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ABSTRACT

The S i l v e r  B e l l  p r o s p e c t  i s  in  th e  G rea t D iv ide  B as in ,  Sweet­

w a te r  and Fremont C o u n t ie s ,  Wyoming, where se d im e n ta ry  rocks  o f  

T e r t i a r y  age make up th e  s t r a t i g r a p h i c  column. The p r i n c i p a l  ro ck s  in  

th e  l o c a l  a r e a  a re  s e d im e n ta ry  beds o f  Eocene age p lu s  some o f  Miocene 

age ; th e  p r i n c i p a l  fo rm a t io n  i s  th e  B a t t l e  S p r in g  Form ation  o f  Eocene 

age .
/

An e v a l u a t i o n  o f  th e  p r o s p e c t  was made d u r in g  th e  summer 1968 

w ith  an i n t e n s e  d r i l l i n g  program  and e l e c t r i c  lo g g in g ,  c o r in g  and 

lo g g in g  and a n a l y s i s  o f  sample c u t t i n g s .

The e x p l o r a t io n  program  was b ased  on th e  assum ption  t h a t  any 

p o t e n t i a l  o re  b o d ie s  would e i t h e r  be formed by a s s o c i a t i o n  w ith  g e o lo g ic  

s t r u c t u r e s  o r  by a r o l l - f r o n t  ty p e  d e p o s i t i o n .  Data from o p e r a t in g  

mines in  s i m i l a r  b a s in  env ironm ents  in  Wyoming was o b ta in e d  and seem to  

v e r i f y  t h i s  a ssu m p tio n .

The m i n e r a l i z a t i o n  o c c u r re n c e s  fo llo w  th e  r o l l - f r o n t  th e o ry ,  

which b e s t  e x p l a in  th e  m i n e r a l i z a t i o n  o f  o re b o d ie s  in  s i m i l a r  g e o lo g ic a l  

en v iro n m en ts .  Chemical a s s a y s ,  and e l e c t r i c a l  lo g g in g  a t  th e  S i l v e r  B e l l  

p r o s p e c t  i n d i c a t e  t h a t  th e  m a te r i a l  i s  ou t o f  e q u i l ib r i u m  w ith  a d e f i ­

c ie n c y  o f  gamma r a d i o a c t i v i t y .  This i n d i c a t e s  th e  p o s s i b l e  fo rm er 

p re s e n c e  o f  an orebody t h a t  was le a c h e d  by ground w a te r s ,  l e a v in g  on ly  

b e t a  and a lp h a  r a d i a t i o n .  C o n seq u en tly ,  i t  was n o t  c o n s id e re d  p o s s i b l e  

to  f i n d  a m ineab le  o re  d e p o s i t  in  th e  a r e a  i n v e s t i g a t e d ,

v i i



CHAPTER 1

INTRODUCTION

Scope o f  I n v e s t i g a t i o n  and F ie ld  Techniques

F ie ld  work and i n t e r p r e t a t i o n  o f  d a t a  c o l l e c t e d  was d i r e c t e d  

tow ard  th e  d e te r m in a t io n  o f  th e  d i s t r i b u t i o n  o f  uranium  and th e  p o s s i b l e  

economic v a lu e  o f  th e  uranium c o n c e n t r a t i o n s  w i th in  923 c la im s  o f  S i l v e r  

B e l l  Mines Company, Denver, C o lo ra d o . S i l v e r  B e l l  Mines a r r i v e d  a t  an 

agreem ent w ith  W. R. Grace § Company such t h a t  th e  l a t t e r  company had to  

do 90% o f  th e  a ssessm en t work on th e  c la im s  owned by th e  fo rm er company. 

F ie ld  work was c a r r i e d  ou t by th e  w r i t e r  on b e h a l f  o f  W. R. Grace § 

Company from May 11, 1968 u n t i l  August 19, 1968.

An a i r b o r n e  r a d i a t i o n  anomaly r e p o r t e d  by th e  U n ited  S t a t e  

G e o lo g ica l  Survey was s tu d ie d  and was f u r t h e r  i n v e s t i g a t e d  w ith  a 

s c i n t i l l a t o r  t o  p roduce  an i s o r a d  map.

A d r i l l i n g  program was p lan n ed  in  such a way t h a t  i t  e n t a i l e d  

d r i l l i n g  a long  e a s t  to  w est l i n e s  on m i le  c e n t e r s  a c ro s s  th e  u p p e r ,  

m id d le ,  and lower p o r t i o n s  o f  th e  c la im s .  A few a d d i t i o n a l  h o le s  were 

lo c a te d  in  th e  sou thernm ost c la im s  t o  check c o n t r o l  o f  m in e ra l  concen­

t r a t i o n s  a long  f a u l t s . Depths o f  th e  d r i l l  h o le s  g e n e r a l l y  ranged  from

1,000 f e e t  to  2 ,100 f e e t ,  however s e v e r a l  sh a llo w  h o le s  were a l s o  

d r i l l e d .

Gamma r a y ,  s e l f  p o t e n t i a l  and r e s i s t i v i t y  su rveys  were made to  

i n v e s t i g a t e  th e  r a d i o a c t i v i t y  and t o  a id  in  th e  s tu d y  o f  s t r a t i g r a p h y .



In v e s t ig a t io n s  c o n s is te d  o f:

1 . D r i l l i n g ,  lo g g in g ,  and sam pling  o f  c u t t i n g s .

2. E l e c t r i c  lo g g in g .

3. C oring .

4. R a d io m e tr ic  s u r v e y in g .

5. F ie ld  check ing  o f  c la im  l o c a t i o n s .

6. G eolog ic  mapping.

L o ca t io n  and Access

The S i l v e r  B e l l  p ro s p e c t  i s  in  th e  G rea t D iv ide  B as in ,  an o v a l ­

shaped u n d ra in e d  to p o g ra p h ic  d e p r e s s io n  on th e  c o n t i n e n t a l  d iv id e  

em bracing abou t 4 ,000  sq u a re  m i le s  in  S w eetw ate r ,  Carbon and Fremont 

C o u n tie s  in  so u th  c e n t r a l  Wyoming ( se e  F ig u re  1 ) .

The e x a c t  l o c a t i o n  o f  th e  S i l v e r  B e l l  p ro s p e c t  i s  in  T26 and 

27N, R 93 and 94 W., Fremont and Sw eetw ater c o u n t i e s ,  Wyoming. The 

c la im  a r e a  i s  ro u g h ly  50 ro ad  m i le s  n o r th w e s t  o f  t h e  town 

o f  R aw lins,  Wyoming. G eo log ic  f e a t u r e s  o f  a d ja c e n t  and r e l a t e d  a r e a s  

a r e  d is c u s s e d  in  th e  fo l lo w in g  pages i n s o f a r  as th e y  a f f e c t  th e  g e o lo g ic  

i n t e r p r e t a t i o n  o f  th e  s tu d i e d  a r e a .

