of sections made parallel with the bedding planes of the oil-yielding shale
shows also a large number of yariations, even in the same fragment. The dark sam-
ples in generat give the most interesting sections, the lighter-colored ones showing
chiefly finely diyided amorphous particles of minerat matter, mixed with crystalline
particles, which are possibly of secondary origin, and with scattered fragments which
from their color and structure are easily recognizable as of organie origin—that is,
deriyed from the remains of plants or animals.

The examination of a large number of horizontal sections shows that the lamin®
are not generally fiat or perfectly horizontal, but rather occur in undulating bands,
apparently formed while the materiat was still in the process of deposition. Some
horizontal sections of darker samples show only slightly granular or nearly homo-
geneous texture, with no inclusions. Other sections show a large number of minute
plants and plant remains that are surprisingly well preseryed. In general,'these plant
remains are embedded in the same sort of materiat of which the seemingly structure-
less sections are composed. Some of this structureless materiat can be resolyed by
carefut manipulation to show a granular structure, and under such conditions the
ehadowy outlines of plant remains can be seen in some sections.
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The inference is elear that the structureless materia! probably originated in a col-
lection of plant d$bris which has by decomposition and the activities of bacteria and
other microscopic organisms passed into a jelly-like phase sueh as is to be found in
certain kinds of modern peat deposits. The plant remains that have been found in
the shale from every locality which has furnished samples are those of microscopic
algse mixed in smaller percentage with pollen and similar parts of higher plants.
Animal remains are rare in the materiat studied, and those noted were chiefly the
remains of insects in a very fragmental State.

It seems apparent, therefore, that the study of the microscopic structure of this
shale asseen in yertical and horizontal sections leads to the conclusion that the materiat
was laid down originally in water and that it passed through a series of stages of de-
composition before consolidation and lithification had taken place. The remarkably
well preserved State of the delicate plant structures which have been examined
indicates very slight disturbances of the original materiat and an almost entire lack
of changes produced by the action of the usual metamorphosing agencies since
lithification.

STBATIGRAPHY.

The oil-yielding shale is confined almost entirely to the middle
part of the Green River focmation, and during the present examina-
tion little attention was paid to rocks of other formations. In north-
western Colorado the Green River formation is the youngest present,
but north of White River and only a few miles west of the Colorado-
Utah line the Bridger formation rests unconformably on the Green
Riyer as well as older formations, and along the northern edgo of
the Uinta Basin in Utah the Bridger obscures the entire outorop of
the oil shale. The Bridger formation also occupies the central part
of the Green Riyer basin in southwestern Wyoming and west of
Burnt Fork and south of Carter oyerlaps the Wasatch formation,
covering the outerop of the Green Riyer.

The Green Riyer formation is underlain by the Wasatch and this
in turn by the Mesayerde, which in Colorado and Utah is coal bearing.
The Wasatch in Wyoming contains yaluable beds of coal, which may
be needed for fuol when the shale-oil industry is deyeloped.

The Green River formation has a maximum thickness noar the
mouth of Piceance Creek of about 2,600 feet and may be separated
there on the basis of the presence or absence of oil-yielding shale
into three fairly distinct parts. The upper and lower parts of the
formation are practically barren, but the middle part of the forma-
tion contains, at every locality examined, beds of shale that will
yield considerable oil. A single test was made of shale from the
upper diyision of the formation, which yielded 0.31 galion of oil to
the ton of shale (sample 42, p. 153). The section measurod near the
mouth of Piceance Creek (H, pp. 177-178) shows the oil-yielding part
of the formation to be 1,550 feetthick, whereas the lower barren part
is only 342 feet thick and the upper barren part 716 feet thick.
According to measurements rnade near Morris station (O, p. 182) on
the Book Cliffs, the upper 595 feet of the section there exposed is
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oil yielding, but the underlying part, 1,487 feet thick, includes no
beds tbat will yield any appreciable guantity of oil. The great
thickness of lower barren beds near Morris corresponds very closely
with the thickness of the lower part of the formation as described
by Woodrufflin a section measured along the Mount Logan trail
insec. 26, T. 7 S.,, R. 97 W., only a few miles to the west and on
the same generat cliff. In generat the lower member of the Green
Eiyer formation is extremely yariable both in thickness and char-
acter. Along Eyaouation Creek, near Dragon, Utah (sec. Q, pp.
183-184), this member includes about 600 feet of coarse sandstone,
oolite, and shale with no persistent bed and some yery remarkable
lenticular beds. Only a few miles away, in Helis Hole Canyon, north-
west of Watson (sec. T, pp. 185-186), the lower part of the Green
River formation includes largely shale with comparatively thin sand-
stone beds and only a little oolite.

In contrast to this extreme irregularity in the lower part of the
formation the thin beds of the oil-yielding portion are remarkably
persistent. Sections Q, S, and T, representing the strata exposed at
three places in eastern Utah, separated from one another by 5 and 7
miles (see PI. XV 111), show three thin beds of sandstone which are
remarkably regular in thickness, and at the same time the interyal
between them yaries only slightly from ptace to place.

The line between the Wasatch and Green River formations is very
difficult to foHow because of .lack of exposures and yery hard to
identify accurately from place to place. There seems to be a gen-
erat gradation from the upper part of the Wasatch formation into
the lower part of the Green River, and it is possible that the oorreta-
tions shown on Plate XV II are not absolutely correct.

The Green Eiyer formation consists principally of shale but con-
tains, especially in its lower part, beds of sandstone, many of which
are ripple marked. Most sections show one or more beds of oolite
and some conglomerate or conglomeratic sandstone. Near the old
Black Dragon ming, Utah, howeyer, the lower part of the formation,
according to measurements made by Woodruff,2 contains oolite and
sandstone equal to more than half of the exposed thickness of beds
(529 feet). There is at the base of the upper part of the formation
on Yellow and Piceance creeks a bed of massiye brown sandstone
which may be equivalent to the Tower sandstone of Powell3 in
southwestern Wyoming. As is shown by the sections given below,
there are in nearly every section many beds of shale that will yield
at least 15 gatlons of crude oil to the ton, but. the correlation of beds
from one measured section to another, although the sections may be

1Woodruff, E. G., and Day, D. T., op. cit., p. 14.

2ldem, pp. 16,17.

2Powvell, J. W., Geology of the eastern portion of the Uinta Mountains, pp. 40-45, U. S. Gaol. and Geog,
Sumy Terr., 2ddlv,, 157G
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only a few miles apart, is very uncertain. A careful study of the
strata exposed in a oontinuous cliff face a mile or more in extent
shows that although the formation appears to be remarkably regu-
lar in tliickness, indiyidual beds yary greatly from place to place
and that a single massive bed 5 feet thick at one place may change
to comparatiyely tbin-bedded shale witbin less than half a mile.
Study of any single bed at several places along its outcrop to deter-
mine its yariability in thickness, bedding, mode of weathoring, and
value as a source of oil was made impossible by lack of exposures
except near the mouth of Piceance Creek in Colorado and along the
west side of Green Itiyer in southwestem Wyoming. In the Colo-
rado locality a zone of oil-producing shale was examined, carcfully
measured, and sampled at three localities within a distance of approxi-
matoly 1,100 feet along its outcrop with the following results:

Sectiom of oil-shale zone along the west side of Piceance Creek, Colo.,in sec. 11, T. 1 N.,

R. 97 W.
Location 34.1
Ft. .in. Ft. in
Shale, hard, black 1 2 Shale, brown, lean 2........... 2
Shale, light brown.. 3 Shale, hard, dark................ 3
Shale, dark brown.. 2 Shale, brown.......ccccccceeeea. }
Shale, light brown.. 1 Shale, hard, dark................
Shale, hard, black.. 7 Shale, lean.....cccccveiciiennne 4}
Shale, light brown b Shale.iiee 1
Shale, hard, black, in beds 2 Shale, hard, blacK...............  ceeueee i 2
inches thicK.....cccocoeieieeeciienen, 6
Shale, brown..... . 24
Shale, hard, dark 2

Location 35, 100 feet N. 7° E. of location 34.

Et. in Ft. in.
Shale, dark brown...........ccccovenen.. 2 Shale, hard, brown............. 2
Shale, hard, dark brown. . 2 Shale, rich......ccccceeeeiinnn. 3
Shale, hard, black........ccccceevveuuennn. 1+ Shale, hard, brown............ 14
Shale, sandy, lean........cccccceoeennn. 1 4 Shale, brown, lean.............. 3
Shale, brown, rich......cccccccovvunnnns 5
Shale, hard, brown............ccoeeuunee. 3
Shale, brown, rich.......cccccoovvnnnn. 11

Location 36, about 1,000 feet N. 10* E. of location 35.

Ft. in. Ft. in.
Shale, hard, darK......cccoeevvevvenn. i Shale, hard, black.............. 8t
Shale, brown, thin bedded........... i Shale, brown.........ccccccuee.. }
Shale, hard, dark........cc.ccccocevunn.. 4} Shale, hard, black.............. 44
Shale, lean......ccccoeveveveeceiveeeeeee b oShale.iciccee, 1
Shale, hard, black......cccocceeeeerrennnns 54 Shale, hard, black.............. 3
Shale, Brown.......ccoceeevvveieeeeeeieeeene, i Shale, brown, lean.............. 4
Shale, hard, black........cccccuvuvreennn. 4 .
Shale, brown.......cocoeeeeieiiieceee 14 ot

i Location numbers correspond to those used on the maps. Stratigraphic sections are arranged so that
the youngest beds are described first and successively older beds follow.

aln this paper the term " lean” is applied to shale that will yield less than 15 gallons of oil to the short
ton and “ rich n to shale that will yield more than 15 gallons.
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Samples from these localities when subjected to distillation gave
the following results:

Results of distillation of samplesfrom three localities on a single bed of shale on the west
side of Piceance Creek, sec. 11, T. 1 N., R. 97 W.

. Total Yield of
Location No. thickness oil per ton Gravity of oil.
sampled. of shale.

Y T 5 4 23.0 0.888 (27.6° B.)
35 12 147 887 (27.9° B
3 3 310 883 (28.5° B.)

This zone contains shale which on woattiering resembles somewbat
closely a massiye bed but which may be subdivided upon close exami-
nation into a number of very thin units differing from one another
only in minor particulars. The gravity of the oil derived from these
samples is fairly uniform, but the guantity dilfers widely. It is
possible that part of this difference in yield may be due to changes
produced by weathering, although if such were the case it would seem
that the gravity of the oil in sample 35 would show a corresponding
increase. Howeyer, the data at hand are not sufficient to make
generalizations.

Along both sides of Green River, Wyo., in Tps. 13 and 14 N., R. 108
W., a single bed or zone of rich oil-yielding shale is exposed in almost
continuous outcrop for seyeral miles. The bed is made up of alter-
nating thin benches of rich and lean shale which weather into a most
characteristic form, so that the bed can be easily identified from place
to place. The richer benches weather to grayish-blue ledges which
project beyond the softer lean shale, as shown in Plates X111, B, and
X1V, A. In places slabs 3 or 4 feet sguare and only an inch thick
have weathered out and lie scattered over the surface. The four
sections given below illustrate the yariability of the different parts
of the bed. The results of the field distillations of samples taken at
three of the places are given in a separate table following.

Sections of shale bed along Green River, Wyo.

Location 99, sec. 27, T. 13 N., R. 108 W.
Pt. in. Pt. in
Shale, hard, black, rich.................. £ Shale, soft, brown, lean. .1 8
Shale, soft, brown, lean.... 5 Shale, hard, black, rich.
Shale, hard, black, rich.................. 1
Shale, soft, brown, lean................... 8
Shale, hard, black, rich 2
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Sections o shale bed along Green River, Wyo.—Continued.

Location 101, sec. 13, T. 13 N.,, R. 108 W.

Ft. in. . Ft. In.
Shale, hard, black, rich................ 5 Shale, thin bedded, brown, lean... 4
Shale, thin bedded, brown, lean... 2 Shale, hard, black, rich.................. 5
Shale, hard, black, rich.................. 10
Shale, thin bedded, brown, lean.. 3 2 7
Shale, hard, black, rich................... 2

Location 103, sec. 23, T. 14 N., R. 108 W.

Ft in. Ft. in.
Shale, thin bedded, brown, lean.. 5 Shale, hard, black, rich. 1 5
Shale, hard, black, rich................... 1 1
Sandstone.......cccovcveeieeiiieiee e 1 3.0
Location 105, sec. 9, T. 14 N., R. 108 W. .
Ft, in.
Shale, brownish, black, thin bedded, lean; not sampled .2-4

Results oj distillation of samples of shalefrom three localities along the outcrop oj a single
bedin Tps. 13 and 14 N., R. 108 W., Wyommg.

