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ABSTRACT

The Green River basin of Wyoming contains oil shales of considerabls
value in the Lower Laney and Tipton members of the Green River formation, with
the best oil shales in the Tipton with some depths exceeding 1300' in the south-
eastern portion of the basiA. From data obtained by field work and the drilling
of eix wells by Union Pacific it is estimated that there are 435 square miles of
Union Pacific land containing 55 billion barrels of shale oil in beds with an
average content of 10 GPT or more, Where the oil content averages 20 GPT ox
more there are 300 square miles beneath Union Pacific lands containing at least
30 billion barrels.

The stand taken by the United States government during the week of
May 18, 1970, by their decision not to consider leasing federal oil shale lands
temporarily, puts Union Pacific in a very advantageous position with their tre-
mendous resource of shale oil lands not under any restrictions but available for

leasing or joint operation tu develop a domestic suppiy of oil.
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PROGRESS REPORT ON THE GEOLOGY AND THE EVALUATION
OF THE OIL SHALES OF THE GREEN RIVER BASIN

INTRODUCTION

a

1 have prepared several brief progress reports on the geology and oil

shales of the Green River basin but this progress report is somewhat more de-

tailed in its evaluation of the oil shales that occur within the Union Pacific

Land Grant.

There is repetition of some data previously presented in the following
reports: ‘'General Data for Union Pacific Core Holes Dfiiled in the Green River
Basin During 1967", "0il Shale Progress Report, March 7, 1968", "Wells Penetra-
ting the Green River Formation From Which Samples Were Collected During Summér
of 1968", "Preliminary Report on the Geology and Oil Shales of the Green River
Basin, April 1969, Revised April, 1970". Reference will be made tuv the infor-
mation inclﬁded in the above descriptions.

This study of Wyoming oil shales began early in the year 1967 with a
perusallof available literature and the acquisition of pertinenl published mater-
ial not on hand.

In March, 1967 the locations for six cores of the Green River oil shales
in the basin were selected and these cores were drilled frow September through
November, 1967. 1In the meantime, field wurk with assistant Alan Jones was begun
and six measured sections and numerous attitudes were determined throughout the
region of interest.

During the sumner field season of 1968‘the mapping of the basin contin-
ued with the assistance of Geéfge O'Hara.

During the winter months of 1968, 1969 and 1970, the deta gained frum
the drilling.of the Union Pacific cores and the assaying of the ojl shale sections
in addition to field interpretations provided information for the maps included

with this progress report.
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The study of the basin is not complete and much additional worh will

be required to evaluate completely the Union Pacific lands fur their shale oil

content.

—_—~

Locatjion and Relations o. the Area

Figure A, page 3 indicates the areas underlain by the Eocene Green
River formation where all of the important oil shales occur in Colorado, Utah,
4 and Wyoming. In Wyoming the Green River formation includes about 53UV square
miles from T12N to T29N, and from klOSW to nearly R11”W (See Figure B, page 4 ).
To some geologists the Green Rivet.basin includes, in addition, all of those rocks
that are situated in the Great Divide and Washakie and Sand Wash basins with the
individual depressions of the Great Divide and Washakie basins scparated from
the Green River basin by the Rock Springs uplift. This idea has some.metit in
that Lake Gosiute in whose waters the Green River sediments we ‘e deposited pro-
babiy covered all of that area simultaneously., However, in this report the Green
River basin is that shown on Figure A,
(; Plate I is a topographic map of the Green River basin area with a
scale of 1" = 4 miles. The center of the basin is difficult tq describe but the
axis trends roughiy norfherly from Tl4N to T22N in Ranges l09W to 1lllW. The
Plates VI and VII, structure contours cn the Tipton and Wasatch, illustrate
this axial trend.
The city of Rock Springs is about 30 miles east of the north-south basin
Axis and the buildings of Little America are not far west of this axis, The city
-;f Kéﬁmerer {s just west af the west edge”of the Green River basin.

Earlier Geologic Investigations

Many scientists have investigated the Grecen River basin, though their
studies generally involved the exploration for commodities such as oil, gas, and

trona, rather than oil shale. The Bibliography at the end of the text lists im-

portant reference works.

| A
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Figure A - Extent of Green River formation in Colocado, Utah, and Wyoming.

Figure B - Location of the Green River formation in Wyoming.

Figure ¢ - Sketch of intertonguing relationship in Green River and Wasatch
formations.

Figure D - Diagram of Generalized Upper Tertiary Stiatigraphy of both the
Green River and Washakie basins.

figure E - Diagram of Stratigraphic Positions of Oil Shales in the Green
River formation.

Figure F - Outline of members of Green River formation containing oil shales.
Figure G -~ North~South cross-section of Green River formation.

Figure H - Green River Formation Isopachs.

Figure 1 ~ Laney lIsopachs - not accurate because top of Laney cannot be picked.
Figure-J - Wilkins Peak Isopachs.