The p ro s p e c t  may be reac h ed  by t r a v e l i n g  n o r th  from W am sutter , 

Wyoming, which i s  40 m i le s  west o f  Rawlins on U. S. Highway 30 and on 

th e  main l i n e  o f  th e  Union P a c i f i c  r a i l r o a d .  The ro ad  i s  g raded  i n  p a r t  

and i s  in  p a r t  unim proved. O ther unimproved roads  connec t  t h i s  a r e a  w ith  

th e  towns o f  B a i r o i l  and Lamont and w ith  U. S. Highway 287 to  th e  e a s t ;  

w ith  Crooks Gap and U. S. Highway 287 to  th e  n o r th ;  w ith  S t a t e  Route 28 

to  th e  w e s t , and w ith  U. S. Highway 30 and Rock S p r in g s  to  th e  so u th w e s t .
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P rev io u s  Work

The G rea t D iv ide  B asin  has  been s tu d ie d  c o n t in u o u s ly  s in c e  1909. 

The G rea t D iv ide  B asin  was mapped in  r e c o n n a is s a n c e  and th e  main c o a l -  

b e a r in g  by Sm ith , B a l l ,  and S c h u l tz  in  1909. S c h u l tz  in  1920 l a t e r  

com pleted  a more com prehensive r e p o r t  i n  which he d e f in e d  and d e s c r ib e d  

s e v e r a l  a s p e c t s  o f  th e  s t r a t i g r a p h y .  S ea rs  in  1924, and B rad ley  in  1924 

1926, 1945, N ig h t in g a le  in  1930, and Nace in  1939 have y i e ld e d  much 

in fo rm a t io n  co n ce rn in g  th e  complex s t r a t i g r a p h i c  r e l a t i o n s  o f  th e  e a r l y  

t e r t i a r y  ro ck s  o f  t h i s  r e g io n  ( P i p i r i n g o s ,  1961).

Uranium was f i r s t  d is c o v e re d  in  th e  n o r t h - c e n t r a l  p a r t  o f  th e  

G rea t D iv ide  B asin  by M innie McCormick in  193 6 (7 ) ,  who found a ye llow  

g reen  m i n e r a l , l a t e r  i d e n t i f i e d  as  s c h r o e c k i n g e r i t e ,  in  th e  e a s t  bank 

o f  Lost Creek in  th e  NW1/4 sec  31, T. 26 N . , R. 94 W. R a d io a c t iv e  

carbonaceous s h a le  and c o a l  were d is c o v e re d  in  1945 by S la u g h te r  and 

Nelson (Masurky, 1962) a t  Sourdough B u t te .  R econna issance  mapping 

d u r in g  p a r t s  o f  1949 and 1950 by Wyant and S h a rp ,  and S h e r id a n  in  1956 

( P i p i r i n g o s , 1961) i n d i c a t e d  t h a t  v e ry  l a r g e  tonnages  o f  u ra n iu m -b e a r in g  

c o a l  u n d e r l i e  p a r t s  o f  th e  G reat D iv ide  B as in .  An a i r b o r n e  r a d i o ­

a c t i v i t y  r e c o n n a is s a n c e  was made by N elson , S harp , and E s tead  in  1951 

( P i p i r i n g o s ,  1961).

Topography and D ra inage

The G rea t D iv ide  B asin  c o n s t i t u t e s  a m a jo r  p h y s io g ra p h ic  f e a t u r e  

o f  so u th w e s te rn  Wyoming. The C o n t in e n ta l  D iv ide  s p l i t s  a t  th e  s o u th e a s t  

end o f  th e  Wind R ive r  Range; th e  n o r th  b ran ch  t r e n d s  eas tw ard  tow ard  th e  

Seminoe M ounta ins ,  th e n  i r r e g u l a r l y  southw ard  t o  n e a r  Raw lins; th e  so u th  

b ran ch  ex ten d s  southw ard  tow ard S u p e r io r ,  th e n  ea s tw ard  a long  th e



C a th e d ra l  B lu f f s  so u th  o f  W am sutter, th e  b ran ch e s  converge a g a in  a t  th e  

n o r th  end o f  th e  S i e r r a  Madre M ountains (S h e r id a n ,  Maxwell, and C o l l i e r ,

1961), The b a s in  i n t e r i o r  d ra in a g e  e n c lo se d  by th e  above m entioned  

d iv e rg e n c e  o f  th e  C o n t in e n ta l  D iv ide  i s  3 ,600  sq u a re  m i le s  in  a r e a ;  i t  - 

i s  no t a s i n g l e  to p o g ra p h ic  d e p re s s io n  b u t  in c lu d e s  a number o f  d ra in a g e  

b a s in s  w ith  a l k a l i  la k e s  and p la y a s .

The r e g io n  com pris ing  th e  G rea t  D iv ide  B as in  i s  a lan d  o f  low 

r e l i e f  w ith  a l t i t u d e s  ra n g in g  between 6 ,000  and 7 ,000 f e e t  above s e a  

l e v e l .  I t  i s  b roken  o n ly  by sm all  rounded h i l l s  and low b u t t e s .

The p r i n c i p a l  to p o g ra p h ic  f e a t u r e  o f  th e  Lost Greek a re a  

(S h e r id a n ,  Maxwell and C o l l i e r ,  1961, p . 35) i n  which t h e  p ro s p e c t  o ccu rs  

i s  th e  d i s s e c t e d  hogback o f  Cyclone Rim which l i e s  to  th e  n o r th  and w est 

o f  th e  s c h r o e c k i n g e r i t e  l o c a l i t y .  Lost Creek has i t s  so u rc e  n e a r  Crooks 

Mountain and d r a in s  southw ard  i n t o  Lost Lake. The c ree k  i s  s e a s o n a l l y  

i n t e r m i t t e n t  o ver  most o f  i t s  c o u r s e ,  and th e  la k e  i s  d ry  ex cep t i n  

f lo o d  sea so n .

C lim ate  and V e g e ta t io n

The a r e a  s tu d i e d  i s  s e m ia r id  and s e m ib o re a l .  The average  

annual p r e c i p i t a t i o n  i s  e q u iv a le n t  to  l e s s  th a n  10 in c h e s .  The w in te r s  

a r e  co ld  and th e  summers a r e  warm. The te m p e ra tu re  r a r e l y  exceeds 9 0 °F 

in  th e  summer, b u t  te m p e ra tu re s  below 0°F a r e  common in  th e  w in te r .  Low 

h u m id ity  and c o n t in u a l  b re e z e s  r e s u l t  in  l i t t l e  d is c o m fo r t  from th e  h e a t  

even in  th e  warmest p a r t  o f  th e  summer, and th e r e  i s  l i t t l e  i n t e r r u p t i o n  

o f  f i e l d  work in  th e  e a r l y  w in te r  m onths, inasmuch as snow in  O c to b er ,



November and December i s  r a p i d l y  blown away, m e lted  and e v a p o ra te d ,  o r  

s u b l im a te d .