Yield of
Yield of ammonium
Total i
: : oil per : : sulphate
Location No. tst;ﬁkr;sgs short ton Gravity of ail. per short
pled. of shale. ton of
shale.
Ft. in. Gallons. Pounds.
3 3 Not determined. 9.3
2 7 34 0.8994 (25.65° B.). 5.7
3 0 32 .8818 (28.77° B.). 6.6

In many places massiye beds of dark, tough, rich shale contain
lenses of coarse sand that show no free oil. In other places smali
masses (some of them mere films between beds) of-solid black hydro-
carbon are found in the shale. Hydrocarbon occurring in this way
in a smali gulch east of Piceance Creek near its mouth possesses all
the properties of elaterite, but in most places the materiat is similar
to gilsonite. Insec. 14, T. 1 N., R. 97 W., this elaterite may be seen
at a number of places between two beds of rather rich shale. In
some places, such as Hay Gulch, in sec. 36, T. 1 N., R. 96 W., there
are pockets of black materiat which have the shape of partly com-
pressed stems but which show no woody structure, as would be ex-
pected if they were carbonized wood. The material contained in
these pockets is not soluble in ether, chloroform, gasoline, or turpen-
tipe, the ordinary solyents of hydrocarbons.

Fossil remains, except those of microscopic size, are scarce but
include leayes, fresh-water shells, insects, and fish remains. None of
the fossils collected were found to be especially diagnostic, although
seyeral were identifiable. The shells were collected near the base of
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the formation, as were most of the fish and leaf remains, but excel-
lently preserved remains of insects (Diptera larvse, etc.) were found
at a number of borizons in the oil-yielding portion of the formation.

The following stratigraphic sections were measured at places indi-

cated on the map (PI.

rocks exposed in different parts of the field.

XVI111), and illustrate the character of the
The beds of shale that

are known by testing or are estimated to yield 15 gallons of oil or
more to the ton of shale are indicated by heavy type in the sections.

Sections in northwestern Colorado.

/ tocation A, T.
Ft. in.
Shale, gray, with a few hard sandstone
beds each a few inches thick.. 350 0
Sandstone, white 1 0
Shale, gray 60 O
Sandstone, clayey.. 15 0
Shale, thin bedded, with a few thin beds
of sandstone.........ccooceviiiiiiiciciis 15 0
Shale, brown to black, contains thin
beds of rich oil shale........c..ccccccoenniine 2 0
Shale, thin bedded, slightly carbona-
ceous, but is supposed to yield very
little oil i 30 0
Shale, brown, thin bedded, will probably
yield some 0l 1 0
Shale, brown, will probably yield some
2 0
Shale, gray, thin bedded.. 18 0
Shale, thin bedded, brown, contains thln
laminae of oil shale........... - —— 10 O
Shale, sandy 40 O
Shale, dark brown, rich in oil. 4
Shale, light gray, sandy... 7 0
Shale, will yield alittle oil.. 1 0
Shale, gray 2 0
Shale, dark brown,rich inoil. 4
Shale, slightly sandy.......... [ TR 7 0
Sandstone and shale; sandstone shows
ripple marks as much as 6 inches from
Crest to Crest. .. 150
Sandstone, coarse, containing concre-
3 0
Sandstone, clayey 5 0
Shale, SANAY....ccoiiiiiiiiiieeeee e 50 0
Sandstone and shale, about 60 per cent
sandstone; sandstone for the most part
ripple marked; one thin bed of carbon-
aceous shale. 200

Sandstone, conglomeratic at the base;
most of the pebbles are fiat; some are
4inChes across.........ooveiiiiiciiniccccs

Sandstone, thin bedded, not resistant....

N., R. 104 W.

Shale, sandy...
Sandstone, ripple marked; ripples 4
inches from crest to crest and three-
guarters of an inch deep
Shale, sandy
Sandstone, friable, with about 10 per
cent of shale; sandstone is oolitic___
Sandstone, friable, with about 33 per
cent of shale
Sandstone, thin bedded
Shale, gray..........
Sandstone, shaly
Shale, sandy
Sandstone, coarse grained
Shale....
Oolite with grains as large as one-six-
teenth of an inch; this stratum is a
massive ledge maker, the most resist-
antrock of the formation..
Shale, sandy.................
Sandstone, thin bedded.
Shale, gray, mostly covered...........ccoeunnne
Sandstone, thin bedded, cross bedded,
and slightly conglomeratic; the grains
are mostly silica and well rounded___
Shale, gray.
Sandstone, conglomeratic;

largest pebbles
obeserved have a maximum diameter

of one-halfinch
Shale, gray
Sandstone, shaly
Shale, gray
Surface covered, supposed to be mostly

shale; tan-colored shaleexposedat base.
Sandstone, white, lenticular
Shale, drab, contains some sand.
Sandstone, tan-colored.
Shale, sandy
Sandstone, tan-colored, definitely Wa-

satch; bottom of section.

Ft.
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OIL SHALE

IN NORTHWESTERN COLORADO.

Sections in northwestem Colorado— Continued.

Location B, T. 1 N., R. 103 W.

Shale, evenly thin bedded, with very
little sandstone........cccoociiiicciiiccne
Shale, dark, thin bedded, estimated that
at least 50 per cent is oil-bearing shale
(sample 10 from bed 3 feet 10 inches
thick neartop; 11.3gallons)
Shale, sandy, thin bedded, lean
Sandstone
Shale, thin bedded, sandy in places
bituminous in others, will yield some

Shale, dark brown, weathers bluish

gray, rich
Sandstone, shaly.
Sandstone, friable, weathers to round

FOrms. .o
Shale, hard, dark brown,i (sample (
FICh s | 8426 j
Shale, light brown................. Jgallons).1

Shale, alternating beds of rich oil-bearing
shale (estimated 10 per cent) and lean
shale

Shale, clayey, containing thin beds of
rich oil shale.......cccoiiiiiniiiis

Shale, thin bedded.......ccccoovvveiiiieecinen,

Shale and sandstone, containing some
oil-bearing layers; the entire member is
coloredredby burning......c.ccccceeveene

Shale, sandy; contains some thin sand-
stones.

Shale, sandy..

Shale, dark brown, hard; weathers
bluish gray; rich.......ccooeniii =i

Shale, clayey, thin bedded; contains a
few thin layers ofrich shale................

Shale, sandy

Shale, thin bedded, clayey

Shale, sandy; contains some bltumlnous

Shale, with thin beds of rich oil-
bearing shale; estimated that 50
per centisrich rock.

Shale, sandy.......cccccoeenene

Shale, dark brown;

weathers
bluish gray; rich......cceieene
Shale, sandy, thin bedded, calcareous. ..
Shale, carbonaceous; contains beds of
rich shale as thick as three-guarters of
an inch (sample 12; 8.64 gallons).........
Sandstone, ripple marked at top, thin

Shale, lean..
Shale, dark brown; contains dissemi-
nated iron sulphide (sample 11; 8.22
gallons)
Shale, thin bedded, brown..
Shale, sandy ..o
Shale, dark brown, massive,rich...
Shale, gray, lean; contains some bitumi-
NOUS MaAter.....cooiiiiiiiiiiiiiccceie e
Sandstone, thin bedded.............

Ft.

250+

50
11

n.

co ©oR Ero

o

Shale, sandy...
Sandstone, even bedded.
Shale, grading into sandstone at the top .
Shale, dark brown, with disseminated

iron sulphide, rich..
Shale, sandy at base, thin bedded attop.
Sandstone, thin bedded.
Shale, sandy
Shale, thinly laminated, dark brown on

fresh surface; contains beds of rich

shale
Shale, sandy...
Shale, thinly laminated, dark brown on

fresh exposure; probably will yield

SOME Ol 8
Shale, dark brown, thin bedded, rich..
Shale, sandy ... 13

Sandstone, thin bedded, ripple marked..
Shale, sandy; inplaceswillyieldoil-----

Shale, dark brown; weathers bluish
gray; rich..
Shale, sandy 7
Sandstone, thin bedded, with some
7
18
Sandstone, cross-bedded at to 3
Sandstone and shale.............c.cccceuee 25

Sandstone, in beds having a maximum
thicknessof4inches. 5

Shale, with some sandstone shalels dark
and carbonaceous; probably will yield
SOME Ol

Conglomerate; maximum size of pebbles
halfaninch...........

33

Shale,drab.......ccccoveiiiieeiiiieccieecen 25
Shale, brown; slight oily’
0dOr i
Shale,darkbrown; weath-
ersblue......iii
Shale, light brown; weath- (sample
erspiaty....oveninennn. 7; 126 <
Shale, dark brown, hard; gallons).

weathersblue.............
Shale, soft, brown; weath-
ers into fine laminse and
curls on surface

Shale and sandstone in layers as thick

as 6 inches
Shale, finely laminated;
odor when broken
Sandstone, calcareous.. .
Shale; lower part drab; upper part
weathers curly ...
Dimestone......cooiiiiiiiiiicic
Shale, mostly drab, partly carbonaceous,
finely laminated
Shale, thinbedded, rich;gives slight
oily odor when freshly broken....

ivesslightoily

171
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Sections in northwestern Colorado— Continued.

Location B, T. 1 N., R. 103 W.—Continued.

Sandstone, containing clay balls.............
Shale, drab...
Shale, sandy...
Sandstone, containing pebbles aslarge as
halfan inch in diameter
Shale, sandy........ccccooeeenn
Shale, dark brown, rich; gives
odor when broken..........ccccccoeeins
Shale, thick bedded, rich...............
Shale, finely laminated, brown, carbon-
aceous

Ft.

25

n
2
0
0

Shale, thick bedded, rich; gives oily
odor when broken...

Shale
Sandstone, coarse gralned
Shale
Sandstone...
Shale, thinly laminated, dark brown...
Talus slope at bottom.

Location C, on north dide of White River, T. 1 N., R. 104 W,

Shale, sandy; weathersto round forms...
Shale, light brown, lean...........cccccccoinenene
Interval, probably sandy shale.................
Shale,darkbrown; weathers bluishgray;

Shale
Shale,darkbrown; Weathersblulsh gray;
rich
Shale.
Shale,darkbrown; weathers bluish gray,
rich
Sandstone, thin bedded
Shale, dark brown; weathers bIU|sh
gray; 75 per cent rich shale and 20

per cent lean shale
Shale, dark brown; weathers bIU|sh
gray; rich
Shale, brown, thin bedde
Shale, dark brown; weathers blmsh
gray; 75 per cent rich shale and 25

per cent lean shale..........ccoooeininns
Shale, dark brown; weathers bluish
gray; about 10 per cent lean shale,
remainder rich shale...........c.cc.co...
Shale, dark brown; weathers bluish gray;
about 40 per centrich shale...................
Shale, darkbrown; weathers bluish gray;
about 10 per cent lean shale, remainder
rich shale

Shale, dark brown; weathers bluish gray;

about halfrich shale and halflean shale.
Shale, sandy .....ccoceoeiiiiiiiec e
Shale, darkbrown; weathersbluish gray;

Sandstone, massiv
Shale, dark brown; weathers blmsh
gray; rich and lean shale inter-
bedded.
Shale, sand
Sandstone, thin bedded.
Shale..
Shale,darkbrown; weathers bluish gray;
rich; contains an abundance of iron
PYFITE it e
Shale; about 25 per cent rich, dark brown
Shale, darkbrown; weathersbluishgray;
rich

50

20

BroBa
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in.
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Shale, dark brown;weathers bluish gray;
rich.
Shale..

Shale, SaNAY.....cccoeiiieiiiiieeeeeee e
Shale, dark brown; weathers bluish
gray; rich. s
Shale, dark brown; weathers bluish
gray; rich; and sandy shal
Shale, sandy
Shale, darkbrown; weathersbluish gray;
rich..
Shale, drab, with thin layers of rich dark-
brown shale...
Shale, darkbrow Weathersblmshgray,
rich..
Interval, probably mostly shale
Shale, darkbrown; Weathersblmshgray,

Shale, sandy
Sandstone...
Shale.....oooiiiiee e
Shale, dark brown; weathersblmshgray,
rich..
Shale...
Shale,darkbrown; weathersblmshgray,

Sandstone, shaly.
Shale, light gray, sand K
Shale; black; contains thin beds of I’ICh
dark-brown shale............ccccccoviiiiinn
Shale, drab, with some thin beds of rich
dark-brown shale near top........c.ccccccueeee.
Shale, dark brown; weathers bluish
gray; rich; interbedded with lean

Shale, thin bedded; 25 per centrich dark-
brown shale.......cccoociiiiiiiiiiie,
Shale, dark brown; weathers bluish
gray; rich
Shale, with t
brown shale
Shale, dark brown; weathers bluish
gray; rich
Sandstone, shaly, grading to shale in the
lower part.......ccovveeneiincicies

Ft.
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OIL SHALE

IN NORTHWESTERN COLORADO.