Figure K ~ New Fork lsopachs.

s Figure L - Tipton lsopachs.

1 i ' Figure M - Net Tipton Isopachs (Tipton thickness with New Fork beds subtracted
from total). s

Figure N - Wilkins Peak Datum.

Figure O - New Fork Datum.
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Figure P - Tipton Datum.
Figure Q - 0il Shale Isopachs of 10+ GPT (Total Green River Formaticn).
» ] Figure R - Vil Shale lsopachs of 20+ GPT (Total Green River Formatiou).

Figure S - Upper Laney Oil Shale Isopachs.

Figure T - Upper Lancy Oil Shale Isopachs Beds of 15+ GPT.

% Figure U - Lower Laney Cil Shale Isopachs of 10+ GPT.
: Figure V - Lower Laney Oil Shale lsopachs 20+ GPT.
: Figure W - Tipton Oil Shale Isopachs 20+ GPT.
. Figure X - Millions of Barrels Shale Oil Per Square Mile for 10+ GPT.
< Figure Y - Millions of Barrels Shale Oil Per Square Mile for 20+ GPT.
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Topographic map of ths Green River basin, with a scale of

1" = 4 miles with Union Pacific cores located.

Geological map of the Green River basin with oil shale, core,
well, and field data. Scale: 1" = 2 miles.

Extent of oil shales in the Green River basin with members of
the Green River formation colored.

E-log cross-section #1 in Green River basin.
E-log cross-section #2 in Green River basin.

Structural map of a portion of the Green River with the dsfum
on top of the Tipton. Scale: 1" = 2 miles.

Structural map of a portion of the Green River basin with the
datum on top of the Wasatch formation. Scale: 1" = 2 miles.

Map of the oil 'shale area of the Green River basin showing loca-
tions of oil shale cores, proposed cores, measured sectivns, and
proposed measured sections.

Greer River basin stratigraphy.

Union Pacific Railroad core hole data - Green River basin -
1967 yells. :

Core 2-19 0il Shale beds with 10 GPT or more.
Core 4-7 04l Shale beds with 10 GPT or more.
Core 22-15 0il Shale beds with 10 GéT or wor..
Core 41-23 Oil 3hale beds with 10 GPT or more.
Core 44-3 014l Shale beds with 10 GPT or more.
Core 44-19 0il Shale beds with 10 GPT or more.

Statistics of Assayed Oil Shale Data for Union Pacific Cores.

Upper Green River Formation Members.

Electrical Logs ¢f Union Pécific core holes are in Pocket.




GEOGRAPHY

The Green River basin has west and east facing escarpments on two sides

and in between the country is relatively rugged with typical badland topography

over much orf its extent. Interstate Highway 80 transects the basin in an east-

west direction and rhere are other good paved roads north and south and an exten-

sive network o. trails els:where. The Green River, Black's Fork, Ham's Fork. and

Kenry's Fork drain the region. Even though the area is a widespread desert,

several communities such as Rock Springs, Green River, Lyman, and Farson, supply

the needs of the populace, Plate I is a topographic map of the area.

STRATIGRAPHY

The fluviatile sediments of the Eocene Bridger formatiun overlie the

lacustrine layers of the Green River formation, also Eocene in age. The Green

River formation is the series of immediate interest as it cuntains the best oil

shales of the United States. Exposures of the lake beds are found only at the

edges of the basin for the younger Bridger masks the inner basin etrata quite

effectively; for this reason the best information can come only from core drill-}

R U "

ing and. sampling of strategic wells.

The general stra’igraphic descriptions of the Green River basin are

in Tahle 1 on page 8 and show that there are river and lake deposits consisting

of sandstones, siltstones, marlstones, shales, tuff beds, saline mineral and oil

shales. Figure C on page 9 is a sketch of the Green River depositional varia-

tions which indicate rapid intertonguing of the Green River and Wasatch sediments

at the west and east reaches of the basin. Figuce D on page 10 diagrams the

Generalized Upper Tertiary Stratigraphy of both the Green River and Washakie basins,.”
r..

and relates the oil shales. Figure E, page ll, indicates the stratigraphic posi-

tions of the most important oil shales of the Eocene sedimentary series. Figure

O D W AP« B EBANGAS G Joal

F, adapted irom Culwertson, is an outline of the position of oil shales in the

b

basin and Figure G, page 13, is a north-south cross-section with the places of the

—-rms o

oil shales colored in green; the line of this section A-A' is shown on Figure P;

Figure G is also adapted from Culbertson. Pictures on pages l4 and 15 show upper

sea Rlver rocks,

R




TABLE 1

GREEN RIVER BASIN STRATIGRAPHY

Formation Member Thickness Lithology

|

&} Bridger ° 0-2300' (?) Mudstone, gray, green, pink, tuffa-

" ceous sandstone - cherty limestone -
white tuit layers - mamm&l and reptile

S remdains. Fluvial depesition.
’ sk dokeiok

e
[

Green River 0-1900' Tuffaceous sandstone, siltstone, buff
and white - mudstone and marlstone,
gray buff and brown - brown to gray to
orange tuffs. Oil shale - algal lime-
stone and oolite beds. Plant remains
and fish fossils prominent. The Towe
sandstone (tuff) is at or near the
biuse. Lacustrine beds.