The v e g e t a t i o n  i s  s p a r s e  and c o n s i s t  o f  low -grow ing sh ru b s  o f  

greasew ood, s a l t b r u s h ,  s a g e b ru s h ,  and some d e s e r t  and p r a i r i e  g r a s s e s  

and h e r b s .  No t r e e s  grow i n  th e  a r e a ,  ex ce p t  a t  some o f  t h e  r a i l r o a d  

s t a t i o n s  and l o c a l l y  a long  th e  p e r ip h e r y  o f  th e  b a s i n .  Sagebrush  i s  an 

i n d i c a t o r  o f  deep s o i l s  l a r g e l y  f r e e  from a l k a l i . The r e g io n  i s  

p r i m a r i l y  u sed  f o r  s h e e p -g ra z in g .



CHAPTER 2

GEOLOGY

G enera l Geology

Sed im en ta ry  ro c k s  o f  T e r t i a r y  age make up most o f  th e  exposed 

bed rock  o f  th e  G rea t  D iv ide  B as in .  Rocks o f  Eocene age p redom inant w ith  

l e s s  abundant ro ck s  o f  P a le o c e n e ,  OTigocene, and Miocene age. To th e  

e a s t ,  t h e  T e r t i a r y  ro ck s  a re  b o rd e re d  by exposures  o f  C re taceo u s  s e d i ­

m entary  ro ck s  a long  th e  F e r r i s  M ountains and Muddy Gap a r e a ,  a long  th e  

Rawlins u p l i f t  n o r th  o f  R aw lins,  and a long  th e  S i e r r a  Madre. T e r t i a r y  

se d im e n ta ry  ro ck s  ex tend  southw ard  from th e  G rea t D iv ide  B asin  and 

th ro u g h  th e  Washakie B asin  t o  th e  U in ta  M ountains in  Colorado and U tah, 

where ro ck s  o f  Precam briam , P a le o z o ic ,  M esozoic, and Cenozoic age a r e  

exposed . To th e  w e s t ,  th e  a r e a  o f  T e r t i a r y  sed im e n ta ry  ro ck s  ex tends  

n e a r l y  to  th e  w e s te rn  b o rd e r  o f  Wyoming, I t s  c o n t i n u i t y  i s  b roken  by 

th e  Rock S p r in g s  a n t i c l i n e  and th e  L e u c i te  H i l l s ,  where C re taceo u s  s e d i ­

m en tary  rocks  and T e r t i a r y  i n t r u s i v e  and e x t r u s i v e  ro c k s  a r e  exposed.

To th e  n o r th w e s t ,  P recam brian  g r a n i t i c  ro ck s  occupying  th e  co re  o f  th e  

Wind R iv e r  Range b o rd e r  th e  G rea t D iv ide  B as in .  The T e r t i a r y  sed im e n ta ry  

ro ck s  o f  th e  G rea t D iv ide  B asin  c o n s i s t  p red o m in a n t ly  o f  l a c u s t r i n e  and 

f l u v i a t i l e  s a n d s to n e ,  s i l t s t o n e ,  c l a y s t o n e ,  and s h a l e .  Coal beds and 

v o lc a n ic  e f f u s i v e  m a t e r i a l  a r e  a l s o  found in  p a r t s  o f  th e  T e r t i a r y  

s e c t i o n .
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Q u a te rn a ry  d e p o s i t s  c o n s i s t i n g  o f  f l u v i a t i l e ,  l a c u s t r i n e ,  

a l l u v i a l ,  c o l l u v i a l ,  and e o l i a n  m a t e r i a l  a r e  w id esp read  in  th e  G rea t

D iv ide  B as in ,  and in  many a r e a s  o b s c u re s  t h e  e a r l i e r  g e o lo g ic  r e c o r d .

No s i n g l e  s t r u c t u r a l  f e a t u r e ,  i n t e r r u p t s  th e  G rea t  D iv ide  B as in ,  

r a t h e r ,  i t  i s  a r e g io n  o f  r e l a t i v e l y  m inor d is tu rb a n c e ,  ( s e e  F ig u re  2)

Local Geology

The p r i n c i p a l  ro ck s  in  th e  a r e a  s tu d ie d  a r e  se d im e n ta ry  beds o f  

Eocene age ,  p lu s  some beds o f  Miocene age which r e s t  unconform ably  on 

th e  Eocene r o c k s . Rocks o f  P a leocene  age a r e  exposed i n  t h e  n o r th e r n  

p a r t  o f  t h e  a r e a  a long  th e  n o r th e r n  b ran ch  o f  th e  C o n t in e n ta l  D iv id e ,  

and c o n s i s t ,  p re d o m in a n t ly  o f  in t e rb e d d e d  b u f f  to  g ray  m ass ive  c o a r s e  t o  

f i n e - g r a i n e d  s a n d s to n e ,  b u f f  and g ray  s h a l e ,  and s i l t s t o n e .  These 

P a leocene  ro c k s  a r e  known as  th e  F o r t  Union F orm ation . The fo rm a t io n  i s

1,000 f e e t  t h i c k  i n  B ison B asin  n o r th  o f  th e  a r e a  s tu d i e d .

The Eocene ro c k s  in  t h e  G rea t D iv ide  B asin  in c lu d e  t h e  B a t t l e

S p r in g ,  W asatch, Green R iv e r ,  and B r id g e r  fo rm a t io n s ,  t o t a l l i n g  about 

4 ,200  f e e t  in  t h i c k n e s s , and c o n s i s t i n g  o f  s a n d s to n e ,  s i l t s t o n e ,  o i l  

s h a l e ,  c l a y  s h a l e ,  l im e s to n e ,  cong lom era te  and c o a l  b e d s .

In  th e  S i l v e r  B e l l  p r o s p e c t  a r e a ,  r e p r e s e n t a t i v e s  o f  th e  Eocene 

u n i t s  a r e ,  in  s t r a t i g r a p h i c  sequence  from o l d e s t  to  y o u n g e s t : th e

B a t t l e  S p r in g  fo rm a t io n ,  th e  T ip to n  to n g u e ,  o f  th e  Green R iv e r  fo rm a t io n ,  

th e  C a th e d ra l  B lu f f s  tongue  o f  th e  Wasatch fo rm a t io n ,  th e  Morrow Creek 

member and Laney s h a le  member o f  th e  Green R iver f o rm a t io n ,  and th e  

B r id g e r  fo rm a t io n .

*F ig u res  2, and 7-18 a r e  in  p o c k e t .



