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PART IT GENERAL

A. DEFINITION OF TERMS (D & M)
B, SOURCES OF INFORMATION

Many sources of informetion were utilized in conducting
the survey. Geologists of the subcontractor heve personal
knowledge of the geology of the area studied, Much dependence
was ploced on the extensive geologicel literature periaining
to the general geoiogy and to the occurrence of oil shales in
Wyoming and adjacent states, Most of this information has been
published by the U. S. Geological Survey but pertinent papers
also have appeared in technical geological periodicals. Recent
assay data were supplied by the Bureau of Mines 0il Shale '
Experiment Station at lLaramie, |

Companies and individuals ﬁho contributed information or
authorized release of information for use in this survey are
- listed under "Acknowledgements"; Exhibit No. _ . The publi-
catlons contalning specific data presented in this report are
listed in the,{ﬁibliograpny forming Exhibit No. __y and the

reference numbers indicated on this exhibit are referred to in

the text of the report by number as (Ref. 1), (Ref. 2) etc.
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C. SURVEY AREA

The area investigated and reported herein comprises the
State of Wyoming and a small aree in Colorado. E&—-per—t%eﬁr—eﬂ-ghe
outcrop areé of the Green River formation in the Weshakie Basin
straddles the Wyoming-Colorado border and its southern part, N
the Sand Wash Basin, lies in Colorado., This area is also

the Green River formatien there
considered in this report sinceAgﬂ is more closely related
genetically and stratigraphicslly to the Green River [Eormatied)
of Wyoming'than it is to the Green River as develbped farther

south in Colorado.
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PART III INVESTIGATION OF SURVEY AREA

INTRODUCTION

l. General Statement

The Green River formatioh, of Eocene age, is the only
oil shale-bearing formation of possible economic importance
in the State of Wyoming.

Minor occurrences of oil shale occur in other formations
but these o0il shales are too insignificant in areal distribution,
richness and thickness to meet the minimum requirements of
this survey. All pertinent data on the occurrence of oil
shale in these other formetions are summarized under the
heading "Other Formations" in Exhibit No. ____ of this report.

. The text of this report, therefore, is confined to the
occurrence of oil shale in the Green River formation in the

Green River Basin, the Great Divide Besin and the Washakie

Basin, a portion of which extends into Colorado and is considered

fherein.
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2. Survey Methods and Procedures

Prior to this investigation, geologists of the subcontractor

had made detailed and reconnaissance examinations of most of
the Green River, Great Divide and Washakie Basins. During
the course of the investigotion:several days were spent in
examining various oil shale localities which had been sampled
by earlier workers, Samples were taken at one locality near
the town of Green River,
All the geological publications bearing on oil shale

occurrences in Wyoming were used in obtaining data on early

assay results, in compiling stratigraphic sections and in
developing an understanding of the general regional geology

of the Green River and related formations., A geological map
showing the areal distribution of the Green River formation
was coripiled from a map covering the Green River Basin issued
by the Wyoming Geological Association in 1950, and from a map
of the Washakie Basin issued by the U. S. Geological Survey

in 1949 (Ref, !l ). Older published mapsﬁ?ﬁ%h iﬂ

covering marginal areas were used to complete the final map,
Geological structure sections across the basins were then
g prepared, Stratigraphic diagrems were made to show regional
correlations and changes within the Green River form:tion,
! and various charts and index maps were constructed,

- A1l available stratigraphic sections and assay logs were
plotted to standard scale and correlations of the stratigraphic
units from place to place wvere made, The assay data viere

- reviewed and averasged in order to determine the thickness of
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those oil shele zones yielding more than 15 gallons per

ton or more than 25 gallons per ton, as a basis for determining
areas of primary reserves containing 100 million tons of oil
shale within a 5 mile area representing beds aggregating 25
feet of thickness capable of yielding more than 25 gallons

per ton, or areas of secondary Ireserves comprising a similar
amount of shale capable of vielding between 15 and 25 gallons
per ton, In the determination of reserve areas, oilishale

was classed as measured, indicated, or inferred, depending

on the availability of assay data.

Those areas on vhich no reliable assay data were avail-
able, or those regions where sampling and assays indicated
that the reserves did not meet the minimum requirements of
the survey, were then eliminated, Further attention was
restricted to the areas on which adequate data were available
'to enable the estimztion of reserves meeting the minimum
;requirements.

Tabulations were prepared to show the surface and sub-

- gurface data used in the elimination or establishment of

IresServesSe.e
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3, Previous investigations and develovments

The Green River formation was nemed by F. V. Hayden in
1869 from its exposures near the present town of Green River,
at which time he pointed out that one of the conspicuous
features was "the great amount of combustible or‘petroleum
slates" contaihed in the unit, Lesquereaux, in 1872, remsrked
that "the shales ., « o may yield by distillation an amount of
bitumen large enough to be remunerative®™ (Ref, |6 , pp. 50-51)

The first real study of the Green River oil shales in
Wyoming was conducted by Dean E, Wihchester, of the U, S.
Geological Survey, and his assistants, in 1915 4in (thel Green
River Valley and around the station of Fossil in westernmost
Wyoming, The results were published in 1917 (Ref, 22 ),

Schultz carried on field work on tne Green River formation
in.1907, 1908 and 1915 and in his 19 ﬁ publication (Ref. |G )
implied that he observed the o0il shales and measured sections
prior to the work of Winchester, Much of the information in
 Schultz's 1923 bulletin was given earlier in Winchester's
publications, however,

During the period from 1918 to 1925, in the vicinity of
the town of Green River, interest was shown in the development
of oil shale properties, Claims were filed, or patented lands
secured, and development &qpk was undertaken by individuals
and by corporations organized for that purpose, but activity
was generally restricted to prospecting., There is no record

of the production of any shale oil,
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Schramm, prior to 1920, undertook a study of the Green
River o0il shales for the Union Pecific Railroad. In a paper
published in 1920 (Ref.‘ljl), he reported assay data on 117
shale samples from some 17 general localities in the Green
River Buasin, of which 66 samples were from the region about
the town of Green River, Also, 12 generalized columnar
sections were given which indicate the thickness of those
0il shales yielding more than 15 gallons per ton, Sone
thicknesses were shown to be as great as 140 feet, Thin but
rich units were listed which were revorted to yield as high
as 885 gallons per ton,

Duplicate cuts of 18 of the samples were later assayed
in the laboratory of the Union Pacific Railrozd, Schramm’s.
assays of the 18 samples indicated yields ranging from 2 to
55 gallons per ton or an average yield of 14,3 gallons per
ton, whereas the yield of the check samples ranged from 0,4
to 29,5 gallons pér ton and averaged 7 gallons per ton, or
| about 50 percent of the yields reported by Schramm,

During the course of the present investigations, because
- of the indicated discrepancy in data, enginecers and geologists
of the subcontractors visited various localities around the

- town of Green River and south along E@éBGreen River Valley

- to the Utah line., This reconnaissance examination was made

" to observe the general distribution and thickness of the oil -
shales in that area and to obtain samples of the richest
appearing shales in the vicinity of one of Schremm's sample
localities, 'Samples were taken at Locality 6 from two shale

zones in the upper part of the Laney, just below the Tower
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sandstone, which are relatively persistent throughout the
Green River area, and weyre assayed by the Bureau of Mines
0il Shele Experiment Station at Laramie, The two oil shale
sections are separated by a 9=foot sandstone bed, The uppsr
shale bed, immediately below the Tower sandstone consists of
about 15 feet of lean papery shale and a sample of the basal
4 feet of the 15-foot interval assayed 6,6 gallons per.c:,
This unit is underlein by 13 feet of richer massive shale,
which yielded 17 gullons per ton, The lover shale bed, below
the 9-foot sandstone, is 21 feet thick. The upper 9 feet
yielded 12,5 gellons per ton and the lower 12 feet yielded
8,8 gallons per ton, The overall yield of the 21-foot
section was 10,9 gallons per ton.

In view of the results of the assays made by the Union
Prcific Railroad and those nade on samples collectied recently,
the actual yields appecr to be sbout 50 percent of those
reported by Schramm, In addition, the assay results of samples

. éollected by Winchester from the upper Laney o0il shale zone

- in the area around the town of Green River do not indicate a

richness as great as that presented by Schramm, The results

of sampling this zone by Winchester at three localities around

L " the town of Green River indicate average yields of 13,3 gallons
per ton, 14,0 gallons ver ton and 16.4 gallons per ton, Schramm's

- - data, therefore, ¢an not be considered as a reliable basis for
evaluating the richness of sheles in the Green River area and '
have not been used., The columner sections and stratigraphiec
data given by Schramm, however, provide valuable information

il shele zones within the stratigraphic
on the position of the o'~
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succession and on their thickness,

-Since this early work, there have been no detailed
investigations of the o0il shale resources of Wyoming., ILater
workers, such as Bradley, Sears, and Nazce, were concerned |
mainly with the regional stratligraphic relations of the Green
River, with its depositional enviromment and with the relation:
between contemporaneous stream deposits (fluviatile depdsits)
and the lake deposits (lacustrine deposits) which earry the
01l shzles, These studies, however, are of great value in
any consideration of o0il shale resources,

Since 1937 a number of wells, drilled for oil or gas,
have penetrated the Green River formation, Other wells have
been drilled for wiater or for minerzl exploration, The Bureau
of lines has obtained samples of the cuttings and assayed them
for oil yield,

The early workers failed to take samples through continuous
sequences of beds and although the assay data on thelr selected
samples may be reliable, it is difficult to evaluate the total
thickness of rich shale in sections which may be hundreds of
feet thick, and from which only a few intermittent samples

were taken,
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4, Amount and classification of data

Dazta are available on the oll yield of o0il shales in the
Green River formation from (23) localities in the Green River
Basin and adjacént areas in southwestern Vyoming and from the
Washakle Besin, which straddles the Wyoming-Colorado border,
Pertinent data pertaining to these localities are contained
in the attached tabulationsQ Early investigations, between
1910 and 1930, consisted of the measurement of strztigranhiec
sections and the sampling of selected beds, and was restricted
tp the region along the Green River, to the area north of the
Rock Springs uplift; to the Fossil area, and to the Washakie
end Sand Wash Basins, There are, thercfore, larse outcrop
are«s on vhich no data are available, During recent years,
“informztion on the o0il yield of shales in the central part
of the Green River Basin has been derived from essays of
. samples from deep’wells or coreholes,

For the purpose of indiccting the quantity znd quality

of duta available for the determination of réserve areas and

for the classification of reserves within these arcas, the
“availeble data mey be classified into five categcries, according
- to useubility; coreholes, the Westvaco shaft, well cuttings,
fstratigraphic sections accomnanied by incomplete sample assay
;data on selected portions of the richer shales, and_sfratigraphic
;secnions accompaﬁiéd bf'visually estimated o0il yields or sections
which simply describe the rock succession without indicution of

0il shales,



s @ ..

w(_,_%ﬁ‘" | |
Although no coreholes have ever been drilled in

Wyoming to specifically determine thickness and yield

of o0il shales, a number of coreholés have been drilled

in the central part of the Green River Basin in exploration
for trona (sesquicarbonate of soda) within the Green River
formation., Assay data are avail ble on one corehole and
lithologic data, without assays, are available on 6
corecholes which penetrated into, but not always throughy
the Green River formaﬁion. The data afforded by the
samples taken from the cores constitute a reliable

bagis for eVGiuating the 0il shale sections penetratea.

}pﬁ Wlestvaco %?iff:;d

CSamples were taken during the sinking of the 1,555«

foot shaft of the trona mine of the Westvaco Chlorine
Products Company, east of Granger. Although there are
numerous overlaps of sample intervals ﬁhich bring about
difficulty in interpretation, the aséays furnish reasonably
relicble d«:ta on shale thickness and yield.
£gf Viell cuttings. —g

Assay data are available on well cuttingé from /éq/

wells drilled in various placed in the Green River Basin,
Most of these wells started above and passed completely
through the Green River formation, The samples of well
duttings mainly reorecsent 10-foot intervals. Well
cuttings are somewhat less reliable than core samples

for determining oil yield since cuttings from both
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richer and leaner beds are mixed together in the sample.
Furthermore, some contamination occurs from caving of
overlying shale zones, In addition, and perhaps of more
imporiance, is the fact that in the areas where the wells
were drilled, 1argé amounts of trona are found.associated
with the o2l shales as beds, as thin layers)or as dissemin-
ated crystals,. Cores from some of the Union Pacifié
coreholes are estimited to contain as much as 50 per

cent trona cr&stals intermixed in the shale and it is
likely that similar large erounts occur in some of the
shales in the areas in which wells were drilled, since
all the wells encountered beds of trona. Because of the
high solubility of trona it seems likely that the rock
sampie derived from such an interval would comprise an
insoluble residue representing oﬁly a part of the total
rock volume drilled up into cuttings. Assays of well
cutting from shales containing an appreciable amount of
trona would, therefore, indicate too grest a richness for
the rock interval drilled. Although the results derived
from assays'of cuttings do not show the details of indivi-
dual oil shale beds, zones of richness and leunness are
well differentiated and such éones may be corfeluted in

wells as much as 8 to 10 miles apart.r In general, the

- results obtained from as:say of well cuttings may be used

with a fair degree of confidence in determining reserves,
and surely have much gresater value than inadequate surface

sampling,
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/ﬁﬂ Straticraphic sections with incomnlete assay data,s

<7§5§51éte and pcrtial strdtipraphlc sections of the
'Green River formation, accompanied by assay data on
selected beds revresenting only a part of the oil shales,
are available from 23 locualities, The measured sections
cover intervals ranging from less than a foot up to more
than 1,000 feet and provide data on thickness, lithology
and regional changes, Assay data are availuble only
on selected parts of the sections and sampling was
generally restricted to the richer-appearing beds. Rarely
were samples taken from contiguous beds, and since sampling
was not continuous the assay data are inadequate in providing
a sound basis for the determination of the thickness and
-the vield of the various o0il shale zones measured, Visual
estinates are reported for some of the beds in a number of
these sections,

(e) Stratigraniie sections without assav data

Data are available on 7 localities where stratigraphic
sections have been measured and visual estimutes only
Vhdve been made of the expectable yield of different oil
shales. Visual estimates of oil yields based on physical
appecrance and specific gruvity afford only a general
indicution of the richness of oil shales, and it is known
thut estimuted yields are at variance with actual assays.
In other areas, strutigfanhic sections were mesasured with-
out taking samples for escay or without visually estimating
the oil yield of shales., These sections, however, are

vzluable in thuat they provide imvortant informution on



2] ®..