Wilkins Peak 0-1350' Mucstone, green, gray and white; marl-
aton2; thin oil shales; white to browng
tuffaceous sandstones; tuffs (abundant®
Saline minerals and trona in east and
southeast. Lacustrine beds.

New Fork 0- 40GC' Somewhat correlative in time to Cathe-i

Tongue of dral Bluffs o Washakie basin - mudstc

Wasatch gray to yreen wiih red to maro2n lay:x
coarse to fine grained sandstone, Fl
vial beds.

5
g
>
3|
g
<

Marlstone, brown to gray to buff - oilb
shale and abundant thin tuffs. Gonio
tasis gastropod and ciam bed at base.
Lacustrire beds.

Fontenelle 0N- 250' Correlative of the Tipten in the west-

Tongue of ern part of the basin - gray marlstone

Green River and shale with algal laycrs, sandy nes
base and top, No good oil shales.
custrine deposition.

———

Wasatch - Mudstone, and shale, gray to green to
red, sanustone and siltstone, at top
gray to blue-gray. Coarse sandstone.
Coal beds. Fluvial beds. ©
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Fig. E

STRATIGRAPHIC POSITIONS OF OIL SHALES
IN THE GREEN RIVER FORMATION
UPRR -
Core 44-3

Bridger Fm.

Green River
Laney mb.

Upper Laney 0il Shales

Lower Laney Oil Shales

Green River
Wilkins Peak mb,

Gregn River 4 0il Shales
Tipton mb. . §

Wasatch Fm.

Scale:
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From field, well, &ud core data maps of the members of the Green River

were drawn and are next discussed, and appear in the Appendix.

Figure H, an isopach map o. the entire Green River formation shows a
southward thickening of the whole body, but essentiallf this is the result of
the northward thinning of the Wilkins Peak.member. The Green River varies from
about 1750"to 2200°.

Figure 1, a map of the Isopachs of the Laney, the upper member of the

Green River, shows a relatively stable series of sediments. However, as the top

of the Laney interfingers with the overlying Bridger beds, the upper coatact cannot

be selected with certaiaty so the Laney thicknesses are not dependable.

Figure J, a map of the lsopachs of the Wilkins Peak member displays a
remarkable thickening of these rocks to the south, from less than 400' at the
north to more than 1200' at the south. The loss of the trona and saline minerals
accounts for some of the stratigraphic thinning.

F#gure K. Isopachous map of the New Fork tongue of the Wasatch showing
the pinching out of this sandstone toangue to the south. The New Fork in some
places separates the Tipton into an upper and a lower member. On Plate III in
the Pocket the north limit of the Tipton is shown and this linme is where the
New Fork completely replaces the upper Tipton.

Figure L., A map of the Tipton isopachs in the basin which includes the
sediments of the New Fork tongue of the Wasatch. Tn the soutﬁeaat where there
are 150' of Tiptoa there are no Ne; Fork sands, su this represents all of the
Tipton. 4

Figure h. Isopachous map of the Net Tipton, that is, the Tipton thick-
ness with the beds of the New Fork deleted from the total figure. The Tiptom runs
from about 20' at the north to more than 150"at the south.

Plate III is a map after Culbertson of the U.S.G.S., showing lateral

extent of the various members of the Green River formation which contain oil

shales, and these are denoted by shades of green. The non-oil shale bearing

—=ly

A

"
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Wasatch beds are in red. The dark green is indicative of the region of ofl’
shaies underlying Union Pacific lands.

Plate IV E-log Cross-section #1 is a north-south cross-section com-
piled from the logs of the Union Pacific coreholes and hung on the top of the
Tipton. The relatively stable Laney, the large southwzid thickening of the Wilkins
Peak, the variability of the Tipton thickness, and the entrance from the north of
the New Fork tongue are indicatecd. |

. Plate V E-log Cross-section #2, northwest-southeast cross-section al3io
hung on the Top of the Tipton, indicates a less rapid thinning of the Wilkins Peak
to the northwesat, but the Laney tops have not been selected so that the thickness
of the Laney is not shown. At 44-3 there is no New Fork, but all the other logs
include the New Fork tongue of the Wasatch. Wherever there is New Fork present
it replaces oil shales of the Tipton. The stratigraphic changes that take place
from well 44-3 to 4-7 are notable, but this is understandable when it is realized
that the lake shoreline is being approached to the north and west.

