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T his  i s  t h e  f i n a l  v e r s i o n  o f  th e  s u b j e c t - q u a d r a n g l e  
e v a l u a t i o n  r e p o r t  to  be p la c e d  on open f i l e .  T h is  r e p o r t  
h a s  n o t  been  e d i t e d .  In  some i n s t a n c e s ,  r e d u c t i o n s  i n  t h e  
s i z e  o f  f a v o r a b l e  a r e a s  on P l a t e  1 a r e  n o t  r e f l e c t e d  i n  
th e  t e x t .
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ABSTRACT

The Sheridan Quadrangle o f  n o r t h - c e n t r a l  Wyoming was ev a lu a te d  for  
uranium f a v o r a b i l i t y  a ccord in g  to s p e c i f i c  c r i t e r i a  o f  th e  N a t io n a l  Uranium 
Resource E v a lu a t io n  program. Procedures c o n s i s t e d  o f  g e o lo g i c  and rad iom etr ic  
su r v e y s;  rock , w ater ,  and sedim ent sam pling; s tu d y in g  w e l l  lo g s ;  and rev iew in g  
the l i t e r a t u r e .  F ive  fa v o r a b le  environm ents were i d e n t i f i e d .  These in c lu d e  
p o r t io n s  o f  Eocene Wasatch and Upper C retaceous Lance san d sto n es  o f  the  Powder 
River B asin  and Lower C retaceous  Pryor san d ston es  o f  the  Bighorn B a s in .

U n favorable  environm ents  in c lu d e  a l l  Precam brian, Cambrian, O rd ov ic ian ,  
Permian, T r i a s s i c ,  and Middle J u r a s s ic  rock s;  th e  C retaceous Therm opolis ,  
Mowry, Cody, M e e te e t s e ,  and Bearpaw Form ations; the  Upper J u r a s s ic  Sundance 
and M orrison, th e  C retaceous F r o n t ie r ,  Mesaverde, Lance, and th e  P a leocen e  
Fort Union and Eocene Willwood Form ations o f  th e  Bighorn B asin ;  th e  Wasatch 
Formation o f  th e  Powder R iver  B a s in ,  e x c lu d in g  two fa v o r a b le  a r e a s  and a l l  
O lig o cen e  and Miocene r o c k s .  Remaining rocks are  u n e v a lu a ted .





INTRODUCTION

PURPOSE

The S h e r id a n  NTMS 1° by 2° Q u a d ra n g le  ( F i g .  1) i n  n o r t h - c e n t r a l  Wyoming 
was e v a lu a t e d  to  i d e n t i f y  g e o lo g ic  e n v iro n m e n ts  t h a t  have  c h a r a c t e r i s t i c s  
f a v o r a b le  f o r  u ran ium  d e p o s i t i o n .  The s e l e c t i o n  of an  e n v iro n m en t  as  
f a v o r a b le  was b ased  on t h e  s i m i l a r i t y  o f  i t s  g e o lo g ic  c h a r a c t e r i s t i c s  to  t h e  
r e c o g n i t i o n  c r i t e r i a  o f  th e  N a t io n a l  Uranium R e so u rce  E v a l u a t io n  (NURE) 
program , a s  d e s c r i b e d  by M ick le  and Mathews ( e d s . ,  1 9 78 ) .  A reas  a r e  
c o n s id e r e d  f a v o r a b le  i f  th e y  have  th e  p o t e n t i a l  to  c o n t a i n  a t  l e a s t  100 t  of  
U30g w i th  an a v e ra g e  g ra d e  o f  0.01% o r  h i g h e r .  Only e n v iro n m e n ts  to  a 
d e p th  o f  1500 m have been  e v a lu a t e d  f o r  t h i s  p r o j e c t .  T h is  s tu d y  was 
c o n d u c te d  by B endix  F i e l d  E n g in e e r in g  C o r p o r a t io n  (BFEC) f o r  t h e  NURE program , 
managed by th e  Grand J u n c t i o n  o f f i c e  o f  t h e  U .S . D epar tm en t  of E nergy  (DOE).

SCOPE

The q u a d ra n g le  e v a l u a t i o n  c o n s i s t e d  o f  t h r e e  s e p a r a t e  p h a s e s ,  b e g in n in g  
i n  A p r i l  1980, and e n d in g  i n  March 1981. A p p ro x im a te ly  80 m an-days w ere s p e n t  
i n  Phase  I  o f  t h e  e v a l u a t i o n ,  which c o n s i s t e d  o f  a l i t e r a t u r e  s e a r c h  and 
c o m p i l a t i o n  and re v ie w  o f  a l l  p e r t i n e n t  maps and d a t a .  Phase I I  in c lu d e d  
f i e l d  work and d a t a  c o m p i l a t i o n  and a n a l y s i s .  F i e l d  w ork , c o n s i s t i n g  o f  
g e o lo g ic  r e c o n n a i s s a n c e  and u r a n iu m -o c c u r r e n c e  v i s i t a t i o n s ,  r e q u i r e d  180 man- 
d a y s .  C o m p i la t io n  and a n a l y s i s  o f  d a t a  a f t e r  t h e  end o f  t h e  f i e l d  s e a s o n  took  
90 m an -d ay s .  Phase I I I ,  w hich  i n c lu d e d  th e  w r i t i n g  of th e  f i n a l  r e p o r t  and 
p r e p a r a t i o n  o f  t h e  accom panying p l a t e s  and f i g u r e s ,  r e q u i r e d  110 m an -days .
T h is  amount o f  t im e  was c l e a r l y  i n s u f f i c i e n t  f o r  e v a l u a t i o n  o f  a l l  
e n v i r o n m e n ts .  We t h e r e f o r e  s t u d i e d  o n ly  e n v iro n m e n ts  t h a t  we deemed f a v o r a b le  
d u r in g  Phase  I .  U n fa v o ra b le  e n v iro n m e n ts  w ere  s e l e c t e d  m o s t ly  on th e  b a s i s  of 
a l i t e r a t u r e  s e a r c h .  E nv ironm en ts  t h a t  c o u ld  be f a v o r a b l e ,  b u t  which we c o u ld  
n o t  s tu d y  b e c a u se  o f  t im e  l i m i t a t i o n s ,  w ere  c l a s s i f i e d  a s  u n e v a lu a t e d .

PROCEDURES

The e v a l u a t i o n  o f  t h e  S h e r id a n  Q uad rang le  i n v o lv e d  b o th  s u r f a c e  and 
s u b s u r f a c e  g e o l o g i c a l  i n v e s t i g a t i o n s .  In  t h e  s u r f a c e  i n v e s t i g a t i o n ,  a l l  
uran ium  o c c u r r e n c e s  l i s t e d  i n  o p e n - f i l e  Atomic Energy Commission (AEC) 
P r e l i m i n a r y  R e c o n n a is s a n c e  R e p o r t s  (P R R 's)  and o t h e r  s o u r c e s  (App. A) w ere 
examined i n  th e  f i e l d .  A e r i a l  r a d i o m e t r i c  a n o m a l ie s  ( g e o M e t r i c s ,  1979) were 
f i e l d  c h e c k e d ,  and h y d ro g eo c h e m ic a l  a n o m a l ie s  ( M o r r i s ,  1977) w ere r e s a m p le d .  
P o t e n t i a l l y  f a v o r a b l e  g e o lo g ic  e n v iro n m e n ts  w ere examined in  t h e  f i e l d  by 
g e o lo g ic  and r a d i o m e t r i c  s u r v e y s .  R a d io m e t r ic  r e c o n n a i s s a n c e  was con d u c ted  
u s in g  Mount S o p r is  Model 132 s c i n t i l l o m e t e r s ;  s c i n t i l l o m e t e r  r e a d i n g s  i n  
c o u n ts  p e r  second ( c p s )  w ere  c o n v e r te d  i n t o  u n i t s  o f  r a d i o a c t i v i t y  (UR); 
(D a rn le y ,  1977; I n t e r n a t i o n a l  Atomic Energy Agency, 1976) .  A S c i n t r e x  Model 
GAD-6  f o u r - c h a n n e l  s p e c t r o m e te r  was used  i n  c r y s t a l l i n e  t e r r a n e s .

Rock and se d im e n t  sam p les  w ere c o l l e c t e d  and a n a ly z e d  f o r  u ran ium  and 
a s s o c i a t e d  t r a c e  e le m e n ts  by f l u o r o m e t r y ,  c o l o r i m e t r y ,  gamma s p e c t r o m e t r y ,  and 
l o s s  on i g n i t i o n .  T h in  s e c t i o n s  o f  s e l e c t e d  sam ples  w ere  p r e p a r e d  and
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a n a ly z e d  by p e t r o g r a p h i c  m eth o d s ,  x - r a y  d i f f r a c t i o n ,  and s c a n n in g  e l e c t r o n  
m ic ro sc o p y  (SEM). A l p h a - t r a c k  s t u d i e s  o f  2 8 -d ay s  d u r a t i o n  were c o n d u c te d  on 
some t h i n - s e c t i o n  s a m p le s .  W ater sam ples  w ere  a n a ly z e d  f o r  u ran ium  and 
c o n d u c t i v i t y  (CDT) u s in g  a  S c i n t r e x  UA-3 a n a l y z e r .  Using an  RE-350 radon  
emanometer (d e v e lo p e d  u n d e r  c o n t r a c t  f o r  Bendix  F i e l d  E n g in e e r in g  C o r p o r a t io n  
by ISA System s, I n c . ,  B o u ld e r ,  C o lo r a d o ) ,  most w a te r  sam ples  were a l s o  
a n a ly z e d  in  th e  f i e l d  f o r  r a d o n  g a s .  A l l  p e t r o g r a p h i c  work and ch e m ica l  
a n a ly s e s  o f  t h e  sam ples  were done by BFEC p e r s o n n e l  a t  l a b o r a t o r i e s  i n  Grand 
J u n c t i o n .

The s u b s u r f a c e  g e o lo g ic  i n v e s t i g a t i o n  in v o lv e d  th e  s tu d y  and c o r r e l a t i o n  
o f  g e o p h y s ic a l  and l i t h o l o g i c  l o g s  o f  o i l  w e l l s ,  gas  w e l l s ,  and c o a l  
e x p l o r a t i o n  h o l e s .  Maps showing sand t r e n d s ,  s u b s u r f a c e  s t r u c t u r e ,  t h i c k n e s s  
o f  s t r a t i g r a p h i c  u n i t s ,  and s u b s u r f a c e  gamma-ray a n o m a l ie s  were c o n s t r u c t e d .

GEOLOGIC SETTING

The S h e r id a n  Q u a d ra n g le  i n  n o r t h - c e n t r a l  Wyoming i n c l u d e s  an a r e a  of 
abou t  18 ,0 0 0  km^ be tw een  l a t  44° and 45° N. and lo n g  106° and 108° W. ( F i g .
1 ) .  M ajor towns i n  th e  q u a d ra n g le  a r e  S h e r id a n  and B u f f a l o ,  l o c a t e d  in  th e  
n o r t h - c e n t r a l  and s o u t h - c e n t r a l  p o r t i o n s  o f  t h e  q u a d ra n g le  r e s p e c t i v e l y ,  and 
Worland l o c a t e d  i n  t h e  e x tre m e  s o u th w e s t  c o r n e r  of t h e  q u a d r a n g l e .  The 
re m a in d e r  o f  th e  q u a d ra n g le  c o n t a i n s  s c a t t e r e d  r a n c h e s  and a few s m a l l  tow ns.

The S h e r id a n  Q u ad ran g le  c o n s i s t s  o f  t h r e e  b a s i c  s t r u c t u r a l  e le m e n ts :  t h e
B ig h o rn  M o u n ta in s ,  and th e  B ig h o rn  and Powder R iv e r  B a s i n s .  The B ig h o rn  
M o u n ta in s ,  w hich ru n  d i a g o n a l l y  from t h e  n o r th w e s t  c o r n e r  to  t h e  s o u t h - c e n t r a l  
edge o f  th e  q u a d r a n g le ,  s e p a r a t e  th e  B ig h o rn  B a s in  to  th e  w est  from th e  Powder 
R iv e r  B as in  to  t h e  e a s t .

The B igho rn  M o u n ta in s ,  a b ro a d  a n t i c l i n a l  u p l i f t  o f  Laram ide  a g e ,  may be 
d iv id e d  s t r u c t u r a l l y  i n t o  t h r e e  s e p a r a t e  b l o c k s .  The c e n t r a l  b lo c k  h a s  been 
u p l i f t e d  t h e  h i g h e s t .  P re c a m b r ia n  g r a n i t i c  and m etam orph ic  r o c k s  a r e  exposed  
i n  t h i s  c e n t r a l  p o r t i o n ,  w hich  c u lm in a t e s  i n  rugged  g l a c i a t e d  m o u n ta in s  4000 m 
above se a  l e v e l .  P a r t s  o f  t h i s  c e n t r a l  s e c t i o n  have  been  t h r u s t  e a s tw a r d  
a lo n g  th e  P in e y  Creek  and C le a r  C reek  T h r u s t s .  The w e s t e r n  s lo p e  o f  t h i s  
segment i s  c h a r a c t e r i z e d  by g e n t l e  w estw ard  d i p s .  The c e n t r a l  u p l i f t e d  b lo c k  
i s  bounded on th e  s o u th  by t h e  T e n s le e p  F a u l t  ( O s te r w a ld ,  1959) and on th e  
n o r th  by t h e  Tongue R iv e r  L ineam en t  (W ilso n ,  1 9 3 8 ) .  The n o r t h e r n  and s o u th e r n  
b lo c k s  o f  th e  B ig h o rn s  a r e  a n t i c l i n a l  f o l d s  w i t h  s t e e p l y  d ip p in g  o r  o v e r tu r n e d  
w e s te r n  l im b s  and more g e n t l y  d ip p in g  e a s t e r n  f l a n k s  (W ilso n ,  1 9 3 8 ) .  M o stly  
P a l e o z o ic  ro c k s  a r e  exposed  i n  th e  n o r t h e r n  and s o u th e r n  s e c t i o n s ;  e r o s i o n  has 
b re a c h e d  t h e  P re c a m b r ia n  o n ly  i n  s m a l l  a r e a s .

F la n k in g  t h e  B ig h o rn  M oun ta in s  a r e  deep  s t r u c t u r a l  b a s i n s :  t h e  B ig h o rn
B a s in  on th e  w es t  and th e  Powder R iv e r  B a s in  on th e  e a s t . Both  b a s i n s  a r e  
f l o o r e d  w i th  P re c a m b r ia n  ro c k s  t h a t  a r e  o v e r l a i n  by s e d im e n ts  r a n g in g  in  age 
from Cam brian to  T e r t i a r y .  A l l  u n i t s  have s t e e p  d ip s  and a r e  f o ld e d  a d j a c e n t  
to  t h e  B igho rn  u p l i f t .

The P a l e o z o i c  f o r m a t io n s  ( F i g .  2 )  i n c l u d e  t h e  Cam brian F l a t h e a d ,  Gros 
V e n t r e ,  and G a l l a t i n ;  t h e  O r d o v ic i a n  B ig h o rn ;  t h e  M i s s i s s i p p i a n  M adison; th e  
P e n n s y lv a n ia n  Amsden and T e n s le e p ;  and t h e  P erm ian  P h o s p h o r ia  i n  t h e  B ighorn
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^ la y s to n e ,  a s h y  s a n d s to n e ,  a rk o s ic  
c o n g lo m e ra te , s l l ts to n e , b o u ld e r  b ed s ; oxidized; 
^ - 5 0  m

MIOCENE U nnam ed

OLIGOCENE W hite River

EOCENE

W asatch* 
(Pow der River 
Basin)

Willwood 
(Bighorn Basin)

L im es to n e , a rk o s ic  c o n g lo m e ra te , s a n d s to n e . 
vo lcan ic  a s h ,  b o u ld e r  b ed s : oxid ized: 0 - 1 S m

A rkose . m u d s to n e , s i l ts to n e . co a l, c linker; 
oxid ized  a n d  re d u c e d ; 0 - 4 5 0  m

S u b a rk o s e . q u a rtz  a re n i te . v a r ie g a te d  m u d s to n e ; 
oxid ized  a n d  red u ce d ; 0 - 7 6 0  m

PALEOCENE Fort Union
Q u a rtz  a n d  lith ic  a re n i te ,  a rk o se , m u d s to n e , 
s il ts to n e , coa l; red u ce d ; 7 6 0 - 1 5 0 0  m

Lance*
Q u artz  a n d  lith ic  a r e n i te , s h a le , coa l, s ilts to n e : 
re d u c e d ; 3 0 0 - 6 0 0  m

CO3Oui
O

M eetee tse  
Bighorn Basin)
Searpaw  
(both  basins)

S h a le , th in  s a n d s to n e ,  s i l ts to n e , c linker; 
red u ce d ; 6 0 * 2 5 0  m

CO3O
Lii
CJ

M esaverde Q u a r tz o s e  s a n d s to n e ,  s h a le , s ilts to n e , coal; 
r ed u ce d ; 0 - 2 0 0  m

Cody S h a le , th in  s a n d s to n e ,  b e n to n ite , red u ce d ; 
7 5 0 -1 4 0 0  m

Frontier Q u artz  a n d  lithic a r e n i te , s h a le , b e n to n ite , m ino r 
lign ite ; re d u c e d ; 6 0 - 3 0 0  m_________________________

to3
O
LU

S  Ui 
O flC  
^  CJ

Mowry S ilic e o u s  s h a le , b e n to n ite ; red u ce d ; 6 0 -1 5 0  i

Muddy S a n d s to n e , s i lts to n e , m inor s h a le , red u ced ; 
0 - 3 0  m

Therm opolis D ark s h a le ;  re d u c e d ; 6 0 -9 0  r

Clover/y* B en to n itic  m u d s to n e , c h e r t-p e b b ie  
co n g lo m e ra te ,o x id iz e d  a n d  re d u c e d ; 4 0 - 1 2 0  m

u
to
to

UPPER
JURASSIC

M orrison S ilts to n e , m u d s to n e , s a n d s to n e ;  oxid ized  a n d  
red u ce d ; 3 0 - 9 0  m

MIDDLE N  
JURASSIC

Sundance

ASSId

Gypsum Spring

C hugw ater

J5 laucon itic  s a n d s to n e ,  s h a le , lim es to n e , 
red u ce d ; 6 0 -1 1 0  m
tv a p o n te .  s h a le , s i l ts to n e ; oxid ized  a n d  red u ce d ; 
Q--50 m___________________ _̂________________________

S h a le , s i l ts to n e . s a n d s to n e ,  c a rb o n a te s ; 
oxidized; 1 8 0 -3 0 0  m

P hos­
phoria

Goose
rgg

D olom ite, s i l ts to n e , s a n d s to n e ,  ev a p o rite , s h a le ;  
ox id ized  a n d  re d u c e d ; 6 0 -1 1 0  m

T ensleep Q u artz  a r e n i te , lim e s to n e , d o lo m ite , c h e rt , 
red u ce d ; 3 0 - 1 2 0  m

to £
A m sden

C h erty  l im e s to n e  a n d  d o lo m ite , s a n d s to n e , 
s ilts to n e , s h a le ;  ox id ized  a n d  red u ce d ; 0 -6 0  m

M adison
L im es to n e , d o lo m ite , s h a le ;  k a rs tic  in  u p p er 
th ird ; oxidized{?) a n d  re d u c e d ; 6 0 - 3 0 0  m

! u
i d s .

Bighorn D olom ite, s a n d s to n e ,  s i l ts to n e . re d u c e d  
0 -1 6 0  m

UPPER
CAMBRIAN Gallatin

<o
MIDDLE
CAMBRIAN

Gros Ventre

L im es to n e , s il ts to n e . c o n g lo m e ra te ; red u ce d ; 
1 0 -1 2 0  m
L im es to n e , s i l ts to n e . s a n d s to n e ,  c o n g lo m e ra te ; 
re d u c e d ; 1 5 -1 1 0  m

F lathead
Igneous and 
m etam orphic 
[II£!l_____

C o n g lo m e ra te , s a n d s to n e ,  s il ts to n e ; oxid ized  a n d  
re d u c e d ; 5 -1 5  m___________________________________
Q u artz  d io rite , g ra n o d io r ite , g ra n ite , 
q u a r tz o fe ld s p a th ic  g n e is s ,  am p h ib o lite , q u a rtz ite , 
m a rb le , d ia b a s e  d ik e s

"Favorable for u ran ium  deposition

Figure 2 . S tratig raphic  colum n o f the  Sheridan Q uadrangle.
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B asin  and Goose Egg in  the Powder R iver  B a s in .  These rocks c o n s i s t  of  
in terbedded  sa n d s to n e s ,  s h a l e s ,  and carb on ates  t h a t  record  a s e r i e s  o f  marine  
t r a n s g r e s s io n s  and r e g r e s s io n s  a c r o s s  a c o n t in e n t a l  s h e l f  w ith  a sou rce  area  
to the e a s t .

M esozoic  r o c k s  ( F i g .  2 ) i n  t h e  B ig h o rn  and Powder R iv e r  B a s in s ,  
r e p r e s e n t i n g  a c o n t i n u a t i o n  o f  a l t e r n a t i n g  t r a n s g r e s s i v e  and r e g r e s s i v e  
c o n d i t i o n s ,  a l s o  i n c l u d e  some d e p o s i t s  o f  c o n t i n e n t a l  o r i g i n .  M esozoic  
f o rm a t io n s  i n c lu d e  th e  T r i a s s i c  C hugw ater;  J u r a s s i c  Gypsum S p r in g ,  Sundance, 
and M o rr iso n ;  and t h e  C r e ta c e o u s  C l o v e r l y ,  T h e rm o p o l is ,  Mowry, F r o n t i e r ,  Cody, 
M esaverde ,  M e e te e t s e ,  Bearpaw , and L a n c e .  The p r e - M o r r i s o n  ro c k s  c o n s i s t  of 
s h a l e s ,  e v a p o r i t e s ,  and t h i n  c a r b o n a te s  d e p o s i t e d  u n d e r  m a r i n e - p l a t f o r m  
c o n d i t i o n s .  The M o rr i so n  and C l o v e r l y  F o rm a t io n s  a r e  c o n t i n e n t a l  d e p o s i t s  and 
c o n ta i n  s h a l e s ,  s a n d s t o n e s ,  and m udstones  o f  f l u v i a l  and l a c u s t r i n e  o r i g i n .  
S i g n i f i c a n t  amounts o f  v o l c a n i c  d e b r i s  a r e  p r e s e n t  i n  th e  m udstones  of th e  
C lo v e r ly .  T h e rm o p o l is  t h ro u g h  Bearpaw F o rm a t io n s  r e p r e s e n t  a lo n g  p e r io d  o f  
d o m in a te ly  m a r in e  d e p o s i t i o n ,  c o n s i s t i n g  m o s t ly  o f  t h i c k  a c c u m u la t io n s  of 
s h a l e .  P e r io d s  o f  m ar in e  r e g r e s s i o n  a r e  r e p r e s e n t e d  by w e s t e r l y - d e r i v e d  
s a n d s to n e s  i n t e r b e d d e d  w i t h i n  t h e  s h a l e  s e q u e n c e .  The Lance F o rm a t io n ,  
c o n s i s t i n g  o f  f l u v i a l ,  f l o o d - p l a i n ,  and c o a s t a l - p l a i n  s e d im e n ts ,  marks t h e  end 
o f  m a r in e  d e p o s i t i o n  i n  b o th  t h e  B ig h o rn  and Powder R iv e r  B a s in s  (Wyoming 
G e o lo g ic a l  A s s o c i a t i o n  T e c h n ic a l  S tu d ie s  Com m ittee , 1 965 ) .

Cenozo ic  r o c k s  ( F i g .  2 ) i n c l u d e  th e  P a le o c e n e  F o r t  Union, Eocene W asatch 
and W illw ood, and th e  O l ig o c e n e  W hite  R iv e r  F o r m a t io n s .  The Laram ide o ro g en y ,  
which produced  t h e  m ajo r  s t r u c t u r a l  e le m e n ts  now p r e s e n t  i n  t h e  S h e r id a n  
Q u a d ra n g le ,  to o k  p l a c e  from l a t e s t  C re ta c e o u s  th ro u g h  Eocene t im e .  The 
i n i t i a l  s u b s id e n c e  o f  t h e  Powder R iv e r  and B ig h o rn  B a s in s  i s  r e c o r d e d  by th e  
f l u v i a l  sands  and s h a l e s  o f  t h e  F o r t  Union F o r m a t io n .  U p l i f t  o f  th e  B igho rn  
M ounta ins  d id  n o t  o c c u r  u n t i l  l a t e  P a le o c e n e  a n d ,  a lo n g  w i th  b a s in  s u b s id e n c e ,  
c o n t in u e d  i n to  th e  Eocene ( C u r r y ,  1 9 7 1 ) .  The s u b s id i n g  b a s in s  w ere f i l l e d  
w i th  low er  Eocene f l u v i a l  s e d im e n ts  d e r iv e d  from th e  a d j a c e n t  h i g h l a n d s .
These s e d im e n ts  a r e  i n c lu d e d  w i t h i n  th e  W illwood F o rm a t io n  i n  th e  B igho rn  
B as in  and th e  W asatch F o rm a t io n  i n  t h e  Powder R iv e r  B a s in .  S i g n i f i c a n t  
am ounts o f  c o a r s e  m a t e r i a l  w ere  shed e a s tw a rd  from th e  P in e y  Creek and C le a r  
Creek T h r u s t s  d u r in g  W asatch  d e p o s i t i o n .  These c o a r s e - g r a i n e d  r o c k s ,  th e  
M oncrie f  and K in g sb u ry  C ong lom era te  Members o f  t h e  W asa tch , i n t e r t o n g u e  w i th  
f i n e r -  g r a in e d  s e d im e n ts  a  s h o r t  d i s t a n c e  e a s t  o f  t h e  m oun ta in  f r o n t .

Laram ide  d e fo r m a t io n  c e a s e d  by m id d le  Eocene t im e .  D uring  t h e  O lig o ce n e  
p e r i o d ,  v o l c a n i c - r i c h  s e d im e n ts  o f  th e  W hite  R iv e r  F o rm a t io n  b u r ie d  b o th  
b a s in s  and much o f  t h e  B ig h o rn  M oun ta in s  ( C u r ry ,  1971) .  M ajor r e g i o n a l  u p l i f t  
i n  P l io c e n e  tim e i n i t i a t e d  a p e r io d  o f  e r o s i o n  and b a s i n  e x c a v a t io n ,  w hich has 
r e s u l t e d  i n  th e  p r e s e n t - d a y  to p o g ra p h ic  f e a t u r e s  o f  t h e  S h e r id a n  Q uadrang le  
(Wyoming G e o lo g ic a l  A s s o c i a t i o n  T e c h n ic a l  S tu d ie s  C om m ittee , 1 9 65 ) .

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

The S h e r id a n  Q u ad ran g le  c o n t a i n s  f i v e  f a v o r a b l e  a r e a s .  T heses  i n c lu d e  
e n v iro n m e n ts  f a v o r a b le  f o r  Wyoming r o l l - t y p e  d e p o s i t s  ( S u b c la s s  241 , A u s t in  
and D 'A n d rea ,  1978) i n  th e  W asa tch , L a n c e ,  and C l o v e r l y  F o rm a t io n s ;  c h a n n e l -  
c o n t r o l l e d  p e n e c o n c o rd a n t  d e p o s i t s  ( S u b c la s s  243 , A u s t in  and D 'A ndrea ,  1978)



i n  th e  C lo v e r ly  F o rm a t io n ;  and u r a n l f e r o u s  c o a l  and c a rb o n a c e o u s  s h a l e  
d e p o s i t s  ( C la s s  210 , J o n e s ,  1978) in  th e  W asatch F o rm a t io n .  F a v o r a b le  
e n v iro n m e n ts  i n  th e  W asatch and Lance F o rm a t io n s  o c c u r  i n  th e  Powder R iv e r  
B a s in ;  f a v o r a b l e  e n v iro n m e n ts  i n  t h e  C lo v e r ly  F o rm a t io n  o c c u r  i n  t h e  B igho rn  
B a s in .

AREA A -  FLUVIAL FACIES OF THE WASATCH FORMATION

The low er  Eocene W asatch F o rm a t io n  o f  A rea A ( P I .  1) i s  f a v o r a b l e  f o r  
Wyoming r o l l - t y p e  d e p o s i t s  ( S u b c la s s  241) b e c au se  i t  m ee ts  t h e  f o l lo w in g  
c r i t e r i a :

I t  c o n s i s t s  of a  p e rm e a b le ,  a r k o s i c - s a n d s t o n e  f a c i e s  t h a t  was 
d e p o s i t e d  by t h e  a n c e s t r a l  Powder R i v e r .

I t  was once d i r e c t l y  o v e r l a i n  by t u f f a c e o u s  s e d im e n ts  o f  th e  O lig o c e n e  
W hite R iv e r  F o rm a t io n ,  a p o s s i b l e  s o u rc e  o f  u ran ium .

A rk o s e s ,  which h o s t  u ran ium  d e p o s i t s  i n  th e  Pumpkin B u t t e s  D i s t r i c t ,  
b e lo n g  to  t h e  same d e p o s i t i o n a l  sand t r e n d  a s  th o s e  o f  A rea  A. (The 
Pumpkin B u t t e s  a r e  im m e d ia te ly  s o u th  o f  Area A, i n  t h e  Arm into  
Q u a d r a n g le . )

I t  c o n t a i n s  numerous u ran ium  o c c u r r e n c e s  and g r o u n d -w a te r  u ran ium  
a n o m a l ie s .

I t  c o n t a i n s  r e d u c e d  s a n d s to n e s  w i th  c a rb o n a c e o u s  m a t e r i a l ,  p o s s i b l y  
im p o r ta n t  i n  p r e c i p i t a t i n g  u ran iu m .

A rea  A encom passes  1985 km^. On th e  a v e r a g e ,  t o t a l  s a n d s to n e  t h i c k n e s s  
i s  60 ra, y i e l d i n g  a volume o f  119 km^ o f  f a v o r a b l e  r o c k .  Area A i n c l u d e s  
a l l  s a n d s to n e s  o f  th e  W asatch F o rm a t io n ,  w here  th e  W asatch  i s  composed of 
g r e a t e r  th a n  10% s a n d s to n e  and where t h i s  s a n d s to n e  was d e p o s i t e d  as  p a r t  o f  
th e  a n c e s t r a l  Powder R iv e r  f l u v i a l  sys tem  ( P I .  9 ) .  The n o r t h e r n  l i m i t  o f  Area 
A i s  d e f in e d  by th e  zone where f l u v i a l  sa n d s  become v e ry  s i l t y  and l e s s  
p e rm e a b le .

H ost Rocks

G e n e ra l  S t a te m e n t . The lo w e r  Eocene W asatch F o rm a t io n  c o n s i s t s  o f  0 t o  
500 m of a lm o s t  h o r i z o n t a l l y  bedded s a n d s t o n e ,  s i l t s t o n e ,  m u d s to n e ,  and c o a l  
t h a t  f i l l  an  a s y m m e t r i c a l l y  shaped  in te r ra o n ta n e  b a s i n .  E xcep t a lo n g  t h e  b a s i n  
m a rg in ,  i t  u n con fo rm ab ly  o v e r l i e s  t h e  Tongue R iv e r  Member o f  t h e  P a le o c e n e  
F o r t  Union F o rm a t io n .  Along t h e  e a s t e r n  f l a n k  o f  t h e  B ig h o rn  M o u n ta in s ,  
a l l u v i a l - f a n  members o f  t h e  W asatch o v e r l i e  s t e e p l y  d ip p in g  t r u n c a t e d  beds o f  
P a leo c e n e  and C r e ta c e o u s  u n i t s .  Younger fo rm a t io n s  do n o t  d i r e c t l y  o v e r l i e  
t h e  W asatch F o rm a t io n  i n  th e  S h e r id a n  Q u a d ra n g le .  T h i r t e e n  m i l e s  s o u th  o f  th e  
s o u t h e a s t e r n  c o r n e r  of t h e  S h e r id a n  Q u a d ra n g le ,  a t  Pumpkin B u t t e s ,  t h e  W asatch 
i s  u n con fo rm ab ly  o v e r l a i n  by a rem nan t  o f  t h e  O lig o c e n e  W hite  R iv e r  F o rm a t io n .  
At Pumpkin B u t t e s ,  th e  W asa tch -W hite  R iv e r  c o n t a c t  i s  p la c e d  a t  1800 m above 
s e a  l e v e l  (S h a rp  and o t h e r s ,  1 9 6 4 ) .  Using t h i s  datum , we e s t i m a t e  t h a t  450 m 
to  600 m has  been  e ro d e d  from th e  W asatch F o rm a t io n  in  t h e  S h e r id a n  
Q u a d ra n g le .
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The VJasatch Formation c o n s i s t s  of f l u v i a l ,  f l o o d - p l a i n ,  p a lu d a l ,  and 
a l l u v i a l - f a n  d e p o s i t s .  Sed im entation  occurred  in  e a r ly  Eocene tim e during the  
main b a s i n - f i l l i n g  e p iso d e  in  the Powder R iver  B a s in .  A c t iv e  su b s id en ce  and 
u p l i f t  throughout Wasatch time have been the  p r in c ip a l  d e p o s i t i o n a l  c o n t r o l s .  
A l l u v ia l  fans deve loped  along the Bighorn Mountain fr o n t  in  resp onse  to 
u p l i f t .  Separate and d i s t i n c t  o r o g e n ic  p u l s e s  are r e p r e se n te d  by th e  
Kingsbury and M oncrief Members, which c o n s i s t  o f  con g lom erates  and are  
i d e n t i f i e d  o n ly  along th e  n or th w estern  margin o f  the  Powder R iver  B a s in .
Along th e  a x i s  o f  th e  s u b s id i n g  b a s i n ,  t h i c k  c o a l  b e d s ,  i n d i v i d u a l l y  g r e a t e r  
th a n  60 m (200 f t )  t h i c k ,  w ere d e p o s i t e d  (M apel,  1 9 59 ) .  K in g sb u ry  and 
M oncrie f  c o n g lo m e ra te s  a r e  i n  l a t e r e i l  c o n t a c t  w i t h  c o a l s  a lo n g  th e  w es t  edge 
o f  t h e  b a s i n .

E lsew here  i n  t h e  b a s i n ,  e x t e n s i v e  g r a y ,  f i n e - g r a i n e d ,  c y c l i c a l  f l o o d -  
p l a i n  d e p o s i t s  c h a r a c t e r i z e  th e  W asatch and r a r e l y  c o n t a i n  more th a n  20% 
s a n d s to n e .  Red-banded  m u d s to n e s ,  which o c c u r  s p o r a d i c a l l y  i n  th e  s o u th e r n  
Powder R iv e r  B a s in ,  a r e  unknown. T h e i r  a b s e n c e  i n  th e  S h e r id a n  Q uad rang le  
s u g g e s t s  a  r e g i o n a l l y  h i g h ,  s t a b l e ,  g ro u n d -w a te r  t a b l e  d u r in g  d e p o s i t i o n .  
D uring  d e p o s i t i o n ,  i f  t h e  g r o u n d -w a te r  t a b l e  had been  low er  o r  had f l u c t u a t e d  
i n  r e s p o n s e  to  a sav an n ah  c l i m a t e ,  t h e n  f l o o d - p l a i n  s e d im e n ts  d e p o s i t e d  above 
th e  g ro u n d -w a te r  t a b l e  would be r e d ,  i n  p a r t ,  due to  p r im a ry  o x i d a t i o n .