To th e  w est o f  t h e  a r e a  s tu d i e d  a s e r i e s  o f  b o u ld e r  cong lom era te  

beds o f  O ligocerie age s e p a r a te d  by u n c o n fo rm i t ie s  from th e  B r id g e r  

fo rm a t io n  below and from th e  Miocene ro c k s  above. Above th e  O ligocene  

ro ck s  i s  a l e n t i c u l a r  s e r i e s  o f  cong lom era te  and c o a r s e - g r a in e d  s a n d s to n e  

beds ra n g in g  i n  th i c k n e s s  from 0 to  100 f e e t  t h i s  i s  fo l lo w ed  by a 

sequence o f  tu f f a c e o u s  s ed im en ta ry  ro ck s  ra n g in g  in  th i c k n e s s  from abou t 

40 f e e t , e a s t  o f  Lost Creek t o  a p ro b a b le  maximum o f  abou t 400 f e e t , 

w est o f  L ost C reek . T h is  sequence  o f  ro c k s  i s  o f  Miocene age .

Q u a te rn a ry  d e p o s i t s  c o n s i s t i n g  o f  f l u v i a t i l e ,  l a c u s t r i n e ,  

c o l l u v i a l , and e o l i a n  sed im en ts  o v e r l i e  much o f  th e  T e r t i a r y  b e d r o c k .

During P le i s t o c e n e  and Recent t im e  a number o f  e x te n s iv e  

t e r r a c e s , b o th  d e p o s i t i o n a l  and e r o s i o n a l ,  were formed. Remmants o f  

th e s e  d e p o s i t s  a r e  s t i l l  d i s c e r n i b l e s  o v e r  most o f  t h e  G rea t D iv ide  

B as in .  In  some p a r t s  o f  th e  b a s in  th e  s i t e s  o f  P l e i s t o c e n e  la k e s  a r e  

in d i c a t e d  by b ro ad  sh a llo w  d e p r e s s io n s .

The m ajor s t r u c t u r a l  f e a t u r e s  o f  th e  a re a  c o n s t i t u t e  a n o r t h ­

westward t r e n d in g  s y n c l i n e ,  a n o r th w e s te r n ly  s e t  o f  f a u l t s ,  and a 

n o r t h e a s t e r l y  s e t  o f  f a u l t s  ( s e e  F ig u re  2 ) .

S t r a t i g r a p h y

S ed im en ta ry  ro ck s  exposed in  th e  S i l v e r  B e l l  p r o s p e c t  a re a  

com prise  a f l u v i a t i l e  and l a c u s t r i n e  sequence t h a t  ra n g e s  in  age from 

P a leocene  to  Miocene and has an a g g re g a te  th i c k n e s s  o f  abou t 5 ,200  f e e t .

A m a n tle  o f  a l lu v iu m ,  co l lu v iu m , and s tream  t e r r a c e  m a t e r i a l  o f  

Q u a te rn a ry  age co v ers  most o f  th e  a r e a .
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The sequence o f  T e r t i a r y  se d im e n ta ry  ro ck s  may be d iv id e d  in t o  

s i x  fo rm a t io n s .  The o l d e s t  i s  th e  F o r t  Union fo rm a t io n  o f  P a leocene  

ag e ,  which i s  abou t 1 ,100 f e e t  t h i c k  i n  th e  w e s te rn  p a r t  o f  th e  G rea t  

D iv ide  B as in  and abou t 1 ,000 f e e t  th i c k  in  th e  n o r th e r n  p a r t  (Shawe,

1956). Unconformably o v e r ly in g  th e  P o r t  Union fo rm a t io n  i s  an i n t e r -  

to n g u in g  sequence  a s s ig n e d  to  th e  W asatch, Green R iv e r ,  and B a t t l e  

S p r in g  fo rm a t io n s  o f  Eocene age . B oulder and p eb b le  cong lom era tes  o f  

O ligocene  ag e ,  and cong lom era te  and tu f f a c e o u s  s a n d s to n e  o f  Miocene age 

o v e r l i e  t h e  Eocene fo rm a t io n s .

O lder s e d im e n ta ry  ro ck s  t h a t  ran g e  in  age from P en n sy lv an ian  to  

L ate  C re taceo u s  a r e  exposed on th e  w e s te rn ,  n o r th e r n ,  and e a s t e r n  m arg in s  

o f  th e  G rea t  D iv ide  B as in .  They p ro b a b ly  u n d e r l i e  th e  Lost Creek a r e a  

a t  d ep th  (S h e r id a n  e t  a l . ,  1961 and F ig u re  3 ) .

The F o r t  Union fo rm a t io n  i s  abou t 1,000 f e e t  t h i c k  in  Bison 

B asin  n o r th  o f  th e  mapped a r e a ,  t h e  upper 50 f e e t  i s  exposed in  th e  Lost 

Creek a r e a .  The fo rm a t io n  c ro p s  ou t in  th e  n o r th e r n  p a r t  o f  th e  a re a  

a long  th e  n o r th e r n  b ran ch  o f  t h e  C o n t in e n ta l  D iv id e .  I t  c o n s i s t s  p r e ­

do m in an tly  o f  in te rb e d d e d  b u f f  t o  g r a y ,  m a ss iv e ,  c o a r s e  to  f i n e  g ra in e d  

s a n d s to n e ;  b u f f  and g ray  s h a l e ,  and s i l t s t o n e .

Eocene ro c k s  in  th e  G rea t  D iv ide  B asin  in c lu d e  th e  B a t t l e  S p r in g ,  

W asatch, Green R iv e r  and B r id g e r  fo rm a t io n s .  They t o t a l  about 4 ,200  f e e t  

in  th i c k n e s s ,  and c o n s i s t  o f  s a n d s to n e ,  s i l t s t o n e ,  o i l  s h a l e ,  c l a y  s h a l e ,  

l im e s to n e ,  co n g lo m era te ,  and c o a l  b e d s .  E ig h t  s t r a t i g r a p h i c  u n i t s  have 

been  r e c o g n iz e d  in  th e  sequence  u n d e r ly in g  th e  B r id g e r  fo rm a t io n  

( P i p i r i n g o s ,  1955, p 100-103; 1956, p 4 3 4 -4 3 5 ) .  Three a r e  made up p r e ­

do m in an tly ,  o f  c l a y s t o n e ,  s i l t s t o n e ,  and sa n d s to n e  w ith  s u b o rd in a te
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amounts o f  s h a l e  and c o a l ;  from o l d e s t  t o  y o u n g e s t ,  th e y  a r e  t h e  Red 

D e s e r t ,  N i1and , and C a th e d ra l  b l u f f s  ton g u es  o f  th e  Wasatch fo rm a t io n .  

G rading in t o  and in t e r to n g u i n g  w ith  t h e s e  a r e  fo u r  u n i t s  c o n s i s t i n g  p r e ­

d om inan tly  o f  p ap e r  s h a le  w i th  s u b o rd in a te  amounts o f  s a n d s to n e ,  s i l t -  

s to n e ,  and l im e s to n e .  From o l d e s t  to  y o u n g e s t ,  th e y  a r e  th e  human and 

T ip to n  to n g u e s ,  and th e  Laney s h a le  and Morrow Creek members o f  th e  

Green R iv e r  fo rm a t io n .  These u n i t s  g rad e  l a t e r a l l y  i n t o  and i n t e r ­

tongue  w ith  t h e  c o a r s e  a r k o s i c  s a n d s to n e  o f  th e  B a t t l e  S p r in g  fo rm a t io n  

( P i p i r i n g o s ,  1955, p 101 - see  F ig u re  3 ) .

