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Figure 1.   Map showing the location of the Hanna Basin (dark shading), surrounding uplifts (light shading), major 

faults, depth in feet to Precambrian basement in the basin center, and location of the Brinkerhoff Hanna Unit No. 1 

well (BKH). Modifi ed from Perry and Flores (1997, p. 52). 

WYOMING

107 106106  30'

42

41  30'

42  30'

RAWLINS

RAWLINS

UPLIFT
SIMPSON

RIDGE

HANNA

BASIN - 30,000- 10,000

PARK

RANGE

GRANITE   MOUNTAINS

SHIRLEY
     MOUNTAINS

BKH

SEMINOE MTNS

MEDICINE

BOW

UPLIFT

Thrust fault—
sawteeth on
upper plate

C
A

R
B

O
N

 B
A

S
IN

0 10 20 

MILES

SHIRLEY

BASIN

ELK MOUNTAIN

2  Geologic Studies of Basin-Centered Gas Systems



� � � � � � � � � � 	 � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � �� � � � � 	 � � � 
 � 
 	 � � � � � �  � � � � � � � � � � � 
 � 	 	 � � � � � � � � � � � � � � � � � � � � ?&  � � � � � � � � � � � � � � � � � � 	 	 � 	 � � � � � � � � � � � � 
 � � � � � � �� � � 
 � � � � � � � 
 � 7 
 � � � � � 	 � � � � � � � � 	 � � � � � � � � � � � � � 	 	 �� � � 
 � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � 
 � � � � � � � � � � �� � � � � �  �  � � � � 	 � � 0 � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � �� � � � � � � � � � � � 	 � � � � 	 � � � � � � � � � 
 � � � � � � � 
 � � � � �  .  < � � � � � � � � � � � � � � � � � � � 	 	 � � � � � � 
 � � �  ;  * � � � � � � � � � � � � 
 � � � � � � � � � � 
 � � � � � � � � � � � �  -  � � � � � � � � � 
 � � � � � � � 
 � 
 � 	 	 � 	 � � � � � � � � � � � � � � � � � �� � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � �  :  < � � � � � � � � � � � � � � � � 	 � � � � � 	 � � @ � � � � � � 	 	 � 	 � � � � � � � '  &� � 	 	 � � � � � � , � " /  A  < � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 	 	 � � � � � � 
 � � � � � � 0 �� � � � � � � � � � � � � � � � � � � � � � � � �  +  < � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � �  �  # � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  & '  ) � � 
 � � 
 � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � �� � � � �  & &  < � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � 	 � ! � �  & �  # 
 	 � � � 	 � � 
 � � � � � � � � � � � � � � � 
 � � � � � � � 	 � � � � 	 � � � � � � � �� � � � � � � � � �  & .  � � � � � � � � 
 � � � � � � � � � � � � � � � � � 
 � 
 	 � � � � � � � � � 
 � � � � � � �� � � � � � � � � � � � � 
 � � � � � � 	 � � � 
 � � � � � � � 
 � 
 � 	 	 � � � � � � � �� � � � � � � � � � � � � � � � � � � � � 	 
 � � � 
 '  A - � � � '  � � � � � � � �  # � � � � � � � � � 
 � 
 	 � � � � � � � � � � � � � � � 	 � � � � � � 
 � � �� � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � 3 � � � � � � � � � � � � � � � � � � � � � � �� � � 
 � 
 	 � � � � � � � � � � � � � � � � � � 	 � � 
 � 1 � � � � � �  
Assessment of Basin-Centered 
Gas Accumulations2 � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � , � � � � � � � � � � � � � � 
 � 
 � �� � � � / � � � 
 � 
 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � 
 �� � � 
 � 
 	 � � � � � � � � � � � � � � � � � � � � � � � 	 	 � � � � � � � 
 � � � � � � � � �� � � � � � � � � � � � � 	 	 �  B � � � � � � � � � � � � � � 
 � � � � � � 	 	 � � � � � � � � � � � � � �� � � 	 � 
 � � � � � � � � � � � � 3 � � � � � � � � � � � � � � � � � � � � � 
 � � 	 	 �  � � 	 	 �� � � � � � � � � 
 � � � � � � � � � � � � � 
 � � � � � � � � 
 � � � � � � �  * � � 	 � � � � � � � 0 �� � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � �� 	 � �  � � � � 
 � � � � � 
 