The a n c e s t r a l  Powder R i v e r ,  w hich  o r i g i n a t e d  i n  th e  s o u th e r n  end of th e  
Powder R iv e r  B a s in ,  e n t e r e d  t h e  S h e r id a n  Q uad rang le  i n  i t s  s o u t h e a s t e r n  
c o r n e r .  Channel s a n d s to n e s  d e p o s i t e d  by t h i s  r i v e r  sy s tem  can  be mapped w i th  
e l e c t r i c  l o g s  from th e  s o u t h e a s t  c o r n e r  o f  t h e  q u a d ra n g le  n o r th w a rd  to  n e a r  
t h e  town o f  U c ro ss  ( P I .  1 6 ) ;  h e r e  th e  s a n d s to n e s  g ra d e  i n t o  m ass iv e  s i l t s t o n e .  
C hannel f a c i e s  o f  t h i s  f l u v i a l  sy s tem  c o n s t i t u t e  10% to  50% o f  t h e  t o t a l  
W asatch t h i c k n e s s ,  and t h e i r  a r e a l  e x t e n t  i s  d e f in e d  as  A rea  A.

F l u v i a l  F a c i e s  o f  A rea  A. The W asatch F o rm a t io n  o f  A rea  A v a r i e s  from 
120 m to  460 m i n  t h i c k n e s s ;  19% to  50% of  th e  W asatch i s  c h a n n e l  s a n d s to n e .
As s t a t e d  ab o v e ,  t h i s  sandy  f a c i e s  was d e p o s i t e d  by a  m ajo r  n o r th w a r d - f lo w in g  
d r a in a g e  sy s tem  t h a t  a p p e a r s  to  have  been  p e r s i s t e n t  th ro u g h o u t  W asatch t im e .  
Sand i s o l i t h s  on P l a t e  9 i n d i c a t e  a g r a d u a l ,  l a t e r a l  d e c r e a s e  i n  sand p e r c e n t  
on th e  w e s t e r n  m arg in  o f  t h e  sy s tem  and an  a b r u p t  d e c r e a s e  on t h e  e a s t .
O u tc rop  s t u d i e s  i n d i c a t e  a m u l t i p l i c i t y  o f  c h a n n e l s  a lo n g  th e  a x i s  o f  t h e  sand 
sy s te m . The a x i a l  p o r t i o n  o f  t h i s  sand sy s tem  i s  i d e n t i f i e d  on P l a t e  9 a s  t h a t  
a r e a  w i th  g r e a t e r  th a n  40% s a n d .  C hanne ls  s c o u r  i n t o  each  o t h e r  and a r e ,  i n  
g e n e r a l ,  l a t e r a l l y  and v e r t i c a l l y  i n t e r c o n n e c t e d .  I n t e r c o n n e c t e d  c h a n n e l  
s a n d s to n e s  can  be t r a c e d  l a t e r a l l y  f o r  h u n d red s  o f  m e t e r s .  S an d s to n e  o u tc r o p s  
have o b s e r v a b le  t h i c k n e s s e s  o f  30 m, w i th  i n d i v i d u a l  1 0 - m - th ic k  sa n d s  b e in g  
v e ry  common. S a n d s to n e s  a r e  g e n e r a l l y  f i n e -  to  m e d iu m -g ra in e d ,  b u t  
o c c a s i o n a l l y  c o n t a i n  l o c a l  l e n s e s  o f  c o a r s e -  to  v e ry  c o a r s e - g r a i n e d  sa n d .  No 
c o n g lo m e ra t ic  m a t e r i a l  was o b s e r v e d .  Sand b o d ie s  a r e  t y p i c a l l y  t h i c k  and l a c k  
s h a l e  i n t e r b e d s .  Trough c r o s s - s t r a t i f i c a t i o n  i s  common.

P e r i p h e r a l  to  th e  a x i s  o f  m ajor  sand  b u i l d u p ,  how ever, c h a n n e l  san d s  
a p p e a r  to  be v e r t i c a l l y  and l a t e r a l l y  i s o l a t e d  by banded m udstone  d e p o s i t s .  
These i s o l a t e d  sa n d s  occupy th e  a r e a  on P l a t e  9 be tw een  th e  10% and 40% sand 
c o n t o u r s .  These s a n d s to n e s  a p p e a r  to  be o f  g r a i n  s i z e  and t e x t u r e  s i m i l a r  to  
s a n d s to n e s  i n  t h e  c e n t r a l  t r e n d ,  b u t  d i f f e r  i n  t h a t  c h a n n e l s  a r e  n o t  sc o u re d  
i n t o  each  o t h e r .  These i s o l a t e d  c h a n n e l  sands  a t t a i n  o b s e rv e d  t h i c k n e s s e s  of 
15 m and w id th s  o f  a b o u t  60 m o r  m ore. The d e g re e  o f  s a n d s to n e  i s o l a t i o n  
d e c r e a s e s  g r a d u a l l y  tow ard  th e  c e n t e r  o f  t h e  sand com plex .



A l l  s a n d s to n e s  o f  A rea  A a r e  c l e a n  and p e rm e a b le .  C a l c l t e  cement i s  
common i n  e lo n g a t e  c o n c r e t i o n s ,  which t r e n d  n o r th w a rd ,  p a r a l l e l  to  th e  
p a l e o c u r r e n t  d i r e c t i o n .  L i g h t -  to  m edium -gray and y e l lo w -b ro w n  a rk o s e  i s  th e  
p r i n c i p a l  ro c k  ty p e  b u t  some q u a r t z o s e  san d s  a r e  s e e n  o c c a s i o n a l l y .  The 
a rk o s e  v e ry  commonly c o n t a i n s  s p o t t y  and s t r e a k y  y e l lo w -b ro w n  and o range  
s t a i n i n g ,  w hich i s  w i t h i n  and a d j a c e n t  to  b le a c h e d  s a n d s t o n e .  I r o n s t o n e  
c o n c r e t i o n s  a r e  common. C arbonaceous  m a t e r i a l  i s  p l e n t i f u l  and i s  u s u a l l y  
c o n c e n t r a t e d  a lo n g  r i p p l e  b e d d in g  p l a n e s  a s s o c i a t e d  w i th  f i n e r  g r a in e d  
s e d im e n ts .

Uranium Source

Three d i s t i n c t  sou rces  have been proposed fo r  the  uranium d i s t r i c t s  in
the southern  Powder R iver  B a s in .  These in c lu d e :

•  c r y s t a l l i n e  ro c k s  o f  t h e  L aram ie  and G r a n i t e  M o u n ta in s ,  from which
uran ium  may have been  le a c h e d  and c a r r i e d  i n  s o l u t i o n  d u r in g  o r
s h o r t l y  a f t e r  W asatch  d e p o s i t i o n  (S h a rp  and o t h e r s ,  1964);

•  t h e  o v e r l y i n g  W hite  R iv e r  F o rm a t io n ,  from w hich u ran ium  may have been  
l e a c h e d  and c a r r i e d  downward th ro u g h  t h e  u n c o n fo rm i ty  d u r in g  O lig o ce n e  
o r  M iocene tim e (M rak, 1958; D a v is ,  1969; Love, 1952);

•  a r k o s i c  m a t e r i a l  i n d ig e n o u s  to  W asatch  sa n d s  ( S e e l a n d ,  1 9 7 6 ) .

Ground w a te r  i n  s a n d s to n e s  of A rea  A was p ro b a b ly  i n  h y d r o lo g ic  
com m unication  w i th  b o th  t h e  g r a n i t e s  and o v e r l y i n g  t u f f a c e o u s  s e d im e n ts  o f  t h e  
W hite R iv e r  F o rm a t io n .  A l l  t h r e e  p ro p o sed  s o u rc e s  c o u ld  have s u p p l i e d  uranium  
to  Area A.

H ydro logy

F l u v i a l  h o s t  s a n d s to n e s  o f  A rea  A p o s s e s s  e x c e l l e n t  t r a n s m i s s i v i t y ,  
p a r t i c u l a r l y  where c h a n n e l  s a n d s  a r e  s t a c k e d  and m u l t i l a t e r a l .  A lthough  
s a n d s to n e  geom etry  would have a f f e c t e d  f lo w  o f  u ra n iu m -b e a r in g  g round  w a t e r s ,  
t h e  o v e r a l l  d i r e c t i o n  o f  maximum t r a n s m i s s i v i t y  w i l l  be p a r a l l e l  to  t h e  a x i s  
o f  s a n d s to n e  d e p o s i t i o n ,  a s  d i c t a t e d  by t h e  p a l e o c u r r e n t  d i r e c t i o n  o f  th e  
a n c e s t r a l  Powder R iv e r  f l u v i a l  s y s te m . Of e q u a l  im p o r ta n c e  i s  t h a t  b o th  t h e  
f l u v i a l  sys tem  and th e  h y d r o lo g i c  g r a d i e n t  t r e n d  tow ard  th e  b a s i n  a x i s  ( P I .
9 ) -

I f  m i n e r a l i z a t i o n  o c c u r r e d  d u r in g  t h e  Eocene, g round w a te r  would have 
been  moving a s  an  u n d e r f lo w  t o ,  and c l o s e l y  a s s o c i a t e d  w i t h ,  t h e  a n c e s t r a l  
Powder R iv e r  and i t s  t r i b u t a r i e s .  I f  m i n e r a l i z a t i o n  was O l ig o ce n e  o r  Miocene 
i n  a g e ,  t h e n  ground w a te r s  o f  A rea  A p ro b a b ly  e n t e r e d  th e  b a s i n  from r e c h a r g e  
a r e a s  a t  th e  s o u th e r n  end o f  t h e  b a s i n .  I n  b o th  c a s e s ,  t h e  r e g i o n a l  
h y d r o lo g ic  g r a d i e n t  was n o r th w ard  tow ard a d i s c h a r g e  a r e a  i n  th e  c e n t r a l  and 
n o r th e r n  p o r t i o n s  o f  th e  Powder R iv e r  B a s in .  The g ro u n d -w a te r  f low  p a t t e r n s  
o£ th e  Powder R iv e r  B a s in  p r o b a b ly  rem ained  e s s e n t i a l l y  c o n s t a n t  from Eocene 
th ro u g h  Miocene t im e  (G allow ay  and o t h e r s ,  1 9 79 ) .
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E v id en ce  t h a t  Uranium  Moved from  S ource  to  H ost

E v id e n ce  t h a t  u ran ium  moved from a  s o u rc e  to  th e  h o s t  r o c k s  o f  A rea  A 
in c l u d e s :

s y n g e n e t i c  and e p i g e n e t i c  u ran ium  a n o m a l ie s ;

a l t e r a t i o n  f e a t u r e s ,  i n c l u d i n g  s o l u t i o n  b a n d in g ,  l i m o n i t e  s t a i n i n g ,  
and l im b m i n e r a l i z a t i o n ;

a  r a d i o m e t r i c  anom aly i n  a  d r i l l  h o le ;

g r o u n d -w a te r  u ran ium  a n o m a l ie s ;  and

anom alous c o n c e n t r a t i o n s  of e le m e n ts  w h ich , b o th  l o c a l l y  and
r e g i o n a l l y ,  have  been  shown to  c o r r e l a t e  p o s i t i v e l y  w i th  u ran iu m .

Uranium  A n o m a lie s . S e v e ra l  anom alous c o n c e n t r a t i o n s  o f  u ran ium  o c c u r  i n  
A rea  A. S e v e ra l  o f  t h e s e  a r e  term ed " o c c u r r e n c e s ” i f  th e y  c o n t a i n  
c o n c e n t r a t i o n s  g r e a t e r  t h a n  50 ppm U30g. These a r e  d e s c r i b e d  i n  Appendix
C. In  a d d i t i o n ,  lo g  110 (App. D) shows a s u b s u r f a c e  r a d i o m e t r i c  anom aly .
A nom alies i n  r o c k  sam p les  a r e  d iv id e d  i n t o  s y n g e n e t i c  and e p i g e n e t i c  g ro u p s ,  
b a sed  on ou r  i n t e r p r e t a t i o n  o f  t h e i r  p r o b a b le  g e n e s i s .

S y n g e n e t ic  c o n c e n t r a t i o n s  (T a b le  1) a r e  r e p r e s e n t e d  by sam p les  t h a t  have 
s e v e r a l  c h a r a c t e r i s t i c s  i n  common. A l l  b u t  sam ple MLK 112 a r e  b l a c k ,  
c a rb o n a c e o u s  s h a l e s .  They c o n t a i n  2% to  3% o r g a n ic  c a rb o n ,  e x c e p t  f o r  MLK 
110; i t  c o n t a i n s  14.8% o r g a n i c  c a rb o n .  As a g ro u p ,  t h e y  show a p o s i t i v e  
c o r r e l a t i o n  of u ran ium  w i t h  a r s e n i c ,  s e le n iu m ,  and molybdenum ( P I .  1 0 ) .  A l l  
s y n g e n e t i c  c o n c e n t r a t i o n s  show r a t h e r  lo w -g ra d e  u ran ium  c o n c e n t r a t i o n s  o f  l e s s  
th a n  50 ppm UgOg. The m ost im p o r ta n t  c h a r a c t e r i s t i c  shown by t h e s e  
sam ples  i s  t h a t  th e y  were a l l  c o l l e c t e d  from t h i n l y  b e d d e d ,  c y c l i c a l ,  f l o o d -  
p l a i n  s e q u e n c e s  a lm o s t  t o t a l l y  d e v o id  of s a n d s t o n e s .  In  a few c a s e s ,  w here 
t h i n  s a n d s to n e  beds  were a d j a c e n t  to  t h e  r a d i o a c t i v e  s h a l e ,  t h e  m ost 
r a d i o a c t i v e  zone w i t h i n  th e  s h a l e  was n o t  d i r e c t l y  a d j a c e n t  to  th e  sa n d .  
R e l a t i v e l y  n o n r a d i o a c t i v e  b l a c k  s h a l e s  i n  t h e  b a s i n  w ere n o t  sam pled b u t  
a v e ra g e  abou t  10 UR.

T h a t  t h e s e  r a d i o a c t i v e  s h a l e s  a r e  l o c a t e d  w i t h i n  t h e  a n c e s t r a l  Powder 
R iv e r  f l u v i a l  sy s tem  and a r e  s t r a t i g r a p h i c a l l y  s e p a r a t e d  from sa n d s  o r  o t h e r  
pe rm eab le  r o c k  t y p e s  s u g g e s t s  a  s y n g e n e t i c  o r i g i n .  Such an o r i g i n  would 
i n d i c a t e  t h a t  u ran ium  and o t h e r  m o b ile  e le m e n ts  w ere  moving i n  r i v e r s . a n d  i n  
g r o u n d -w a te r  sy s te m s  d u r in g  e a r l y  Eocene t im e  and t h a t  t h e i r  l o g i c a l  s o u rc e  
was r e c e n t l y  exposed  g r a n i t e s  o f  t h e  L aram ie  o r  G r a n i t e  M o u n ta in s .  A s i m i l a r  
model has  been  p roposed  f o r  t h e  G re a t  D iv id e  B a s in  by M asursky  ( 1 9 6 2 ) ,  B a i le y  
and C h i l d e r s  (1977) and Wyant and o t h e r s  ( 1 9 5 6 ) .

Four ro c k  sam ples  a r e  th o u g h t  to  r e p r e s e n t  e p i g e n e t i c  u ran ium  
c o n c e n t r a t i o n s  (T a b le  2 ) .  A l l  bu t  MLK 109 a r e  o f  s u f f i c i e n t l y  h ig h  g ra d e  to  
be c l a s s i f i e d  a s  u ran ium  o c c u r r e n c e s  ( P I .  2 ) .  D e t a i l e d  d e s c r i p t i o n s  of t h e s e  
o c c u r r e n c e s  a r e  found i n  Appendix  C. The f o l lo w in g  g e n e r a l  c h a r a c t e r i s t i c s  
d i s t i n g u i s h  them from s y n g e n e t i c  u ran ium  c o n c e n t r a t i o n s :
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TABLE 1. ROCK SAMPLES REPRESENTING PROBABLE
SYNGENETIC URANIUM CONCENTRATIONS IN AREA A

Sample no. UR U3O8 -
(ppm)

MLK 039 59 34

MLK 040 36 11

MLK 103 36 25

MLK 105 36 20

MLK 110 48 43

MLK 112 48 44

TABLE: 2. ROCK SAMPLES REPRESENTING PROBABLE
EPIGENETIC URANIUM CONCENTRATIONS IN AREA A

Sample no. UR U3O8
(ppm)

MLK 078 94 90 ( o c c u r r e n c e  23)

MLK 097 82 73 ( o c c u r r e n c e  18)

MLK 100 59 81 ( o c c u r r e n c e  16)

MLK 109 36 36

12



They o c c u r  i n  c o a l s  o r  l i g n l t i c  m udstones  t h a t  have 7.6% to  36.7% 
o r g a n i c  c a rb o n  c o n t e n t ,  s i g n i f i c a n t l y  h i g h e r  th a n  t h e  b l a c k  s h a l e s  
d i  sc us sed ah ove .

They o c c u r  im m e d ia te ly  below  t h i c k ,  pe rm eab le  s a n d s t o n e s ,  s u g g e s t in g  
t h a t  u ran ium  moved i n  g round  w a te r  th ro u g h  th e  sand and was p l a t e d  on 
i t s  m a r g in s .  These u ran ium  o c c u r r e n c e s  c o u ld  t h e r e f o r e  r e p r e s e n t  l im b 
m i n e r a l i z a t i o n  a s s o c i a t e d  w i th  r o l l  f r o n t s  down th e  h y d r o lo g ic  
g r a d i e n t .

The g ra d e  o f  t h e s e  o c c u r r e n c e s  r a n g e s  from 36 to  90 ppm 0 3 0 3 .
T h is  i s  s i g n i f i c a n t l y  h i g h e r  th a n  th e  11 to  44 ppm r a n g e  found in  th e  
s y n g e n e t i c  u ran ium  c o n c e n t r a t i o n s .

They have  s i g n i f i c a n t l y  h i g h e r  c o n c e n t r a t i o n s  o f  molybdenum and copper  
th a n  th e  s y n g e n e t i c  a n o m a l ie s .

Sample MLK 109 i s  i n t e r e s t i n g  b e c a u s e  o f  i t s  h ig h  e q u i v a l e n t  th o r iu m  
c o n te n t  of 111 ppm. T h is  sample i s  v e ry  s i m i l a r  to  th e  o t h e r  e p i g e n e t i c a l l y  
e n r i c h e d  r o c k s  how ever, i n  t h a t  i t  a l s o  o c c u r s  im m e d ia te ly  below  a m a s s iv e ,  
pe rm eab le  s a n d s t o n e .  I t  c o n t a i n s  s i g n i f i c a n t l y  l e s s  u ran iu m , molybdenum, 
a r s e n i c ,  and vanadium  th a n  t h e  o t h e r  e p i g e n e t i c  o c c u r r e n c e s ,  y e t  i t s  o r g a n ic  
c a rb o n  c o n te n t  i s  v e ry  h i g h .

A l t e r a t i o n  F e a t u r e s . A second  l i n e  o f  e v id e n c e  t h a t  u ran ium  moved from a 
s o u rc e  ro c k  i n t o  h o s t  ro c k s  o f  A rea  A i s  t h e  e x i s t e n c e  o f  a l t e r a t i o n  f e a t u r e s  
t y p i c a l  o f  t h e  u p d ip ,  o x id iz e d  i n t e r i o r  o f  Wyoming r o l l - f r o n t  d e p o s i t s .  
F e a tu r e s  such  a s  l im b  m i n e r a l i z a t i o n ,  s o l u t i o n  b a n d in g ,  and l i m o n i t e  s t a i n i n g  
were o b s e rv e d .

Samples MLK 07 8 ,  097 , 100, and 109 have  been i n t e r p r e t e d  a s  r e p r e s e n t i n g  
lim b  m i n e r a l i z a t i o n  b e c a u se  m i n e r a l i z a t i o n  o c c u rs  i n  c a rb o n a c e o u s  m a t e r i a l  
t h a t  i s  im m e d ia te ly  a d j a c e n t  to  p e rm eab le  s a n d s t o n e .  For a more d e t a i l e d  
d i s c u s s i o n ,  s e e  Uranium O c c u r re n c e  R e p o r t s  16, 18, and 23 (App. C ) .

S o l u t i o n  b a n d in g ,  a  commonly o b se rv e d  f e a t u r e  o f  a l t e r e d  s a n d s to n e s  i n  
th e  s o u th e r n  Powder R iv e r  B a s in  a s  f a r  n o r t h  a s  th e  Pumpkin B u t t e s ,  was r a r e l y  
s e e n  i n  A rea  A. S o l u t i o n  bands w ere  o b se rv e d  i n  a m a ss iv e  a r k o s i c  s a n d s to n e  
a t  sam ple s i t e  MLK 107, b u t  th e y  w ere d i f f u s e  and la c k e d  t h e  s h a rp  t o n a l  
c o n t r a s t s  o f  s o l u t i o n  bands  i n  th e  Pumpkin B u t t e s .

L im o n i te  s t a i n i n g  i s  u b i q u i t o u s  i n  A rea  A. I t  i n c l u d e s  y e l lo w -b ro w n , 
r u s t y  y e l lo w -b ro w n ,  and o ran g e -b ro w n  c o l o r s .  In  g e n e r a l ,  t h i s  s t a i n i n g  o c c u r s  
a s  s p o t s  and s t r e a k s  w i t h i n  l i g h t -  to  m edium -gray  s a n d s .  L o c a l i z e d  
r e m o b i l i z a t i o n  o f  i r o n  from f e r r u g i n o u s  c o n c r e t i o n s  a p p e a r s  to  be a l i k e l y  
e x p l a n a t i o n  i n  many c a s e s .  O x id a t io n ,  due to  normal s u r f i c i a l  w e a th e r in g  of 
ro c k  o u t c r o p s ,  can  im p a r t  t h e s e  l i m o n i t i c  c o l o r s  on a ro c k  s im p ly  by o x i d i z in g  
in d ig e n o u s  p y r i t e  to  l i m o n i t e .  T ra c e s  o f  red  h e m a t i t i c  s t a i n i n g  w ere  o b se rv e d  
a t  o c c u r r e n c e  16.

I f  t h i s  l i m o n i t e  s t a i n  was due to  a l t e r a t i o n  o f  s a n d s to n e s  by o x i d i z i n g  
s o l u t i o n s  moving th ro u g h  Eocene g r o u n d -w a te r  s y s te m s ,  we would a l s o  e x p e c t  
d e s t r u c t i o n  o f  in d ig e n o u s  c a rb o n a c e o u s  m a t e r i a l ,  p a r t i c u l a r l y  i f  t h e  s o l u t i o n s
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were  a l k a l i n e .  Today, by c o n t r a s t ,  c a rb o n a c e o u s  m a t e r i a l  i n  o u t c r o p  i s  o n ly  
s l i g h t l y  a f f e c t e d  by slow  s u r f a c e  w e a th e r in g  i n  Wyoming's d r y  c l i m a t e .  At 
o c c u r r e n c e  16, f i n e l y  d i s s e m in a te d  c a rb o n a c e o u s  m a t e r i a l  i s  a b u n d a n t  i n  f i n e ­
g r a in e d  s i l t s  and sa n d s  n e a r  t h e  b a s e  o f  t h e  s a n d ,  which a l s o  happens  to  be 
im m e d ia te ly  above a h i g h l y  m i n e r a l i z e d  c o a l .  I f  o x i d i z i n g  s o l u t i o n s  moved 
th ro u g h  th e  sand  h e r e ,  t h e y  d id  n o t  s i g n i f i c a n t l y  d e s t r o y  t h e  c a rb o n a c e o u s  
m a t e r i a l .  In  th e  sand a d j a c e n t  to  th e  m in e r a l i z e d  c o a l  o f  o c c u r r e n c e  23, 
how ever, no c a rb o n a c e o u s  m a t e r i a l  was n o te d .  The s a n d s to n e  o v e r l y i n g  t h e  c o a l  
o f  MLK 109 was b a r r e n  o f  c a rb o n a c e o u s  m a t e r i a l  a l s o .  U ra n iu m -b e a r in g  ground 
w a te r s  were p ro b a b ly  n o t  o x i d i z i n g  enough to  c o m p le te ly  d e s t r o y  c a rb o n a c e o u s  
m a t e r i a l .

The red  h e m a t i t i c  a l t e r a t i o n  c o l o r s  c h a r a c t e r i s t i c  of t h e  Powder R iv e r  
B as in  uran ium  d e p o s i t s  have  n o t  been  r e c o g n iz e d  i n  A rea  A. P e rh ap s  a l t e r e d  
s a n d s  t h e r e  have been  r e - r e d u c e d  o r  a r e  c h a r a c t e r i z e d  by l i m o n i t e  r a t h e r  th a n  
h e m a t i t e  s t a i n i n g .

G ro u n d -w a te r  A n o m a l ie s . S e v e ra l  g r o u n d -w a te r  u ran ium  a n o m a l ie s  s u p p o r t  
th e  id e a  t h a t  u ran ium  moved from a  s o u rc e  r o c k  to  h o s t  s a n d s to n e s  o f  Area A. 
Two c l u s t e r s  o f  g r o u n d -w a te r  a n o m a l ie s  ( P I .  4 )  o c c u r  i n  A rea  A. One i s  i n  T. 
53 N .,  R. 80 W.; t h e  o t h e r  i s  i n  T ps . 47 and 48 N . ,  and R s . 78 and 79 W. Both 
c l u s t e r s  a r e  c h a r a c t e r i z e d  by h ig h  u ran ium  v a lu e s  and h ig h  u r a n iu m - to -  
c o n d u c t i v i t y  (U/CDT) r a t i o s .  T h is  l a t t e r  p a ra m e te r  n o r m a l iz e s  u ran ium  f o r  t h e  
e f f e c t s  o f  s a l i n e  v a r i a n c e .  Samples w i th  a U/CDT X 1000 v a lu e  o f  g r e a t e r  th an  
15 a r e  c o n s id e r e d  anom alous .  T h is  v a lu e  i s  d e r iv e d  s t a t i s t i c a l l y  by Texas 
I n s t r u m e n t s ,  I n c .  ( 1 9 8 0 a ,  b )  f o r  s i m i l a r  geo c h em ic a l  and g e o lo g ic  e n v iro n m e n ts  
in  th e  a d j a c e n t  Arm into and G i l l e t t e  NTMS 2° q u a d r a n g l e s .  In  th o s e  
q u a d r a n g l e s ,  u ran ium  v a lu e s  of g r e a t e r  th a n  34 ppb U a r e  c o n s id e r e d  anomalous 
and v a lu e s  g r e a t e r  th a n  12 ppb U a r e  c o n s id e r e d  t h r e s h o l d .  These anom alous 
and t h r e s h o l d  v a lu e s  a r e  used  i n  th e  S h e r id a n  Q u a d ra n g le .

The n o r t h e r n  c l u s t e r  o f  a n o m a l ie s  i s  i n  t h e  Double C r o s s in g  C reek  a r e a .  
W ells  MLK 082 and MLK 083 a r e  a b o u t  9 m d eep .  No d e p th  d a t a  i s  a v a i l a b l e  on 
th e  two anom alous Los Alamos S c i e n t i f i c  L a b o r a to r y  (LASL) w e l l s  200759 and 
200760 ( M o r r i s ,  1 9 7 7 ) .  The two BFEC s a m p le s ,  a s  w e l l  a s  LASL's 200760 , a r e  
w i t h i n  the  n a rro w  f lo o d  p l a i n  o f  Double C r o s s in g  C re e k .  S ands tone  o u tc r o p s  
were n o t  s e en  i n  t h e  a r e a .  A lthough  t h e s e  were among t h e  most h i g h ly  
anom alous w a te r s  sam pled i n  th e  S h e r id a n  Q u a d ra n g le ,  no e x p l a n a t i o n  i s  r e a d i l y  
a p p a r e n t .  S u b s u r fa c e  d a t a  ( P I .  9 )  i n d i c a t e  t h a t  t h e y  f a l l  n e a r  t h e  zone where 
th e  f l u v i a l  sand sy s tem  s i l t s  o u t  n o r th w a r d .  P e rh ap s  t h i s  s i l t - o u t  has  
a f f e c t e d  g ro u n d -w a te r  f lo w .  The Double C r o s s in g  Creek  a n o m a l ie s  a r e  t a k e n  a s  
s u p p o r t i v e  e v id e n c e  f o r  u ran ium  f a v o r a b i l i t y .

The s o u th e r n  c l u s t e r  o f  anom alous g round  w a te r s  f a l l s  w i t h i n  a 50-km^ 
a r e a  in  t h e  Coyer R e s e r v o i r  and Bowman F l a t  USGS 7 1 / 2 '  q u a d r a n g l e s .  S e v e ra l  
LASL sam p les  (201960 , 201964, 201967, 201969, 201971, 201973, 201975) 
c o n ta i n e d  40 to  60 ppb U ( M o r r i s ,  1 9 77 ) .  Of t h e s e ,  we r e - s a m p le d  201964, 
201971, 201973, and 201975, b u t  ou r  r e s u l t s  w ere  a l l  l e s s  th a n  1 ppb U30g 
(sa m p le s  MLK 033 and 186; 036; 037; 185, r e s p e c t i v e l y ) .  We have no 
e x p l a n a t i o n  f o r  th e  c o n t r a d i c t i o n  i n  sam ple r e s u l t s .  Sample MLK 038 i s  th e  
o n ly  BFEC sam ple  i n  t h e  a r e a  to  y i e l d  an anom alous u ran ium  v a lu e  (61 ppb 
U3O8).
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T h is  s o u th e r n  anom alous a r e a  f a l l s  n e a r  th e  20% sand I s o l i t h  on P l a t e  9 
and i s  n e a r  t h e  m arg in  o f  t h e  main sand t r e n d .  The a r e a  l i e s  d i r e c t l y  "on 
t r e n d "  w i t h  a  l i n e a r  b e l t  o f  m i n e r a l i z a t i o n  t h a t  i n c l u d e s  th e  I r i g a r a y  o reb o d y  
(T . 45 N ., R. 77 W., Sec. 5 ) .  O i l - w e l l - l o g  c o v e ra g e  i s  n o t  d e n se  enough i n  
t h i s  r e g i o n  to  i d e n t i f y  t h e  s p e c i f i c  I r i g a r a y  h o s t  san d s  n o r  to  t r a c e  t h e i r  
c o u r s e s  n o r th w ard  i n t o  A rea A. D e t a i l - d r i l l i n g  p a t t e r n s  a round  I r i g a r a y ,  
th o u g h ,  s u g g e s t  a r e m a rk a b ly  s t r a i g h t  o r e  t r e n d  a lo n g  a c h a n n e l  m arg in  
( I n t r a s e a r c h ,  1 9 7 7 ) .  I f  t h i s  t r e n d  c o n t i n u e s  n o r th w a r d ,  th e n  t h e  c l u s t e r  o f  
a n o m a l ie s  i n  Coyer R e s e r v o i r  and Bowman F l a t  q u a d r a n g le s  may i n d i c a t e  r o l l -  
f r o n t  deve lopm en t "down s t r e a m "  o f  t h e  I r i g a r a y  o r e  body.

T ra c e  E le m e n ts . N e a r ly  a l l  ro c k  sa m p le s  i n  A rea  A t h a t  a r e  anom alous i n  
uran ium  a r e  a l s o  anom alous i n  s e le n iu m ,  molybdenum, c o p p e r ,  a r s e n i c ,  and 
vanadium  (App. B l ) .  Some sam p les  a r e  a l s o  anom alous i n  a n t im o n y ,  y t t r i u m ,  
z i r c o n iu m ,  t u n g s t e n ,  lan th a n u m , p h o s p h o ru s ,  and th o r iu m .

Anomalous amounts o f  s e le n iu m  a r e  a s s o c i a t e d  w i th  a l t e r e d  s a n d s to n e s  a t  
Pumpkin B u t t e s  (S h a rp  and o t h e r s ,  1964);  w i t h  vanad ium , a r s e n i c ,  and uran ium  
a t  I r i g a r a y  (N oyes, 1 9 7 8 ) ;  and w i th  u ran iu m , a r s e n i c ,  la n th a n u m , molybdenum, 
and y t t r i u m  in  l i g n i t e s  and c a rb o n a c e o u s  s h a l e s  o f  t h e  W i l l i s t o n  B a s in .  The 
e le m e n ts  i n  th e  W i l l i s t o n  B a s in  a r e  th o u g h t  to  have  been  i n t r o d u c e d  from an 
o u t s i d e  s o u rc e  (D enson  and G i l l ,  1 9 6 5 ) .  Sharp and o t h e r s  (1964 )  n o te d  t h a t  
p y r i t e  i n  m i n e r a l i z e d  s a n d s to n e  i n  t h e  Pumpkin B u t t e s  d i s t r i c t  c o n t a i n s  
s i g n i f i c a n t l y  more s e le n iu m  th a n  p y r i t e  i n  b a r r e n ,  u n a l t e r e d  s a n d s t o n e ,  which 
s u g g e s t s  t h a t  s e le n iu m  h a s  b e e n  m o b i l iz e d  a lo n g  w i th  u ran iu m .

P l a t e  10 sum m arizes  t h e  r e l a t i o n s h i p  i n  A rea  A ro c k  sam ples  be tw een  
u ran ium  and v a r i o u s  p a t h f i n d e r  e le m e n ts  i n  c a rb o n a c e o u s  s h a l e s ,  c o a l s ,  and one 
c l i n k e r .  A lthough  t h e r e  a r e  few s a m p le s ,  t h e  g ra p h s  s u g g e s t  a c ru d e  p o s i t i v e  
c o r r e l a t i o n  be tw een  uran ium  and a r s e n i c ,  s e le n iu m ,  molybdenum, and c o p p e r .  No 
c o r r e l a t i o n  was found be tw een  u ran ium  and th o r iu m  o r  vanad ium .