Sections in northwestern Colorado—Continued.

Location C, on north side of White River, T. 1 N., R. 104 W.—Continued.

Ft. in.
Shale, darkbrown; weathersbluish gray;
1
27 0
Sandstone, shaly 5 0
Shale, sandy.. 23 0
Shale, drab.. 20 0
Shale, thm bedded, black on fresh
surface, rich.......cciiiiiiis 4 0
Shale, SaNdy....ccccceviiiiiieieeeees 5 0
Shale; weathers curly; will yield some
oil.... 0
Shale 8 0
Sandstone, shaly 5 0
8 0
2
20 0
Shale, dark brown; weathersbluish gray;
rich. 1 0
Shale, gray, sandy at base, thin bedded
attop. 7% 0
Location D, T.
Ft. in.
Shale, drab; contains sandy layers. 40 0
Shale, dark brown, rich 6
Sandstone 6 ?
Shale, dark brown, rich.. 1 0
Sandstone, thin bedded 5 0
Shale, drab 20 0
Sandstone, thin bedded.. 3 0
Shale, thin bedded, Iean 15 0
Sandstone; contains much crystalllne
guartz; weathers like an oolite.............. 4
Shale, drab, with sandy layers. 30 0
Shale, dark brown, rich.... 3 0
Shale, drab. 3B 0
Shale, lean. . 0
Shale, SaNdY....coccoeviieiiiciece s 4 0
Shale; about 30 per cent rich shale in thin
layers.... 4 0
Shale, drab. 3 0

Location E, T. 1 N,

Sandstone, yellow, slightly friable; con-
tains concretions of pyrite........cc.coeenn.
bedded.......ccoiiiiiii

Shale; upper part slightly sandy; con-
tains some mica; lower part not well
exposed

Shale, dark gray to brown; contains afew
beds of bituminous shale about half an
inch thickK.....coi

Shale, gray, calcareous, in beds about 2
inches thicK......cccoiiiiiiiis

Shale, gray to brown, slightly bitumin-

Shale, dark brown, rich.
Shale, thin bedded, gray on weathered
outcrop but contains thin beds of brown
and black rich bituminous shale; esti-
mated that 10 per cent of the rock will
yield oil
Shale, dark brown, thin bedded, 75 per
centrichand 25 per centlean.................

Ft.

15
20

120

65

20

18

in.

1

73

Ft. in.
Oolite, with grains as large as one-eighth
inch in diameter.........ccocociiiiiiiiie 5
Shale, with some rich dark-brown shale.. 5 0
1
13 0
1
100 O
Sandstone, light colored, with shaly lay-
ers and some rich dark-brown shale— 4 0
Shale, light colored at bottom, dark at
top; some rich dark-brown shale.......... 27 0
Sandstone, including clay balls; a single
fossil gastropod was found in this bed.. 4
Shale, drab......ccccccovvviiiiiieieece e 2 0
Sandstone, at some places oolitic and at
othersslightly conglomeratic 8
Shale, dark 20+

River.

N., R. 100 W.

Shale, with a few streaks of rich dark-
brown shale
Shale, drab
Sandstone, thin bedded
Shale and thin sandstone; contains beds
as thick as 2 feet which probably will
yield some oil
Shale, thin bedded, lean
Shale, drab, slightly sandy
Shale, thin bedjied, lean.
Shale...
Shale, thin bedded,
ceous;

slightly carbona-
in places contains thin sandy

Rs. 99 and 100 W.

Shale; estimated 15per centrich oil shale.
Shale, gray on outcrop; top sandy, in
beds 2 inches thick.......cccooviiiiiiiis
Shale, thin bedded; probably 15per cent
rich oil shale........ccccooooiiiiiiiiiiiis

Shale, thin bedded, papery; esti-
mated 75 per centrich oil shale........
Shale, sandy; contains few carbonaceous
layers
Shale, thin bedded, estimated 50 per cent
rich oil shale..........cccoooiiiii
Shale;
shale, but the whole is brown on fresh
surface and probably will yield oil.
Shale, sandy, thin bedded
Shale, dark brown, rich..
Shale, thin bedded, lean..

Shale, thin bedded, dark brown
FICh.
Shale, SaNAY.....ccceveriiiiiececeeee e

contains little rich bituminous .

Ft. in.
5 0
30 0
2 0
450
100
150

2 0
30 0
250
650
39 4
Ft. in.
20 0
20 0
10 0
7 0

5 0

1 6

1 0

4 0

1

6

2 0

2 0
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Sections in northwestern Colorado— Continued.

Location E, T. 1 N., Rs. 99 and 100 W.—Continued.

Shale, for the mostpart thin bedded, gray
on weatliered outcrop; probably 20 per
cent of the whole is shale which will
Yieldoil o

Shale, dark brown, massive; resists
weathering; rich.........coiiinen.
Shale, massive (estimated yield, 20
galloNS).c..ooiiiiiicee e
Shale, lightgray, slightly sandy and bitu-

Shale, dark brown, rich
Shale, thin bedded, lean
Shale (estimated yield, 20 gallons)
Shale, gray on wea.thered surface, thin
bedded, lean.........ccccoveeeiiiieiiiiiiceinenn
Sandstone, with numerous dark specks..
Shale, sandy......ccccoceeiieiiniiciecce
Shale, dark brown; about 67 per cent
rich and 33 per cent lean.......ccccccceeeeenae
Shale, drab......ccoceoiieiiiieccieeeceeeees
Shale, dark brown; appears to be
veryrich(samplel3; 33.6gallons)..
Shale, about 50 per cent oil shale
Shale, sandy......c.cc.cc....
Shale, dark brown, rich

Shale, thin bedded, slightly carbona-

ceous, but will probably yield some oil.
Shale, gray, thin bedded...
Shale, dark brown, rich...
Shale .
Shale, dark brown, rich...
Shale, thin bedded......
Shale, dark brown, rich
Shale, thin bedded; contains possibly

about 10 per centrich shale...................
Shale, dark brown, rich..........c.ccooonns

Shale, dark brown, rich
Shale, gray, thin bedded
Sandstone, shaly.
Shale, sandy...
Shale, dark brown, rich
Shale; contains some sandy bed .
Sandstone, yellow, shaly........cccccocninne
Shale and sandstone in about equal quan-

Shale, dark brown, rich
Sandstone, shaly........cccooviiiinneee
Shale, dark brown, rich, with some
sandstone lenses..
Sandstone, shaly

Shale, very thin bedded (estlmated

yield, 25gallons)......cccccoevivicvcincnens
Shale, 25per centrich.....cccccoeoenns
interbedded with

Shale, dark brown,

papery shale
Shale, drab...
Shale, lean.... .
Shale, brown, thin bedded.................., .

45
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'Shale, thin bedded, lean.

Shale, thin bedded (estimated yield, 15
gallons)...
Shale, drab.
Sandstone, shaly.......ccccooieiiiinicee
Shale, dark brown (estimated yield,

25 gallons)
Shale, friable, yellow, lenticular
Shale, drab.........ccoviiiiiiiiiiis
Shale, very thin bedded (probable
less than 15 gallons
Shale, sandy
Shale, thin bedded, with a few bltuml-
nouslayers
Shale, dark brown, rich, thin bedded
(estimated yield, 35gallons)............
Sandstone, contains quartz grains ce-
mented with iron oxide........cccooiiinne
Shale, thin bedded
Shale, drab; contains sandy beds
Shale, gray, sandy......ccccceevenerineiennieenns
Shale, thin bedded, with some rich

oil shale (estimated yield, 30 gal-

Shale, thin bedded; will yield some oil..
Shale, sandy

Shale, drab; some layers 1foot thick; will
yieldoil.
Shale, dark brown, rich.
Shale, thin bedded.
Shale, brown (estimated yield, 25
gallonNs).....ccoiiiiiic s
Shale, about 50 per cent bituminous
Shale, thin bedded, bituminous
Shale, thin bedded; contains rich bltu-
minous layers; also sandstone lenses
and lean shale
Sandstone, thin bedded
Shale, thin bedded (estimated yield, 15
gallons)...
Sandstone, light-colored
Shale, dark brown; partrich and part

Between the last bed mentioned above
and the base of the Green River forma-
tion there is a distance of about 300 feet
in which the rocks are largely conéealed
by surface materiat. It is probable, how-
ever, that there is considerable oil shale
in this interval, but that it has been
burned so as to lose its ordinary charae-
teristics. The burning is indicated by
loose fragments of red burned rock on the
surface, by slaglike masses of fused ma-
teriat, and by black burnt-out shale ex-
posed near the base of the formation,
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OIL SHALE

IN NORTHWESTERN COLORADO,

Sections in northwestern Colorado—Continued.

Location F, T. 2 N., R. 98 W.

Sandstone (about 75 per cent) and
slightly bituminous shale
Shale, gray, sandy; some layers brown
on fresh surfaces..........cccceevviiiiiicns
Shale; about 20 per cent rich bitu-
minous shale (samples 18, 19, 22,
23,and 24; 6.25 to 22.88 gallons)...
Shale, thin bedded, slightly bituminous,
and sandstone.........ccccoviviicciiccis

Sandstone, minutely cross-bedded,
MASSIVE....oooiiiiic s
Shale, drab; contains a few thin beds of
SaNAStONe.....ccccviii e

Sandstone, massive; contains a few thin
layers of conglomerate..........cccceeenneee.
Shale, in part slightly bituminous, with
a few thin beds of sandstone...............
Sandstone, in part chertlike
Shale, thin bedded
Shale, dark brown, rich, and thln-
bedded lean shale (estimated yield,

25 gallons)
Shale, sandy, lenticular.
Shale, thin bedded (estimated yleld

15gallons)...
Sandstone.............
Shale, dark brown, rich-j (sample r
Sandstone, cherty........... 121; 26.8]j

Shale, dark brown, richj gallons). 1
Sandstone and shale..........cccccoiiiins
Conglomerate with pebbles half an inch

indiameter.......cooviiiiiiiiiiis
Sandstone and shale, with layers of rich
oil shale linch thick
Shale and some sandstone
Sandstone .
Shale, gray, thin bedded........cccccocovnenne
Sandstone, slightly conglomeratic and
oolitic
Shale, thin bedded (estimated yield,
259allonNs)...ccccceeeiiiiiceeeeee
Shale, dark brown (sample 20; 12.6 gal-

Sandstone, irregular in thickness, weath-
ering light yellow ...
Shale, dark brown; weathers to papery
shale (sample 14; 13.3 gallons
Sandstone, shaly
Shale, light brownish drab; weathers to
sheets one-eighth to three-eighths inch
thick (sample 15; 3 gallons)
Sandstone, coarse, yellow .
Shale, light brown................. j (sample (

Shale, dark brown, fairly rich> 16; 1.9 J
weathers papery.............. Jgallons). 1

Shale, hard, dark brown; weathers to
blue resistant ledges; this contains
lenses of rock which weather yellow
and resemble sandstone (sample 17,
21 gallons)...cccceececnecnns

Ft.
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Sandstone, weathers rasty tan...............

Shale (80 per cent) and sandstone; some
beds of shale 1 foot thick may yield as
much as 15 gallons of oil to the ton—

Shale (estimated yield, less than 10 gal-

Oolite
Shale, slightly bituminous...
Oolite
Sandstone, thin bedded.
Oolite....
Shale, slightly bituminous

Sandstone, thin bedded, with some b|-
tuminous shale.........cccoiiiiiiiin,

Shale, brown, lean, interbedded with
thin sandstone........cccocociiiiiiicinnn,
Shale, brown to black, thin bedded,
slightly bituminous.........ccccceeniiinnnne
Shale,brown, verythinbedded;weathers
curly (estimated yield, 15gallons)------

Shale, brown, thin bedded; weathers
curly (estimated yield, 15 gallons
Sandstone, shaly
Shale, drab to gray, interbedded Wlth
thin beds of sandstone...........cccccceeee
Shale, brown to black, thin bedded (es-
timated yield, less than 15 gallons)...
Shale, drab.....c...coooviiiiiiieen
Shale, brown on fresh surface, thin
bedded, slightly bituminous.................
Shale, tan-colored; weathers white;
many of the joint planes, which are at
right angles to the bedding, are filled
with asiliceous deposit .
Shale, gray; weathers almost white;
upper part thin bedded; some of the
shale is slightly carbonaceous.
Shale, drab and tan-colored
Sandstone, light gray, fine grained, cal-
careous, ripple marked, lenticular.......
Shale, drab and tan-colored....................
Sandstone, ripple marked, lenticular—
Shale, SaNdY.....cccooervereiiiceeeeceee
Sandstone, tan-colored, thin bedded —
Shale, drab
Shale, tan-colored .
O0lIte i,

Shale, drab, thin bedded..........................
Sandstone, tan-colored, ripple marked,

Shale, with a few sandstone beds, tan
colored; Wasatch formation...

