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~ OIL SHALE OF THE ROCKY MOUNTAIN REGION.

By Dean E. WINCHESTER.

INTRODUCTION.

During the last few years public attention has been repeatedly
called to the rapidly increasing demand for petroleum and its pro-
ducts and the inability of the American producer to keep pace with
this demand. Vigorous attempts have been made to increase the
output of the known oil fields and to locate new areas from which to
pump liquid petroleum, and the chemist has tried to develop a sub-
stitute for it, but still the demand increases more rapidly than the
production. Long ago Scotland faced a lack of oil and found it
possible to develop a supply by the distillation of her oil shales.
To-day the oil shales of the United States are being investigated in
the hope that in the near future they may materially assist in furnish-
ing the liquid fuels needed in our industries. Much has already been
done toward placing the American oil-shale industry on a firm,
economical basis, but a still greater amount of chemical and engineer-
ing research is needed before it can be said that the industry is
assured of success, and a long time must elapse before the output of
shale oil will be sufficiently large to affect materially the total pro-
duction of liquid hydrocarbon fuels in the United States.

In the United States it is possible to derive oil from rock of several
different types. Most of the petroleum that is being produced to-day
is obtained by penetrating reservoir sandstones and shales and then
pumping out the oil or allowing it to flow out under pressure provided
by nature. In these sandstones and shales free oil exists in the pores
and cavities of the rock.

Oil shale, on the other hand, does not contain oil that may be
extracted by mechanical means, but contains an abundance of partly
bituminized organic matter that can be converted into oil by heating.
Preliminary studies of the subject indicate that only certain types of
organic material are capable of yielding when heated liquid oil
lighter than water; others when heated in the same manner give
heavy tar products many of which are heavier than water. Even
the richest of the American oil shales show only a very small amount
of free oil when subjected to the action of the ordinary solvents of

1



8 OIL SHALE OF THE. ROCKY. MOUNTAIN REGION.

hydrocarbon substances, but when these shales are heated oils very
similar to petroleum are produced and driven off in the form of
vapors, which may be condensed into hquld shale oil.

The shales of the Rocky Mountain region have been the subject
of a considerable amount of study by geologists of the United ‘States
Geological Survey, and several reports on them have been printed,
but most of these reports, although several times reprinted, are no
longer available for distribution. Therefore in ‘the present report
an attempt is made to include all of this information, together with
that collected by the writer and others since the publication of the
last previous report on oil shale.. ' '

FIELD WORK.
HISTORY AND METHODS. .

The field work upon which this report is based was started in:1913
by E. G. Woodruff and D. T. Day,! assisted in the field by W. P.
Woodring, and continued by the writer,? assisted by H. M. Robinson,
W. B. Wilson, and H. R. Bennett, each season up to and mcludmg
the season of '1918. ~C. F. Bowen ® in ‘1916 made a preliminary
examination of oil shales in southwestern Montana, and E. T. Han- -
cock in 1917 collected several samples in west-central Montana, data
concernirig which are included by D. D. Condit * in his report on the
phosphatic oil shales of the mountain region based on field studies
made in 1918. J. P. Buwalda studied the oil-yielding shales of
Nevada in 1918, and the data he obtained, which have not yet been
published, are summarized in this report. From time to time other
geologists of the United States Geological Survey have collected
samples of shale and coal from the Rocky Mountain region, and the
results of distillation of these samples have been published as
information worthy of printed record.® Chemical research has been
carried on by Chase Palmer, Theodore Erickson, and others in the
laboratories of the Geological Survey and by David T.-Day, C. R.
Bopp, Martin Gavin, and others in the laboratories of the Bureau of
Mines. Much of the information has already been printed but is dis-
tributed through several volumes, so that a study of the Geological
Survey’s information on oil shale in this region requires the acquisi-
tion of many separate reports, some of which are difficult to get.

t Woodrufl, E. G., and Pay, D. T., Oil shales of northwestern Colorado and northeastern Utah: U. S,
Geol. Survey Bull. 581 pp. 1-21, 1914,

2 Winchester, D. E., Oil shalem northwestern Colorado and adjacent areas: U. S. Geol. Survey Bull. 641,
pp. 139-198, 1916; Oil shale of the Uinta Basin, northeastern Utah, and Results of dry dxstxlla.tlon of mis-
cellaneous shale samples: U. S. Geol. Survey Bull. 691, pp. 27-55, 1918.

3Bowen, C. F., Phosphatic oil shales near Dell and Dillon, Beaverhead County, Mont U S. Geol.
Survey Bull. 661, pp. 315-320, 1917

1Condit, D, D., Oil shale in western Montana, southeastern Tdaho, and adjacent parts of Wyoming and
Utah: U, 8. Geol Survey Bull. 711, pp. 15-40, 1919.

s Winchester, D, E., op. cit. (Bgll. 691), pp. 51-<55.

-~



* FIELD WORK. S 9

The work by Woodruff and Day consisted in a preliminary exam-
ination of the formations containing oil shale at several widely
separated localities in Colorado and Utah, and the testing of 11
samples of the shale to determine the amount of oil and other prod-
ucts that can be obtained from it. This was followed by the writer’s
investigations, in which the oil shale has been mapped and studied
in more or less detail along its entire outcrop in Colorado, Utah, and
that portion of southwestern Wyoming south of the Union Pacific
Railroad and west of Green River. During these studies many
stratigiaphic sections of the Green River formation have been ex-
amined, and more than 350 samples of shale have been distilled. The
mapping has been done largely by plane-table methods, and the
accompanying maps are complled largely from the data thus obtained.

Reports of rich oil shale in' Montana resulted in preliminary in-
vestigations by C. F. Bowen in the southwestern part of the State
" in the fall of 1916, the results of which were published soon after-
ward, and in 1917 E. T. Hancoek examined shale outcrops in the
region south of Great Falls. The results of these two examinations
were sufficiently interesting to warrant further work, and in 1918
D. D. Condit made a reconnaissance study of the black shales of the
Phosphoria (Permian) and associated formations of the whole north-
ern Rocky Mountain region. During this work shales associated
with the phosphate-bearing rocks were examined in Montana,
Idaho, Utah, and Wyoming, and about a hundred samples were dis-
tilled for .0il. Many of the samples were also analyzed for nitrogen
and for phosphorus.

J. P. Buwalda spent a large portion of the field season of 1918
studying in detail the Tertiary oil shales in northeastern Nevada,
especially near Elko, where steps have recently been taken to com-
mercialize the shales. He collected and tested samples, studied and
mapped shale outcrops, and made a thorough study of the general
conditions which are of interest in view of the possible establishment
of an oil-shale industry in that vicinity in the near future.

The oil-shale fields of the Rocky Mountain region are shown on

Plate I..
TESTING APPARATUS.

At the very beginning of the oil-shale investigations by the geolo-
gists of the Geological Survey-it was realized that the field men could
carry on their investigations much more intelligently if they knew,
while in the field, how much oil would be yielded by material of any
particular type when distilled, and an apparatus that could be oper-
ated in the field by the geologist was therefore designed. The
first outfit was not perfect, but the results of the first two years’
experiments furnished data upon which to base the construction of a
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field testing outfit which has proved very satisfactory, and according
to comparative tests recently made by the Bureau of Mines the care-
ful use of this outfit gives results which are not far divergent from
the results that may be expected when the same shales are treated
in a commercial-sized retort such as that used-in the oil-shale industry
of Scotland.

LARGE DISTILLING APPARATUS.

Woodruff and Day in the first season’s work (1913) used a large
apparatus which necessitated the mining of a sample of shale weighing
100 pounds or more and which required from seven to eight hours for
each testrun. 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 plate with asbestos gaskets
fitted to each flange. On one side of the retort were fitted a small
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 small water-
filled tank. The coil discharged into Wolff bottles set in series and
provided with stopcocks so that the liquids could be drawn off with-
out interfering with the operation of the condenser. During the

“operation the retort was suspended by iron supports in a narrow
trench cut in the ground, covered with iron plates and earth, and a
flue erected at the back. Heat was obtained from a wood fire placed
under the retort. _ : '

In the distilling operation the head plate was removed, the retort
charged with shale broken into pieces not larger than 4 inches in
diameter, the head plate replaced, fire started to give a gentle heat
at first and gradually increased until the lower part of the retort
became red hot, then held constant until near the end of the opera-
tion, when it was increased for a short time and then allowed to
subside. The products obtained were water vapor, gas, oil and gas,
and finally only gas in the order named. From seven to eight hours’
heating was required for a charge.

SMALL DISTILLING APPARATUS.

The apparatus described above, being large and not easily trans-
ported and eventually becoming unfit for use through leakage, was
abandoned and replaced by a still which required a sample weighing
only about 1 pound and which was heated by gasoline torches. With
two of these smaller 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 Pl. II), which is similar
to that used during the later part of the 1914 season but much more
compact and lighter, consists of the following essential parts:
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FIELD APPARATUS FOR DISTILLING OIL SHALE
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POCKET TESTING APPARATUS FOR ESTIMATING RICHNESS OF OIL SHALE.



FIELD WORK, 11

Two Barthel gasoline blast lamps.

One half-pint iron mercury retort, with delivery tubes.

One brass condenser.

Two ring stands.

One 34-inch ring.

One large condenser clamp.

One receiver for condensed liquids (50 cubic centimeter glass graduate).
One ammonia scrubber (8-ounce bottle filled with glass beads).

Two pairs combination pliers.

One postal balance.

6 feet of rubber tubing.

Glass tube for connecting condenser, receiver, and ammonia scrubber.
One glass separatory funnel.

A battery of four of these retorts can be operated by a single person

without inconvenience, and the retorts with all necessary equipment

such as condensers, burners, supports, a small iron mortar for crush-
ing the shale, and a balance, can easily be packed in a box 1 foot
deep, 18 inches wide, and 3 feet long.

Because of its simplicity -and because its flame can be adjusted to
any desired angle or length, the Barthel blast lamp was chosen to fur-
nish heat for the still. This lamp consists of a small spherical gasoline
tank with burner, mounted on an iron base in such a way that the
burner may be turned at any angle. To manipulate the burner the
tank is first filled nearly full of gasoline and the cap securely screwed
down. Gasoline is placed in the small cuplike depression around the
burner and lighted. When this gasoline is burned out, sufficient
heat will have been produced to generate gas under pressure, which
may be lighted at the end of the burner on opening the burner valve.
If the flame is yellow or sputters the burner is not sufficiently hot and

- must be reheated. The gasoline tank of each burner holds sufficient

fuel to keep the blast burning about two hours. Inasmuch as each
distillation of shale requires from three to four hours, two burners
are used with each retort. The second burner may be most easily
lighted by playing the flame of the first on it.

Inasmuch as the Barthel lamp is of foreign make and could not
be obtained during the war, it was necessary to substitute other
apparatus for heating the retorts. An ordinary plumber’s torch
with a stand so adjusted that the flame may be directed upward
may be used, or & more elaborate equipment, consisting of self-heating
burners with connection to a gasoline pressure ta,nk makes a very
satisfactory combination.

The vessel in which the shale is to be heated is an ordinary half-
pint iron mercury retort, which is equipped with close-fitting lid and
clamp and aniron delivery tube. The delivery tube is fastened to the
inner tube of the condenser by a small 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.
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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 small brass plumber’s union. This inner
tube is surrounded by a second thin-walled brass tube 1} inches in
diameter and 11 inches long, which is provided with a two-hole
rubber stopper at each end, one hole being for the inner tube and the
~ other for a small brass tube 2 inches long to provide 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 turned at an angle of about 40° from the hori-

zontal. The condenser is held in position by a single clamp, attached
_to a ring stand.