the regional changes within the Green River formation
and enable the determination of trends of near-shore
deposits in which o0il shales are lean or absent, and
thus serve to delineate the areas in which the richer

shales may be expected,
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5. Previous reserve estimates

No recent or reliasble estimntes have been made of the
oil shale reserves of Wyoming. Winchester, in 1923 (Ref, 23,
P. 122), pointed out that "the oiéshale in southwestern
Wyoming is in thin beds and that rich shale underlies a
comparutively small arez" and that because of insufficient
knowledge of large parts of the area it seemed unwise to make
estimates, He stated, howevzr, that 1t was thought that the
total quantity was not less than 7,176,000,000 short tons of
shale that would yield at least 15 gallons per ton, BHe estimated
that no more than 60 per cent of this tonnage would be recoverable,
The estimated recovery, therefore, was placed &t a nminimun of
about 1,567,0.0,000 barrels.,

Latef}in 1928, Winchester (Ref. 24 ) set up certain speci-
fications for the estimation of reserves in which he considered
that shales which would yield more than 3,000 barrels of oil
per acre would constitute commercial oil shale, providéd that
any beds less than 1 foot thick or having a vield of less than
15 gallons per ton be excluded, He assumed also that no more
than 60 percent of the shale would be mined, On these basés,
his estimate for Wyoming wus a total of 3,044,000,000 burrels
of oil, of which 1,826,400,000 would be recoverable,

In the light of present knowledge, these estimutes must
i be considered as no more than generalizafions, éspecially when

regerded in terms of the present survey requirements concerning

c¢lassification of reserves,.
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(2) Generzl stotement

In Wyoming the Green River and related formations
were deposited in a large Tertiary sedimentury province
in the southwestern part of the State, bounded on the
west by the Salt River Renge and the Wyoming Range, on the
north by the #ind River Range and the Sweetwater uplift,
on the east by the Sierra Madre Range and the Park Range,
end on the south by the Uinta Mountains,

Terkiary

Subsequently theéﬁArocks were moderately deformed and
the Green River formation has been eroded from the uplifted
areas. Thus, the Green River formation, es it exists to-
dey represents only remnants of a once much more extensive
rock unit now preserved'in several downwarped basins which
comprise the province,

The north-south trending Rock Springs uplift, extending
necrly from the ¥Wind River Range to the Uinta Mountains,
divides the province into two parts, The western one is
the Green River Basin; the eastern part compriscs the Gre. .t
Divide Basin on the north and the Vashakie Basin on the

south,
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(b) Tovosravhy ond dreinace

Green River Basin.- The Green River Basin, sometimes

c:1led the Bridger Baein, is a tovogranhic, structural,
and drainage basin bounded on the south by the Uinta
Mountains, on the west by the Wyoming Range and the

Salt River Range, on the north and northeast by the Gros
Ventre Mountains and the Wind River Range, and on the east
by the Rock Springs uplift. It has a maximum east-west
width of 140 miles, a length of 170 miles, and an area of
about 12,500 squere miles, ZEssentially it has the same
area as thut drsined by the Green River, which héads in
the mountains on the north, but.oneltributary, Bitter
Creek, heads in the Washakie Basin:and flows across the
.Rock Springs uplift to enter the Green River. Blacks Fork

and Henrys Fork are the main tributaries which drain the

north flank of:the Uinta Mountains, Numerous short streams -

enter from the west, but no large tributuries enter from
the east, Peripheral elevétions renge from 6,000 %o 7,000
feet while elev tions in the centrcl part range from 5,000
to 6,000 feet,

Great Divide Basin.- The Great Divide Basin, sometimes

cazlled the Red Desert Basin, has zn east-west length of
about 100 miles, and a width of about 40 miles. It is
bounded on the west by the Rock Springs uplift, on the
north by the VWind River Range and the Sweetwater arch, and
on the east by the Rawlins uplift. On the south it 1s

vaguely bounded by an inconspicuous geological feature,



. . .18.

the Wamsutter arch, but the Union Pacific Railroad serves
to form a more definite southern linit, Its area of about
4,200 square miles, of which only some 1,400 square miles
is underlain by Green River formation, is a region of low
relief and internal drainage despite the fact that it is

transected by the Continentel Divide, Elevations in the
northern part of the basin are between 7,000-8,000 feet
in the southern part they are between 6,000-7,000 feet,

Washakie Basin.-~ The Wr:shakie quin is a nearly circular

structural depression but not a topographic one., Some

3,500 square miles in area, it is located principally in
Wyoming but extends southward into Colorado and the southern
part is called the Sand Wash Basin., It is bounded on three
sides by relatively high outward-facing escarpments; on

the north by the Laney Rim, on the west by the Kinney Rim,
and on the southeast by the Vermilion Bluffs, The basin is
bounded on the southwest by the eastern part oflthe Uinta

Cross Mountaiv W fe
Mountains and on the south by the[;,': = ’;i Drainage

from the topographiczlly high interior parts of the Washakie
Basin flows southwest to enter the Little Snake River, a
tributary of the Yampa River, -Most of the Waishakie Basin

lies «t elevstions above 7,000 feet,
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(c) Climate
The region is semi-arid with larger amounts of
precipitaetion in the bounding mountains and smaller

amounts, probably nowhere more than 10 inches per year,

in the central parts of the basins, The Great Divide

Basin approaches the character of a true desert.



© @ .

() Culture

The gegion ig traversed by the main line of the
Union Pacifiec Railroad and the only towns of any size
are located along it., The Great Divide and Washakie
basins are virtually uninhabited, but where the rzilroad
crosses there are a few small settlocments, The coal
miningitown of Rock Springs is the largest in the area
and the town of Green River, a division point on the
railroad, lies about 15 miles to the west.‘ Only small
settlements are found in the central part of the Green
River Basin, along the railroad &nd in regions where
farming or ranching is carried on along the water courses.

U, S. Highway 30 crosses the region in an east-west
direction. Although there are no main highways, most of
the Great Divide and Vashakie basins may be traversed by
automobile on numerous trails used by sheep outfits, A
surfaced highway extends from Rock Springs into the

Green Rwer '

northern part of theAﬁasin, and a north-south one traverses
the west side of the basin, A number of dirt roads cross
the basin and connect the two highways. Other graded
roads extend south from U, S, 30 to the southern part of
the basin and to the Uinta Mountains, An all-weather high-
way extends south from Rock Springs to the Hiawatha oil

field, giving access to the Sand Wuash Basin,
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B. GEOLOGY OF THii GRLEN RIVER FORMATION

l, Introduction

The Green River formation, named by Hayden in 1869 from
the vichity of ,
cutcrops inAthe towvm of Green River, Wyoming, is a complex
assemblage of lake beds of Eocene age deposited in two great
These TockS
Bocene 1akes.@hiq@ nov occupy the separatecstructural, deposi-
tional and topographic depressions known as the Green River,
Great Divide and Weshekie basins of Wyoming, and the Piceance
Creegfzgé Uinta Basin of Colorado and Utah, The index map,
Exhibit No, ___, shows the distribution of the Green River
formaiion in Wyoming, Colorado and Utah,

The Green Riﬁer formntion in Wyoming was once a continuous
deposit in ancient Lake Gosiute but now occupies separate
structural and topographic basins; the Green River Basin on
the west and the Grezt Divide and Washakie basins on the east,

The Green River formation underlies both the Green River
and Washakié Basins, but outcropg occur only along the flanks,
In the central portions of these.basins, the formution is
overlain conformably by the Bridger formation, In the Great
Divide Basin, the Green River has been eroded from all but
the nortﬁwestern part,

The Green River formation is underl«in by beds of sand-
stone, var%ﬁ@olored clays and mudstone of fluviatile origin
known as the Wasatch formation. The contact of the Green
?iver with the underlying Vasaich is generally conformable
and grudational and is ordinerily marked by the prominent

color contrast of the red Wesautch beds below and the grey-

colored Grecn River beds above, This contact is one of
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generel intertonguing around the margins of the old lake

basin, and the Csthedral Bluffs tongue of the Wasatch forms

a wedege betvieen Green River sediments throuvghout the Wasbakie
Besin and most of the northern and western outcrop areas in
the Green River Basin,
The Green River formution has been the subject of -

extensive regionael and detailed study. In its type area it

is divisible into an upper member, the lLiorrow Creek, the
well known Tower sandstone next below, a middle Luney shale
mémber and 8 basal Tipton shale member., O0il shales are
restricted to the Tipton and the Leney., In the northern parts
of the Green Rivér and Great Divide‘%ésins, and in the Wash-
ekie Basin, the Tipton and the Laney ars separated by the wedge
of fluviatile sediments kmown as the Cathedrsl Bluffs tbngue
of the Wasatech. Because the Tipton in these creas lies between
Wicsatech-type sediments, it is known as the Tipton tongue of

the Green River formations.




Structure

A series of three crossysections which 1llustrap§ the
structural end stratigranhic relationships of the Green River
and related formations in the Greeaniver, Wesekie and Sand
Wash basins forms Exhibit _ _ of this report. The attached

map, Exhibit No, ;___ also. shows the location of the principal
structural fe:tures of the region, and all dip information
that is available,

The geologic structures of southwestern Wyoming are a
series of anticlines and synclines of lurge magnitude and
loteral extent, but are formed by strata of low dip, with
the exception of the area west of the Green River Basin,

The structural features @ﬁ;235§ discussed in geographic
order from wect to east,

The rocks in Lincoln and Uinte Counties, Wyoming)are
broken into a series of slices by low angle thrust faults
that dip to the west, The faulting is extremely complex and
is the eastern extension of a zone of similar structure in
eastern Idaho and northern Utah, The easternmost thrust
fault of this belt is the LuBarge thrust fault which forms
the siructural boundary betvieen the overthrust belt and
the adjacent Green River Bzsin,

The Green River formation in this aorea overlies the
fzulted rocks, and was not éégizzgg-ig;ﬁthe earlier period
of movement/ had ferminated.

The Green River Basin is ¢ lerge, shallow syncline bounded
on the west by the overthrust belt, and on the north and north-

eazst by the Gros Ventre liouritains and the Viind River Range.

The eastern margin is the Rock Springs uplift and the southern




boundary is the Uinta Mounteins of Utah and Coloruados The
axis of the basin trends slightly east of north and peasses
near Grunger Station on the Union Pacific Rail&ggg The dip
of the strata into the basin is very low and ranges generally
between 1° and 2° but flattens to even lower dip nexr the
exis of the basin, Dips are somewhet steepeg,ranging up
to 5?>along the eust flank of the basin{/énd to even higher
velues in the faulted area along the northern flank of the
Uinte Mountains, The Green River formution is affected by
the Continental §ault zone which psrallels the Wind River
Range ulong the northeast flank of the Green River Basin,
The fault zone trends N/ 756 ¥ and extends from near Big '
Sandy P.O.>in T. 30 N,, R. 105 W.)to Lost Creek in T. 26 N.,
R; 95 W,

The Rock Springs %plift lies at the e:zst margin of
the Green River Basin and separates thet basin from the
Great Divide and Washakie gésins to the east, 7he cenier of
the uplift is located about ten miles eust of Rock Springs,
from which point the strata dip away in &ll directions. The
uplift is about 60 miles long and 35 miles wide, and has
r:ised the formatidns exnosed &t the crest to an elev:tion
of over 10,000 feet above comparable units on either side,
The dips along the flanks of the uplift average 10°9-200 W
on the west side and about 58 -100 E on the east side. The
uplift is seperated from the Ulnte Mounteins to the south by
a low structural saddle that is occupied by the Green River
formztion, The strata exposed on the crest of the uplift are

older than the Green River and contain commercial deposits of

coal,




A compound @ﬁ syncline lying east of the Rock Springs
uplift is divided into three purtsj the Great Divide Businj
the Washakie Basin and the Sand Wash Basin, This major
syncline 1s bounded on the west by the Rock Springs uplift{//

on the north by the Wind River Range{/bn the east by‘the
Rawlins %&ch and the Sierra Madre Range{/énd on the south

by the eastward extension of the Uinta Mountains, The Great
Divide Basin lies north of the Union Pac¢ific Ruilroad, and
structurally is due to dovnfolding tb the east so that most
of the strata dip eastward, The axis of the basin lies well
to the east neuar the Rawlins‘irch, and apperently the basin
is not as déep structurally as the Weshakie Basin,

The Washckie basin lies south of the Great Divide Basin
and is sepurated from it by the Wam;utter/%rch which trends
east-west approxinutely along the line of the Union Pacdific
Railroad., The Washakie Basin is a rouzhly circular structural
depression in ‘hich the strata di? toward the center from all
sides at dips not exceeding E%xef;egpeqﬁ, and for tlie most
parv ranging from 20 to 4°, Thre deeper portion of the basin
is loczted near T, 13 N., Re. 97 W.)which is neur the southern
end and adjacent to the Cherokee Ridge fault zone paralleling
the Wyoming-Colorado bound&r&. This fault zone separates the
Washakie Basin from the Sand Vash Basin in a structural sense,

The Send Wash Bessin is the southward portion of the major
compound syncline mentioned above, The axis of tlhie basin
trends almost north and south and extends to the Little Snake

River in Colorado, The strata in the basin locally dip as much as

100 toward the basin center but the averuge dips range from




20 to 4°, Locu:l folds and structural variations are more
prevalent in this areaz than in the rest of the basins of
southwesiern Wyoniing, The Sand Wash Basin is terminated at

the south by a zone of faulting trending N 700 W and extending
from Sunbean P.0., Colorado to the northwest corner of Colorado
and thence westward along the northern front of the Uinta

Mountains., The fault elevetes older rocks on the south to

form the Cross Mountain line of folding.