175

Ft.

25
10

20
100

200

IR

28
50

20

200
1,677



176

CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1916, PART II.

Sections in northwestern Colorado—Continued.

Location G, T. 2 N., R. 97 W.

Top of hill.
Sandstone, massive, tan-colored, slightly
friable, fairly coarse grained, weathers
into nodular forms.........ccccoeviiiiiie
Shale, sandy
Shale, dark brown, rich
Shale, sandy
Shale, dark brown (probable yield, 10
gallons)
Shale, drab, thin bedded
Shale (estimated yield, 20 gallons)
Shale, thin bedded, sandy
Shale, dark brown, rich.
Shale, sandy
Sandstone....

Shale, dark brown, rich.
Shale, sandy
Shale (estimated yield, 25fgallons)
Shale, drab, withsome sandy beds, lean.
Shale, generally lean, but with some

Fich layers.....ccoiiiiieieen

Shale (80 per cent) and sandstone (20
PEF CENT) i

Shale, thin bedded, contalnlng

thin layers of rich shale (probable
yield of the whole, 15 gallons)........

Shale, drab, with some sandy layers—
Shale, sandy
Shale, dark brown, with some lean
beds (estimated yield of the whole,

25 gallons)...
Sandstone, shaly..
Shale, dark brown (estimated

yield, 20 gallons)....
Shale, lean, oolite, and sandstone, inti-
mately interbedded; oolite and sand-
stone lenticular.
Sandstone, shaly
Shale, drab
Sandstone.
Sandstone, shal
Shale, with some thin beds of sandstone
part of the shale is carbonaceous; other
parts will ptobably yield alittle oil...
Interyal, mostly covered but probably

Shale, thin bedded
yield, 15gallons)
Shale, carbonaceous, containing beds as
thickas6incheswhichwillyieldoil..
Shale, sandy......cccocvviiiniiiieieeeeee
Shale (estimated yield, 25gallons)..
Shale (estimated yield, 20 gallons)..
Shale, thin bedded, mostly carbona-
ceous; some parts are flexible and prob-
ably will yield oil; benches as thick as
2 feet are estimated to yield 25 gallons.
Shale, sandy, in places carbonaceous...
Shale, for the most part drab and thin
bedded; contains beds as thick as 1
foot which will probably yield 20
galloNS. ..o e

(estimated

Ft.

50

20

(&)

30
25

30

in.

[l elelNeNeNeNeNe)

o
th

O O O o

Shale, 10 per cent dark brown, rich and
90 per cent lean.....coceveeveeriicicriccies
Shale, thin bedded (possible yield,

15 gallons)...coucveeicinieeeeeeee
Shale, carbonaceous
Covered, probably mostly shale.
Shale, curly; contains lenses of bltuml-
nous sandstone (samples 25 and 26,
lower 8 feet of this bed; 4.78 and 3.85
gallons) ...
Shale, carbonaceous and sandy
Sandstone.
Shale, thin-bedded, carbonaceous; will
probably yield a smali guantity of oil.
Interval, probably mostly lean shale but
with a few thin beds which are rich in

Ol
Shale, thin bedded (estimated
yield, 15 gallons)........ccccecvveneiennnne
Sandstone.......occiiiiiiiii
Shale, thin bedded, black on fresh

surface (estimated yield, 25 gallons).
Interval, covered, probably shale...........
Shale, dark gray to black, thin
bedded (estimated yield, 25 gal-
lons)
Interval, mostly covered but probably
sandy shale..
Oolite
Shale, thin bedded brown on fresh sur-
face, with sandstone beds as thick as 1
foot near the base (top includes beds
estimated to yield less than 15 gallons)
Shale, thin bedded, brown on fresh sur-
face; contains lenses of sandstone—
Interval, covered but probably shale...
Sandstone and sandy shale; the sand-
stone, especially in the upper part, is
00 lITIC. i
Sandstone, mostly friable; contains
beds which weather rusty..

Sandstone and oo
Sandstone, friable...
Shale, upper part sandy, lower part
slightly carbonaceousin places
Oolite and sandy shale
Sandstone, shaly
Sandstone, with ooli
Sandstone, shaly, friable.
Oolite...
Sandstone, friable
Oolite..
Sandstone shaly
Shale and sandstone, folded and faulted
to such an extent that detailed meas-
urements are not possible. The fold-
ing and faulting are believed to be
conflned to this member. Some of
the shale will probably yield oil.........
Sandstone, tan-colored, slightly cross-
bedded; contains oolitic layers near
The TOP e

Ft. in
2 0
10 0
3 0
100 O
15 0
2 0
4

3 0
60 O
3 0

i

8

6 0
3 0
20 0
10

15 0
4 0
15 0
13 0
15-0
3 0
3 0
2 0
15 0
3 0
8 0
3 0
3 0
17 0
10 0
20 0
15 0
100 O
7 0
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Sections in northwestem Colorado—Continued.

Location G, T. 2 N,,

Ft. in.
Sandstone, friable; contains a few thin
lenses of oolite near the base................. 15 0
Sandstone, with lenses of oolite averag-
ing about 2inches long......cccceviviinns 1 0
Sandstone, shaly; cut by normal faults
having throws of 6 to 8 feet; fault
planes dip about 50° S.; ripple marks
were noted in the highest and lowest
layers of the bed......ccocviviinincicice 3 0
Interval, mostly covered, probably
sandy shale 40 0
Sandstone; contains oolitic phases 5 0
Sandstone, shaly. 1 0
Sandstone, oolitic 5 0
Sandstone, shaly......cccovininiiinincienn 3 0
Sandstone, minutely cross-bedded; top
oolitic 5 0
Sandstone, shal 1 0
Oolite........c...... 15 0
Sandstone, oolitic.. 2 0
Shale, sandy, but contains carbona-
ceous beds, also sandstone layers as
thick as 2inches.......cccooiiiiiiiics 25 0

Section near location H, from gas well to

Ft. in.
Sandstone, coarse, yellowish brown, fri-
able, cross-bedded 13 0
Shale, light gray 10 O
Sandstone, tan-colored, friable. 20 0
Sandstone, brown, friable 160 O
Shale, light gray, sandy (sample 42; 031
galion)...ocoiii e 45 0
Shale, gray, thin bedded 12 0
Shale, hard, brown, rich, lenticular . 1 0
Shale, gray....ccccoeerrieeieeseeeesee e 73 0
Sandstone, yellowish brown at base, con-
tains yegetable remains.........ccccoceenen 55 0
Shale, with few lenses of sandstone, much
distorted 40 0
Shale, sandy, very lean. 5 0
Shale, sandy at base 60 O
Shale, sandy at top.. 24 0
Shale, hard, brown, rich. 3
Shale, sandy. 25 0
Shale, sandy, thin bedded 2 6
Shale, lean (90 per cent) and hard, rlch
stale (10 per cent) 1 6
Shale, sandy, thin bedded, gray. 3 0
Sandstone, massive, yellowish brown
coarse grained 17 0
Sandstone, yellowish, thin bedded......... 12 0
Shale and thin beds of rich, hard shale.. 32 0
Shale, sandy, thin bedded 17 0
Shale, hard, rich, and thin-bedded
shale......ccoiiiii 3 0
Shale, sandy 10 0
Shale, hard, brown, ric . 1
Shale, sandy, thin bedded.............c........ 30 0

Shale, for the most part barren but in-
cluding beds as thick as 1 foot which
will yield considerable oil...................... 132 0

97 W.—Continued.

Ft. in
Oolite, containing numerous gastropods
atthe base......cccviciiiiiiiciii 8 0
Sandstone, shaly at the base, gray on
unweathered surface...........c.cccceveiinne. 3 0
Shale, slightly gray, sandy.......ccccceeeeen 4 0
Sandstone, with numerous gastropods.. 10

Sandstone, massive, slightly cross-bed-
ded, fairly well rounded grains of

Sandstone, calcareous, contains gastro-

pod remains 6
Sandstone, massive, slightly cross-
bedded.....coviiiiiiiii 15 0
Sandstone; weathers buff; resistant, in
layers 1inch to 6inches........cccccccnnnn 1 6
Shale, sandy, and friable sandstone; the
sandstone predominates but does
not form ledges. Thisis supposed to
be typical Wasatch. ~ ceemeeeeeeeee
1,605 lii
of Piceance Creek, T. 1 N., R. 97 W.
Ft. in.
Sandstone, clayey.....cocoviivenieenciennenn. 5 0
Shale, hard, brown, lean.. 3 0
Sandstone, clayey, shaly 17 0
Shale, sandy (80percent), and hard, rlch
shale (20 percent).....ccoevevicenincncncns 2 6
Shale, hard, brown (sample 38; 25.2
gallons).....c.cc..... 5 11
Shale, slightly sandy.. 10 O
Sandstone, calcareous 3 0
Shale, partly rich and partly curly 3 0
Shale, top sandy, tan-colored................. 80 O
Shale, hard, brown, rich (90 per
cent) and lean shale (10 per cent). 2 0
Shale, thin bedded, carbonaceous, sandy. 3 0
Shale, curly, lean (75 per cent), and
hard, rich shale (25 per cent)......... 3 4
Shale, sandy.. 5 0
Shale, curly, lean 2 0
Shale, drab.. 6
Sandstone, irregularly bedded . 2
Shale, thin bedded, lean.............cccco. 10 0
Shale, thin bedded, lean (90 per cent),
and hard, rich shale (10 per cent) 6
Shale, thin bedded, sandy 5 0
Shale, thin bedded (90 per cent), and
hard, rich shale (10 per cent)................ 1 0
Shale, slightly curly, lean 5 0
Sandstone, clayey 1 0
Shale, thin bedded at base, sandy at top 25 0
Shale, hard, rich.........ccooiiiii 6
Shale, sandy 2 0
Sandstone, calcareous. 5 0
Shale, thin bedded, curly......ccccoovveinnne 1 0
Shale, hard, brown, yariable thick-
ness (sample 37; 23.25 gallons)___ 5 8]
Shalo, thin bedded...................... 20 0
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Sections in northwestern Colorado— Continued.

Section near location H, from gas well to mouth of Piceance Creek, T. 1 N., R. 97 W.—Continued.

Shale.curly, and hard, rich shales..
Shale, brown, tliin bedded, lean...
Shale, sandy, thin bedded.
Shale, thin bedded, curly...
Shale, sandy
Shale, thin bedded, slightly curl

Shale, hard, brown, rich.
Shale, brown, lean
Shale, thin bedded,

sllghtly carbona-

Shale, hard, rich.......
Shale, black, carbonaceous, lean.
Shale, thin bedded, drab...........cc.ccccoeees
Shale, hard, rich (50 per cent), and
lean shale (50 per cent).......ccceueues
Shale, slightly curly (95 per cent), and
rich shale (5 per cent)
Shale, sandy.
Shale, hard, rich, and lean shale
(estimated yield, 30 gallons).........
Shale, thin bedded, lean
Shale, massive,

Shale, thin bedded, lean (90 per cent),
and rich shale (10 per cent).......cccccene.
Shale, dark brown, rich, and lean shale
(50 per cent each)
Shale, hard, dark brown, rich
Shale, drab.........c.ccccceunine
Shale", thin bedded, lean..
Shale, weathers blue; massive, rlch
(samples 32, 33, 34, 35, and 36; 14.7

to 40.6 gallons)
Shale, thin bedded, lean..
Shale, hard, dark brown, rich
Shale, hard, black, rich.
Shale, thin bedded, lean
Shale, hard, dark brown;

estimated
yield, 15gallons......cccccoevininincncncnee

Shale, light gray
Shale, curly; willyield oi
Shale, dark brown, hard, rich.
Shale, sandy, carbonaceous
Shale, curly, papery, and small
lenses of solid hydrocarbons.........
Shale, dark brown, hard, rich
Shale, drab...
Shale, partly papery, curly, with a few
thin one-halfinch beds of hard, dark-
brown, rich shale...... ...ccooviiiiinii

Sandstone, conglomeratic, friable, yel-

Shale, yellow
Shale, drab...
Shale, brown, lean
Shale, drab, with thin beds of rich sha
Shale, thin bedded, curly
Shale, drab..........cc......

Ft.

- & ow

37

35

in.

=

0

o

O oo oo O oo o

»hw o oo

0

Shale, curly, papery; will yield oil........
Shale, dark brown, thin

Shale, brown, curly,with
lenses of sandstone.......