The water for coohng 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 slightly higher level, and the water conveyed over

the top by a siphon entering the condenser at the lower end and
wasting at the upper end. :
The receiver for the condensable products of the distillation con-.
sists of a 50 cubic centimeter glass graduate, provxded with a two-.
hole rubber stopper, through which are thrust two glass tubes; one
.for the entrance of the liquids and permanent gases from the con-

denser and the other for the escape of the permanent gases.to the
. ammonia scrubber. The glass tubes have a diameter of about a

quarter-of an inch and are bent at the proper angles to make con-
. nections with the condenser and scrubber. The tubes should barely
_penetrate the cork.

The ammonia scrubber cansisted of an ordlnary glass cylmder or
8-ounce wide-mouthed bottle, provided with a glass tube reaching
nearly to the bottom of the bottle for the entrance of permanent gas
from the receiver: The bottle is filled with glass beads, which provide
additional surface and a means of breaking up the gas into small
bubbles as it passes up through a 10 per cent solution of sulphuric
acid. It was found after some experimental work that the determi-
nation of the ammonia as described above was not satisfactory,
inasmuch as a considerable part of the nitrogen in the shale is not
converted into ammonia until after all the oil is driven off and higher
temperatures are reached, and there is a tendency on the part of the
operator to discontinue the distillation as soon as oil ceases to be
evolved. During the last two seasons’ work, therefore, no attention

~was paid in the field to products other than oil, and it was thus
possible to eliminate the ammonia scrubber. In this work 2-ounce
samples of the shale were sent to the chemical laboratory for total
nitrogen determinations, from which the theoretical number of
pounds of ammonium sulphate that can be obtained from a ton of
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‘shale is computed by simply multiplying the percentage of nitrogen
- by the factor 94.2.

The pliers are used for handling the retort, the postal balance to
weigh the sample of shale, and the glass separatory funnel to separate
the oil from the water derived from the shale.

In order to determine the quantity of oil that may be derived
from a sample of shale the shale is first pulverized to pass through a
screen of 3-inch mesh. After thorough mixing a sample weighing 8}
ounces is so selected as to represent the entire quantity. This sample
is placed in the iron retort and the cover is 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, or in case of necessity lampblack and vaseline may be
used. The delivery tube from the retort is then coupled with the
inner tube of the ¢ondenser, 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 turned as low as pos-
sible. After heating about 10 minutes water and oil will begin to
condense and be delivered into the receiver. Gentle heat should be
applied to the retort as long as any oil is delivered to the receiver,
then the flame of the burner may be lengthened until at the end of
three or four hours the burner will be at full blast, the retort will be
red-hot, and the shale will cease to yield either oil or gas. The prod-
ucts of the distillation are then measured; the quantity of oil and
the quantity of water in the receiver are recorded. The yield of oil
in United States gallons to the short ton of shale is equal to the
number of cubic centimeters of oil in the receiver, provided the
sample of shale used weighs 8% ounces. The oil obtained from the
distillation should be placed in a small bottle for the determination
_ of its specific gravity, which can best be made in the laboratory.

POCKET TESTING APPARATUS.

In some of the work it has not been practicable to carry the quan-
titative testing apparatus into the field, but it has been found possi-
ble to make rough estimates of the richness of shales by the use of &
small alcohol torch and a glass test tube. (See PL. III.) This outfit
is so simple and the data furnished by its use are so valuable that no
geologist interested in the study of sedimentary rocks can afford to
work without it in his field kit. '

The outfit consists of a Hess soldering torch which burns alcohol
and several glass tubes 4 or 5 inches long by three-eighths of an inch
in diameter and closed at one end. ~ The torch is for sale by Hess &
Son, 2910 North Sixteenth Street, Philadelphia, Pa., and by some
hardware stores in the larger cities. In making a test for oil or oil-
forming substances about 1 gram of powdered rock is placed in the
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bottom of the glass test tube and heated to redness. The presence
of oil or oil-forming substances is shown by the evolution of white
or yellow-brown fumes, and the richness of the sample is indicated
by the relative quantity of oil condensed on the cool walls of the
glass tube away from the flame. This apparatus provides a means
of determining in the field whether shale will yield much or little oil,
and with practice the operator will find it possible to estimate the rich-
ness of shale within 15 or 20 per cent of the true value.

OIL SHALE.

PHYSICAL CHARACTER.

The term “oil shale” as used in this report is applied to a shale
that contains materials from which oil may be made by distillation
as distinct from a shale that contains oil which can be extracted
with a solvent or which may be obtained by penetrating the bed
with & drill. Thus the tough, dark shales of the Green River for-
mation of Colorado, Utah, and Wyoming and the Tertiary shales of
Nevada (Green River?) are considered true oil shales, whereas the
locally imopregnated shale of the Monterey group of southern Cali-
fornia is not, inasmuch as the oil it contains may be almost entirely
removed by treatment with a solvent such as chloroform.

The oil shales of the Rocky Mountain region present a large variety
of types. Even in a singlelocality there may be several distinct shales,
each of which is sufficiently rich in oil-forming materials to be of
commercial interest. The phosphatic oil shales of the Phosphoria

formation, for example, are very dark brown or black, but the richer .

shales of the Green River formation range in color from jet-black like
coal to light brown, and the rich Tertiary oil shales of the Elko
district in Nevada and the Tertiary shales of southwestern Montana

range from brown to light yellow. Most of the richer oil shales -

have a waxy or velvet-like luster, but some of the rich shales of
Elko and southwestern Montana are dull and stony. Most shales
are thinly laminated, but in some of them the laminations are not
evident (see Pl. IV, A) until they have been heated and the oil
driven off. Many of the shales that weather to paper-thin laminae
may be found apparently massive and homogeneous in unweathered
condition. Oil shale is almost always very fine grained, free from
grit, and slightly calcareous. In weathered outcrops most of the
richer shales are bluish, probably owing to the presence over the dark
surface of the unweathered material of a thin film of white calcite or
aragonite.

Some of therich oilshales consist of alternating lightand dark bands
which are compacted into an apparently homogeneous mass, and in
some places these bands are contorted and broken and recemented,
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A. CHARACTERISTIC WEATHERING OF RICH B. SAMPLING BED OF OIL SHALE SOUTH OF
MASSIVE OIL SHALE. GREEN RIVER, WYO.
Shows characteristic weathering of bed containing alternat-

ing rich and poor seams. The richer seams are more
resistant.
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A. CONTORTED “VELVET” OIL SHALE FOUND NEAR GRAND VALLEY, COLO.

B. THIN-BEDDED OIL SHALE, SHOWING FLEXIBILITY.
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suggesting that the material had been subjected to movement and
crushing after it was partly solidified. (See Pl. V, 4.) The rich
oil shales of the Green River formation are very tough, rubbery, and
even flexible (Pl. V, B) in thin-bedded specimens. Almost any oil
shale is hard to cut or break with an ax or pick. When freshly
broken oil shale gives off a peculiar odor like petroleum, although
the rock contains but little oil as such. Thin slivers of an oil shale
that yields more than 15 gallons of oil to the ton will burn with a
sooty flame when ignited with a match.

The bituminous content of the oil shales renders them less sus-
ceptible to attack by the elements than most of the sedimentary rocks
with which they are interstratified. Their toughness and hardness
hinder disintegration, so that in many weathered hillsides the rich
beds stand out as prominent ledges and the slopes below may be
strewn with flags of oil shale. (See Pl. IV, B.)

Oil shale is heavier than coal and has a very high ash content
(about 60 per cent as compared with 10 per cent in coal), and in
general the shales that are lightest in specific gravity are the best
producers of oil.

Relation of the specific gravity and ash content of otl shale of the Green River formation
of Colorado and Wyoming to the amount of oil that can be distilled from the shale.

et
of oil : Ash con-
Specific
Locality. (gallons ? tent (per
%o the | BTAVILY. cen(t .
ton).
Sec. 14, T. 18, R.OTW., COlo..ouurinninimnnnieeaniniaeiaraeneenaans 15 2.21 60.5
ROBD CEOK, COl0 .- .. reieeecannseieiaeanaeanemas e saeeaneanaeanees 27 2.11 40.6
Sec. 27, 1. T8, R0 W, GO0, o eeei it aaiiaiieiaeiaiaeaaeeaaaannns 44 1.69 51.3
Fossil, Wy0. . it iiiiiiiiiiicisetetitieeitieniiareraneeaneaann 50 1.89 50.4
Sec. 15, T. 7 8., R. 86 W., Colo .. 62 1.69 49.7
Parachute Creek, Colo. ......iiiiiiiiiiiiiiiiiiieiiiiaiianaeniianann 75 1.59 56.3
Watson, Utab. ..ottt iiatai e iratcaaacaecaannaneresacaranans 90 1.39 39.9

Under the microscope the rich oil shale of the Green River forma-
tion consists of minute laminae of light-colored, partly crystalline
material, probably largely mineral, interbedded with dark bands of
noncrystalline material, probably largely organic.

In any one locality there may be several distinct types of oil-
yielding shale—black massive shales with conchoidal fracture that
resemble cannel coal; thinly but irregularly laminated ““velvet”
oil shales (Pl. V, A); thin-bedded dark shales known locally as paper
shales; very thinly bedded light-brown shales which in weathered

- outcrop present peculiar curly forms; and massive bedded shales of

various hues of brown. Iach of these shales presents peculiar
problems for the miner and for the retort engineer, and each may
require slightly different handling to give the best results.
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No complete analyses of American oil shale have been made, but
“ultimate” analyses such as are made of coal show the following
results. In these analyses the inorganic materials of the shale ap-
pear largely as ash. :

Analyses of samples of shale from the Green River formation in Colorado and Utah and
. the Tertiary shale (Green River?) of Nevada.

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

Location. N Proximate. Ultimate. Heat-

ing

o ' "o Vola Bt

B LR ritis

Rk analy-| yr.: e |Fixed Hy- Ni-

% | Sstate. [Sec.| T.| R. |sis.a |MOisy tile ‘"o 7t aen, | Sullgro | Car- | g | Oxy- | ther
) o : " | ture. | mat- : A n. .

. tert. bon, PhUL oo, | PO | gen, | g€R uf]';?;)

o | vten ® A | 1.0 33.55 (¢) | 65.43] 0.27] 1.80{ 13.37} 0.39| 18.74] 2,266

SRRE] L FETE S ¢ | B ((c)) 6612 28 170 13.31) .39 18.00 ‘2200

-05| 45.04) (<) | 45.73| 1.07| 5.19] 36.76| .39} 10.88| 7,714

6| Nevada...|(@) |.....loeeenne Ol B (9 Mo rog 51y a1y a0l 0.04 7,79

-18) 19.55] (<) | 79.00] 1.08 1.75| 8.34 .46| 9.37] 1,157

27 | Colorado..| 11/ 1N.|97 W. g ..... ; 22.19 Ec)) 8150 1.12| 1.44| s.61| .48 6.76] 1,195

. -45| 37.90 (<) | 62.65| .55 2.76 22.48| 54| 11.02| 4012

me el § S 3188 BIEE Gad 16
. o ¢ . L. N . - 3

U I DO Do B Relt e R R
. . < . . 4. N . .

57 |...do..... 178. 98“’-{ C |..en- 52.04) (c) | 46.63| 96| 4.26| 36.71| 1.23 10.21) 7,036

e Analysis A represents the comgosit.ion of the sample as it comes from the ground. Analysis C repre-
sents the theoretical condition of the shale after all the moisture has been eliminated.

