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Abstract

Oil and natural gas have been produced from Cretaceous-age sandstone and conglomerate reservoirs in more than a dozen fields in the northern
Bighorn Basin. Depths of production range from 1000 feet to 14,500 feet. Lower Cretaceous reservoirs have cumulative oil and gas production
of 6 MMBO and 56 BCFG. Upper Cretaceous reservoirs have produced 20 MMBO and 110 BCFG. All of the fields are on structural closures.
Production is primarily from three stratigraphic intervals. They are in (A) the Pryor Conglomerate interval of the Cloverly Formation, (B) the
Greybull Sandstone interval of the Fall River Formation, and (C) the Frontier Sandstone. The Pryor and Greybull reservoirs are Lower
Cretaceous age whereas the Frontier is Upper Cretaceous. The Pryor is comprised primarily of fluvial deposits. Reservoir sandstones in the
lower portion of the Greybull are of fluvial origin, whereas those in the upper portion are thought to be estuarine to shallow marine. The
Frontier sandstones are marine deposits. Oils produced from the Lower Cretaceous intervals are in two distinct geochemical groups. On
shallow structures along the flanks of the Pryor and Beartooth Mountains the oils are 10 to 22° API gravity and are biodegraded. Geochemical
analysis of the low-gravity oils indicates they came from a marine carbonate source likely contained in the Permian-age Phosphoria Formation.
The oil traps containing this biodegraded low-gravity oil may have had more than three billion barrels of original oil in-place. The Mosser
Dome field area in Yellowstone County, Montana, houses a giant stratigraphic trap in the Greybull Sandstone once containing as much as 2
billion barrels of Phosphoria-sourced original oil in-place. Deeper in the basin the oils from Cretaceous rocks are 44—60° API gravity
condensates. Gas chromatograph analyses of these oils suggest two separate oil families. The higher gravity condensates from the Lower
Cretaceous-age Pryor and Greybull are similar to each other and likely had the same source. They are quite different from the distinctive 44°
API gravity oil produced from the Upper Cretaceous Frontier Formation Source-rock analyses of eighty-three Lower Cretaceous-age core
samples from fifteen wells in southern Montana show TOC values as high as 4.56% with all samples being in the early to middle oil generation
window. The samples from the basal portion of the Thermopolis Formation had the highest TOC values. The Thermopolis is more than 350
feet thick. Significant hydrocarbon shows were seen on mud logs and drill stem tests from this black shale interval in Carbon County, Montana.
It is the most likely source for the condensates produced from the Pryor and Greybull reservoirs. The oil produced from the Frontier Sandstone
is assumed to have been sourced in the underlying Mowry Formation
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Key Points

Two dozen oil and gas fields in the northern Bighorn Basin have produced oil
or gas from Cretaceous-age reservoirs

Production depths range from 1000 to 14,500 feet

Cumulative production of 26 MMBO and 170+ BCFG from Cretaceous strata
All production to date has been located on structural closures

The Pryor Conglomerate, Greybull sandstone, and Frontier/Mowry
sandstones are the primary Cretaceous-age oil and gas reservoir units
Three geochemically distinctive oil groups have been produced with two
groups sourced from Cretaceous shale and one sourced from the Permian
Phosphoria Fm.

Source-rock analyses of core samples from Lower Cretaceous shales
demonstrate good source potential for high-gravity oil and natural gas
Three billion barrels of Paleozoic-sourced oil may have been trapped in
Lower Cretaceous reservoirs along the northern Beartooth Mt. front in
Stillwater County and in the Mosser Dome area of Yellowstone and Carbon
Counties, Montana

Significant gas shows have been recovered from the Thermopolis Shale in
the deeper portions of the basin in the study area
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The Frontier Fm. in the northern Bighorn
Basin is comprised of a series of coarsening-
upward regressive sequences capped by
flooding surfaces

Sandstones and conglomeratic sandstones
in the Frontier were deposited in marine to
brackish-water environments and
commonly contain fossils and trace fossils
The sandstone units generally coarsen
upward from very fine-grained to medium-
grained sandstone often capped with chert
and/or andesite pebbles/cobbles

There are multiple oil- and gas-bearing
sandstone reservoirs developed in the
Frontier and are generally discontinuous
between producing fields
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The Thermopolis is subdivided into four
subunits in ascending order: (A) the Dakota
silt, (B) the Skull Creek shale, (C) the
Muddy/Birdhead Ss., and (D) the Shell Creek
shale

Each of these units is, in turn, comprised of
numerous coarsening-upward cycles of
black shale and siltstone

The Mowry Formation is comprised of black
siliceous shale, bentonite beds, and thin
siliceous cherty sandstones in the upper
portion

The Mowry is also comprised of numerous
coarsening-upward cycles

The sandstones in the Mowry are commonly
assigned to the overlying Frontier Fm.