Abundant c h e m ic a l  a n a ly s e s  a r e  a v a i l a b l e  f o r  W asatch  c o a l s  i n  t h e  W yarno, 
SR S p r in g s ,  Ulm, Bar N Draw and V erona  7 1 / 2 '  USGS t o p o g r a p h i c  q u a d ra n g le s  
( C u l b e r t s o n ,  1975; C u lb e r t s o n  and K l e t t ,  1975a, b ;  Mapel and Dean, 1976a, b; 
M apel, 1 9 76 ) .  These q u a d r a n g le s  a r e  n o r t h  o f  Area A and im m e d ia te ly  e a s t  o f 
th e  c i t y  o f  S h e r id a n .  A lth o u g h  a few u ran ium  a n o m a l ie s  e x i s t  t h e r e ,  t h e  a r e a  
i s  g e n e r a l l y  u n m in e r a l i z e d ,  and l i t h o l o g i e s  a r e  too  fLne g r a l  uv.l f o r  l a t e r a l  
s e c r e t i o n  o f  m o b ile  e le m e n ts  i n  g round w a t e r s .  I n  45 c o a l  s a m p le s ,  a r s e n i c  
a v e ra g e d  10 ppm; s e le n iu m  1 .3  ppm; u ran iu m  2 .5  ppm; and molybdenum 2 .7  ppm. 
These d a t a  i n d i c a t e  t h a t  background  c o n c e n t r a t i o n s  o f  a r s e n i c ,  s e le n iu m ,  
u ran iu m , and molybdenum i n  W asatch c o a l s  a r e  a v e ra g e  f o r  s h a l e s  w orldw ide  
(K ra u s k o p f ,  1967) and t h a t  t h e  anom alous c o n c e n t r a t i o n s  o f  t h e s e  e le m e n ts  i n  
A rea  A w ere  t h e r e f o r e  most l i k e l y  formed a f t e r  d e p o s i t i o n  o f  t h e  c o a l s .  We 
c o n c lu d e  t h a t  a g e o c h e m ic a l  p r o v in c e ,  c h a r a c t e r i z e d  p a r t i c u l a r l y  by anom alous 
c o p p e r ,  u ra n iu m , s e le n iu m ,  a r s e n i c ,  and molybdenum i n c l u d e s  n o t  o n ly  t h e  
s o u th e r n  Powder R iv e r  B a s in  b u t  a l s o  Area A. On g e o c h e m ic a l  g ro u n d s ,  
t h e r e f o r e ,  t h e  f a v o r a b l e  u ran ium  e n v iro n m e n t  o f  th e  s o u th e r n  Powder R iv e r  
B a s in  c a n  be e x te n d e d  n o r th w a rd  i n t o  A rea  A o f  t h e  S h e r id a n  Q u a d ra n g le .
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P r e c l p i t a n t s

Wyoming r o l l - t y p e  d e p o s i t s  form a t  o x i d a t i o n - r e d u c t i o n  i n t e r f a c e s .  The 
red o x  i n t e r f a c e ,  o r  g e o c h em ic a l  f r o n t ,  i s  t h e  boundary  be tw een  t h e  o x id iz e d  
s a n d s to n e  and th e  o r i g i n a l ,  r e d u c e d ,  c a rb o n a c e o u s  s a n d s t o n e .  D ia g e n e t ic  
p y r i t e  i n  t h e  re d u c e d  s a n d s to n e  i s  o x id iz e d  a t  t h e  f r o n t  and p ro d u ce s  HS“ , 
which i n  t u r n  a c t s  a s  a r e d u c in g  a g e n t  f o r  u ran iu m .

C arbonaceous  p l a n t  m a t e r i a l  p r e s e r v e d  i n  o r i g i n a l  red u c e d  s a n d s to n e s  of 
th e  W asatch F o rm a t io n  i s  a v a i l a b l e  to  r e d u c e  and a d s o rb  u ran ium .
A d d i t i o n a l l y ,  t h e  s t r o n g l y  r e d u c in g  e n v iro n m en t  c r e a t e d  by c o a l  beds may 
p r e c i p i t a t e  u ran ium . A p a r t i c u l a r l y  a d v a n ta g e o u s  l o c a t i o n  f o r  t h i s  to  have 
o c c u r r e d  i s  i n  th e  n o r t h e r n  end o f  A rea  A, w here  t h e  f l u v i a l  sa n d s  i n t e r t o n g u e  
w i th  t h i c k  c o a l  d e p o s i t s  a lo n g  t h e  b a s i n  a x i s .

Geography and Land S t a tu s

A rea  A i s  composed of a b o u t  85% f e d e r a l  l a n d ,  10% p r i v a t e  l a n d ,  and 5% 
s t a t e  l a n d .  The a r e a  i s  c o v e re d  by sa g e  and g r a s s  and c o n s i s t s  o f  h i g h l y  
d i s s e c t e d  u p l a n d s .  L oca l  r e l i e f  v a r i e s  from 60 m to  120 m. The m a jo r  
d r a in a g e  t r a v e r s i n g  th e  a r e a  i s  t h e  Powder R i v e r .  I n t e r s t a t e  90 c r o s s e s  t h e  
aij'ea i n  i t s  s o u th e r n  h a l f .  An e x c e l l e n t  sys tem  o f  s e c o n d a ry  r o a d s ,  many 
s e r v in g  s c a t t e r e d ,  s m a l l  o i l  f i e l d s ,  p r o v id e s  a c c e s s  to  m ost l o c a t i o n s .

AREA B -  PRYOR CONGLOMERATE TONGUE OF THE CLOVERLY FORMATION

The P ry o r  C ong lom era te  Tongue o f  th e  C l e v e r l y  F o rm a t io n  i s  c o n s id e r e d  
f a v o r a b le  f o r  u ran ium  d e p o s i t s  i n  Area B ( P I .  1 ) .  Area B i n c l u d e s  t h e  e n t i r e  
o u tc r o p  b e l t  o f  t h e  P ry o r  sands  and t h e i r  s u b s u r f a c e  e x t e n t  to  a  d e p th  o f  1500 
m. The P ry o r  Tongue i s  f a v o r a b l e  f o r  b o th  Wyoming r o l l - t y p e  ( S u b c la s s  241) 
and c h a n n e l - c o n t r o l l e d  p e n e c o n c o rd a n t  ( S u b c la s s  243) t y p e s  o f  d e p o s i t s ,  
b e c au se  i t  m ee ts  t h e  f o l l o w in g  c r i t e r i a :

•  I t  c o n s i s t s  o f  pe rm eab le  q u a r t z  s a n d s to n e s  and c h e r t - p e b b l e  
c o n g lo m e ra te s  d e p o s i t e d  i n  f l u v i a l  c h a n n e l s .

•  I t  was d e p o s i t e d  u n d e r  a l t e r n a t i n g  o x i d i z i n g  and r e d u c in g  c o n d i t i o n s  
o f  a sav an n ah  c l i m a t e .

•  The s a n d s to n e s  a r e  i n t e r b e d d e d  w i th  and o v e r l a i n  by im perm eab le  
t u f f a c e o u s  s e d im e n ts  th o u g h t  to  be a good s o u rc e  o f  u ran iu m .

•  The s a n d s to n e s  c o n t a i n  a b u n d a n t  c a rb o n a c e o u s  m a t e r i a l  t h a t  a c te d  a s  a 
r e d u c t a n t  f o r  u ran ium .

•  I t  c o n t a i n s  s o l u t i o n  b a n d in g  and l im b  m i n e r a l i z a t i o n .

Area B c o n t a i n s  an  a r e a  o f  1560 km^. The P ry o r  C ong lom era te  Tongue 
a v e ra g e s  6 m i n  t h i c k n e s s  th ro u g h o u t  A rea  B, r e s u l t i n g  i n  a  volume o f  9 .4  
km^ o f  f a v o r a b le  r o c k .  Area B e x te n d s  from t h e  o u t c r o p  b e l t  o f  t h e  P ry o r  t o
w here th e  P ry o r  i s  1500 m deep , 
t h e  S h e r id a n  Q u a d ra n g le .

E ls e w h e re ,  A rea  B i s  bounded by t h e  edges  o f
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H ost  Rocks

S t r a t i g r a p h y  o f  t h e  C l o v e r l y  F o r m a t io n . The ro c k s  of L a te  J u r a s s i c  and 
E a r ly  C r e ta c e o u s  age i n  th e  B ig h o rn  B a s in  have  been a s s i g n e d  by v a r i o u s  
I n v e s t i g a t o r s  to  M o r r i s o n ,  C l o v e r l y ,  and o t h e r  f o n n a t i o n s .  In  t h i s  r e p o r t ,  
t h e  d i v i s i o n s  p roposed  by M oberly  (1 956 , 1960) a r e  fo l lo w e d .  We found them to  
be c o n s i s t e n t  w i th  ou r  f i e l d  o b s e r v a t i o n s .

The C l o v e r l y  F o rm a t io n  i s  u n d e r l a i n  by t h e  Upper J u r a s s i c  M o rr iso n  
F o rm a t io n ,  w hich i s  composed p r e d o m in a te ly  o f  g re e n  and g ra y  nonm arine  
m udstones  and s h a l e s .  The M o rr i so n  a v e ra g e s  60 m (200 f t )  t h i c k  and h a s  a 
g e n e r a l l y  c o n fo rm a b le  c o n t a c t  w i th  t h e  o v e r l y i n g  C l o v e r l y ,  b u t  i n  p l a c e s  
c h a n n e l  s a n d s to n e s  i n  t h e  b a s a l  C lo v e r ly  have  s c o u re d  down i n t o  th e  M o rr iso n  
(M ober ly ,  1 9 5 6 ) .

The Lower C r e ta c e o u s  C lo v e r ly  F o rm a t io n  a v e ra g e s  85 t o  100 m (280 to  300 
f t )  i n  t h i c k n e s s .  I t  h a s  been  d iv id e d  by M oberly  (1 956 , 1960) i n t o  th e  L i t t l e  
Sheep M udstone Member, t h e  Himes Member, and t h e  P ry o r  C ong lom era te  Tongue 
( F i g .  3 ) .  The L i t t l e  Sheep M udstone Member c o n s i s t s  o f  a t h i c k  se q u en c e  of 
v a r i e g a t e d ,  b e n t o n i t i c ,  l a c u s t r i n e ,  m udstone  b e d s ,  which have w e a th e re d  a to  
d i s t i n c t i v e  p o p c o r n - t e x t u r e d  c l a y s t o n e  t h a t  does  n o t  s u p p o r t  v e g e t a t i o n .
C o lo r s  a r e  d o m in a te ly  s h a d e s  o f  r e d  and g r a y ,  and th e  l i t h o l o g y  v a r i e s  from 
c l a y s t o n e  to  s i l t y  m u d s to n e .  The c l a y  i s  m o s t ly  m o n t m o r i l l o n i t e  (M oberly ,  
1 9 56 ) .  V eins  o f  c h a lc e d o n y ,  t h i n  beds  o f  p u re  b e n t o n i t e ,  s i l i c i f i e d  w h i te  a sh  
b e d s ,  c h e r t  n o d u le s ,  and l a y e r s  o f  q u a r t z i t e  a l s o  o c c u r  w i t h i n  th e  m udstone  
se q u e n c e .  T h in  l e n s e s  o f  s a n d s to n e  and c h e r t - p e b b l e  c o n g lo m e ra te ,  s i m i l a r  to  
th o s e  i n  th e  P r y o r  C ong lom era te  Tongue, a r e  a lm o s t  a lw ays  found  i n  th e  low er 
p a r t  o f  t h e  L i t t l e  Sheep. The maximum t h i c k n e s s  o f  t h e  L i t t l e  Sheep i s  abou t  
75 m (250 f t )  (M oberly ,  1956) and i n  m ost p l a c e s  r a n g e s  from 30 m to  60 m.
The p o p c o r n - t e x t u r e d ,  b e n t o n i t i c  m udstone  beds  a r e  n o t  r e c o g n iz e d  s o u th  o f  t h e  
S h e r id a n  Q u a d ra n g le .

A c o n g lo m e ra t ic  s a n d s to n e  f a c i e s  commonly o c c u r s  b e n e a th  t h e  L i t t l e  
Sheep, a t  t h e  b a s e  o f  t h e  C lo v e r ly  F o rm a t io n .  T h is  c o n g lo m e ra te  h a s  been  
c a l l e d  th e  P ry o r  C ong lom era te  Tongue o f  t h e  C l o v e r l y  (M o b er ly ,  1 9 5 6 ) .  I t  i s  
s i m i l a r  i n  l i t h o l o g y  and s t r a t i g r a p h i c  p o s i t i o n  to  t h e  P ry o r  C onglom era te  i n  
th e  P ry o r  M o u n ta in s .  In  A rea  A, t h e  P ry o r  C ong lom era te  Tongue te n d s  to  be 
l e n t i c u l a r  and c a n n o t  be c o r r e l a t e d  d i r e c t l y  to  t h e  type  s e c t i o n  i n  t h e  P ry o r  
M ounta ins  (M o b er ly ,  1 9 5 6 ) .  S t r a t i g r a p h i c a l l y , t h e  P ry o r  o c c u r s  below  th e  
L i t t l e  Sheep Mudstone Member and t y p i c a l l y  form s c h a n n e l s  t h a t  c u t  i n t o  t h e  
u n d e r l y i n g  M o rr i so n  F o r m a t io n .  S im i la r  c o n g lo m e r a t i c  s a n d s to n e  l e n s e s ,  
i s o l a t e d  from t h e  m ain  body o f  t h e  P ry o r  Tongue by b e n t o n i t i c  m u d s to n e s ,  a r e  
i n c lu d e d  w i t h i n  th e  L i t t l e  Sheep ( F i g .  3 and M oberly ,  1 9 5 6 ) .

A c c o rd in g  to  M oberly ,  (1 956 , p , 3 1 ) ,  t h e  l i t h o l o g y  o f  t h e  P ry o r  Tongue 
. . . c o n s i s t s  o f  s e v e r a l  r e l a t e d  l i t h o l o g i e s ,  t h e  m ost c o n s p ic u o u s  o f  
w hich  i s  c o n g lo m e ra te  c o n t a i n i n g  rounded  b l a c k  c h e r t  p e b b le s .  A l l  s i z e  
g r a d a t i o n s  o f  t h e  c h e r t  f r a g m e n ts  e x i s t  from r a r e  p e b b le s  more t h a n  one 
in c h  i n  d i a m e te r  to  sand  g r a i n s .  A n g u la r  sand and g r i t - s i z e d  g r a i n s  of 
w h i te  c h e r t  a r e  a l s o  a b u n d a n t .  These  c h e r t  g r a i n s  a r e  mixed i n  v a ry in g  
p r o p o r t i o n s  w i th  l i g h t - y e l l o w i s h - b r o w n  to  w h i te  q u a r t z  sand  g r a i n s ,  
r e s u l t i n g  i n  ro c k  ty p e s  r a n g in g  from s a n d s to n e  to  p e b b le  c o n g lo m e ra te .

The c h e r t - p e b b l e  c o n g lo m e ra te  beds  a r e  t h e  most d i s t i n c t i v e  l i t h o l o g y  i n  
th e  P r y o r ,  b u t  f i e l d  o b s e r v a t i o n s  i n d i c a t e  t h a t  r e l a t i v e l y  c l e a n ,  f i n e -  to
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Thinly i n t e rbe dde d  

s i l t s t o n e s ,  s h a l e s  

and I r ons tones  with 

s a n d s t o n e  lenses .

Var iegated clays tone 

with quar tz  o r en i t e  

chonnel s .  Li t hic  wocKe 

at  base .

Var iega t ed  be n t o n i t i c  

m u ds to n es  with 

th in  s i l i c e o u s  

t u f f  l e n s e s .

S a n d s t o n e  and  

c h e r t  -  p e b b l e  

c o n g l o m e r a t e .

C a l c a r e o u s  vo r i ego t ed  

m u d s t o n e s  a n d  

c l o y s t o n e s ,  w i th  

m i n o r  s a n d s t o n e .

( A f t e r  M o b e r l y , 1 95 6 ,  1962)
VERTICAL SCALE APPROX. l"= lOO’

Figure 3. G e n e ra l i z e d  S t r a t i g r a p h i c  Sect ion of 

Clover ly and A d j a c e n t  F o r m a t i o n s .
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m edium -g ra ined  q u a r t z  s a n d s to n e  i s  th e  do m in a te  l i t h o l o g y .  Trough c r o s s ­
bedd ing  i s  v e ry  common i n  most a l l  e x p o s u re s  o f  t h e  P r y o r ,  e s p e c i a l l y  in  th e  
c o a r s e r - g r a i n e d  b e d s .  L enses  o f  c h e r t  p e b b le s  a r e  o f t e n  c o n c e n t r a t e d  a long  
th e  bo ttom  o f  t h e  c r o s s - b e d  s e t s .  The c h e r t  p e b b le s  i n  t h e  c o a r s e r - g r a i n e d  
beds  i n  th e  P r y o r  g iv e  t h e  r o c k  a d i s t i n c t i v e  g ra y  c o l o r  on o u tc r o p ;  t h e  f i n e -  
and m ed ium -g ra ined  bed s  r a n g e  from y e l lo w -b ro w n  to  n e a r l y  w h i te  i n  c o l o r .

C arbonaceous  p l a n t  r e m a in s  a r e  i n t e r b e d d e d  w i th  t h e  sa n d s  and 
c o n g lo m e ra te s  o f  t h e  P ry o r  i n  many l o c a t i o n s .  The p l a n t  rem a in s  a r e  commonly 
c o n c e n t r a t e d  a lo n g  b e d d in g  p l a n e s  o r  a s  l a g  d e p o s i t s  a t  t h e  b a s e  o f  c h a n n e l s .

The P ry o r  san d s  a r e  h i g h l y  p e rm e ab le .  They were d e p o s i t e d  by l a t e r a l l y  
m ig r a t i n g  b r a id e d  s t r e a m s ,  and th e y  have  r e l a t i v e l y  good l a t e r a l  c o n t i n u i t y .  
T h e r e f o r e ,  th e y  p r o v id e  a good medium f o r  t h e  movement o f  g round  w a t e r .  TVie 
sa n d s  o f  th e  P ry o r  a r e  g e n e r a l l y  w e l l  s o r t e d  w i t h i n  any i n d i v i d u a l  b e d ,  b u t  
g r a i n  s i z e  in  a d j a c e n t  beds  may v a ry  from f i n e  sand  to  p e b b le  c o n g lo m e ra te .
The P ry o r  c o n t a i n s  l i t t l e  c l a y - s i z e  m a t r ix  to  i n h i b i t  p e r m e a b i l i t y .  A l though  
s i l i c a  c e m e n ta t io n  o f  t h e  sand  i s  common (M o b e r ly ,  1 9 5 6 ) ,  and c a l c i t e  cement 
was o b se rv e d  i n  a  few p l a c e s  ( o c c u r r e n c e  21, App. C ) , f i e l d  o b s e r v a t i o n s  
s u g g e s t  t h a t  t h e  c e m e n ta t io n  i s  n o t  s u f f i c i e n t l y  e x t e n s i v e  to  i n h i b i t  
g r o u n d -w a te r  f lo w .  The sand b o d ie s  a r e  c o n f in e d  by r e l a t i v e l y  im perm eable  
m udstone  b e d s ;  t h u s ,  t h e  sa n d s  a r e  an e x c e l l e n t  a q u i f e r  f o r  any m i n e r a l i z i n g  
w a t e r s ,  w i th  l i t t l e  chance  o f  d i s p e r s i o n  i n t o  a d j a c e n t  b e d s .

B ecause  o f  t h e i r  c h a n n e l  g e o m e try ,  t h e  sa n d s  o f  th e  P ry o r  a r e  q u i t e  
v a r i a b l e  i n  t h i c k n e s s  and i n  w id th .  Sand t h i c k n e s s e s  o f  up to  30 m o f  a lm o s t  
u n i n t e r r u p t e d  c l e a n ,  f i n e -  to  m ed iu m -g ra in ed  q u a r t z  s a n d s to n e  w ere  o b s e rv e d  i n  
t h e  f i e l d  ( o c c u r r e n c e  5 ) ,  and t h i c k n e s s e s  o f  up t o  15 m a r e  r e c o r d e d  on 
s u b s u r f a c e  l o g s  ( P I .  1 1 ) ;  b u t  m ost e x p o s u re s  o f  t h e  P r y o r  Conglcmierate do n o t  
exceed  7 m i n  t h i c k n e s s .  T h ic k n e s s e s  may v a ry  w id e ly  o v e r  s h o r t  d i s t a n c e s .  
V a r i a t i o n s  i n  t h i c k n e s s  from 0 m to  7 m o r  more w ere o b s e rv e d  i n  d i s t a n c e s  o f  
a few h u n d red  m e t e r s .  Examples o f  t h e  v a r i a b l e  sand  t h i c k n e s s  a r e  d e s c r i b e d  
i n  Uranium O c c u r re n c e  R e p o r t s  15 and 21 (App. C ) . Due to  c r o s s c u t t i n g  and 
s c o u r in g  o f  one c h a n n e l  by a n o th e r  and l a c k  o f  e x p o s u re s  o f  c o m p le te  c h a n n e l  
c r o s s  s e c t i o n s ,  t h e  w id th  o f  i n d i v i d u a l  c h a n n e l s  i s  d i f f i c u l t  to  d e te r m in e .
We e s t i m a t e ,  how ever, t h a t  m ost c h a n n e l s  a r e  on t h e  o r d e r  o f  10 to  100 m w ide .

O v e r ly in g  t h e  L i t t l e  Sheep M udstone ( F i g .  3) i s  t h e  Himes Member o f  t h e  
C lo v e r ly  (M o b er ly ,  1956, 1 9 6 0 ) .  The Himes Member c o n s i s t s  o f  a b o u t  30 m (100 
f t )  o f  c l a y s t o n e ,  l i t h i c  w acke, and t h i n ,  l e n t i c u l a r ,  q u a r t z o s e  c h a n n e l  
s a n d s t o n e .  In  most p l a c e s ,  t h e  b a se  o f  t h e  Himes c o n s i s t s  o f  o l i v e - g r a y  
l i t h i c  wacke w i th  a c l a y  m a t r i x ,  which i s  o v e r l a i n  by a s i m i l a r  r e d d is h -b r o w n  
l i t h i c  w acke. The u p p e r  p a r t  o f  t h e  Himes i s  m o s t ly  c l a y s t o n e ,  w hich  i s  la c e d  
w i th  t h i n ,  s h o e s t r i n g - s h a p e d  c h a n n e l  s a n d s t o n e s .  C lay  i n  t h e  Himes i s  
p r e d o m in a te ly  k a o l i n i t e ,  i n  c o n t r a s t  to  t h e  m o n t m o r i l l o n i t e  i n  t h e  L i t t l e  
Sheep (M oberly ,  1 9 5 6 ) .

D e p o s i t i o n a l  E n v i ro n m e n t . The s a n d s to n e s  o f  t h e  P ry o r  C ong lom era te  
Tongue w ere d e p o s i t e d  i n  s t r e a m  c h a n n e l s  i n  a b ro a d  lo w lan d  c o n t a i n i n g  many 
s h a l lo w  l a k e s .  The s t r e a m s  w ere  p r o b a b ly  o f  t h e  b r a id e d  ty p e ,  w i t h  v e l o c i t i e s  
o f  a p p ro x im a te ly  100 cm /sec  (M o b er ly ,  1 9 5 6 ) .  The P ry o r  sa n d s  r e c o r d  p e r i o d s  
o f  u p l i f t  i n  th e  S e v ie r  o r o g e n ic  b e l t  h u n d red s  o f  k i l o m e t e r s  to  t h e  w es t  in  
Idaho  and U tah , where c h e r t - r i c h  P a l e o z o ic  ro c k s  were b e in g  e ro d e d  (M ackenzie
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and Ryan, 1 9 6 2 ) .  The s a n d s to n e s  and c h e r t - p e b b l e  c o n g lo m e ra te s  o f  t h e  P ry o r  
a r e  made up o f  d e b r i s  shed  e a s tw a r d  d u r in g  t h e s e  o r o g e n ic  p u l s e s .  The 
e a s t e r l y  f lo w  o f  t h e  s t r e a m s  i s  s u p p o r te d  by p a l e o c u r r e n t  m easu rem en ts  o f  
c r o s s - b e d s  in  t h e  s a n d s  (M ober ly ,  1 956 ) .

The c h a n n e l  sa n d s  o f  t h e  P ry o r  were b e in g  d e p o s i t e d  a t  t h e  same t im e  a s  
th e  m udstones  o f  t h e  low er  p a r t  o f  t h e  L i t t l e  Sheep Mudstone Member. The 
m udstones were o r i g i n a l l y  d e p o s i t e d  a s  v o l c a n i c  a s h  d u r in g  p e r i o d s  o f  i n t e n s e  
v o l c a n i c  a c t i v i t y  i n  th e  a r e a  of p r e s e n t  day Idaho  (MacKenzie and Ryan, 1962; 
M a l lo ry ,  1 9 72 ) .  Large  amounts o f  v o l c a n i c  a s h  ac cu m u la te d  r a p i d l y ,  d i s r u p t i n g  
t h e  f l u v i a l  d r a in a g e  sy s tem  and r e s u l t i n g  i n  t h e  deve lopm en t o f  a v a s t  a r e a  of 
s h a l lo w  l a k e s  and swamps (M o b er ly ,  1 9 56 ) .  A l t e r a t i o n  o f  t h e  a s h  unde r  t h e  wet 
c o n d i t i o n s  o f  t h e  swamps and l a k e s  r e s u l t e d  i n  th e  f o r m a t io n  of 
m o n tm o r i l l o n i t e  c l a y .  V o lc a n ic  a s h  i s  t h e  s o u rc e  o f  t h e  c l a y s  i n  th e  l i t h i c  
wackes and c l a y s t o n e s  o f  th e  Himes Member a l s o .  W ea th e r in g  of t h e  Himes, 
how ever, to o k  p l a c e  unde r  b e t t e r  d r a i n a g e  c o n d i t i o n s ,  and k a o l i n i t e  was t h e  
a l t e r a t i o n  p r o d u c t  o f  th e  a s h  (M o b e r ly ,  1 9 5 6 ) .

A sav an n ah  c l i m a t e  p r e v a i l e d  d u r in g  th e  t im e  o f  C lo v e r ly  d e p o s i t i o n .  
A ccord ing  to  M oberly  (1 956 , p .  8 8 ) ,  t h e  sa v an n a h  c l i m a t e  i s  " a  c l i m a t e  o f  ho t 
y e a r - ro u n d  t e m p e r a tu r e s  and m o d e r a te ly  h ig h  r a i n f a l l  i n t e r r u p t e d  a n n u a l l y  by a 
two o r  t h r e e  month d ry  s e a s o n " .  The t h e o r y  t h a t  t h e  c l i m a t e  was wet i s  
s u p p o r te d  by th e  l a r g e  amount o f  l a c u s t r i n e  m udstones  p r e s e n t  i n  th e  L i t t l e  
Sheep M udstone and Himes Members. A l t e r n a t i n g  wet and d ry  p e r i o d s  i s  
s u g g e s te d  by th e  v a r i e g a t e d  c o l o r s  o f  t h e  m u d s to n e s :  t h e  r e d d i s h  c o l o r s  a r e
th e  r e s u l t  o f  o x i d a t i o n  o f  t h e  t o p o g r a p h i c a l l y  h i g h e r  muds d u r in g  d ry  p e r i o d s ;  
w hereas  th e  g ra y  c o l o r a t i o n  i n d i c a t e s  a r e a s  t h a t  rem ained  w et and w ere  n o t  
o x i d i z e d .  D uring  p e r i o d s  of u p l i f t  to  t h e  w e s t ,  s t r e a m s  c u t  th ro u g h  t h e s e  
m u d s to n e s ,  d e p o s i t i n g  th e  san d s  o f  th e  P ry o r  Tongue. The m ain  c h a n n e l s  
p r o b a b ly  rem ained  wet y e a r - ro u n d  and were l i n e d  w i th  ab u n d an t  v e g e t a t i o n .  The 
w e t ,  r e d u c in g  en v iro n m en t  o f  t h e s e  t r u n k  s t r e a m s  h a s  p r e s e r v e d  much o r g a n ic  
m a t e r i a l  i n  t h e  P r y o r ;  w hereas  i n  t h e  o x id iz e d  p a r t s  o f  t h e  m u d s to n e s ,  l i t t l e  
o r  no o r g a n ic  m a t e r i a l  h a s  been  p r e s e r v e d .

Savannah c l i m a t e s  a r e  a s s o c i a t e d  w i t h  many u r a n iu m - b e a r in g  ro c k s  i n  th e  
w e s t e r n  U n i te d  S t a t e s .  A sa v an n a h  c l i m a t e  i s  th o u g h t  to  have  e x i s t e d  i n  t h e  
Eocene d u r in g  th e  t im e  o f  t h e  f o r m a t io n  o f  t h e  Wyoming r o l l - t y p e  d e p o s i t s  
( B a i l e y  and C h i l d e r s ,  1 9 7 7 ) .  V a r ie g a te d  m udstones  i n  t h e  C h ln le  and M o rr iso n  
F o rm a t io n s  a l s o  s u g g e s t  t h a t  a sa v an n a h  c l i m a t e  e x i s t e d  d u r in g  th e  deve lopm en t 
o f  uran ium  d e p o s i t s  on t h e  C o lo rado  P l a t e a u  (T r im b le  and D u e l l i n g ,  1 9 7 8 ) .

S t r u c t u r a l  D e v e lo p m e n t . The t e c t o n i c  s e t t i n g  of C lo v e r ly  d e p o s i t i o n  was 
t h a t  o f  a  t e c t o n i c a l l y  s t a b l e  lo w la n d .  S l i g h t  p u l s e s  o f  u p l i f t  i n  a r e a s  
m a r g in a l  to  th e  a r e a  o f  C lo v e r ly  d e p o s i t i o n  r e s u l t e d  i n  th e  i n f l u x  o f  s a n d ,  
r e p r e s e n t e d  by th e  P r i o r  C ong lom era te  Tongue and o t h e r  sand b o d ie s  in  t h e  
Himes Member. B u t ,  o v e r a l l ,  t h e  a r e a  was t e c t o n i c a l l y  s t a b l e  d u r in g  C lo v e r ly  
d e p o s i t i o n .  The C lo v e r ly  was s u b s e q u e n t ly  b u r ie d  by t h i c k  a c c u m u la t io n s  o f  
p re d o m in a te ly  m a r in e  s e d im e n ts  d e p o s i t e d  d u r in g  th e  r e m a in d e r  o f  C r e ta c e o u s  
t im e .  No s i g n i f i c a n t  d e f o r m a t io n  o f  t h e  C lo v e r ly  to o k  p la c e  u n t i l  t h e  
Laram ide Orogeny (Fanshaw e, 1 9 7 1 ) .  D uring th e  L a ram id e ,  from P a le o c e n e  to  
e a r l y  Eocene t im e ,  th e  B ig h o rn  B a s in  and s u r r o u n d in g  m o u n ta in s  were u p l i f t e d ,  
and th e  C lo v e r ly  was deform ed i n t o  a  s e r i e s  o f  f o l d s  i n  t h e  e a s t e r n  p a r t  o f 
t h e  B ighorn  B a s in .  P o s t -L a ra m id e  r e g i o n a l  u p l i f t ,  begun i n  t h e  Miocene and
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c o n t i n u in g  to  th e  p r e s e n t ,  i n i t i a t e d  a p e r i o d  o f  e r o s i o n  t h a t  e x c a v a te d  th e  
b a s in  to  i t s  p r e s e n t  form (Fanshaw e, 1 9 7 1 ) .  P l a t e  7 shows t h e  p r e s e n t - d a y  
o u tc r o p  p a t t e r n  o f  th e  C l o v e r l y ,  w here  i t  i s  exposed  i n  a s e r i e s  o f  f o l d s  in  
t h e  e a s t e r n  p a r t  o f t h e  b a s i n .

Uranium Source

L i t t l e  Sheep M udstone Member. We c o n s i d e r  v o l c a n i c  a sh  w i t h i n  t h e  L i t t l e  
Sheep Mudstone Member to  be t h e  most l i k e l y  s o u rc e  f o r  uran ium  i n  th e  P ry o r  
C ong lom era te  Tongue. The m udstones  o f  t h e  L i t t l e  Sheep c o n t a i n  some 
i d e n t i f i a b l e  f ra g m e n ts  o f  t u f f  and a s h  (M oberly ,  1956);  b u t  most o f  t h e  
v o l c a n i c  m a t e r i a l  has  a l t e r e d  to  m o n tm o r i l l o n i t e  and i s  now p r e s e n t  i n  th e  
form o f  t h i c k  b e n t o n i t i c  m u d s to n e .  S tu d ie s  by W ate rs  and G ranger  (1953) o f  
b e n t o n i t i c  m udstones  i n  th e  Brushy  B a s in  Member o f  t h e  M o rr i so n  F o rm a t io n  in  
t h e  C o lo rado  P l a t e a u  showed t h a t  b e n t o n i t e  was in d e e d  t h e  p r o d u c t  o f  t h e  
d e v i t r i f i c a t i o n  of v o l c a n i c  a s h .  The b e n t o n i t e  i n  th e  L i t t l e  Sheep i s  th o u g h t  
to  have a  s i m i l a r  o r i g i n  (M o b er ly ,  1 9 5 6 ) .  S e v e ra l  w o rk e rs  have s u g g e s te d  
v o l c a n i c  a s h  a s  a p o s s i b l e  s o u rc e  o f  u ran ium  i n  d e p o s i t s  i n  Wyoming, T ex as ,  
t h e  C o lo rado  P l a t e a u ,  and e l s e w h e r e  (Love, 1952; G allow ay and o t h e r s ,  1979; 
W aters  and G ra n g e r ,  1 9 5 3 ) .  E x p e r im en ts  have shown t h a t  u ran ium  i s  e a s i l y  
l e a c h e d  from v o l c a n i c  g l a s s  s h a r d s  e a r l y  i n  d i a g e n e s i s  (G o o d e ll  and T ren tham , 
1 9 8 0 ) .  The l a t e - s t a g e ,  s i l i c i c  magmas from w hich  th e  g l a s s  was d e r iv e d  ^ r e  
commonly e n r i c h e d  i n  u ran ium  ( P i l c h e r ,  1978; Henry and W alton , 1 978 ) .  Uranium 
c o n t e n t s  o f  10 to  20 ppm a r e  common f o r  v o l c a n i c  a s h  (G o o d e l l  and T ren tham , 
1980) .  Large  amounts o f  v o l c a n i c  a s h ,  o r i g i n a l l y  d e p o s i t e d  in  t h e  L i t t l e  
Sheep, p ro b a b ly  c o n ta in e d  u ran iu m , even  i f  o n ly  i n  s l i g h t l y  anom alous am oun ts .  
L each ing  o f  t h e  a s h  by g round  w a te r  would have m o b i l iz e d  s i g n i f i c a n t  amounts 
o f  u ran ium  d u r in g  d i a g e n e s i s  ( A u s t i n  and D 'A n d rea ,  1 9 7 8 ) .  M oberly  (1 9 5 6 )  has  
s u g g e s te d  t h a t  t h e  a s h  i n  t h e  L i t t l e  Sheep Mudstone Member was a l t e r e d  to  c l a y  
soon  a f t e r  d e p o s i t i o n ;  t h i s  would have f r e e d  l a r g e  am ounts o f  u ran ium  i n t o  th e  
g round w a t e r ,  e s s e n t i a l l y  con tem p o ran eo u s  w i th  o r  s l i g h t l y  l a t e r  t h a n ,  th e  
d e p o s i t i o n  o f  t h e  P r y o r  s a n d s .  M o b i l i z a t i o n  o f  t h e  u ran ium  o u t  o f  t h e  a sh  was 
l i m i t e d  to  t h e  t im e  b e f o r e  t h e  a s h  was c o m p le te ly  a l t e r e d  to  im perm eable  
m o n t m o r i l l o n i t e .  The f a c t  t h a t  t h e  s o u rc e  o f  u ran ium  was e f f e c t i v e l y  s e a l e d  
o f f  soon a f t e r  d e p o s i t i o n  o f  t h e  a s h  s u g g e s t s  t h a t  any u ran ium  m i n e r a l i z a t i o n  
i n  th e  P ry o r  was i n i t i a l l y  s y n g e n e t i c  o r  e a r l y  d i a g e n e t i c .

C o n c e n t r a t i o n s  o f  u ran ium  i n  th e  C l o v e r l y  a p p e a r  to  be s p a t i a l l y  r e l a t e d  
to  t h e  a r e a s  t h a t  c o n t a i n  s i g n i f i c a n t  amounts o f  b e n t o n i t i c  m udstones  i n  t h e  
L i t t l e  Sheep. A l l  u ran ium  o c c u r r e n c e s  i n  A rea  B, a lo n g  th e  e n t i r e  o u tc r o p  
b e l t  o f  t h e  C l o v e r l y ,  a r e  e i t h e r  w i t h in  o r  be low  b e n t o n i t i c  m u d s to n e s .
F u r t h e r  s o u th ,  i n  t h e  A rm into  Q u ad ran g le  (Damp and Brown, 1 9 8 0 ) ,  t h e  l a c k  o f  
uran ium  o c c u r r e n c e s  i n  t h e  C lo v e r ly  c o r r e s p o n d s  c l o s e l y  w i th  t h e  d i s a p p e a r a n c e  
o f  th e  b e n t o n i t i c  m u d s to n e s .  The c l o s e  a s s o c i a t i o n  o f  u ran ium  m i n e r a l i z a t i o n  
w i th  t h e  m udstones  s t r o n g l y  s u g g e s t s  t h a t  t h e  m udstones  a r e  a  l i k e l y  s o u rc e  o f  
t h e  u ran ium .