A unlt of rock deserving of some discussion is the so-called "Tower"

sandstone which is at or near the base of the Laney and is often just above the
o1l shales of the lower Lancy. The "Tower" is a tuffaceous sediment which Bradley
believes is a crystal tuff and was transported from volcanic regions to the north
and 2aposited in pods in small ponds of Lake Gosiute. The "Tower" is a discon-
tinuous body of rocks which is not everywhere present and therefore is not a
mappable unit. The "Tower" becomes younger to the south from Green River city
vhere it is a light brown to orange appearing impressive mass of rock with dis-
turbed layers which are chaotically bedded at the base. The chaotic appcarance
of the basal "Tower" may have been due to its deposition on the soft, not yet
indurated layers, of future oil shale, or earthquakes may have caused the pe=
culiar viclently disturbed strata. During the summer of 1969 beds with typical
“Tower" appearance, lithology, and disturbed bedding were mapped along the Kinney

Rim in the Washakie basin. See pictures on pages 14 and 15.
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STRUCTURB

General Features

The Green River basin is a structural and topographic basin with all
sediments from the oldest to the youngest being downdropped in late Cretaceous
and early Tertiary time. Plates VI and VII vich datum on the Tipton and the
Wasatch indicate the basin to be one where the deepest po:rtion seems to be in a

region south of the Union Pacific Land Grant in R110W, R111W, and R112W and T13N,

T14H, and TLS5N with steep westerly plunges from the Rock Springs uplift to the

east. The trough extends northerly from R111W through T14N-T22N, R109W. The

Moxa-Church Buttes arch trending north-south is a prominent feature west of the
basin axis.

On both the Tipton and the Wasatch contour maps the Firehole anticline
raises the rocks in a southwesterly trend through Ranges 107W, 108W, and 10YW,
and TL15N, T16N, and T17N.

Figure N, a datum map based on the ﬁilkins Peak shows the Firehole
anticline, and the preseuce of the Green River basin trough, however, as the

Wilkins Peak member thins rapidly to the norch,'a contour map on this horizon is

" pot reliable. See Figure J for the amount of northward thianning of Wilkine Peak

sediments. Figures N, O, and P are in the Appendix.

Figure O, a map with the top of the New Fork tongue of the Wasatch as
datum shows a north-south syncline located relatively parallel with the Green
River basin trough. The New Pork did not occur south of the 450C' contour line.
See Figure K for isopachs of the New Fork and the zero line of deposition.

Figure P i8 a couatour map on the top of the Tipton and is indicative
of the major features of the Green River basin with the Firehele upwarp at the
southeast of the map.

A éontour map on top éf the Greenhkiver formation, or the upper Green
River member, the Laney, was not made as the contact between the Green River and

Bridger formations is uncertain because of rapid and widespread fluctuations of
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the level of Lake Gosiute and the comsequential flood plain sediments of the
E4]
Bridger beds. Figure C iliustrates why no Laney structural map can be drawn.

ECONOMIC GEOLOGY

In.the Green River basin many wells have penetrate. the oil shales of
the Green River formation. However, opefators were primacily concnrned with the
search for crude c¢il, natural gas, trona, and uranium, and, therefore, paid iittle
heed to the oil shale beds. The U.S.B.M. obtained cuttings from the cperators and
assayed more than one hundred thousand units. Unfortunately, most of the welil
samples were obtained by inexperienced and disini~rested persons 30 that the re-
liability of tne sample gathering methods is most uncertain. I have disregarded
nearly all ot the data from well cuttings unless 1 per;onalky supervised the sample
catching. The only reliable data is that gained by the drilling of the six Union
Pacific core holes in 1Yo7 and the oil shale evaluetion is based or this informa-
tion.

The first Union Pacific core was 44-3 in Section 3, TiS5N, RLOYW and
cored the entire Green River formation, and was, as tar as I kno;, the first well
tc core all of the Gr. :n kiver sediments. This.wekl provided basic‘knowledge for
the oii shale study.

It will not be necessary to include the Union Pacific core hole sauple
descriptions, core descriptions, and assay results here as this material was
tabulated in a report dated March 1ll, 1969y, titled "General Data tor Union Pacific
0il Shale Cgre Holes Drilled in the Green River Basin During 1Y96/" by E. R.
McAuslan.

Table 2 on paéez o Liﬁcs the Locations, elevations, dates, total depths,
stratigraphic data, number of cores, cored intervals, amount of footage assayed,
and type of E-logs run of all oﬁ the six core holes.