& 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 quantity of inorganic residue is not the same in both. Ag
a result, the value of the fixed carbon is for some examples negative.

d Elko, Nev.

Both the nitrogen and the sulphur in oil shale are to play important
parts in the commercial development of the oil-shale industry—the
nitrogen because it may be converted into products worth recover-
ing, and the sulphur because of its tendency to enter compounds
which, if allowed to remain in the oil, will be a serious detriment to
the oil. In the oil shales of the Green River formation of Colorado,
Utah, and Wyoming the percentage of nitrogen is greatest in the
shales that will yield the most oil when distilled and is least in the
leanest shales, and the relation is so remarkably constant that it is
possible by the use of the following formula to estimate fairly accu-
rately the percentage of nitrogen in any oil shale of that age from the
figure representing the shale’s richness in oil:

Nitrogen (per cent) =0.102 + (0.0133 X gallons of oil per ton of shale).

The diagram in figure 1 presents the data from which the formula
was derived. The percentage of nitrogen in each of more than 100
samples of oil shale is plotted as ordinates and the number of gallons
of oil that can be distilled from a ton of the same samples is plotted
as abscissas. The line represents the average relation of these two
factors and is expressed by the formula given above.

g
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Because of the close relation shown to exist between the oil and
nitrogen it seems fair to conclude that the nitrogen in the shale is also
largely organic rather than a part of the mineral matter. The sul-
phur in the shale (see table on pp. 69-72), on the contrary, appears to
bear no relation to the oil and therefore perhaps is derived in large
part from the inorganic portion of the shale. If this is the case, then
it should be less difficult to prevent the sulphur entering the shale oil
in the form of damaging compounds.

The black shales of the Phosphoria formation in some places in the
Rocky Mountain region contain small percentages of phosphate,
but only a few of the many samples tested by the United States Geo-
logical Survey have proved sufficiently rich in oil or phosphate or even

o |
.20
y=a+ bx ' '
110 X = gallons of oil per short ton of shale
w y percentage of nitrogen in. s/za/e
“Zioo = 0./02
T b 0.0/33
% g0 N /
g o+ 2>
§ .80 b
g .
£ 70 *
z o1
& .60 - i
- N B
8 ML
< 50 N ; R '/L Y
& .40 [92.< AL B
1 ‘ % “e LT ¢ . .
['4 * o7 ‘l . .
g 30 v
oy Jeet | v
.20 e S
o . ]
0

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
GALLONS OF OIL PER SHORT TON OF SHALE

FIGURE 1.—Dijagram showing relation of nitrogen in oil shale of Green River formation to yicld of oil from
the same shale.

jn the two combined to be of especial interest. The only shales of this

age that gave oil in sufficiently large quantity to be of interest came

from the Dillon-Dell region in southwestern Montana. A discussion

of the extent, richness, and value of these shales is given in the section

on Montana oil shales.

Potash is common in oil shale, as it is in many other rocks, but in
none of the samples so far examined has there been found an appre-
ciable amount of soluble potash, the form required to make it of value
as a fertilizer.

Reports of oil shale containing gold, platinum, zine, lead, silver,
antimony, and other metals have been circulated, but as yet no oil
shales carrying appreciable amounts of any of these metals have been
brought to the attention of the Geological Survey. Such shales may
be found, but it is almost certain that they will be very slight in
extent and therefore practically valueless.

93613°—23—Bull. 129——2
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DISTRIBUTION.
GENERAL GEOLOGY.

FORMATIONS CONTAINING OIL SHALE.

In the Rocky Mountain region carbonaceous materials from which
oil may be distilled are to be found among the rocks of nearly every
geologic period from the Devonian to the Quaternary, but by far the
richest and most extensive deposits are those belonging to the Green
River formation, of Eocene age. It should be pointed out that up to
the present time the Survey’s study has been confined largely to these
richer shales and that more careful search may reveal shales of con-
siderable value belonging to formatlons that do not now appear to be
of especml interest

Stratigraphic relations of samples of shale from the Rocky Mountain region distilled

Jor oil.
Colorado. Montana.
Geologic age. - Qil yield 0il yield
" Formation. Sa&;j\le ¢ i Formation. Saﬁ?“ (§§ thas
ton). ton).
(035720 TS ARSI I AU ‘“Pertiary”.....| 205,412-421 © 036
Eocene......coevuee. . Green River..... 7-567 | 0.31-65.3 {.......... ST PO RN
187-193 1842 | -
221-229 9-30
233-259 7-34
262-376 6-70
Wasateh (?)..... 230-232 12-22
, 260-261 |  22-24
Upper Crotaceous. ..|..euveeeeenneneneafonenaeaeaa]ocnannaaan. Colorado shale. . 208-212 0-2
@ - 392 ; 12
Permian....cooceveeefecenencaeccneaeceafonernerinafeneeanan. Phosphoria...... 204 .2
206 9
207 3
393411 Trace-21
517 6
524A 3
Pennsylvanian and |.....cecvieeiinnnifoniieeniafomiaenann. Quadrant....... . 377-386 0-19
Mississippian. ] ‘ !
DOvOnIAR. . .cceeiiifurnennnnccranennnafenscaacnasfocsnnsa -...] Threeforks...... 387-391 0-10
Nevada. Idaho.
Geologic age. ~ Oil "eld ) 0il yield
Formation. SmNnol? le (%o toas | Formation. SB#:)PIB (%g lons
ton). | ton).
[STIT:7:) o1 - SRR PR PR R ?y 463 20
E0Cene.....cereennn- Green River (2)., 6,182 |  50-86.8 | c.iiiieeiciiafereeaernriieduaiinanaaes
480-485 11-70
Upper Cretaceous. ..|...ouceeeeeeecneecfonenenaafoananaaanns Frontier......... 459-462 2-3%
Permian.....ooooooiiiiirienencceeed]eriiiieiidanniani, Phosphoria ... .. 196 6
: 426-429 3
4324497 0-Trace.
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Stratigraphic relations of samples of shale from the Rocky Mountain region distilled
Jfor oil—Continued. :

Utah. Wyoming.
Geologic age. S ) (()il ield 8 ) (()il l‘eld
: ample | (gallons ; ample ailons
Formation. N s Formation. N o tho
ton). ton).
Eocene.............. Green River..... 5 11.9 | Green River..... 5 29. 4
58- 01 1-90 ’ 92-131 3-50
133~186 2.5-50 467-472 437
Upper Cretaceous. ..| Colorado cannel 218 70 | Thermopolis.... 219 0
coal). MOWTY.......... 220 1
) 473 | 5
Bear River...... 464466 1-11
Permian. ....oooooifimeoiiieniireei e e Phosphoria...... 422425 0
430-431 Trace.
450458 0
Mississippian. ....... 69) 474 1 Trace. |oveereernrneeeadeceeroinineeserneeenaenee
) 475 0

A study of the table reveals the fact that in general the older
shales are leaner than the younger ones. This difference may be
due to difference in original richness or to difference in conditions
affecting the subsequent alteration or to both causes. It seems
possible, if not probable, that the older shales may some day have
been as rich as the younger shales and that pressure and rock de-
formation have converted the carbonaceous material of the older
shales into oil, which has, since its formation, escaped into porous
sands or other convenient places, whereas in the younger beds these
factors have either not been effective at all or they have not been
active in sufficient intensity or for sufficiently long time to allow the
conversion of the oil-forming substances into liquid oil. McCoy ® has
proved by experiments that liquid oil may be formed from oil shale
which does not contain free oil, by the proper application of pressure,
without the application of heat. In his experiments McCoy has
submitted shale to conditions which it is probable are similar to
the conditions to which shales may be subjected in nature. The
effect of the heat applied in the commercial shale retort is in McCoy’s
experiments replaced by the combined agents pressure and rock
flowage. ‘

DEVONIAN.

Material from the Threeforks formation, which contains dark-
colored shales, has been examined and tested at several places in
west-central Montana. These shales are badly deformed, and any
oil-forming substances they formerly contained must have been
almost entirely transformed and the hydrocarbons expelled, for even

¢ McCoy, A. W., Notes on principles of oil accumulation: Jour. Geology, vol. 27, No. 4, pp. 262-262,
1919,
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the best sample showed only 2 gallons of oil to.the ton. A sample
of coal from the same formation upon distillation gave 10 gallons

to the ton.
MISSISSIPPIAN,

Dark shales of Mississippian age were sampled and tested at two
localities in northeastern Utah, but neither sample was found. to
give more than a trace of oil.

PENNSYLVANIAN AND MISSISSIPPIAN,

The Quadrant formation in west-central Montana includes dark
shales at several localities. Samples were collected and tested from
several beds near Adel post office, in Meagher County, where the
best sample showed 19 gallons to the ton and most of the samples
gave only 2 to 7 gallons. At this point the beds are badly folded,
so that the result is not at all surprising. Samples from three other
localities in the same State gave no oil when distilled.

PERMIAN.

The Phosphoria formation, of Permian age, was examined in
considerable detail in Montana, Idaho, and Wyoming by D. D.
Condit,” and 72 samples from this formation have been distilled.
The association of the oil shale with beds carrying appreciable per-
.centages of phosphate made it appear that perhaps the two might
be profitably worked together, but in most places where the shale
is rich in oil-forming substances neither the associated shales nor the
oil-yielding shales themselves are sufficiently rich in phosphorus to
make them particularly attractive. In general the shales of this
formation are richest in the southwestern Montana region and are
progressively leaner toward the south; the samples from the area in
southeastern Idaho where the beds are associated with high-grade
phosphate rock yield little more than a trace of oil. The oil shales
of the Phosphoria formation are so nearly black that they have
been mistaken for coal by prospectors at many places a.long their
outcrop. The beds practically everywhere dip steeply and in many
places are extensively faulted.

TRIASSIC, JURASSIC, AND LOWER CRETACEQUS.

Up to the present time no shale from the Triassic, Jurassic, and
Lower Cretaceous beds has attracted the attention of those who
“have been looking for oil sha.le, and therefore no samples have been
tested. :

UPPER CRETACEOTUS.

Shale and coaly material from beds of Upper Cretaceous age have
been examined, but the results have not been especially encouraging.
Samples of the dark-colored Mowry shale, the Thermopolis shale of

10p. cit,
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the Big Horn Basin, Wyo., and the Colorado shales of Montana gave

-very little oil when distilled. Coal and associated carbonaceous shale

from the Bear River formation in western Wyoming and from the
Frontier formation in eastern Idaho gave more. encouraging results,
but it is probable that the beds from which the good tests were
obtained are neither thick nor extensive. In southern Utah there
1s, near the base of the Upper Cretaceous beds at' one locality, a
bed of cannel coal. As a fresh sample of this coal was not available
it was necessary to use in the test a sample that had been inclosed
in a glass jar for about 10 years, and the results are therefore prob-
ably not accurate. However, this coal gave oil at the rate of 70
gallons to the ton and therefore is of considerable interest, inasmuch
as its percentage of nitrogen is also relatively high. No information
is available as to the area underlain by this bed, although Richardson,
who collected the sample in 1907, expressed the belief® that in all
probability the bed was only local in extent.

EOCERE.