Abundant e v id e n c e  i n d i c a t e s  t h a t  th e  a s h  o f  th e  L i t t l e  Sheep Mudstone 
Member h a s  i n  f a c t  been  le a c h e d  o f  u ran ium  and o t h e r  c o n s t i t u e n t s .  S i l i c a  
d e r iv e d  from th e  d e v i t r i f i e d  g l a s s  h a s  formed numerous v e i n s  o f  c h a lc e d o n y  i n  
th e  m u d s to n e s ,  and t h i n  sand  beds  c o m p le te ly  s i l i c i f i e d  i n t o  q u a r t z i t e  were 
o b s e rv e d  i n  s e v e r a l  p l a c e s  s t r a t i g r a p h i c a l l y  below  t h e  L i t t l e  Sheep Member 
(Uranium O c c u r re n c e  R ep o r t  19, App. C ) .  Anomalous r a d i o a c t i v i t y  i n
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c a rb o n a c e o u s  zones  w i t h i n  th e  b e n t o n i t i c  m udstones  a r e  p r o b a b ly  o f  s y n g e n e t i c  
o r i g i n  and s u g g e s t  t h a t  th e  s o u rc e  o f  t h e  u ran ium  was i n  t h e  a s h  i t s e l f  
(Uranium O c c u r re n c e  R e p o r t  8 , App. C ) .

W hite  R iv e r  F o r m a t io n . An a l t e r n a t e  s o u rc e  o f  t h e  u ran ium  i n  t h e  P ry o r  
i s  th e  a s h - r i c h  O l ig o c e n e  W hite R iv e r  F o rm a t io n  t h a t  a t  one t im e  b u r ie d  most 
o f  th e  B ig h o rn  B a s in .  The m ain  p rob lem  w i th  t h e  W hite  R iv e r  s o u rc e  i s  t h a t  i t  
was s e p a r a te d  from th e  C l o v e r l y  by an  unknown, b u t  p r o b a b ly  s i g n i f i c a n t ,  
t h i c k n e s s  o f  im perm eable  s e d im e n ts  o f  t h e  Wagon Bed F o rm a t io n .  T h is  would 
liave r e s t r i c t e d  m ig r a t i o n  o f  u r a n i f e r o u s  w a te r s  downward i n t o  th e  C l o v e r l y .

E v id en ce  t h a t  Uranium Moved from  S ource  t o  Host

M i n e r a l i z a t i o n . Abundant e v id e n c e  i n d i c a t e s  t h a t  u r a n iu m -b e a r in g  w a te r s  
have p a s se d  th ro u g h  th e  P ry o r  s a n d s ,  r e g a r d l e s s  o f  w hat t h e  o r i g i n a l  s o u rc e  of 
th e  u ran ium  m ig h t  have  b e e n .  The b e s t  s u p p o r t i n g  e v id e n c e  i s  t h e  p re s e n c e  o f
uran ium  m i n e r a l i z a t i o n  w i t h i n  and a d j a c e n t  to  th e  pe rm eab le  sa n d s  and
c o n g lo m e ra te  b ed s  o f  t h e  P r y o r .  R a d i o a c t iv e  c a rb o n a c e o u s  t r a s h  and f o s s i l  
d in o s a u r  bones a r e  found w i t h i n  th e  sand beds ( s i m i l a r  to  m i n e r a l i z a t i o n  seen  
in  some C o lo rado  P l a t e a u - t y p e  d e p o s i t s ) ,  and r a d i o a c t i v e  zones i n  s h a l e s  
a d j a c e n t  to  sand beds  a r e  common. T h is  p a t t e r n  o f  u ran ium  m i n e r a l i z a t i o n  in  
s h a l e s  a d j a c e n t  to  sa n d s  i s  o f t e n  r e f e r r e d  to  a s  " l im b  m i n e r a l i z a t i o n "  i n  
r o l l - t y p e  d e p o s i t s  ( B a i l e y  and C h i l d e r s ,  1 9 7 7 ) .  Gamma l o g s  o f  o i l  w e l l s  a l s o
i n d i c a t e  p o s s i b l e  l im b  m i n e r a l i z a t i o n  i n  t h e  m udstones  a d j a c e n t  to  s a n d s
( w e l l s  5, 8 , 33, 34, 217, and 223 , App. D and P I .  1 1 ) .  W ell 22 ( P I .  11; App.
D) h a s  a gamma anomaly i n  a  m udstone  a b o u t  one m e te r  above a sand  and may
i n d i c a t e  a s y n g e n e t i c  c o n c e n t r a t i o n  o f  u ran ium  w i t h i n  th e  m u d s to n e .

A l t e r a t i o n . S o l u t i o n  b a n d in g  and l i m o n i t e  s t a i n i n g  a r e  f u r t h e r  e v id e n c e  
t h a t  m i n e r a l i z i n g  f l u i d s  have  p a s se d  th ro u g h  t h e  P ry o r  s a n d s .  S o lu t io n
b a n d in g ,  c o n s i s t i n g  o f  v a ry in g  s h a d e s  o f  y e l lo w ,  p in k ,  p u r p l e ,  and brown bands
c r o s s c u t t i n g  b e d d in g  f e a t u r e s ,  s u g g e s t s  t h a t  sa n d s  a t  o c c u r r e n c e  21 a r e  
a l t e r e d .  S im i la r  f e a t u r e s  w ere a l s o  o b s e rv e d  a t  o c c u r r e n c e  9 (App. C ) . A 
d a r k ,  b r i c k - r e d  s t a i n i n g  i s  o f t e n  p r e s e n t  on th e  s u r f a c e  o f  t h e  P ry o r  sands  
b u t  c o a t s  o n ly  t h e  u p p e r  m e te r  of t h e  o u t c r o p .  Because i t  do es  n o t  p e n e t r a t e  
t h e  whole r o c k ,  t h e  s t a i n  a p p e a r s  to  be due to  s u r f a c e  w e a t h e r in g ,  u n r e l a t e d  
t o  uran ium  m i n e r a l i z a t i o n .  A l t e r a t i o n  o f  t h e  C o lo rad o  P l a t e a u  t y p e ,  
c o n s i s t i n g  o f  r e d u c e d  zones s u r ro u n d e d  by o x id iz e d  r o c k ,  was n o t  o b s e rv e d  i n  
any o f  th e  o c c u r r e n c e s  i n  t h e  P r y o r .

T ra c e  E le m e n ts . E lem en ts  such  a s  vanad ium , molybdenum, s e le n iu m ,  
a r s e n i c ,  and c o p p e r ,  w hich a r e  c l o s e l y  a s s o c i a t e d  w i th  uran ium  i n  o t h e r  a r e a s ,  
show no c o r r e l a t i o n  w i t h  u ran ium  i n  t h e  P r y o r  o f  A rea  B. Of i n t e r e s t  i s  t h e  
anom alous c o n t e n t  o f  s e v e r a l  u n u s u a l  e le m e n ts  found i n  t h e  sam p les  o f  d i n o s a u r  
bone ( sa m p le s  MLK 152 and 166, App. B ) . In  a d d i t i o n  to  u ran iu m , t h e  bones 
c o n ta in e d  anom alous amounts o f  lan th a n u m , s t r o n t i u m ,  molybdenum, t i n ,  
scand ium , z i r c o n iu m ,  y t t r i u m ,  n io b iu m , t u n g s t e n ,  and p h o s p h o ru s .  In  th e  c a s e  
o f  n iob ium  and scand ium , t h e  bones  a r e  t h e  o n ly  sam ples  i n  t h e  C lo v e r ly  
c o n t a i n i n g  th e s e  e le m e n ts  i n  amounts h i g h e r  th a n  th e  d e t e c t i o n  l i m i t  o f  th e  
a n a l y s i s .  High amounts o f  p h o sp h o ru s  and s t r o n t iu m  a r e  p e rh a p s  to  be e x p e c te d  
i n  b one , b u t  t h e  r e a s o n  f o r  t h e  h ig h  c o n c e n t r a t i o n  o f  t h e  o t h e r  e le m e n ts  i s  
n o t  known. A sam ple o f  d i n o s a u r  bone from t h e  M o rr iso n  F o rm a t io n  from th e
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Powder R iv e r  B a s in  ( o c c u r r e n c e  22, sam ple MLK 44) a l s o  showed a  s i m i l a r  
e n r ic h m e n t  i n  th e  above e le m e n ts .

P r e c l p i t a n t s

O rg an ic  m a t e r i a l  was p r o b a b ly  r e s p o n s i b l e  f o r  th e  c o n c e n t r a t i o n  of 
u ran ium  i n  t h e  C lo v e r ly  F o rm a t io n .  O rg a n ic  m a t e r i a l  o b s e rv e d  i n  t h e  f i e l d  
c o n s i s t s  o f  c o a l i f i e d  p l a n t  r e m a in s ,  hum ate ,  c a rb o n a c e o u s  s h a l e s ,  and 
m u d s to n es .  C arbonaceous  d e b r i s ,  o f t e n  w i t h  i d e n t i f i a b l e  p l a n t  re m a in s  su c h  a s  
l e a v e s ,  t w i g s ,  and chunks o f  wood, o c c u r s  a s  l e n s e s  w i t h i n  s a n d s to n e  and 
s h a l e s  and i n  many i n s t a n c e s  i s  a n o m a lo u s ly  r a d i o a c t i v e  ( o c c u r r e n c e s  5, 6 , 7,
9 ,  10, 11, 12, 15, 17, 21, App. C ) . O c c u r re n c e  15 c o n t a i n s  m e t a t o r b e r n i t e  i n  
c a rb o n a c e o u s  t r a s h ,  w hich ac cu m u la te d  a s  a  l a g  d e p o s i t  i n  t h e  b o t tom  o f  a 
c h a n n e l  i n c i s e d  i n t o  m u d s to n e .  T h is  i s  s i m i l a r  to  th e  O c c u r re n c e  o f  u ran ium  
i n  many o f  t h e  c h a n n e l - c o n t r o l l e d  d e p o s i t s  o f  t h e  C o lo rad o  P l a t e a u  (T r im b le  
and D u e l l i n g ,  1 9 7 8 ) .

At o c c u r r e n c e  17, anom alous r a d i o a c t i v i t y  i s  a l s o  a s s o c i a t e d  w i t h  t h i n  
c o a l  seam s. B lack  and d a rk -b ro w n  c a rb o n a c e o u s  m u d sto n es  and s h a l e s  a r e  a l s o  
m in e r a l i z e d  i n  many p l a c e s ,  e s p e c i a l l y  w here  th e y  a r e  a d j a c e n t  to  po rous  sand 
beds  t h a t  may have  c a r r i e d  u ran ium  i n  s o l u t i o n .  Examples o f  anom alous 
r a d i o a c t i v i t y  i n  s h a l e s  a d j a c e n t  to  san d s  a r e  d i s c u s s e d  in  o c c u r r e n c e s  7, 9,
10 , 11, 12 , 17, 19, and 21 (App. C ). Many o f  t h e s e  exam ples  may be lim b 
m i n e r a l i z a t i o n ,  w hich  s u g g e s t s  th e  p o s s i b i l i t y  o f  r o l l  f r o n t s  down d i p .

Anomalous r a d i o a c t i v i t y  a l s o  o c c u r s  i n  c a rb o n a c e o u s  zones  i n  m udstones  
and s h a l e s  I s o l a t e d  from any p e rm eab le  b ed s  ( o c c u r r e n c e s  8 and 2 4 ) .  In  t h e s e  
c a s e s ,  t h e  u ran ium  was p r o b a b ly  d e p o s i t e d  w i t h  t h e  m udstone  o r  s h a l e  bed and 
l o c a l l y  r e c o n c e n t r a t e d  by g round  w a te r  d u r in g  e a r l y  d i a g e n e s i s .  Humate, 
a p p e a r in g  a s  a r e s i n o u s  brown c o a t i n g  on sand g r a i n s ,  p r o b a b ly  a c te d  a s  a 
r e d u c t a n t  i n  o c c u r r e n c e s  15 and 21. Both  o f  t h e s e  o c c u r r e n c e s  a l s o  c o n t a i n  
ab u n d an t  m i n e r a l i z e d  c a rb o n a c e o u s  p l a n t  r e m a in s .

Uranium i s  c o n c e n t r a t e d  i n  f o s s i l  d i n o s a u r  bones  a t  o c c u r r e n c e s  9 and 19. 
The uran ium  i s  p ro b a b ly  t i e d  up i n  p h o s p h a te  m i n e r a l s  ( a p a t i t e )  i n  t h e  bone , 
i n  which u ran ium  s u b s t i t u t e s  f o r  c a lc iu m  i n  th e  a p a t i t e  ( J o n e s ,  1 9 7 8 ) .  
R a d io a c t iv e  c a rb o n a c e o u s  t r a s h  i s  a l s o  found a s s o c i a t e d  w i th  t h e  f o s s i l  b o n e s .

P ro p o sed  Model f o r  Uranium M i n e r a l i z a t i o n  o f  t h e  P r y o r  C o n g lo m era te  Tongue

The a v a i l a b l e  e v id e n c e  seems to  i n d i c a t e  t h a t  b o th  c h a n n e l - c o n t r o l l e d  
p e n e c o n c o rd a n t  and r o l l - f r o n t  t y p e s  o f  u ran ium  m i n e r a l i z a t i o n  p r o c e s s e s  have  
t a k e n  p l a c e  i n  th e  P ry o r  C o n g lo m era te  Tongue . We p ro p o se  th e  f o l lo w in g  model 
f o r  t h e  o r i g i n  and deve lopm en t o f  t h e  u ran ium  c o n c e n t r a t i o n s .

We p ro p o se  t h a t  t h e  o r i g i n a l  u ran ium  m i n e r a l i z a t i o n  i n  t h e  P ry o r  
C ong lom era te  Tongue was s y n g e n e t i c  o r  e a r l y  d i a g e n e t i c  and was o f  t h e  c h a n n e l -  
c o n t r o l l e d  p e n e c o n c o rd a n t  t y p e .  The s o u rc e  o f  t h e  u ran ium  was t h e  v o l c a n i c  
a s h  of t h e  L i t t l e  Sheep M udstone Member, w hich  was le a c h e d  of i t s  u ran ium  
d u r in g  d ry  p e r i o d s  o f  t h e  sa vannah  c l i m a t e .  The f a c t  t h a t  a savannah  c l i m a t e  
e x i s t e d  d u r in g  C lo v e r ly  d e p o s i t i o n  i s  s i g n i f i c a n t .  B a i le y  and C h i l d e r s  (1977 )  
s u g g e s t  t h a t  t h e  h o t ,  a l t e r n a t i n g  wet and d ry  c o n d i t i o n s  o f  a  sav an n ah  c l i m a t e
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a r e  e x c e l l e n t  f o r  th e  l e a c h in g  o f  u ran ium  from s o u rc e  r o c k s .  The l e a c h in g  o f  
t h e  uran ium  o c c u r r e d  soon a f t e r  d e p o s i t i o n  o f  t h e  a s h  and was co m p le ted  w i t h in  
a g e o l o g i c a l l y  b r i e f  p e r io d  o f  t im e .  A f t e r  th e  l e a c h in g  p r o c e s s ,  t h e  a s h  was 
a l t e r e d  to  Im perm eable  m u d s to n e ,  s e a l i n g  o f f  t h e  uran ium  s o u r c e .  The u ran ium  
was t r a n s p o r t e d  i n  s o l u t i o n  by g round  w a te r  to  low l y i n g  a r e a s  o c c u p ie d  by 
b r a id e d  s t r e a m s .  These a r e a s  were p e r e n n i a l l y  wet and c o n ta i n e d  a bundan t  
v e g e t a t i o n .  P o c k e ts  o f  d e c a y in g  v e g e t a t i o n  I n  th e  c h a n n e l  sands  o f  th e  
s t r e a m s  ( P ry o r  Tongue o f  t h e  C lo v e r ly )  p ro v id e d  e x c e l l e n t  s i t e s  f o r  t h e  
r e d u c t i o n  o f  u ran ium  d i s s o l v e d  I n  th e  w a t e r .

The deve lopm en t o f  r o l l  f r o n t s  p r o b a b ly  d id  n o t  o c c u r  u n t i l  Laram ide  
t im e ,  when t h e  C lo v e r ly  and a s s o c i a t e d  f o rm a t io n s  were f o ld e d  and u p l i f t e d  
d u r in g  th e  f o r m a t io n  o f  th e  B ig h o rn  B a s in .  D uring  t h i s  t im e ,  g round  w a te r  was 
a g a in  f lu s h e d  th ro u g h  t h e  u p l i f t e d  P ry o r  s a n d s ,  which had rem ained  r e l a t i v e l y  
u n d i s t u r b e d  s i n c e  d e p o s i t i o n  and b u r i a l .  P r e - e x i s t i n g ,  p e n e c o n c o rd a n t  uran ium  
d e p o s i t s  would have  been  r e m o b l l l z e d  and r e d i s t r i b u t e d  by ox y g e n a te d  w a te r s  
f l u s h i n g  th ro u g h  th e  r o c k ,  r e s u l t i n g  I n  d e s t r u c t i o n  o f  o r i g i n a l  t a b u l a r  o re  
b o d ie s  and c r e a t i o n  o f  r o l l - t y p e  d e p o s i t s  a s  t h e  o x i d i z i n g  w a te r s  Invaded  th e  
reduced  sands  o f  th e  P r y o r .  T a b u la r  d e p o s i t s  t h a t  a r e  s t i l l  d e e p ly  b u r le d  may 
n o t  have been  a f f e c t e d  by t h i s  r e m o b i l l z a t l o n ,  and th e  f a v o r a b i l i t y  o f  t h e  
C l o v e r ly  f o r  S u b c la s s  243 d e p o s i t s  may be th e  h i g h e s t  w here th e  ro c k s  a r e  
d e e p e s t .  T a b u la r  d e p o s i t s  may a l s o  have  been  p r e s e r v e d  by c e m e n ta t io n .  T h is  
would have re n d e re d  th e  ro c k  Im perm eable  to  f l u s h i n g  by o x y g e n a te d  w a te r s  o r  
by f a u l t s ,  w hich c o u ld  have  I s o l a t e d  t h e  d e p o s i t s  from ground  w a t e r .

Geography and Land S t a t u s

A rea  B h a s  h i l l y  to p o g ra p h y  w i th  s p a r s e  v e g e t a t i o n .  The p o p u l a t i o n  I s  
s p a r s e  and I s  d i s p e r s e d  among w id e ly  s c a t t e r e d  r a n c h e s .  No m ajo r  towns e x i s t  
I n  th e  f a v o r a b l e  a r e a .  S e v e ra l  paved highways and numerous d i r t  r o a d s  p ro v id e  
good a c c e s s  to  most o f  t h e  a r e a .

Land o w n e rsh ip  I s  a p p ro x im a te ly  80% B ureau  o f  Land M anagement, 15% S t a t e  
o f  lo o m in g ,  and 5% p r i v a t e .  Most a l l  p r i v a t e  l a n d  I s  l o c a t e d  a lo n g  th e  m ajo r  
d r a i n a g e s .  One s m a l l  U .S . B ureau  o f  R e c la m a t io n  w i th d ra w a l  a r e a  I s  l o c a t e d  
a lo n g  Nowood C reek  be tw een  T e n s le e p  and M anderson ( P I .  1 5 ) .

AREA C -  LANCE FORMATION IN PURDY RESERVOIR AREA

S a n d s to n e s  o f  t h e  Upper C re ta c e o u s  Lance F o rm a t io n  I n  Area C ( P I .  1) a r e  
f a v o r a b l e  f o r  Wyoming r o l l - t y p e  d e p o s i t s  ( S u b c la s s  241) b e c a u s e  th e y  m eet th e  
f o l l o w in g  c r i t e r i a ;

•  They a r e  pe rm eab le  and r e d u c e d .

•  They a r e  m o d e r a te ly  to  s t e e p l y  d ip p in g  a lo n g  t h e  w e s t e r n  m arg in  o f  t h e  
Powder R iv e r  B a s in  where th e y  were open  to  g ro u n d -w a te r  r e c h a r g e  
d u r in g  t h e  Eocene and O l ig o c e n e .

•  Ground w a te r  w i t h i n  them c o n t a i n s  anom alous u ran ium  c o n c e n t r a t i o n s .

•  Lance s a n d s to n e s  Im m e d ia te ly  s o u th  o f  Area C, In  t h e  A rm into  
Q u a d ra n g le ,  a r e  a l t e r e d  by o x i d i z i n g  s o l u t i o n s .

24



A rea  C encom passes  an  a r e a  o f  77 km^. We a p p ro x im a te  120 m of 
f a v o r a b le  Lance s a n d s t o n e ,  f o r  a  volume o f  9 km^. The f a v o r a b l e  a r e a  has  
been  e x te n d e d  from th e  Lance o u tc r o p  b e l t  to  a d e p th  o f  600 m. T h is  seems to  
be t h e  d e p th  l i m i t  o f  m i n e r a l i z a t i o n  i n  th e  Powder R iv e r  B a s in  a s  r e c o r d e d  i n  
th e  l i t e r a t u r e .  A rea C i s  bound on th e  s o u th  by t h e  edge o f  th e  S h e r id a n  
Q u a d ra n g le .  To t h e  n o r t h ,  t h e  b ounda ry  be tw een  A rea C and u n e v a lu a te d  Lance 
i s  a r b i t r a r y  b u t  was drawn to  i n c l u d e  two anom alous g ro u n d -w a te r  sam ple 
s i t e s  w i t h in  A rea C.

H ost Rocks

The Upper C r e ta c e o u s  Lance F o rm a t io n  v a r i e s  i n  t h i c k n e s s  from 600 m 
(1 ,9 5 0  f t )  to  670 m (2 ,2 0 0  f t )  i n  Area C and i s  composed o f  v e ry  f i n e -  to  
m ed ium -gra ined  s a n d s to n e s  i n t e r b e d d e d  w i t h  g ra y  and d a rk -b ro w n  s h a l e s  (H ose ,  
1 9 55 ) .  Sands v a ry  i n  t h i c k n e s s  from 1 cm t o  20 m; th e y  a r e  commonly 5 m 
t h i c k .  The lo w e r  180 m (600  f t )  c o n t a i n s  d i n o s a u r  bones  (H ose ,  1 955 ) .

The Lance F o rm a t io n  was d e p o s i t e d  u n d e r  f l u v i a l  c o n d i t i o n s  by lo w -e n e rg y ,  
e a s tw a r d - f lo w in g  s t r e a m s .  Source r o c k s  w ere o l d e r  s e d im e n ta ry  r o c k s  to  th e  
w e s t .  C h i l d e r s  (1 9 7 4 )  s u g g e s t s  t h a t  d e p o s i t i o n  to o k  p l a c e  u n d e r  th e  i n f l u e n c e  
o f  a t r o p i c a l  and humid c l i m a t e ,  a s  i n d i c a t e d  by l a c k  o f  p r im a ry  o x id iz e d  
s e d im e n ts  and by t h e  abundance  o f  c a rb o n a c e o u s  m a t e r i a l  p r e s e r v e d  w i t h i n  th e  
s e d im e n ts .  A lthough  Hose (1954) shows a v e ry  sandy  Lance s e c t i o n  i n  Area C, 
t h i s  c o u ld  n o t  be c o n f i rm e d  i n  th e  f i e l d  b e c au se  o f  a  s c a r c i t y  o f  o u t c r o p s ,  
n o r  c o u ld  i t  be c o n f i rm e d  from e l e c t r i c  l o g s .  S i m i l a r l y ,  t h e  r e g i o n a l  
p a le o d r a in a g e  p a t t e r n  f o r  th e  Lance h a s  n o t  been  d e s c r i b e d  i n  t h e  l i t e r a t u r e .

Hose (1 9 5 5 )  d e s c r i b e s  Lance sa n d s  a s  b e in g  l i g h t  g r a y  and g r a y i s h  y e l lo w ,  
v e ry  f i n e  to  medium g r a i n e d ,  t h i n  to  t h i c k  b e d d e d ,  and c a l c a r e o u s  i n  p a r t  w i th  
s h a l e  l a m i n a t i o n s .  S a n d s to n e s  c o n s i s t  p r e d o m in a te ly  o f  q u a r t z  g r a i n s ,  b u t  
a l s o  c o n t a i n  m inor f e l d s p a r ,  d a r k - g r a y  to  b l a c k ,  t r a n s l u c e n t  to  opaque g r a i n s ,  
b i o t i t e  and c h l o r i t e .  G ra in s  r a n g e  from subrounded  to  a n g u l a r .  In  th e  
A rm into  Q u a d ra n g le ,  Lance s a n d s  a r e  v e ry  w e l l  d e v e lo p e d  (Damp and Brovra,
1 9 8 0 ) .  In  T. 45 N . ,  R. 81 W., Sec. 19 f o r  exam ple ,  14 km s o u th  o f  A rea  C, 30-  
m - th ic k  sand  com plexes  w ere o b s e rv e d .  These san d s  a r e  f i n e  to  medium g r a i n e d ,  
v e ry  c l e a n  and p o r o u s ,  and p a le  to  medium y e l lo w -b ro w n  w i th  s p o t t y  r u s t y  
y e llo w -b ro w n  s t a i n i n g .

Beds o f  t h e  Lance s t r i k e  n o r th w a r d ,  a lo n g  t h e  B igho rn  M ounta in  f r o n t ,  and 
d i p  20° to  25° to  th e  e a s t .  The B i l l y  Creek  A n t i c l i n e ,  w hich  p ro d u c e s  o i l  
from t h e  F r o n t i e r  F o rm a t io n ,  i s  l o c a t e d  im m e d ia te ly  to  t h e  w es t  of Area C.
The Lance c o n s i s t e n t l y  c ro p s  o u t  w i t h i n  8 km o f  t h e  s t e e p  d i p  s lo p e  m arking 
th e  e a s t e r n  e s c a rp m e n t  of th e  B ig h o rn  M o u n ta in s .

Uranium S ource

The W hite R iv e r  F o rm a t io n  a p p e a r s  to  be th e  most l i k e l y  u ran ium  s o u rc e  
f o r  Area C. A r e c o n s t r u c t i o n  o f  O l ig o c e n e  p a le o g e o g ra p h y  s u g g e s t s  t h a t  t h e  
Lance subcropped  b e n e a th  a l l u v i a l - f a n  f a c i e s  o f  t h e  W asatch F o rm a t io n ,  s i m i l a r  
to  t h a t  shown i n  P l a t e  12 ( c r o s s  s e c t i o n  C - C ' ) .  P l a t e  7 shows t h a t  a rem nant 
o f  th e  K in g sb u ry  C ong lom era te  Member o f  t h e  W asatch i s  p r e s e r v e d  v e ry  n e a r  to  
t h e  n o r t h e r n  end o f  A rea C, and m ost l i k e l y  o v e r l a i d  Area C a t  one t im e .

25



Above th e  W asatch was t h e  t u f f a c e o u s  W hite R iv e r  F o rm a t io n .  U ra n iu m -b e a r in g  
g round w a te r  from th e  W hite R iv e r  F o rm a t io n  c o u ld  have  moved downward a lo n g  
t h i s  b a s in - m a r g in  r e c h a r g e  a r e a ,  p a s se d  th ro u g h  pe rm eab le  W asatch  s e d im e n ts ,  
and e n t e r e d  s u b c ro p p in g  a q u i f e r s  o f  t h e  Lance F o rm a t io n .  By O l ig o ce n e  t im e ,  
th e  Powder R iv e r  B a s in  would have b e e n  s u f f i c i e n t l y  co m p ac ted ,  so t h a t  
m e te o r ic  w a te r  c o u ld  move d e e p ly  i n t o  t h e  b a s i n  and c o u ld  have f l u s h e d  o u t  th e  
more s a l i n e  f o r m a t i o n a l  w a te r s  (G a llow ay  and o t h e r s ,  1 9 7 9 ) .

E v idence  t h a t  Uranium Moved from  S ource  t o  H ost

G ro u n d -w a te r  and S u r f a c e - w a te r  A n o m a lie s . Two anom alous a r t i f i c i a l - p o n d  
w a te r  sam ples  and two anom alous g r o u n d -w a te r  sam p les  w ere  c o l l e c t e d  i n  A rea  C. 
These a r e  l i s t e d  i n  T ab le  3.

A lthough  t h e  two pond sa m p le s  (T a b le  3) w ere c o l l e c t e d  where t h e  F o r t  
Union c ro p s  o u t ,  t h e  ponds a r e  fed  by s t r e a m s  t h a t  d r a i n  a r e a s  w here Lance 
s u b c ro p s  below  a t h i n  v e n e e r  o f  t e r r a c e  g r a v e l s .  The s u r r o u n d in g  c o u n t r y  i s  
used  f o r  g r a z i n g ,  so c o n ta m in a t io n  o f  t h e  pond w a te r  by p h o s p h a te s  i n  
f e r t i l i z e r  i s  n o t  s u s p e c t e d .

In  an o v a l - s h a p e d  a r e a ,  w hich i s  6 km t o  16 km s o u th  o f  A rea C i n  th e  
A rm into  Q u a d ra n g le ,  s e v e r a l  w a te r  w e l l s  t h a t  t a p  ground  w a te r  i n  t h e  Lance 
F o rm a t io n  y i e l d e d  anom alous sa m p le s .  These  r a n g e  from 10 ppb t o  85 ppb U and 
a r e  c l u s t e r e d  t o g e t h e r  w i t h i n  an  a r e a  8 km long  and 1 .5  km wide (Damp and 
Brown, 1980) .  S ince  t h i s  anom alous a r e a  i s  so c l o s e  to  A rea C, i t  i s  r e g a r d e d  
a s  s u p p o r t i n g  e v id e n c e  f o r  f a v o r a b i l i t y .

A l t e r a t i o n . A l t e r e d  s a n d s to n e s  w ere  n o t  I d e n t i f i e d  i n  A rea  C. However, 
16 km s o u th ,  in  t h e  Arm into  Q u a d ra n g le ,  f i n e -  to  m ed iu m -g ra in ed  Lance sands  
a r e  a l t e r e d  p in k ,  r e d ,  r u s t y  y e l lo w -b ro w n ,  and maroon and c o n ta i n  s o l u t i o n  
b a n d in g  (Damp and Brown, 1 9 8 0 ) .  A d d i t i o n a l l y ,  4 km s o u th  o f  A rea C, i n  T. 46 
N . , R. 82 W., Sec . 14, a t h i n  zone o f  r e d - s t a i n e d  s a n d s to n e  c ro p s  o u t .  T h is  
p r o b a b l y - a l t e r e d  sand  i s  i n  t h e  u p p e r  p a r t  o f  t h e  Lance F o rm a t io n ,  a s  mapped 
by Hose ( 1 9 5 4 ) .

P r e c l p i t a n t s

The Lance F o rm a t io n  was d e p o s i t e d  unde r  r e d u c in g  c o n d i t i o n s  and c o n t a i n s  
c a rb o n a c e o u s  t r a s h  and p y r i t e  w i t h i n  i t s  s a n d s .  O x id a t io n  o f  i n d ig e n o u s  
p y r i t e ,  due to  en c ro ach m en t  o f  an  o x id iz e d  tongue  o f  u ra n iu m -b e a r in g  ground 
w a t e r ,  would p ro d u ce  HS"” . The h y d ro g en  s u l f i d e  would i n  t u r n  r e d u c e  and 
p r e c i p i t a t e  uran ium  a lo n g  t h e  g e o c h e m ic a l  i n t e r f a c e .

G eography and Land S t a t u s

A rea  C c o n s i s t s  o f  60% s t a t e  and 40% p r i v a t e  l a n d ,  a l l  o f  w hich i s  
c o v e re d  by sag e  and g r a s s .  Land use  i s  p r i m a r i l y  g r a z i n g .  In  t h e  s o u th e r n
h a l f ,  to p o g ra p h y  i s  f a i r l y  g e n t l e ,  w i t h  l o c a l  r e l i e f  o f  a b o u t  60 m o r  l e s s .
The n o r t h e r n  h a l f  m a in ly  c o n s i s t s  o f  t h e  rugged  TA H i l l s ,  which encompass 
a b o u t  16 km^ and have l o c a l  r e l i e f  o f  up to  120 m. A ccess  i s  f a c i l i t a t e d  on 
th e  w es t  by R oute  87 and on t h e  e a s t  by I n t e r s t a t e  25 . The n o r t h ,  m id d le ,  and
s o u th  f o r k s  o f  C razy  Woman C reek  d r a i n  th e  r e g i o n .
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TABLE 3. ANOMALOUS WATER SAMPLES COLLECTED IN AREA C

Sample no.

MLK 046 

LASL* 

LASL 

LASL

200974

200986

200987

Type

W ell

W ell

Pond

Pond

Value
(ppb )

28 (U3O8 )

8 4 .7  (U) 

7 1 .5  (U) 

3 2 .3  (U)

Depth

4 5 .7  m 

Unknown

*LASL Samples r e f e r  to  M o r r i s  (1 9 7 7 )
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Im m e d ia te ly  s o u th  o f  A rea  C, much o f  th e  s t a t e  and p r i v a t e  l a n d  i s  
u n d e r l a i n  by f e d e r a l ly -o v m e d  m i n e r a l s .  These  m in e r a l s  have been  c la im e d  by 
m in ing  com panies i n  th e  a r e a s  c o n t a i n i n g  anom alous g round w a te r s  and a l t e r e d  
s a n d ,  a s  d i s c u s s e d  e a r l i e r .  C lo s e ly  sp a c e d  d r i l l i n g  p a t t e r n s  s u g g e s t  t h a t  
m i n e r a l i z a t i o n  has  been  found i n  th e  s u b s u r f a c e .

AREA D -  INTERFINGERING AREA BETWEEN ALLUVIAL-FAN AND PALUDAL FACIES OF 
WASATCH FORMATION

The W asatch F o rm a t io n  o f  A rea  D ( P I .  1) i s  f a v o r a b l e  f o r  Wyoming r o l l -  
ty p e  d e p o s i t s  ( S u b c la s s  241) and a s s o c i a t e d  u r a n i f e r o u s  c o a l  d e p o s i t s  ( C la s s  
210 ) b e c au se  i t  m ee ts  th e  f o l lo w in g  c r i t e r i a :

•  I t  i s  t h e  zone i n  which a p e rm eab le  a l l u v i a l - f a n  f a c i e s  i n t e r t o n g u e s  
w i th  an im perm eable  and r e d u c e d  p a lu d a l  f a c i e s .

•  Rocks of Area D were i n  h y d r o lo g i c  com m unica tion  w i th  t h e  
o n c e - o v e r ly i n g  O lig o c e n e  W hite  R iv e r  F o rm a t io n  a s  w e l l  a s  P re c a m b ria n  
g r a n i t i c  ro c k s  o f  t h e  B igho rn  M o u n ta in s .  Both o f  t h e s e  c o u ld  have 
s u p p l i e d  u ran ium .