Tables 3, 4, >, v, / Qnd 8 are abstracts ot the Union Pacific core and
assay informatioan indicating oil shales beds with 10 GPT or more. T;ble Y on

-

page '~ is a summary ot oil shale thicknesses, shale oil content in GPT and in
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No,

Blue Bia  44-19,

Rook Springs, Wyoming
February 27, 1970

ERM/1mn

Location

SE SR SE
3~T15-R109
660'/E
660'/s
Sweetwater
County

NE NE
23-117-R109
Sweotwater
County

C sw
19-T17-R110
Sweotrater
County

¢ SE
7-T19-R1l1l

Swestwater

County

' SE SE

19-T21-R107
Svootwater
County

SE SE NW
15-T18-R108
Sweetwator

G
KB

6393,5' @
6404,5' KB

6400' @G
. 6406' KB

10-17-67

10- 9--67

11-~13-67

10-16-67




Bo.

Rook Springs,
Petruary 27, 1970

ER¢/1mn

Loeatlon

SE SR SE
3-T15-R109
660' /R
660'/s
Sweotwater
County

NE NE
£5-117-R109
Sweotwater
County

C s¥

19-T17-R)10
Sweotrater
County

C SE
7-T19-R11)
Sweotwater
County

' SB SE

19-T21-R107
Sneatwatep
County

SE SE N¥
18-T1e-R108
Sweetwater

Elevation

6291' @
6297' K8

10-17-67

6398,5' 0
6404,5' KB

11-13-67
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UPHER CORE HOLE DATA - GREEN RIVER BASIN - 1937 WELLS
(Re~evaluated 1970)

Tm, ¥ilkine
st 1™ Leney Peax

Fasateh 150'£
Th 859
AY 5147

Th 160¢
AT 4430

2299,5¢

Th 73' (Upper)
AT 4105

1800'  (Es.)
™
AT 4606'

2 i g
AT 6679* (Newfork)

50?2 ' 1214
&33! Th 164'
AT 6518* AT 47540

¥




pper)

o)

2,9
AT o4
P
qo*
AT 12701
' (Hewfork)
n Y
PSI' (Newfork)
AT 0en’
870! (Newfo:. x)

-Xo., of

79

Cored
Interval

200 -23601

1o -2112'

19001 -2386*

1403¢-1560"

750 * -1223¢

- 1280' -1761"

1400 ~1674*

Footage
Cored

2156 . B8°

538,41

433,45

1003 .5

474.'

47683,

Table 2

Yootage Tootage
Reoovered Assayed
221,33 1118
534,21 688!
453 .49 4°
157, 180¢
985,71 17%¢
473.1¢ 56!

T4724,7%"

FIC
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Table 3

-

CORE 2-19

OLL SHALE BEDS WITH 10 GALLONS PER TUN OR MORE

Avefage
Jepth d GPT Member

2299 - 2302 25.9 3 Tipton

2308 - 2312 25.7 Tipton

2318 - 2352 ' 26.7 Tipton

26.5 Weighted Average

Lower Tipton Estimated

Laney averaged less than 10 GPT. r\~P'~

Nl
Wilkins PeakJEEngxgd. Y“

Tipton estimated 8Y' at 23 GPT

Z23z2. -5/ 2F '@ 27 5
&

ERM 4-21-70




Table &
CORE 4-7

OlL SHALE BEDS WITH 10 GA_LONS PER TON OR MORE

. Average
Depth Thickness GPT Member

1640 - 1700 6' x 10 " 14.9 Wilkins Peak

=

v
/cf

Laney not assayed.

Tipton not assayed mor drilled.

°
.V
e 20 = " 6°

2
g6 $VE2 ’H'é

o

/080

ERM 4-21-70




- Table 5
CORE 22-15

OIL SHALE BEDS WITH 10 GALLONS PER TON OR MORE

Average
Thicknesa GPT .

——

Member

W

37’ 22.9 Tipton O
P 11.1 Tipton

2 13.2 Tipton

— ——

44" 21.12 Weighted Average

50' Est. 19. Est. Tipton

Laney ‘ : 93" IS Ci“imted ) 7\
Wilkins Peak N/opto/red /{) Yr1q O core L by il M‘-,‘& :

Tipton 94" 20. Partial

Average Lower Laney and Tipton
Estimated L87' at 19 GPT

(814 -22 g6 2¢ 54
/T2g -3/

_'5/@ Z{yé

/-73(1-/7!7 /3/ O
& Zé \?4




Table 6

CORE 41-23

OIL SHALE BEDS WITH 10 GALLONS PER TON OR MORE

Average
Thickness GPT Member
so' 12.4 Lower Laney
‘i
15’ 19. Lower Laney . 2l

45" 13.5 Lower Laney

43" 23(18 / Tiptom

&yt <)@ ¢ P Pl
17. Tipton

12, 5 Tipton

S Ear———

c(.‘ Gk

17.7 Heishted Average

Average Lower Laney and Tipton only = 210' at 17.7 GPT

Tipton Average of beds more than 20 GPT = 70' at 27 GPT

(75746 15'® 2% G4

1°969-5F 17 % zfj_,_r' \’
O¥

Zo¢7-72. (7@ 27 9,
4




Table 7
CORE 44-3

OIL SHALE BEDS WITH L0 GALLONS PER TON OR MORE

Thickness

30
4"
2!
30!
2.
7l

8.