L




3. Distribution and outcrop of the Green River formation

The attached map, Exhibit No, y entitled

has beenccompiled from published maps of the Federal and
Staé%ig$¥$2ys and from unpublished maps obtained from
private sources, The areal extent of the surfade exposures
of the Green River forméation and associated rocks LB
on this map by means of symbols and patterns.b The reeder
is referred to Exhibit No. —_ in order to follow the ensuing
discussion. '
The principal outcrop areas of the Green River formation
in southwestern Vyoming are in the Green River and Washakie
Basins, with less extensive exposures in the Great Divide
Basin, and in the overthrust belt west of Kemmerer, Viyoming. In
both the Green River Basin and the Washzkie Basim the outecrop
areas of the Gr.en River formation completely circle the basins
as/d series of concentric bands., The outcrop width of any
member of the Green River form-tion varies with the thickness
of the unit and the amount of dip. In the central portion
of the basins the Green River formation is overlzin by the
Bridger formation which has large areas of surface exposure,
and which buries the Green River to depths of over 2,000 feet.
The outcrop of the Green River formation averages ten
Green River
miles in width on the east flank of the, Basin from the Utah
boundary northward to the Union Pacific Railway and then
narrows to about five miles along the northwestern flank of
the Rock Springs uplift. The outcrop band swings westward

around the end of the basin and beczuse of decreasing dips the

outcrop band widens to as much as 25 miles for a distance
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of 50 miles, Along the wesiern margin of the basin from the :
vicinity of Big Piney southward the width of the outcrop band
is about six milesjggg thii\to a very narrow gg:é near Evanston,
The Green River form:tion along the wéstern boundary of
the Green River Basin is separated into two units by the

intervening Cathedral Bluffs tongue of the Wasatech formation.

The outcrop of this tcrgue extends southward from necr Big

Piney'to near Evanston and parallels the bands of the Green
Rivcer members. In this same locality the Tipton (lower) member
of the Green River formation thins [ Satnt , both at the
north end and the south end of the area and the outcrop

pattern forms a narrow individual band separated from the

upper members of the formation,
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The outerop p:iittern of the Green River formation in the

Washakie Basin is roughly circular with & much wider area

of outcrop on the eastern flank than on the western flank.

The ouﬁcrop width v.ries from five miles on the southwestern
flank of the basin to a maximum in the southeastern portion
where 1t covers a strip over fifteen miles wide. The Bridger
formztion forms the surfzce outerop in the center of the basin
and buries the Green River to depths approaching 1,500 feet,
The Green River formnation cen be divided into two&%gg;g;ﬂ

separated by the Cathedral Bluffs tongue of the Wascteh,
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The outcrop bznd of the intervening Cethedral Bluffs tongue
encircles the basin as a band parallel to the Tipton member
(lower unit) and the Laney-lorrow Creek members (upper unit)
zbove, The Tipton member which lies below the Cathedral
Bluffs has a horseshoe pattern open to the sout%,since along
both the southwest and southeast edges of the basin the Tipton
tongue thins out and becomes unrecognizuble.

The Green River formation outerops in the northern portion
of the Great Divide Basin and the §é§§¥§§§$are continuous
through a structural saddle between the Rock Springs uplift
and the Wind River Range so that they join the main body of
the Green River outcrops present in the Green River Basin.

The true extent of the Green River formation has not been
accurately mapped in the Great Divide Basin and may hLave a
wider extent thoen indicoted upon the geologic map, Lxhibit _ .

A luorge area of Green River rormntion is present in the
Fossil area centering around Fossil Station, west of Koemmerer,
Wyoming. The outcrops occur as cappings on a series of flat,
mesa-<like topographic eq%inences, extending for about 15 miles
north and approxim:tely 30 miles south of iossil. The average
width of the outcrop area is ten miles, The Green River in

this ares unconformubly overlies the feolded and faulted older
rocks of the overthrust belt.

The outcrop puttern of the Green River formotion in
the Sand Wash Basin, Colorado is roughly triangulear in shepe
with the epex situated ne:r Povder Wash)in Te 12 N., R. 97 W,

The eastern 1limb of the trien~le extends southvizrd to the




Little Snake River and the width of the outcrop band varies
from one mile to over ten miles, The western leg of the tri-
angle trends zbout S/ 60° W/ and the width of the outcrop
varies from one mile at the southern end to about 12 miles

in the vicinity of Powder Wash, The Bridger formztion

covers a limited area in the central portion of the triangle,
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2e Geologicul history

After the period of folding and faulting which gave
rise to thé rresent mountain ranees of Wyoming, Colorado
and Utoh, the dovmwerped region extending from the northern
part of ;Hb.present Green River Bssin southeastward into

S
northwestern Colorado and from there westward inte Uteh,

o
& /

1. ’
vwes the site of deposition of fluvietile scdiments (Wasatch)
madgfﬁp Qf material derived from the adjacent mountain uplifts,

_Af#er the;doposition of these eerly EZocene stream-laid sedi-

i ’4

:’ments, ffesh water lakes begen to form,and at one time large
parts of southwestern Wyoming, northwestern Colorado and
enstern Utah were occupied by lakes, Gosiute Lake lay to
the north of the Uinta Mountainsg Uinta ILzke was situated
to the south. A third smaller lake, according to Bradléy
(Reé._;z_, P. 640), occupied the Fossil area in southwestern
Wyoming, The lacustrine depogits constitute the Green River
formation, which contains the oil shales, Subseguently,
laké conditions terminated and younger fluviatile deposits
were sprezd over the Green Riﬁer lacustrine deposits during
later Eocene time,

The lake history was not e simple one for in Wyoming
there is evidence that the lake reached an e-Trly stuge of
maximum spread, during which time the Tipton tongue was laid
down as a widespread lacustirine deposit, As the leke spread,
the zone of fluviatile deposition peripheral to the lake
nigrated progressively outward from the original lake basin
and as a result there 1s a replacement of the upper part of

the fluviatile VWasuteh beds by the lecustrine depositis of
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the lower Tipton.

After the lake had reached its maximum extent in Tipton
tine, & regressionoof the shore caused the spreading of
fluviatile deposits_over the previously deposited Tipton,

The lake at this time was restricted essentially to the
present Green River Basin, and in that area lacustrine deposi-
tion went on continuously. The tapering wedge of fluvictile
sediments which penetr:zted the lake basin constitutes the
Czthedral Bluffs tongzue of the Waseatch,

| A sécond time of widéspread leke conditions followed

| after the maximum retrent during Cathedral Bluffs £ime and
lacustrine sediments again accumulated in the expanding lake,
As the lacustrine environment migreted outward, lake beds
constituting the Laney member were sprezd over the fluviatile
deposits of the Cathedral Bluffs tongue,

After the second maximum expénsioﬁ was reached, during
Loney time, a second period of recession ensued and the subse-
quent history was that of a continuously shrinking lake.
Following Laney time, at the bezginning of Korrow Creek
time, lake conditions remained widespread, but a marked change
in physical.conditions resulted in the cessation of o0il shale
formation and in the deposition of sediments quite different
from those laid down in earlier Green River time, Sands which
make up the Tower szndstone in the vicinity of the town of
Green River were spread over the southern part of the Green
. River Basin and over thLe southwéstern paft of the Washakie
Basin, Over the remzinder of the area, lake beds were deposited
which curry abundant plant remains and which lack the distinctive

character of eurlier lake deposits. These plant-be.ring
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lacustrine beds constitute the Morrow Creek member,
Concomittent with the devnosition of the Morrow Creek within
a shrinking lake basin, the peripheral zone of fluviatile
deposition migrated basinward, and with the finsl extinction
of the lake these fluvietile devosits, representing the
Brideer formation, were spréad completely over the old lake
basin.

Because the Green River and related formations were
deposited‘inba greot many sedimentary environments, it is
obvious that there are many intergrading rock types which
reflect the differences in the physical, chemical and biological
factors which preveiled in the different environments. As
based on the environment of deposition, the.different rock
types which cre being deposited contemporaneously may be
referred to as facies, The two major facies ars the fluviatile
facies, made up of sédiments denosited by streans and the
lacustrine facies, coriprisine those sediments deposited in
the lake,

W :

= ?ﬁthin the lecéustrine focies .are minor variations in
rock types determinéd by the spnecific lake environment in
which they were dePOSitéd. Some of these are the shore facles,
such as berch deposits, the near-shore shallow water facices,
the deep weter bésin facies and the saline facies representing
a super-saline w&ter‘environment. The distribution of oil

shales within the Green River formation was directly controlled

by facies distribution. This relationship is discussed at

length as & separale topic.
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3¢ Fossils of the Green River formation

Microfossils are abundant in the Green River formation
and include such plant remains as bacteria, fungi, algae,
fern spores, and pollen and such animzl remains as protozoans,
crustaceans aend fruogments of insects, These ares known
primarily_from the oil shales, Larger fossils are commonly
represented by small crustzuceans, called ostracoﬁs, which ih
favorazble shallow-water environments flourished to such an
extent as to form beds of limestone, Snails were abundant,

especially the genus Goniobasis, and some shallow-water beds

are made up largely of their remains., .Reef-building algae,
which differ from the micro-algae, flourished in wurm

shellow waters., Larvce of aquatic insects were also abundant.
A great variety of fish inhsbited the like and the beautifully
preserved afticulate skeletons huve been quarried for many
years, especially in the Fossil arez, The shore enviromment
and the fluviatile environment were the habitats of turtles,
crocodiles and insects, Rich mammalian faunas are known from

the fluviatile equivalents of the Green River formution,




Relation of Facies to Distribution,gi 0il Shales

Bradley's detailed studies of.the.lithology of the
Green River formation pertaining to the occurrence of algal
limestones, oolites and vurlous fossils, as well as the physical
and chemical structure of the sediments, such as lamination, mud
cracks and shale breccias,‘have revealed mﬁch regarding the
environment under which the deposits accumulated and the deposi-
tional history of the formation (Ref%gaﬁ). |

These relaztionships are of direct interest in that the
occurrcnce of certain lithologic tyvpes and structural features
are related to barren shore facies which were unsuitable for the
formation of oil shales. Other characteristics tend to indicate
deposition in shallow water or in near-shore areas vhere the
occurrence of appreciable thicknesses of rich shale are unlikely.
Thus, even though assay data are lacking in many areas, certuin
valid inferences and assumptions can be made with regard to the
occurrence and distribution of o0il shales,

The remarkable regularity and persistence of rich oil shale
beds in the central parts of the depositional basin and the varved
'sequences of thin laminae make it seem likely that they were formed
in a lake deep enough for thermal stratification of its waters to
persist for sufficiently long periods of time to allow putrifica-
-tibn of organic matier in its cool stagnant depths.,

Deposits along the shore line of‘the lzke basin are character-
ized by courser sediments, including sandstones, silts and silty
shales and by the occurrence of algal reefs, oolitic limestones,

ostracods and shell marls., Similar sediments characterize the




basal member of the formation. Algal reefs and oolites formed

at relatively shallow depths along the shore line where fresh
water containing considerable lime was present, These conditions
were distinetly unfavorable for the formation of oil shale Which
requires stagnant water conditions for putrification of organic
matter to take place, It is significant that oil shale 1s
practically absent in the basal member, the shore facies and other
sections containing élg&l deposits, and that such few beds as do
occur are thin and extremely lean,

Mud cracks, mud curls and well preserved inseet larvae on
the surface of shale beds formed during temporary expdsuresof
the lake bottom at low-water stages. Lenticular shale beds
appesr to be related to shallow water conditions and some appear
to have formed in residual ponds during withdrawal of water from
portions of the lake,

Glauberiteqtrona and other salts, occurring in disseminated
crystals, in beds or in lenses, formed when extremely saline water
coiditions built up during low-water stares or during periods when
th§ lzke had no outlet and evaporation balanced precipitation,

The occurrence of lenticular shale beds or oil shales
associated with mud cracks, mud curls and soluble salts in the
se#tion are not alone indicative of lack of rich beds averaging
'ovér 15 gallons per ton. They are indicative, however, of fluctu-
ating lake conditions and although a few thin rich shales are
noted in such sections, there are extreme variations in the
thickness, richness and distribution of the oil shale beds, The
occurrence of silty shales, silts or sands in the same section

would suggest proximity to the shore line, and corresponding




decreases in thickness and fichness mayvy be expected,

The occurrence of sandstones, silts and silty shales in oil
shale-bearing sections is generally indicative of barren to low-
grade shales and of proximity to the shore line, In some instunces,
thin persistent sandstones occur interbedded with persistent rich
shales, As these sundstones increase in thickness and number
toward the shore line, corresponding decreuses in richness and
thickness of the o0il shales may be expected.

The lithology of the Green River formation is typically one
of changing facies., Contemporcneously with the formation of oil
shales in the central part of the lake, streams were depositing
sands and silts along'the shores of the lake, Some students of
the problem consider that all the lake deposits comprising thé
G:een River formaotion are somewhere represented by_fluvial deposits
of sand, mudstone and shele and that the Green River formation is,
in effect, a lens of lake beds enclosed by stream deposits of the
Wasatch and of the Bridger. |

r Many gradations in lithology may occur between the shore line
and the deep part of the lake basin. Starting at the shore line
anﬁ progressing basinﬁard are coarse sands, silts and silty shales
which are in association with algal limestones ‘in the shellow
wa%er slightly offshore. Basinward, the beds become finer grained
and contain silty shales, nearly barren shales and thin beds of
saﬁdstona, and grade into sections containing thin oil shale beds
ﬁhich increase in richness and thickness toward the center of
the lake basin.

During continued periods of stabilized conditions when the

equilibrium of the lake was not upset by major fluctuutions in




water level or by influxes of sand and silt from the shore line,
or in other ways, thick sequences of rich shale were formed in
the central portion of the leke basin, During initial stages

of the cycle, formation of oil shales was limited to a small
area in the central portion of the besin but as deposition
continued, succeedingly higher zones of oil shele expanded
areally towerd the mergins of the leke basin, and during periods
of sustained stzbility and equilibrium; widespread deposits of
shale extended outward toward the margins of the lake., As a result,
the base of an oil shale zone is often an interfingering contact
which crosses time lines,

This upwvard and outward expansion of the oil shale zones
toward the margins of the basin continued until the environment
suitable Tor oil shale denositior was upset by influxes of sand
and fresh water from the margins of the lake, by variations in
water level, or in other ways.‘ At the same time, deposition of
rich shale beds was restricted to the central portion of the lake
‘basin and zones of sand, silt and barren to low-grade sheales
were deposited shorevard.