Sandstone, lenticular__ (Sample
Shale, thin bedded.......... 31; 155
Shale, light brown, lean. gallons).

Shale, very dark brown,
curly, thin bedded.......
Shale, thin bedded

Shale, curly papery; will yield oil.........
Covered, mostly shale........
Shale, curly, papery, W|Ily|eld oi
Covered, probably mostly shale..
Shale, dark brown, rich.......
Shale, much of it papery, curly; will
yield a smali amount of oil.
Shale, curly, papery, fairly rich (samples
27, 28, 29, and 30; 8.4 to 12.5gallons)..
Shale, much of it curly and will yield oil
Shale, curly, papery; will yield oil.......
Shale and clay, tan

Sandstone, ripple marked at top, with
lenses of oolite
Shale, sandy
Oolite, massiye; weathers brown ...........
Sandstone........ccocevviiiiiins
Sandstone, oolitic at base, thin bedded

Sandstone, massiye, irregular base, rip
ple marked on top.....c.........

Coyered, but probably tan-colored shale

Sandstone, resistant and cross-bedded at
top, friable near base...........

Sandstone, light gray to white, coarse..

Sandstone, clay, and yaricolored lenticu
lar shale...

of White River, T. 1 N., R. 96 W.

NN

o

OO OO0 O oo

Shale, lean (25 per cent), and rich shale
(75 per cent).

Shale, sandy...

Shale, dark brown, massiye, rich.......

Sandstone, friable...................

Shale, thin bedded, and lean brown

Shale, gray, thin bedded.......
Sandstone, oolitic and conglomeratic...

15
67

8w

i

oowu‘!kg

~

4
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27
3

200
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OIL SHALE IN NORTHWESTERN COLORADO.

Sections in northwestem Colorado—Continued.

Location I, north of White Rivei% T. 1 N., R. 96 W.—Continued.

Ft.
Shale, gray, thin bedded... 35
Shale and sandstone, lean. v
Sandstone, friable 4
Shale, sandy 2
Shale, curly (estimated yield, not more
5
Interwal........ccoooveiiiiiiiiiicie fo 24
Shale and sandstone, lenticular............... 10?
Location J.
Ft.
Shale, gray; probably will yield little or
no oil.. 200
Shale, containing a few thin beds ofnch
black shale.........cccooo i 20
Shale; contains a large number of rich
layers interbedded with sandy shale.. 20
Shale, thin bedded; contains a large
number of thin beds of rich shale; the
whole slightly richer than the unit
next above 15
Shale, hard, dark brown, rich
Shale; contains a few thin beds of I’ICh
8
Shale. thln bedded sllghtly sand . 2
Shale, hard, dark brown, rich (sample
41; 13.7 gallons).....cccccciciiiiiiiiiiciics 1
Shale, lean......cccciiniiiciiiiccs 2
Shale, hard, brown, massive (sample 40;
12.59gallons) ... 3
Shale, interbedded with la3rers of rich
shale; the whole probably lean.. 6
Shale, thin bedded, slightly sand 15
Shale, hard, dark brown, rich
Shale, thin bedded. 5
Shale, hard, dark brown, rich
Shale, sandy... 5"
1
Sandstone.
Shale, hard, dark brown, rich with
some lean layers 3
Shale, thin bedded, slightly sandy 50
Shale, hard, dark brown, rich................
Shale, thin bedded, slightly sandy; eon-
taining cavems in places filled with
solid hydrocarbon........ccccoeoeiiiiininns 5
Shale, sandy 7
Shale, lean.... 1
Shale, hard, dark brown, rich 1
Shale, thin bedded, slightly sandy 5
Shale, hard, dark brown, rich 1
Shale, lean, slightly sandy 2
Shale, sandy, thin bedded........................ 1
Shale, sandy; contains a few thin layers
of rich shale 5
Shale, gray, slightly sandy. 4
Shale, hard, dark brown, rich, with
lean shale interbedded.. 1
Shale, gray, slightly sandy. 8
Shale, lean....
Shale, sandv. 3

in.

o o oo

o

Sandstone, oolitic and oolite
Shale and thin beds of sandston
Shale, brown, curly
Sandstone, friable, lenticular
Shale, sandy, drab..

Shale, sandy, drab........cccoveiniiinninn

N., R. 96 W.

Sandstone, tan-colored...........c..cccooviinns
Shale; probably will yield a smali
amount of 0l
Shale, gray

Shale, hard, dark brown, rich
Shale, papery, lean
Shale, sandy
Shale, dark brown, rich.
Shale, lean
Shale, rich
Shale, gray, slightly sandy.
Shale, hard, dark brown, rich
Shale, lean
Shale, very lean.
Shale, sandy
Shale, dark brown, rich........cccceoveevinnnns

Shale, hard, dark brown, rich
Shale, lean
Shale, dark gray, thin bedded, lean___
Shale, gray, slightly sandy.
Shale, brown to black, thin bedded,
rich.. \...

Shale, brown to black, thin bedded,”

probably lean..
Shale, sandy, thin bedded
Shale, dark brown to black, thin bedded

Shale, dark brown to black, thin bedded
to almost papery, lean...
Shale, hard, dark brown,
Shale, drab, thin bedded, sandy. .
Sandstone, massive, showing slight
ripple marks......cccoeis c v
Shale, sandy
Sandstone, massive, resistant.
Shale, gray, thin bedded
Sandstone...
Shale, gray, thin bedded
Sandstone, massive, cross-bedded
Shale, gray, thin bedded
Shale, dark gray to black, probablylean
Shale, gray, thin bedded, with thin beds
of sandstone
Shale, hard, dark brown,rich.
Shale, weathers gray, lean
Shale, gray, thin bedded..
Shale, thin bedded, dark brown to
black on fresh surface (sample 39;
13.7 gallons)
Shale, hard, brown, probably rich

179
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Sectiom in northwestem Colorado—Continued.

LocationJ, T. 1 N., R.

Shale, thin bedded, lean..
Shale, hard, dark brown, rich.
Sandstone, with numerous fragments of
vegetable remains........cccooeviiicnincs
Shale, gray, sandy, with thin beds of
lean shale........cccociiiiiiiiccii
Sandstone, coarse grained, conglom-
eratic, containing fiat pebbles of shale.
Shale and sandstone; much of the sur-
face covered
Sandstone, conglomeratic, tan-colored;
contains fiat pebbles of shale as long as

Ft.

in.

[ee]

96 W.—Continued.

4 inches and as thick as one-quarter
inch..
Sandstone, tan-colored, massiye, slightly
friable, minutely cross bedded
Shale, drab, sandy
Sandstone........ccooeviiens
Sandstone and shale, fos:
Sandstone, tan-colored on weathered
surface, minutely cross-bedded............
Shale, sandy; one fossil leaf -was found
inthismember......cccociiiiiiiicns

Location K, on north side of Fourteenmile Creek, T. 3 S., R. 95 W.

Sandstone, brown, massive
Shale, light brown
Shale, thin bedded, light brown, lean
(sample 44; 6.2 gallons).......ccccevicrnnnne
Sandstone, shaly. ...
Shale, thin bedded; weathers light gray;
probably asrich as the bed from which
sample 43was taken.........ccccoeveienenennnn.
Sandstone, shaly......ccoooeiiiininincnees
Shale, thin bedded; weathers light gray;
probably as rich as the bed from which
sample 43 was taken........c.ccocceeneiencnnn. :
Shale, dark brown, but prob-

ably notrich..
Shale, thin bedded, very
hard, black.
Shale, brown, hard, proéb- (sample 43;
ablylean.. 9.4 ga<
Shale, very dark brown lons).
hard.
Shale, dark brown, contain-
ing smali lenses of sand-
th|ckness.

Shale, Iean (80 per cent), and rich, brown

shale (20 per cent).....ccccvevenenenencrcnns
Shale, light brown; weathers white; lean.
Interval, probably mostly shale
“Shale, gray
Shale, thin bedded, light colored
Shale, dark drab, thin bedded..
Shale, very thin bedded, with thln Iayers

of rich, dark-brown shale.......................
Shale, gray, lean; weathers to smali

Location L, on

Sandstone, brown, massive
Shale, sandy; weatherslight gray
Shale, dark brown, hard; weathers gray;

Shale, hard, dark brown, rich
Shale, dark brown, hard; weathers gray
(probableyield, less than 15 gallons)...
Shale, hard, black; weathers bluish
(estimated yield, 25 gallons)..........cc......

Ft. in.

50 0

7 0

64 0

19 0

40 0

17 0

59 0

3

1 5

7

1 6

1 0

2

3 0

7 0

40 0

110 0

10 O

28 0

1 0

Piceance

Ft. in.

150+

% 0

112 0

5

n o

2 0

Shale, thin bedded,
Sandstone, coarse

lean
grained,

irregular

Shale, bluish gray
Sandstone, fine grained...........cccoeceveiennne
Shale, bluish gray; contains vegetable

remains
Sandstone, brown, shaly.
Shale, gray, with a few thin beds of rlch

shale....cooiiiiiii
Sandstone, grayish brown..........ccccoceeis
Shale, drab, piaty; contains stems of

wood and pockets of solid hydrocarbon.
Sandstone, gray. ...t veveveeiniesenenees
Shale, gray
Sandstone, brown
Shale, gray
Sandstone, brown
Shale, gray, clayey
Sandstone, coarse, yellow
Shale, drab; contains wood fragments
Sandstone, coarse, angular grains, yellow.
Shale, gray
Sandstone, brown, coarse
Shale, light drab..............
Sandstone, coarse, yellowish brown.
Shale, light drab, very clayey........
Sandstone, yellowish brown,

ripple

Shale, drab, sandy, with three thin beds
of brownish sandstone..........c..cccccene
Sandstone, yellowish brown, upper part
oolitic; contains rounded guartzite peb-
bles
Top of Wasatch formation.

Creek, T. 4 S., R. 94 W.

Shale, dark brown, hard; weathers gray;
lean......ee
Shale, hard, dark brown (estlmated
yield, 30 gallons).....cccevviceiiiiiciiciiics
Shale, dark brown; weathers gray; lean..
Shale, dark brown, rich, and thin-
bedded shale.........ccccccciiiiiiininnn,
Shale, brown; weathers gray; with afew
thin beds of hard, dark-brown, rich
shale.
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Sections in northwestern Colorado—Contimied.

Location L, on Piceance Creek. T. 4 S., R. 94 W.—Continued.

Ft. in.
Sandstone, shaly; weathers reddish
Brown.....cocciiiiiiiiis 90 0
chale, drab... LR 100 O
Sandstone.... 0
18 0
Sandstone. . 3 0
Shale, drab,slightly sandy........c.ccccccee. 523 0
Shale, bluish drab, with about 5 per cent
of beds of sandstone 5 inches thick— 102 0
Shale, drab, slightly sandy, interbedded
with layers of sandstone 1foot thick— 120 0
Sandstone, brown, coarse grained. 8 0
Shale, drab, slightly sandy, with about 8
per cent of sandstone in beds 4 inches
thick....ccoeees 60 0
Location M, on north side of
Ft. in.
Shale, light brown, weathers gray; con-
tains a few thin beds ofrich shale......... 7 0
* Shale, black, massive; weathers dark
DIUE; FiCN .o 1 °
Shale, light brown; weathers gray; con-
tains several thin beds of sandstone,
also thin beds ofrich shale.... 17 0
Shale, dark brown, rich 8
Shale, light brown, weathers gray; will
yield asmali guantity of oil.. . 25 0
Shale,brown (sample 46; 12.5gallons)— 5 2
Shale, gray, lean.......ccccoveeiviniiiiiieeee 5 0

Location N, on the face of a cliflf soutt
Ft. in.
Top ofcliffapprosdmately 1,400 feetabove
the base of the Green River formation.
Shale, thin bedded; weathers piaty; lean. 15 0
Shale, dark brown, rich; weathers bluish
gray and thin bedded..........cccocoeininnn. 6

Shale, light brown; weathers yellow;

probably will yield a smali guantity of
oil . 3 0
Shaleand thin sandstone bed 5 0
Shale, lean . 3 6

Shale, yellowish gray; will yield but little

oil . 5 0

Shale, light brown weathers to th|n Iam-
inse (sample 49; 10.5gallons).. 3 0
Shale, yellowish gray, probably very Iean 7
Shale, dark brown, rich.......cccccooiiiins 6

Shale; weathers gray; probably will yield
a smali guantity of oil..........c........ 7 0

Shale, dark brown, rich (sample 48;
15.5gallons) 4 0

Shale and thin-bedded sandstone; W|II
probably yield a little oil 5 0
Shale, brown, lean 2 0

Shale, light gray.....cccccoeveiniiiniienenc 6 0

Shale, dark brown, rich; weathers
bluish gray.....cccooviieieneieeees
Shale, lean (estimated yield, 10gallons).. 2

Shale, light brown, very lean
Shale, dark brown, rich

IS
W= oo u

Ft. in
Sandstone, DroWN......cccccvvveeiiiiecciieeecee e 10 O
Shale, drab, somewhat sandy, inter-
bedded with about 20 per cent of sand-
stone in beds 8inches thick............... . . 65 0
Sandstone, brown.........ccceeevveeiiveeccviiee e, 8 0

Shale, drab, sandy, with about 40per cent
of sandstonein beds 1footthick............. 45 0

Sandstone, gray....c.cocveveenreeienieeese e 15

Sandstone in beds averaging 6 feet thick,
interbedded with gray sandy shale

(shaleprobably 50 percentofthewhole) 200 0
Sandstone, massive, brown..........c.ccco... 12 0
Sandstone and gray shale, Wasatch.  -—----meeemmm-

2,002 5
Gulch, T. 4 S.,, R. 94 W.
Ft. in
Shale, brown, probably not guite as rich

as the bed from which sample 46 was

taken ... 4 6
Shale, light brown; will yield a smali

guantity of 0il.....cooeoiiinie 5 0
Shale, brown, weathers thin bedded,

curly (estimated yield, 15 gallons)------ 2 0
Shale, light brown, with beds ofrich shale

(probable yield less than 10 gallons)... n o
Shale, dark-brown, weathers blue........ 1 1
Shale, very light brown; weathers yellow-

ish gray; will yield very little oil.. 151-

167 5
of Cook*s ranch, T. 4 S., R. 94 W.
Ft. in.
Shale, dark brown, rich.. 1
Sandstone, irregularly bedded..........cccccoeeennen
Shale, dark brown, rich, containing

much pyritte.....