2!
47'
17

Average
GPT

17.03
12.2°
12.65
- 1503
15.3
11.5
11.1
12.7
16.8
18.4
12.6
16.3
13.2
12.9
25.7
18.9
21.4
120.7
18.3
16.3
12.4
119.4
17.3
21.7
28.0

22.3 [

18.’7@
17.8

13.7
14.7
15.6
20.8
15.8
17.1
13.95
21.8
13.2
20.1
17.

25.8

s | = 2
14.7
13.7
10.5
11.7
14.1
11.
21.8

18.7

LTRSS

ttttttttttFtttFFtttttFtttFFF

Tipton
Tipton
Tipton
Tipton
Tipton
Tipton
Tipton
. Tipton

Weighted Average

4




CORE 44-3

OIL SHALE BEDS WITH L0 GALLONS PER TON OR MORE

[

Average :
Depth Thickness GPT Member
Overall Net

727 - -760 33" 32 15.3 Upper Laney
920 - 1009 89°* 3 " Lower Laney
2178 - 2332 SEY 1126 e 2122 Tipton

Average of Lower Laney and Tipton only = 243' at 19.6 GPT

Average of beds with 20 GPT or more only = 84' at 25.6 GPT
‘ : ~ Tt

. V76 -» &

g2l - Pk
(367~

1277 .7/

217773
[ YA

ﬂ;?F—zzzq - g

2) 20,

I'q]
p L

\\——

4 r i j
{20 °. /* > merded

|
i
/

o
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Table 8

..-'- -

CORE 44-19

-

-* ‘-:" i .

OIL SHALE BEDS WITH 10 GALLONS PER TON OR MORE

Average
Thickness GPT Memnrber

3' 11.0 Laney
2° 12,2 Laney “’,””’
22" 17.6 ‘ Laney
Sy 12.3 Wilkins
8. 12.7 Wilkins
B 25.4} Wilkins
13°* 19.9 Wilkins
2" 13.9 Wilkins
4! 33.5 Wilkins
Y - 19.03 Wilkins
2" 13.65 Wilkins
21 12.7 Wilkins
2! 13.4 Wilkins
2! 16.5 Wilkins
13' 14.8 Wilkins

e . C—

-

ST i
Ay

e 3

et

88' 17.81 Weighted Average

Incomplete - only partial Laney and partial Wilkins Peak
= 88' at 17.8 GPT :

. "
- () 24
e

ERM 4-21-70




lable 9

SUMMARY OF UNION PACIFIC CORE HOLE ASSAY DATA

;. .;,._- >

Bbls./Sq. Mile
Location Formation Thickness (Thousands)

a

19-17-110 Tipton ‘' 89 est. L ) 94,340

#

7-19-111 Wilkins Peak 60 4 44,400

TR S
4

15-18-108 Laney 93 3 5 80,910
i Tipton 9% " 89,300
170,210

il

e TS

23-17-109 Lower Laney 80,300
Tipton

95,000

175,300

3-15-109 Upper Lan~y 24,000
Lower Laney 4 68,000
Tipton 2 120,000

—

218,000

19-21-107 Laney 5. 21,870
Wilkins Peak o

51,850

73,720
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barrels per square mile. From the summarieed data on Table 9 certain maps com-
piled for the Union Pacific Land Grant are as follows:
l'ff Figure Q. Isopachs of the entire Green River formatior of oil shale
beds containing 10 GPT or more. The best oil shales are those in the southeastern
area, however, inasmuch as the well to the nofthvest did nct core all »f the oil
shale, the partial assay results may be somewhat misleading.

Figure R, an isopachous map of the Green River formation for beds of
*| oil shale containing 20 GPT or more proves the value of Wyoming oil shales when

\
)
it is seen that there are 84' of oil shales at hole 44-3 with an average of near- d

ly 26 GPT.

Figure S is an isopachous map of the Upper Laney oil shale which is

present only in corehole 44-3, This oil shale is 55' thick and pinches out to

the west within a few miles. To the east its presence is uncertain.

Figure T is also cf the Upper Laney oil shale where it contains at

least 15 GPT average beds. There may be a ring or lens of this bed with 15 GPT
covering about 10 square miles, .

Figures Q, K, &, T, U, V, W, X, and Y are in the Appendix.