A fo rm a t io n  which i s  b e l i e v e d  by some g e o l o g i s t s  t o  be e i t h e r  

l a t e  Eocene o r  O ligocene  age ,  o r  b o th  (U .S .G .S . Bui 1099-A ), i s  t h e  

Browns Park  fo rm a t io n  which unconform ably  o v e r l i e s  t h e  B r id g e r  fo rm a t io n .  

I t  i s  a cong lom era te  g e n e r a l l y  ra n g in g  from abou t 10 to  20 f e e t  in  

t h i c k n e s s ,  w i th  c o n s t i t u e n t s  l o c a l l y  as  l a r g e  as  b o u ld e r  s i z e .  The 

cong lom era te  in t e r to n g u e s  w i th  an in te rb e d d e d  sequence o f  v e ry  c o a r s e ­

g ra in e d  s a n d s to n e  and f i n e - g r a i n e d  tu f f a c e o u s  s a n d s to n e .  These u n i t s  

a r e  l e n t i c u l a r ,  b u t  t o g e t h e r  th e y  a r e  a t  l e a s t  110 f e e t  t h i c k  and 

l o c a l l y  may be as much as 220 f e e t  t h i c k  (U .S .G .S . Bui 1099-A). They 

can be t r a c e d  from th e  ex trem e n o r th w e s t  c o rn e r  o f  th e  a re a  to  a p o in t  

so u th  o f  Soda Lake in  th e  NE1/4SW1/4 sec  24. T 26 N . , R. 95 W. . . E ast 

o f  t h i s  p o in t  th e  cong lom era te  and c o a r s e - g r a in e d  sa n d s to n e  beds a re  

a b s e n t  and t h e  o v e r ly in g  homogeneous sequence  beds a r e  f i n e - g r a i n e d  

tu f f a c e o u s  ro c k s  r e s t i n g  d i r e c t l y  on th e  B r id g e r  fo rm a t io n .

The Browns Park fo rm a t io n  i s  im p o r ta n t  b eca u se  i t  i s  th e  most 

p ro b a b le  so u rce  o f  th e  uranium m i n e r a l i z a t i o n  i n  t h e  c o a l  beds and in  

t h e  s h r o e c k i n g e r i t e  d e p o s i t s  o f  t h i s  a r e a ,  ( P i p i r i n g o s ,  1961).
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The s t r a t i g r a p h y  en co u n te red  i n  d r i l l i n g  on t h e  S i l v e r  B e l l  

p r o p e r ty  i s  b a s i c a l l y  t h a t  o f  th e  B a t t l e  S p ring  fo rm a t io n .  In  th e  

s o u th e rn  p a r t  o f  th e  c l a im s ,  so u th  o f  th e  m a jo r  e a s t - w e s t  normal f a u l t  

(s e e  F ig u re  2 ) ,  t h e  B a t t l e  S p r in g s  fo rm a t io n  i s  o v e r l a i n  and i n t e r -  

tongued w ith  th e  Wasatch and Green R iv e r  f o r m a t io n s . D r i l l  in fo rm a t io n  

shows t h a t  th e  beds in  s e c t i o n  23, T . 26 N. R 94 W., so u th  o f  th e  normal 

f a u l t , s t r i k e  about N 45° W and d ip  abou t 4° to  th e  s o u th w e s t .

G eolog ic  c ro s s  s e c t i o n s  showing fo rm a t io n a l  c o n t a c t s  a re  shown 

i n  F ig u re s  12 t o  18. The fo l lo w in g  i n t e r p r e t a t i o n  was b ased  on e l e c t r i c  

log i n t e r p r e t a t i o n  and a g e o lo g ic  log o f  d r i l l  h o le  c u t t i n g s .

1. Upper B a t t l e  S p r in g s  F o rm a t io n . M ainly  c l a y  w ith  some 

c la y e y  san d ,  m odera te  gamma r a d i o a c t i v i t y  50 t o  100 C .P .S .  

(co u n ts  p e r  s e c o n d ) .

2. M iddle B a t t l e  S p r in g s  F o rm a t io n s . M ainly c la y e y  sand  w ith  

m odera te  gamma r a d i o a c t i v i t y  50 to  100 C .P .S .

3. Lower B a t t l e  S p r in g  F o rm a t io n . C lay , c la y e y  sa n d s ,  san d ,  

carbonaceous  m a t e r i a l , and some c o a l . In  th e  upper  p a r t  o f  

t h i s  s e c t i o n ,  e r r a t i c  h ig h  gamma r a d i o a c t i v i t y  50 to  400 

C .P .S .  i s  due t o  u r a n i f e r o u s  carbon  m a t e r i a l .

4. F o r t  Union F o rm a t io n . C lay , c la y e y  san d ,  san d ,  and 

ca rbonaceous  m a t e r i a l ,  v e ry  low gamma r a d i o a c t i v i t y .

In  summary, t h e  p r e - B r id g e r  Eocene ro ck s  o f  t h i s  a r e a  may be 

th o u g h t  o f  as p ro d u c ts  o f  t h r e e  en v iro n m en ts .  The Green R iv e r  fo rm a t io n  

i s  o f  l a c u s t r i n e  o r i g i n .  I t  i n t e r f r i n g e s  w ith  th e  Wasatch fo rm a t io n  o f  

f l u v i a t i l e  o r i g i n .  The B a t t l e  S p r in g  fo rm a t io n  o f  d e l t a - f l u v i a t i l e  

o r i g i n  i n t e r f r i n g e s  w i th  th e  Wasatch and Green R iv e r  fo rm a t io n s .  In
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g e n e r a l , t h e  Laney s h a le  member o f  th e  Green R iv e r  fo rm a t io n  t h i n s  

n o r th e a s tw a rd ,  w hereas th e  T ip to n  and human tongues  o f  th e  Green R iv e r  

fo rm a t io n ,  t h e  N iland  and Red D ese r t  ton g u es  o f  th e  W asatch, and th e  

B a t t l e  S p r in g  fo rm a t io n  t h i n  sou thw estw ard .