Shale, gray and tl 10 O
Shale, darkbrown, rich; weathers bIU|sh

gray 1

Shale, lean. Uu o
Shale, hard, dark brown; weathers
bluish gray; contains alarge amount

ofpyrite 10 0
Shale, gray (may yield as much as 10 gal-

TONS) e U o
Shale, thin bedded (may yield as much as

15 gallons)

Shale, weathers Whlte 6 0

Shale; weathers bluish (will not yleld
more than 10 gallons).......cccceoevvcncnennene 10
Shale, dark brown, rich; weathers blue;

contains a large amount of pyrite 3
Shale and sandstone 60
Shale; weathers white
Sandstone .

Shale; weathers white; 16
Sandstone
18

Shale;weathersbluish, thin bedded (sam-.

ple 47, 7 gallons)
Shale; will yield a little oil.
Talus slope concealing the lower rocks.
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Sections in northwestern

Location O,
Ft. in.
Shale, brown, makes the upper partofthe
cliff; probably will yield considerable
oil butcould not be examined................ 210+
Shale, weathers thin bedded; black
to bluish gray (sample 50; 40.6
gallons)...oooiiiieccen 10 O
Shale (probably will yield less than 15
gallons)...cccoeiceiiiiecae 25 0
Shale, hard, black, rich. 2 0
Sandstone (excluded
from sample)......cce.e.. (sample 51; 2
Shale, light brown, very = 28 gal-
hard........ccooos lons). 110
Shale, black, hard; ap-
pears to be very rich 5
Shale; weathers white; thin bedded,
slightly carbonaceous; contains a few
thin beds of rich shale, also sandstone
[ENSES....oiiiiiii 40
Shale, light yellow, thin bedded, sandy.. 30
Sandstone, coarse grained.............cccceeenene
Shale; weathers white; contains some
sandy beds......ccceiieiiiiine
Shale, rich, dark brown
Shale, slightly sandy, thin bedded..
Shale, rich, dark brown...
Shale, slightly sandy, gray
Shale, dark brown, rich.
Shale, lean
Shale, mostly gray, partly sandy, con-
tains a few beds of curly shale; the
whole is supposed to be very lean......... 7 0
Shale, with some sandstone beds as thick
as 2feet....cviiii 120
Sandstone, tan-colored, coarse grained... 25

Shale, dark brown, rich......cc.cceoveeivneenns
Sandstone (90 per cent) and shale (10 per
cent); sandstone coarse grained, cross-
bedded, and conglomeratic in lower

CONTKIBUTIONS TO ECONOMIC GEOLOGY, 1916, PAKT II.

Colorado— Continued.

in Book Cliffs north of Morris station, T. 6 S., R. 94 W.

Shale (90 per cent) and sandstone (10 per
cent); this member contains beds of
sandstone as thick as 8 feet; shale is in
places slightly carbonaceous..................

Sandstone, light tan-colored to gray, very
persistent in thickness.........c..cccoceeiees

Sandstone (25 per cent) in beds not over
8 inches thick, and drab shale (75 per
CONTE) i

Oolite (50 per cent) and thin- bedded car-
bonaceous shale (50 per cent); contains
fish scales......ccooiiiiiiiiiiiiiis

Sandstone (10 per cent) and shale (90 per
cent); some of the sandstone beds are as
thick as 5feet and are conglomeratic...

Shale, drab; contains a few thin beds of
sandstone

Shale (90 per cent), in places thin bedded
and slightly carbonaceous, and sand-
stone, in part ripple marked (10 per
CONT) it

Sandstone (50 per cent) and gray shale in
part clayey (50 per cent); sandstone at
top is even bedded and appears per-
sistent; that in the lower part is irregu-
lar in thickness........ccccooiiiiiiiiiis

Shale, for the most part gray (75 per cent)
and thin-bedded sandstone (25 per cent)

Sandstone and shale; sandstone beds are
massive, tan-colored for the most part
and cross-bedded; shale in the lower
part of the member is yellow and is
similar to Wasatch. At the base of the
member is abed of massive sandstone 10
feet thick with 15 feet of thin-bedded
sandstone above. These beds are irreg-
ular in thickness and look like the typi-
cal Wasatch

Variegated clays and shales with sand-
stone lenses at irregular intervals. -

Ft.

100

25

70

100

300

750

2,082

Location P, in upper part of Book Cliffs north of Rulison, Colo.,, T. 6 S., R. 95 W.

Shale, massive, probably will yield con-
siderable oil; forms at this locality im-
passable cliff.......ccooiiiiiiiien

Shale, light brown (sample 56; 11.2 gal-
lons)

Shale brown, probably richer than that
of the bed above...

Shale, dark brown (sample

GallONS) .
Shale, probably asrich as that above

Ft.

in.

100+

20

150

100 0

130

Sandstone, shaly. ..o e viiiniicncce
Shale, probably fairly richinoil__
Shale, thin bedded; weathers black;

inclined to be curly (to be corre-
lated with the bed from which
sample 50 was taken; see above). ..

Shale; weathers yellowish; lean.................
Shale, dark brown; weathers gray

(sample 54; 20.7 gallons)......c.cc.c.....

Talus slope.




OIL SHALE

I5ST NOKTHWESTEEST COLOBADO

Sections in northeastem Utah.

tocation Q, along Evacuation Creek between Tempie switch and Dragon, Utah.

Shale, thin bedded, lean to barren.........
Shale, hard, dark (estimated yield, 20
GAllONS).ciiciicicce e
Shale, lean to barren, thin bedded; a
few rich layers less than 1 inch thick
(Diptera larvse)
Sandstone.............. .
Shale, piaty, lean to barren; two or three
rich beds about 1 inch thick...
Shale, thin bedded, rich
Shale, lean................
Sandstone, persistent
Shale, lean, thin bedded.
Shale, hard, dark brown,

FiCh s
Shale, hard, light brown,

rich..
Shale, hard, dark brown,

FICh e (sample
Shale,sandy(notinsample) 68; 31
Shale, hard, dark brown, gal-

FICh e lons).
Shale, hard, light brown,

FiCh . s
Shale, hard, dark brown,

FICh s (

Shale, dark, tough.
(sample 67,

Shale, dark, piaty.

Shale, hard, dark, oM richest

part of upper

rich.....

Shale, soft, dark bench;90gal-
DIrOWN..ooooocerv = lons.  Sam-
Shale, hard, dark, P'® 65 from
rich..... whole bedat
Shale, soft, dark at  surface;
brown........coceeet 32 gallons.)
Shale, hard, dark,- (sample 66
Fich . o from whole
Shale, soft, dark bed 1£ feet
brown.......cccoeeen back  from
Shale, hard, dark, outcrop; 55

rich. ... gallons.)
Shale, thin bedded,]

piaty ..o I(sample 66;
Shale, rather lean and[ 15gallons.)

papery..'on

Shale, hard, dark brown to black
(sample 63; 32 gallons).......cccccueee.
Shale, hard, lean, some thin sandstone

Shale, hard, rich (samples58and 62;

23 and 18 gallons, respectively)...
Shale, minutely banded, some rich lay-
ers (sample 61; 10 gallons)......c.ccccceueueen
Shale, lean to barren, with two bands of
smali dark sandstone lenses..................
Sandstone, hard, quartzitic, persistent.
Shale, sandy, barren; thin beds of sand-

(sample 60;
12 gallons).

Ft.

10

I

2h

3t

10

Shale, sandy; weathers greenish gray;
lean to barren........ccooeiiiiiiiiiciis
Shale, hard (sample 59; 9 gallons).........
Sandstone, rough, coarse, containing
asphalt; top and bottom surfaces ir-
regular, with shale conforming to the
irregularities
Shale
Sandstone, persistent.
Shale, lean, sandy, gray to reddish,
with several thin layers of sandstone.
Shale, hard, rich.
Shale, soft
Shale, hard, rich.
Sandstone
Shale, hard......c.ccccoeeenns
Sandstone (not included
in sample).
Shale, hard.
Sandstone, persistent (not (sample 73;
includedinsample)........ 6 gallons).
Shale, hard
Shale, clayey...
Shale, hard, mostly lean,
with thin beds of richer
a

(sample 74;j
32gallons).]

Sandstone, persistent.
Shale, hard, rich.
Sandstone
Shale, hard, rich..
Sandstone
Shale, hard, rich..
Sandstone.. .
Shale, hard, dark (sample 71; 7 gal-
lons) ..
Sandstone, persistent.
Shale, hard, rich

" (sample 72
: 7 gallons).

Horizon of sandstone
lenses, nong of which
camewhere sample was
taken.

Shale, hard, rich..

Sandstone............. R

Shale, probably, lean.
Sandstone, bearing
gypsum (not in'
cluded in sample)...
Sh_ale, hard, dark, (sample  69:
rich; some gypsum
19 gallons).
near top ...
Shale, with consider
able gypsum...........
Shale, very
brown, rich.............. .

Sandstone, brownish, shaly......................

Shale, papery, lean

Shale, rich; weathers blu

Shale, sandy, and barren shaly sand-
stone

Shale, rich, papery.

Shale, sandy, barren...

Sandstone, brown, massive

70;

(sample
14 gallons).

183
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Sections in northeastern Utah—Continued.

Location Q, along Evacuation Creek between Tempie switch and Dragon, Utah—Continued.

Ft. in.