Figure U. The map of the Lower Laney oil shale with beds averaging 10
GPT or more which shows a possikle thickness of more than 110' in the vicinity of
T17N, R108W and pinching out to the west and northwest within 10 miles.

| Figure V - an isopachous map of the Lower Laney where the oil shale beds

- W

are 20 GPT or more in oil content. This portion of the section seems to be good

only in the eastern part of the basin and here it attains only 20' in thickness. h
Figure W. An 1sopach'drawing of the beds in the Tipton which contain

20 GPT or more of shale oil., The increase in oil content is to the southeast from

the northwest, but the 0 contour line may be incorrect as the Tipton was not cored

at the Granger 4-7 well., It is likely that some Tipton exists near Granger, but

until cored its value will be unknown.
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Figure X is a map of shale oil in barrels per square mile in the por-
tior of the Green River basin where the data is fairly reliable as a result of
the drilling of the Union Pacific core holes. This Figure X includes oil shale
beds containing 10 GPT or more of the Upper and Lower Laney and the Tipton but
dues not include those of the Wilkins Peak. fhe range is from 44 million barrels
per square mile at the northwest to more than 200 million barrels per square
mile at the southeast. i

Figure Y is a map of an area of oil shale containing at least 20 GPT
of oil from the Lower Laney and Tipton and indicates that there are rocks with

as much as 125 million barrels per square mile in the southeastern Green River

basin with an oil content considered by some scientists to be the minimum qual-

1ty for commercial exploitation.

On Plate II1I, the map with colors indicating the extent of oil shales
in the Green River basin, the Union Pacific Land Grant area encloses about 65
townships or 2340 square miles, Half of this land, or 1170 square mileg)vould
come under Union Pacific mineral ownership. To estimate tge amount of shaie oil

beneath Union Pacific lands at this stage of the study can only be a guess, but

" i{f we assume that the 1170 square miles contain an average of at least 10 GPT

over an interval of 50' tgis wor ld te a resource of 30 billion barrels. 1If,
however, we assume an average from Figure X of 125 million barrels per square
mile the resource becomes more thaﬁ 146 billion barrels.

The area for which the information is more reliable is that of the
cored region displayed on most of the Figures and this includes about 435 square
miles of Union Pacific land so that the shale oil content in beds containing 10
GPT or more averages 125 million barrels per square mile for a total of about 55
billion barrels. I

To consider only those beds of organic rock with 20 GPT or more under-
lying Union Pacific lands in the cored region we are looking at about 300 square

miles with an average of about 100 million barrels per square mile for a total of

LY aReron Fhoghe VST
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about 30 billion barrels. This shale oil content of 30 billion barrels is be-

lieved to be realistic, but the future total may be much higher.

FUTURE EXPLORATION FOR OIL SHALE IN THE GREEN RIVER BASIN

Thé}e is much to be done to make a final evaluation of the amount of
oil from shale within the Gre;n River basin and most of :i:is study in the future
will be in the form of core holes with some field investigations.

| In all there are about 5800 square miles in the basin underlain by
rocks containing some kerogen. There have been seven cores taken to evaluate
the oil shales; six by Union Pacific and one by the U.S.B.M. at Eden in T23N,
R107W, outside of the Union Pacific Land Grant.

Within the Land Grant area there are 2340 square miles underlain by
oil shales, 1170 of which are Union Pacific lands. These lands include but six
cores.

The area witﬂin the Land Grant investigated by coring involves 900
square miles, 450 of whicli are Union Pacific controlled. The core density of
one hole for every 150 square miles is far below the minimum necessary to ;stab-
.lilh a méaningful resourcé quantity. The personnel at the U.S.B.M. who have
spent many years studyiﬁg cores of the world's oil shales believe that for a com-
plete detailed evaluation three cores per township are required, but that one
core per township would provide sufficiently accurate information for all practi-
cal purposes.

Oun Plate VI1I locations are shown for proposed cores, proposed measured
sections, the locations of cores already drilled and cumpleted measured sections.
There are eight sections to be measured and twelve cores proposed for some future
date. Any core program should be made flexible so that locations and hole depths
may be altered as information is progressively obtained.

The manner in which the shale oil is to be recovered will determine to
a large extent the methods uvf exploratory work. Open pit mining will entail much

careful surface study. Subsurface mining and in situ retorting will require a

close pattern of drilling to outline the ore body.

o A
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. Plate I1 is a map with a scale of 1" = 2 miles which shows surface

31

geology in the form of formational and member contacts, measured sections, wells,

cores, trona holes, main drainage features, and political boundaries. This map

sums up how and where most of the data was obtained which has been presented in

this most recent progress
plicable to the oil shale
It is estimated

and Washakie basins there

report. As additional facts are received that are ap-
study they will be included or Flate VII.
that in tﬁe Union Pacific portion c¢f the Green River

are at least 100 billion barrels of shale cil, a natural

resource of tremendous importance, and for this reason it is strongly recomuended

_ that the investigation of

the oil content available

SUMMARY AND CONCLUSIONS

these oil shales be continued to determine more exactly

for recovery when crude oil reserves have been depleted.

" There have been several Union Pacific progress reports of the work

evaluating the oil shales of the Green River basin, but this report includes

most of the previously presented information and, in many cases, supercedes prior

data. The oil shale study was begun in 1967 and field mapping and six cores were

taken during that year.

office from time to time throngh the spring of 1970.