Up to the present time shale yielding oil on distillation has been

ustudied in the Wasatch (%) and Green River formations of the

Eocene series. In northwestern Colorado thin-bedded, papery shales

occurring - below red and’ green clay shales are tentatively referred

© to the Wasatch formation, and tests on beds of this zone gave oil
- at the rate of 12 to 24 gallons to the ton. The extent of these beds

is not known, but because of the general lenticular nature of beds

. of the Wasatch formation it is probable that they are neither con-
- tinuous nor of regular thickness. However, inasmuch as the samples

were taken from two localities rather widely separated it is possible
that' careful study might locate beds of sufficient thickness and
extent to make them of commercial importance. '

By far the most extensive and rich oil shales of the United States
and perhaps of the world belong to the Green River formation of
Colorado, Utah, and Wyoming and the Tertiary shales (Green
River?) of Nevada. The rich shales of Colorado are the exact
equivalent of those in northeastern Utah, and the rich oil shales of
southwestern Wyoming are of approximately the same age, but
those near Elko, Nev., may be slightly younger.

The Green River shales of the Uinta Basin in. Colorado and Utah
and of the Green River Basin of southwestern Wyoming and the
shales of the Elko Basin of Nevada contain fossils in abundance,
both megascopic and microscopic. The writer has made several

441 'Richiardson, G. B., The Harmony, Colob, and Kanab coal fields, southern Utah: U. 8. Geol. Survey
i, Bull, 341, p. 394, 1909,
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collections, which included shells, insects, leaves, fish, and bird bones. v

Scudder and others have made collections from these same beds at
different times, and a more or less complete list of the species so far
collected from the Green River formation is included in this report

(pp. 23-31).
Of the fossil insects, a complete list of which follows Dr T. D. A.
Cockerell says:

The Mesozoic insects are very modern in appearance when compared with those
of the Paleozoic; but it is not until we come to the Eocene that we find an extensive
fauna of essentially modern type, including a number of genera still living. From
the Eocene rocks, generally classed as of Green River age, in Colorado, Wyoming,
- and Utah no less than 279 species of insects have been described. . Thigis an extensive
geries but is only a beginning. Hundreds of additional specimens have been col-
lected, mainly by Scudder and Winchester, and from their reports it is certain that
many thousands could readily be obtained. New collections will always contain
only a small percentage of really fine specimens, but where the materials are go
abundant many beautiful things may be confidently expected. The records of
Eocene insects outside of the Rocky Mountains are very few. Eleven, nearly all
beetles, are recorded from Greenland; one beetle from Grinnell Land; seven species
from Italy; four from England—23 species altogether. An odonatid larva (Austro-
lestidion duaringae Tillyard) from Australia is perhaps Eocene, possibly Cretaceous.
Thus, were it not for the Rocky Mountain Eocene, we should be without a satisfactory
Tertiary insect fauna lower than the Oligocene, the time of the Baltic amber.

The time has not yet come for a detailed summary of the Rocky Mountain Eocene
insect fauna, but a few points may be noted. We have as yet no really large insects
(the largest are dragon flies). Beetles are very numerous, with 32 species. Orthoptera
are represented by five species, Odonata by seven. No Lepidoptera have been
found. Diptera are numerous and include some of the higher families. Several
dipterous genera are identical with those now living. The Hymenoptera are mostly
parasitic, including very characteristic Ichneumonidae and Braconidae. No bees
have been found. The most striking feature is the abundance of Fulgoridae (26
gpecies), many of them broad-winged and mothlike, elegantly spotted or banded.
These fulgorids have a tropical facies and closely resemble those now living in the
Indo-Malay region. In the Rocky Mountain Eocene landscape gay and pretty
Fulgoridae must have flitted about in abundance, looking like moths. If there
were also genuine moths and butterflies, they must have been rather scarce, or some
would have been found among the hundreds of specimens examined. A really satis-
factory Eocene ant is still lacking.

From the typical Green River beds of Wyoming about 140 species of insects are
known. Although the Colorado-Utah series is assigned to the Green River it can
hardly be contemporaneous with the Wyoming rocks, as the insects of the latter are
essentially distinct. Only 15 species are at present recognized as common to the
Wyoming Green River and the Colorado-Utah series, and it is not certain but that
closer scrutiny and better materials will rather decrease than increase these numbers.
Of course it is possible that the differences may be due in part to different ecologic
conditions, though there is no distinct evidence pointing in this direction.

The following is a list of insects which have been identified from
the Green River formation, with the locality or locahtles from which
each species has been collected :
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Insects (in the broad sense) and other arthropods of the Green River formation.

[G., Green River, Wyo.; R. M., Roan Mountain, Colo.; C. B., Cathedral Bluffs, Colo.; W., White River
near Colorado boundary; U., Utah.]

Diplopoda:
Julidae:
Julus telluster Scudder. G.
Arachnida:
Aranea columbiae Scudder. G. (Egg cocoon, doubtless distinct from
the original A. columbiae from Quesnel.)
Ixodidae:
Ixodes tertiarius Scudder. G,

Insecta:
Orthoptera:
' Acridiidae:
Tyrbula multispinosa Scudder. G. (The fossil from Florissantia
supposed by Scudder to be this species is distinct; see Cockerell,
T. D. A., Entomologist, January, 1914, p. 34.)
Blattidae:
Paralatindia saussurei Scudder. G.
Gryllidae:
Pronemobius induratus Scudder. G.
Pronemobius tertiarius Scudder. G.
Pronemobius smithii Scudder. G.
_ Pronemobius ornatipes Cockerell. G,
Odonata:
Zygoptera:

Dysagrion fredericii Scudder. G.
Dysagrion lakesii Scudder. G.
Dysagrion packardii Scudder. G.
Podagrion abortivum Scudder. G.
Focalopteryx atavine Cockerell. G.
Frotamphipteryx basalis Cockerell. G,
Eopodagrion scudderi Cockerell. G.
Anisoptera:
Stenogomphus carletoni Scudder. G.
Stenogomphus scudderi Cockerell. G.
Psocina:
Psocidae:
Paropsocus disjunctus Scudder. G.
Trichoptera:
Hydropsyche operta Scudder. G.
Indusia calculosa Scudder. Horse Creek, Wyo.
(Caddis case.) (?G.)
Limnephilus eocenicus Cockerell. R. M,
Hydrophila philcos Cockerell. C. B.
Coleoptera (families arranged alphabetically):
Anthribidae:
Tropideres remotus Scudder. G.
Hormiscus partitus Scudder. G.
Cratoparis elusus Scudder. G.
Cratoparis repertus Scudder. G.
Brachytarsus pristinus Scudder. G. .
Choragus fictilis Scudder. G.
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Insecta—Continued,
Coleoptera—Continued.

Bruchidae:

Bruchus anilis Scudder. W.
Byrrihidae:

Nosodendron tritavum Scudder. G.
Calandridae: . :

- Sciabregma rugosa Scudder. R. M.
Sciabregma tenuicornis Cockerell. -
Calandrites defersus Scudder. R. M.; C. B.
Calandrites cineratius Scudder. R. M.; C. B,
Cossonus rutus Scudder. R.M.

Carabidae:
Neothanes testeus Scudder. G.
Bembidium exoletum Scudder. W.
Carabites exanimus Scudder. U.
Carabites eocenicus Cockerell. W.
Carabites kincaidi Cockerell (larva). G,
FPlatynus senex Scudder. G.
Platynus caesus Scudder. G.
Galerita marshii Scudder. G.
Harpalus veterum Cockerell. R. M.
Lebia protospiloptera Cockerell.
Chrysomelidae: .
Lema? pervetusta Cockerell. R. M.
Cryptocephalus vetustus Scudder. G.

Cicindelidae?: . S .
Cicindelopsis sophilus Cockerell. W, S

Cryptophagidae: S
Antherophagus priscus Scudder. G. Rt

Cucujidae: :

Parandrita vestita Scudder. G.
Curculionidae:

Sitona fodinerum Scudder. G.

Sitona paginerum Scudder. R. M.; G.

Limalophus compositus Scudder. G.;U.

Limalophus contractus Scudder. G.

Coniatus refractus Scudder. U.

Apion evestigatum Scudder. R. M.

Lepyrus? evictus Scudder. G.

Listronotus muratus Scudder. G.

Pachylobius deleticius Scudder. U,

Pachylobius compressus Scudder. R. M.; G,

Pachylobius depraedatus Scudder. R. M.

Hylobius provectus Scudder. G.:

Hylobius packardii Scudder. G.

Procas vinculatris Scudder. R. M.; U.

Anthonomus soporus Scudder. G.; W.; R. M,

Anthonomus revictus Scudder. G.

Gymnetron lecontei Scudder. G.

Rhynomatus tabescens Scudder. R. M.

Cryptorhynchus durus Scudder. R. M.

Cryptorhynchus annosus Scudder. R, M.: V\

Ceuthorhynchus degravatus Scudder. R. M.
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Insecta—Continued,
Coleoptera—Continued.
Curculionidae—Continued.
Aulobaris anicilla Scudder. R. M.
Aulobaris circumscripta Scudder:. R. M.; U,
Aulobaris comminuta Scudder. W.; U/
Centrinus diruptus Scudder. . G.
Dytiscidae:
Laccophilus sp. Scudder (fragment of leg only). TU.
Elateridae:
Epiphanis deletus Scudder. U.
Corymbites velatus Scudder. G.
Oxygonus mortuus Scudder. U.
Adocetus luprestoides Scudder (22 millimeters long). Bluffe by Twin
Creek, Fossil, Wyo. :
irotylidae:
Mycotretus binotatus Scudder. G.
Hydrophilidae:
Hydrochus relictus Scudder. G.
Tropisternus sculptilis Scudder. G.
Tropisternus saxialis Scudder. G,
Berosus sexstriatus Scudder. G.
Berosus tenuis Scudder. G.
Laccolius elongatus Scudder. G.
Philhydrus primaevus Scudder. G.
Hydrobius decineratus Scudder. G.
Hydrobius confixus Scudder. G.

Nibidulidae:
Phenolia incapax Scudder. G.

Otiorhynchidae:
Epicaerus exanimis (Scudder) G R.M;W,; T,
Epicaerus saxatilis (Scudder). ; R.M.

Epicaerus effossus (Scudder). G R M.; U.
Ophryastes compactus Scudder. G.
Ophryastes petrarum Scudder. R. M.
Ophryastes grandis Scudder. R. M.
Ophryastites dipressus Scudder.,, W.
Ophryastites disperditus Scudder. R. M.
Exomias obdurefactus Scudder. R. M.
Phyxalis dilapsus Scudder. G.

Phyxalis excissus Scudder. R. M.