•  I t  c o n t a i n s  anom alous u ran ium  and o t h e r  t r a c e - e l e m e n t  c o n c e n t r a t i o n s .

A rea  D encom passes  a n  a r e a  o f  679 km^ and a t h i c k n e s s  o f  450 m. The 
t o t a l  volume i s  306 km^ o f  f a v o r a b l e  r o c k .  The b o u n d a r ie s  o f  A rea D a r e  a s  
a c c u r a t e  a s  s u b s u r f a c e  d a t a  w i l l  a l l o w .  E a s t  and w es t  b o u n d a r ie s  a r e  drawn to  
i n c lu d e  a  g e n e r o u s ly  l a r g e  zone o f  i n t e r f i n g e r i n g  a l l u v i a l - f a n  and p a lu d a l  
s e d im e n ts .  N o r th  and s o u th  b o u n d a r i e s  a r e  drawn to  c o in c i d e  w i th  t h e  c e n t r a l ,  
most h i g h ly  u p l i f t e d  p a r t  o f  t h e  B ig h o rn  M oun ta in s  b lo c k .  F u r t h e r  d i s c u s s i o n  
o f  th e  n o r t h e r n  b ounda ry  i s  s u p p l i e d  l a t e r  i n  t h i s  s e c t i o n .

H ost Rocks

G e n e ra l  S t a te m e n t . Area D i s  l o c a t e d  i n  t h e  W asatch F o rm a t io n  a lo n g  t h e  
i n t e r f i n g e r i n g  c o n t a c t  o f  a d i s t a l  f a c i e s  o f  a l l u v i a l  f a n  d e p o s i t s  and a f i n e ­
g r a in e d  p a lu d a l  f a c i e s  t h a t  was d e p o s i t e d  w i t h i n  t h e  s t r u c t u r a l l y  d e e p e s t  p a r t  
o f  th e  Powder R iv e r  B a s in  ( P I .  9 ) .  The a l l u v i a l - f a n  sy s tem  i s  d iv id e d  i n t o  a 
low er K ingsbury  C ong lom era te  Member and an u p p e r  M o n crie f  Member; b o th  a r e  i n  
th e  W asatch F o rm a t io n .  B a s in w a rd ,  t h e s e  members l o s e  t h e i r  l i t h o l o g i c  
i d e n t i t i e s  a s  th e y  i n t e r f i n g e r  w i th  t h e  p a lu d a l  f a c i e s .

K in g sb u ry  C o n g lo m era te  Member. The K ingsbury  C ong lom era te  Member 
c o n s i s t s  o f  0 m to  240 m (800  f t )  o f  c o n g lo m e ra te ,  s a n d s t o n e ,  and s h a l e  
(M apel,  1959) .  As i n d i c a t e d  on P l a t e  7, i t  i s  o n ly  r e c o g n iz e d  im m e d ia te ly  
a d j a c e n t  to  th e  B ig h o rn  M o u n ta in s .  C l a s t s  a r e  sub rounded  p e b b le s ,  c o b b le s ,  
and b o u ld e r s  d e r iv e d  from M esozoic  and P a l e o z o i c  l i t h o l o g i e s  i n  t h e  B ig h o rn s ,  
i n d i c a t i n g  t h a t  th e  P re c a m b r ia n  c o re  o f  t h e  m o u n ta in s  h a s  n o t  y e t  been  
b r e a c h e d .  The d e p o s i t s  r e p r e s e n t  t h e  f i r s t  s i g n i f i c a n t  Laram ide  u p l i f t  o f  t h e  
B igho rn  M o u n ta in s .  D uring  u p l i f t ,  c o a r s e - g r a i n e d  m a t e r i a l  was shed  and formed 
a s e r i e s  o f  a l l u v i a l - f a n  d e p o s i t s  a d j a c e n t  to  t h e  most h i g h l y  u p l i f t e d  c e n t r a l  
segm en t .  B as in w ard ,  t h e  K in g sb u ry  g r a d e s  i n t o  th e  p r o g r e s s i v e l y  f i n e r  
s e d im e n ts  o f  t h e  d i s t a l - f a n  f a c i e s .  A p p ro x im a te ly  13 km e a s tw a rd  from t h e  
m oun ta in  f r o n t ,  p a lu d a l  d e p o s i t s  a r e  a b r u p t l y  e n c o u n te r e d .
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The K in g sb u ry  C ong lom era te  i s  composed m a in ly  o f  c a r b o n a te  c l a s t s  d e r iv e d  
from th e  B igho rn  and M adison F o rm a t io n s .  These c o b b le  beds  a r e  p o o r ly  s o r t e d  
and in te r b e d d e d  w i th  l i g h t  g r a y ,  medium- to  c o a r s e - g r a i n e d  s a n d s to n e  and 
g r e e n i s h - g r a y  s i l t s t o n e  and s h a l e  (Whitcomb and o t h e r s ,  1 9 6 6 ) .  Mapel (1959) 
n o t e s  t h a t  th e  c o n g lo m e ra te  beds  a r e  a s  much a s  6 m (20  f t )  t h i c k ,  and 
i n d i v i d u a l  b o u ld e r s  a r e  up to  1 .2  m (4  f t )  i n  d i a m e te r ,  vd.th most b e in g  ab o u t  
30 cm (1 f t )  i n  d i a m e t e r .  The number and t h i c k n e s s  o f  th o s e  beds d e c r e a s e  
r a p i d l y  e a s tw a r d .  The K in g sb u ry  g ra d e s  upward i n t o  l i g h t - g r a y  s a n d s to n e  and 
sandy  s h a l e .  I t  o v e r l i e s  t h e  F o r t  U nion  w i t h  a d i s c o r d a n c e  o f  up to  25° n e a r  
t h e  m oun ta in  f r o n t  (M apel,  1 9 5 9 ) ,  b u t  t h i s  d i s c o r d a n c e  d e c r e a s e s  r a p i d l y  
e a s t w a r d .

M oncrie f  Member. The M oncrie f  Member c o n s i s t s  o f  0 m to  430 m ( 1 ,4 0 0  f t )  
o f  p o o r ly  s t r a t i f i e d  c o n g lo m e ra te  and in t e r b e d d e d  l e n s e s  o f  l i g h t - g r a y ,  
c o a r s e - g r a i n e d  s a n d s to n e  and g r e e n i s h - g r a y  s i l t s t o n e  (M apel,  1 959 ) .  I t  
un co n fo rm ab ly  o v e r l i e s  th e  K in g sb u ry :  a s  much a s  60° o f  d i s c o r d a n c e  have been
o b s e rv e d  be tw een  th e  two members (M apel,  1 9 5 9 ) .  I t  was d e p o s i t e d  a s  a s e r i e s  
o f  a l l u v i a l  f a n s  im m e d ia te ly  a d j a c e n t  to  th e  c e n t r a l ,  m ost h i g h l y  u p l i f t e d  
segm ent o f  t h e  B ig h o rn  M o u n ta in s .  I f  t h e  M o n c r ie f  once  e x i s t e d  e ls e w h e re  
a lo n g  th e  m o u n ta in  f r o n t ,  i t  h a s  s i n c e  b e e n  c o m p le te ly  removed by e r o s i o n .

The M o n c r ie f  becomes f i n e r  g r a in e d  down s e c t i o n  and e a s tw a r d .  In  th e  
u p p e r ,  c o a r s e r  p a r t ,  b o u l d e r s  3 m to  5 m (10  f t  t o  15 f t )  i n  d i a m e te r  a r e  
common ( S h a r p ,  1 9 4 8 ) .  C l a s t s  c o n s i s t  o f  rounded  and subrounded  p e b b le s ,  
c o b b le s ,  and b o u l d e r s  o f  c r y s t a l l i n e  r o c k s  d e r i v e d  from th e  u n ro o fe d  
P re c a m b ria n  basem en t com plex . The b o u l d e r s  a r e  g r a n i t e ,  g n e i s s ,  p e g m a t i t e ,  
and d i a b a s e .  They a r e  commonly 30 cm t o  150 cm (1 f t  t o  5 f t )  i n  d i a m e te r ,  
w i th  some e x c e e d in g  5 m (15 f t )  i n  d i a m e te r  ( N e l s o n ,  1 9 6 8 ) .  The m a t r ix  
m a t e r i a l  i s  p r e d o m in a te ly  a r k o s i c  s a n d s to n e  and m icaceo u s  s i l t s t o n e ,  
c o n ta i n in g  s m a l l  l i m o n i t i c  c o n c r e t i o n s ,  s t o n e s  r i c h  i n  Fe-Mg m i n e r a l s ,  and 
c a r b o n iz e d  woody m a t e r i a l .  Bedding i s  a b s e n t  o r  c ru d e  and i r r e g u l a r  ( S h a rp ,  
1 9 4 8 ) .  M oncrie f  c r y s t a l l i n e  c l a s t s  a r e  commonly h i g h l y  w e a th e r e d .

D i s t a l - F a n  F a c i e s . The a r e a  on P l a t e  7 be tw een  t h e  mapped K in g sb u ry  and 
M o n c rie f  Members and th e  p a lu d a l  f a c i e s  im m e d ia te ly  e a s t  o f  Lake DeSmet i s  
u n d e r l a i n  by t h e  d i s t a l  f a c i e s  o f  t h e  a l l u v i a l  f a n s .  Some l i t h o l o g i e s  i n  th e  
d i s t a l  f a c i e s  a r e  f i n e  to  c o a r s e  g r a i n e d ,  b u t  m ost a r e  medium g r a in e d  
s a n d s to n e s  g r a d a t i o n a l  w i th  t h e  K in g sb u ry  and M o n c rie f  Members. The e a s tw a rd  
c o n t a c t  w i th  p a lu d a l  f a c i e s  i s  r e l a t i v e l y  s h a r p .  S u r fa c e  o u t c r o p s  o f  t h e  
d i s t a l - f a n  f a c i e s  a r e  m a s s iv e  a r k o s i c  and m icaceo u s  s a n d s to n e  t h a t  c o r r e l a t e s  
w i th  th e  M o n c r ie f .

P a l u d a l  F a c i e s . P l a t e  12 shows t h e  g e n e r a l  s t r a t i g r a p h y  o f  t h e  W asatch 
p a lu d a l  f a c i e s .  I t  c o n s i s t s  o f  a b o u t  550 m o f  s i l t s t o n e ,  m u d s to n e ,  c o a l ,  and 
t h i n  s a n d s to n e .  As r e p o r t e d  by Mapel (1 9 5 9 ) ,  t h e  t h i c k e s t  c o a l s  i n c l u d e  t h e  
W a l t e r s ,  H e a ly ,  and U c ro ss  b e d s .  Above th e  U c r o s s ,  s e v e r a l  m appable  c o a l  beds 
e x i s t .  Below t h e  U c ro s s ,  how ever, m appable  c o a l  beds  a r e  s c a r c e .  Only one 
c o n t i n u o u s ,  b u t  unnamed, c o a l  bed was found i n  w e l l  l o g s  below  t h e  U cro ss  ( P I .  
12) .
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Rocks below  t h e  U c ro ss  a r e  n o t  exposed  i n  A rea  D, and v e ry  few w e l l  lo g s  
p e n e t r a t e  t h e  i n t e r v a l .  Logs 50 and 51 (App. D) c o n t a i n  v e ry  sandy 
l i t h o l o g i e s  below  th e  U c ro ss  and i n d i c a t e  a K in g sb u ry  a l l u v i a l - f a n  i n f l u e n c e  
20 kra e a s t  o f  t h e  m o u n ta in  f r o n t .  Rocks exposed  i n  A rea  D in c l u d e  t h e  
I n t e r v a l  be tw een  th e  U cro ss  and W a l te r s  c o a l s .  Most o u t c r o p s  a r e  c l i n k e r -  
capped h i l l s  and v e r y  few s a n d s to n e  b o d ie s  a r e  exp o sed .  S h a le ,  c o a l ,  and 
s i l t s t o n e  a r e  th e  dom inan t  l i t h o l o g i e s ,  a s  i n f e r r e d  from s c a t t e r e d  o u tc ro p  
d a t a  and p u b l i s h e d  l i t h o l o g i c  l o g s  (M apel,  1 9 5 9 ) .

Coal beds  o f  t h e  W asatch p a lu d a l  f a c i e s  have  n o t  been  s u c c e s s f u l l y  
c o r r e l a t e d  w i t h  a l l u v i a l - f a n  l i t h o l o g i e s .  Mapel (1959 )  n o t e s ,  how ever ,  t h a t  
c o a r s e - g r a i n e d  s e d im e n ts  above and l a t e r a l l y  e q u i v a l e n t  to  t h e  H ealy  c o a l  bed 
a r e  a r k o s i c .  S ince  th e  K in g sb u ry  l a c k s  a r k o s i c  m a t e r i a l ,  i t  i s  l o g i c a l  to  
p la c e  t h e  K in g sb u ry -M o n c r ie f  c o n t a c t  s t r a t i g r a p h i c a l l y  e q u i v a l e n t  to  t h e  Healy  
c o a l .

T e c to n ic  S e t t i n g

N e lson  (1968) n o te d  t h a t  i n  t h e  M o n crie f  t h e r e  i s  an i n c r e a s e  i n  t h e  
p e r c e n ta g e  o f  m a t r ix  and a  t h in n i n g  i n  c o n g lo m e ra te  beds  from th e  to p  to  th e  
bo ttom  o f  t h e  member. Sharp  (1948) o b s e rv e d  an i n c r e a s e  i n  c o a r s e n e s s  o f  
g r a v e l  upw ards , and Mapel (1 9 5 9 )  saw t h a t  th e  M o n crie f  becomes f i n e r  g r a in e d  
downward. These o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  r a t e  o f  u p l i f t  was t h e  most 
r a p id  n e a r  th e  c u lm in a t io n  o f  M oncrie f  d e p o s i t i o n ,  p e rh a p s  r e a c h in g  i t s  c l im ax  
w i th  o v e r - s t e e p e n in g  and t h r u s t i n g  a lo n g  t h e  P iney  C reek  and C le a r  Creek 
T h r u s t s  ( P I .  1 2 ) .  In  th e  K in g s b u ry ,  Mapel (1959 )  n o te d  t h a t  c o n g lo m e ra te  
g rad ed  upward i n t o  sand  and sandy  s h a l e .  T h is  s u g g e s t s  t h a t  t h e  r a t e  o f  
u p l i f t  d u r in g  K in g sb u ry  d e p o s i t i o n  was m ost r a p i d  a t  i t s  i n c e p t i o n .  From 
t h e s e  o b s e r v a t i o n s ,  i t  c a n  be deduced  t h a t  t h e  r a t e s  o f  u p l i f t  a lo n g  t h e  
B ig h o rn  f r o n t  v a r i e d  th ro u g h  W asatch t im e  and t h a t ,  i n  r e s p o n s e  to  t h i s ,  
c o a r s e r  g r a in e d  s e d im e n ts  e x te n d e d  f u r t h e r  i n t o  t h e  b a s i n  d u r in g  p e r i o d s  o f  
r a p id  u p l i f t  t h a n  d u r in g  p e r i o d s  o f  r e l a t i v e  t e c t o n i c  q u i e s c e n c e .

An e x c e l l e n t  c o r r e l a t i o n  e x i s t s  be tw een  c u m u la t iv e  c o a l  t h i c k n e s s  i n  th e  
p a lu d a l  f a c i e s  and t h e  s t r u c t u r a l  a x i s  o f  t h e  b a s i n  (M apel,  1969; C u l b e r t s o n ,  
1975; C u l b e r t s o n  and K l e t t ,  1975a , b ;  C u l b e r t s o n  and M apel,  1976; Mapel and 
Dean, 1976a, b; M apel, 1 9 7 6 ) .  As i n d i c a t e d  on P l a t e  9 , t h e  d i s t r i b u t i o n  o f  
m appable  c o a l s  c o r r e s p o n d s  v e ry  w e l l  w i t h  t h e  a r e a  i n s i d e  o f  t h e  975 m 3 ,2 0 0 -  
f t )  c o n to u r  and i n d i c a t e s  a  s t r o n g  s t r u c t u r a l  i n f l u e n c e  on c o a l  d e p o s i t i o n .  
T h is  t r e n d  does  n o t  h o ld  i n  t h e  Lake DeSmet a r e a ,  how ever .  The c o a l  d e p o s i t s  
" c l im b "  up t h e  s t r u c t u r a l  c o n t o u r s ,  s u g g e s t i n g  t h a t  a t  some p o i n t  d u r in g  
W asatch d e p o s i t i o n  th e  b a s i n  a x i s  was even  c l o s e r  to  th e  B ig h o r n s .

Uranium Source

Two p o s s i b l e  u ran ium  s o u rc e  r o c k s  a r e  p roposed  f o r  A rea D. These i n c l u d e  
t h e  O l ig o c e n e  W hite  R iv e r  F o rm a t io n  and A rchean  g r a n i t e s  of t h e  B ig h o rn  
M o u n ta in s .  The M o n c rie f  Member i s  l a r g e l y  composed o f  d e e p ly  w e a th e re d ,  
A rchean  c r y s t a l l i n e  c l a s t s  and may i t s e l f  be a  s o u r c e .
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W hite R iv e r  F o r m a t io n . F o l lo w in g  p o s t - M o n c r i e f  e r o s i o n ,  a v a s t  b l a n k e t  
o f  f l u v i a t i l e  s e d im e n ts  was l a i d  down upon th e  u p tu rn e d  edges o f  P re c a m b r ia n ,  
P a l e o z o i c ,  M esozo ic ,  and C enozo ic  ro c k s  t h a t  c ro p  o u t  w i t h i n  and m a rg in a l  to 
t h e  Powder R iv e r  B a s in .  These  f l u v i a l  s e d im e n ts  i n c o r p o r a t e d  l a r g e  amounts o f  
t u f f a c e o u s  m a t e r i a l  t h a t  o r i g i n a t e d  i n  t h e  Y e l lo w s to n e -A b s a ro k a  v o l c a n i c  
f i e l d s  and which was t r a n s p o r t e d  e a s tw a r d  by wind and s t r e a m s .  These 
se d im e n ts  b u r ie d  th e  B ig h o rn  M oun ta ins  up to  th e  p r e s e n t  day 2750-m ( 9 , 0 0 0 - f t )  
e l e v a t i o n .  N e lso n  (1968) s u g g e s t s  t h a t  C le a r  C re e k ,  e a s t  o f  B u f f a l o ,  was once 
a m ajo r  O l ig o c e n e  d r a i n a g e .  O th e r  d e e p ly  i n c i s e d  canyons a lo n g  th e  B ig h o rn  
M ounta ins  f r o n t  may have a l s o  b e e n  e x c a v a te d  i n  W hite  R iv e r  t im e .  These 
i n c lu d e  th e  canyon  o c c u p ie d  by P in e y  C reek  and Tongue R iv e r  Canyon. S e v e ra l  
rem n a n ts  o f  W hite R iv e r  F o rm a t io n  a r e  p r e s e r v e d  a t  t h e  2750-m ( 9 , 0 0 0 - f t )  l e v e l  
i n  th e  B ig h o rn  M o u n ta in s ,  a s  w e l l  a s  a t  Pumpkin B u t t e s  80 km to  th e  e a s t .  At 
Pumpkin B u t t e s ,  W hite R iv e r  s e d im e n ts  o c c u r  a t  t h e  1830-m ( 6 , 0 0 0 - f t )  
e l e v a t i o n .

Uranium may have b e e n  le a c h e d  o u t  o f  t u f f a c e o u s  m a t e r i a l  o f t h e  I Jh i te  
R iv e r  F o rm a t io n  by m e te o r i c  g round  w a te r .  T h is  g round  w a te r  c o u ld  th e n  have 
e n t e r e d  s u b c ro p p in g  r e c h a r g e  a r e a s  o f  t h e  p e rm eab le  K in g sb u ry  and M oncrie f  
Members.

A rchean  C r y s t a l l i n e  Rocks -  i n  P l a c e ,  and i n  t h e  M o n c r ie f  Member

L i t t l e  i s  known o f  t h e  u ran ium  c o n t e n t  o f  P re c a m b r ia n  c r y s t a l l i n e  ro c k s  
o f  th e  B ig h o rn  M o u n ta in s .  R e c o n n a is s a n c e  sam p lin g  i n  th e  Edelraan C reek  Mining 
D i s t r i c t  and e ls e w h e re  i n  t h e  B ig h o rn s  ( o c c u r r e n c e s  14 and 20; sam ples  MLK 
175, 176, 177, 178, 179, 180, 181; App. A and B l )  i n d i c a t e s  t h a t  anomalous 
amounts of uran ium  a r e  i n c o r p o r a t e d  i n  T h - S i - p h o s p h a te  m in e r a l s  and a l l a n i t e  
o f  g r a n i t e ,  q u a r t z  d i o r i t e ,  q u a r t z  m o n z o n i te ,  and g r a n o d i o r i t e  (App. E ) .

A rk o s ic  s a n d s to n e  and c o n g lo m e ra te  of t h e  M o n c r ie f  Member i s  t y p i c a l l y  
m a f i c - r i c h ,  which may be im p o r t a n t .  M in e r a l s  su c h  a s  b i o t i t e  and h o rn b le n d e  
can  i n c o r p o r a t e  s i g n i f i c a n t  am ounts of u ran ium  w i t h i n  t h e i r  l a t t i c e s .  Much of 
t h i s  g r a n i t i c  m a t e r i a l  i s  a l s o  h i g h ly  w e a th e r e d ,  i n d i c a t i n g  t h e  l i k e l i h o o d  
t h a t  any u ran ium  l o o s e l y  h e l d  a lo n g  g r a i n  b o u n d a r i e s ,  and p o s s i b l y  w i t h in  
c r y s t a l  l a t t i c e s ,  has  been  le a c h e d  and moved by g round  w a t e r .

H ydro logy

The e x c e l l e n t  v e r t i c a l  p e r m e a b i l i t y  and c o n s i d e r a b l e  h y d r o s t a t i c  head 
w i t h i n  th e  M o n crie f  and K in g sb u ry  would a l lo w  l a r g e  volum es o f  ground  w a te r  to 
be pumped down t h e  h y d r a u l i c  g r a d i e n t  to  A rea D. The g ro u n d -w a te r  f low  
p a t t e r n s  would change w i t h  t im e .  I f  m i n e r a l i z a t i o n  i s  Eocene i n  a g e ,  w i t h  th e  
M oncrie f  o r  A rchean g r a n i t e s  b e in g  t h e  c h i e f  s o u r c e ,  u r a n iu m -b e a r in g  ground 
w a te r s  would have e n t e r e d  th e  W asatch i n  r e c h a r g e  a r e a s  o f  t h e  a l l u v i a l - f a n  
f a c i e s  and d i s c h a r g e d  i n  t h e  p a lu d a l  f a c i e s ,  w i th o u t  e v e r  h a v in g  p e n e t r a t e d  
th e  b a s in  v e ry  d e e p ly .  T h is  i s  p r e d i c t e d  from th e  h y d r o lo g i c  model f o r  
dynamic c o m p a c tin g  b a s i n s  (G allow ay  and o t h e r s ,  1 9 79 ) .  The sy s te m  would 
p o s s e s s  good t r a n s m i s s i v i t y  and f lo w  r a t e s ,  b u t  f r e s h  m e te o r i c  w a te r  would be 
l i m i t e d  i n  b o th  v e r t i c a l  and a r e a l  e x t e n t .

I f  m i n e r a l i z a t i o n  i s  O l ig o c e n e  o r  Miocene i n  a g e ,  g round  w a te r  would have 
e n t e r e d  i n  th e  same b a s in - m a r g in  r e c h a r g e  a r e a s ,  b u t  would have behaved 
d i f f e r e n t l y  s i n c e  t h e  b a s in  was th e n  a  m a tu r e ,  com pacted  b a s i n  w i th  one
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h y d r o l o g i c a l l y  I n t e g r a t e d  sys tem  (G allow ay  and o t h e r s ,  1 9 7 9 ) .  M e te o r ic  w a te r  
would p ro b a b ly  have p e n e t r a t e d  t h e  b a s i n  more d e e p ly  t h a n  i n  t h e  Eocene and 
would have d i s c h a r g e d  i n t e r f o r m a t i o n a l l y .  T h is  would have  a l lo w e d  f o r  
r e c h a r g e  th ro u g h  F o r t  Union, L ance , and o l d e r  f o r m a t i o n s ,  which s u b c ro p  below  
th e  a l l u v i a l - f a n  f a c i e s .

E v id en ce  t h a t  Uranium Moved from  Source  t o  H ost

Uranium A n o m a lie s . Seven sam ples  w i th  anom alous u ran ium  c o n t e n t s  were 
c o l l e c t e d  i n  o r  v e ry  c l o s e  to  A rea  D (T a b le  4 ) .  In  a d d i t i o n ,  D av idson  (1953 )  
r e p o r t s  f i v e  uran ium  a n o m a l ie s  i n  o r  a d j a c e n t  to  A rea D. These i n c l u d e  h i s  
sam ples  27, 30, 33, 34, and 39 . Sample 30 i s  a t  a b o u t  th e  l o c a t i o n  o f  MLK 004 
and sam ple 39 i s  abou t  t h e  l o c a t i o n  o f  MLK 048.

Only MLK 209 c o n s t i t u t e s  a u ran ium  o c c u r r e n c e ,  b u t  a l l  sam p les  a r e  
anom alous when compared w i t h  t h e  3 ppm a v e ra g e  u ran ium  c o n te n t  o f  s h a l e  
(K ra u s k o p f ,  1 9 67 ) .  Had t h e  c l i n k e r s  o r i g i n a l l y  been  s a n d ,  s i l t  o r  c o a l ,  t h e  
a v e ra g e  u ran ium  background  would have been  even  lo w e r .

At th e  l o c a t i o n s  o f  th e  anom alous ro c k  s a m p le s ,  o n ly  c l i n k e r s  c ro p  o u t ;  
so l i t h o l o g i c  r e l a t i o n s h i p s  c o u ld  n o t  be compared w i th  t h e  s p a t i a l  
d i s t r i b u t i o n  o f  r a d i o m e t r i c  a n o m a l ie s .  In  most a r e a s ,  t h e  c l i n k e r s  have a 
r a d i o m e t r i c  background  o f  15 t o  25 UR b u t  r a n g e  from 1 to  60 UR. MLK 209 gave 
th e  h i g h e s t  r a d i o a c t i v i t y  r e a d in g  o f  82 UR. C l i n k e r s  a r e  c h a r a c t e r i z e d  as 
e i t h e r  h a r d ,  b r i c k - r e d ,  f u s e d ,  s l a t e y  r o c k ,  o r  b l a c k ,  s i l i c e o u s ,  s la g g y  
v e s i c u l a r  m a t e r i a l .  The b l a c k ,  s l a g g y  m a t e r i a l  i s  th o u g h t  to  r e p r e s e n t  a r e a s  
o f  chimney d ev e lo p m en t ;  h e r e  oxygen moved downward to  f u e l  t h e  b u r n in g  c o a l .
We alw ays found i t  to  be more r a d i o a c t i v e  th a n  th e  s l a t e y  m a t e r i a l .

T ra c e  E le m e n ts . The c o n s i s t e n t l y  h ig h  UR b a c k g ro u n d ,  p a r t i c u l a r l y  i n  th e  
s la g g y  c l i n k e r s ,  s u g g e s te d  to  us  t h a t  th e  p r o c e s s  o f  c l i n k e r  f o r m a t io n  i n  some 
way had e n r i c h e d  t h e  baked s e d im e n ts  i n  r a d i o e l e m e n t s . S i m i l a r l y ,  i f  su c h  a 
p r o c e s s  was o p e r a t i n g ,  p e rh a p s  i t  e n r i c h e d  th e  c l i n k e r s  i n  molybdenum, 
th o r iu m ,  a r s e n i c ,  c o p p e r ,  vanad ium , and i r o n ,  which a r e  a l s o  above background  
v a lu e s  f o r  s h a l e s .  In  t h i s  r e g a r d ,  we s o u g h t  t h e  a d v ic e  o f  James H e r r in g  of 
t h e  R e g io n a l  G eo ch em is try  B ran ch ,  U .S . G e o lo g ic a l  Survey i n  D enver, C o lo ra d o .  
H e r r in g  in fo rm ed  us t h a t  due to  t h e i r  h ig h  v o l a t i l i t y ,  a r s e n i c  and se le n iu m  
w i l l  be r e l e a s e d  a s  a  g a seo u s  phase  upon t h e  b u rn in g  o f  c o a l .  I t  may p o s s i b l y  
be e n r i c h e d  in  chim neys by c o n d e n s a t io n ,  due to  d ro p  i n  t e m p e r a tu r e  o r  to  
e n tr a p m e n t  i n  s l a g g y  m a t e r i a l .

H e r r in g  f u r t h e r  p o i n t s  o u t  t h a t  e le m e n ts  such  a s  u ran iu m , c o p p e r ,  
molybdenum, vanadium  and i r o n  have e x t r e m e ly  low v o l a t i l i t i e s .  They s h o u ld  be 
c o n c e n t r a t e d  i n  t h e  a sh y  r e s i d u e  from b u rned  c o a l  and n o t  be m o b i l iz e d  and 
c o n c e n t r a t e d  i n  o v e r l y i n g  c l i n k e r s .  However, two p o s s i b l e  m ethods o f  
p a r t i a l l y  m o b i l i z i n g  r e f r a c t o r y  e le m e n ts  and c o n c e n t r a t i n g  them d u r in g  c o a l  
b u rn in g  a r e  p o s s i b l e .  These i n c l u d e :

^ S o r p t io n  o f  r e f r a c t o r y  e le m e n ts  on p a r t i c u l a t e  m a t t e r ,  w hich was
c a r r i e d  up t h e  chimney where r e f r a c t o r i e s  c o u ld  be t r a p p e d  by s la g g y  
m a t e r i a l  o r  c o n c e n t r a t e d  i n  s o i l s  on th e  la n d  s u r f a c e .
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TABLE 4. ANOMALOUS ROCK SAMPLES COLLECTED IN OR ADJACENT TO AREA D

Sample n o . Rock ty p e UR U3O8
(PPM)

C o r r e l a t i v e  
burned  c o a l  bed

MLK 003 c l i n k e r 59 19 B urgess

MLK 004 c l i n k e r 59 12 H ealy

MLK 048 c l i n k e r 59 16 W a l te r s

MLK 050 c l i n k e r 59 9 W a l te r s

MLK 085 c l i n k e r 36 14 W a l te r s

MLK 092 c l i n k e r 25 7 H ealy

MLK 209 
( o c c u r r e n c e

c l i n k e r 82 77 PK
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0 F lu x in g  o f  r e f r a c t o r y  e le m e n ts  w i th  a l k a l i  e le m e n ts  to  lo w e r  m e l t in g  
t e m p e r a t u r e ,  so t h a t  r e f r a c t o r i e s  c o u ld  be m o b i l iz e d  a s  a  f l u i d .

In  t h e  f i r s t  c a s e ,  upon b u rn in g  o f  t h e  c o a l  bed and c a rb o n a c e o u s  m a t e r i a l  
i n  th e  o v e r l y i n g  s t r a t a ,  r e f r a c t o r y  e le m e n ts  a r e  r e l e a s e d  from t h e i r  o rg a n o -  
m e t a l l i c  bond a s  c a rb o n  i s  v o l a t i l i z e d .  E lem en ts  may t h e n  become e i t h e r  
a d so rb e d  o r  a b so rb e d  on p a r t i c u l a t e  m a t t e r  and c a r r i e d  upward th ro u g h  th e  
chimney w ith  t h e  smoke. W ith in  t h e  ch im ney, t h i s  p a r t i c u l a t e  m a t t e r  may 
become t r a p p e d  by v i s c o u s  m a t e r i a l  u n d e rg o in g  c l i n k e r  t r a n s f o r m a t i o n .  H e r r in g  
( p e r s o n a l  co m m u n ica t io n , 1981) n o te s  t h a t ,  i n  w e s t e r n  N orth  D ak o ta ,  u ran ium  i s  
mined by means o f  b u rn in g  l i g n i t e s  and th e r e b y  c o n c e n t r a t i n g  th e  u ran ium  in  
t h e  r e s i d u a l  a s h .  He f u r t h e r  p o i n t s  o u t  t h a t  u ran iu m , molybdenum, and o t h e r  
r e f r a c t o r y  e le m e n ts  a r e  c o n c e n t r a t e d  i n  th e  s o i l  a d j a c e n t  to  th e  b u rn  
o p e r a t i o n ,  p ro b a b ly  b e c a u s e  o f  t h e i r  s o r p t i o n  o n to  p a r t i c u l a t e  m a t t e r .

The second  method i s  undocum ented . H e r r in g  ( p e r s o n a l  co m m u n ica t io n ,
1981) n o t e s  t h a t  i r o n  has  been  c o n c e n t r a t e d  up to  20 t im e s  background  i n  
chimney ro c k s  o f  t h e  S h e r id a n  Coal F i e l d .  T h is  may have been  a c c o m p l i s h e d ,  he 
n o t e s ,  by f l u x i n g  of i r o n  w i th  a l k a l i  e l e m e n t s .  The m e l t i n g  t e m p e r a tu r e  of 
i r o n  may have been  lo w ered  s u f f i c i e n t l y  to  a l lo w  i t  to  f lo w .  He h a s  o b se rv e d  
f low  t e x t u r e s  i n  th e  i r o n s t o n e s  t h a t  s u b s t a n t i a t e  t h i s  h y p o t h e s i s .  One can 
s p e c u l a t e  t h a t  u ran iu m , c o p p e r ,  vanad ium , and p o s s i b l y  molybdenum, have a l s o  
been  f lu x e d  and m o b i l iz e d  by t h e  same p r o c e s s ;  th o u g h  such  a p r o c e s s  h a s  no t 
been  d e s c r i b e d  in  t h e  l i t e t a t u r e .  Both  m e thods ,  s o r p t i o n  and f l u x i n g ,  c o u ld  
e x p l a i n  th e  c o n c e n t r a t i o n  o f  r e f r a c t o r y  e le m e n ts  t h a t  we have o b s e rv e d  i n  th e  
b l a c k  s la g g y  chimney r o c k s .

The r e s i d u a l  a s h  o f  a  bu rned  c o a l  w i l l  c e r t a i n l y  c o n t a i n  c o n c e n t r a t e d  
r e f r a c t o r y  e l e m e n t s ,  b e c a u s e  t h e  amount o f  r e f r a c t o r i e s  i n  a  p r e - e x i s t i n g  10-  
m - th ic k  c o a l  i s  c o n c e n t r a t e d  i n  a 1- m - t h i c k  r e s i d u a l  a s h  bed a f t e r  b u r n in g .  
T h is  r e s i d u a l  a s h  zone i s  d i f f i c u l t  to  i d e n t i f y  i n  th e  f i e l d  b e c a u s e ,  a s  th e  
c o a l  b u r n s ,  o v e r l y i n g  ro c k  m asses  f a l l  i n t o  t h e  v o id .  C o n s id e ra b le  
c o m p l ic a te d  s t r u c t u r a l  and s t r a t i g r a p h i c  r e l a t i o n s h i p s  r e s u l t .  T h is  
c o m p le x i ty ,  p lu s  o u r  i n e x p e r i e n c e  w i th  c l i n k e r  d e p o s i t s ,  l e a v e s  open th e  
p o s s i b i l i t y  t h a t  some o f  ou r  anom alous c l i n k e r  sam p les  may a c t u a l l y  c o n t a i n  
r e s i d u a l  a s h  t h a t  we f a i l e d  to  i d e n t i f y  as  s u c h .