If these fluctuations were the result of low-iater stares
of the lake, mud cracks and mud curls may have formed and fly
larvae may have accumulated on the exposed portions of the lake
'bottom,‘whilé lenticular shale bodies may have formed in residual
ponés, Shale breccias, and salt crystals may have formed in the
shzllow water of the leke, As conditions aguain becume favorable;
widespread deposition of oil shales may heve again been resumed
until the stable conditions were «pain upset by various factors,

In general, the thick continuous secuences of oil shele beds

of relatively uniforn richness vere deposited under long-continued




static conditions in the lske., On the other hand, sections
containing alternating: beds of burren, lean and rich shale beds

which show considerable variation in distribution and richness

were Tormed under fluctuating conditions,




3. Straticraphy

a, Introductiqn.- The stratigraphy of the Green River
formation involves an understanding of the lateral changes
within the formation, such as differences in lithology, in
thickness, and in terminology. The relations of the indivi-
dual units to older and younger units are also considered.
The chart showing stratigraphic relations (Exhibit ) will
be found to beiﬁsefui,adjunct to the written discussion,

The nemes of the Eocene Tformations of southwestern
Wyoming wviere given in the early days and the Vasatch, the
Green River and the Bridger were named by Hayden in 1869,
During the last 30 years, as more detailed studies were
undertaken, it became necessary to apply formal names to
minor striotigravhic units, «nd such tongues and members
as Tipton, Cathedral Bluffs, Laney, Morrow Creel and others
have been named.

The oldest Eocene formation, the Wasatch, rests
unconformably above rocks ranging in age from pre-Cambrian
to Paleocene. Fluviatile deposits make up the entire
formation and it is characterized by conglomerctes, sandstones
énd clays, predominatly red in color, which may be as much
as 5,000 feet thick. In the Great D{vide Basin and the
Washakie Basin, where the Waceteh is split by the Tipton
tongue of the Green River, the neme Hiawatha member hg? been
used for the lower, or main, part of the Wasatch and the
upper part has been named the Cethedral Bluffs tongue, The
name Hiawatha member hes not found universal usage and many

geologists still refer to this part of the formction simply




ag Vasatehes The Cothedral Bluffs tongue of the VWasatch
is made up of brightly colored clays and sandstones of
fluviatile origin, It ranges in thickness from a feather-
edge to as much as 1;500 feet or, in other words, the
Laney member and the Tipton tongue of the Green River may
be separated by as much as 1,500 feet of Cathedral Bluffs
beds in some places, and in other places the Laney may
rest directly on the Tipton,

Along ﬁhe western mergin of the Green River Basin,
along the boundary of the Overthrust Belt, the Wasatch
ranks as & group, with the basal formaztion known es‘the
Almy and the upper one as the Knisght, The Almy is primarily
e conglomerate and the Knight comﬁrises finer-grained reddish
cleys and sandstones, A fluviatile tongue which penetrates
the Green River formetion on the northwest margin of the
Green River Basin recently has been named the New Fork
tongue of the Wasateh (Ref, 10 , p. 64): It 1s the lithologic

equivalent of the Cathedresl Bluffs tongue elsewhere,
The Green River formation coﬁstitutes the licustrine

beds of early EZocene are and the total thickness, where

the formotion is well-developed, may be as gréat as 2,000
feet, Over large parts of southwestern VWyoming, it is
divisible into a basal unit, the Tipton tongue, which is
overlzin by the Cathedral Bluffs tongue of the Wasatch,
Ordinarily the Tipton rests on the Wasatch, but in a few

rare instuances overlaps the Wasatch and rests on older rocks
as in sec., 25, T. 22 N., R, 115 W., where it rests on Jurassic

~rocks, The remcining upper part of the Green River formation
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comprises vhe Laney shale at the buse, the Tover sandstione
next above and the Lorrow Creel: member at the tob. Along
the west side of the Rock Springs uplift the Cathedral Bluffs
tongue is lacking and there the Tipton is directly overlain
by the Laney. Along the northviest margin of the Green River
Basin, a lacustrine unit within the Wasuteh which probably
representsAthe Tipton has recently been named the Fontenelle
member of the Green River (Ref. ___, De 63),
The Lsney shale occurs in &ll the basins and retains the samg
name everywhere., The Tower sandstone, next above the Laney
in the area about the town of Green River, is a local deposit
restricted to the southeastern part of the Green River Basin
and to parts of the Washakie Basin, Where the Tower sand-
stone is lacking, the Morrow Creek members resis directly
on the Laney, The liorrow Creek dis widely distributed and
retains the same name throughout its extent, 0il shales are
present only in the Tipton and in the Leney members of the
Green River, |
The Bridger formation, a sequence of fluviatile beds of

fiddle Eocene age, overlies the Green River, or in rare
1océlities vwhere no lacustrine beds are present, may overlie
the Wassteh, In the central part of the Green River Basin,
as shown by deep wells, the Bridger is necrly 2,000 feet
‘thick. The formation 1s cheracteristically made up of sombre
gray and ten clays and éands. A great pert of the Bridger
is made up of materisl of volcanic origin, part of which
accunulzted as ash-falls and part was transported and redepos-
ited by streams., The name Blacks Fork member for the lower

part of the Bridger and Twin Buttes menber for the upper
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purt have been proposed but are rarely used except by
vertebrate paleontologiste,

It should be emphasized that the Tormations here described
are lithologic units and not time units. Parts of the Wasatch
are contemporaneous with parts of the Green River, and ?arts
of the Green River are contemporaneous with parts of the
Bridger.,

The discussion of the units making up the Green River
which follows, treats them from oldest to youngest,

Tipton toncue.- The type locality of the Tipton tongue

is immediately south of Tipton station on the north flank of
the Wasakie Basin, Iﬁ was originally named by Schultz in

1920 (Ref._lb ) who described it as consisting of "whitish
shzles, clays and sandstones" with an oolitic limestone £0-50
feet thick newur the bsse, A tiickness of from 200 to 250

Teet wes given for the unit, Brudley (Ref,_( ) has more
recently given the thickness in this area as 350 feet and
states that the Tipton is made up primarily of "soft, brown,
papery, varved orgunic shale end lovi-grade oil shale, in
which somewhat harder beds of gray, Tlaky marlstone and

thin, regular beds of brovm limy sandstone are interbedded",
The Tiﬁton retains ¢ thickness of sbout 350 feet to the
southwest of the type locality, slong the west flank of the
Washakie Busin, to secs, 5 and 6, Ts 15 Ns, Re 100 W, Farther
south the sandstone beds become thicker ané more numerous and
beds of greenish-gray shale and grey mudstone replace much

of the papery shile. Schultz (Ref. lb ) has described "great
escarpments of yellovw sandstone, zbout 200 feet high, contain-

ing a small amount of conglomerate" along Cznyon Creek,in




‘about Te 12 N., Rs, 101 and 102 W, Within a few miles to

the south, towarcd the Uinte Mountains, the size of the boulders
increases to as mueh as two feet in diasmeter, vThe change

from fissile and papery shales at the north to sandsiones

and conglomerates toward the Uinta Mountains indicates the
transition from off-shore to near-shore to shore and fluviatile
environments,

West and northwest of this area, however, oil shales
reappear in the section, In sec, 15, T, 12 N., R. 102 W,
(Locality 34) a section measured by
(Ref..___) shovis the-Tipton to be made up predominantly of
sendstone, but a few beds of papery shule end low-grade
oil shzle are presgnt. The thickness of the Tipton is given
as 509 feet, Thigighales persist on to the nortqf%est and
were sampled by winchester in Te 13 N., Rs. 103 and 10« W,

(Localities 32 ¢nd 33).
Along the southwest margin of the Washakie Basin, the

Tipton maintains a thickness comparable to that along the
b
northern part of the ﬁasin and the lithology is similar,

South of the Wyoming border, at Locality 35, it is 385 feet

thick and is madé up of an upper part which is predopinantly
séndstbne with sandy shales and low-grade oil shales, and a

lower part composed mainly of shale, some beds being papery

low-grade oil shales, About 10 miles farther south; at

Loczlity 36, it has thinned to 227 feet, where it is made

up mainly of sandstone ¥ith beds of carbonaceous shale
carrying abundant plant fragments, The Tipton cannot be

recognized south of T. 10 N., R. 100 W,




- From Tipton station, along the east side of the Basin;/
the Tipton retains a thickness of about 350 feet to T. 16 N.,
R. 92 W., where 1t begins to thin noticeably through replace-
ment of the lower part by Wasatch beds and of the upper part
by Cathedral Bluffs beds. In the northern part of T. 14 N.,
R. 92 W., it has thinned to 115 feet, Farther south, in the
southern part of T, 14 N,, R. 91 W., the Tipton is made up
mainly of regular beds of light-gray well-sorted cross-
bedded sandstone with thin beds of sandy shale and carbonaceous
shale, This local sandy phaée appaerently marks the site of
the mouth of a stream which entered the lake from the east,
South of this point the Tipton continues to thin but
changes to a papery shale phase, In T. 13 N., R. 91 W. the
Tipton is entirely papery shale anﬁ“is~?51feet thick. A
constant thickness of 75 feet is retained for some distance
to the west, on the southeest margin of the basin, but the
shales become carbonaceous and sandy and the Tipton loses
its identity in sec. 4, T. 12 N., R. 93 W.

On the east side of the Green River Bugin, the Tipton
is well deﬁeloped in the vicinity of the town of Green
River, where it shows the greatest amount of oil shale,
but changes strikingly both north and south from that
area., East of the town of Green River, along Bitter Creek,
at the southern end of White Mountain (Locality 3), the
Tipton is about 150 feet thick and is directly overlain
by the Laney. The lower half is made up of an alternation

of beds of sandstone, limestone and shale. The upper part




is primarily shale and shows thin beds of papery shale
alternating with thicker beds of lean to barren flaky to
papery shale, Near the top of the Tipton in this area there
is a persistent zone of relatively rich shale, composed of
thin rich massive shales interbedded with somewhat thicker
beds of paper shale,

Northward from this ares, along the east face of White
Mountain, a persistent limestone unit makes its appeursznce
at the base of the Tipton in the southern part of T, 21 N.;
R, 105 W, This limestone is oolitic and is characterized
by abundant ostracode shells with scarcer snail shells and
fresh-water clam shells, North_of this point the fissile
shales which are so characteristic east of the town of
Green River begin to give way to fine-grained even-bedded
sandstones and still farther north these are replaced by
massive cross-bedded coarse-grained sandstones, locally
conglomeratic, which suggest stream-channel deposits. The
change in lithology from near the town of Green River to
the area north of the Rock Springs uplift indicates a change
from the off-shore to the near-shore and shoré environments,
It is pertinent to note also that in T. 24 N., R. 104 W,, the
Tipton and the Laney are separzted by the wedge-edge of the

Cathdral Bluffs tongue, and that the fluviatile deposits
characterizing that tongﬁe become more conspicuous to the
northward and eastward,

The sandy facies of the Tipton characterizes the region
north of the Rdck Springs uplift, and at Localities 17-21 the

tongue is made up principally of s:ndstone and limestone,




To the east of a line joining Localities 20 and 21, the
sandy character is lost and the Tipton is made up of finely
leminated shales, ostracodal limestones, algal limestones
and oolitic limestones, as at Locality 25. East of locality
25, the Tipton extends for an unknown distance, The area
has never been mapped in deﬁail, nor have stratigraphio
sections been measured, but geologists of the subcontractor
have personal knowledge of the wide distribution of
ogtracodal limecstones through the northern part of the
Great Divide Basin which suggests that the near-shore
environment was widespread throuéh this area during Tiptog
deposition.

South of Bitter Creek the Tipton persists for about
15 miles but loses its identity south of T, 16 N.,, R. 106 W,
In Te 17 N., R, 106 W. (Locality 10) it is 324 feet thick
and as along Bitter Creek 1is made-up'principally of shale,
but there are thin sandstones in the upper p:rt. Here
the zone of richest shale lies about 114 feet below the
top and is about 16 feet thick. The o0il shales of the
Tipton are discussed at greater length in the section
dealingAwith the east flank of the Green River Basin,

Sd far as known, the Tipton is lacking eround the
northern margin of the Green River Basin, but it appears inv
the southern part of T. 29 N.,'R._lll W., and extends south=-
ward along the west marsin of the basin for a distance of
about 100 miles, thinning out again in T. 15 N., R. 117 W,
Thé U. S. Geological Survey (Ref, __ ) indicates thet through-
out this area the Tipton is seperated from the Lcney by the

Cathedral Bluffs tonzue of the Wasatch, with the exception




of a few places in and adjacent to T 25 N., R. 112 W.;
where it is overlain by the Laney member, Conversely;
Donovan (Ref. ___), in discussing the stratigraphy of the
Green River formation in the are: about the point where
Sweetwater, Lincoln and Sublette counties adjoin in T. 26 N.;
R, 111 W., states that in this region the Tipton, which he
calls the Fontenelle member of the Green River, rests on
the Laney but that north of sec, 14, T, 28 N,, R. 111 W.,
the Tipton and Laney are separated by e fluviatile tongue
which Donovan has called the New Fork tongue of the Wasatch.
Regardless of this discrepancy, the lithology of the Tipton
of this region shows an elternation of buff-brovn sand-
stones and green and gray mudstones. The sendstones are
strongly cross-bedded and there are thin local pebbdble
conglomerates necr the top of the unit, The lithologic
character suggests shore-line dclta deposition and the unit

appears to be devoid of organic shales,




Laney shale member.- The Laney shale member of the Green River

formation was named by Schultz (Ref.__ ) from the Laney Rim on the
north flank of the Washakie Basin, Along the northern part of the
basin, in the type region, and along the western nargin of the
basin, the Laney is between 400 and 500 feet thick and is made up
principally of buff marlstone and limy mudstone and light-gray to
brovn shale, The middle part of the formation contains a consider-
able amount of papery lov-grade oil shale and a few beds of moderately
rich shale, Certain 1ayerslin the Laney which are now altered to
lthe mineral analcite, a hydrous sodium aluminum metasilicate,
probably originated as layers of volecanic ash. Analcite layers

are found in the Laney throughout the Washskle Basin, as are thin
oolites and algal limestone layers, especially in the lower part

of the unit,

j‘ On the eastern margin and along the Wyoming-Colorado border,
the Laney contains much less organic matter and the shales are
sofﬁer and mofe nearly mudstones. Locally, however, verved organie
maffstone and low-grade oil shale.are present, particularly in the
areajalong the Colorado-Wyoming border.