Phyxalis evigoratus Scudder. W.; U.; R. M.
Phyxalis eradicatus Scudder. R. M.; U.
Otiorhynchus perditus Scudder. G.
Otiorhynchus sutterachus Scudder. R. M.
Otiorhynchus tumbae Scudder (dubius Scudder). G.
Otiorhynchus flaccus Scudder. R. M.
Otiorhynthites tysoni Scudder. R.M.; G.(?)
Otiorhynchites fossilis Scudder. Fossil, Wyo.
Otiorhynchites commutatus Scudder. R. M,
Neoptocus? sp. W.; R. M.-

Tanymecus secularum Scudder. G.,
Entimus primordialis Scudder. W.- -
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Insecta—Continued.
Coleoptera—Continued.
Otiorhynchidae—Continued.
Syntomostylus rudis Scudder. R.M.; W.- -
Syntomostylus? fortis Cockerell. G.
Artipus? receptus Scudder. U.
Phyllobius antecessor Scudder. R. M.
Phyllobius carcerartus Scudder. W.; U.
Phyllobius avus Scudder. U.; G. .
Scythropus subterraneus Scudder. G.; U.; R. M,
Scythropus somniculosus Scudder. R. M,
Scythropus? abacus Scudder. W.
Endiagogus terrosus Scudder. R.M.; W.
Ptinidae:
Sitodrepa defuncta Scudder. G.
Anolium? ovate Scudder. G.
Anolium? deceptum Scudder. G.
Anolium lignitum Scudder. G.
Rhynchitidae:
Eugnamptus grandaevus (Scudder). G.
Eugnamptus decemsatus Scudder.. G.
Paltorhynchus? lisulcatus Scudder. R. M.
Teretrum quiescitum Scudder. G.
Steganus barrandei Scudder. R. M.
Scarabaeidae:
Aegialia rupta Scudder. G.
Melolonthites avus Cockerell.
Scolytidae:
Dryocoetes impressus (Scudder). G.
Dryocoetes carbonarius Scudder. G.
Polygraphus wortheni Scudder. R. M.
Staphylinidae: )
Homalota recisa Scudder.
Gyrophaena saxicola Scudder. W.
Leistotrophus patriarchicus Scudder. W,
Lathrolium abcessum Scudder. G.
Bledius faecorum Scudder. G.
Bledius adamus Scudder. G.
Oxytelus pristinus Scudder. W.
Staphylinites obsoletum Scudder. G.
Physapodes:
‘Melanothrips extincta Scudder. W.
Lithadothrips vetusta Scudder. U.
Palaeothrips fossilis Scudder. U.
Homoptera:
Aphididae:
Lithaphis diruta Scudder (type from Florissant). G. (?)
Cercopidae:
Cercopites umbratilis Scudder. G.
Cercopites calliscens Scudder. G.
Cercopis astricta Scudder. G.
Cercopis (2 labs.) cephralinus Cockerell. C. B.
Palecphora patefacta Scudder. G,
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Insecta—Continued.
Homoptera—Continued.

Fulgoridae:
Aphana atava Scudder, W,
Aphana rotundipennis Scudder.
Lystra? richardsoni Scudder. G.
Lystra? leei Scudder. G.
Fulgora granulosa Scudder. G.
Fulgora populata Scudder. G.
Cixius? besperidum Scudder. G.
Oliarus? lutensis Scudder. G.
Diaphlegma obdormitum Scudder. G,
Oliarites terrentula (Scudder). G.
Delphax senilis Scudder. W.; possibly U,
Delphax veterum Cockerell. C. B.
Hammapteryx reticulata Scudder. G.
Hammapteryx? lepidoides Cockerell. C. B.
Hammapteryx? ceryniiformis Cockerell. C. B.
Lithopsis fimbriata Scudder. G.
Lithopsis elongata Scudder. G.
Lithopsis delicata Cockerell. ~ C. B.
Lithopsis simillina Cockerelt. R. M.
Ficarasites stigmaticum Scudder. G.
Eofulgorella bradburyi Cockerell. Near Rifle, Colo.,
Detyopsis scudderi Cockerell. R. M.
Detyopsis packardi Cockerell. R. M,
Protoliarus humatus Cockerell. C. B.
Scoparidea nebulosa Cockerell. R. M,
Dilaropis ornatus Cockerell. C. B.
Callospilopteron ocellatum Cockerell. G.

Jassidae:
Cicadula saxosa Scudder. G.
Acocephalus adae Scudder. G. ’
Coelidia wyomingensis Scudder. Twin Creek, Wyo.
Tettigonia priscomarginata Scudder. G.
Tettigonia priscovariegata Scudder. G.
Tettigonia obtecta Scudder. W.
Cicadella (broad sense) scudderi Cockerell. R. M.,
Erythroneura eocenica Cockerell. R. M,
Bythoscopus lapidescens Scudder. W,
Thamnotettix mutilata Scudder. G.
Thamnotettix gannetti Scudder. G.

Heteroptera:

Acanthiidae:
Lyctocoris terreus (Scudder). G.

Corcidae:
Corizus guttatus (Scudder). G.
Jadera? interita. Cockerell. Rifle, Colo.

Galgulidae:
Necygonus rotundatus Scudder. G.

Hydrobatidae:
Telmatrechus parallelus. Scudder. Twin Creek, Wyo.
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Insecta—Continued.
Heteroptera—Continued.
Lygacidae:
Cholula triguttata Scudder. G.
Pachymerus petrensis Scudder. U,
Pentatomidae: -
Stenopelta punctulata (Scudder). G.
Procydnus mamillanus (Scudder). ~ G. (also said to occur at Florissant).
Necrocydnus gosiutensis Scudder. G.
Cyrtomenus concinnus Scudder. G.
Cydnopsis handlirschi Cockerell. Rifle, Colo,
Dinidorites margiformis Cockerell.
Diptera: -
Anthemyiidae: : C
Anthomyia (broad sense) winchesteri Cockerell. C. B,
Asilidae: S
Stenocinclis anomala Scadder. G,
Asilus palaeolestes Cockerell. W,
Asilopsis fusculus Cockerell. W.
Bibionidae:
Plecia pealei Scudder. Twin Creek, Wyo. -
Plecia dejecta Scudder. G. *-
Plecia winchesteri Cockerell. C. B. . e
Plecia woodruffi Cockerell. Evacuation Creek,; Utah.:
Blepharoceridae: - T
Philorites johannseni Cockerell. Rifle, Colo.
Philorites pallescens Cockerell. C. B. :
Cecidomyiidae: S
Lasioptera rocessa Scudder, W. .
Lithomyza condita Scudder. W,
Chironomidae:
Chironomus septus Scudder. -G. -
Chironomus depletus Scudder. W.
Chironomus patens Scudder. W,
Conopidae:
Poliomyia recta Scudder., G.
Culicidae:
Culex damnatorum Scudder. G.
Culex proavitus Scudder. U.
Culex winchesteri Cockerell. C. B,
Corethra exita Scudder. W.
Cyrtidae:
" Acrocera hirsuta Scudder. U.
Dolichopodidae: .
Dolichopus sp. Scudder. G.
Empididae:
Rhamphomyia enana Cockerell.
Protoedalea brachystoma Cockerell. C. B,
Helomyzidae:
Heteromyza detecta Scudder. W,
Mycetophilidae:
Sciara scopuli Scudder. G.
Mycetophila occultata Scudder. W,
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Insecta—Continued.
Diptera—Continued.

Mycetophilidae—Continued.
Anatella tacita Scudder. G.-
Rhymosia strangulata Scudder. - G.
Gnoriste dentoni Scudder. U.
Boletina umbratica Scudder. G.
Boletina paludivaga Scudder. G.
Sackenia arcuata Scudder. W.
Sackenia gibbosa Cockerell. G.
Anaclinia sp. Scudder. G.
Sciophila hyattii Scudder. G.
Diadocidia? terricola Scudder. G.
Tetragoneura peritula Cockerell. Rifle, Colo.
Diomonus palaeospilus Cockerell. G.
Palacoplatyura? eocenica Cockerell. C. B.

Oestridae:

Lithohypoderma ascarides (Scudder). W.; C. B.; U. (larva).

The following probably belong to this group:
““Musca” bibosa Scudder (larva). W,
“Musca” hydropica Scudder (larva). W.
“Musca” vinculata Scudder (larva). W,

Platypezidae:
Callomyia.[=Callimyia] torporata Scudder. G.
Callomyia hypohtha Cockerell. Rifle, Colo.
Sciomyzidae:
Sciomyza manca Scudder G s W.
Sciomyza disjecta Scudder. G
Stratiomyidae:
Lithophysa tumulta Scudder G.
Nemotelus eocenicus Cockerell. W.
Asarcomyia cadaver Scudder. G.
Sargus vetus Cockerell. W,
Syrphidae:
Milesia? quadrata Scudder. G.
JEristalis lapideus Scudder. W.
Syrphus sp. Scudder. G.
Syrphus lithophidis Cockerell. C. B.
Chilosia ampla Scudder. G.
Psilota tabidosa Scudder. G.
Tachinidae:
‘‘Tachina” sp. Scudder. G.
Muscoid, family uncertain; resembles ’I‘achlmlas
Acanthomyltes aldrichi Cockerell
Therevidae: -
Eothereva simplex Cockerell. R. M.
Tipulidae:
Dicranomyia stigmosa Scudder. U.; W.
Dicranomyia primitiva Scudder. U.; ?G.
Dicranomyia rostrata Scudder. U.
Dicranomyia rhodolitha Cockerell. G.
Spiladomyia simplex Scudder. W.
Pronophlebia rediviva Scudder. W.
Cyttaromyia fenestrata Scudder. U.; W.
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Ingecta—Continued.
Diptera—Continued.

Tipulidae—Continued.
Tipula spoliata Scudder. G.
Tipula sepulchri Scudder.
(T. tecta Scudder is probably Dicranomyia stigmosa, and T. decrepita
Scudder is probably D. rostrata. See Scudder, 1894.)
Cylindrotome veterana Cockerell. R. M.
Gonomyia scudderi Cockerell. R. M.

Hymenoptera:

F.

Braconidae:
Bracon laminarum Scudder. G.
Eobracon cladurus Cockerell. W.
. Ichneumonidae: )
Ichneumon petrinus Scudder. W.
Mesochorus cressori (Scudder). (Referred by Brues to Mesochorus.) G.
Rhyssa juvenis Scudder. G.
Pimpla eocenica Cockerell. C. B.
Espimpla grandis Cockerell. G.
Glypta transversalis Scudder. G.
Eclytus lutatus Scudder. G.
Phygadeuon (broad sense) petrifactellus Cockerell. W.
Tilgidopsis haesitans Cockerell. W.
Chalcididae:
Decatoma antiqua Scudder. G.
Formicidae:
Liometopun pingue. Scudder.® U.; G.
Lasius terreus Scudder. G.-
Camponotus vetus Scudder. W.
Eoformica eocenica Cockerell.
Myrmicidae:
“Myrmica” sp. Scudder. G.
Sphegidae (broad sense):
Didineis? solidescens Scudder. G.
Tenthredinidae:
Taxonus nartoni Scudder. G.

°

H. Knowlton, who has in recent years studied the floras of the

region, has assembled the following list of plant species for the forma-

tion.

This list does not include the plants from Elko, Nev.

Acer lesquereuxii Knowlton, Uinta County, Wyo.

Acrostichum hesperium Newberry, Green River, Wyo. (Fish Cut).
Ailsuthus longe-petiolata Lesquereux, Uinta County, Wyo.
Amygdalus gracilis Lesquereux, Uinta County, Wyo.
Andromeda delicatula Lesquereux, Uinta County, Wyo.
Antholithes improbus Lesquereux, Uinta County, Wyo.

Aralia wyomingensis Knowlton and Cockerell, Green River, Wyo.
Arundo reperta Lesquereux, Green River, Wyo

Brasenia? antiqua Newberry, Green River, Wyo.

Carpites viburni Lesquereux, Alkali station, Wyo.

Cissus parrottiaefolia Lesquereux, Green River, Wyo.
Cyperacites haydenii (Lesquereux) Knowlton, Uinta County, Wyo.
Cyperus chavannesi Heer, Green River, Wyo

Equisetum wyomingense Lesquereux, Green River, Wyo
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Eucalyptus? americanus Lesquereux, Green River, Wyo.

"Euonymus flexifolius Lesquereux, Uinta County, Wyo.

Ficus tenuinervis Lesquereux, Alkali station, Wyo.

Ficus ungeri Lesquereux, Green River, Wyo.

Ficus wyomingiana Lesquereux, Green River station, Wyo.

Flabellaria florissanti Lesquereux, Uinta County, Wyo.

Geonomites haydenii (Newberry) Knowlton, Green River, Wyo.

Tlex? affinis Lesquereux, Green River station, Wyo.; Carr Creek, Garfield
County, Colo.