 � � � � � � � � � 	 	 � � � � � � � � � � � � � � � 
 � � � � � �� � � 
 � � � � � � � � 
 
 � � � � � � � � � 	 	 � � � � � � � � � � � � � � � � � � � � � 
 � � � � �, � 
 � � � � � � � � � � / � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � 
 � � � � � �� � 3 � � � 
 � � � � � � � � � � � 
 	 � � � � � � � � � � � � � � � � , 6 4 < C � / 
 � � � � � � �� � 	 	 � � � � � � � � � � � � � � � � � � � � � 
 � � � � �  � � � � � � � � � � � � � � � 
� � � 	 � � � � � � � � � � � 	 � � � � � 
 � � � � � � � � � � � � 
 � � � � � 
 
 � � � � � � � � � 	 	 � �� � � 6 4 < � � � � � � � 	 � � � � � � � � � � 
 � � � � � � � 	 � � � � � � � � � � 	 
 � � � � � � � � � � �� � � � 
 � � � � 
 � � � � � � � � � � � � � � � � 
 � � �  < � 
 � � � � ) � � � � 0 � � , & � � : /
 � � � � � � � � 	 � � � � � � 
 � � � � � � 
 � � � � � � 
 � 
 � � � � � � � � � 
 � 
 	 � � � � � � � � �� � � � � � � � � � � � � � �  B � & � � - � � � � 4  )  * � � 	 � � � � � 	 ) 
 � � � � � � 3 � � � & ' ' � � � � � � 
 �� 
 � � � � � � � � 	 � � � � � � � 	 � � � � � � � � � � � � � � � � � � � 	 � � � � � � 	 0 � � � � �

� � � 	 � 
 � � � 	 	 � � � � � � � � � � � � 	 �  ( 
 � � � & ' ' � � � � � � 3 � � � 	 � � � � A .� � � � � � � � 	 � � �  6 � � � � � � � � � � 
 � � � & ' ' � � � � � � 3 � � � 	 � � � � � � �7 
 � � � � � � � � � � 	 � � � � � � � � �  6 � � � � � � � � � 
 