- Tn the Sand Wash Basin the Laney shale makes up the major part
of the Green River formation., In the area south of the wedge-edge
of the Tipton, the Laney rests directly on the Wasatch. The
thickness ranges from 1,100 to 1,200 feet, which is considerably
greaier than the thickness of the Laney in the Green River arec.
This discrepancy is‘explained by the fact that the beds called
Laney in this area actually include equivalents of the Tower sand -

stone and the Morrow Creek at the top, since in the Sand Wash Basin



the so-called Laney is directly overlain by the Bridger, Lithologi-
cally, the member may be divided into three units, as indicated by
the section south of Lookout Mountain (Locality 38). The lower
250 feet is characterized by limy sediments including limy shales
and thin crystaelline, algzl, and oolitic limestones. The middle
500 feet is predominantly shale, much of which is classed as low-
grade oil shale, A few thin ostracodal limestones and shall marls
lie within the shales. The upper 450 feet is about half sanustone
and half clay shale, Interspersed there are thin beds of limestone
made up mainly of snail shells or of ostracode shells, A conglomerate
in the upper part of the Laney on the west side of the basin suggests
deposition fairly close to the source., In the southeast part of the
basin thin coal beds lie in the lower part of the formation and
many beds contein abundent coalified plant remzins,

' The lithologiec features of ihe Laney through the Washakie Basin

suggest that a great part‘of the unit was deposited in shallow

near}shore waters and Tor that reason the shales are relatively low
in o}ganic matter. Most of the beds which can be classed as oil
shalé arc low grade, although a few beds of moderately rich shale
haveébeen noted in the northern part of the region.

| The Laney is conspicuously exposed in the area about the town
of green River and outcrops both to the north and to the south as a
broaﬁ belt on the east flénk of the Green River Basin. Near the
towﬁ; the Lahey is about 750 fect thick and is made up principally
of finely laminated shale, with thin interbeds of sendstone and
linestone, resting directly on the Tiptoh member. The entire unit

weathers to a conspicuous bluish-white color, The fissile shales
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of the Laney in this area are of many sorts but mey be divided
into barren shales and oil shales, The barren shales are commonly
gray in color and many of them are sandy. The o0ll shales are dark
in color and vary from tough, hard and-maséive to papery. They
range from lean to rich, but the rich shales are generally thin.
Some of the richer shales are strikingly lenticular in character,
Barren shales and oil shales are interspersed throughout the section,
Some of the oil shales show casts of salt crystals, In the area
about the towvn of Green River; at the top of the Laney, and just
below the overlying Tower sandstone is a well-defined zone of _
0il shale, herein called the ﬁbper Ianey oil shale zone, which has
been treced for a considerable distance southward along the valley
of %tkel|CGreen River,

. Not far to the north, in T, 19 N., R. 107 W, (Locality 1),
the Lsncy conteins a mhch.larger proportion of sandstone then it
does around the town of Green River, but the overall thickness
appéars to remein thé same, Farther north, however, there is
’ markéd thinning, In the southwestern part of Te 24 N., Re 104 V.,
it has thinned to 2.0 feet, Northward thinning persists end the
Cathedral Bluffs tongue ic introduced between the Tipton and the
Laney in this‘same tovnship. Farther north green claystone mckes
up a major part of the Laney and finally, in sec. 3, Te 25 Ny
Re i02 W,, the Laney merges with the fluviatile sediments of the
Caéhed rol Bluffs,

Little is known of the Laney along the north margin of the
Green River Basin, but in the northwestern pert it hes been

differentinteéd and mopped by Donovan (Ref. )e Here it is much



thinner than in the rogion about the townuof Green River but
lithologicelly it is very similar, being composed of marlstones,
shales and oil shales which weather to the characteristic bluish-
whité color, The maximum thickness is 131 feet in T, 25 N.,
R, 112 W, Not far to the west, in T. 24 N,, R. 112 W., the Laney
has thinned to the point where 1t i1s not definitely recognizable,
Farther north, in T, 29 N., R. 110 ¥/,, the basz1l member 1is ah algal
limestone 40 to 50 feet thick suggesting near-shore shallow water
deposition. The overlying bedé are platy siltstones, thin-bedded
shales and oil shales, The thinness of the Laney in this region
and the presence of algal limestone suggest that the Green River
lake did not extend far beyond this area,

In the southwestern part of the Green River Bacin, in T 14 Neyp
R, 117 h., east of Evanston, the entire Green River is but 300
feet thick. The lower part of the Green River here is probubly
the Laney ecuivalent and is made up of white-weathering merlstones
and shales with thin beds of sandstone and limestone. It is of
interest to note that basinward the Green River thicknses from
SOO-ieet here to over 1,500 fect in the Church Buttes field 30

milés to the east,



Tower sandstone lentil.- The Tower sandstone is a local sande

stone unit which is conspicuous in "The Towers™ near the town

of Green River and southward along the Green River valley and
along the western margin of the VWoshakie Basin, The contact bf
the Tower with the underlying Laney shale in the Green River area
is peculiar. The shales irmediately below the Tower are strikingly
contorted in an undulatory fashion with the contortion dying out
dovnward below the contact, The sharp contact of the shale with
the overlying sandstone is likewise contorted and there are dike-
like extensions of sandstone penetrating the Laney shale., Rude-
bedding in the lower part of the Tower suggests that 1t, too, is
- strongly contorted iﬁ the lower part, This contortion may be a
feature of sub-aquesous gliding, or subsolifluction, developed
through the slumping of deltaic deposits,

The Tower is & brovn resistant massive cross~bedded medium-
to coarse-grained sandstone about 250 feet thick. Southward it
pers&sts as a distinctive unit in the cliffs bordering Epé>Green
Rivei until it passes under wster level not far north of the W&oming-
Utahiborder. Northward along the west side of the Rock Springs
uplift, the Tower sandstone is replaced by beds of Morrow Creek
lithblogy end finally loses its identity along the northern part
of the uplift. The Tower has not been recognized in wells drilled
in tie central part of the Green River Basin,

.On the western margin of the Washakie Basin, the Tower seems
to represent a complex widespread system of chaznnel sandstones.
The channel sandstones are 50 to 75 feet thick and from 150 to

300 feet wide, The Tower sandstone can not be recognized in the



- $¥» ke eastern and southern parts of the basin, but it may be
represented by one of the numerous sandstones in the upper part
of the Green River in those areas,

Morrow Creek member,-The youngest and uppermost member of the

Green River is the Morrow Creek member. The name Morrow Creek
was applﬁed to exposures of ladustrine plant-bearing beds nofth
of the Rock Springs uplift. In the type region it rests on the
Laney shale or, where the Laney has been replaced by fluviatile
beds, it rests on the Cathedral Bluffs, It consists of about 500
feet of buff sandy limestones and buff sandstones which are poorly
bedded., Sorie thin light-brovn paper sheales and algal limestones
lie within the member. Serte thin beds of low-grade oil shole lie
within the paper shale units. Farther north, near the Wind River
Range, the Morrow Creek thins and changes to Bridger lithology so
that it is no longer rccosnizable,

"The Morrow Creek extends southwerd along the east flank of the
Gree@ River Basin to White lountain and to the region about the
town of Green River, where it is 600 feet thick, In this zarea and
soutﬁward along Ehéﬁ@reen River valley the lorrow Creek lies above
the'Tower sandstone,

'EIn the northwestern part of the Green River Basin, the Movwor
Creey rests on the Laney and is ruch thinner than in the area
arduhd the town of Green River, It couprises buff and brovn sand-
stones, shales, clays, rudstones and limestones and grades upward
into the Bridger in such a fushion that the two are not recdily

differentiaced.



In the Washakie Basin, where the Tower sandstone is present
along the western margin, the Morrow Creek may be readily
differenticted from the lower beds of the Green River and in this
region the member is about 300 feet thick, It consists of buff
platy marlstones anéd brovn silty sandstones ﬁith interspersed
beds of soft laminated organic shale and pepery low-grade oil shale,
mainly in the lower part, To the east and south the Morrow Cresek
is diffTicult to separate from the lLaney and is represented at the
.top of the beds called Laney at Lookout Mountain (Locality 37) and
thfoﬁgh the Sand Wash Basin to the south (Exhibit I

Green River formation of the Fossil aren.- The Green River

formation of the Fossil area is not subject to subdivision,intov

the Green River units‘reco;nized elseﬁhere. Bradley (Refa;l_)
believes it to have been deposited in 2 sepafate lake, In the buttes
near Fossil the contact with the subjacent red shales of the Knight
(Wasateh) is sherp, About 200 feet of Green River is exposed and

is made up mainly of sandstones and sandy shales, The becsel 80 feet
iS“p}imarily sandstone but next above is a 65-foot shale unit which
contéins thin beds of hsrd brovn rich shale snd thin-~bedded lean
shal;s, with interbeds of sandstone, The upper part of the section
of shely sandstone. These beds mey represent the Tipton tongzue,
sinﬁé they 1ié just @«bove the Knight, but'iﬁig is ro other evidence -

to support such & correl=tion,



(Tertiary
head )

Composition and Character of 0il Shales

Bradley (Ref.___ ) defines oil shale as "ea fine-grained
sedimentery rock containing‘orgunic matter which was derived
chiefly from aquatic organisms or waxy spores and pollen grains,
which is only slightly soluble in ordinary petroleum solvents;
and of which a lerge proportion is distillzble into artificial
petroleum,”

Technically, most oil shales are not shales and do not
contain oil., Actually, they are marlstones which give up
only small amounts of oil in solvents and yield oil principally
on destructive distillation., A& few of the oil shales, however,
are true shales.

The marlstones and most of the oil shales of the Green
River formation are’impure fine-grained calcareous sedimentary
rocks containing up to 50'percent‘organic matter, Thé inorganic
constituents are predominantly dolomite and calcite with varying
amounts of clay minerals and soluble salts and small gmounts of
volcanic ash, chert and pyrite. The organic mattef is of twio
types; one is massive and structureless, end is the mstrix
of the other which has a definite form and consists of organisms
or fragments of them.

The amount of organic matter present controls the color
of the oil shales, On fresh surfaces, rich shales grade from

grayish-brown to brown to jet black and display a dull to
waxy or satiny luster. On weathered surfeces, most rich oil
shale beds have a distinctive light bluish-gray to bluish
cplor. The presence of a thin white residual film of mineral

constituents over the dark organic matter lends the bluish fint.



Lean oil shale beds are usually light gray, brownish gray,
buff and generally weather light brown or gray,

For the most part, the oil shales are thin-bedded and

regularly bedded,
lMany oil shales are finely laminated, containing thousands

of separate luminae ranging from paper~thinness to about %Xinch
thick, This lemination is due to zlternating layers rich and
lean in orgonie matter. In some beds, the laminations form a
rhythmie varve-type sequence but in others they are unsystematic.

The organic matter in some lean to rich shale beds is
homogeneously distributed through the rock and lamination is
generally obscure. Rich shales of this type are brown or
black to jet black with a high lustre and tend to have a sub-
concoidal fracture, Thinly laminated beds which weather into
masses of pzper-thin flexible sheets are known as "paper shales",
These "paper shales™ are generally deeply weathefed, whereas
in the more massive beds, the apparent zone of weathering is
shallow,

All gradations in physical character, richness and color-
ation may exist in individual beds or groups of beds., Not all
0il shale beds are as evenly bedded and laminated as those
described ebove. Some are exceedingly irregular in thickness;
distribution and structure. Some lenses of rich oil shale
cften occur in relatively thick units of lean shale and taper
off to thin but well-defined edges.,

Lud éracks, mud curls end fly larvae which occur in sonme

of the oil shale beds are regarded as representative of



6, Occurrence of oil, gas, waver, znd saline brines

A review of the occurrences of{éruéé}petroleum, natural
ges, and saline brines as well as potzble water has been
made to determine the relative abundance of these mzterials,
their distribution, and their possible effect upon any contem-
plated mining operations conducted for the recovery of oil
shale as a raw naterial, No wells drilled in this area have
found[éru%é}petroleum in the Green River form:tion but minor
showings of natural gas héve been encountered., Non-commercial
quantities of methane gas have heen encountered in the shaft
of the Wesivaco Chlorine Products Company at depths of 1,000
feet.

Saline brines are present in the Green River formation
and have been encountered in wells drilled in the vicinity

the toun of (Ref. 14),
of Iden,,Green Rivegﬁg%ﬁ%iega Westvaco, Granger, and in the
Church Buttes erez, The saline brines consist predominantly
of sodium csarbonate snd sodium bicarbonate ranging in concen-
tration from 20,000 to 75,000 parts per million toteal dissolved
solids. The saline brines have been encountered at depths of
the town of

about 125 feet in the vieinity of, Green River (Btatien) on the
margin of the Green River Basin;‘at depths of 450 feet in the
Eden erea & slight distance out in the basing and at depths
1,200 feet plus inathe Westvaco and Church Buttes areas in
the deeper vortions of the Green River Basin., It appeurs
that the saline brines are associated with the oil shale-
bearing and the trona-bearing portions of thé Green River
formation, and that the occurrences of such brines is Teirly

widguﬁpreud in the basin, The yields of tl.ese wells encountering

the saline brines has not been large except in the Eden area



where flowing wells with & cupaci:y of 5,000 barrels per day
have been reporied, To du@%, only limited commercisl use
has been made of the brines,

Potable water has been scarce in the wells drilled in
the Green River Basin, The excention is the local occurrence
of potable water in sands of the Wasatech formution, such as
h«Te been encountered at the tovm of Green River and in the

vicinity of Eden.,



C. ELIMINATION OF AREAS NOT MEETING REQUIREMENTS OF SURVEY

Aa a result of this survey four areas in southwestern Wyoming
are deemed to meet or approach the minimum requirements for oil
shale reserve areas as set forth in this report. The four areas
are the Green River area centering around the town of Green River;
and three areas in the deepsr portion of the basin; namely Eden;

Westvaco, and Church Buttes,

A review of all data available indicates that the following

areas in southwestern Wyoming and northwestern Colorado should be

eliminated from consideration either because of lack of information

or because the available assey date or interpretation of geologie
data suggests that shales meeting the minimum requirements do

not exist, The eliminated areas are} the Washakie and Sand

Wash basins{/the Great Divide Basin{/fhe Fossil areaq Sublette
county areas{/fhe area between Big Piney and ﬁhe Utch-Wyoming
boundary; and much of the area in the central portion of the
basins whieh—gfé covered by the Bridger formation, The Washakie
~and Sand Wash basins lie south of the Union Pacific Railroad);n
southeastern Sweetwater County end southwestern Carbon County,
Wyoming; and 1n central Moffzt County, Colorado. The Great Divide
Basin lies north of the Union Pacific Railroad in Sweetvwater
County, and extends from near Vamsutter to the Wind River Range,
This area lies contiguous to the outcrop areas of Green River
»'férmation northwest of the Rock Springs uplift in Sublette County,
Wyoming, The Sublette County areas of Green River exposures are
in turn connected with those extending southward from Big Piney
toward Opal, Evanston, and the Utah-Wyoming boundery, and

extending through northwest Sweetwater County, eesstern Lincoln

County, and eastern Uinta County.
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The Fossil area lies west of Kemmerer and extends north and
south of the Oregon Short Line Railway.