One ro c k  sam ple more th a n  any o t h e r  t e n d s  to  s u b s t a n t i a t e  t h e
r e l a t i o n s h i p  be tw een  r e f r a c t o r y - e l e m e n t  c o n c e n t r a t i o n  and c l i n k e r  f o r m a t io n .  
MLK 112 ( P I .  5 a ) ,  i n c l u d i n g  b o th  b l a c k  s la g g y  and re d  c l i n k e r ,  c o n t a i n s
anom alous u ran iu m , molybdenum, s e le n iu m ,  a r s e n i c ,  and c o p p e r  (App. B l ) .  The
sample was r e f e r r e d  to  a s  s u p p o r t i n g  e v id e n c e  o f  f a v o r a b i l i t y  i n  Area A. 
Im m e d ia te ly  a d j a c e n t  to  th e  c l i n k e r e d  o u tc r o p s  o f  MLK 112, how ever ,  i s  a 
b u l ld o z e d  c l i f f  o f  c o a l  and c a rb o n a c e o u s  s h a l e s  t h a t  a p p e a r s  to  c o r r e l a t e  
s t r a t i g r a p h i c a l l y  w i th  t h e  c l i n k e r .  No i n t e r v a l  i n  th e  c o a l  and c a rb o n a c e o u s  
s h a l e  c o n ta i n e d  ove r  11 UR; w hereas  t h e  c l i n k e r  c o n ta i n e d  48 UR. T h is  f i e l d  
r e l a t i o n s h i p  s t r o n g l y  s u g g e s te d  to  us  t h a t  r a d i o e l e m e n t s  were c o n c e n t r a t e d  by 
b u rn in g  a t  t h i s  l o c a t i o n .  Nowhere i n  Area D, how ever, can  s i m i l a r  f i e l d  
r e l a t i o n s h i p s  be s e e n  i n  o u t c r o p .

The above d i s c u s s i o n  does  n o t  c o n c l u s i v e l y  d e m o n s t r a te  t h a t  t h e  c l i n k e r -  
form ing p r o c e s s  h a s  c o n c e n t r a t e d  u ran iu m , c o p p e r ,  molybdenum, th o r iu m ,  
a r s e n i c ,  and vanad ium . We p ro p o se  t h a t  th e  r e f r a c t o r y  e le m e n ts  may have been
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b ro u g h t  i n t o  A rea  D from  an  e x t r i n s i c  s o u rc e  and d e p o s i t e d  i n  s h a l e s  e i t h e r  
s y n g e n e t i c a l l y  o r  e p i g e n e t i c a l l y  w e l l  b e f o r e  c l i n k e r  f o r m a t io n .  Reasons f o r  
p ro p o s in g  t h i s  i n c l u d e  th e  f o l l o w in g :

T h is  p r o c e s s  i s  f a i r l y  s im p le  and h a s  been  documented i n  s e v e r a l  
Wyoming b a s i n s .

Most o f  t h e  e le m e n ts  c o n c e rn e d  have s i m i l a r  g e o c h em ic a l  m o b i l i t i e s  i n  
ground  w a t e r s .

T h is  s u i t e  o f  e le m e n ts  (U, V, Cu, Th, As) i s  s i m i l a r  to  t h a t  w hich  i s  
a s s o c i a t e d  w i th  Wyoming r o l l - f r o n t  d e p o s i t s .  They may have been  le a c h e d  from 
a s o u rc e  r o c k  and c a r r i e d  down th e  h y d r a u l i c  g r a d i e n t  i n  o x i d i z i n g  g round 
w a te r  u n t i l  r e d u c t i o n  and p r e c i p i t a t i o n  o c c u r r e d  a t  d e p th .  Thorium e n r ic h m e n t  
i s  p r o b le m a t ic :  th o r iu m  h a s  v e r y  low m o b i l i t y  i n  th e  n e a r - s u r f a c e
e n v iro n m e n t .  P e rh a p s  t h e  th o r iu m  i s  i n c o r p o r a t e d  i n  r e s i s t a t e  m i n e r a l s .  
S e len ium , n o r m a l ly  i n c lu d e d  i n  t h i s  s u i t e ,  h a s  n o t  been  e n r i c h e d ;  b u t  t h i s  may 
be due to  a lo w -s e le n iu m  s o u rc e  r o c k .

P l a t e  13 shows no c o r r e l a t i o n  b e tw een  u ran ium  and th e  o t h e r  anom alous 
e l e m e n t s .  P e rh a p s  t h e r e  h a s  been  an e le m e n ta l  r e d i s t r i b u t i o n  due to  c l i n k e r  
f o rm a t io n .  The o r i g i n a l  se d im e n t  l o s t  i t s  e a s i l y  v o l a t i l i z e d  o r g a n ic  c a rb o n  
d u r in g  c l i n k e r  f o r m a t io n  ( c l i n k e r s  c o n t a i n  from 0 .0 1  t o  0.18% o r g a n ic  c a rb o n ) ;  
and s in c e  t h e  o r g a n i c  f r a c t i o n  would have  been  m ost r e s p o n s i b l e  fo r  
p r e c i p i t a t i n g  ( r e d u c in g )  t h e  e le m e n t  s u i t e ,  l o s s  o f  t h a t  o r g a n ic  f r a c t i o n  
would have made t h e  e le m e n ts  a v a i l a b l e  f o r  l o c a l  r e d i s t r i b u t i o n .

G ro u n d -w a te r  A n o m a lie s . E ig h t  anom alous g r o u n d -w a te r  sam ples  were 
c o l l e c t e d  i n  A rea  D. These a r e  t a b u l a t e d  i n  T a b le  5 a .  Two anom alous g round ­
w a te r  sam ples  were c o l l e c t e d  from t h e  K in g sb u ry  o r  M o n c rie f  Members a d j a c e n t  
t o  A rea  D. These a r e  t a b u l a t e d  i n  T a b le  5 b .  These t e n  sam p les  a r e  c o n s id e r e d  
s i g n i f i c a n t  b e c a u s e  t h e y  exceed  t h e  12 ppb U t h r e s h o l d  v a lu e  e s t a b l i s h e d  by 
Texas I n s t r u m e n t s  I n c .  (1 9 8 0 a ,  b ) .  Anomalous U/CDT x 1000 v a lu e s  ( P I .  4)  f o r  
s e v e r a l  o f  t h e  above a n o m a l ie s  f u r t h e r  s u b s t a n t i a t e  t h e i r  anom alous c h a r a c t e r .  
These g r o u n d -w a te r  a n o m a l ie s  a r e  c o n s id e r e d  s u p p o r t i n g  e v id e n c e  f o r  
f a v o r a b i l i t y .

Anomalous sam ples  MLK 030 , 031 , and 032 were a l s o  c o l l e c t e d  from s u r f a c e  
w a te r s  o v e r l y i n g  th e  K in g sb u ry  and M o n c r ie f  Members i n  th e  Mowry B a s in  a r e a  
( P I .  5 b ) .  These sam p les  a r e  s u s p e c t  b e c a u s e  t h e y  a r e  from i r r i g a t i o n  d i t c h e s  
d r a i n i n g  h e a v i l y  f e r t i l i z e d  a r e a s .  The J o h n so n  County E x te n s io n  Agency say s  
t h a t ,  on t h e  a v e ra g e ,  100 l b  (45 kg) o f  f e r t i l i z e r ,  h ig h  i n  P2O5 and 
n i t r a t e s ,  a r e  s p re a d  p e r  a c r e  (4050  m^) p e r  y e a r .  P h o sp h a te  i s  known to 
c o n ta i n  t r a c e  amounts o f  u ran iu m , w hich c o u ld  be r e l e a s e d  to  g round w a te r s  to  
y i e l d  f a l s e  u ran ium  a n o m a l ie s .

P r e c i p i t a n t s

Assuming t h a t  uran ium  e n t e r e d  Area D v i a  g round  w a te r s  o f  t h e  M oncrie f  
and K in g sb u ry  Members, i t  would be e f f e c t i v e l y  p r e c i p i t a t e d  upon e n t e r i n g  
s t r o n g l y  r e d u c in g  r o c k s  o f  t h e  p a lu d a l  f a c i e s .  Uranium c o u ld  be p r e c i p i t a t e d  
e i t h e r  by a d s o r p t i o n  on c o a l  beds o r  by r e d u c t i o n  a t  red o x  f r o n t s  a s  d i s c u s s e d  
i n  Area A. O x id a t io n  o f  ab u n d an t  a u t h i g e n i c  p y r i t e  i n  c o a l s  would p roduce  
hyd rogen  s u l f i d e ,  w hich  would i n  t u r n  r e d u c e  and p r e c i p i t a t e  u ran ium .
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TABLE 5 a . ANOMALOUS GROUND-WATER SAMPLES COLLECTED IN AREA D

Sample no. Type Value W ell d e p th
(ppb ) (m)

MLK 088 W ell 17 (U3O8 ) 4 .6

MLK 089 W ell 22 (U3O8 ) 9 .1

MLK 094 Spring 14 (U3O8 ) -  -

LASL* 899 W ell 16 .1  (U) 6

LASL* 390 S p r in g 2 9 .4  (U) -  -

LASL* 889 W ell 19 .7  (U) 100

MLK 042 W ell 12 (U3O8 ) 90

MLK 043 W ell 16 ( U3O8O 6 .1

*LASL sam p les  r e f e r to  M o r r i s  (1 9 7 7 )
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TABLE 5b . ANOMALOUS GROUND-WATER SAMPLES COLLECTED FROM
THE KINGSBURY AND MONCRIEF MEMBERS, ADJACENT TO AREA D

Sample n o .  Type Value W ell d e p th
     (p p b )  _________________________________

LASL 391 W ell 16 .6  (U) Unknown

MLK 076 S p r in g  29 (U3O8 ) -----
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N o r th e r n  Boundary  o f  A rea  D

The n o r t h e r n  l i m i t  o f  A rea  D i s  b a sed  on th e  f a c t  t h a t ,  n o r th w a r d ,  t h e  
a l l u v i a l - f a n  f a c i e s  a r e  n o t  r e c o g n i z e d .  They may n e v e r  have  been  d e p o s i t e d  o r  
may have been  e roded  i n  p o s t-M io c e n e  t im e .  The l a c k  o f  a l l u v i a l - f a n  f a c i e s  i s  
s u b s t a n t i a t e d  by f i e l d  o b s e r v a t i o n s ,  w hich i n d i c a t e  t h a t  W asatch  l i t h o l o g i e s  
n o r t h  o f  A rea  D a r e  f i n e  g r a i n e d ,  s i l t y ,  and s h a ly  w i th  l e n t i c u l a r  s a n d s to n e  
b o d i e s .  A l though  t h e r e  a r e  u ran ium  ro c k  and g ro u n d -w a te r  a n o m a l ie s  i n  t h e  
a r e a ,  none of t h e s e  can  be r e l a t e d  to  p e rm eab le  sand s y s te m s .

Geography and Land S t a tu s

Area D c o n s i s t s  o f  rugged  t a b l e l a n d s  d i s s e c t e d  by deep  v a l l e y s .  L oca l  
r e l i e f  i s  ab o u t  150 m. The a r e a  i s  t r a v e r s e d  by I n t e r s t a t e  90 and s e v e r a l  
a l l - w e a t h e r  c o u n ty  r o a d s .  The la n d  i s  c o v e re d  by sage  and g r a s s  and i s  used  
a lm o s t  e x c l u s i v e l y  f o r  g r a z i n g .  Farming i s  l o c a l i z e d  a lo n g  v a l l e y  f lo o d  
p l a i n s .  A m ajo r  e n e rg y  company i s  d e v e lo p in g  a s y n f u e l s  p r o j e c t  i n  t h e  Lake 
DeSmet a r e a .  S u r fa c e  o w n e rsh ip  i s  a b o u t  90% p r i v a t e  and 10% s t a t e .  No towns 
e x i s t .

AREA E -  LANCE FORMATION IN THE DAYTON AREA

S a n d s to n e s  o f  t h e  Lance F o rm a t io n  n e a r  D ayton  ( P I .  1) a r e  c o n s id e r e d  
f a v o r a b le  f o r  Wyoming r o l l - t y p e  d e p o s i t s  ( S u b c la s s  241) b e c a u s e  t h e y  meet t h e  
f o l lo w in g  c r i t e r i a :

•  The ro c k s  c o n s i s t  o f  p e rm e a b le ,  f i n e -  to  m ed ium -g ra ined  l i t h i c  
a r e n i t e .

•  The ro c k s  were d e p o s i t e d  i n  a f l u v i a l  en v iro n m en t  under  r e d u c in g  
c o n d i t i o n s .

•  The pe rm eab le  sa n d s  a r e  c o n f in e d  by im perm eab le  b e d s .

•  The sands  o c c u r  a lo n g  th e  u p l i f t e d  m arg in  o f  an  i n te r m o n ta n e  b a s i n ,
and have  a s t e e p  h y d r a u l i c  g r a d i e n t .

•  The sa n d s  a p p e a r  to  be a l t e r e d  i n  o u t c r o p .

•  The san d s  were a t  one t im e  o v e r l a i n  by t u f f a c e o u s  s e d im e n t s ,  a
p o s s i b l e  s o u rc e  o f  u ran iu m .

A rea  E c o v e r s  1 9 .5  km^ and i n c l u d e s  a l l  Lance s a n d s to n e s  to  a  d e p th  o f  
600 m. C um ula t ive  s a n d s to n e  t h i c k n e s s  i s  40 m, b a sed  on an a v e ra g e  o f  20% 
s a n d s t o n e .  T h is  t r a n s l a t e s  i n t o  a  volume o f  0 .8  km^ o f  f a v o r a b l e  s a n d s to n e  
c o n ta in e d  w i t h i n  Area E.

The b o u n d a ry ,  be tw een  Area E and a r e a s  u n d e r l a i n  by u n e v a lu a te d  L ance , 
was d e te rm in e d  by th e  o u t c r o p  o f  a l t e r e d  sand ;  n o r t h  and s o u th  o f  A rea  E th e  
b a s a l  Lance sand  does  n o t  a p p e a r  a l t e r e d .  The f a v o r a b l e  a r e a  was e x te n d e d  
downdlp to  a  d e p th  o f  600 m. Below t h i s  d e p th ,  t h e  g round w a te r  i s  most 
l i k e l y  s t a g n a n t  and r o l l  f r o n t s  would n o t  be form ed.
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H ost Rocks

The Upper C r e ta c e o u s  Lance F o rm a t io n  c ro p s  o u t  i n  a n a rro w  band a lo n g  th e  
w est  f l a n k  o f  th e  Powder R iv e r  B a s in .  In  Area E, i t  s t r i k e s  N. 25° W. and 
d i p s  35° e a s tw a rd  i n t o  th e  b a s i n .  The Lance i s  composed of s a n d s to n e s  
i n t e r b e d d e d  w i th  c a rb o n a c e o u s  s h a l e s ,  s i l t s t o n e s ,  m u d s to n e s ,  and c o a l s ,  and 
c o n fo rm ab ly  o v e r l i e s  t h e  Bearpaw S ha le  ( F i g .  2 ) .  The o v e r l y i n g  P a le o c e n e  F o r t  
Union F o rm a t io n  i s  l i t h o l o g i c a l l y  s i m i l a r  to  t h e  L ance , b u t  t h e  two fo rm a t io n s  
a r e  n o t  c o n fo rm ab le  (D u n lap ,  1 9 5 8 ) .  The Lance F o rm a t io n  i n  th e  D ayton  a r e a  
c o n s i s t s  o f  a  5 -  to  1 0 - m - th i c k ,  f i n e -  to  m e d iu m -g ra in e d ,  c a l c a r e o u s  s a n d s to n e  
a t  th e  b a s e ,  o v e r l y i n g  b l a c k  c a rb o n a c e o u s  s h a l e  o f  th e  Bearpaw F o rm a t io n .
Above t h e  b a s a l  sand i s  a s e r i e s  o f  i n t e r b e d d e d ,  v e ry  f i n e  to  f i n e - g r a i n e d  
s a n d s t o n e s ,  s i l t y  s a n d s t o n e s ,  c a rb o n a c e o u s  s h a l e s ,  and s i l t s t o n e s .  E l e c t r i c  
lo g s  i n d i c a t e  t h a t  s e v e r a l  3 -  to  6- m - th i c k  s a n d s to n e  b ed s  o c c u r  i n  t h i s  
s e q u e n c e ,  e a ch  s e p a r a t e d  by s i l t s t o n e ,  t h i n  s a n d s t o n e ,  o r  s h a l e  ( w e l l s  111 , 
112, 134 , 140; App. D). The e n t i r e  f o rm a t io n  i s  r e p o r t e d  to  be ab o u t  200 m 
(650 f t )  t h i c k  i n  th e  D ayton  a r e a ( Z a k i s ,  1 9 5 0 ) .

The b a s a l  s a n d s to n e  i s  th e  o n ly  Lance s a n d s to n e  exposed  in  A rea  E. I t  
c ro p s  o u t  n o r t h  and s o u th  o f  t h e  Tongue R iv e r  j u s t  e a s t  o f  D ayton ( F i g .  4 ) ,  
w here  i t  i s  a b o u t  6 m t h i c k .  The s a n d s to n e  i s  y e llo w -b ro w n  to  p in k ,  
c o n t a i n i n g  f i n e -  to  m ed iu m -g ra in e d ,  s u b a n g u la r  to  sub ro u n d ed  g r a i n s  o f  q u a r t z  
and c h e r t ,  w i t h  m in o r  amounts o f  p l u t o n i c  and s e d im e n ta ry  r o c k  f r a g m e n t s .  
Trough c r o s s - b e d d i n g  i s  common. The ro c k  i s  v e ry  c a l c a r e o u s ,  and i n  p la c e s  
t h e r e  a r e  c a l c i t e - c e m e n t e d  c o n c r e t i o n s .  In  g e n e r a l ,  how ever ,  th e  r o c k  i s  
po rous  and n o t  w e l l - c e m e n te d .

The Lance F o rm a t io n  r e c o r d s  t h e  i n i t i a l  d e p o s i t i o n  o f  c o n t i n e n t a l  
s e d im e n ts  a f t e r  th e  w i th d ra w a l  of th e  L a te  C r e ta c e o u s  Lewis s e a  (D u n lap ,
1958) .  D uring  Lance d e p o s i t i o n  i n  t h e  Powder R iv e r  B a s in ,  t h e  en v iro n m en t was 
one "o f  w id e ,  low , swampy c o a s t s  o f  r e l a t i v e  s t a b i l i t y  th ro u g h  which a g g ra d in g  
s t r e a m s  f lo w e d ,  d e p o s i t i n g  sa n d s  and s i l t s  from th e  h ig h la n d s "  (D un lap , 1958, 
p .  1 1 0 ) .  The s a n d s to n e s  o f  t h e  Lance w ere d e p o s i t e d ,  u n d e r  th e  r e d u c in g  
c o n d i t i o n s  o f  a hum id , t r o p i c a l  c l i m a t e  ( C h i l d e r s ,  1970; B a i l e y  and C h i l d e r s ,  
1 9 7 7 ) ,  on  a b road  f lo o d  p l a i n  by l o w - g r a d i e n t , e a s t e r l y  f lo w in g  s t r e a m s .

The s o u rc e  o f  th e  Lance s e d im e n ts  was p r o b a b ly  s e d im e n ta ry  ro c k s  to  th e  
w e s t .  The e a s t e r l y  t r e n d  o f  t h e  Lance c h a n n e l  s a n d s ,  r o u g h ly  p a r a l l e l i n g  th e  
p r e s e n t  d ip  o f  t h e  beds  tow ard  th e  c e n t e r  o f  t h e  b a s i n ,  g i v e s  th e  sand beds 
e x c e l l e n t  c o n t i n u i t y  o f  p e r m e a b i l i t y  i n  t h e  d i r e c t i o n  o f  t h e  p r e s e n t - d a y  
h y d r a u l i c  g r a d i e n t .

Uranium S ource

T u f fa c e o u s  f l u v i a l  d e p o s i t s  o f  t h e  O l ig o ce n e  W hite R iv e r  F o rm a t io n  a r e  a 
p o t e n t i a l  s o u rc e  o f  u ran ium  i n  th e  L a n c e .  W hite  R iv e r  c h a n n e l s  may have 
s c o u re d  down th ro u g h  t h e  i n t e r v e n i n g  Eocene W asatch F o rm a t io n  to  g a in  a c c e s s  
t o  th e  s u b c ro p p in g  u p tu rn e d  Lance s a n d s .  Such a c h a n n e l  p r o b a b ly  e x i s t e d  in  
O l ig o ce n e  t im e  a lo n g  t h e  Tongue R iv e r  L in e am e n t ,  a m ajo r  f a u l t  and f r a c t u r e  
z o n e ,  w hich  c u t s  n o r t h e a s t e r l y  th ro u g h  th e  n o r t h e r n  B ig h o rn  M oun ta ins  and 
t r e n d s  d i r e c t l y  th ro u g h  A rea  E (Hoppin and J e n n in g s ,  1 971 ) .  The p r e s e n t  
c o u r s e  of t h e  Tongue R iv e r  fo l lo w s  t h i s  l i n e a m e n t ,  p re su m a b ly  b e c a u se  i t  i s  a 
zone o f  f a u l t e d ,  e a s i l y  e ro d e d  r o c k .  S tream s i n  O lig o ce n e  t im e  may have 
fo l lo w e d  th e  l in e a m e n t  f o r  th e  same r e a s o n .
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A n o th e r  p o s s i b i l i t y  i s  t h a t  th e  c h a n n e l s  i n  th e  W hite R iv e r  F o rm a t io n  
n e v e r  e ro d e d  a l l  t h e  way th ro u g h  th e  W asatch to  r e a c h  th e  L ance . I n s t e a d ,  
u r a n iu m -b e a r in g  w a te r s  i n  t h e s e  c h a n n e l s  c u t  i n t o  th e  W asa tch , i n f i l t r a t i n g  
down to  t h e  Lance v i a  p e rm eab le  sand beds  i n  th e  W asatch i t s e l f .  T h is  p r o c e s s  
a p p e a r s  r e a s o n a b le  s i n c e  th e  W asatch  s e d im e n ts  a r e  o f t e n  sandy n e a r  th e  f r o n t  
o f  th e  B igho rn  M o u n ta in s .

E v idence  t h a t  Uranium  Moved from  S ource  to  H ost

A l t e r a t i o n . A l t e r a t i o n  f e a t u r e s  s e e n  i n  o u t c r o p s  o f  s a n d s to n e  a r e  th e  
most im p o r ta n t  v i s i b l e  e v id e n c e  s u p p o r t i n g  th e  f a v o r a b i l i t y  o f  t h e  Lance in  
A rea  E ( F i g .  4 ) .  E v id en ce  t h a t  g round w a te r s  have a l t e r e d  th e  Lance sands  
i n c l u d e s  s o l u t i o n  b a n d in g  and s t a i n i n g  o f  t h e  o r i g i n a l l y  g ra y  s a n d s to n e  to  
p a s t e l  sh a d es  o f  p in k ,  r e d ,  and p u r p l e .  The s o l u t i o n  bands  show a s h a rp  
c o n t a c t  be tw een  s h a d e s  o f  g r a y i s h  to  y e l lo w -b ro w n  s a n d s to n e  on one s id e  
( u n a l t e r e d ? )  and p in k  and p u r p l i s h  s a n d s to n e  on th e  o t h e r  ( a l t e r e d ? ) .  N orth  
and s o u th  of Area E, no a l t e r a t i o n  f e a t u r e s  w ere o b s e rv e d  i n  o u t c r o p s  o f  Lance 
s a n d s t o n e .

The a l t e r a t i o n  f e a t u r e s  s e e n  i n  th e  Lance a t  D ay ton  c o u ld  be th e  r e s u l t  
o f  o x y g e n a te d  w a te r s  from t h e  W hite R iv e r  c h a n n e l s  i n v a d in g  th e  p r e v i o u s ly  
red u c e d  sands  o f  th e  L a n c e .  The o x y g e n a te d  w a t e r s ,  o x i d i z i n g  p y r i t e  to  
l i m o n i t e  and h e m a t i t e ,  p roduced  t h e  a l t e r a t i o n  c o l o r s  s e e n  i n  t h e  o u t c r o p s .  
M ig r a t io n  o f  th e  o x i d i z i n g  w a te r s  i n t o  th e  red u c e d  san d s  may have p roduced  
r o l l  f r o n t s  dow ndip .

T ra c e  E le m e n ts . Uranium m i n e r a l i z a t i o n  was n o t  o b s e rv e d  i n  th e  Lance 
s a n d s to n e s  i n  A rea E, and sam p les  o f  a l t e r e d  s a n d s to n e  d id  n o t  c o n t a i n  
anom alous am ounts  o f  u ran ium  o r  o t h e r  e le m e n ts  ( s a m p le s  MLK 135, 136, App. B ) . 
However, a sam ple  o f  s h a l e  (MLK 137) t a k e n  im m e d ia te ly  below  t h e  a l t e r e d  sand 
c o n ta in e d  9 ppm UgOg, w hich  i s  two to  t h r e e  t im e s  background  f o r  s h a l e  
(L e v in s o n ,  1 9 7 4 ) .  Sample MLK 137 a l s o  c o n ta i n e d  5.46% o r g a n ic  c a rb o n ,  
s u g g e s t in g  t h a t  o r g a n ic  m a t e r i a l  may have a d so rb e d  th e  u ran iu m . The anom alous 
amounts of u ran ium  i n  th e  s h a l e  a d j a c e n t  to  a l t e r e d  sand  may be lim b 
m i n e r a l i z a t i o n .

Sample MLK 137 a l s o  c o n ta in e d  38 ppm s e le n iu m ,  t h e  h i g h e s t  s e le n iu m  
c o n te n t  o f  any sam ple  t a k e n  i n  t h e  S h e r id a n  Q u a d ra n g le ,  and 28 ppm a r s e n i c ,  
tw ic e  background  f o r  t h a t  e le m e n t .  At o c c u r r e n c e  30 i n  t h e  A rm into  Q uad rang le  
(Damp and Brown, 1 9 8 0 ,)  h ig h  s e le n iu m  c o n t e n t  (68  ppm i n  sam ple MJG 136) was 
a s s o c i a t e d  w i t h  u ran ium  m i n e r a l i z a t i o n  i n  a  Lance s a n d s t o n e .  Selen ium  was 
a l s o  c o n c e n t r a t e d  w i th  u ran ium  i n  th e  Pumpkin B u t t e s  a r e a  j u s t  o u t s i d e  th e  
s o u t h e a s t  c o r n e r  of th e  S h e r id a n  Q u ad ran g le  (S h a rp  and o t h e r s ,  1 9 6 4 ) ,  and in  
th e  I r i g a r a y  d e p o s i t  w es t  o f  Pumpkin B u t t e s  (N oyes , 1 9 7 8 ) .  Data  from Harshman 
(1974 )  showed t h a t  b o th  s e le n iu m  and a r s e n i c  a r e  a s s o c i a t e d  w i th  r o l l - f r o n t  
d e p o s i t s  i n  t h e  Gas H i l l s  and S h i r l e y  B a s in  i n  Wyoming a s  w e l l  a s  i n  Texas and 
th e  B la c k  H i l l s .  These d a t a  s u g g e s t  t h a t  th e  anom alous s e le n iu m  and a r s e n i c  
c o n te n t  i n  MLK 137 may be i n d i c a t i v e  o f  s i g n i f i c a n t  u ran ium  i n  t h e  Lance 
F o rm a t io n  i n  A rea  E.
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A e r i a l  R a d io m e t r i c  A n o m a l ie s . The a r e a  o f  a l t e r e d  Lance sand s o u th e a s t  
o f  Dayton ( F i g .  4 )  a p p e a r s  to  be t h e  s o u rc e  o f  an  a e r i a l  r a d i o m e t r i c  anomaly 
( g e o M e t r i c s ,  1 9 7 9 ) .  T h is  a r e a  was c l o s e l y  f i e l d  c h e c k e d ,  how ever ,  and no 
s o u rc e  o f  anom alous r a d i o a c t i v i t y  was fo und .

M i n e r a l i z a t i o n  E lsew h e re  i n  L a n c e . The p o s s i b i l i t y  t h a t  u ran ium  r o l l  
f r o n t s  may e x i s t  i n  t h e  Lance a t  Dayton i s  s u p p o r t e d  by th e  e x i s t e n c e  o f  
u ran ium  i n  th e  Lance e l s e w h e r e  a lo n g  th e  m arg in s  o f  t h e  Powder R iv e r  B a s in .  
The Lance i s  m i n e r a l i z e d  i n  t h e  P in e  Ridge a r e a  n e a r  M idw est, Wyoming (Damp 
and Brown, 1 9 8 0 ) .  R o l l  f r o n t s  a l s o  o c c u r  i n  t h e  Lance on th e  e a s t  f l a n k  o f  
th e  b a s i n  i n  t h e  M o o rc ro f t  a r e a .  Both  o f  t h e s e  a r e a s  a r e  i n  s t r u c t u r a l  
s e t t i n g s  s i m i l a r  to  t h a t  o f  A rea  E.

P r e c i p i t a n t s

The Lance F o rm a t io n  was d e p o s i t e d  unde r  r e d u c in g  c o n d i t i o n s  and c o n t a i n s  
c a rb o n a c e o u s  m a t e r i a l  and p y r i t e  i n  t h e  s a n d s t o n e s .  D e s t r u c t i o n  o f  p y r i t e  by 
th e  i n v a s i o n  o f  o x y g e n a te d  g round w a te r  would r e l e a s e  HS~, w hich i s  an 
e x c e l l e n t  r e d u c t a n t  f o r  any u ran ium  c o n ta in e d  i n  th e  w a te r  (G ra n g e r  and 
W arren, 1 978 ) .

Geography and Land S t a t u s

The la n d  i n  A rea  E i s  im m e d ia te ly  a d j a c e n t  to  t h e  town o f  D ayton  (p o p .  
400) and c o n t a i n s  numerous h o u se s  and r a n c h e s .  The Tongue R iv e r  f low s  th ro u g h  
th e  c e n t e r  o f  t h e  a r e a .  A l l  of t h e  la n d  i s  p r i v a t e l y  owned.

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

I n  th e  S h e r id a n  Q u a d ra n g le ,  u n f a v o r a b le  e n v iro n m e n ts  i n c l u d e  a l l  
P re c a m b r ia n ,  C am brian , O r d o v ic ia n ,  P e rm ian ,  T r i a s s i c ,  and M idd le  J u r a s s i c  
r o c k s ;  t h e  T h e rm o p o l is ,  Mowry, Cody, M e e te e t s e ,  and Bearpaw F o rm a t io n s ;  t h e  
Sundance, M o rr iso n ,  F r o n t i e r ,  M esaverde ,  L ance , F o r t  U nion , and Willwood 
F o rm a t io n s  o f  t h e  B ig h o rn  B a s in ;  t h e  W asatch  F o rm a t io n ,  e x c lu d in g  A reas  A and 
D; and a l l  O l ig o c e n e  and Miocene r o c k s .

PRECAMBRIAN ROCKS

The P re c a m b r ia n  ro c k s  o f  t h e  S h e r id a n  Q u ad ran g le  a r e  c o n s id e r e d  
u n f a v o r a b le  f o r  u ran ium  d e p o s i t s  f o r  t h e  f o l l o w in g  r e a s o n s :

•  They have  low ®^Sr/®^Sr r a t i o s ,  i n d i c a t i n g  o n ly  s l i g h t ,  i f  a n y ,  
c o n ta m in a t io n  o f  m a n t le  m a t e r i a l  by c r u s t a l  r o c k s .

They a r e  p e ra lu m in o u s  and c a l c - a l k a l i c .

They may n o t  be ig n e o u s  b u t  r a t h e r  t h e  p r o d u c t  o f  p e r v a s i v e  p o ta s h  
m etasom atism . I f  t h i s  i s  t h e  c a s e ,  t h e n  u ran ium  e n r ic h m e n t  was n o t  
found to  be a s s o c i a t e d  w i t h  t h e  m eta som atism .

42



•  The o n ly  u ran ium  a n o m a l ie s  found w ere  a s s o c i a t e d  w i th  d i s c r e t e  g r a i n s  
o f  a l l a n i t e ,  t h o r i u m - s i l i c o n - p h o s p h a t e  m i n e r a l s ,  m o n a z i te ,  o r  a s  
p r im a ry  u ran ium  s i l i c a t e s  i n  p e g m a t i t e s .  T here  i s  no e v id e n c e  to  
i n d i c a t e  a n y th in g  more th a n  l o c a l i z e d  uranium  e n r i c h m e n t .

Rock Types

The A rchean  c r y s t a l l i n e  ro c k s  of t h e  S h e r id a n  Q u a d ra n g le  c ro p  o u t  o v e r  an 
a r e a  o f  ab o u t  2900 km^ a lo n g  t h e  a x i a l  c r e s t  o f  t h e  B ig h o rn  M o u n ta in s .  The 
m ajo r  ro c k  t y p e s  i n c l u d e  q x i a r t z o f e ld s p a th i c  g n e i s s ;  g r a n i t i c  ro c k s  i n c l u d in g  
g r a n i t e ,  q u a r t z  m o n z o n i te ,  q u a r t z  d i o r i t e ,  t o n a l i t e ,  t r o n d h j e m i t e , and 
g r a n o d i o r i t e ;  a m p h i b o l i t e s  and d i a b a s e  d i k e s ;  a g m a t i t e ;  and p e g m a t i t e  d i k e s .

The g r a n i t i c  ro c k s  p re d o m in a te  i n  th e  n o r t h e r n  h a l f  o f  t h e  P re c a m b ria n  
complex w h i le  g n e i s s e s  a r e  m ost ab u n d an t  i n  t h e  s o u th e r n  h a l f .  A g m a ti te s  a r e  
m o s t ly  c o n c e n t r a t e d  be tw een  th e  two zones  ( H e im l ic h ,  1 9 6 9 ) .  The r e m a in in g  
ro c k  ty p e s  a r e  s c a t t e r e d  t h r o u g h o u t .

G n e i s s . G n e i s s e s  a r e  q u a r t z o f e l d s p a t h i c , g r a y ,  f i n e  to  c o a r s e  g r a i n e d ,  
e q u i g r a n u l a r , and c o m p o s i t i o n a l l y  l a y e r e d .  They have  b e e n  d a te d  a t  3 b . y .  
( A r th  and o t h e r s ,  1 9 8 0 ) .  O s te rw a ld  (1 9 5 9 )  r e p o r t s  t h e y  a v e ra g e  20% b i o t i t e  
p lu s  h o r n b le n d e  and 80% f e l d s p a r  and q u a r t z .  These  r o c k s  have  been  
m etamorphosed to  th e  a lm a n d in e - a m p h ib o l i t e  f a c i e s ,  s t a u r o l i t e - q u a r t z  s u b f a c i e s  
(H e im l ic h ,  1 9 6 9 ) .  L o c a l l y ,  augen  g n e i s s  i s  found c o n t a i n i n g  m ic r o c l in e  and 
p l a g i o c l a s e  p o r p h y r o b l a s t s . A s s o c ia t e d  w i t h  t h e  q u a r t z o f e l d s p a t h i c  g n e i s s  a r e  
a r a p h i b o l i t e ,  h o r n b l e n d e - b i o t i t e  s c h i s t ,  m u s c o v i te  s c h i s t  (H e im l ic h ,  1 969 ) ,  
a n d ,  i n  th e  ex tre m e  s o u th ,  m a r b l e ,  c a l c - s i l i c a t e s  and i r o n  f o r m a t io n  
( P a lm q u i s t ,  1967; S a r g e n t ,  1 9 6 0 ) .