Tlex maculata Lesquereux, Alkali station, Wyo.

Ilex vyomingiana Lesquereux, Green River, Wyo.

Juglans alkalina Lesquereux, Alkali station, Wyo.

Juglans crossii Knowlton, Green River, Wyo.

Juglans occidentalis Newberry, Green River, Wyo.

Juglans schimperi Lesquereux, Green River, Wyo.

Juncus sp. Lesquereux, Green River, Wyo.

Leguminosites alternans Lesquereux, mouth of White River, Wyo. (probably
Utah). )

Lomatia microphylla Lesquereux, mouth of White River (Utah?).

Lygodium dentoni Lesquereux, mouth of White River (Utah?).

Lygodium kaulfussii Heer, Green River, Wyo.; Little Duck Creek, Rio Blanco
County, sec. 33, T. 4 8., R. 100 W., Colo.

Musophyllum complicatum Lesquereux, Green River, Wyo. .

Myrica ludwigii Schimper, mouth of White River, Wyo. (Utah?); Camp Gulch,
T.6S., R. 99 W., Colo.; Carr Creek, Garfield County, Colo.

Myrica salicina Unger, Green River, Wyo.

Myrica sp., apparently new, sec. 33, T. 4 S., R. 100 W, Colo.

Myrica sp., new, Little Duck Creek, Rio Blanco County, Colo.

Nordenskidldia borealis Heer, Green River, Wyo.

Osmunda? sepulta (Newberry) Knowlton, Green River, Wyo.

Parthenocissus tertiaria (Lesquereux) Knowlton, Green River station, Wyo.

Phyllites fremonti Unger, Blacks Fork of Green River, Wyo.

Phyllites sapindiformis Lesquereux, Green River, Wyo.

Planera inaequilateralis (Lesquereux) Knowlton, Alkali station, 30 miles north
of Green River, Wyo.

Quercus castaneopsis Lesquereux, Uinta County, Wyo.

Rhus lesquereuxii Knowlton and Cockerell, Green River, Wyo.

Rhus nigricans (Lesquereux) Knowlton, Green River, Wyo.; Smith’s ranch,
Greasewood Creek, Little Duck Creek, Rio Blanco County, Colo.; Camp
Gulch, T.6 8., R. 99 W, Colo.

Rhus variabilis (Newberry), Knowlton, Green River, Wyo.

Sabal powellii Newberry, Green River, Wyo.

Salix sp., apparently new, sec. 33, T. 4 8., R. 100 W, Colo.

Salix sp., Green River, Wyo.

Sapindus dentoni Lesquereux, mouth of White River, Utah.

Sapindus obtusifolius? Lesquereux, Camp Gulch, T. 6 S., R. 99 W., Colo.

Sphaerites myricae (Lesquereux) Meschinelli, Green River station, Wyo.

Zizyphus cinnamomoides (Lesquereux) Lesquereux, Green River, Wyo.

Zizyphus longifolia Newberry, Green River, Wyo.

Fossil fish have been collected in large numbers from the shale beds

near

Nev.

Fossil, Wyo., and from several other localities, including Elko,
Many of the specimens from the Wyoming localities are so
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excellently preserved that they have been collected and sold as
museum specimens and curios.

Fresh-water shells are common in some localities, especially in the
vicinity of Soldier Summit, Utah, and Elko, Nev.

Bird bones were collected from the Green River beds near Ephralm
Utah, and bird feathers were found in shale associated with the rich
oil shale near Grand Valley, Colo., but the collections were not suffi-
ciently large to make it possible for the birds to be described.

In addition to the fossils that are visible to the naked eye the
microscope reveals many organic remains, mostly vegetal (Pls. VI,
VII), only a very few of which have been studied and many of
which are as yet undescribed. Dr. C. A. Davis at the time of his
death in 1916 was busily engaged in a study of these microorganisms,
but since then no one has continued the study, so the few notes that
he left constitute our knowledge of them. Several hundred thin
sections of the oil shale of the Green River formation had been pre-
pared by Dr. Dav1s, and a few of these had been studied and photo-
graphed.

Flora of the oil shale of the Green River fovmatiom.

[Notes by C. A. Davis, March 30, 1915.)

Bacteria: Crenothriz and similar low filamentous types.
Myxophyceae: Blue-green algae.
Algae: .
Protococcaceae: Protococcus pediastrum.
Conjugatae: Spirogyra.
Fungi: Saprophytic molds, etc.
Mosses: Spores probably from these plants.
Pteridophyta: Ferns; annuli from fern sporangia.
Spermatophyta: C

Gymnospermae: Pinaceae: Pollen of Picea and Pinus.

Angiospermae: Pollen and fragments of cells, tissues, etc. Bark cells and resi-
dues, small pieces, poorly preserved. In addition there are abundant and well-
preserved remains of good size and of frequent occurrence, which seem to be
structureless so far as cellular structures are concerned. However, they have
definite and pretty regular forms and, in Dictyonophera, definite areas which
carry well-marked and characteristic patterns which seem like cells but which
show no cell walls. These anomalous forms seem to have been the most
aburdant organisms in the waters in which the shales were laid down and are
evidently vegetables of a low order of development. They are manifestly in
place as they grew, for they do not show in pressed-down masses but were buried
in natural positions, very slowly.

OLIGOCENE.

In western Montana, near Dillon, shales and coaly materials are
present in rocks of possible Oligocene age, which occupy narrow,
elongate basins between the mountains. The oil-yielding shale is
light brown when fresh and weathers to a cocoa-color or nearly



BULLETIN 729 PLATE VI

FOSSIL VEGETABLE MATTER OF OIL SHALE OF GREEN RIVER FORMATION.

General views. From thin sections prepared by C. A. Davis. A, Magnified 410 diameters;
B, magnified 215 diameters.




U. S. GEOLOGICAL SURVEY BULLETIN 729 PLATE VII

FOSSIL VEGETABLE MATTER OF OIL SHALE OF GREEN RIVER FORMATION.

Detailed views. From thin sections prepared by C. A. Davis. A, Pollen, magnified 245 diameters;
B, left, yellow-green alga, magnified 740 diameters; right, (?), magnified 120 diameters; C, left,
spores, magnified 200 diameters; right, fern annulus, magnified 685 diameters.
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white. In the process of weathering the shale breaks up into thin,
. flexible laminae or flakes resembling manila paper. This shale does
not give an odor of petroleum when freshly broken. It isinterbedded
with coarse and fine sandstone, sandy shale, and lignite.

QUATERNARY.

About 4 miles south of Soda Springs, Idaho, black shale of probable
Quaternary age is exposed in the bank of Bear River. This shale
gave a fairly good yield of both oil and nitrogen, but little 1s known
about its extent.

' DETAILED INFORMATION BY STATES

COLORADO.
GENERAL FEATURES.

The Green River formation, which includes nearly all the oil shale
in Colorado, is present in four different areas in the northwestern
part of the State. (See Pl. VIII, in pocket.) Three of these areas,
the Piceance Creek basin, Battlement Mesa, and Grand Mesa, are a
part of the great Uinta Basin of northwestern Utah and northwestern
Colorado, and the shale in these areas has been studied in considerable-
« detail. The outcrop of the rich oil-shale zone and the rlchness of the
several members are fairly well known.

These areas are all tributary to the Denver & Rio Grande Western
Railroad, one of the main transcontinental railroads of the country,
whose main line passes through Rifle, Grand Valley, De Beque, and
Palisade and joins the narrow-gage Marshall Pass line of the same
railroad at Grand Junction, 12 miles southwest of Palisade. The
Marshall Pass line traverses the valley of Gunnison River along the
south side of Grand Mesa.

Grand Junction, one of the largest towns on the western slope of
the Rocky Mountains, is just outside the area shown on the map
(PL. VIII) and is in the center of a very rich farming and fruit-raising
country. De Beque and Grand Valley, at the mouths of Roan and
Parachute creeks, respectively, are small but prosperous towns and
with the commercial development of the oil shale should become the
centers of considerable mining and refining activity. Rifle, near the
eastern line of the area, is the starting point for mail and freight
routes to Meeker and the White River country, to the north, and the
place where nearly all the supplies for that part of Colorado leave
the railroad. Meeker, 44 miles north of Rifle, is in the center of an
immensely rich agricultural region where among other things are
grown some of the best oats and wheat known in Colorado, Utah, or
Wyoming. Meeker is the distributing point for nearly all the country
tributary to White River. Rangely, 60 miles down the river from

93613°—23—Bull. 729——3
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Meeker, is a small ranch town best known because of its connection
with the Rangely oil field, near by. Although a large number of
wells have been drilled in this field, its long distance from a railroad
and the relatively small size of the wells has prevented it from making
more than a very small production. Colbran, Mesa, and Plateau
. City, three small towns in the valley of Plateau Creek south of Battle-
ment Mesa, provide local trading centers for a considerable area of
rich agricultural and stock-raising country. These towns are con-
nected with De Beque and Palisade by excellent automobile roads.
Cameo, near the mouth of Plateau Creek, is a busy coal-mining camp.

The fourth area, which is a part of the Red Desert Basin of southern
Wyoming, lies north of Yampa River, in territory tributary to Little
Snake River, and has not been examined; the limits and richness of
the shale in that area are therefore largely matters of guess.

In northwestern Colorado the most valuable oil shales, because of
their richness, thickness, and nearness to railroad transportation,
are those exposed in the Parachute Cliffs, near Grand Valley and
De Beque. The oil shales in the northern part of the area are less
rich and in most places dip at greater angles than those along the
southern rim, and mining of them will therefore involve expenses
not necessary in the nearly horizontal shales of the De Beque and.
Grand Valley region.

After a careful study of the thickness and oil-yielding capacity of
~ the shales exposed in each of the localities where sections have been
measured, it is estimated that if 60 per cent of the total shale in north-
western Colorado existing in the ground as beds 3 feet or more thick
and yielding at least 15 gallons of oil to the ton were treated in retorts
it would produce a total of 40,640,000,000 barrels (42 gallons each) of
crude shale oil. If 60 per cent of the nitrogen in the shale that is
treated is converted into ammonium sulphate, the yield of this sub-
stance should approximate 400,000,000 tons.

PICEANCE CREEK BASIN,

GEOGRAPHY.

The area here designated the Piceance Creek basin is a topographic
basin in Garfield and Rio Blanco counties drained almost wholly
- by Piceance Creek and its tributaries. The basin is bounded on
the east by the Petrolite Hills, which stand at altitudes of 7,500
and 8,000 feet above sea level. On the north the basin ends at
a low ridge along the south side of White River, through which
Piceance and Yellow creeks have cut rather narrow gorges. Its
western rim is marked by the Cathedral Bluffs, which present a
steep western face .where the oil-shale beds are exposed and which
separate the Piceance Creek basin from the Douglas Creek basin,
to the west. The altitude of the Cathedral Bluffs ranges from
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8,300 to 8,800 feet. On the south the Piceance Creek basin is
limited by the southward-facing Parachute Cliffs (see Pl. IX), which
in the vicinity of Rifle and Grand Valley rise in almost vertical walls
about 3,000 feet above Grand River, only 2 or 3 miles away. Until
very recently these cliffs, which extend from Rifle to the west line
of the State, 60 miles to the west, could not be crossed even on foot
except at half a dozen places. Parachute Creek, from which the
cliffs derive their names, and Roan Creek, to the west, have excavated
deep, narrow gorges (see Pl. X) back into the shale area, and the
canyon of each of these streams and its tributaries ends abruptly in
a sheer wall several hundred feet high at the outcrop of the oil-shale
beds (see Pl. XI). Before the beginning of the development of the
oil shale (1917) the excellent grazing lands above and back of these
cliffs were reached from the fertile farms in the valleys below by
only a scant half dozen very steep and crooked stock trails, over
which pack trains were taken with great difficulty. Even now there
is no wagon road open for travel connecting these two adjacent but
still completely separated areas. The one wagon road that crosses
the cliffs connects the ranches on Douglas Creek with the Denver &
Rio Grande Western Railroad at Fruita and does not provide a route
open to those wishing to enter the upland country above the shale
cliffs. Back of the cliffs the surface is rolling and makes most ex-
cellent summer grazing land, but on account of the severe winter in
this high altitude (8,000 to 9,000 feet above sea level) the cattle that
use the upland pasture in the summer are brought down into the lower
country to pass the cold weather. Small patches of spruce timber
are to be found here and there in the canyons (see Pl. XI) and form
a valuable asset to the region, for some of the trees are large enough
for saw logs, and many of them are valuable for ties and mine props.
Excellent water springs forth at the head of nearly every small
valley in the land above the oil-shale beds and cliffs, and many of
the larger springs, such as the Figure Four Spring and the springs
near the heads of Sulphur and Duck creeks, are well known to cattle-
men of the region.