The areas in the central portion of the basin covered by the
Bridger formation have been ingdequately tested by borings to
fully outline the potentialities of the covered end deeply
buried Green River formstion, The geologic mep Exhibit _ _,
accompanying this report best illustrates the exient of the
Bridger formation; and thus the amount of underlying Green River

; wells
formetion that is penetrat@i@éiﬁ?igya few tests,



(Seco?dary DESCRIPTION OF AREAS SELECTED FOR DETAILED RESERVE STUDY
head

The available information indiecates that within the Green
River Basin there are four areas which meet or approach the
ﬁinimum requirements of the survey. These are the Green River
area, which is a region of surface outcrops, the Eden area, the
Westvaco area, and the Church Buttes area. The last three
areas are in the central part of the Green River Basin where

‘the 0il shales lie at depths from 300 to 2,000 feet below the
~ surface,

{Tertiary The Green River area
head)

The Green River area is defined as the outcfop belt of
. the Green River formation along the eastern margin of the
Green River Basin extending southward from T. 24 N,, R, 104 W.,
- opposite the Eden area, to the Wyoming-Utah border. The town
- of Green River is centrally located in this belt of exposures
' and Green River flows through its southern part. That part of
the area near the town of Green River and south along Green

| River is herein referred to as Green River Valley., White

Mountain is a conspicuous cuesta made up of Green River beds

 extending 30 miles northward from the town of Green River, and
| that part of the general area lying north of the town is referred

to herein as the White Mountasin area,

Assay data perteining to the area are linited to 48 assayed
surface samples representing 14 localities. Because samplfing
was limited to selected beds; and was not continuous, the assay
. data do not afford a complete basis for the appraisal of the

reserves of the area,



OPTIONAL ADDITION

If added, should go at bottom of page 63 and constitute the
third paragraph under The Green River area, under DESCRIPTION
OF AREAS SELECTED F(R DETATIED RESERVE STUDY -

Not included in the 48 assays are four made on_random samples

of rich-appearing shales taken from talus in the SE% sec. 9,
To 18 No, Re 107 W,, about 0.8 mi. northwest of the town of
Green River.A The samples may represent one of the thin rich beds
of tThe middle Laney or may have come from the upper Laney and,
of course, have little value since nothing is known of the
thickness of the beds represented. Two samples assayed 32 gallons
per ton, one assayed 38 gallons per ton and one assayed 61e7

| gallons per ton. The last is the richest sample reported from

\ the @reen River area based on a reliable assay, :

|

‘b\{/ K. E. Sﬁan{\'a{A/ of 4he Rureau of Mines
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There are three main oil shale-bearing intervals in the
Green River area - - in the Tipton member, in the middle Laney,
and in the upper Laney., The Tipton o0il shale zone and the
upper Laney oil shale zone are most important.

Tipton oil shale gzone,- The Tipton outcrops as a narrow

north-south band along the east margin of White lMountain and
southward parallel to Green River Valley. The Tipton dies out
about 15 miles south of the tovm of Green River,

Data pertaining to 0il shale in the Tipton member are
scanty, Schram indicates that in the vicinity of the town of
Green River, (Locality 3) the upper pért of the Tipton carries
an apprecisble eamount of dil shale, Geoloéists of the sub-
contraotor observed that the lowest oil shale beds, 2 to 3
feet thick, lie 80 feet above the base and are separated by a
barren interval 42 feet thick from a higher interval made up
of 18 feet of paper shale and leaner shale in 3-foot beds over-
lain by 36 feet of paper shale with some thin rich seams.

Sehultz and Winchester reported 7 samples from Localities
9 and 10 southeast of the town of Green River. Relieble assay
data, however, are available only ot Locality 9; where 5
samples representing 21.6 feet of a 26,.,6-foot interval yiélded
an averaée of 15 gallons per ton. The highest yield was 19
gallons per ton for an 1ll.6-foot interval. The location of
the sample point as given by Winchester does not place it on
the Tipton outcrop, yet in the stratigraphic section it is
definitely stated that the samples were taken from the Tipton,
At nearby Locality 10, two samples representing 13.6 feet of

a 15.8-foot interval averaged 17.1l gzllons per ton,
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head )

Because the base of the section measured at Locallty 9
lies within the oil shale zone which gave an averare yield of
15 gallons per ton, and because there are no assay data to
limit the thickness of the 17 gsllon per ton shale at Locality
10, it is possible that in Tps. 17 and 18 N., R. 106 W., there
are oil shales in the Tipton of such quality and thickness
that they would meet the minimum requirements of thic survey,

In the section near the southcrn end of White Mountain
(Locality 2), the Tipton is quite sandy, and, as is whowm
in the discussion of the stratigraphy of the Tipton, it becomes

 progressively more sandy northward, Although thére are no

assays to support, the belief, it appears that there are no

" thick rich shales at Locality 2 or fartﬁer north in the

- White Mountzain area,

Midele Laney oil shale zone,- Thin but rich olil shales

- 1lie in the middle of the Laney shale member., These are

ETC N S P L SR

reported by Schrarm and were observed in the field by
geologists of the subcontractor. It was noted that these
shales are usually less than two feet tnick and are inter-
bedded with thicker intervals of lower grade papery to flaky
shale, In addition, they are very lenticular. In one area
southeast of the tovn of Green River a zone of lenticular

massive shale bodies was observed, some of which are more than

+ 5 feet in thickness and less than 10 feet in length. The

- shales in the middle Laney commonly contain glauberite salt

~crystal casts, Although many of the middle Laney oil sheales

appe.r to be rich, their thinness and non-persistence eliminate

- then from consideration,



¢uate§nary Upper Loney oil shale zones= In the upper part of the
head )

Laney, just below the Tower sandstone, is an oil shale zone
which can be recognized along Green River Valley from the town
of Green River southward almost to the Wyoming-Utah border,
Assays of 29 semples from this zone at 12 localities are
availsble, The zone is made up of oil sheles of varying nature
and thickness with interbedded sandstones,end renges in thickness
from 50 to 120 feet,

The best section representing continuous sampling is that
at Locality 6, where a 47-foot interval contalning 38 foet
of o0il shale was measured end sampled by geologists of the
subcontrsctor, At the top of the section, Jjust below the Tower

.sandstone, is 15 feet of papery shele and a sample of the lower
4 feet yielded 6.6 gellons per ton. A 13-foot shale next below
yielded an average of 17 gallons per ton, Next belows is a
barren 9-foot sandstone. The 21-foot shale section just below
the sandstone yilelded an average of 10.4 galloné per ton. The
yield of the best 25-foot interval includes the sandstone and
everaced 10,32 gallons per ton.

Scmples taken at 11 lecalities along Green River Valley
and reported by Winchester show that the rieﬁest shale yvielded
34 gallons per ton from a 2.6-foot intervael at Locality 15.

. Five samples assayed more then 20 gallons per ton from beds
ranging from 039 to 5.25 feet in thickness. Nine samples
gave yields ranging between 15 and 20 gallons per ton, but 21l
represented thin sampled intervals. In this group of assays,
5 sdmples esssyed 19 gallons per ton and represented intervals

ranging from 3 to 8 feet thick.




An analysis of the assesy data perteining to the 11
localities sampled by Winchester suggests that from 10 to 15
feet of the richer part of the upper Laney oil-shale zone will
yield about 15 gallons per ton and that a few thin beds, from
1 to 5 feet thick, will yield 25 to 35 gallons per ton,

In the southern part of Green River Valley, a single group

of beds in the upner Laney oil shale zone is exposed along the
valley for about 12 miles, in Tps, 13 and 14 N., R. 108 W.,
and Winchester (Ref, 22 pp. 168-169) and Schultz (Ref. JEL;
' pp. 52-53) nowved the chance in lithology and yield of the
group of beds from place to place, The intervael is made up of
- interbedded harder black rich shale snd softer brown leaner
shale, The total thickness is about 3 feet, In places the
~interval is predominently riech shele, in others it is mainly
- lean shale and in others shows an interbedding of the two
' types, Three samples from the interval, taken at different
' points by Winchester, showed yields of 19, 32 and 34 gallons
7;per ton, A fourth sample, reported by Schultz, gave a yield of
%7 gallons per ton,
| Because of the lack of continuous samples taken through
;the upper Laney oil chele zone, there are no places where the
‘data ihdiéate sheles which approach the minimum stundard of
'=:fichness and thickness set as the requirement of this survey,
| yet a study of the available data suggests thet some intervals

in the upper Laney oil shale zone might approach, or meet, the
‘minimm requirements if there were adecuate information avail-

able to allow thern to be diseriminated,



Even less inform:tion is available on the White Mountain

area, But one assay has been reported from this outcrop
belt over 30 miles in length, Bradley (Ref%__*; P. 127)
reports & yield of 35.5 gallons per ton from a thin bed in
the Leney at Locality 18, About 10 miles due‘west of the
White Llountain outcrop belt of the Laney, in the Eden erea,
about 360 feet ol o0il shale-becring secticn lies at a minimum
depth of about 330 feet, In some wells up to 45 feet of
section ylelds 25 mallons per ton or better, znd up to 262 feet
yield 15 gallons per ton, In view of the proximity of the
outecrop to the thick oil shale sections drilled in the Eden
area, it appears that fairly rich and fairly thick oil sheles
may be present in the outcrop belt. Because the evidence
sugrests that on the east flank of the Green River Bgsi%/
there is a decrease in richmess and thickness of the oil
shales from the basin toward the outerop, shales as rich

~and thick as those in the subsurface are not to be expected

in the outsrop,




2e Deep Basin ereas

Within the Green River structural basin numerous wells
have been drilled in the explorution for(é?ﬁQ§Xpetroleum,
natural gas, weter and trone., These tests QrégQidely Gistri-

buted but somewhat concentrated in three areaS} Eden, Weste-
vico, ond Church Buttes, in the central portions of the basin,
The geologic date obilained from these wvells in the form of
cores, samples, electricnl resistivity logs, and water analyses
together with the assey of samples fér oil yield revecl that

i1 shuales exist throughout much of the centrsl portion of
ihe basin.. A& comperison of the assays of samples of oil

shale from the deep basin arca withlthe assays of the surface

outerops indicates that 0il shzle from the basin area mey be

thicker and may have bigher o0il yields than the surface.
exposurcs of-conpurable rock units, Continucus sections of
oil shale-bearing Green River formstion up to feet thick
have been encountered in the besin areas, ond the yields in
these gections have ranged from to gallons per
teported

ton, OSurface sgections nearby have (k2] either no,0il shule,
es in the case of the outcrops adjmcent to the kden cre:, or
havelg;% lesser thicknessei)as in tle casé of outcrops near
Green River in comp«rison to the Westvico areu, The sampling
of the exposed surface sections has been inadequ:te>hence the
above c¢cmparison mey not be valid,

Sufficient information from wells has been reviewed in
this survey to evaluscte the reserves of three spscific afeas

in the deep basin nortion of the Green River syncline, From



north to south these areas are the Eden area, the Westvaco
areu, and the Church Buttes area, The Eden area contains
primary and secondery reserves but the Westvaco and Church
Buttes area contain only secondary regserves as defined in
this survey. disheick

EDEN AREA as the area
The ercé [ro—be] described lender—the—nume—of Eden,lies in

Te 283 No, @and Ts 24 N., Rse 106 and 107 V., near Eden Post
0ffice, Sweetwater County, VWyoming, in the drainage of Scndy
Creek &as is shown on the attached map and graphic section
Exhibit __ .

Geological backeround.- Geologically the area is situated

on the east flank of the Green River Basin, and the rock units
rise gently at an average dip of 3° toward the southeast onto
the Rock Springs Uplift. The surface rocks are a part of

the Bridger formation, The oil shale-bearing units of the
Green River formation outcrop at the surface in a north-
south band acrdss T. 23 N., R. 105 W.; approximately seven
miles east of the Eden district.

The units present in the outcrop area include from base
upward-ig Wasatech formction, the Tipton member (£0-100 feet
thick), the Laney shale member 00 feet thick) and Morrow
Creek member (325 feet thick). The Green River is in turn
overlain by the Bridger, for which no accurate thickness is
available, These strata named above dip westwar& toward the
Eden areé and can be recognized in the wells which began in
the Bridger‘formation and penetrated the Green River formstion.

One test passed through the Green River formation into the

underlying Wasatch formction,.



VWell duta.- In the Eden ares John R. McDermott)of
Rock Springs, Wyoming drilled five wells in an attempt to
find commercial quantities of bedded trona at shallow depths,
The wells are shown on the geologic map Exhibit'___, and on
the Tabuletion Sheet Lxhibit ___, as Localities 4, B, C, D,
and E., The wells range in depth from 477 feet to 1,095 feet
and encountered an oil shale-bearing section approximately
360 feet thick, The area outlined by these wells embraces
approximately ten square miles in the northwest portion of
T. 23 Ne, R. 106 W,, Sweetwater County,‘Wyoming.