O s te rw a ld  ( 1 9 5 9 ) ,  n o t i n g  t h e  f r a g m e n ta l  t e x t u r e  o f  t h e  g n e i s s  and 
com paring  c h e m ica l  a n a l y s e s ,  s u g g e s t s  th e  g n e i s s e s  were o r i g i n a l l y  
p y r o c l a s t i c s . H e im l ic h  (1971)  i n c l u d e s  f e l s i c ,  p l u t o n i c  ig n e o u s  r o c k s ,  t h e i r  
v o l c a n i c  e q u i v a l e n t s ,  o r  g rayw ackes  a s  l i k e y  p a r e n t  r o c k s .  T ro n d h je m ite  
g n e i s s e s  o f  t h e  Lake H e len  7 1 / 2 '  q u a d ra n g le  a r e  c o n s id e r e d  to  be i n t r u s i v e  i n  
o r i g i n ,  b ased  upon th e  o v e r a l l  hom ogeneity  o f  m a jo r  e le m e n ts  (B a rk e r  and 
o t h e r s ,  1 9 7 9 ) .  They w ere i n t r u d e d  s y n k i n e m a t i c a l l y  and m etam orphosed to  t h e  
u p p e r  a m p h ib o l i t e  f a c i e s .  The g n e i s s  c o n t a i n s  p l a g i o c l a s e ,  q u a r t z ,  b i o t i t e ,  
m i c r o c l i n e ,  h o r n b le n d e ,  and i r o n - t i t a n i u m  o x id e s  and m u s c o v i te  a s  a c c e s s o r y  
m i n e r a l s .  W ith in  th e  t r o n d h j e m i t e  g n e i s s  a r e  q u a r t z - m i c r o c l i n e - a l b i t e  
p e g m a t i t e  b o d ie s  i n t e r p r e t e d  by A r th  and o t h e r s  (1980) a s  h a v in g  been  formed 
by p a r t i a l  m e l t i n g  o f  t h e  t r o n d h j e m i t e  g n e i s s .  The t r o n d h j e m i t e  g n e i s s  h a s  an 
i n i t i a l  ®^Sr/®^Sr o f  0 .7001  + 0 .0 0 0 1 .  T h is  s u g g e s t s  t h a t  i t  o r i g i n a t e d  
from a m af ic  s o u r c e ,  t h e  magmas o f  w hich had no s i g n i f i c a n t  c r u s t a l  h i s t o r y  
(A r th  and o t h e r s ,  1 9 8 0 ) .

H e im lic h  (1969)  sum m arized t h a t  g n e i s s e s  o f  t h e  s o u th e r n  t e r r a n e  a v e ra g e  
abou t  54.6% p l a g i o c l a s e ,  2.8% m i c r o c l i n e ,  32.8% q u a r t z ,  8.0% b i o t i t e ,  0.1% 
h o r n b le n d e ,  0.5% opaque a c c e s s o r i e s  and 1.2% nonopaque a c c e s s o r i e s .
A c c e s s o r i e s  i n c l u d e  a p a t i t e ,  e p i d o t e ,  a l l a n i t e ,  z i r c o n ,  s p h e n e ,  m a g n e t i t e ,  
p y r i t e ,  and m u s c o v i te .
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G r a n i t i c  R o c k s . G r a n i t i c  ro c k s  p re d o m in a te  i n  th e  n o r t h e r n  t e r r a n e  and 
v a ry  g r e a t l y  i n  c o m p o s i t io n  and g r a i n  s i z e .  B a rk e r  and o t h e r s  (1979) d e s c r i b e  
i n t r u s i v e  ro c k s  i n  th e  Lake H e len  a r e a  a s  b e in g  younge r  th a n  th e  t r o n d h j e m i t i c  
g n e i s s ,  s y n k in e m a t i c , c a l c - a l k a l i c  and p e ra lu m in o u s ,  w i th  an  i n i t i a l  
° ^ S r / ^ ° S r  o f  0 .7 0 1 5 .  These r o c k s  may have been  d e r i v e d  from th e  m a n t le  o r  
by r e m e l t i n g  o f  o l d e r  g n e i s s e s .  They a r e  d a te d  a t  2 .8  b . y .  These i n t r u s i v e  
ro c k s  i n  th e  Lake H e len  a r e a  i n c l u d e  h o r n b l e n d e - b i o t i t e  q u a r t z  d i o r i t e ,  
b i o t i t e  t o n a l i t e ,  b i o t i t e  g r a n o d i o r i t e ,  t r o n d h j e m i t e ,  and b i o t i t e  g r a n i t e  
(A r th  and o t h e r s ,  1 9 8 0 ) .  They a r e  w e l l  f o l i a t e d .

H e im lic h  (1971 )  h a s  mapped q u a r t z  d i o r i t e s  and q u a r t z  m o n z o n i te s  i n  th e  
n o r th e r n  h a l f  o f  t h e  P re ca m b ria n  t e r r a n e .  These ro c k s  a r e  medium to  c o a r s e  
g r a i n e d ,  l o c a l l y  v e r y  c o a r s e  g r a i n e d ,  e q u i g r a n u l a r ,  and m a s s iv e ,  b u t  l o c a l l y  
w e l l  f o l i a t e d .  They a r e  p e ra lu m in o u s ,  d i f f e r i n g  c h i e f l y  i n  t h e i r  r e l a t i v e  
am ounts o f  m i c r o c l i n e  (H e im l ic h ,  1 9 6 9 ) .  Both r o c k  t y p e s  c o n t a i n  p l a g i o c l a s e ,  
q u a r t z ,  m i c r o c l i n e ,  and b i o t i t e ;  a c c e s s o r y  m in e r a l s  i n c l u d e  m a g n e t i t e ,  
i l m e n i t e ,  a p a t i t e ,  a l l a n i t e ,  z i r c o n ,  s p h e n e ,  e p i d o t e ,  h o r n b le n d e ,  m o n a z i te ,  
m yrm ek ite ,  c a l c i t e ,  and c h l o r i t e .  Both t y p e s  c o n t a i n  two g e n e r a t i o n s  of 
p l a g i o c l a s e :  a n  o l d e r ,  a l t e r e d  a n d e s in e  and a  y o u n g e r ,  f r e s h  o l i g o c l a s e .
F re sh  m ic r o c l i n e  o c c u r s  a s  i n t e r s t i t i a l  g r a i n s  and g r a n u l a r  a g g r e g a te s  
(H e im l ic h ,  1 9 6 9 ) .  H e im lich  (1 969 , 1971) i n t e r p r e t s  t h e s e  g r a n i t i c  ro c k s  a s  
h av in g  been formed by p o ta s h  m etasom atism  o f  o r i g i n a l  q u a r t z o f e l d s p a t h i c  
g n e i s s ,  a k in  to  th e  g n e i s s  d e s c r i b e d  f o r  t h e  s o u th e r n  t e r r a n e .  O s te rw a ld  
(1955) f i r s t  p ro p o sed  t h i s  o r i g i n .  He c i t e d  t e x t u r a l  r e l a t i o n s h i p s  a s  
i n d i c a t o r s  t h a t  p o ta s s iu m  f e l d s p a r  r e p l a c e d  p l a g i o c l a s e  and q u a r t z  r e p l a c e d  
b o th  p l a g i o c l a s e  and p o ta s s iu m  f e l d s p a r .  F e r t h i t i c  and m y rm e k it ic  
i n t e r g r o w t h s  s u p p o r t  t h i s  r e p la c e m e n t  p r o c e s s .  O s te rw a ld  (1955 )  summarized 
t h a t  m e ta so m a tic  ch an g es  in v o lv e d  a d d i t i o n  o f  K2O, Na2 0 , and S i0 2 > t h e  
l o s s  o f  FeO, MgO, and MnO, w i t h  CaO and AI2O3 r e m a in in g  c o n s t a n t .  He a l s o  
n o te d  t h a t  o x i d a t i o n  o f  Fe"*"̂  to  Fe"^^ was an  a s s o c i a t e d  p r o c e s s .  H e im lic h  
(1969 )  s t a t e s  t h a t  s e r i c i t i z a t i o n ,  c h l o r i t i z a t i o n ,  and th e  f o r m a t io n  of 
l e u c o x e n e  s u g g e s t  t h a t  p o t a s h - b e a r i n g  f l u i d s  moved th ro u g h  t h e  r o c k s .

A g m a t i t e . A gm a ti te  c o n s i s t s  o f  a n g u la r  b lo c k s  o f  g n e i s s i c  ro c k  e n c lo s e d  
w i t h i n  g ra y  g r a n i t i c  o r  p e g m a t i t i c  m a t r ix .  The e n c lo s e d  b lo c k s  c o n s t i t u t e  10% 
t o  70% of  t h e  a g m a t i t e  and i n d i v i d u a l l y  r a n g e  from 5 cm (2 i n . )  to  2 m (6  f t )  
i n  d i a m e te r  ( H e im l ic h ,  1 9 6 9 ) .  H e im lic h  (1969) n o t e s  t h a t  b o th  ro c k  ty p e s  
c o n t a i n  p l a g i o c l a s e ,  q u a r t z ,  h o r n b le n d e ,  b i o t i t e  and m inor  m a g n e t i t e ,  a p a t i t e ,  
z i r c o n ,  e p i d o t e ,  c a l c i t e ,  c h l o r i t e ,  and m i c r o c l i n e .  R e c o n n a is s a n c e  mapping by 
H e im lich  (1 9 7 1 )  shows t h r e e  l a r g e  a g m a t i t e  b o d ie s  i n  t h e  c e n t e r  o f  th e  
P re ca m b ria n  t e r r a n e  i n t e r m e d i a t e  be tw een  t h e  n o r t h e r n  g r a n i t i c  t e r r a n e  and th e  
s o u th e r n  g n e i s s i c  t e r r a n e .

H e im lich  (1 9 6 9 )  i n t e r p r e t s  t h e  a g m a t i t e  a s  an  i n t e r m e d i a t e  zone i n  th e  
p r o g r e s s io n  n o r th w a rd  from g n e i s s  to  a g m a t i t e  to  q u a r t z  d i o r i t e  to  q u a r t z  
m o n z o n i te .  T h is  se q u en c e  i s  th o u g h t  to  r e s u l t  from p r o g r e s s i v e l y  g r e a t e r  
d e g re e s  o f  m e tasom atism  n o r th w a rd .

P e g m a t i t e  and A p l i t e  D i k e s . P e g m a t i t e  d i k e s ,  u s u a l l y  c o n s t i t u t i n g  a 
v o l u m e t r i c a l l y  m ino r  r o c k  t y p e ,  a r e  a  dom inan t  type  i n  t h e  Geneva P a s s  a r e a ,  
a s  w e l l  a s  on th e  w est s i d e  o f  Bomber M oun ta in .  As d e s c r i b e d  by K i i l s g a a r d  
and o t h e r s  (1 9 7 2 ,  p .  C13):
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P e g m a t i t e  and a p l i t e  d i k e s  i n t r u d e  b o th  g n e i s s i c  and g r a n i t i c  ro c k s  i n  
th e  B ig h o rn  Range. T a b u la r  to  l e n t i c u l a r  b o d ie s  of p e g m a t i t e  a r e  
c o n c o rd a n t  to  g n e i s s i c  l a y e r i n g  a t  some l o c a l i t i e s ;  e l s e w h e r e ,  th e y  c u t  
th e  l a y e r i n g  and th e  f o l i a t i o n .  The p e g m a t i t e s  r a n g e  in  t h i c k n e s s  from 
l e s s  th a n  an in c h  to  s e v e r a l  f e e t .  S t r i k e  l e n g t h  o f  th e  d i k e s  v a r i e s  
w id e ly ,  b u t  n o rm a l ly  i t  i s  l e s s  th a n  100 f e e t .  In  some p l a c e s ,  a s  on th e  
w e s t  s i d e  o f  Bomber M o u n ta in ,  p e g m a t i t e  d i k e s  a r e  c l u s t e r e d  in  a  swarm 
l a r g e  c r y s t a l  o f  b e r y l  b u t  no b e r y l  was se en  i n  p l a c e .  W hite 
f i n e - g r a i n e d  a p l i t e  d i k e s  r a m i fy  g n e i s s i c  and g r a n i t i c  ro c k s  and c u t  
p e g m a t i t e s .

Q u a r t z - m i c r o c l i n e - a l b i t e  p e g m a t i t e s  w i t h i n  t h e  3 - b . y . - o l d  t r o n d h j e m i t e  
g n e i s s  o f  th e  Lake H e len  a r e a  a r e  i n t e r p r e t e d  by B a rk e r  and o t h e r s  (1979 )  a s  
b e in g  th e  p ro d u c t  o f  p a r t i a l  m e l t i n g  o f  t h e  g n e i s s .  They b o th  t r a n s e c t ,  ace  
c o n fo rm ab le  w i th  b a n d in g ,  and make up 5% to  10% of  th e  t o t a l  r o c k  vo lum e.

O s te rw a ld  (1 9 5 5 )  t h i n k s  t h a t  t h e  p e g m a t i t e s  w ere  formed by r e p l a c e m e n t ,  
due to  l a t e r a l  d i f f u s i o n  o f  m a t e r i a l  i n t o  p l a c e s  o f  lo w e r  m e c h a n ic a l  p r e s s u r e .  
He n o te s  t h a t  some p e g m a t i t e s  a r e  n a rro w  b o r d e r  p h a s e s  o f  a p l i t e s  o r  form 
l o c a l  l e n s e s  w i t h in  a p l i t e s .  A lth o u g h  b o th  ty p e s  c r o s s c u t  e a ch  o t h e r ,  most 
commonly p e g m a t i t e s  c u t  and o f f s e t  a p l i t e s .  O s te rw a ld  (1 9 5 5 )  o b s e rv e d  t h a t  
p e g m a t i t e  and a p l i t e  d i k e s  a r e  m ost a b u n d a n t  n e a r  th e  m arg in  o f  t h e  n o r th e r n  
g r a n i t e  m ass .  We found t h i s  to  be t r u e  from l i m i t e d  f i e l d  r e c o n n a i s s a n c e  in  
th e  Geneva P a ss  a r e a .  O s te rw a ld  (1955) f u r t h e r  p o i n t s  o u t  t h a t  many d i k e s  a r e  
s u b h o r i z o n t a l  and p ro b a b ly  formed a lo n g  s u b h o r i z o n t a l  f r a c t u r e s  r e l a t e d  to  
l a t e - s t a g e  c o o l i n g  o f  t h e  g r a n i t e .

R easons f o r  U n f a v o r a b i l i t y

Only d a t a  o f  a r e c o n n a i s s a n c e  n a t u r e  a r e  a v a i l a b l e  f o r  th e  A rchean  ro ck s  
o f  t h e  B igho rn  M o u n ta in s ,  and c o n c lu s i o n s  r e a c h e d  by d i f f e r e n t  w o rk e rs  a r e  i n  
c o n f l i c t .  R e g io n a l  s t u d i e s  by H e im lic h  (1 969 , 1971) and O s te rw a ld  (1955 )  
s u g g e s t  t h a t  t h e  g n e i s s i c  t e r r a n e  was formed by m etamorphism  o f  p r e - e x i s t i n g  
s e d im e n ta r y ,  v o l c a n i c ,  o r  ig n e o u s  ro c k s  and t h a t  some o f  t h e s e  g n e i s s e s  were 
a l t e r e d  to  g r a n i t i c  r o c k s  by p o ta s h  m eta so m atism . D e t a i l e d  work i n  a 
r e l a t i v e l y  s m a l l  a r e a ,  ho w ev er ,  i n d i c a t e s  t h a t  g r a n i t i c  ro c k s  a s  w e l l  a s  
g n e i s s e s  a r e  i n t r u s i v e  i n  o r i g i n  ( A r th  and o t h e r s ,  1980; B a rk e r  and o t h e r s ,
1 9 7 9 ) .

I f  th e  i n t r u s i v e  o r i g i n  i s  a c c e p te d  and a p p l i e d  to  th e  e n t i r e  A rchean  
t e r r a n e ,  u ran ium  u n f a v o r a b i l i t y  o f  t h e  g r a n i t e s  and g n e i s s e s  i s  p roposed  on 
th e  f o l lo w in g  g ro u n d s :

•  They a r e  c a l c - a l k a l i c  and p e r a lu m in o u s .

They have v e r y  low i n i t i a l  ® ^ S r /^ ^ S r ,  i n d i c a t i n g  o n ly  a s m a l l  
amount o f  r e m e l t i n g  o r  c o n ta m in a t io n  by c r u s t a l  r o c k s .

I f  t h e  m e ta s o m a tic  o r i g i n  i s  a c c e p t e d ,  u ran ium  u n f a v o r a b i l i t y  i s  l i k e w i s e  
p ro p o s e d .  No e v id e n c e  was found  to  show t h a t  th e  g n e i s s e s  w ere  u r a n i f e r o u s  o r  
t h a t  u ran ium  was i n t r o d u c e d  o r  m o b i l iz e d  w i th  p o ta s s iu m  d u r in g  m e tasom atism . 
Our v e ry  l i m i t e d  f i e l d  work shows t h a t  l o c a l i z e d  u ran ium  e n r ic h m e n ts  a r e
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a s s o c i a t e d  w i t h  e i t h e r  r e s i s t a t e  m in e r a l s  i n  ro c k s  r a n g in g  from d i o r i t e  to  
g r a n i t e  o r  w i th  p e g m a t i t e s  (Uranium O c c u r re n c e  R e p o r ts  14 and 20 , App. C). No 
e v id e n c e  i n d i c a t e s  t h a t  th e  r e s i s t a t e  m in e r a l s  w ere  c r y s t a l l i z e d  d u r in g  
m etasom atism . H e im lic h  and Banks ( 1 9 6 8 ) ,  in  f a c t ,  u sed  z i r c o n  m orphology t o  
show t h a t  q u a r t z  m o n zo n i te  o f  th e  n o r t h e r n  P re c a m b r ia n  t e r r a n e  was 
nonm agm atic. At t h e  ex trem e  s o u th e r n  end o f  t h e  A rchean t e r r a n e ,  i n  t h e  Horn 
a r e a ,  a l l a n i t e  d e p o s i t s  a r e  found i n  c a l c - s i l i c a t e  r o c k s .  These w ere p ro b a b ly  
formed i n  s i t u  by r e g i o n a l  m etam orphism  o f  im pure a r g i l l a c e o u s  d o lo m i te  
( S a r g e n t ,  1 960 ) .

GROS VENTRE FORMATION, GALLATIN LIMESTONE, AND BIGHORN DOLOMITE

Shale  and c a r b o n a te  u n i t s  o f  t h e  Gros V e n t r e ,  G a l l a t i n ,  and B igho rn  
F o rm a t io n s  a r e  u n f a v o r a b le  f o r  u ran ium  d e p o s i t s  b e c a u se  th e y  l a c k  
p e r m e a b i l i t y .  C ong lom era te  beds  i n  t h e  Cam brian u n i t s  a r e  cem ented  w i th  
c a l c i t e .  Uranium o c c u r r e n c e s  a r e  n o t  known i n  t h e s e  f o rm a t io n s  i n  th e  
S h e r id a n  Q u a d ra n g le .  A d d i t i o n a l l y ,  K i i l s g a a r d  and o t h e r s  (1972)  and 
S ege rs trom  and o t h e r s  (1 9 7 6 )  s t u d i e d  t h e s e  u n i t s  i n  and a d j a c e n t  to  th e  Cloud 
Peak P r i m i t i v e  a r e a  ( P I .  15) and f a i l e d  to  f i n d  e v id e n c e  o f  uran ium  p o t e n t i a l .

FLATHEAD SANDSTONE

The F l a th e a d  S an d s to n e  i s  u n f a v o r a b le  b e c a u s e  i t  l a c k s  p e r m e a b i l i t y  and 
r e d u c t a n t s .  I t  i s  composed o f  5 m t o  15 m o f  sand and c o n g lo m e ra te  d e p o s i t e d  
i n  b e a c h ,  t i d a l  f l a t ,  and f l u v i a l  e n v i r o n m e n ts .  Sands a r e  w e l l  l i t h i f i e d ,  
h i g h ly  s i l i c a  c e m e n te d ,  h i g h l y  h e m a t i t e  and l i m o n i t e  s t a i n e d ,  and l a c k  
c a rb o n a c e o u s  m a t e r i a l .  The abundance  o f  p u r p le  and red  band ing  i n  th e  
F l a th e a d  s u g g e s t s  d e p o s i t i o n  under  o x i d i z i n g  c o n d i t i o n s  o r  p e r v a s i v e  
o x i d a t i o n .

T h o r iu m -b e a r in g  s a n d s to n e s  o f  t h e  b a s a l  F l a th e a d  a r e  w id e s p re a d ,  and two 
su ch  s a n d s to n e s  o c c u r  i n  t h e  S h e r id a n  Q u a d ra n g le .  These i n c l u d e  a th o r iu m  
o c c u r r e n c e  a t  MLK 47 ( P I .  5a ;  App. B ) , a s  w e l l  a s  t h e 'B a l d  M oun ta in  m o n az i te  
d e p o s i t  i n  T. 56 N .,  R. 91 W. The l a t t e r  c o n t a i n s  i l m e n i t e ,  m o n a z i te ,  
m a g n e t i t e ,  and z i r c o n  c o n c e n t r a t e d  a s  a 1 -  to  3-m- ( 2 . 5 -  to  I D - f t - )  t h i c k  
p l a c e r  r e s t i n g  unco n fo rm ab ly  on P re c a m b ria n  r o c k s  (W ilso n ,  1 9 6 0 ) .  O ccu rrence  
X3 ( P I .  2 )  was n o t  fo u n d ,  b u t  i s  r e p o r t e d  to  c o n t a i n  p i t c h b l e n d e  
m iner  a l i  za t  i o n .

PHOSPHORIA, GOOSE EGG, CHUGWATER, AND GYPSUM SPRING FORMATIONS

The P erm ian  P h o s p h o r ia  and Goose Egg a r e  t i m e - e q u i v a l e n t  f o r m a t i o n s .  The 
P h o s p h o r ia ,  c o n s i s t i n g  o f  l i m e s t o n e s ,  r e d  s h a l e s ,  and s i l t s t o n e s ,  was 
d e p o s i t e d  u n d e r  s h a l lo w - m a r in e  to  m a r g in a l - m a r in e  c o n d i t i o n s ;  i t  i s  p r e s e n t  i n  
t h e  ex trem e w e s te r n  p a r t  o f  t h e  S h e r id a n  Q u a d ra n g le .  The P h o s p h o r ia  g ra d e s  
e a s tw a rd  i n t o  th e  Goose Egg, w hich  c o n s i s t s  o f  r e d  s h a l e s ,  s i l t s t o n e s ,  and 
e v a p o r i t e s  d e p o s i t e d  a t  o r  s l i g h t l y  below  s e a  l e v e l .  S im i la r  r e d b e d s  and 
e v a p o r i t e s  w ere d e p o s i t e d  i n  T r i a s s i c  and J u r a s s i c  t im e  i n  th e  Chugw ater and 
Gypsum S p r in g  F o rm a t io n s .  A l l  o f  t h e  above f o rm a t io n s  a r e  c o n s id e r e d  
u n f a v o r a b le  f o r  u ran ium  d e p o s i t s  f o r  two r e a s o n s .  F i r s t ,  t h e s e  f o rm a t io n s
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c o n t a i n  l a r g e  amounts o f  r e l a t i v e l y  im perm eab le  s h a l e  and l a c k  s u i t a b l e  h o s t  
s a n d s t o n e s .  S eco n d ly ,  t h e  ro c k s  were d e p o s i t e d  unde r  d o m in a te ly  o x i d i z in g  
c o n d i t i o n s  and do n o t  c o n t a i n  r e d u c t a n t s  r e q u i r e d  f o r  t h e  p r e c i p i t a t i o n  of 
u ran ium .

The P h o s p h o r ia  F o rm a t io n  i s  known to  c o n t a i n  u ran ium  i n  p h o s p h a t i c  s h a l e  
beds  f a r  to  th e  w es t  i n  Idaho  and U ta h .  These p h o s p h a t i c  s h a l e s  a r e  n o t  
p r e s e n t  i n  t h e  S h e r id a n  Q u a d ra n g le .  B ecause  o f  t h i s ,  t h e  P h o s p h o r ia  i s  n o t  
c o n s id e r e d  f a v o r a b le  f o r  p h o s p h o r i t e  u ran ium  d e p o s i t s  ( C l a s s  140, J o n e s ,  1978) 
in  t h e  S h e r id a n  Q u a d ra n g le .

SUNDANCE AND MORRISON FORMATIONS IN THE BIGHORN BASIN

The J u r a s s i c  Sundance and M o rr i so n  F o rm a t io n s  a r e  c o n s id e r e d  u n f a v o r a b le  
f o r  s a n d s t o n e - t y p e  u ran ium  d e p o s i t s  ( C la s s  240) b e c a u s e  t h e y  l a c k  a d e q u a te  
sand deve lopm en t and a r e  i s o l a t e d  from a u ran ium  s o u r c e .  The Sundance , w hich 
was d e p o s i t e d  unde r  s h a l lo w - m a r in e  c o n d i t i o n s ,  c o n s i s t s  o f  g r e e n i s h - g r a y  
s h a l e s ,  l i m e s t o n e s ,  and g l a u c o n i t i c  s a n d s t o n e s .  The s a n d s t o n e s ,  w hich  m o s t ly  
o c c u r  i n  t h e  u p p e r  p a r t  o f  t h e  f o r m a t i o n ,  a r e  o f t e n  s i l t y  and c a l c i t e  cem ented  
and do n o t  have th e  p e r m e a b i l i t y  n e c e s s s a r y  to  t r a n s m i t  t h e  l a r g e  am ounts of 
g round w a te r  r e q u i r e d  f o r  t h e  f o r m a t io n  o f  a  u ran ium  d e p o s i t .  The o v e r l y i n g  
M o rr iso n  F o rm a t io n  was d e p o s i t e d  u n d e r  c o n t i n e n t a l  f l o o d - p l a i n ,  f l u v i a l ,  and 
l a c u s t r i n e  c o n d i t i o n s .  L i t h o l o g i e s  i n  t h e  M o rr iso n  a r e  p r e d o m in a te ly  
g r e e n i s h - g r a y  s h a l e  and c l a y s t o n e ,  w i t h  m ino r  s a n d s t o n e s ,  c a rb o n a c e o u s  s h a l e s ,  
and l i m e s t o n e s .  The s a n d s to n e s  o f  th e  M o rr iso n  a r e  c a l c a r e o u s  and c o n t a i n  
f i n e - g r a i n e d  m a t r ix  m a t e r i a l  t h a t  may i n h i b i t  p e r m e a b i l i t y .  The sands  a r e  
l e n t i c u l a r  and i s o l a t e d  from one a n o t h e r  by im perm eable  s h a l e  b e d s .

P o s s i b l e  u ran ium  s o u rc e s  f o r  t h e  Sundance and M o rr iso n  in c l u d e  t h e  
O l ig o c e n e  W hite R iv e r  F o rm a t io n  and th e  L i t t l e  Sheep M udstone Member o f  th e  
C re ta c e o u s  C lo v e r ly  F o rm a t io n .  The W hite R iv e r  may be r u l e d  o u t  b e c a u se  I t  
was i s o l a t e d  from th e  Sundance and M o rr i so n  by im perm eab le  s e d im e n ts  o f  th e  
o n c e - o v e r ly i n g  Eocene Wagon Bed F o rm a t io n .  Uranium from t h e  L i t t l e  Sheep 
Mudstone Member p r o b a b ly  d id  n o t  p e n e t r a t e  th e  s h a l e  beds  of t h e  M o rr iso n  to 
r e a c h  h o s t  ro c k s  i n  t h e  u p p e r  Sundance. However, e v id e n c e  a t  o c c u r r e n c e  7 
(App. C) i n d i c a t e s  t h a t ,  a t  l e a s t  l o c a l l y ,  u ran ium  m i n e r a l i z a t i o n  o c c u rs  in  
u p p e r  M o rr iso n  s a n d s t o n e s .  B ecause  most o f  th e  M o rr iso n  sa n d s  a r e  i s o l a t e d  
from th e  u ran ium  s o u rc e  o f  t h e  L i t t l e  Sheep M udstone by im perm eab le  b e d s ,  th e y  
a r e  c o n s id e r e d  u n f a v o r a b le  f o r  s a n d s t o n e - t y p e  u ran ium  d e p o s i t s .

THERMOPOLIS, MOWRY, CODY, MEETEETSE, AND BEARPAW FORMATIONS

The C r e ta c e o u s  T h e rm o p o l is ,  Mowry, Cody, and Bearpaw F o rm a t io n s  a r e  
m ar in e  s h a l e  u n i t s  c o n t a i n i n g  few s a n d s t o n e s .  The M e e te e t s e  F o rm a t io n  i s  t h e  
nonm arine  e q u i v a l e n t  o f  th e  Bearpaw F o rm a t io n .  I t  c o n s i s t s  o f  s h a l e ,  s h a ly  
c o a l s ,  and s a n d s t o n e .  A l l  o f  t h e  above f o rm a t io n s  a r e  c o n s id e r e d  u n f a v o r a b le  
f o r  C la s s  240 u ran ium  d e p o s i t s ,  p r i m a r i l y  due to  th e  l a c k  o f  p e r m e a b i l i t y  of 
t h e  s h a l e s  and t h e  i s o l a t e d  n a t u r e  o f  m ost o f  t h e  s a n d s t o n e s .  In  t h e  B igho rn  
B a s in ,  t h e  l a c k  o f  a  s o u r c e  o f  u ran ium  i s  a l s o  an u n f a v o r a b le  f a c t o r .  D e t a i l s  
o f  t h e  l i t h o l o g i e s  and u n f a v o r a b le  c h a r a c t e r i s t i c s  o f  t h e s e  fo rm a t io n s  a r e  
d e s c r i b e d  below .
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The T h e rm o p o l is  s h a l e  c o n s i s t s  p r i m a r i l y  o f  s o f t ,  b l a c k  s h a l e ,  w i th  
numerous t h i n  b e n t o n i t e  b e d s .  The Muddy S ands tone  Member, which o c c u r s  in  th e  
low er  t h i r d  of th e  T h e rm o p o l is ,  i s  a w h i t i s h ,  f i n e -  to  m e d iu m -g ra in e d ,  m ar in e  
s a n d s to n e  t h a t  i s  3 m to  30 m t h i c k .  T h is  sand  i s  s u r ro u n d e d  by t h i c k  
s eq u en ces  o f  im perm eable  s h a l e  and i s  an  u n l i k e l y  h o s t  f o r  s a n d s to n e - ty p e  
uranium d e p o s i t s .

The Mowry i s  h a r d ,  s i l i c e o u s  s h a l e  t h a t  w e a th e r s  to  a d i s t i n c t i v e  
s i l v e r y - g r a y  c o l o r .  I t  a l s o  c o n t a i n s  numerous b e n t o n i t e  b e d s .  One sam ple of 
b e n t o n i t e  from t h e  Mowry c o n ta i n e d  24 ppm U3O8 (MLK 1 5 6 ) ,  b u t  t h e  l a c k  o f  
s a n d s to n e  and th e  i m p e r m e a b i l i t y  o f  th e  s h a l e s  and b e n t o n i t e s  make th e  Mowry 
u n f a v o r a b le  f o r  C la s s  240 u ran ium  d e p o s i t s .

The Cody c o n s i s t s  o f  g r a y  to  b l a c k ,  s o f t ,  f i s s i l e  s h a l e ,  s h a l y  
s a n d s t o n e s ,  and a few t h i n  b e n t o n i t e s .  The s a n d s t o n e s ,  w hich  o c c u r  m o s t ly  i n  
th e  uppe r  h a l f  o f  t h e  f o r m a t i o n ,  a r e  f i n e  g r a in e d  b u t  h i g h l y  p e rm e ab le .  The 
Sussex and Shannon s a n d s to n e s  a r e  s i g n i f i c a n t  o i l  p r o d u c e r s  i n  th e  Powder 
R iv e r  B a s in .  They a r e  s u r ro u n d e d  by im perm eable  s h a l e s ,  how ever, and do n o t  
have h y d r o lo g ic  com m unica tion  w i th  a r e c h a r g e  a r e a .

The Bearpaw i s  a  d a r k - g r e e n  to  g ra y  m a r in e  s h a l e  w i th  t h i n  beds  o f  
s a n d s to n e  i n  t h e  uppe r  p a r t .  I t  does  n o t  c o n t a i n  s u f f i c i e n t  amounts o f  
s a n d s to n e  to  be f a v o r a b le  f o r  C la s s  240 d e p o s i t s .  W estw ard , t h e  Bearpaw 
g ra d e s  i n to  th e  M e e te e t s e ,  a n o n -m a r in e  seq u en ce  o f  g ra y  to  brown s h a l e s ,  
s a n d s t o n e s ,  sandy  c l a y s ,  s h a l y  c o a l s  and a  few b e n t o n i t e s  (Downs, 1 952 ) .  The 
s a n d s to n e s  o f  th e  M e e te e t s e  a r e  I s o l a t e d  from e a ch  o t h e r  by i n t e r v e n i n g  s h a l e  
beds  and do n o t  have th e  l a t e r a l  c o n t i n u i t y  o f  p e r m e a b i l i t y  r e q u i r e d  f o r  
f a v o r a b i l i t y .  S ince  t h e  M e e te e t s e  i s  p r e s e n t  o n ly  i n  t h e  B ig h o rn  B a s in ,  i t  i s  
a l s o  u n f a v o r a b le  b e c a u se  i t  i s  i s o l a t e d  from a u ran ium  s o u r c e .

The m ost l i k e l y  s o u r c e  o f  u ran ium  i n  t h e s e  f o rm a t io n s  i s  t h e  W hite R iv e r  
F o rm a t io n ,  a t u f f a c e o u s  u n i t  o f  O l ig o ce n e  age t h a t  once  b l a n k e t e d  b o th  t h e  
B ig h o rn  and Powder R iv e r  B a s i n s .  In  th e  Powder R iv e r  B a s in ,  t h e  W hite R iv e r  
was in  h y d r o lo g ic  com m unica tion  w i th  C re ta c e o u s  r o c k s ,  v i a  lo w e r  Eocene 
s a n d s t o n e s ,  o n ly  a lo n g  th e  m a rg in  o f  t h e  b a s i n ;  h e r e ,  t h e  o l d e r  ro c k s  had been 
u p l i f t e d  and b e v e l l e d  by e r o s i o n .  In  t h e  B ig h o rn  B a s in ,  t h e  W hite R iv e r  was 
u n d e r l a i n  by im perm eab le  s e d im e n ts  o f  t h e  Wagon Bed F o rm a t io n ,  p r e v e n t in g  
uranium  from r e a c h in g  h o s t  r o c k s  be low .

FRONTIER, MESAVERDE, LANCE, FORT UNION, AND WILLWOOD FORMATIONS 
IN THE BIGHORN BASIN

The C re ta c e o u s  F r o n t i e r ,  M esaverde ,  and L ance , and th e  P a le o c e n e  F o r t  
Union F o rm a t io n s  a l l  c o n t a i n  s i g n i f i c a n t  am ounts o f  p e rm eab le  s a n d s to n e s  t h a t  
c o u ld  be s u i t a b l e  h o s t s  f o r  s a n d s t o n e - t y p e  u ran ium  d e p o s i t s .  The Willwood 
c o n ta i n s  l i t t l e  s a n d s t o n e .