S t r u c t u r a l  Geology

The G rea t D iv ide  B asin  i s  a r e g io n  o f  r e l a t i v e l y  minor 

s t r u c t u r a l  e le m e n ts .  I t  may be a p a r t  o f  th e  Washakie B asin  to  th e  

s o u th .  S t r u c t u r a l  u p l i f t s  form ing th e  o th e r  b o u n d a r ie s  o f  th e  b a s in  

a r e :  th e  Rock S p r in g s  a n t i c l i n e  to  t h e  w e s t ,  t h e  Wind R iv e r  u p l i f t  t o

th e  n o r th w e s t ,  t h e  Sw eetw ater u p l i f t  t o  t h e  n o r th  and n o r t h e a s t ,  and th e  

Rawlins u p l i f t  t o  th e  e a s t .  N o r th e a s t - t r e n d in g  normal f a u l t s  a r e  common 

a t  th e  w e s te rn  edge o f  th e  b a s i n  a long  th e  f la n k  o f  t h e  Rock S p r in g s  up­

l i f t .  Along th e  e a s t  s i d e  o f  th e  b a s i n ,  f a u l t s  a r e  a s s o c i a t e d  w i th  t h e  

Rawlins u p l i f t .  Many f a u l t s  o ccu r  a long  th e  n o r th  s id e  o f  th e  b a s in  

around th e  nose  o f  th e  Wind R ive r  Range and a long  th e  Green M ounta ins- 

Crooks M ountain a r e a .  The m a jo r  p a r t  o f  th e  b a s in  s o u th  o f  th e  Lost 

Creek a re a  i s  c h a r a c t e r i z e d  by g e n t l e  f o ld s  and a m inor f a u l t i n g ,  w here­

as t h e  n o r th e r n  p a r t  o f  t h e  b a s in  i s  c h a r a c t e r i z e d  by more complex 

f o ld in g  and f a u l t i n g .  These f a u l t s  a r e  p ro b a b ly  s t r u c t u r a l l y  r e l a t e d  to  

th e  C o n t in e n ta l  f a u l t  mapped by Nace (1 939 ) ,  t o  t h e  n o r th w e s t  o f  th e  

Lost Creek a r e a .  '

The main s t r u c t u r a l  f e a t u r e  a c ro s s  t h e  c e n t r a l  p a r t  o f  th e  

S i l v e r  B e l l  P ro sp e c t  a r e a  i s  a b ro ad  e a s tw a rd -p lu n g in g  a rch  w ith  a 

p o o r ly  d e f in e d  a x i s  t h a t  t r e n d s  abou t N 70° E. S e v e ra l  s u b s i d i a r y  f o ld s  

a r e  superim posed  on th e  c r e s t  o f  th e  main a rch  as sh a llo w  a n t i c l i n e s  and
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s y n c l in e s  w ith  d iv e r s e  a x i a l  t r e n d s . F o ld ing  o f  th e  s y n c l in e s  p ro b a b ly  

began i n  L ate  C re taceo u s  t im e  and c o n t in u e d  d u r in g  d e p o s i t i o n  o f  low er 

Eocene ro c k s  (se e  F ig u re  2 ) .

The exposed fo rm a t io n s  a r e  c u t  by many normal f a u l t s  t h a t  can 

be t r a c e d  f o r  s e v e r a l  m i le s .  Most o f  th e  f a u l t s  t r e n d  n o r th e a s tw a rd ;  a 

few, however, t r e n d  no rthw es tw ard  a t  abou t r i g h t  a n g le s  to  t h e  f i r s t  s e t  

o f  f a u l t s .  A normal f a u l t  w ith  a d isp la c e m e n t  o f  abou t 3 ,000  f e e t ,  

downthrown on th e  s o u th ,  can be  t r a c e d  i n  T.26 N . , Rs. 94 and 95 W. 

S t r u c t u r e s  t r e n d in g  no rthw es tw ard  a p p e a r  to  be  o ld e r  th a n  th o s e  t r e n d in g  

n o r th e a s tw a rd .

Major s t r u c t u r e s  mapped by th e  U n ited  S t a t e s  G eo lo g ica l  Survey 

a r e  shown on F ig u re  2. The E ast A nte lope  A n t i c l i n e  i s  a dominant 

f e a t u r e  i n  th e  n o r th e r n  p a r t  o f  th e  c la im s  and a m ajor s y n c l in e  i s  a 

dominant f e a t u r e  in  th e  sou thernm ost c la im s .  The m ajor e a s t - w e s t  n o rm a l , 

f a u l t  w ith  3 ,000  f e e t  d isp la c e m e n t  i s  shown in  s e c s .  22, 23, and 24,

T .26 N . , R 94 W. Grace Company's d r i l l i n g  i n d i c a t e s  m a jo r  movement a long  

t h i s  f a u l t ,  b u t  i n s u f f i c i e n t  d a ta  were o b ta in e d  t o  d e te rm in e  th e  t r u e  

amount o f  d isp la c e m e n t  (s e e  F ig u re s  7 and 16) .



CHAPTER 3

ECONOMIC GEOLOGY

R o l l -F ro n t  Theory - Geochemical C e l l

For many y e a r s  (Shawe and G ra n g e r , 1965), i t  has  been  known 

t h a t  uranium  and vanadium d e p o s i t s  in  s e d im e n ta ry  ro c k s  o ccu r  l o c a l l y  in  

t h e  form o f  r o l l s  cu rved  o re  l a y e r s  which a r e  n o t  co n co rd a n t w ith  th e  

e n c lo s in g  s t r a t a  b u t  assume d i s c o r d a n t  C-shaped o r  S -shaped  c ro s s  

s e c t i o n s . W ith in  th e  l a s t  15 y e a r s  th e  r o l l  has been  r e c o g n iz e d  as  th e  

dominant form o f  many uranium  d e p o s i t s  in  s a n d s to n e .

In  t h e  i l l u s t r a t i o n  o f  th e  R o l l - F r o n t  Theory we m ight c o n s id e r  

th e  d e p o s i t s :  R i f l e  D e p o s i t ,  C o lo rado ; Uravan M inera l  B e l t ,  C olorado ;

and th e  T e r t i a r y  B as in  D ep o s i ts  o f  Wyoming ( S h i r l e y  B a s in ,  Gas H i l l ,  

Crooks Gap, e t c . ) .

Two d i s t i n c t  ty p e s  o f  uranium d e p o s i t s  t h a t  commonly o ccu r  in  

th e  form o f  r o l l s  a r e  r e c o g n iz e d :  (1) a ty p e  common on th e  Colorado

P la t e a u ,  and (2) a ty p e  b e s t  e x e m p li f ie d  in  th e  T e r t i a r y  B asins  o f  

Wyoming, each w i th  i t s  a s s o c i a t e d  a l t e r e d  ro c k s  (Shawe and G ranger,

1965). In  Colorado  P l a t e a u ,  mudstone t h a t  c o n ta in s  i r o n  p re d o m in a n t ly  

i n  th e  reduced  form and s a n d s to n e  t h a t  c o n ta in s  p y r i t e  a r e  c o n v e n t io n a l ly  

r e f e r r e d  to  as b e in g  a l t e r e d .  Such red u ced  s a n d s to n e  may be o f  e i t h e r  

d i a g e n e t i c  o r  e p i g e n e t i c  o r i g i n .  R o l ls  o f  T e r t i a r y  B asins  o f  Wyoming 

form th e  boundary  betw een a l t e r e d  and u n a l t e r e d  s a n d s to n e .  A l te re d  sand ­

s to n e  i s  t y p i c a l l y  g r e e n i s h  and p y r i t e  f r e e ,  w hereas u n a l t e r e d  san d s to n e  

i s  p y r i t e  b e a r in g .