Type Log
T Fall River and
Cloverly Fms.
Bighorn Basin, MT

i s * The Cloverly Fm. is a non-marine unit
comprised of three members
* The basal member is the Pryor Conglomerate,
a chert-rich conglomeratic sandstone
deposited in a fluvial environment
* The Pryoris hydrocarbon-bearing on structural
closures related to the Nye-Bowler fault zone
* The Fall River Fm. unconformably overlies the
Cloverly Fm.
* Sandstones and black/grey shales in the Fall
Morrison Fm. River were deposited in fluvial to marine
deposits that mark the initial Cretaceous
marine transgression
* High-gravity oil and natural gas are present in
the Greybull Sandstone units on most
structural closures in the area
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Oil Geochemistry in Bighorn Basin Cretaceous Reservoirs

Fall River Exploration, LLC
Location of Oil Samples
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Sixteen (16) oil samples taken across
basin from Virgelle (U. Cret.), Frontier (U.
Cret.) Greybull (L. Cret.) Pryor (L. Cret.),
Tensleep (Pslv) producing wells

Gas chromatography (GC) analysis
performed

Three (3) oil groups present, based on GC
fingerprinting and API grouping

Three groups are (A) Frontier-Virgelle
oils; (B) Greybull-Pryor oils: (C) Tensleep-
Phosphoria oils.

The Cretaceous light oils were generated
from shales while the Tensleep-
Phosphoria oils were generated from
marine carbonates (diagnostic
biomarkers and high sulfur content)

Two oils from southern portion of basin
had lowest generation/expulsion
temperatures (114-116 deg C) while the
light Cretaceous oils from Carbon Co., MT
had generation/expulsion temperatures
of 125-130 deg C.



Source Rock Data in Thermopolis and Fall River Fms.

#1 Hart Fall River Exploration, LLC

Location of Wells Providing
Core Samples
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Eighty-four (84) core chips from fifteen
(wells) analyzed for TOC and Rock-Eval
data

Sample depths from 994-9826 feet
Sample intervals in Skull Creek Mbr of the
Thermopolis Shale and the Fall River Fm.
Of 84 samples, 44 had total organic
carbon values > 1.0% with the highest
value at 4.6%; average TOC of the 44
samples is 1.7%

The remaining 40 samples have TOC
values of 0.5 to 1.0%; several have
significant reduction of TOC values due to
thermal maturation

The bulk of the samples are in the early to
middle oil generation window



Source Rock Data in Thermopolis and Fall River Fms.

#1 Hart Fall River Exploration, LLC
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There is mixed oil and gas source
potential in these Lower Cretaceous rocks
Samples have an average hydrogen index
of 149 with a high value of 321

This kerogen type would likely generate a
high-quality light oil, such as that seen in
the Greybull Ss. and Pryor Conglomerate
in the deeper Bighorn Basin

The maturity range for the entire sample
set is early mature at a depth of ggo’ to
peak-oil generation at 9800’ depth
Conversion levels of kerogen to oil
assessed between the least and most
mature samples is estimated @ 50%
There is good correlation between burial
depth and thermal maturity



Source Rock Data in Thermopolis and Fall River Fms.
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Twelve (12) shale samples from four (4) wells
Avg. TOC1.93%
Four (4) samples have TOC > 2.3%

Twenty-six (26) shale samples from seven (7) wells
Avg. TOC1.1%

Four (4) samples have TOC > 1.8%

Thirty-one (31) shale samples from eleven (11) wells
Avg. TOC1.9%

Two (2) samples have TOC > 3.3%

Ten (10) shale samples from four (4) wells

Avg.TOC 0.4%

Two (2) samples have average TOC of 0.9% at an
average depth of 8920 feet in the peak-oil generation
window