A dozen or so ranches are to be found along the valley of Piceance
Creek, two or three along Douglas Creek, and a very few newly
established so-called dry farmers back of the cliffs on the west side
of Parachute Canyon, but aside from these the basin is practically un-
occupied except by the cow-punchers during the summer, when it is
possible to use the range for cow pasture. The valley of White
River to the north of the basin is under irrigation, and the narrow
valley areas along Parachute and Roan creeks are likewise used for
the cultivation of alfalfa, potatoes, and small grains. Along these
streams there are many old and well-established farms. Excellent
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fruit (apples, peaches, melons, etc.) is raised on the lands in the
valley of Colorado River, especially near Grand Valley and Pallisades.

Two routes provide access to the the country on the north, back
from the valley of Colorado River. From Rifle, on the Denver & Rio
Grande Western Railroad, an excellent auto road runs north to
Meeker, 44 miles, thence down White River to Rangely and beyond
to the Uinta Basin country in northeastern Utah. The second
route is by the narrow-gage Uintah Railway from its junction with
the Denver & Rio Grande Western at Mack, 20 miles west of Grand
Junction, over the Parachute Cliffs at Baxter Pass and down Evac-
uation Creek to Dragon and Watson, Utah, from which roads lead to
the ranches on Douglas Creek and to Rangely, on White River, as
well as to Vernal and other points in northeastern Utah. The
development of the oil-shale lands of the basin will probably neces-
sitate the construction of additional railroads into the region, and it
is quite probable that even in the near future branch lines of the
Denver & Rio Grande Western Railroad will be built up Parachute
and Roan creeks and perhaps up some of their larger tributaries.
The construction of spurs up these canyons should be comparatively
easy and inexpensive. (See Pl XII)

STRATIGRAPHY.

The youngest sedimentary rocks in the Piceance Creek basin
belong to the Green River formation, which also carries most of the
oil shales. Beneath the Green River formation and outcropping in
the area immediately surrounding it on all sides is the highly colored
Wasatch formation, and this in turn is underlain by the Mesaverde
formation, which in this part of the State contains thick beds of good
bituminous coal.

No clear-cut and persistent line has been observed separating the
Green River from the underlying Wasatch; in fact, there is evidence
to support the view that sedimentation was continuous throughout
the period represented by these two Foceneformations. The boundary
shown on the map is only approximate and represents the line
between the. highly colored beds below (Wasatch) and the pre-
dominantly gray beds above (Green River). In some parts of the
field this change in color takes place about 1,000 to 1,200 feet below
the rich oil-shale zone; in others it is only 500 to 600 feet below the
oil-shale beds.

The Green River formation is the surface rock over the entire
interior part of the Piceance Creek basin, except in'a very small area
on top of the high mesa west of Grand Valley, where lava is present.
The presence or absence of rich oil-yielding shales permits a division
of the Green River formation into three members. Theuppermember,
which gives rise to rounded topographic features, is composed largely
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PARACHUTE CLIFFS, EAST OF GRAND VALLEY, COLO.
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OIL SHALE IN PARACHUTE CLIFFS AT HEAD OF COTTONWOOD GULCH, COLO.
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PARACHUTE CLIFFS ON EAST SIDE OF CONN CREEK, NORTH OF DE BEQUE, COLO.
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of soft shales with some sandstone and includes but few beds of rich
oil-yielding shale. The middle member almost everywhere along its
outcrop includes beds of rich oil shale, which .in some places have a
great aggregate thickness (see Pl. XIII, :A) and which are every-
where extremely resistant and stand out in relief. In the Para-
chute Cliffs and the Cathedral Bluffs this middle member presents
a nearly vertical and in most places impassable wall 500 to 1,000
feet high. Interbedded with the rich oil shale are beds of lean and
almost barren shale and sandstone of varying thickness, and in some
places these thin beds are remarkable because of their regularity and
‘persistence.

As is shown by the stratigraphic sections given below, there are in
nearly every section many beds of shale that will yle]‘d at least 15
- gallons of crude oil to the ton, but the correlation of beds from one
measured section to another, although the sections may be only a
few miles apart, is very uncertain. A careful study of the strata
exposed in a continuous cliff face a mile or more in extent shows that
although the formation appears to be remarkably regular in thick-
ness, individual beds vary greatly from place to place and that a
single massive bed 5 feet thick at one place may change to com-
paratively thin-bedded shale within less than half a mile. One
zone of oil-producing shale near the mouth of Piceance Creek was
examined, carefully measured, and sampled at three localities
within a distance of approximately 1,100 feet along its outcrop
to determine its variability in thickness, bedding, mode of weather-
ing, and value as a source of oil, with the following results:

Sectwns of ozl shale zone along the west side of cheancc Creelc in sec. 11,-T. 1 N.,
R. 97 W., Colorado

Location 349

Ft. in. : Ft. in.
Shale, hard, black............... 1 2 | Shale, brown, lean ®............ 2
Shale, light brown..... P 3 | Shale, hard, dark................. 3
Shale, dark brown............... 2 | Shale, brown...........o......... ' 3
Shale, light brown................ 1 | Shale, hard, dark................. 1
Shale, hard, black............... 7 | Shale,lean...................... 43
Shale, light brown.......... S 41 Shalec.........oooiililL, 1
Shale, hard, black, in beds 2 Shale, hard, black............... 1 2
inches thick.......c.o.ooniion 6 ‘ N —
Shale, brown.......cceeeeieian.o 23 . 5 4
Shale, hard, dark................. 2 T

9 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.

10 In this paper the term ‘“lean’ is applied to shale that will yield less than 15 gallons of oil to the short
ton, and “rich’ to shale that will yield more than 15 gallons.
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Location 35, 100 feet N. 7° E. of location 34,

-~ Ft. in. " Ft in.
Shale, dark brown............... 2 | Shale, hard, brown............... 2
Shale, hard, dark brown......... 2 | Shale,rich.....ccccvuunannn.... . 3
Shale, hard, black............... 14 | Shale, hard, brown............... 1%
Shale, sandy, lean............... 1 4 | Shale, brown, lean.............. 3
Shale, brown, rich:............... 5
Shale, hard, brown............... 3 4 2
Shale, brown, rich......o......... 11

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

. Ft. in. Ft. in.
Shale, hard, dark................. 1 | Shale, hard, black............... 8%
Shale, brown, thin bedded. ..... 1 | Shale, brown..........oooeiiia.o. 3
Shale, hard, dark..............._. 4% | Shale, hard, black............... 44
Shale, lean.....c..oooiiiiinn 3| Shale..eeeeeeioiiiiiiiiiiaia 1
Shale, hard, black............... 5% | Shale, hard, black............... 3
Shale, brown.......ccovveeiinn.. 1 | Shale, brown, lean.............. 4
Shale, hard, black............... 4
Shale, brown.....ccoveeeneaen.... 13 3 3%

Samples from these localities when subjected to distillation gave
the following results:

Results of distillation of samples from three localities on a single bed of shale on the west
stde of Piceance Creelc sec. 11, T. 1 N., R. 97 W.

Total | Yield of Gravity of oil.

Location No. thickness | oil per ton
sampled. | of shale. |

Specific. | Baumé (°).

Ft. in. Gallons.

5 4 2.0 0.888 7.6
4 2 147 887 7.9
3 3 0| 8 285

This zone contains shale which on weathering resembles somewhat
closely a massive bed but which, as seen upon close examination,
may be subdivided 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 quantity differs 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. However, the data at hand are not sufficient
to make generalizations.

In many places massive beds of dark, tough, rich shale contain
lenses of coarse sand that show no free oil. In other places small
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 small gulch east of of Piceance Creek near its mouth possesses
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" all the properties of elaterite, but in most places the material is
similar to gilsonite. In sec. 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 material which have the shape of
partly compressed stems but which show no. woody structure, as
would be expected if they were carbonized wood. The material
contained in these pockets is not soluble in ether, chloroform, gaso-
line, or turpentine, the ordinary solvents of hydrocmjbons.

The beds below the principal oil-shale member of the formation have
the same general gray-white appearance as the oil shale but include
more irregularly bedded sandstones and shales, with which in
nearly every exposure are one or more thin beds of oolite and
conglomerate. No rich oil shale is ordinarily found in this part of
the section, although nearly all of the shale will yield some oil,
and except for the sharp change in color between beds that are
here classified as Green River and beds that are tentatively classi-
fied as Wasatch, there seems to be no reason to separate the two.
formations, for there is everywhere a rather complete gradation from
the very coarse, lenticular beds of the lower formation to the remark-
.ably fine-grained and even-bedded deposits of the upper formation.

In the Wasatch formation as the term is here used are included all
beds above the coal-bearing yellow sandstones of the Mesaverde for-
mation and below the top of the highest beds of red shale. Some
beds may be included in the formation which should properly be
referred to the overlying Green River, inasmuch as the separation of
the two formations is based on color alone. The Wasatch formation
as thus defined is composed of coarse, irregularly bedded sandstones,
conglomerates, highly colored red, green, and yellow clays, thin-
bedded shales, some of which will yield oil when distilled, and thin
lenticular beds of low-grade coal. In the Petrolite Hills some of the
beds of coarse sandstone near the top of the Wasatch formation are
saturated with asphaltic material, and at De Beque wells drilled for oil
have obtained small quantities of high-paraffin oil from sands near

the base of the formation. ,
STRUCTURE.

The rocks at their outcrop around the edges of the Piceance Creck
basin dip at low angles toward the center of the basin. In the
Cathedral Bluffs dips of 3°-6° E. are common, and the beds hold
this attitude in most places for at least 5 miles back of the outcrop of
the rich oil shale. Along the north side of the basin the oil-shale beds
show dips to the south as high as 20°, but the dip decreases .rapidly
back of the outcrop. Along the eastern margin of the basin shales
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referred to the Green River formation dip as much as 27° W., but
here also the dip decreases very rapidly, so that a mile or two back -
of the outcrop the beds are nearly horizontal. East of the outcrop
‘of the oil-shale beds older formations are upturned more steeply, so
that in the Grand Hogback, only about 2 miles away, the massive
resistant sandstone of the Mesaverde formation is tilted at angles
as great as 90°.

Along the southern margin of the basin and across Colorado River

in Battlement Mesa the cil-shale beds are more nearly flat than else-
where but have a slight northward dip.