16
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D e ta i l s  o f  th e  form and h a b i t a t  o f  r o l l  o r e b o d ie s ,  r e g a r d l e s s  o f  

l o c a l i t y ,  a r e  c o m p a tib le  w i th  a th e o ry  t h a t  r o l l s  were d e p o s i t e d  a t  an 

i n t e r f a c e  betw een two env ironm ents  o f  d i f f e r e n t  chem ica l and p h y s ic a l  

p r o p e r t i e s .  Both Eh and pH d i f f e r e n c e s  were among th e  chem ica l 

d i f f e r e n c e s  t h a t  were l i k e l y  a t  th e  i n t e r f a c e  marked by th e  r o l l .  The 

d eg ree  o f  d i f f e r e n c e  on o p p o s i te  s id e s  o f  th e  i n t e r f a c e  p ro b a b ly  v a r i e d  

c o n s id e r a b ly  from d i s t r i c t  to  d i s t r i c t .  Th is  assum ption  i s  su g g e s te d  

when we n o te :

a .  That in  t h e  S h i r l e y  B asin  a l t e r e d  s a n d s to n e  (Harshman, E. N.

1962) on th e  concave s id e  o f  r o l l s  i s  g r e e n i s h  s u g g e s t in g  

f e r r o u s  i r o n ,  b u t  t h e r e  i s  as y e t  no ev id en ce  t h a t  f e r r i c  

i r o n  o c c u rs  in  s i g n i f i c a n t l y  g r e a t e r  p r o p o r t i o n  on one s i d e  

o f  th e  r o l l s  th a n  on th e  o th e r .

b .  That in  th e  Uravan m in e ra l  b e l t  most o f  t h e  i r o n  on b o th  

s id e s  o f  unw eathered  r o l l s  i s  in  th e  f e r r o u s  s t a t e .

c . That a t  Ambrosia Lake f e r r o u s  i r o n  (as  p y r i t e )  i s  dominant 

on b o th  s id e s  o f  th e  p r im ary  o r e s ,  and t h a t  a l s o  a t  Ambrosia 

Lake i r o n  n e a r  one r e d i s t r i b u t e d  c r u d e ly  formed r o l l  ty p e  

body i s  l a r g e l y  in  th e  f e r r o u s  s t a t e  on th e  d o m in an tly  con­

cave s id e  and m o s t ly  in  th e  f e r r i c  s t a t e  on th e  o th e r  s i d e .

D if f e r e n c e s  among r o l l  ty p e  d e p o s i t s  j u s t  d e s c r ib e d  can be 

summarized b r i e f l y .

1. R o l ls  o f  t h e  ty p e  e x e m p l i f ie d  in  th e  S h i r l e y  B asin  form th e  

boundary  between a l t e r e d  and u n a l t e r e d  s a n d s to n e ,  w hereas 

r o l l s  such as  in  th e  Uravan m in e ra l  b e l t  and a t . t h e  R i f l e



mine a r e  e n t i r e l y  su rrounded  by a wide h a lo  o f  a l t e r e d  

g ro u n d .

In  a d d i t i o n  to  d i f f e r e n c e s  i n  h o s t - r o c k  a l t e r a t i o n ,  most 

r o l l s  seem to  form o r i g i n a l l y  as p r im ary  d e p o s i t s ,  as a t  

R i f l e  in  t h e  S h i r l e y  B as in ,  and in  th e  Uravan m in e ra l  b e l t  

t h e s e  a r e  p ro b a b ly  a t  l e a s t  10 m i l l i o n  y e a r s  o ld  o r  o ld e r .  

Only r a r e l y ,  and in  im p e r fe c t  form, do th e  r o l l s  deve lop  as 

d i s t i n c t l y  seco n d ary  o r  r e d i s t r i b u t e d  b o d ie s ,  such as found 

a t  Ambrosia Lake where th e y  may be much l e s s  th a n  10 m i l l i o n  

y e a r s  o ld  (Shawe and G ranger ,  1965).

R o l ls  t h a t  occupy a l a r g e  p a r t  o f  th e  th i c k n e s s  o f  t h i c k  

perm eable  sa n d s to n e  u n i t s ,  as  in  th e  S h i r l e y  B as in ,  a t  th e  

R i f l e  Mine, and a t  Ambrosia Lake, may o r  may no t r e f l e c t  by 

t h e i r  o r i e n t a t i o n s  t h e  g ro s s  t r e n d s  o f  pa leo g ro u n d  w a te r  

movement. However r o l l s  t h a t  occu r  in  sm a ll  perm eable  sa n d ­

s to n e  le n s e s  com plexly  d iv id e d  by numerous t h i n  im permeable 

mudstone l a y e r s ,  such as  i n  th e  Uravan m in e ra l  b e l t ,  p ro b a b ly  

i n d i c a t e  by t h e i r  o r i e n t a t i o n  m ere ly  l o c a l  d iv e r s i o n s  o f  th e  

g ro s s  p a l e o - d r a in a g e - v a g a r i e s  o f  a complex n a t u r a l  plumbing 

system .

Some r o l l s  c o n s t i t u t e  v i r t u a l l y  an e n t i r e  o re  d e p o s i t  

( S h i r l e y  B a s i n ) , and o th e r s  a re  m ere ly  boundary  m o d i f i c a t io n s  

o f ,  o r  c o n n e c t in g  l i n k s  be tw een , l a rg e  t a b u l a r  o re b o d ie s  

( R i f l e  d e p o s i t ;  Ambrosia Lake p r im ary  o r e s ) .
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5. A lthough some r o l l s  m ight ap p ea r  to  be  r e l a t e d  in  p o s i t i o n  

and o r i e n t a t i o n  t o  zones o f  movement o f  ground w a te r  

c o n t r o l l e d  by s t r u c t u r e  and th e  p r e s e n t  o r  r e c e n t  topog raphy  

(Ambrosia Lake p o s t f a u l t  o r e s ) , most e x h i b i t  no d i s c e r n i b l e  

r e l a t i o n  t o  th e s e  (Uravan m in e ra l  b e l t ;  R i f l e  d e p o s i t ;  

Ambrosia Lake p r im ary  o r e s ) .

The p r i n c i p l e s  o f  th e  R oll F ro n t  Theory were o r i g i n a l l y  a p p l ie d  

to  r o l l  d e p o s i t s  e l s e w h e re ,  b u t  th e y  a l s o  p e r t a i n  t o  th e  o re  d e p o s i t i o n  

o f  th e  Gas H i l l s ,  S h i r l e y  B a s in ,  and Crooks Gap Uranium D e p o s i ts  and 

S i l v e r  B e l l  uranium  p r o s p e c t  in  Wyoming.