 � � � � � � � � � � � � � � � � � � � 	 	 �� � � � � � � � � 	 � � � � � � � � 
 � � � � 
 � � � � 	 	 � � � � � � 
 � 
 � � � � � � � 	 � � � @� � � 	 
 � � � � � � � 	 � � � � � � � � 	 � � � @ � � � � � 
 � � � � & � � � � 	 	 � � � 
 � D, � � $ / , � - � � 
 � � � � � 	 � / � � ; & A � � $ , - � � 
 � � � � � 	 � / � � � � � � � � � �� � � � � � � � � 
 . ' + � � $  # 
 � � � 
 � � � � � � � � 
 � � � � � � � � � � � 
 � � � � �� � � � � � � � � � � � � � � � � � 	 � � �  $ � 
 � � � � � � � � � � � � 
 � � � � � � 
 � 
 � � � � � � � � � � � � � � � � � � � � � � �� 	 � � � � � � � � � � � � � � 3 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � 4  )  * � � 	 � � � � � 	 ) 
 � � � � & � � - % � � � � � � 	 5 � � � � �	 � 
 � 2 � � � � � � � � � ? , & / � 	 � � � � � � � � � � � � � � � � � � � � � & � � - � � 
 �� � � � � � � � 
 � � � � � � � � � � 
 � � � 
 � � � � � � � E , � / � 	 � � � � � � � � � � �� � � � � � 3 � � � � � � � � � � � 	 � � � � � � � � � � � � � � 	 � � � � � � � � 
 � 
 � � � & � � - E, . / � 	 � � � � � � � � � � � � � � � � � 3 � � � � � � � � � � 
 � 
 � � � & � � - � 
 � � � �� � � � � � � � � � � � 
 � � � 
 � 	 � � 0 � 
 � � � � E � � � , ; / � � � � � � � � � 
 � 
 � �� � � � � � � 
 � 
 	 � � � � � � � � � � � � � � � � � � � � � � � 3 � � � � & � � -  � � � � � �� � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � 3 � � � � & � � - � �� � � � � � � � � � � � � 	 
 � � � � � � � � � � � < � � � � � < � � � � � 2 	 � 
 7 
 � � 7 
 � �� � � � � � � � � � � ! � # � 
 � � � � � � � � � � � � � � � � � � � � � � 
 � � � < � � 0 �# � 
 � � � � � � � � � � � E � � � 2 � � � � � 0 � � � � 2 � 0 � � � � � � � � � � 
 � � �� � 
 � � � � � # � � � � � � � � � � � � � � � � � E � � � � � � � � 	 � � 	 	 � � � � � � � 
 � � � � � �� � � 2 	 � � 0 �  
Geologic Setting of Hanna Basin� � � � � � � � , 3 �  & / � � � � � � � 8 � � � � � � � � � � � � 	 � � � � � �� � � � � � � � � � 
 � � � � � � � � 
 < � � 	 � � � � � � � 
 � � � � � � � � � 	 � � � � � � �, 5 � � � � � � � $ 	 � � � � � & � � A /  � � � � � � � � � � � � � 0 � � � � 5 � � � � � � � � � � �� � � � � 
 � 	 � 
 � � � � � 	 
 � � � � � � � ) � � � 	 � � � � � ) � � � � � � # � 
 � � � � � � � �� � � � � � � � � ) � � � � � � < � � � � � � � � � � � � � � � � � # � � � � � � � � � � � � �5 � � 0 < � � � � 
 � 	 � 
 � � � � � � � � � 
 � � � � � � � � � < � � 	 � � � 
 � 	 � 
 � � �� � � � � � �  5 � � � � � � � � � � � � � � � � � � � � � � � 
 � . ' � ' ' ' � � ; ' � ' ' '
 � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � , � � � � � � � & � + : /  � � �� � � � � � � � � � � � � � � � � � � � � � � � 
 	 	 � � � � � � � � � � � E � � � � � � � � � � � � � � �� � � � � � � � � � � � 
 � � � � � ! � � � � 8 � $ � � � � , & � + + / � � � 5 � � � � � � �$ 	 � � � � , & � � A /  ) � � � 0 � � � 	 � � � � � � � � � � � � 
 � 
 	 � � � � � 	 � � � � � � ) � � � 	 � �# � 
 � � � � � � � � 
 � � � � � 
 � � � � � 
 � � � � 8 � � � � � � � � � � � 
 � � � � � � � 	 �5 � 	 � � � � � � � � � � , � � � 	 � 8 � � � � � � � / � � � � � � � � 
 � 	 � 
 � � 
 � � � # � � � �� � � � � � � # � 
 � � � � � � � � � < � � 	 � � � 
 � 	 � 
 � � � � 
 � � � � � 
 � � � � 	 � � �5 � 	 � � � � � � � � � 6 � � � � � � � � � , 	 � � � 8 � � � � � � � /  ) � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 3 � 
 � ��  � � � � � � � � � � � � � � � 
 � � > 
 � � � � � � � � � � � � � � � 	 � � � � � � � � � - ' '
 � � � � � 0 � � � � � � 	 
 � � � � � � � � � � � � � � $ 	 � � � � � � ) � � � � � � � � � # � � �� � � � � � � � � � # � � � � � � 8 � � � � � � � � � 5 � � � � � 	 � � � � � � � � � � � � $ � � � � �� � � � � � � � � � � � � > � 	 � � � � � � 
 � � � � � � $ � � � � � � � � � � � � � � � � > 
 � � � �� � � % 
 � � � � ) � � � � � � � � � � � ) 
 � � � � � � � � � # � � � � � � � $ � � � � �� � � � �  � � � 8 � � � � � � � 	 � � � � 4 � � � � � � � � � � � � 
 � � 
 � � � 	 � � �� � � � � � � � � � � � � � � � 	 
 � � � � � � � 	 � � � � 	 � $ � � � � � � � � � � � � � � � � � 	 � �) � � 	 � � # 
 � � � ) � � � � � � � � � � � � # � � � � ) � � 	 �  4 � � � � � � � � � � � � 
 �� � � � � � � � � � � 	 � � � � 
 � � � � � � � 	 
 � � � � � $ � � � � � � � $ � � � � � � � � � % � � �� � � � � $ � � � � � � � � � ) � � � 	 � ) � � 	 � � # � � � � � � � � * � � 
 � � 8 � � � � ) � � 	 � �$ � � � � 	 	 � ) � � � � � � � � � � � � # � � � � � � � � � � $ � � � � � � � �  $ 	 
 � � � 	� � � � � 	 � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 �

Potential for Deep Basin-Centered Gas Accumulation in Hanna Basin, Wyoming  3



Figure 2.   Stratigraphic chart showing names and average thicknesses of stratigraphic units recognized in the Hanna 

Basin, Wyoming. Modifi ed from Kaplan and Skeen (1985, p. 224). 
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Figure 3.   Map showing structural elements, outcrop patterns, locations of cross sections (fi gs. 4 and 5), and locations of 29 representative exploration wells in the Hanna Basin, 

Wyoming. Modifi ed from Hansen (1986, p. 485) and MAPCO (1999, maps WA5 and WA6). Three-letter code identifi es well name as shown in table 1.
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Hanna Formation; TKf, Tertiary-Cretaceous Ferris Formation; Kmb, Cretaceous Medicine Bow Formation; Kle, Cretaceous Lewis Shale; Kmv, Cretaceous Mesaverde Group; Ks, 

Cretaceous Steele Shale; Kn, Cretaceous Niobrara Formation; Kf, Cretaceous Frontier Formation; Km, Mowry Shale; J-e, Jurassic through Cambrian rocks. 

P
o

te
n

tia
l fo

r D
e

e
p

 B
a

sin
-C

e
n

te
re

d
 G

a
s A

c
c

u
m

u
la

tio
n

 in
 H

a
n

n
a

 B
a

sin
, W

yo
m

in
g

 
 

7



J - C

J - C

12.1

12.9

1.2%
9.3

Kle
Kmv
Ks

Kmb

Kle

Kf-Km
Kn

?

D
E

P
T

H
, 

IN
 T

H
O

U
S

A
N

D
S

 O
F

 F
E

E
T

Kd

Kd

B B′

SW NE

10

SEA
LEVEL

-10

-20

-30

-40

COG SFM OOU BCC THC BKH

0.43

0.47
0.31

12.1
11.9

12.9
9.5

0.37

1.2%
9.3

0.42

Precambrian basement

Kle
Kmv
Ks

Kmb

TKf

Th
TKf

Km
b

Kle

Kf-Km
Kn

?
Vertical scale: 1" = 10,000 ft

Horizontal scale: 1" = 20,000 ft

1.2% = Virtrinite reflectance

D
E

P
T

H
, 

IN
 T

H
O

U
S

A
N

D
S

 O
F

 F
E

E
T

0.42 = Pressure gradient (psi/ft)

9.3 = Mud weight (ppg)

Normally pressured interval

Subnormally pressured interval

Overpressured interval

Gas-producing well

Dry hole

Kd

Kd

Figure 5.   Cross section B-B’ showing generalized structure of the Hanna Basin and interpreted boundaries of normal, subnormal, and overpressure zones, based on interpretations of 

vitrinite refl ectance measurements and well data. See fi gure 3 for location of cross section. See table 1 for explanation of codes used to identify wells. Th, Tertiary Hanna Formation; 

TKf, Tertiary-Cretaceous Ferris Formation; Kmb, Cretaceous Medicine Bow Formation; Kle, Cretaceous Lewis Shale; Kmv, Cretaceous Mesaverde Group; Ks, Cretaceous Steele Shale; 

Kn, Cretaceous Niobrara Formation; Kf, Cretaceous Frontier Formation; Km, Mowry Shale; J-e, Jurassic through Cambrian rocks. 