Samples from the five weils drilled in the Eden crea
were assayed for oil yield by the U. S. Bureau of Mines 01il
Shale Experiment Station in Laramie, Wyoming. A churt
prepaved based on-igi% data, and on date obtained from the
operato;,forms Exhibit ___ of this report. The chart illus-
trates graphically the location of the wells{/fhe correlation

of the geologic formztions present{/the correlation of yields
based on assay data{/énd the occurrence of saline brines in
these wells, Correlatable zones of 0il shale are indicated
by dashed lines on the chart., The overall thickness of oil

. the tor
shale is approximotely 360 feet andAlies betweeniﬁhé}depths
of 330 feet to 710 feet dependent upon the topography at the
‘well site. The oil shale zone contains shales which on &assay
yieldéd from O to 35 gallons per ton., Penetration is not
equal in all wells, and only one completely passed through

the Green River form:tion and into the underlying Wasatch

formatione.
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Exhibit ____ demonstrates the genercl correl:stion of
the individual oil shale zones encountcrcd in these wells but
it also demonstrates the extreme variability of yield within
the individual zones., The thickness of shale yielding an
average of twenty five gallons per ton or better varies
from 15 feet to 45 feet in individual wells within the short
distances between the vells, The thickness of shale yielding
an average of fifteen gallons per ton varies from 133 to 262
Tfeet in individual wells which is somewhzt more constant than
for the richer‘shales. In ordér to more clearly show: the
relationships existing between the wells in terms of thick-
ness of shales of veryving yields the attached tabulation

has been prepared.

The method of sampling the drilled formations in these
tests was by collecting cuttings from the diteh circulating
the drilling fluid. In the Eden cre: brines rich in sodium
carbonste-and bicarbonate were encountered in the wells,
Trona, a highly soluble sesquicarbonate, is knowvn to occur
in layers and as disseminated crystals in oil shale else-
where in the Green River Basin and presumably occurs here
élsd. The removal of the disseminated carbonztes by the
drilling fluid may explain to a certsin extent the vuriability
in vield in individuel zones,., Assays of sumples from the
Eden area may indicsate greater thicknesses of any given yield
fhan actually exist becuuse of errutic distribution of
disseminated carboncte cfystals, and the entire or partial

rermoval of the same by the drilling fluid.
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Problems inherent to the Eden area

wells
TBchDermottAencountered no bédded trona deposits in the

Eden ares but encountered flovs of carbonate brines, The
flows of brine Wwe=ze) encountered in the wells locuted at
Loculities A, B, and D, at depths ranging from 477 feet to
515 feet were remarkably uniform in composition)containing
approximately 47,500 parts per million total dissolved solids,
and having a temperature of 570 F, The flowing yields of
these wells were revorted to be from 3,500 to 5,000 barrels
per duy. Associated with the carbonate brines both dissolved
and suspended orgunic matter related to the humie acid group.
was reported, Potable water from a depih of 765 to 1,065
feet was encountered in the Viesotch formotion at Locality A,
with & reported floving vield of the well of 17,000 barrels
per deye.

The recovery of oil shale in this erea by undersround
mining methods would be complicated by the large volunmes
of water encountered in the thrée wells, The water flows
lie both within and below the oil shale zones, and would
constitute a hazard to underground mining., The brines do
not appear to come from sandstone aquifers, but rather from

fractures in the oil shale sequence,
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b. Westvaco
iS{‘r\C*‘

Locitione- The aree %o—be] discussed Ec_meey—%he——mmxe-v
the Westvaco ééet;&ex lies along the Union Pacific Failroad
near the VWestvaco siding and includes roughly 2;. 18 eénd 19
N., Rs, 109 and 112 W., entirely within Sweetwater County,

Wyoming. The tovmsite of Granger lies within the areas

Geologicel background.~ The arec is gituated necr the

center of the Green River Basin and the rock units are
essentially flat-lying. The surface strata ere part of the
Bridger formution, underlain by the Green River and Wasatch
formations,.

At the nearest outecrops (east of the Westivaco area)
the Wasateh, Tipton, Laney and lorrow Creek units are
recognized,

Well data.; In the Westvaco area, trona, (N.CO3z Ngvgcos
2Ho0) a mineral widely used as a Tlux in the glass and
cercmic industry, was discovered in 1938 in the Mountain
Fuel Supply #1 Hay, Sec. 2, T. 18 N,, R. 110 W., drilled as
an exulor tion test for oil,

Subseaquent to the discovery the Union Pacific Railroad
drilled four exploratory test holes and the Potash Company
of fmerica drilled two exploratory test holes, The West-
vaco Chlorine Products Company has drilled one test and
sunk a shaft for recovery of this bédded trons on a
cormercial scale. Two additional wells, one for water, and
one =an oil and gas test have been drilled in the area.

The U. S, Burecu of lMines 011 Shzle Experiment Station

at Laramie, has assayed samples of oil shale from four of
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the above-mcntioned tests., The assay data reveal the
presence of o0il shale in varying amounts throughout an
interval of eapproximately 1,265 feet., The assay data are
sumcrized in grephic for Exhibit ___ + Locality numbers
correspond to those on the geologic map Fig. ____ &and the
tabulation sheet Ixhibit __ .

ared

011 shale is present in the Viestvaco &istrict between
bha depths of 500 feet and 2,000 feet, but due to insufficient
sample and assay data no one locality presents a continuous
section, The o0il shele is associated with bedded trona,
and disseminzated crystalgigg-the 0oil shale., The assay data
indiccte yields as high as 41,3 gallons per ton for thin |
zones (1' - 3') thick, but low yielding shales occur
immediately above and below the rich zones., No intervals
of 25 feet vielding an average of 25 gallons per ton were
reported; the greaztest thickness of rocks having this yield
was 9 feet, In genersl the shales vield 15 gallons per ton
or less,

The reserves for the Vestvaco area are all in the

secondary category as set forth by the reguirements of this

Survey.
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Problens inhercnt to the Westviaco area

The best o0ll shale zone in the Westvaco area lies at
an cpproximate depth of 1,200 feet below the surface, with
richer zones in the VWestvaco Chlorine Products Company shaft
lying «t a depth of 1,400 feet, Underground mining would
be necessary to recover the raw muteriel in this area
therefore, the presence of water in certain sands in the
area becomes of importance. Two fairly persistent water
bearing sands have been encountered in this area, one ateaéqﬁ“°4
about 850%£cé§£;e§$h, and one nezr the 1,100-foot depth.
The sands carry small flows of saline brines rich in sodium

‘ W hBVQ 4'0
carbonate and bicarbonate., Adequate provision saouldAbe

7

mpde in any mining plans(Tor hcndling these vatersy

The estimation of the reserves in the Westvabo area is
coriplicated by the high percentuse of trona occuring in
associction with the 0il shale both as thin layers and as
disseminated crystals., Brown (Ref. 2 ) believes thut at
the tize of formation and deposition of the rich oil shale
beds, the lake was supersaturated with sodium salts which
were in turn précipitated by any small change in environment.
This assumption is borne out by the cores recovered from
trona tests drilled by the Union Pacific Railway. A core
from Core test #3, sec, 31, T. 19 N., R. 109 W., between
1,400 and 1,410 feet, on the basis of visual estimutes
contained 26,.61% disseminsted trona crystals, The amount

of trona in individuzl thin beds ranges from 55 to 50%. The
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presence of this disgsemineted trona muat be considered
both in terms of calesulating yields, and in the problem
of removingz it from the shaole with which it is associuted

should be |
aftoesr the shale s mined,
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¢, Church Buttes area

Location.- The area encomyassing the wells drilled in
the Churchb Buttes gas field ui£§=be discussed as a district
under that name, The gas field lies in é;. 16 &nd 17 N.,
Rs, 112 and 113 VW., Sweetwater and Uinta Counties, \yoming,
and can be considered to include an area in excess of
fifteen square miles on the basis of present development,
The district lies south of the Union Pacific Railroad siding
of Church Buttes, and exust of ti#e Blacks Fork.River,

Geologic backeround.,- The district is situsted in the

southern portion of the Green River Basin, with the Bridger
formation outeropping at the surfuce. The area is remote
from any surface exposures of the oil shale-beuring portion
of the Green River formation, The rocks ére essentially
flat-lying, end no surface structure is visible,

Viell data.- Fnowledge of this area is based on a series
of deep gas wells drilled by the lMountaein Fuel Supply Companye.
The wells produce gos from the Cretaceous Cloverly formation
at depths ranging from 12;500 to 15,000 feet, Ten wells
have been corpleted anéd two ere currently drilling. The U.S
&s Burezu of liines 0il Shale Experiment Station at Lerumie,
has assayed semples of the oil shale zone from five of these
wells for o0il yield. The thickness assayed in theﬁ% wells
varied from 1,735 to 2,070 feet between depths of 1,200 end

3,500 feet,

AL comparison of the yield of the shales con be summarized
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in terms of thickness of ghole of v;iging yields, Two
wells, Mountain Fuel Supply i#5 Uniti?Mbuntain Fuel Supply
#6 Unit penetrated shale 22 feet znd 12 feet thick respectively
which assuyed 25 gallons per ton, Four wells at Localities
0, P, Q, and R penetrated sections of oil shale which
yielded 15 gallons per ton on assey, The thickest section
yielding 15 gallons per ton is 189 feet at Locality 6; and
the thinnest section yielding 15 gallons per ton is 85 feét
at Locality Re A test at Locality S had no shele which
yielded 15 gzllons per ton on assay. The best 25-foot section
in this letter test yvielded an average of 6,5 gallons per
ton., The o0il shale zone occurs in 21l wells and ccn be
rexdily correlsted on the basis of Schlumberger electrical
resistivity logs. The individual cshale zones within the
mz jor unit can be correlated with reasonable assurances Ib
has not been possible to make a close and accurzte direct
correlation with the nenrby VWestveco orea due to the fact
that ro electric logs are available for the latter earei,

North of the Church Buttes arca, the Unicn 0il Company
of California #1 Moxa test, SE NE NE sec., 30, T. 19 N., Ro
11 W.; encountered a low-grede oil shale section, which on
the basis of electric logs can be ccrrelated readily with
the wells in the Church Buttee district. No essayed yields
of shele samples from the loxa well reached 15 gallons per
ton., The best 25-foot section assayed in this well was

1,570-1,595 which yielded 10,1 gallons per tomn.
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Churc‘n Bulles ares
Problems inherent to the distriet

The top of the o0il shale portion of the Green River

formation in the Church Buttes district lies at»an average
depth of 2,150 feet below the surface., The oil shale of
hizhest yield lies near the major trona-becring zone at
depths of epproximotely 2;700 feet, These depths are the
greatest of any szmnipled subsurfzce loczlities in the Gre=n
River Basin., The depth to this deposit would make mining
an expensive problen,

In the Church Buttes district there is a persistent
trona-beuring zone, and apparently a correlactable bedded
trona deposit, The major trona bed occurs at a depth of
about 2,700 feet égggghié) but was not encountered in all
wells drilled., ‘ells on the west side of the field show no
8igns of trona in drill semples, and apparently delinit the
western margin of the trona deposit, Trona is reported both
as bedded deposits and as/%'diséemineted crystals of the
various sodium carbonate salts., Since the trona is very
soluble, and since the tronz zone was not cored, it is
impossible to accurately predict the effect of dissolved
tronz on the assays of the shale taken from samples, The
effect in general is to mcke the shale appear to make up a
lerger volume of the rock than actually exists,

The only data concerning water-becring horizons in the
Church Buttes field are derived from a test drilled by the
Mountain Fuel Supply Company, sec, 7, Te 16 N., Re 112 W.,

in a search for water for drilling operctions, and vhich
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encountered minor shows of water at 1;208~1,845 feet and
1,325-1,3%4 feet. The hole was carried to 1,410 feet and
abandoned for lack of sufficient water for sustained drilling
use, The oil and gas tests drilled do not indicate any water
sands, It is assumed that water is not a serlous problem

in the Churech Buttes distriect.

The reserves for the Church Buttes district are set

Torth on Figure and Tabulation .

=)



APPENDIX

DESCRTIPTION OF LLIMINATED AREAS

The following arsas are eliminated as sources of primary
and secondary reserves of oil shale, as defined in this survey,
on the basis of lack of sufficient data to evaluate them; and
on generdl geologic considerations as to the extent and distri-
bution of the cil shales of the Green River formution,

WASHAKIE BASIN
General.,- The Washakie Basin i1s a prominent topographie

feature located in sout%éentral Vyoming and ocgupies portions

of Sweetwater aund Carbbn Counties, Wyoming, and extends south

into Moffat County, Colorcdo. The Sand Wash Basin, Colorado,

is the southward extension of Washakie Basin and with it forms

a single unit. Because of the close similarity of geologie
conditions in the two areas, and their topographic continué¥ééﬁ;
the Sand Wash Basin of Colorado has been included with the dis-
cussion of Wyoming oil shales. ITn the Washakle Basin approximately
2;900 square miles, and in the adjacent Sand Wash Basin epproxinately
600 square miles, are underlain by the Green River formation. The
rocks dip gently toward the center of the basins, in such fashion
vthat the bccoihs are roughly circular in charccter, Dips average
Boéegrees to'éoéegfa@s along the margins and flattsn toward the
central portions,

Rocks vpresent.- The rocks in the Washakie Basin and the Sand

Wash Basin {6etorede} are divided into three main units (from
bottom to top)j#&% the Wasatch, {&} the Green River cnd & the
Bridger fOTmuthH, all of Kocene age,.

Basls for eliminagdio
T The area has been eliminated as a source of primary or

secondsry reserves for tvio reasons!
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There 15
(a)Ainsufficient assay data on o0il shales occurring in the

area.,
(b) eologic factors indicate a near-shore phase of the
Green River formction hot conducive to the deposition
of rich o0il shales,
- (Refs 1€,23)
gzﬁ Assay data on this reglon arc linited to 7 assays [I=5283
covering :« total thickness of‘ggéésfeet of shale, One sample of
a 5=-foot bed yielded 30 gallons pef ton, Four thin beds yielded
7.5, 10, 11 and 15 gallons per ton; two thicker beds yielded 4 and
9,5 gallous per ton, The semples were epperently teken in the
field to recpresent the richer shales in meusured strotigraphic
sections, The thkinness of the single rich bed indicates the
faet that rich shales are not extensive, Visual estimates by
observé% consistently stress lov-grade oil shsle with occasional
beds of moderstely rich matericl, Low-grade oil shale by visual
estimate is considered to be that capable of yielding less than
10 gallons per ton, The inadequate data do not allow an estimata
of reserves, though the evidence sugsests that the sheles are of
low grade,

(b) The Green River formetion was deposited in e leke, with the
thicker portions of the formztion in the centrzl part of the lake,
The Washakie Basin and Sand Wash Basin {8elor=do}) appear to have
laiﬁ to the east of the priecipzl sites of Green Riveggghale
deposition., This 1s evidenced by the intertonguing of oll shale
with the river type of deposits. The Tipton tongue of the Green
River form:tion thins out and finzlly becornics noééxistent glong
both the northeast snd the southwest margins of the basin. The

Tipton tongue consists of soft shales, low-grode oil shale inter-

bedded with barren shale, thin beds of limestone and sandstone.