Very little faulting has taken place in this area, and such breaks
as have been discovered are more in the form of cracks in which
vertical displacement is not noticeable. Such cracks are usually
filled with hydrocarbon materials which at one time may have been
liquid. One of the most interesting occurrences of this type is in
Jessup Gulch, a tributary of Piceance Creek on the west side of the
Petrolite Hills. Here & fracture zone 2 or 3 feet wide is filled with a

- yellowish-brown hydrocarbon which is of low specific gravity and is
entirely different in physical appearance from the ordinary asphaltite.
The deposit may not be sufficiently extensive to be of economic
importance, but its unusual characteristics make 1t of considerable
scientific interest.

- BATTLEMENT MESA.

GEOGRAPHY.

Immediately south of Colorado River and the town of Grand Valley
the surface rises rather rapidly in what is known as Battlement Mesa,
upon which are some of the richest farms of the area. Surmounting
the mesa proper is a high, rugged upland bordered by steep slopes
and cliffs containing the oil shale of the Green River formation. This
upland is for the most part covered by lava and lava boulders, over
which in most of the area there is a dense timber growth. Surfaces of
angular lava blocks such as are present here are practically impassable
to man or beast. North Mam and South Mam peaks rise above this
generally high and impassable country as pinnacles nearly 11,000
feet above sea level. The north faces of the upland areas are in
most places covered with dense underbrush and timber, so that except
in a few cut cliffs there are no natural exposures of the oil-shale beds.
The south face of the upland, however, is for the most part bare, and
the shale beds are well exposed. Castle Rock, a small but conspicu-
ous pinnacle, forms the westernmost outcrop of the oil-shale rock in
this Battlement Mesa country. :
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GEOLOGY.

 ‘In Battlement Mesa the brightly colored Wasatch formation
is exposed in the lower areas, and the Green River, containing the
oil-shale beds, forms the steep cliffs of the upland and is in turn over-
lain by the more recent lava, which probably was poured out over
the surface from vents now represented by the Mam peaks. Had
the molten lava been poured out over a surface only a few feet above
the oil-shale beds, the volatilizable constituent of the shale would
doubtless have been driven off and the shale ruined, but the interval
of 500 to 1,000 feet which separates the rich oil shale from the lava
has probably prevented any such devolatilization. Doubtless, how-
ever, there is a considerable zone of impoverished shale surrounding
- the vents through which the lava was brought from its deep-seated
source. Until underground mining furnishes the data, the area of
this devolatilized shale will remain one of the earth’s secrets. In
Battlement Mesa the beds of the Green River formation appear to
dip uniformly northward at very low angles.

GRAND MESA,

GEOGRAPHY.

South of Battlement Mesa and separated from it by the valley
of Plateau Creek is the high lava-covered Grand Mesa, which is one
of the most conspicuous topographic features of the region. Itsupper
surface is rough and in most places timber covered. Numerous
beautiful natural lakes are scattered over the mesa, and several larger
lakes have been formed by the damming up of natural reservoir sites
- and store water for the irrigation of large tracts of fertile land on
either side of the mesa. The slopes of the mesa are in most places
deeply covered with timber and brush, so that there is little oppor-
tunity. to study the geologic formations.

South of ‘Plateau Creek the surface rises gradually toward Grand
Mesa, but the soil in this area is very productive and as a result there
are many excellent farms on which fine crops of grain, alfalfa, potatoes,
and fruits are grown. This area is in fact one of the most thickly
populated portions of the region covered by the map. Colbran, one
of the older towns of this part of the State,.is.on Plateau Creek in
T. 9 S.,, R. 95 W., and serves as the trading center for a large area.
Mesa, in T. 10 S., R. 96 W, is a lively small town on the bench back
from Plateau Creek. Both these towns are connected by excellent
automobile roads with De Beque and Palisade, and mail is brought
to them daily from De Beque by auto stage.
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GEOLOGY.

The valley of Plateau Creek and most of the slopes well up toward
Grand Mesa are occupied by the brightly colored rocks of the Wasatch
formation, and the steeper slopes of .the mesa contain shales of the
Green River formation. These shales are not exposed except at a
very few places along the north side, and it is impossible to say whether
or not the oil shales that have been prospected on Big Creek near
the forest-ranger station belong to the rich zone of the Parachute
Cliffs, but largely because of the leanness and thinness of the beds
there exposed it is thought that they represent some of the oil shales -
in the lower part of the formation. Up to the time of the writer’s
visit to Grand Mesa in 1918 no oil shales that appeared commercially
attractive had been discovered. On the south side of the mesa beds
thought to be of Wasatch age are the first exposed beneath the lava
cap rock. ‘

Overlying the Green River beds and capping the mesa is a great
thickness of lava, which of course prevents a study of the Green Rlver
beds at their southern limit.

STRATIGRAPHIC SECTIONS AND SAMPLES.

The following stratigraphic sections were measured at places indi-
cated on the map (PL.'VIII, in pocket) and illustrate the character of
the rocks exposed in different parts of the field. The beds of shale
that are known by testing or are estimated to yield 15 gallons of
or more to the ton of shale are indicated by heavy type in the sections.

Sections in northwestern Colorado.

Location A, T. 2 N.,, R. 104 W. Location A, T. 2 N., R. 104 W—Continued.
. Ft. in. Ft. in.
Shale, gray, with a few hard sandstone 51 LY (4 ;3 2
beds each a few inches thick.......... 350 Shale, dark brown, rich inoil.......... 4
Sandstone, white . 1 Shale, slightly sandy................... 7
Shale, gray........... .. 60 Sandstone and shale; sandstone shows
Sandstone, clayey 15 ripple marks as much as 6 inches from
Shale, thin bedded, with a few thin beds crest tocrest......oooiiiiiiiiiiiian..t 15
ofsandstone........ccoeeeeeaaeoan.. 15 Sandstone, coarse, containing concre-
Shale, brown to black; contains thin 12000 11 3
beds of rich oilshale.................. 2 Sandstone, clayey.......... 5
Shale, thin bedded, slightly carbona- Shale, sandy.....oveeeeemienenannnnnn... 50
ceous, but is supposed to yield very Sandstone and shale, about 60 per cent
little ofl. oo eneineeininiiiiiiaiaaanss 30 sandstone; sandstone for the most part
Shale, brown, thin bedded; will probably ripple marked; one thin bed of carbon-
yield some oil........... eerenanne 1 aceousshale. ......ocoiveneienannnn.. )
Shale, brown; will probably yield some Sandstone, conglomeratic at the base;
[ | 2 most of the pebbles are flat; some are
Shale, gray, thin bedded 18 4inches aCr08S. ...vveviiennananennnaa, 2
Shale, thin bedded, brown; contains thin Sandstone, thin bedded, not resistant... 15
laminae of oilshale........cceeenoiits 10 Shale, saDAY..ccvuenenieiiinniianiiaa, 24
Shale,sandy......c.ccoeeucunn. 40 Sandstone, ripple marked; ripples 4
Shale, dark brown, rich in oll... 4 inches from crest to crest and threce-
Shale, light gray, sandy ... 7 quarters of an inch deep 3
Shale; will yield a little oil. 1 Shale,SandY..cccerraecacnacaccscacenane 10
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Location A, T. 2 N., R. 104 W.—Continued.

Ft. in.
Sandstone, friable, with about 10 per
cent of shale; sandstone is oolitic.. ... 3
Sandstone, friable, with about 33 per
centofshale.................... seeaee 54
Sandstone, thin bedded............... . 15
Shale, gray......... feeeecnennaeen 25
Sandstone, shaly...ccvvveeieeanns 1
Shale,sandy.....cccovvieniannnnaeas vee 15
Sandstone, coarse grained............... 3
Shale. . iei it ceeae . 75
Oolite with grains as large as one-six-
teenth of an inch; this stratum is a
massive ledge maker, the most resist- X
ant rock of the formation............. 5
Shale,sandy............... ereeeeeran. 62
Sandstone, thin bedded. .............. . 5
Shale, gray, mostly covered............ 114
Sandstone, thin bedded, cross-bedded
and slightly conglomeratic; the grains
are mostly silica and wéll rounded. . .. 10
Shale, T8Y «.ceuvnnrnrenrrarnannsenneann 50
Sandstone, conglomeratic; largest peb-
bles observed have & maximum dxam-
eter of one-halfinch_................. . 3
Shale, Br8Y . .ocvereraciecnenunccns ceoaan 26
Sandstone, shaly......ccooeiennnnae . 3
Shalo, Br8Y ccvvviarrerrncnnanannceneanas 20
Surface covered, supposed to be mostly :
shale; tan-colored shale exposed at base - 230
Sandstone, white, lenticular ........... 3
Shale, drab; contains some sand........ 204
Sandstone, tan-colored............... . 6
Shale, sandY . ..cveeieineriiiiaianians 120
Sandstone, tan-colored, deﬁmtely Wa-
satch; bottom of section,
Totalsection. . ....oooivniinninnnn 1,872 §
Totalshale yielding more than 15 gallons
totheton........ Cetneteeeciianreeas 8
Location B, T. 1 N,, R, 103 W,
" Ft. in.
Shale, evenly thin bedded, with very ‘
little sandstone.....oevvvevieiennnnnn 250+
Shale, dark, thin bedded; estunated that
at least 50 per cent is oil-bearing shale
(sample 10 from bed 3 feet 10 inches
thick near top; 11.3 gallons).......... 50
Shale, sandy, thin bedded, lean. ....... 11
Sandstone. ...oceeeereicninaann ceveanan 4
Shale, thin bedded, sandy in places,
bituminous in others; will yield some
141 N 7
Shale, dark brown; weathers bluish
gray, rich.... 7
Sandstone, shaly...eeeeiininiieaaaann, 5
Sandstons, friable; weathers to round
(0] 0 o413 1
Shale, hard, dark brown,) (sample 1
| G101 1 T J 8; 4.26 [
Shale, light brown.......... gallons). 3 8
Shale, alternationg beds of rich oil-bearing
shale (estimated 10 per cent) and lean
shale. ... iiiiii i 7
Shale, clayey, containing thin beds éf
rich oil shale...coveeemvmnaeiacnnnnnns . 4
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Location B, T. 1 N., R. 103 W.—Continued.

Shale, thin bedded...........ccol.l
Shale and sandstone, containing some
oil-bearing layers; the entire member
is colored red by burning.............
Shale, sandy; contains some thin sand-

Shale, sandy...ceeveeiiiianieianaans
Shale, dark brown, hard, weathers
bluish gray; rich............... .. .
Shale, clayey, thin bedded; contains a
few thin layers of rich shale..........
Shale.sandy...ccoveeiiiiniiiiniiinaaas
Shale, thin bedded, clayey
Shale, sandy; contains some bituminous
matter. . coeeoenii i
Shale, with thin beds of rich oil-
bearing shale; estimated that 50

per cent is rich rock. . ......o.....
Shale, sandy. ... ........ 2 eeeeneaaianaas
Shale, dark brown; weathers
bluish gray; rich. ................
Shale, sandy, thin bedded, calcareous. . ..
Shale, carbonaceous; contains beds of
rich shale as thick as three-quarters of
an inch (sample 12; 8.64 gallons). .....
Sapdstone, ripple marked at top, thin

Shale, lean. . .
Shale, dark brown; contams dissemi-
nated iron sulphide (sample 11; 8.22

£allons). . cveiiiiiii i .
Shals, thin bedded, brown.............
Shale, sandy. . ..ccovvineerraacecannn. .

Shale, dark brown, massive, rich..
Shale, gray, lean; contains some bitu-
minous matter. . ........eciiieanaaa..

Sandstone, thin hedded. .....<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>