Additional work was done both in the field and in the

The Green River formation in the Green River basin in Wyoming includes

about 5800 square miles,
“the basin are indicated on various maps with this report. The Green River forma- )
tion is present in southwestern Wyoming, northeastern Utah and northwesterm Colo-

rado, but the Wyoming portion is the only area that has been studied to date. E

and the geographical and geological positions within

""The Green River formation is overlain by the Bridger formation and underlain by @
" the Wasatch, and in order from youngest to oldest the members of the Green River

.;coﬁsist of the Laney, Wilkins Peak, Tipton, and the Luman. The Niland and New

Fork tongues of the Wasatch are within the Green River formation. The oil shales

of interest occur in the basal portion of the Laney and throughouc the Tipton.
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Stratigraphically the m;mbera of the Green River thicken to the south
‘and southeast and the oil shale beds also thicken aud become higher in quality
to the south and southeast., 7The New Fork tongue of the Wasatch was deposited
at the north and of the lake and pinches 2ut to the south; but where it is pre-
sent within the Land Grant it divides the Tipton into an upper and lower member
and replaces important oil shales.

The center of the Green River basin is a trough that runs northerly
through TL4N through T22N in Ranges l1lW to 109W. The Church Buttes-Moxa arch
and the Firehole anticline-are prominent folds wirhin the basin.

Many cuttings have been assayed by the Bureau of Mines f;om wells
drilled in the Green River basin, but I have used almost none of this informa-
tion believing that cuttings do not represent a true evaluation of the oil shalesi

Union Pacific drilled six cores in 1967 and the information from these cores has

provided sufficient data to draw the maps included with this report. Economi-

cally the best oit shales of the Green River basin occur in the Tipton member and

are located generally in :‘he southeasterly part of the basin. Some of the beds

will average well over 20 GPT with thicknesses of more than 125'’and in particular
at Hole 44-3, the most southeasterly of the cores, there are 84' of oil shales ’
averaging nearly 26 GPT. The Lower Laney is also a good bed of oil shale though

not as rich as the Tipton.

0il shale beds of the Upper and Lower Laney and Tipton, with shale oil
conteat of 10 GPT or more, range from 44 million barrels per square mile at the

northwest to more than 200 million barrels per square mile at the southeast.

S e .

F;r oil shale beds of the Lower Laney and Tipton, which contain at least 20 GPT,
there are rocks in the southeastern portion of the basin containing as much as
125 million barrels per square mile.

; - -éithin tﬁe Latd Grant area Uniom Pacific oune;ship includes about 1170

square miles underlain by oil shales of varying content. It is too soon,due to

insufficient number of cores, to determine accurately the amount of shale oii

present, but if it is assumed that there are at least 100' of oil shales averag-

ing 10 GPT there would be 60 billion barrels of shale oil. Other data indicates

T

_thae {F wra seguma 125 millian harrele ner canare mila rhere are more than 146
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billion barrels.

The area cored includes about 435 square miles of Union Pacific mineral
land and with an average cuntent of 10 GPT the average of 125 million barrels . __
per square mile indicates 55 billion barrels of shale oil. If 20 GPT or more is

considered tu be present in the Union Pacific lands, there are 300 square miles

containing 30 billion barrels, and this figure is realistic, and the future toial

may be much higher.

The evaluation of the oil shales of the Green River basin is far from
complete. Union Pacific has taken six cores and the Bureau of Mines has taken
-one core tuv cover an area of about 5800 square miles. Core density of one core

e

per township would provide accurate information of the shale oil content. Within

the Land Grant twelve cores have been proposed, and if drilled, would provide
information of importance. Additional field work involving surface measured
gections is planned.

It is estimaced that the Union Pacific portion of both the Green River
and Washakie basins contain at least 100 billion barrels of shale oil; and with
the resvurce of this importance studies skould be cuntained to further this oil
shale evaluation.

During the week of May ll, 1970 it was announced that the Government
was prep;ring to lease federal lands for oil shale developm:int Ly the year 1972.
However, on May 18, 1970 it was announced by the Department of the Interior
Secretary, Walter Hickel, that the Government was going to cancel temporarily
any consideration for leasing'of Federal oil shale land. The reasvns given were
unclear-but inferred that the department felt that at this time it was economically

not feasible to undertake the leasing out of federal lands. Within a few weeks

i S e ST ST Y

the real reasun for this cancellation may be brought to light.

The -position of the government now clearly offers to Union Pacific a

very advantageous opportunity to accept consideration for the leasing or joint
operation cof their valuable oil shale properties by companies interested in devel-
oping a domestic supply of oil for the not tvo far distant future when crude re-
serves are seriously depleted by consumption in excess of the fields of the United

States capability to produce.

%
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