Shale, lean to barren
Sandstone, massive, ledge making.
Sandstone, brownish, shaly..........c..........
Shale, forming ledge, lean to rich..
Shale, papery, lean to barren. .
Shale, hard, rich .
Shale, sandy, lean té barren; two o
three sandstone ledges less than 1 foot

bbgwl\)
Wooooo

ThicK i 43 0
Shale, papery; numerous thin blne
rich bands........ccooviiiiiiiiciis 7 0
Shale, barren, with several brownish
sandstone layers 2 to 4 inches thick.. 20 0
Shale; weathers bluish; rich, ledge
forming.....ccoeevvccnenne 1 0
Shale; weathers bluish; barren.... 2 7
Sandstone, light brown............ 1 0
Shale; weathers bluish; barren. 1 5
Sandstone, light brown............ 4 0
Shale; weathers bluish; barren. 1 6
Sandstone, light brown............ 8
Shale; weathers bluish; barren. 1 3
Sandstone, massive 2 6
Sandstone, gray, shaly........cccceoennenne 3 0
Sandstone, yellowish brown, not well
cemented.. 48 0
Shale, gray.. 3 0
Sandstone.... 4 0
Shale, gray.. 7 .0
Sandstone.... 2 0
Shale, drab.. 13 0
6 0
Shale, drab.. 42 0
Oolite 2 4
Shale, gray 4 0
Oolite........ 3 10
Shale, gray.. 14 6
Sandstone, massive cross-bedded. 14 0
Shale, drab.. 6 0
Sandstone, massive 8 6
Shale, gray and drab. 28 0
Sandstone, resistant.. 10
Shale, drab 4 0
Sandstone, massive 23 0

Location R, north side of Saddle

Ft. in.
Shale,hard,rich,]
weathers papery........ I(sample 76; 1 2 1
Shale, rather soft, white[31 gallons).]
on surface, piaty.......... J 1 7

Shale, hard, rich 10
Shale, white, piaty........ 9
Shale, hard, rich.......... 9
Shale, lean to ric
pery 1 6
Shale, lean; weathers white and piaty.. 1 3

Shale, rich; weathers papery................ «}

Ft. in.
Shale, drab 1 0
Sandstone, poorly cemented 4 6
Shale, drab to green 17 0
Oolite, much distorted 2 8
Shale, gray 1 0
Oolite, much distorted 8 6
Shale, sandy 19 0
Oolite 3 0
Sandstone, massive 7 0
Oolite . 1 2
Sandstone, massive for the most part;
some oolitic members near base . 61 0
Shale, drab; upper surface very irregu-
lar.. 4 0
Sandstone, massive 8 0
Sandstone, shaly. 8 0
Shale, gray, sandy 7 0
Sandstone, yellow, mas: 5 6
Shale, gray, sandy 7 0
Sandstone, massive 3 0
Shale, drab 2 0
Sandstone, MassiVe.........cccovriicciienes 14 0
Shale, drab to dark, sandy and concre-
tibnary 5 6
Shale, piaty, gray and dral 1 o0
OO0lIte. i 6
Sandstone, finely cross-bedded, poorly
cemented 5 0
Oolite 10
Sandstone, massive. 2 0
Shale, drab, sandy.. 3 10
Sandstone, massive. 1 6
Shale, drab 3 3
Sandstone, massive.... 3 0
Shale, gray and drab. 102 0
Sandstone, minutely cross-bedded 8
Shale, gray and drab 97 0
Oolitic sandstone, forming ledge; lower
4 inches conglomeratic and may well
be considered basal member at Green
River... 1 4

Sandstone, yellow, poorly cemented___ 28 0

Shales, red and green, undoubtedly----------------
Wasatch. 1,306 10£
Canyon, sec. 22, T. 11 S.,, R. 25 E.
s Ft. in.
Shale, lean; weathers white and piaty.. 2 4
Shale, hard, rich. 10
Shale, lean 12 0
Shale, hard, rich. 4
Shale, lean, piaty 4 8
Sandstone, persistent, guartzitic (iden-
tical with 5-inch sandstone at location
Q; S€eP. 183).iiiiiiiiieice e
30 8*



OIL SKALE

IN NORTHWESTERN COLORADO.

Sections in northeastern Utah—Continued.

Location S, sec. 24, T. 11 S., R. 25 E.

Sandstone....................
Shale, lean, sandy___
Shale, rich
Shale, lean. .
Shale, rich.....c............
Shale, lean to barren.
Sandstone..
Shale, lean.
Shale, rich...
Shale, lean.... .
Shale, rich.......cc........
Shale, lean, papery ...

Shale, rich..

Shale, soft.

Shale, rich..

Shale, soft. .

Shale, rich..........

(sample 78;
48 gallons).

Ft.

20

[

E

O WUl OO O WO -

=
S)

W ~NBANOO

Shale, lean
Shale, rich
Shale, rich, and papery shale
Shale, medium rich
Shale, rich, hard
Shale, lean
Shale, medium rich
Shale, lean
Sandstone, ferruginous
Shale, lean to barren...
Shale, hard, rich
Shale, lean to barren
Sandstone, coarse, asphaltic (same as 22-
inch asphaltic sandstone at location Q;
SEE P. 183).iiiiiiiiiee s

Location T, on north side of Helis Hole Canyon, sec. 22, T. 10 S., R. 25 E.

Shale, piaty, sandy, lean to barren.........
Shale, mostly lean, with rich beds too
thin to sample......ccoiiiiiiie
Shale, thin, piaty...
Shale, hard, rich__
Shale, lean
Sandstone, persistent.
Shale, lean, piaty, containing one 6-inch
bed ofrich shale.........cccccooiiiiiiiins
Shale, hard, very rich.
Shale, very sandy, lean. .
Shale, hard, rich (sample 90; 45 gal-

(sample 91;
29 gallons).

TONS) e
Shale, hard.. , .
Shale! soft.... I(sample 89;
Shale, hard, rich__J ga OnS™

Shale, lean to barggn.........cccovveeeivveeccneeenns
Shale, rich fRa¥.......
Shale, soft (sample 86,
N of  whole
Shale, rich ( bed. 37 gal
Shale, soft ( ed, 37 gal-
. lons; sam-
Shale, rich fR¥....... le 87 of
Shale, soft [ parts’ of
Shale, rich (f\...... b
bed mark-
Shale, soft nn ed “A" 54
Sandstone (dis€arded) T
gallons;
Shale, soft (B,
N - sample 88,
Shale, rich
of parts of
Shale, soft
. bed mark-
Shale, rich d“B." %5
Shale, soft eallon’s)
Shale, rich (Ae........ 9

Shale, lean........ccccooiiiiiiiiiiciccc,
Shale, hard, rich (sample 85; 22gallons).
Shale, lean mostly, with rich layers too
thintosample......cccooiiiiiiiicee
Shale, hard, rich (sample 84; 21 gal-

Sandstone, asphaltic
Sandstone, coarse

Ft.

15
1
1
3
2

in.

0

Shale, hard. . . 00
Sandstone... (sample 83:
Shale, hard, rich............. i 8 gallons)'

Shale, hard, richest in upper 2 feet
(sample 82; 20 gallons)
Sandstone, asphaltic, variable in thick-
ness (same as 22-inch asphaltic sand-
stone at location Q, see p. 183)............
Shale, hard, rich (sample 81; 24gallons).
Sandstone.......
Shale, sandy,
Shale, rich
Shale, lean to barren, sandy
Shale, rich
Shale, lean to barren.
Sandstone...........cco....
Shale, gray, lean to barren
Shale, hard, rich.............
Shale, gray, lean to barren

Shale, alternating

hard and soft layers.. (sample 80;
Shale, soft.....ccccceenne 33gallons)
Shale, alternating 9 :

hard and soft layers..
Shale, lean
Shale, rich.
Shale, papery, or sandy and
Shale, rich....ccciiiiiiis
Shale, sandy, piaty, lean to barren
Shale, rich
Shale, barren
Shale, hard, rich
Shale, piaty, barren
Shale, hard, rich... .
Shale, for the most part gray and lean,
but a few rich layers less than 1 inch

Shale, papery, lean
Shale, piaty, lean
Shale, hard, rich
Shale, sandy, barren.
Shale, hard, rich

185

Ft.
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Sections in northeastern Utah—Continued.

Location T, on north side of Helis Hole Canyon, sec. 22, T. 10 S., R. 25 E.—Continifed.

Shale, thin, piaty, lean to barren............
Oolite
Shale, papery, lean
Shale, hard, rich
Shale, barren
Shale, hard, rich
Shale, thin, piaty, barren..
Oolite
Shale, thin, piaty, barren..
Sandstone
Shale, thin, piaty, barren
Cherty layers, distorted, concretionary..
Oolite, conglomerate at base....
Shale, gray and drab, barren
Sandstone... .

Shale, gray and drab, barren
Sandstone, concretionary
Shale, gray and drab, barren...
Sandstone, with oolitic bands..

Shale, gray and drab, barren
Oolite, top distorted and sandy..
Sandstone, oolitic
Shale, gray.
Sandstone, shaly.
Sandstone, massiye
Shale, barren, gray, sandy.

Ft.
30

in.
0
5

Sandstone........coocviiiiciiic e
Shale, gray, lean to barren..
Oolite
Sandstone, twisted and deformed......... R
Oolite
Shale, gray to drab, barren
Sandstone, massive, yellow
Shale, gray
Oolitic sandstone..
Shale, sandy
Sandstone,

Cross-

massiye,
bedded......coooiiiiiiiiii
Shales, gray and drab, barren.................
Sandstone, mostly yellow and massiye,
but with two somewhat shaly zones..

yellow,

Shale, sandy, barren
Shale, rich...
Shale, gray and drab, barren.
Sandstofle and barren, sandy shale .
Shale, largely masked, mostly drab,
papery, with sandy zones; not suffi-
ciently cemented to form ledges
Sandstone, coarse, yellow
Shale, lean to barren, papery.
Sandstone, yellowish .
Shale, soft, sandy (sample 79; 1galion)..
Sandstone......cccviiiiiiiic
Shale, masked, but for the most part
a barren greenish shale.........c.cc.ccocoee.
mSandstone, yellowish brown, poorly
cemented......coocciiiiiiiiie
Shales, red and green (Wasatch).

Ft.

10
45

Q
21

O oo oo

The following stratigraphic sections were measured in southwest-
em Wyoming and show the generat character of the Green Riyer
formation in the Southern parts of the Green River and Southern

Red Desert basins:

Sections of parts of Green Riverformation in southwestern Wyoming.

Sandstone, coarse grained, not massiye..
Sandstone, containing fossil shells.........
Sandstone, coarse grained, thin bedded..
Covered, probably sandy shale
Sandstone, coarse........
Covered, mostly shale...
Shale, papery, drab, lean
Shale, thin, barren and sandstone.
Shale, drab, thin, lean......
Shale, thin, drab, barren.
Shale, thin, lean
Sandstone, concretionary.
Shale, thin, lean...
Oolite and chert...

Ft.
50

10
35

8
30
5
72
3
20
30

1
14

T. 14 N, R. 99 W.

Shale, thin bedded, lean.............
Shale, thin bedded; weathers
blue; rich
Shale, gray, sandy (not in-
cluded in sample)............
Sandstone, yellow (not in-
cluded in sample).............
Shale, thin bedded; weathers
blue; rich
Shale, yellow, sandy. .
Shale, papery, lean.......c.ccceceeee
Shale, drab. fissile

(sample

Shale, drab, papery......cnnenenns

Ft.
14

28

10

13

[

O OO0 ooo



OIL SHALE

Sections of purls of Green Riverformation in southwestern Wyoming—Continued.

IN NORTHWESTERN COLORADO.

T.14 N., R. 99 W.—Continued.

Ft. in. Ft. in.
Oolite 6  Sandstone, shaly, yellowish..........cc.......... 1 0
Shale, drab, papery 10 0 shale, drab, papery, barren.... 5 0
Sandstone, oolitic.... 4 sandstone, shaly, yellowish... 1 6
Shale, drab, fissile.... 12 6 37
Sandstone, micaceous 1 0 Maroon clay shale (probably Wasatch).
Sandstone, yellowish..................... 3 0 489 10
Shale, drab, thin sandstone lenses. 26 0
T. 13 N.f R. 108 W.
Ft. in. Ft. in.
Shale, light brown, lean (sample 98; 3
shells.. 6 GalloNS)..ciiiiiiiiic e 5 0
500+ Interval 25 0
Shale, thin, brown.......ccccocooiiins 6+ Shale, lean (?) 10+
Shale, thin, brown (sample 1 Shale, dark brown (sample 95; 13gallons) 5 0
TONS) it s 5 0 Shale, thin bedded, tough...........ccccceeeet 10 6
Shale, thin, brown ..o, 2 6 Shale, thin bedded, tough (sample 96;
Shale, hard, black, rich... } 4.9gallONS)...cueiiiiieeecee e 5 4
Shale, brown, soft.............. 5 Shale, thin bedded, tough.... 2 6
Shale, hard, black, rich... (sample 1 Shale, massive,light brown.. 2 6
Shale, brown, soft.............. 99; 19 . 8 Shale, massive, light brown .(sample 97;*
Shale, hard, black, rich... gallons). 2 6 .gallONS)...oiieirieieieeeeeee e 4 10
Shale, brown, soft.............. 1 8 Shale, lean.
Shale, hard, black, rich.... 3 586 ni
27, T. 17 N., R. 106 W.
Ft. n. Ft. in.
Shale, drab 45 0 Coyered, mostlylight-colored shale or clay 75 0
Sandstone, piaty. 16 0 Clay, mostly gray, with some red............. 80 O
Shale, lean 22 0 Clay, gray, yellow, green, and red, with
Sandstone, brown, piaty . 7 =0 beds of yellow sandstone. Ali beds
Shale, hard, not sorich.................. 24 0 very lenticular. A 40-foot bed of mas-
Shale, hard, thin, piaty a (sample 118; sive sandstone at one place splits and
14 gallons) 5 6 within 100 yards along its outer top is
Shale, hard, dark a. 2 3 represented by yariegated clay beds,
with afew thin sandstones...................... 750
117; 19 gallons)...ccccevivcvicicncne 8 1
Shale, weathers to thin plates; part o: 479 10
member will yield smali amountofoil.. 120 o0
and 19, T. 17 N., R. 106 W.
Ft. n. Ft. in.
Shale, hard, thin, medium rich................. 1 6
sandstone of Powell).........coccceee. 125 0 15
Sandstone, thin bedded 35 0 Shale, medium, with large gypsum crys-
Shale, papery, gray 25 0 TAlS i 1 6
Sandstone, shaly, gray. 32 0 Shale, thin, barren......ccccoceovvvevvieevicieenn 80 o
Shale, sandy, lean 65 0 Shale, medium, with gypsum crystals... 8
Shale, hard; contains fish remains (sample Shale, gray, SaNdY......cc.coceeeereeeeee ceevreennnns % 0
120; 14 gallons)....c.cccceviviencieieces 5 0 Shale, medium, with gypsum crystals... 1 6
Shale, lean.......ccccoevvveeiiieeeecnen 20 0 Shale, hard, ricti 10
Shale, thin with lenses of very Sandstone, thin, gray. 8 0
55 0 Shale, hard, rich.. 10
15 0 Shale, gray, sandy. 17 0
Shale, hard (sample 119; lZgaIIons) 5 0 Shale, hard, rich.. 2
Shale, hard, lean.........ccoccovvininincnee 12 0 shale, thin, gray, sandy... 9 2
Shale, gray, sandy 20 0 0
Shale, hard, rich. 1 4 Shale, sandy 118 0
Shale, gray, sandy, thin sandstones and a Sandstone, gray.. . 4 0
few 1to 3inch bedsofrich shale.. 90 0 Shale, sandy, greenish.........cccccccocerroerurnna. 6 0

a Probably same zong as lower 22 feet8inches of section measured in secs. 17 and 19 of this township.