The sandstone content of the unit increases to the south across
the basin at the expense of the shales, and thereby eliminates
oil-bearing rbck. »Bukh sandy units are not known to contain oil
shales of high yield anywhere in the region,

meraber

The Luney ser=ue of the Green River formation in the
Washakie-Sand YWesh Busin consists of 400 to 500 feet of buff-
brown/ chalky/ n-ristone and light ash-gray shale, There is
considercble low-grade oil shale and an occasional thin bed of
moderately rich oil shale. The lovwer portion of the Laney'ﬁgxxygﬂ
contains abundent algal limestone beds, and considercble sand- |
stone., The presence of elgel limestones, end abundan{EEZrlstone
suggests a marginal phase of the lake and an environment which
did not permit presefvution of the matsrizls thot now constitute
the ovrganic content of oii shule,

Both the Liuney &nd the Tipton tongue# have the churscteristics
of near-shore deposition, with & large percentcpge of s&ndstone
and limestone, These rock-types are not associated with high-
grade oil shales,

4 number of wells drilled for oil end gas in the southern

pe;i;;ﬂ of the Washakie Basin have pesscd through or into the oil
shale portion of the section, ?ha'ﬂost of these wells have
yielded no detailed information on the extent and naiure of ﬁhe
0il shules. Three deep wells have been drilled thot penetreated
throuzh ths oil shzle section, Samples have not becn assayed.
The geolosic locution of the wells suggesls thét they lie in the

low-grade 0il shale area,
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Great Uivide Basin cnd north end ol Rock Sporings Uplift

Genercle.~ North of the Union Pecific Railroad between Rawlinsg
and Black Buttes Station end extending northward to the south end
of the Wind River Range, is the Greet Divide Besin., The area of
the Great I'ivide Basin and the contiguous territory cround the
north end of the Rock Springs uplift is approximately 3,500 square
miles, ithin this broad basin only about 1,400 square niles are
underlain:gr cccunied by beds of the Gresn River formction., The
exact outline of the area of Green River roeks it poorly under-~
stood dus to lack of detailed geologic mapping within the region.

The area of Green River formction specifically included in
this area lies in:

T, 27 N.; Rs. 96-102 W.
Te 26 Noy RS. 94-102 VW,
T. 25 Ne; R9.94-103 VW,
Te 24 No, R9, 96-104 W,

The eastern boﬁndary is neuar Lost Creek, and the western

bound.ry extends almost to Pacific Cresk,

Rocks present.- The Green River strata at the north end of

the Rock Springs uplift in Tps. 23, 24, 25, and 26 N., Rs. 100,
101, 102, 10Z eand 104 W.; arec best kncvn cnd have been described
by Bradley (Ref,. é;_)' Ain edditionzl portion of the arez has been
described by Nace (Ref.‘_lg). In this arez the formotions

present are, from the base upward: \Vasatch, Tipton tongue of the
Green River, Cathedrsl Bluffs tongue of the Wasatch, lorrow Creek
member of the Green River and the overlying Bridger fornction,
A1l units above the main body of the Wasatch and Green River are
thir, totalling approximately €50 feet of rock as compered to
1,700 to 1,800 feet of rock for the same units in Eﬁé Green River

Valley.

-
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The creu hes been elinminated from considercation as a
source of primary cnd secondury reserves as defined by this
survey Tfor two reasons:
Theve are
(a) Jinsufficient assay data on the oil shnle,
(b) geologic factors [6s=f) indicste a near-shore, lov-
grade oil shale phase of the Green River formation.
;ﬁj Asssy data on this area are limited to two assays of
thin beds in widely separated localities, one indiceting low-
grade oil shale, and the other a single thin (less than one
foot) rich shole zone, 4An assay of samples from the interval
45-55 feet in the Callforﬂla-wvo* ing Development Company #1
Lost Creck well, sec.?, T, 25 N., Rs 94 W,, yielded 4.2 gallons
per ton,
(Ee )
Bradley (39357 reports an assay of 35,5 gallons per ton for
a thin (less than one foot) shale bed in sec, 2, T, 24 N., R.

(Locality 1¥).

104 W, , Wyesssg. Thsre are no other assays of samples taken
within the Red Desert area,

Visual estimrtes by Bredley (Ref. 1) indiccote that all oil
shales of the Tipton ton~ue thot he messured and described were
low-grade (less then 10 gallonsbper ton "1816) Ten stratig*éphic
sections vere mecsurcd and described in this are:, none of which
is degeribed as contalining any high;grade 0il shale,

(b) The Tipton tongue of the Creen River in the Great Divide
Basin ccnsists of finely leminoted shales, fossil-bearing lime-
stone, oolites, ond alg:cl reef limestones, Northvestward across
the arcz, sandctone bocories nore and'mofe abundéent indiccting

that the shore of the lake v s necrby. The ne: r-shore
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environment which allowed the depdsition of limecstone and
sandstone &1d not alleiwr the preservition of organic matter
necessary ror the formation of rich oil shale, For this reason,
the Great DividevBasin and the north end of the Rock Springs
uplift are eliminsted from consideration; since rich oil shales
apparently were n:ver depo-ited there,

- _ member \arg@\

The Leney shale tenzue of the Green River conslists sns 25
of fine-grained sediments which contain varying amounts of orgcznie
matter to fOIZLEﬁxé 0il shales. Near the north end of the Roek

minoe
'ngs uplift the o0il shale makes up & Feresy part of the total

m %

o
e

;99k and Bradley (Ref, 1) reported a thin shcle bed whic h assayed
1%,

o9

55 5 gallons per ton from a hocality
\ess thaw +h»c<.

end Fhe thin bed is presumed to be a foot Br—lesgl Northward from

this loeality the orgenic content ropidly decreases until the lime-

stone and shale are entirely boarren of orgeniec meterizl,

Since this =nrea hzs good surface exposures of the Green River
formation and has been covered by detociled geologié\maﬁping, vhe
low organic content of the sedinents is considered to be adequately
established, indicuting thot no oil shnle meeting the reguirenents

of this survey exist,



Fossil arcs

4in ares in western Viyoming lying north cnd south of Fossil
Stotion on the Union Pucific Reilroad has been designated the
Fossil area. The name is derived from the wonderfully preserved
fossil fisl. found in the Green River formation ne.r this stztion,
The Green River formation occurs in an area rougily outlined by
Tps. 17 to 24 N., and Rs, 117 W, to 119 W., inclusive, comprising
soqe 450 square ﬁiles. |

Rocks present.- Immediately east of this area the Locene

rocks are divi@ed into the Vasateh, the Tipton tongue of the
Green River form:tion, the Cothedral Bluffs tonsue of the
Wasatch, the lLiorrow Creek a %Laney undivided, end the overlylng
Bridger formation. The oil shale near Fossil Station is
separatcd from the main body of the sediments in the Green River
Basin by a distance of 12 miles{/énd exists as = group of isolated
exposures capping a series of flat topped tovogravhic gﬁmin@nces.
The zone cearrving oil shale in this area is ebout 75 feet
thick, is overlain by 95 feet of barren sandy sheale nd is under-
lain by szndy shele and co=mrse swundstone. The richest 0il shale
| bed is two feet thick, is loczted near the tep of the oil = ale
zone and vielded 37 to 50 gallons per ton, Two measured sections
with assaysvappear as Localities ?%7 and g@b on the map and
appesr in Tebulation . The thin oil shozle gones are apparently
the scme in both sections. The strata which contain the oil

mermber
;3 correlated with the laney shale tengue of

the Green River formotion, end on the besis of thickness and
mB\/ . .
charecter Gre bolieved to] represent a thin western equivalent of

the main. body of thot shele as knovn to the east in the Green



River Busin propsr, but since the Green River formction of the

fosuil erca 1s believed to huve been deposited in a separate lake
LI?G?

&s;xp.)640), precise correlation is impossible.
hree
The areq hes been romoved from consideration for twe reasonss
There are
{2) Ai»quffieient asszy deta on the oil sheles,

G = R 4 L . .
(b) geolonie :vidence indicatiag thot the arca is marginal
to the »rincip=l locus of oil shale deposition #nd,

the sedimenbs were
therelore, wes deposited in cn environment unfavorable

for the necesssry preservetiion of orgonic material,

(¢) Fhimness—ed Knovm o0il rhale bedsy are thin.

Thin beds assaying over 15 gcllons per ton exist, but the

o L3

thicker o0il shnles in the middle of the section averase less than
five £ llons per ton., The crca must be eliminated because of

<

S;d thinness of beds and (?4 lovr vicld of oll shales,
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Sublette County area

The Green River formotion outcrops in e brozd band across
the northern margin of the Green River Basin and extends from
the north end of the Rock Springs uplift northwestward to Big
Pincy and LeBarge in southern Sublette County. The mein out-
crop belt lies in Tps. 26, 27 and 28 N., through Rs. 104 to
108 W,, with scattered isolatod ezposures as faf north as Te 33 Nay
in the same ranges. Vest of R 106 1 u;\the outcrop belt brocdens
and swings southvard along the Green River drainese to the
southern bourd.ry of Subletie County.

Within this erea one oil and ges test was drilled from

v 3ssays of SamP\“ From

which samples were assayed for oil yield. 1€ E;elu<qg this
well, the Gener:l Petroleun COJUuﬁY A78= 4= Govbe, SeCs 5, Te27 Ns,

S\'\owea nNo O“ Shq\e \\’\ '“\G . R
R, 113 W, Eﬁsaaﬁax»ggliggs~pg¥mteﬁv?ﬁrnthe-éfeenvﬁiveiﬂ1nZGTVQ1

A4 geolo~ic map of southwestern Viyoming recently has been
relessed by the U. S. Geological Sﬁrvey (Ref._lL_) {Leove—end
dedt: = This map indic-tes the presence of the Tipton
tongue of the Green River formotion, the Cothedrel Bluffs tongﬁe
of the Wasatch, and the Laney-liorrow Creek (undivided)members of
the Green River formction in Sublctte County, Adiitional
inform:tion on the zrcs nenr the juncticn of the New Fork end
Green River in the western part of the outcrop ares is given by
Donoven {kc }7) snd confirms the éruvo presented on the gecologic
mape

sen elim'netcd & a cource of

becavse,
primary or secondary reserves &S5 defined by this survey Ce—o0 !

(‘\

The Sublevie County crea hos be
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(¢) insufficicnt assuy date.,
(b) %éoloric avidancéi?%?t the Tipton tongue does not
 exict us an oil shale;Pearing unit in theﬁ northern
Part of the arez,
(¢) The Loney sheole is predominantly a shale cnd algal
limestone unit borren of oil shale,

The Efsl:tﬁ” el KRR B Y ﬁ/lGreen River formzmtion in northern

Sutlette County occmézuzisolﬁted arescs of flat;lying rocks
caoping numerous large mesaxlike topogravhic feuitures. 1Mo
detziled peopping of these areas has been done, nor are there
eny mencured strotigronhic sectlions with assay ditto. It is
believed thut these aress mo contain minor amounts of oil

shale, and thet such shales occur in the Lhney shale member of

the Creen River formrtion.



¢ ¢

Arec souih from the Subletite County line to the Utah boundary.
(wesvern rwrzin of the Green River Besin)

General,— The outerop arec of the Green River formstion along the
southwestern marzin of the Green River Bnsin extends in a northe-
south band Irom ne:r L&B;rge,'Wyoming (Ts 26 M,) to the Utah-
Viyoriing bound-ry, and lies in Tpe, 12- Z6 N,, cnd trends dizgonally

S ..3 g :

throuzh R. 114 y/ to H/ 112 ¥/, The ouicrops occur in coniral
Uinte County, etctern and northeaztern Lincoln County, cnd in
the extrere northizctern corncr of Sweetwater County,

The rock.units in this aren zre the Wasaich, Tipton tonpue
of the Green River formaticn, the Cothedrzl Blurfs tongue of
the Uusatcﬁ, and the undivided Luney cand lLiorrow Creek shales,
all overlein by the Bridger form ticn. The outcrop pattern of
these units ar: shovm on the geologic nep Dxhibit # ACCOompPanying

his report. Within the arsa 6 scattered wells have been drilled

ct

in the course of exploration for @?&éﬂ petroleun and natural ges.

amples from three of these wells heve been es 'ved for oil yield

w

vy the Burecu of Iiines 0il Shole Emperiment Stotion et Loranie,

Only ons test, the }, R, Homer ‘1 Herschler, W sec., 3, T. 24 N,,
R. 11< W,, on Fontenelle Creelr, showed eny oil shale on assay,.

The hi~hest ,i 314 from tiis well wae cbtzined in the interval

13-155 feect and yvielded 0,3 £nllons pcr ton,
Basis for &.__“\’\H“c.\"‘\m.
Ihe arce hos been elimincted fron considerction @s a source

. o e ) because
of ravi mt=risl as defined by this survey for t%@h%%éé%éﬁa/

= P R e T i W
therz are —~— and geslagical
_ \ngiz?ficiont assey,data,

3 s £.32 2 - P v -
9 Snsuirtetenteeelersiogateo,
A
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Areas buried benenth the Bridecr form:tion.

The Bridger formatiomputcrops over wide arexs in the central
and deeper portions of the basin arezs in southwestern Wyoming.
The Bridger @g?ﬁr%éeg'ovcrlies the rocks of the Green River
Tormation and buries them to o depth of &t leest Z,000 feet in
cervain wreus, The only ezisting_knowl&dge of the noture wnd
extent of thce oil shale-ﬁeuring rocks beneath this thick sedimen-
tary cover was obtained from wells drilled through the DBridger
forution into the underlvine shale section, A totol of <2
wells have been drilled under these circumstonces, nnd sarples
from 20 hzve been assayed for oil yield.

Date sufficient to evilucte reserves are aviillible in
threc local oreas, namely, odcn, Ventvaco, and Church Buttes,
The remcinder of the Green River Basin which is covercd by
the Bridger Torm. tion has been eglininsted s a source for raw
metorinls unde. the renuireomsnts of this survey becoursa of 2

lack of geolozic danti. und o lack of assay cota for the Green

River forms.tion,
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