8 
 

G
e

o
lo

g
ic

 S
tu

d
ie

s o
f B

a
sin

-C
e

n
te

re
d

 G
a

s S
yste

m
s



Y Z [ \ [ Y ] ^ _ ] ` a ] _ b c d ` b e [ f gY Z [ \ [ h i Z ` d [ i j i k i l m [ ` l gY Z [ \ [ h b n _ l o p k c d ` b e [ f gY q _ \ r i c f h f s [ ] t i d e [ f gu l ` d ^ i l r [ v v w _ d d _ c d ` b e [ f gu o l [ d x ` ] y i t _ l j ` t z i e [ f gu o l [ d x ` ] y i t _ l j ` t z i e [ f gy r _ Z { i l k | ] _ i d r _ Z Z i l e [ f gy r _ Z q ] ` d c } j j ~ ~ � � e [ f gy [ _ k b _ ] y x s y � c } j j e [ f gy [ ] [ l _ t [ x ` ] e [ f g s [ m p by [ d b ` d i d b _ ] h ` Z q k [ d e [ f gy j Y y j Y � c } j j e [ f g � � g� ` ] ] _ l t c d ` b e [ f ~ g � � �� j s w h j e [ f � ~ j � � ga i l z � k [ d } y j � � � � � � e [ f ga n y h _ d t k b [ d i c d ` b e [ f g � g �a [ l i k b x ` ] � _ d _ c d ` b e [ f ga [ l i k b x ` ] n ` ] ] i l e [ f g ~ � ga [ l z [ b k [ d � e [ l b i � w u h e [ f gw � Z { ] i } _ k k y l i i ^ e [ f g� e � � � c } j j e [ f g � � � �n [ { ` ] a � g ~ � ~ � sn � l q r o w _ o k b _ \ ^ e [ f gx r ` [ x ` ] c d ` b e [ f gh ` d \ ] _ ` l a i t i l _ ] n i ] b [ d e [ f g� l � i x ` ] y � l l o a i t i l _ ] e [ f ~ ~� l � i x ` ] w _ d d _ c d ` b y e [ f �� [ b _ ] � _ ] \ [ b b a i t e [ f g � � �

� i ] ] e _ Z i Y Y aY h jY h nY y su | wu y yu y ay | hy } yy � cy x sy h jy j Y� � �� j wa } ya n ya x �a x na s ew } y� � cn x an w hx x ch a n� y a� w y� � a

h o Z { [ ] g �g ��� ��g �� �g ��� g� ~g �g �� ��� �g �~g ~� �� �� �~g ~� �� �� ~� �� �

h i \ f � � e f� � e f� g e f� � e f� � e f� � e f� � e f� � e f� g e f� � e f� � e f� g e f� � e f� � e f� ~ e f� g e f� � e f� � e f� � e f� ~ e f� g e f� ~ e f� g e f� � e f� � e f� � e f� g e f� � e f� g e f

� f � ~ � f� ~ � f� ~ � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� � � f� ~ � f� � � f� g � f� � � f� � � f� � � f� � � f� g � f� � � f� ~ � f

j f g � � �g � � �g � � ~g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � �g � � gg � � ~g � � gg � � �g � � �g � � �

� i _ l � � � � �g � � g � �g � � � � �� � � � �g � � � � �g � � � � �g � � � � �� � � ~ �g g � � � gg � � � � �~ � � ~ �g � � � g ~� � � g �~ � � � ~� � g � �� � � � �� � � � �g � � � � �� � � g �g � � � � �g � � � � �� � � � �g � � � � �� � ~ � �g � � g � �� � � g �� � � � �� � � � �� � g � �

� �v i i b | k| Z mn Z� Z� | v| d| d� Z| v| v| Z m| Z m| Z m| Z m� | v| Z m| k| Z {� Z� Z� Z� Z� | v| d

a Z _ b � � � f �� f g� f �� f �g � f �g � f �� f �� f �� f �g � f �� f �g � f �g � f �� f �� f �g � f �g � f �g g f �g g f ~� f �� f �� f �� f �g � f �� f �� f �� f �� f �� f �� f �� f �� f �� f �� f �� f �g � f gg � f �� f �� f �� f �g � f �g � f gg g f �g � f �g g f �� f �� f �

n � tq q z � � � � �� � � � gg � � � � �� � � � �g g � � � �g ~ � � � �� � g � �g � � � � �g � � ~ � �g � � � ~ �� � g � �g � � � � �� � � ~ �g g � � � �� � � � �� � � � �g � � � � �� � � � �g � � � g �~ � � � �~ � � ~ �� � g � �� � � � �� � � � �� � � � �g � � � � �� � � � �� � � � �g � � � � �g � � � � �g � � g � �� � � � �g � � � � �� � � � �� � ~ � �g � � � � gg g � � ~ �� � � ~ g� � ~ � �� � � � �g � � g � �g g � � � �g � � � g �� � g � ~� � � � �� � � � �� � g � �

� i q b rv i i b g � �g � �g � �g � �g � g� g �g � �g � �g � �g � �g ~ �g � �g � ~g g �g � �� ~g � �g g ~g g gg � �g � ~g � �g � �� � ~g g �� ~ �g g �g ~ �g ~ �g � �g ~ �g � �g � ~g � �g � �

u w �t i z a � � � � �� � � � �� ~ gg � � � �� � � � �� � � � �� � � � �g � � � �� � � � �g � � g �g � � � �� � � � �~ � �~ � � � �� � g � ~~ � � � g~ � � � �� � � � �g � g � �� � �g � ~ � �� � g ~ �� � �

� h � h � }q k ` � � � � �� � � � �� � � � �g � � � � �� � � � �� � g � �� � g � �~ � � � �~ � � � �~ � ~ � �~ � � ~ �� � � � �� � � � �g � � � � �g � � � � �g � � � � �g g � � � �� � ~ � �� � � � �� � � ~ �� � g � �� � � � �~ � ~ � �

� i q b rv i i b � f � �� f ~ �m i l o ] [ �m i l o ] [ �� f ~ �� f � �� f ~ g� f � g� f ~ �� f ~ g� f ~ �� f ~ �m i l o ] [ �� f ~ g� f ~ g� f � �� f ~ �� f � gm i l o ] [ �� f ~ �� f ~ �� f � �m i l o ] [ �

s l _ t ` i d bq k `� v b e [ b i k b k f h [ Z i e � � x i v v i \ b k f e [ l Z _ ] q l i k k � l i � �� h � l i \ [ m i l i t g � � � � v i i b [ v k z \ Z � _ b i l f e [ l Z _ ] q l i k k � l i �y [ l i t g g � � � � � � � � v i i b � ] [ k b \ ` l \ � ] _ b ` [ d f h � { d [ l Z _ ] q l i k k � l i �} i l v [ l _ b i t e ` [ { l _ l _ _ b g � � ~ � � � g � � � � � v i i b f Y { _ d t [ d i t f} l [ { _ { ] o [ m i l q l i k k � l i t ` d e ` [ { l _ l _ � a l [ d b ` i l fe [ b i k b k l i q [ l b i t f e ` [ { l _ l _ Z _ o { i k � { d [ l Z _ ] ] o q l i k k � l i t �e [ l Z _ ] q l i k k � l i z l _ t ` i d b _ b � � � � � v i i b � a i � k r [ � k fj [ � � f � � _ { [ m i g � � � � � v i i b f� q [ l � � � g � � f j [ � g f � � d i _ l � � f h � { d [ l Z _ ] q l i k k � l i �g � f � q q z Z � t � [ m i l q l i k k � l i � } i l v [ l _ b i t h r _ d d [ d h k f � h b i i ] i h r f � fg � f � q q z Z � t f } i l v [ l _ b i t e ` [ { l _ l _ _ d t h r _ d d [ d h k f � h b i i ] i h r f � f� h � a l [ d b ` i l l i \ [ m i l i t z _ k k o Z � t f } l [ { _ { ] o d [ l Z _ ] q l i k k � l i f� h � � _ ^ [ b _ � y ] [ m i l ] o � l i \ [ m i l i t � � � � � v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i f� h � � i d k ] i i q l i \ [ m i l i t � � g � � v i i b [ v k � ]v � l � _ b i l f e [ l Z _ ] q l i k k � l i � �a ] [ � i t z _ k _ d t � _ b i l v l [ Z n [ l l ` k [ d f e [ l Z _ ] q l i k k � l i fs _ k ^ ` \ ^ k � g � q q z Z � t f x m i l q l i k k � l i t e ` [ { l _ l _ a [ l Z _ b ` [ dh b i i q t ` q k � k b � \ ^ q ` q i � b � [ k ` t i b l _ \ ^ k f Y { _ d t [ d i t f� h � � i d k ] i i q l i \ f g � � v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i �s _ k k r [ � k � Z � t � i ` z r b � g g f ~ q q z ` d e ` [ { l _ l _ f a _ � ] b � [ d i fe ` [ { l _ l _ k i \ b ` [ d ` k q l [ { _ { ] o [ m i l q l i k k � l i t f Y { _ d t [ d i t f� h � | Z m l i \ [ m i l i t � g � v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i f� h � | Z m l i \ [ m i l i t � � � � ~ v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i f� h � | Z m l i \ [ m i l i t ~ � � � � v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i f Y { _ d t [ d i t f� [ � u w � f } l [ { _ { ] o d [ l Z _ ] q l i k k � l i fe [ b i k b k f e [ v [ l Z _ b ` [ d b [ q k ] ` k b i t [ d \ _ l t f� h � | Z m l i \ f � � g � � v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i fa i l l ` k ` k q l [ { _ { ] o d [ l Z _ ] ] o q l i k k � l i t f� h � | Z m l i \ [ m i l i t � � v i i b z _ k � \ � b Z � t f h � { d [ l Z _ ] q l i k k � l i �� h � | ] l i \ f � � � g � v i i b � _ b i l f e [ l Z _ ] q l i k k � l i f� h � | Z m l i \ [ m i l i t g g � � � g v i i b z _ k � � _ b i l _ d t Z � t f n ` k l � d �| Z m ` k q l [ { _ { ] o d [ l Z _ ] q l i k k � l i � k � { d [ l Z _ ] d i _ l � � �� h � | k r v ] [ � i t z _ k ~ ~ n y a � � l i \ f g � � � � v i i b [ v [ ` ]| Z m ` k q l [ { _ { ] o d [ l Z _ ] q l f e ` [ { l _ l _ Z _ o { i k � { d [ l Z _ ] fs _ k k r [ � d [ b i t _ b � � � � � v i i b fe [ \ [ l i k [ l b i k b k � � � ` d n i t ` \ ` d i u [ � f Y { _ d t [ d i t fg � f g q q z Z � t b r l [ � z r e ` [ { l _ l _ � a l [ d b ` i l f h i m i l _ ] \ [ l i k f x m i l q l i k k � l i k �� h � � d v ] [ � i t z _ k � k � { d [ l Z _ ] � d [ l Z _ ] q l i k k � l i k � � �� h � a l [ d b ` i l l i \ [ m i l i t � � v i i b z _ k k o Z � t f h � { d [ l Z _ ] q l i k k � l i �� h � � _ ^ [ b _ � y ] [ m i l ] o � l i \ [ m i l i t g � ~ ~ � v i i b [ v � _ b i l � b l _ \ i [ ` ] f e [ l Z _ ] q l i k k � l i fs _ k ^ ` \ ^ � � h � v ] [ � i t z _ k v l [ Z e ` [ { l _ l _ f Y { _ d t [ d i t fe ` [ { l _ l _ � a l [ d b ` i l h r _ ] i ` k q l [ { _ { ] o [ m i l q l i k k � l i t f� h � a l [ d b ` i l l i \ [ m i l i t g � � g � v i i b [ v � _ b i l f e [ l Z _ ] q l i k k � l i f� h � ` d � _ ^ [ b _ l i \ [ m i l i t z _ k _ d t Z � t f e [ l Z _ ] q l i k k � l i fe [ b i k b k f e ` [ { l _ l _ � a l [ d b ` i l Z _ o { i [ m i l q l i k k � l i t fw ` z r Z � t � i ` z r b f� h � l i \ [ m i l i t � � � v i i b Z � t t o � _ b i l f } l [ { _ { ] o d [ l Z _ ] q l i k k � l i fe ` [ { l _ l _ ` k q l [ { _ { ] o k � { d [ l Z _ ] ] o q l i k k � l i t f

y [ Z Z i d b kTable 1.   Mud weights, bottom-hole temperatures and drill-stem test results for 29 representative exploration wells in the Hanna Basin, Wyoming, based on well logs and scout cards 

available at the Denver Earth Resources Library, Denver, Colo.

[Fm., formation; ppg, pounds per gallon; NDXO, neutron-density crossover; Dpor, density porosity; pr., pressure; TD, total depth of well; MCFD, thousand ft3 of gas per day; BHT, bottom hole temperature; psi/ft, 

pounds per square inch per foot; Ro, vitrinite refl ectance in percent; DST SIP, standard drill-stem test shut-in pressure; sgcm, slight gas cut mud; Ss, sandstone; Mm, Mississippian Madison Formation; PPt, 

Pennsylvanian Tensleep Formation; PPa, Pennsylvanian Amsden Formation; Jm, Jurassic Morrison Formation; Jn, Jurassic Nugget Sandstone; Kn, Cretaceous Niobrara Formation; Ks, Cretaceous Steele Shale; 

Kmv, Cretaceous Mesaverde Group; TKf, Tertiary-Cretaceous Ferris Formation]
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