187
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Sections of parts of Green Riverformation in southwestern Wyoming—Continued.

Secs. 17 and 19, T. 17 N., R. 106 W.—Continued.

Sandstone, gray, thin bedded..................
Shale, sandy, green
Shale, sandy, thin bedded, gray..
Sandstone and shale, green, in beds 2feet

thick; sandstone, concretionary.............
Shale, sandy, gray, slope.......ccccccvvvvirenene
Sandstone, massive, cross-bedded, form-

ing ledge and capping hill.
Shale, forming slope
Sandstone, rather massive, forming Iedge
Shale, soft, thin, piaty, barren.................

Shale, medium hard, rather thin, very
lean. ...
Shale, medium hard (sample 116; 4 gal-

Shale, medium hard, very lean.
Shale, lean
Sandstone, brown, persistent.
Shale, lean.......ccccooeviiiiiiiiiicicce,
Shale, hard to medium hard (sample 115;

99allONS)..eiiiiiiiiiciiiice

Sandstone, massive, brown..........ccc.cccee.
Shale, lean to barren
Shale, hard
Sandstone, brown, massive
Shale, lean to rich
Sandstone, brown, massive
Shale, lean, papery
Sandstone
Shale, hard, rich.
Sandstone
Shale, hard, dark.
Shale, brown, tough
Shale, hard, rich, dark.
Sandstone
Shale, hard, rich
Shale, hard, rich (sample 127; 189a|-
lons)...
Sandstone....
Shale, hard, rich
Sandstone, hard, massive
Shale, hard, gray, sandy, lean to barren
Shale, soft, greenish, lean..........ccccccceceeeeee.
Partly masked, barren gray shale and
sandstone, with some lean papery shale.
Sandstone, piaty
Shale, lean, soft....

1 .
[(sample 128; j
|7 8aUons)-

Ft.

IN

[=2]

o
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s
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White Mountain, sec. 36

Sandstone, brown, coarse (tower sand-
stone of Powell) ...
Shale, gray, sandy, and shaly sandstone,
with three beds of rich shale each 3
inches thick in lower part........cccccceeee.
Shale (estimated yield, 12 to 15gallons)..
Shale, gray, sandy, and thin sandstone
with two or three 1-inch beds of rich
shale

Ft.

245

265
3

in.

o

o

Ft. in.
Shale, lean to barren..........ccococeiiiiin 75+
Shaly sandstone, barren 15 0
Shale, sandy, forming slope, lean. 47 0
Shale, hard (sample 114, lower \\ feet; ]_’L

GalloNS) . 5 6
Shale, hard (sample 113; 10 gallons)........ 5 3
Shale, hard........ccccoeeeveuenas 1 4
Sandstone_.................4.......:... (sample 112; 3
Shale, fairly soft, thin-

9gallons).
2 9
Shale, hard. . 1 0
Shale, hard, h (sample 111; 19
gallons)
Shale, hard, rich (sample 110; 19
gallons)
Shale, soft j i
Shale, hard, rich. ...I(sample 109; I
Shale, soft ...l1gallons). 1
Shale, hard, rich. )
1,360 10
, 7. 18 N, R. 107 W.
Ft. in.
21 6
Sandstone, thin bedded........cccoooviiiiieens n o
Covered, mostly barren gray sandy shale,

with a few ledges of gray shaly sand-

STONE ..ot 128 0
Sandstone, piaty.. 3 0
Shale, greenish 7 0
Covered, mostly barren gray sandy shale

with a few ledges of gray shaly sand-

110 0
Shale; weathers papery 1 6
Sandstone 6
Shale; weathers papery 2 0
Shale, gray, sandy, with layers of shaly

SANASTONE......ciiiiiiiiies e 21 0
Shale, gr-eenish..........cccoeoiniiiniinicieee 20 0
Shale, gray, sandy, with layers of shaly

SANASTONE.....coviiice 7 0
Shale, greenish, with brown sandstone

1entils. ..o 20 0
Sandstone, brown, with some clay shale. 3B 0
Sandstone, thin, piaty.........cooiiiinens 4 '0
Sandy shale and shaly sandstone, gray,

barren.......ccoeiiiiiiii 8 0

755 5

Ft. in.

Shale, sandy, gray, and shaly sandstone. 2 0

Sandstone, shaly, yellow 2 0
Shale, sandy, and clay, with a few thm
sandstone beds; color predominantly

white. 133 0
Sandstone, green, shaly. . 33 0
Shale, gray, sandy, and thin sandstone.. 58 0
Shale, green, sandy, and green sandstone. 17 0

3% 0
Sandstone, chalky, cross-bedded, brown. 2 0
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Sections of parts of Green River formation in southwestern Wyoming—Continued.

White Mountain, sec. 36, T. 19 N., R. 106 W.—Continued.

Ft. : Ft. in.
Shale, drab, sandy 95 Shale, sandy, gray.......ccoceeeneneieneienns 24 0
Sandstone, ferruginous.. Sandstone, shaly, gray, fossiliferous.. 2 9
Shale, sandy, gray-green, and shalysand Shale, carbonaceous... 8 0
STOME e 2o 75 Clay, sandy, gray... 40 o
Sandstone shaly.. 2 Sandstone, coarse, gray, possibly base of
Shale, papery, lean, with 2-inch beds of Green River formation 10
rich shale and some thin beds of sand- Clay, somewhat sandy, gray.... S5 0
87 . . 3 o0
Sandstone, with clay balls Sandstone, yellowish green, friable.. 30 o
Shale, papery, lean 26 L,331 10
Fossil Butte.
Ft. Ft. in.
Sandstone, shaly 95 Shale, white, chalky.... . 10
Sandstone, coarse, brown.. Shale, hard, brown...... ... (sampl 6
Shale, hard, rich, dark; weathers Shale, white, chalky; con- 129; 8 gal-
blue (sample 131; 50 gallons)......... 2 tains abundant fish re- lons).
Sandstone, shaly.......ccccooiiiinniicce 7 MAINS...coiiieiciieecceeeeeee ey 1 2
Shale, hard, rich; weathers blue___ 1 Shale, lean, thin bedded 18 0
Alternating bands of coarse sandstone Sandstone, drab.... 10 0
and shale 8 Shale, sandy.. 5 0
Sandstone, cherty Sandstone, coarse. 65 0
Shale, lean, chalky, thin bedded. 15

Sandstone, reddish brown 250 i

Shale, lean, chalky, thin bedded. 2
Sandstone, massive.. 8
3
Sandstone, gray (discarded).
Shale, hard, light brown.......
Sandstone, light brown (dis-
carded)....ooooereeoereierreenene, (sample
Shale, hard, brown, rich; 130;10gal-
weathers blue . lons).
Sandstone, yellow.... .
Shale, hard, brown, rich;
weathers blue...................... .
STRTJICTTJIRE.

Northwestern Colorado and northeastern Utah.—The Uinta Basin is
a broad, shallow syncline whose central portion is occupied by the
Green Rivcr and younger formations. The Green River beds are
only slightly tilted at most places around the margin of the basin, but
the older formations dip at much greater angles only a few miles
beyond the limits of the Green River formation. The Douglas anti-
cline, which extends southward from Rangely, brings up the Mesa-
verde and Wasatch formations and perhaps entirely separates the
main Colorado area of the Green River formation from the much
larger area in northeastern Utah, and it is almost certain that
the areas of oil-yielding shale are completely separated. Although
the Green River formation dips sharply (maximum obsorred dip
28°) toward the interior of the basin at its margin along the north
and east sides of the Colorado area, the dip decreases very rapidly,
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so that a few miles back of the margin the shale is horizontal or dips
only slightly.

Smali faults were observed at a few places, although it is probable
that the broad movement which produced the great synclinal struc-
ture gave rise to fracture zones or cracks and faults at many other
places. The great veins of gilsonite in the vicinity of Dragon, Utah,
are cracks filled with the asphaltic materiat. West of the Petrolite
Hills, in the eastern part of the area studied, a fracture zone cutting
the Green Kiver formation is filled with a very light yellowish-brown
hydrocarbon (specific gravity 1.06) which does not answer the descrip-
tion of any of the ordinary asphaltites. The deposit may not be
sufliciently extensive to be of economic importance, but it is of con-
siderable scientific interest. The fracture zone in which the materiat
is found is 2 or 3 feet wide and has been traced for several miles in a

Figure 14—Diagram showing structure in the Green River formation near the mouth of Yellow Creek,
Colo.

generat northwest-southeast direction. Several smali prospects have
been opened along it.

On Yellow Creek, sec. 15, T. 2 N., Il. 99 W., a heavy brown sand-
stone rests on a very irregular surface, and the shale beneath (A,
fig. 14) is very much distorted, exhibiting in places very definitely
overturned folds, as well as faults on a smali scale. It is not at all
impossible that the brown sandstone marks the base of a formation
which should be separated from that below, but in this paper it is
included in the upper part of the Green River formation. The
massiye sandstone appears to fili channels, yet the distorted condi-
tion of the shale beneath would suggest that the shale was still in a
plastic condition after the deposition of part of the sand and that the
sand settled uneyenly, giving rise to the many peculiar forms which
are exhibited in the shale beds beneath. After this settling the
deposition of sand was continued over the edges of the portions of
the sand which had been displaced. This appears to represent a
change in conditions of deposition which may have more than local

importance.
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Southwestern Wyoming.—That part of southwestem Wyoming (see
Pl. X) lying between the Uinta Mountains on the south and the
Wind River Mountains on the north is in a broad structural basin
which is separated into several smaller basins by north-south uplifts.
Oil-yielding shale is present in three distinct areas; the central area,
to which the name Green River basin is applied, is by far the largest.
The Rock Springs uplift, on the east, described by Schultz,1 and
related features near the Colorado-Wyoming State ling, to the south-
east, separate the main area from the much smaller Southern Red
Desert Basin, only the rim of which is shown on Plate X I X (in pocket).
On the west the Green River-basin is separated from the area of the
Green River formation in the vicinity of Fossil, described by Yeatch 2
as the Fossil syncline, by an anticlinal fold which the same author
catled the Meridian anticline.

Beds of the Green River formation are only slightty tilted in any
part of the area shown on Plate X1X. Along the western rim of the
Southern Red Desert Basin the oil shale at its outcrop dips as much
as 11° NE., but it flattens rapidly toward the center of the basin.
Along the east and west sides of the main Green River basin the
oil-yielding shale shows dips not exceeding 3° or 4°, but in some places
along the north flanks of the Uinta Mountains the beds of the Green
River formation are tilted at greater angles. The oil shale of the
Fossil syncline is practically horizontal at every point examined.

Faults in the Green River shale were noted in only one area, but
they may be present at many other places within the area here de-
scribed. Westof Green River, near the centerof T. 15 N., R. 108 W.,
there is an area perhaps half a milo wide and extending an unknown
distance to the west, where the rocks are crumpled and cut by east-
west trending faults. On both sides of this disturbed zone the strata
are apparently unaffected.

The channel sandstone of Lee,2 which is the Tower sandstone of
Powell,4 forms vertical cliffs in the vicinity of Green River, Wyo.,
where it rests on an irregular surface of shale and is itself very much
distorted, whereas the shale beneath is not deformed.
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