The F r o n t i e r  i s  a m ar in e  u n i t  c o n s i s t i n g  o f  t h i c k  c a rb o n a c e o u s  s h a l e s  and 
b e n t o n i t e s  w i th  i n t e r v e n i n g  s a n d s t o n e s ,  some o f  which may be t e n s  o f  m e te rs  
t h i c k .  These sa n d s  a r e  p e rm e a b le ,  have  good l a t e r a l  c o n t i n u i t y ,  and a r e  
r e d u c e d ,  p r o v id in g  a f a v o r a b le  e n v iro n m en t  f o r  th e  f o r m a t io n  of s a n d s to n e  
uranium  d e p o s i t s .  The M esaverde c o n t a i n s  b o th  m a r in e  and nonm arine  s t r a t a  and 
c o n s i s t s  o f  s a n d s t o n e ,  s i l t s t o n e ,  s h a l e ,  c a rb o n a c e o u s  s h a l e ,  and c o a l .  These
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s a n d s t o n e s  a r e  a l s o  p e r a e a b le  and r e d u c e d ,  and may r e a c h  t h i c k n e s s e s  o f  
s e v e r a l  t e n s  o f  m e t e r s .  The Lance and F o r t  Union F o rm a t io n s  a r e  o f  
c o n t i n e n t a l  o r i g i n  and c o n t a i n  s a n d s t o n e ,  s i l t s t o n e ,  s h a l e ,  and c o a l  d e p o s i t e d  
i n  f l u v i a l ,  f l o o d - p l a i n ,  and swamp e n v i r o n m e n ts .  Both f o r a a t i o n s  c o n t a i n  
s i g n i f i c a n t  am ounts o f  p e rm eab le  s a n d .  The san d s  a r e  red u c e d  and c o n t a i n  
ca rb o n a c e o u s  d e b r i s .  The W illwood F o rm a t io n  i s  a b a s i n - f i l l  d e p o s i t  
c o n s i s t i n g  a lm o s t  e n t i r e l y  o f  v a r i e g a t e d  m udstones  and s i l t s t o n e s  and 
c o n t a i n i n g  no s i g n i f i c a n t  amounts o f  s a n d s to n e  in  t h e  S h e r id a n  Q u a d ra n g le .

The s a n d s to n e s  i n  t h e  above f o r m a t i o n s ,  though  f a v o r a b l e  l i t h o l o g i c a l l y , 
a r e  c o n s id e r e d  u n f a v o r a b le  f o r  C la s s  240 u ran iu m  d e p o s i t s  f o r  two r e a s o n s .  
F i r s t ,  t h e  s a n d s to n e s  d id  n o t  have a c c e s s  to  a s o u rc e  o f  u ran ium . The o n ly  
r e a s o n a b le  s o u rc e  f o r  u ran ium  i s  t h e  O l ig o c e n e  W hite R iv e r  F o rm a t io n ,  which 
c o n t a i n s  l a r g e  amounts o f  v o l c a n i c  d e b r i s .  However, im perm eable  beds  i n  th e  
o n c e - o v e r ly i n g  Wagon Bed F o rm a t io n  p r e v e n te d  u ran ium  le a c h e d  from th e  White 
R iv e r  from r e a c h in g  s a n d s to n e  h o s t  r o c k s  i n  P a le o c e n e  and o l d e r  f o r m a t i o n s .  
S ec o n d ly ,  b a s i n  e x c a v a t io n  i n  p o s t-M io c e n e  tim e h a s  removed a l l  th e  O l ig o c e n e ,  
and much o f  t h e  Eocene, s t r a t a  and h as  d e e p ly  e ro d e d  P a le o c e n e  and o l d e r  
r o c k s ,  r e d u c in g  th e  p r o b a b i l i t y  t h a t  u ran ium  d e p o s i t s  would be p r e s e r v e d .

WASATCH FORMATION, EXCLUDING AREAS A AND D

The W asatch F o rm a t io n  i n  t h e  Powder R iv e r  B a s in  i s  n o t  c o n s id e r e d  
f a v o r a b l e  f o r  s a n d s t o n e - t y p e  ( C l a s s  240) u ran ium  d e p o s i t s  o u t s i d e  o f  A reas  A 
and D. B ecause  t h e  W asatch  F o rm a t io n  i s  known to  c o n t a i n  s i g n i f i c a n t  u ran ium  
d e p o s i t s  i n  th e  Powder R iv e r  B a s in  s o u th  o f  t h e  S h e r id a n  Q u a d ra n g le ,  much tim e 
was s p e n t  i n v e s t i g a t i n g  i t ,  b o th  in  t h e  f i e l d  and i n  l i t e r a t u r e  r e s e a r c h .  
R e s u l t s  o f  t h e s e  s t u d i e s  i n d i c a t e d  t h a t  o n ly  A reas  A and D c o n ta in e d  th e  
p ro p e r  s a n d s to n e  sy s te m s  n e c e s s a r y  f o r  t h e  dev e lo p m en t o f  r o l l - t y p e  u ranium  
d e p o s i t s .  A b r i e f  d i s c u s s i o n  fo l lo w s  t h a t  o u t l i n e s  th e  u n f a v o r a b le  a s p e c t s  of 
th e  W asatch o u t s i d e  o f  t h e s e  a r e a s .

L i th o l o g y  and E nv ironm en t o f  D e p o s i t i o n

The W asatch F o rm a t io n  o u t s i d e  o f  A re a s  A and D i s  s i m i l a r  to  t h a t  w i t h in  
th e  f a v o r a b l e  a r e a s ,  e x c e p t  t h a t  th e  p e r c e n ta g e  of s a n d s to n e  c h a n n e l s  i s  
s i g n i f i c a n t l y  l e s s .  F i e l d  i n v e s t i g a t i o n s  i n d i c a t e  t h a t  th e  p red o m in an t  ro ck  
ty p e s  a r e  s i l t s t o n e ,  c a rb o n a c e o u s  s h a l e ,  c o a l ,  and v e ry  f i n e - g r a i n e d  
s a n d s t o n e .  L a r g e - s c a l e  c h a n n e l  s a n d s to n e s  a r e  c o n s p ic u o u s ly  a b s e n t .  O u tc rops  
o f  th e  W asatch  n o r t h  and e a s t  o f  A reas  A and D have an e v e n ly  banded 
a p p e a ra n c e  t y p i c a l  of d e p o s i t i o n  u n d e r  low e n e rg y  c o n d i t i o n s .  The ro c k s  do 
n o t  show t h e  c h a n n e l  s c o u r s  and c r o s s c u t t i n g  c h a n n e l  r e l a t i o n s h i p s  seen  
f u r t h e r  to  th e  s o u th .  I n v e s t i g a t i o n  o f  o i l  t e s t  l o g s  (App. D ) , a s  w e l l  as  
d ozens  o f  U .S . G e o lo g ic a l  Survey c o a l  i n v e s t i g a t i o n  l o g s  (U .S . G e o lo g ic a l  
Survey and M ontana B ureau  o f  Mines and G eo logy , 1973, 1976a, b ,  1977; C o r r e i a ,
1 9 8 0 ) ,  a l s o  i n d i c a t e  poor sand  deve lopm en t o u t s i d e  o f  A reas  A and D. The 
l i t h o l o g y  and s e d im e n ta ry  f e a t u r e s  s u g g e s t  t h a t  p a lu d a l  and f l o o d - p l a i n  
e n v iro n m e n ts  d o m in a ted  W asatch  d e p o s i t i o n  o u t s i d e  o f  t h e  f a v o r a b l e  a r e a s .
These a r e  m e re ly  lo w e r  e n e rg y  f a c i e s  o f  t h e  same d e p o s i t i o n a l  sys tem  t h a t  
formed t h e  f a v o r a b le  sand  com plexes  i n  A reas  A and D.
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R e d u c ta n t s  and S ource  o f  Uranium

P o s s i b l e  r e d u c t a n t s  and s o u r c e s  o f  u ran ium  a r e  th e  same a s  th o s e  
d i s c u s s e d  f o r  f a v o r a b l e  A reas  A and D.

Uranium A nom alies

Uranium a n o m a l ie s  were found i n  g r o u n d - w a t e r , c o a l ,  and c l i n k e r  sam ples  
in  th e  W asatch o u t s i d e  o f  th e  f a v o r a b l e  a r e a s .  Anomalous amounts o f  u ran ium  
w ere found i n  c l i n k e r  i n  sam p les  MLK 207 and 209 (App. B l)  and in  c o a l  i n  
sam ples  MLK 002, 016 , and 060 (App. B l ) .  One c o a l  sam ple  (MLK 002) and one 
c l i n k e r  (MLK 209) c o n ta in e d  s u f f i c i e n t  u ran ium  to  be c o n s id e r e d  u ran ium  
o c c u r r e n c e s  ( o c c u r r e n c e s  1 and 4, App. C ). O c c u rren ce  1, w hich i s  i n  a  c o a l ,  
a l s o  i s  a s s o c i a t e d  w i th  an  a e r i a l  r a d i o m e t r i c  anomaly l o c a t e d  s l i g h t l y  to  th e  
s o u th  ( P I .  3 ) .  F i e l d  c h e c k in g  o f  t h i s  anomaly r e v e a l e d  t h a t  th e  s o u rc e  i s  
a n o m a lo u s ly  r a d i o a c t i v e  c l i n k e r  ( sa m p le  MLK 2 0 7 ) .  The anom alous u ran ium  in  
a l l  t h e  above sam p les  a p p e a r s  to  be s y n g e n e t i c ;  nowhere i s  i t  a d j a c e n t  to  
pe rm eab le  sand b e d s .  C l u s t e r s  o f  g ro u n d -w a te r  a n o m a l ie s  n e a r  th e  c i t y  o f  
S h e r id a n ,  i n  t h e  n o r t h e a s t  c o r n e r  o f  t h e  q u a d ra n g le  ( P I .  4 ) ,  a l s o  i n d i c a t e  
l o c a l  c o n c e n t r a t i o n s  o f  u ran iu m . One w a te r  anomaly (LASL 201041, M o r r i s ,
1977) comes from a  sand  60 m (200 f t )  d e e p .  T w e n ty - fo u r  h u n d red  m e te r s  to  t h e  
n o r t h e a s t ,  a  gamma-ray anom aly  o c c u r s  a d j a c e n t  to  a  3 - m - th i c k  sand  i n  t h i s  
same h o r iz o n  (H ole  US-76135, U .S . G e o lo g ic a l  Survey and Montana Bureau  o f  
Mines and G eo logy , 1 9 7 7 ) .  A n o th e r  s i g n i f i c a n t  gamma-ray anom aly was r e p o r t e d  
in  a  U .S . G e o lo g ic a l  Survey c o a l  e x p l o r a t i o n  h o le  i n  s e c .  14 , T. 56 N .,  R. 77 
W. (R o b e r t  Hobbs, p e r s o n a l  com m un ica t ion , 1980);  how ever ,  i t  was i n  a  s h a l e  
a d j a c e n t  to  a c o a l  and was n o t  a s s o c i a t e d  w i th  any sand  b e d s .

D i s c u s s io n  and C o n c lu s io n s

D e s p i te  t h e  e x i s t e n c e  o f  u ran ium  a n o m a l ie s  and two uranium  o c c u r r e n c e s ,  
t h e  W asa tch , e x c l u s i v e  o f  A reas  A and D, i s  n o t  c o n s id e r e d  f a v o r a b l e  f o r  C la s s  
240 uranium  d e p o s i t s .  None o f  t h e  a n o m a l ie s  can  be r e l a t e d  to  pe rm eab le  sand 
co m p lex es ,  w hich a r e  o f  p r im a ry  im p o r ta n c e  i n  th e  f o r m a t io n  o f  s a n d s to n e - ty p e  
d e p o s i t s .  A ls o ,  t h e  f a v o r a b l e  c h a r a c t e r i s t i c s  o f  t h e  a d j a c e n t  A reas  A and D 
ca n n o t  be t r a c e d  i n t o  t h e  p o r t i o n s  o f  t h e  W asatch  d e s ig n a t e d  as  u n f a v o r a b le .  
F a v o ra b le  Area A c a n n o t  be e n l a r g e d  b e c a u s e  o f  t h e  l a c k  o f  s a n d s to n e  c h a n n e l  
deve lopm en t f u r t h e r  n o r t h  and e a s t .  The i n t e r f i n g e r i n g  zone be tw een  th e  
c o a r s e - g r a i n e d  m ounta inw ard  f a c i e s  and t h e  f l o o d - p l a i n  and swamp f a c i e s  o f  t h e  
W asa tch , t h e  f a v o r a b l e  e n v iro n m en t  o f  A rea  D, c a n n o t  be e x te n d e d  n o r th w a rd ,  
b e c a u se  i t  h a s  e i t h e r  been  removed by e r o s i o n  o r  n e v e r  e x i s t e d .

WHITE RIVER FORMATION AND UNDIFFERENTIATED MIOCENE ROCKS

The O l ig o c e n e  W hite  R iv e r  F o rm a t io n  and u n d i f f e r e n t i a t e d  M iocene r o c k s ,  
b o th  of which a t  one t im e  c o v e re d  l a r g e  a r e a s  o f  t h e  S h e r id a n  Q u a d ra n g le ,  have 
been  a lm o s t  t o t a l l y  removed by e r o s i o n .  The W hite  R iv e r  and M iocene ro c k s  a r e  
now p re s e r v e d  o n ly  a s  i s o l a t e d  rem n a n ts  h ig h  i n  t h e  B ig h o rn  M o u n ta in s .  These 
rem nants  a r e  to o  s m a l l  to  have p o t e n t i a l  f o r  th e  minimum s i z e  and g rad e  
uranium d e p o s i t  r e q u i r e d  f o r  t h e  NURE program . A d d i t i o n a l l y ,  th e y  were a l l  
d e p o s i t e d  u n d e r  o x i d i z i n g  c o n d i t i o n s  and l a c k  r e d u c in g  a g e n t s  n e c e s s a r y  to  
p r e c i p i t a t e  u ran iu m .
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UNEVALUATED ENVIRONMENTS

MADISON LIMESTONE, TENSLEEP SANDSTONE. AND AMSDEN FORMATION

The M i s s l s s l p p i a n  M adison L im estone  i s  m i n e r a l i z e d  i n  t h e  P r y o r - L i t t l e  
M ounta in  M ining D i s t r i c t ,  w hich  l i e s  im m e d ia te ly  w est  o f  t h e  n o r th w e s t  c o rn e r  
o f  t h e  S h e r id a n  Q uad ran g le -  We d e c id e d  t h e  b e s t  p o s s i b i l i t y  o f  f a v o r a b le  
e n v iro n m e n ts  i n  th e  M adison was, t h e r e f o r e ,  i n  t h i s  n o r th w e s t e r n  c o r n e r .  We 
d e v o te d  t h r e e  weeks a t t e m p t i n g  to  e v a l u a t e  t h a t  a r e a  and t im e  l i m i t a t i o n s  d id  
n o t  p e rm i t  us to  lo o k  e l s e w h e r e .

The M ad ison , Amsden and T e n s le e p  F o rm a t io n s  form a g ro u p  o f  m a r in e ,  n e a r ­
s h o r e ,  and f l u v i a l  d e p o s i t s  up t o  480 m t h i c k  i n  t h e  S h e r id a n  Q u a d ra n g le  ( F ig .  
2 ) .  The M adison L im es to n e  c o n s i s t s  a lm o s t  e n t i r e l y  o f  l im e s t o n e  and d o lo m i te ,  
v a r y in g  i n  t h i c k n e s s  i n  t h e  S h e r id a n  Q u ad ran g le  from 60 m t o  300 m.
C a r b o n a te s  w ere  d e p o s i t e d  on th e  c o n t i n e n t a l  s h e l f  a d j a c e n t  to  t h e  C o r d i l l e r a n  
G e o s y n c l in e .  T hin  e v a p o r i t e s  i n  u p p e r  M adison c a r b o n a te s  p ro b a b ly  r e p r e s e n t  
e m e rg en t  c o n d i t i o n s .  E p e i ro g e n ic  u p l i f t  o f  t h e  C o r d i l l e r a n  f o r e l a n d  i n i t i a t e d  
p o s t-M a d iso n  e r o s i o n .  E v a p o r i t i c  beds  w ere le a c h e d  from th e  u p p e r  p a r t  o f  t h e  
M adison and an e x t e n s i v e  k a r s t  to p o g ra p h y  d e v e lo p e d .  S u b s id en c e  a l lo w e d  the  
advance  o f  t h e  Amsden s e a ,  r e s u l t i n g  i n  t h e  d e p o s i t i o n  o f  t h e  Darwin S andstone  
Member of t h e  Amsden F o rm a t io n  o v e r  t h e  i r r e g u l a r  M adison s u r f a c e .  These 
sa n d s  r e p r e s e n t  b e a c h ,  o f f s h o r e - b a r , and f l u v i a l  d e p o s i t s .  O v e r ly in g  th e  
Darwin Member a r e  c y c l i c  s e q u e n c e s  o f  s i l t s t o n e s ,  s h a l e s ,  and c a r b o n a te s  
d e p o s i t e d  d u r in g  e a s tw a r d  t r a n s g r e s s i o n  o f  t h e  m io g e o s y n c l in a l  s e a  o n to  th e  
C o r d i l l e r a n  p l a t f o r m .  In  t o t a l ,  t h e  Amsden F o rm a t io n  a t t a i n s  t h i c k n e s s e s  of 
60 m i n  t h e  S h e r id a n  Q u a d ra n g le .  The P e n n s y lv a n ia n  T e n s le e p  S andstone  
co n fo rm ab ly  o v e r l i e s  th e  Amsden F o r m a t io n .  I t  was a l s o  d e p o s i t e d  on th e  
C o r d i l l e r a n  p l a t f o r m  and v a r i e s  from f i n e -  to  m e d iu m -g ra in e d ,  c r o s s - b e d d e d  
s a n d s to n e  to  c a r b o n a te s  i n  t h e  e a s t e r n  h a l f  o f  t h e  S h e r id a n  Q u a d ra n g le .  The 
T e n s le e p  v a r i e s  from  30 m to  120 m t h i c k .

Laram ide u p l i f t  o f  t h e  B ig h o rn  M oun ta in s  formed l a r g e - a m p l i t u d e  d ra p e  
f o l d s  a d j a c e n t  to  th e  u p l i f t .  F o ld s  o f  l e s s e r  a m p l i tu d e  a r e  common o u t  i n  th e  
B igho rn  B a s in .  Many o f  t h e s e  f o l d  sy s te m s  have been  t e n s i o n a l l y  j o i n t e d ,  o r  
f a u l t e d ,  a s  i n  th e  P r y o r  M o u n ta in s .  Laram ide  u p l i f t  a l s o  low ered  th e  g round ­
w a te r  t a b l e  so t h a t  t h e  k a r s t  sy s tem  i n  t h e  M adison was r e - e x c a v a t e d ,  
p a r t i c u l a r l y  a lo n g  th e  j o i n t  and f a u l t  sy s te m s  d i s c u s s e d  a b o v e .  The r e s u l t  of  
t h i s  r e - s o l u t i o n  o f  t h e  M adison was t h e  dev e lo p m en t o f  an  e x c e l l e n t  
g r o u n d -w a te r  sy s tem  w i t h  t h r o u g h - g o in g  p e r m e a b i l i t y .

From Eocene to  M iocene t im e ,  t h e  B ig h o rn  B a s in  was f i l l e d ,  f i r s t  by 
s e d im e n ts  shed  o f f  t h e  a d j a c e n t  m o u n ta in  u p l i f t s  and l a t e r  by s t r e a m  and w ind -  
b o rn e  t u f f a c e o u s  s e d im e n ts  d e r iv e d  from v o l c a n i c  c e n t e r s  i n  th e  Y e l lo w s to n e -  
A bsaroka  r e g i o n  o f  n o r th w e s t e r n  Wyoming. P re -E o c e n e  to p o g ra p h y  was b u r ie d  up 
t o  an e l e v a t i o n  o f  a t  l e a s t  2700 m ( 9 ,0 0 0  f t )  (McKenna and Love, 1 9 7 2 ) ,  b u t  
H a r t  (1958) f e e l s  t h a t  t h e  h i g h e s t  p a r t s  of Big P ry o r  and E a s t  P ry o r  M ounta ins  
( e l e v a t i o n  o f  2400 m) rem ained  s l i g h t l y  above th e  h i g h e s t  l e v e l  of t h e  
a gg raded  f i l l  d e p o s i t s .  T u f fa c e o u s  s e d im e n t s ,  w hich may have c o n ta in e d  
anom alous u ran ium  c o n c e n t r a t i o n s ,  d i r e c t l y  o v e r l a y  p re -E o c e n e  r o c k s  and may 
have c o n t r i b u t e d  s i g n i f i c a n t  volum es o f  g round  w a te r  to  f a u l t -  and j o i n t -  
a s s o c i a t e d  p e r m e a b i l i t y  t r e n d s  o f  t h e  M adison  L im e s to n e .
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S m a l l -a m p l i tu d e  a n t i c l i n e s  o f  t h e  L i t t l e  M ounta in  D i s t r i c t  a r e  a s s o c i a t e d  
w ith  uran ium  m i n e r a l i z a t i o n  (McEldowney and o t h e r s ,  1 977 ) .  S i m i l a r l y ,  t h e  
Cottonwood C reek  A n t i c l i n e  n e a rb y  h a s  been  p r o s p e c te d  i n t e n s i v e l y  f o r  u ran ium . 
These f o ld  sy s te m s  merge and t r e n d  i n t o  t h e  S h e r id a n  Q u ad ran g le  j u s t  s o u th  o f  
L i t t l e  M o u n ta in .  T h is  a r e a ,  w here  t h e  f o l d s  t r e n d  i n t o  th e  S h e r id a n  
Q u a d ra n g le ,  s h o u ld  be a  l i k e l y  p la c e  to  f i n d  u ran ium  m i n e r a l i z a t i o n .

To t h i s  e n d ,  we f i e l d  checked  p r o s p e c t s  i n  t h e  a r e a  o f  i n t e r e s t  and 
succeeded  i n  f i n d i n g  u ran ium  m i n e r a l i z a t i o n  a t  two such  p r o s p e c t s ,  i d e n t i f i e d  
a s  o c c u r r e n c e s  2 and 3 (App. A ). F i e l d  r e c o n n a i s s a n c e  o f  M adison o u tc r o p s  
e l s e w h e re  i n  th e  n o r th w e s t  c o r n e r  o f  t h e  q u a d ra n g le  y i e l d e d  no a n o m a l ie s .  
T e r r a in  i s  e x t r e m e ly  ru g g e d ,  and a th o ro u g h  s e a r c h  was im p o s s ib le  under th e  
c i r c u m s t a n c e s .  Much o f  t h e  M adison d id  c o n t a i n  k a r s t  z o n e s ,  how ever .  The 
problem  was in  i d e n t i f y i n g  t h e  e x t e n t ,  i f  a n y ,  o f  Laram ide  re o p e n in g  o f  p r e -  
Amsden k a r s t  f e a t u r e s .  N e i th e r  e x t e n s i v e  c a v e r n  s y s te m s ,  a s  s e e n  a t  th e  
L i t t l e  M ounta in  D i s t r i c t ,  n o r  b r e c c i a t e d  f a u l t  zones  t y p i c a l  o f  t h e  P ry o r  
D i s t r i c t ,  a r e  known i n  th e  n o r th w e s t  c o r n e r  o f  th e  S h e r id a n  Q u a d ra n g le .

O c c u r re n c e s  2 and 3 p roved  to  be v e ry  i n t e r e s t i n g .  A lth o u g h  b o th  a r e  in  
th e  T e n s le e p  S a n d s to n e ,  th e y  l i e  d i r e c t l y  " o n - t r e n d "  w i th  s t r u c t u r e s  o f  t h e  
L i t t l e  M ounta in  D i s t r i c t  and o ccu r  a lo n g  th e  d ra p e  f o l d  t h a t  m arks t h e  w e s te r n  
e x t e n t  o f  t h e  B igho rn  u p l i f t .  O ccu rrence  3 i s  o f  s p e c i a l  i n t e r e s t ;  t h e  
uran ium  i s  a s s o c i a t e d  w i th  q u a r t z i t e  formed by r e p la c e m e n t  o f  l im e s to n e  by 
c r y p t o c r y s t a l l i n e  s i l i c a .  The s i l i c a  was m ost l i k e l y  d e r iv e d  from o n c e -  
o v e r l y i n g  t u f f a c e o u s  s e d im e n t s .  S econd ly ,  o c c u r r e n c e  3 i s  2417 m above se a  
l e v e l .  In  t h e  P ry o r  M oun ta in  D i s t r i c t ,  m a ss iv e  s i l i c a - r e p l a c e m e n t  o f  
l im e s to n e  i s  e n c o u n te re d  a t  an  e l e v a t i o n  o f  2377 m a t  th e  Old G lo ry  M ine. I t  
seems h i g h l y  s i g n i f i c a n t  t h a t  s i l i c i f i c a t i o n  and u ran ium  m i n e r a l i z a t i o n  o c c u r  
a t  s i m i l a r  e l e v a t i o n s  a t  o c c u r r e n c e s  t h a t  a r e  l o c a t e d  50 km a p a r t .  McKenna 
and Love (1972)  i n d i c a t e  d i a g r a m m a t i c a l ly  t h a t  i n  t h i s  p a r t i c u l a r  a r e a ,  th e  
Eocene (Wagon Bed F o r m a t io n ? ) -O l ig o c e n e  (W hite  R iv e r  F o rm a t io n )  c o n t a c t  may be 
p la c e d  a t  a b o u t  2400 m above s e a  l e v e l .  P e rh a p s  im perm eable  Wagon Bed 
s e d im e n ts  f o rc e d  ground w a te r s  o f  t h e  o v e r l y i n g  W hite R iv e r  F o rm a t io n  to  move 
l a t e r a l l y  i n t o  s u b c ro p p in g  pe rm eab le  c o n d u i t s  o f  th e  M adison L im e s to n e .  
M i n e r a l i z a t i o n  a t  low er  e l e v a t i o n s  would have to  depend on more complex 
g ro u n d -w a te r  f lo w  p a t t e r n s ,  p e rh a p s  i n v o lv i n g  O l ig o c e n e  c h a n n e l in g  o r  b a s i n -  
a x i s  r e c h a r g e .

The M adison , T e n s le e p ,  and Amsden a r e  u n e v a lu a te d  i n  th e  S h e r id a n  
Q u a d ra n g le ;  a l t h o u g h ,  t h e  L i t t l e  M ounta in  s t r u c t u r a l  t r e n d  e x te n d s  i n t o  
S h e r id a n ,  w here  two u ran ium  o c c u r r e n c e s  i n  th e  T e n s le e p  a r e  fo u n d .  Cavernous 
plumbing s y s te m s ,  a s  s e en  th ro u g h o u t  th e  P r y o r - L i t t l e  M ounta in  a r e a ,  a r e  y e t  
t o  be found in  S h e r id a n .  McEldowney (1 9 7 1 )  d e m o n s t ra te d  th e  u s e f u l n e s s  o f  
e l e c t r o m a g n e t i c s  f o r  d e l i n e a t i n g  t h e s e  u n d e rg round  s y s te m s ,  b u t  no such  
s u rv e y s  w ere a v a i l a b l e .  G e o p h y s ic a l  d a t a  and h e l i c o p t e r  s u p p o r t  a r e  n e c e s s a r y  
to  p r o p e r l y  e v a l u a t e  t h i s  g e o lo g ic  e n v iro n m e n t .

SUNDANCE, MORRISON, CLOVERLY, FRONTIER, MESAVERDE, AND LANCE 
FORMATIONS OF THE POWDER RIVER BASIN EXCLUDING AREAS C AND E

The Sundance, M o rr iso n ,  C lo v e r ly ,  F r o n t i e r ,  M esaverde ,  and Lance 
F o rm a t io n s  a l l  c o n t a i n  p e rm eab le  s a n d s to n e s  t h a t  c ro p  o u t  on th e  w e s te r n  f l a n k  
o f th e  Powder R iv e r  b a s i n .  Sundance, F r o n t i e r ,  and M esaverde s a n d s to n e s  a r e
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p r e d o m in a t e ly  n e a r - s h o r e  m a r in e  i n  o r i g i n ;  M o r r i s o n ,  C l o v e r l y ,  and Lance sands  
a r e  m o s t ly  f l u v i a l ,  w i th  some M o rr iso n  sa n d s  b e in g  e o l i a n .

In  t h e  B u f fa lo -L a k e  DeSmet a r e a  ( P I .  1 6 ) ,  t h e  Sundance F o rm a t io n  i s  85 m
(280 f t )  t h i c k  (M ape l ,  1 9 5 9 ) .  I t  c o n t a i n s  a b a s a l  sandy zone t h a t  i s  ab o u t  10
ra t h i c k .  The M o rr iso n  F o rm a t io n  i s  ab o u t  55 m (180 f t )  t h i c k  and i n c l u d e s
o n ly  l e n t i c u l a r  beds  o f  f i n e - g r a i n e d  s a n d s to n e  (M ap e l ,  1 9 5 9 ) .  The C l o v e r ly  i s  
ab o u t  50 m (155 f t )  t h i c k  i n  t h e  same a r e a  and c o n t a i n s  10 m (30  f t )  o f  t h i c k ,  
b a s a l ,  f i n e -  to  c o a r s e - g r a i n e d  s a n d s to n e  (M ap e l ,  1 9 5 9 ) .  Near B u f f a l o ,  th e  
F r o n t i e r  i s  a b o u t  150 m (500 f t )  t h i c k  and c o n t a i n s  s e v e r a l  d e l t a i c  s a n d s to n e  
beds  (M ape l,  1 9 5 9 ) .  These s a n d s to n e s  a r e  t h i n ,  f i n e - g r a i n e d ,  and in te r b e d d e d  
w i th  s h a l e  a lm o s t  e v e ry w h e re .  The M esaverde  c o n t a i n s  t h e  2 2 0 - m - th ic k  ( 7 2 0 - f t -  
t h i c k )  Parkman S a n d s to n e  Member, m ost o f  w hich i s  composed of f i n e - g r a i n e d  
s a n d s to n e  (M ape l,  1 9 5 9 ) .  The Lance v a r i e s  from 200 m t h i c k  n e a r  S h e r id a n  t o  
600 m t h i c k  s o u th  o f  B u f f a l o .  I t  c o n t a i n s  s e v e r a l  f l u v i a l  s a n d s to n e  u n i t s ,  
p a r t i c u l a r l y  i n  t h e  b a s a l  p a r t  (M ape l ,  1 9 5 9 ) .

These s a n d s to n e s  once  s u b c ro p p e d  be low  e i t h e r  m ounta inw ard  f a c i e s  o f  t h e  
W asatch  F o rm a t io n  o r  d i r e c t l y  b e n e a th  t h e  W hite  R iv e r  F o rm a t io n  a lo n g  th e  
b a s i n  m a rg in .  They a l l  a r e  r e d u c e d ,  a t  l e a s t  i n  p a r t .  On t h e s e  g r o u n d s ,  th e y  
m igh t  be f a v o r a b l e  f o r  u ran ium  d e p o s i t s .  Time d id  n o t  a l l o w  us  to  i n v e s t i g a t e  
any o f  t h e s e  u n i t s ,  how ever ,  and th e y  a r e  t h e r e f o r e  l e f t  u n e v a lu a t e d .

FORT UNION FORMATION IN THE POWDER RIVER BASIN

The F o r t  Union F o rm a t io n  c o n s i s t s  o f  i n t e r b e d d e d  s i l t s t o n e ,  s a n d s t o n e ,  
s h a l e ,  and c o a l  d e p o s i t e d  u n d e r  f l u v i a l  and p a lu d a l  c o n d i t i o n s .  I t  u n d e r l i e s  
a l l  o f  th e  Powder R iv e r  B a s in  b u t  i s  p o o r ly  e x p o s e d .  In  most p l a c e s ,  t h e  F o r t  
Union i s  b u r i e d  b e n e a th  up t o  500 m o f  W asatch  F o rm a t io n .  E xposu res  o f  th e  
F o r t  Union a r e  c o n f in e d  to  th e  a r e a  from S h e r id a n  w es t  to  th e  B ig h o rn  
M o u n ta in s ,  i n  b a d la n d s  a d j a c e n t  to  t h e  Powder R iv e r  i n  t h e  ex trem e  n o r t h e a s t  
c o r n e r  o f  th e  q u a d r a n g l e ,  and i n  a n a r ro w  band of s t e e p l y  d ip p in g  o u tc r o p s  
p a r a l l e l l i n g  t h e  e a s t  f l a n k  o f  t h e  B ig h o rn s .  The o n ly  i n f o r m a t io n  a v a i l a b l e  
o u t s i d e  o f  t h e s e  a r e a s  o f  o u t c r o p  i s  from w e l l  l o g s .

B ecause  o f  t im e  l i m i t a t i o n s  and few e x p o s u r e s ,  o u t c r o p s  o f  t h e  F o r t  Union 
were examined i n  o n ly  a few p l a c e s .  E xposu res  a lo n g  t h e  Powder R iv e r  i n  th e  
n o r t h e a s t  c o r n e r  o f  t h e  q u a d r a n g l e ,  and i n  th e  v i c i n i t y  o f  Goose C reek  and th e  
Tongue R iv e r  n o r t h  o f  S h e r id a n ,  show good c h a n n e l - s a n d  deve lopm en t in  s e v e r a l  
p l a c e s .  These sa n d s  a r e  i n t e r b e d d e d  w i t h  s i l t s t o n e s ,  c a rb o n a c e o u s  s h a l e s ,  and 
c o a l .  Most o f  t h e  F o r t  Union a lo n g  t h e  B ig h o rn  M oun ta in  f r o n t  was n o t  
i n v e s t i g a t e d  due to  t im e  r e s t r a i n t s ;  m o re o v e r ,  much o f  i t  h a s  been  b u r ie d  by 
d e b r i s  from th e  P in e y  C reek  and C le a r  C reek  T h r u s t s .  F o r t  Union exposed  a lo n g  
th e  m oun ta in  f r o n t  n e a r  A rea  C was commonly s h a l e y  and d id  n o t  c o n t a i n  
s i g n i f i c a n t  amounts o f  s a n d s t o n e .

S u b s u r fa c e  d a t a  i n d i c a t e  t h a t  s i g n i f i c a n t  t h i c k n e s s e s  o f  p e rm eab le  
s a n d s to n e s  e x i s t  i n  b o th  t h e  Tongue R iv e r  and T u l lo c k  Members o f  t h e  F o r t  
Union. In  many p l a c e s ,  how ever ,  t h e  T u l lo c k  and Tongue R iv e r  s a n d s to n e s  l i e  
a t  d e p th s  o f  o v e r  500 m, and r o l l - f r o n t  d e p o s i t s  a r e  n o t  known to  o c c u r  a t  
such  d e p th s  e l s e w h e re  i n  t h e  Powder R iv e r  B a s in .  S c a t t e r e d  gamma-ray 
a n o m a l ie s  i n  t h e  l o g s  s u g g e s t  t h a t  t h e r e  i s  a p o s s i b i l i t y  o f  r o l l - f r o n t s  a t  
su ch  d e p t h s ,  b u t  t h e  a v a i l a b l e  d a t a  i s  n o t  s u f f i c i e n t  to  p l a c e  t h e  d e e p ly  
b u r ie d  F o r t  Union s a n d s to n e s  i n  e i t h e r  th e  f a v o r a b l e  o r  u n f a v o r a b le  c a t e g o r y .
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