‘ Field Production
Map Showing

‘ | : .f".# I SfOﬁf;e C .
\ o ™ k Production From
RN _ ., -

Bty Greeks 3 MIMB e ~ o Key Pryor Fields
R 4 50 API Gravity ‘ = ! )
S NS P eesats  Type Log — Fall River Fm. &
N S oty % = Cloverly Fms.
T ‘\ NS N\ { ntains Sec. 14, T6S RayE

12 APl Gravity RN 1T — Stillwater Co., Montana
>600 MMBO OOIP in Area 7 . i Dakota Silt
’" .‘ = A ¥
- *J "
== 3 - \ 2 ’ :
. \ , R
o

T

"Dakota"
Y AKO!

TTTTTTTTTTT

L

Upper Greybull Ss. & Sh.

Fall River Fm.

‘r;‘(,.ﬂ
Wyomi
*ﬁj’ =
Absaroka ""‘ : =/
Volcanic - X _ ( Himes Member
Plateau :

Northern Bighorn Basin
Structure Map
Base of the Fall River Fm.
C.1.=1000 ft

Oll/Gas Pre-Cretac.
Field Q Outcrops
Volcanics Precambrian
Outcrops Qutcrops

L. Cretaceous
~—_/Qutcrops

0 10 20
Miles

Lower Greybull Ss.

TTT TS T

Cloverly Fm.

Little Sheep Mudstone
Member

=N

Pryor Sandstone
Member

LU N Ly
TR T

: )
TTTLIIT
W

Morrison Fm.
(Jurassic)




N ==y

Q ! | :
|‘ ~— | \ 2 -7
Mosser Dome: 537 MBO
ilwater Co. 22 AP Gravity

‘ﬁ\ 2 Billion Bbls OOIP in Area
N \ |‘—'
0e —— 0

LR \
<]
N N
Mackay Dome: 327 MBO
12 API Gravity
>200 MMBO OOIP in Area

A
N. Clark’s Fork: ]
1.0 MMBO & 2.2 BCFG | & ==
W eyl 56 API Gravity 24 ||| L_
\ “4.« = ‘{ | [T
‘f 2, -
/Absaroka "~ f "
\ Volcanic = Elk Basin:
(_Plateau | 50 BCFG
Northern Bighorn Basin I 2
Structure Map \
Base of the Fall River Fm. ,
C.1.=1000 ft L\ e
Qll/G Pre-Cretac.
Field Qo[ﬁcré%sac \ -
~ Volcanics .Precambrian
_/QOutcrops Qutcrops AW
<~ L. Cretaceous
“__/ Qutcrops : =
0 10 20 v =
Miles N

.
ellowstone Co:

Garland:
207? BCFG

~

(6\0%
[

]55
LU 1]

009z

c 1 OC U
d |J O e
D
OC U O
~ . ~
=AVA0 = [0
pe LOQ all Rive
18010 O O dlld
; .
RIS g
g =2
7 Dakota Silt =)
._{ =]
g :
<
¢ =
“§‘
- E "Dakota"
£
= 5 [ Upper Greybull E
T80 Ss. & Sh. S
T Lower Greybull Sh. | &
=
=

Lower Greybull Ss.

Little Sheep
Mudstone Mbr.

5
3:.:
i
Z
(
5

Cloverly Fm.



Field Production
/ ~ Map Showing
[Yetowstone Go Production From

Key Upper
Greybull Ss. Fields

/ & Type Log — Fall River Fm.
y |

12 API Gravity -, \” AR, Sec. 35, T95 R23E
. 3 '5[”0\' RE -
>100 MMBO OOIP in Area "}\ . - - Carbon CO., Montana

’

54 API Gravity

Dakota Silt

Thermopolis Fm.

T &
Wyor ]

W\‘%:’ =
Absaroka "‘-"‘
Volcanic o
Plateau

Northern Bighorn Basin
Structure Map
Base of the Fall River Fm.
C.1.=1000 ft

Qil/Gas Pre-Cretac.
Field Q Outcrops
Volcanics Precambrian
Outcrops Qutcrops AV - :
L. Cretaceous N P Little Sheep

~—_/Qutcrops . |y \ Mudstone Mbr.

0 10 20
Miles

"Dakota"

Upper Greybull
Ss. & Sh.

Lower Greybull Sh.

?;
f
>

z

=
=

Fall River Fm.

Lower Greybull Ss.

Cloverly Fm.




Field Production
Map Showing
Production From
Key Frontier Ss.
Fields

% Type Log — Frontier Fm.
a, ‘ Mountains Sec. 32, T7S R21E

- o " i \
_ 0p = | ey ' X

‘ AR N | P Carbon Co., Montana

= ! Z ) Elk Basin: e
= 16 MMBO, 1 BCFG
P 44 API GraVi ty 5% Conglomerate & Sandstone
‘ ~ . -
.J\\
QNN TR ekt S R e 3
AL | ) ‘

- = 7000

| I i A
Frontier Fm.

2nd Frontier Ss.
Elk Basin Pay Zn.

2nd Frontier Ss.
Dry Creek Pay Zn.

Wvorni

7
oy
-

S J
Absaroka %
: »
Volcanic o
Plateau X -
Northern Bighorn Basin ; i Elk Basin South:

Structure Map SN\ Par \(
Base of the Fall River Fm. D 1.7 MMBQ
C.1.=1000 ft N 45 API Gravity
oillG Pre-Cretac. SN
Feld. @D butcrops.
Volcanics Precambrian
Outcrops Qutcrops

L. Cretaceous
~—_/Qutcrops

0 10 20
Miles

Mowry Fm.

Mowry Ss.

"3rd Frontier Ss."
Dry Creek Field

- - : - 113
PTTUUTTTIE W Wl VT Iisl 70T U TT T Tt
L]




DRY CREEK FIELD
U. GREYBULL/PRYOR
4 MMBO (50° API)
B S

Structure Map: Base of the Fall River Fm.

C.l. = 5oo feet

Cabot Oil and Gas

#1 Carbon County

GOLDEN DOME FIELD ‘

U. & L. GREYBULL Ss. — | |
1,3 BCFG/74 MBO (56° AP) \ ‘
~ I
Energy Corp. of America
Mowry Fm. Horizontal

200 feet

i\
AN

S

]

\%!5

Odessa Natural
#1 John Lair

BELFRY FIELD
U.&L. GREYBULL Ss.

101 MBO (60°)/0.5 BCF

a

NO. CLARKS FK. FLD \

Carter Oil

#1 Belfry Unit

R
B

Oﬂﬂﬁ

20E

\“X

x

L. GREYBULL Ss.
1 MMBO - 2,3 BCFG

CLARICS K NORTH

2
5
= =
@« +-
© g
g
S
£
2 =
s z
.
&
S
=)
<
@
© 8 = 8 EEE
A i ¥ &
8 == =
g ==
== =1
. S il
-
P, e H dlDO
Q
O dld d o
q 8 o NDE a
ol = :-
A
e O
ﬁ ~ 000
OOH, PIE

TTAIGH GAS SHOW FROM |
% || |FRACTURED SOURCE BEDS|

Ffap test [C3: 9.9%

C4: 0.95%]




Conclusions

Two dozen oil and gas fields in the northern Bighorn Basin have produced oil
or gas from Cretaceous-age reservoirs

Production depths range from 1000 to 14,500 feet

Cumulative production of 26 MMBO and 170+ BCFG from Cretaceous strata
All production to date has been located on structural closures

The Pryor Conglomerate, Greybull sandstone, and Frontier/Mowry
sandstones are the primary Cretaceous-age oil and gas reservoir units
Three geochemically distinctive oil groups have been produced with two
groups sourced from Cretaceous shale and one sourced from the Permian
Phosphoria Fm.

Source-rock analyses of core samples from Lower Cretaceous shales
demonstrate good source potential for high-gravity oil and natural gas
Three billion barrels of Paleozoic-sourced oil may have been trapped in
Lower Cretaceous reservoirs along the northern Beartooth Mt. front in
Stillwater County and in the Mosser Dome area of Yellowstone and Carbon
Counties, Montana

Significant gas shows have been recovered from the Thermopolis Shale in
the deeper portions of the basin in the study area
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