In  some T e r t i a r y  b a s in s  o f  c e n t r a l  Wyoming ( S h i r l e y  B as in ,  Gas 

H i l l s ,  Crooks Gap and th e  S i l v e r  B e l l  uranium  p r o s p e c t ) , u r a n i f e r o u s  

P recam brian  g r a n i t i c  so u rc e  ro c k s  were t ra n s fo rm e d  i n t o  e x tre m e ly  le a n  

a r k o s i c  uranium  p r o t o r e  t h a t  was p e rm e ab le ,  ca rbonaceous  and p y r i t i f e r o u s . 

With in g r e s s  o f  oxygenated  g ro u n d w ate r ,  geochem ical c e l l s  deve loped  in  

th e  so u rc e  beds o r  p r o t o r e .  W ater and oxygen r e a c t e d  w i th  d is s e m in a te d  

d i a g e n e t i c  and e p i g e n e t i c  p y r i t e  to  form an a c id  wave t h a t  moved 

g e n e r a l l y  downdip t o  le a c h  uranium  and o th e r  s u s c e p t i b l e  e lem en ts  from 

th e  p r o t o r e .  These e lem en ts  were d e p o s i t e d  from s o l u t i o n  in  r o l l  f r o n t s  

where Eh and pH changes caused  p r e c i p i t a t i o n  a t  th e  edges o f  geochem ical 

c e l l s .

In  th e  c o u rse  o f  p h y s ic a l  and chem ica l w e a th e r in g ,  t h e  u r a n i ­

f e r o u s  so u rce  ro ck s  were b roken  down and th e  uranium  in  s o l u t i o n ,  and as 

b o th  p r im ary  and seco n d ary  p a r t i c l e s  t o g e t h e r  w ith  comminuted m a t r ix  

m a t e r i a l  u l t i m a t e l y  was t r a n s p o r t e d  t o  a d j a c e n t  to p o g ra p h ic  and s t r u c ­

t u r a l  b a s i n s .  Thus th e  u r a n i f e r o u s  g r a n i t i c  so u rc e  ro c k s  were
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t r a n s fo rm e d  i n t o  so u rc e  beds o f  u r a n i f e r o u s  a rk o se  and r e l a t e d  f i n e r -  

g ra in e d  i n t e r f l u v e  d e p o s i t s .  In  o th e r  w ords, th e  im perm eable, non- 

amenable g r a n i t i c  uranium  so u rce  ro ck s  became p e rm eab le ,  amenable a r k o s ic  

uranium  so u rc e  beds o r  p r o t o r e .  Some d i s o lv e d  uranium  may have been  l o s t  

( le a k ed )  from th e  system  a t  t h i s  s t a g e .  An a g g r a d a t io n a l  sed im e n ta ry  

environm ent was n e c e s s a ry  f o r  p r e s e r v a t i o n  o f  th e  a r k o s i c  p r o t o r e .  In  

t h i s  paleoepivironm ent u nder  d i s c u s s i o n ,  c l im a t e ,  p h y s io g ra p h y ,  and s e d i ­

m e n ta t io n  a l low ed  th e  developm ent and p r e s e r v a t i o n  o f  v e g e t a b le  ca rb o n ,  

which i s  now m a n i f e s t  m a in ly  as f o s s i l  o rg a n ic  t r a s h  i s  a r k o s ic  ch an n e ls  

and as  ca rbonaceous  o r  l i g n i t i c  c la y e y  i n t e r f l u v e  d e p o s i t s .  T h is  ca rb o n ­

aceous env ironm ent p ro b a b ly  h e lp e d  o r i g i n a l l y  to  h o ld  s y n g e n e t ic  

uranium  i n  t h e  c o n t i n e n t a l  s e d im e n ts .

A naerob ic  b a c t e r i a  t h r i v i n g  on abundant d is s e m in a te d  and bedded 

carbon  g e n e ra te d  u b iq u i to u s  hydrogen  s u l f i d e ,  which combined w ith  i r o n  

in  fo rm a t io n  w a te r  t o  form d i a g e n e t i c  and e p i g e n e t i c  p y r i t e .  T h is  p y r i t e ,  

t o t a l l i n g  abou t 0.5-1% by volum e, i s  d is s e m in a te d  g e n e r a l l y  th ro u g h  th e  

so u rc e  beds o r  p r o t o r e .  At t h i s  s t a g e ,  th e  g r a n i t i c  so u rc e  ro ck  had been  

t ra n s fo rm e d  i n t o  ex tre m e ly  le a n  a r k o s i c  uranium  p r o to r e  t h a t  was perme­

a b l e ,  ca rbonaceous  and p y r i t i f e r o u s . The p r o t o r e  m ight have rem ained 

u n e n r ic h e d  and o f  no economic s i g n i f i c a n c e ,  how ever, su b seq u en t t e c t o n i c  

ev e n ts  t r i g g e r e d  s t r u c t u r a l  a d ju s tm e n ts  t h a t  r e v i t a l i z e d  fo rm a t io n -w a te r  

g r a d i e n t s  and u l t i m a t e l y  (a s  e ro s io n  p ro g re s s e d )  a l low ed  in g r e s s  o f  

oxygenated  g roundw ater  in to  th e  perm eab le  p r o t o r e .  The fo rm a t io n -w a te r  

system  as f a r  down-dip as i s  o f  p r e s e n t  concern  was open to  th e  s u r f a c e .  

Recharge w a te r  i s  c o n s id e re d  g e n e r a l l y  n o t  t o  have been  anom alously  

m e t a l l i f e r o u s  (a l th o u g h  m e t a l l i f e r o u s  r e c h a rg e  w a te r  p resum ably  would



enhance th e  s i t u a t i o n ) „ With in g r e s s  o f  oxygenated  g ro undw ate r ,  geo ­

chem ical c e l l s  dev e lo p ed .  I t  shou ld  be p o in te d  ou t t h a t  t h e s e  c e l l s  a re  

f i n i t e  and t h r e e  d im e n s io n a l .  S t a r t i n g  a t  th e  f i r s t  p o in t  o f  acc ess  o f  

oxygenated  g roundw ater  i n t o  th e  u n o x id iz e d  p r o to r e  and sp re a d in g  from 

t h i s  p o in t  i n t o  a to n g u e -sh ap ed  c e l l ,  w a te r  and oxygen r e a c t e d  w ith  d i s ­

sem ina ted  d i a g e n e t i c  and e p i g e n e t i c  p y r i t e  to  form f e r r i c  s u l f a t e  and 

s u l f u r i c  a c id .  Thus, an advancing  a c id  wave, d r iv e n  (down-dip g e n e r a l ly )  

by g r a v i t y  and gu ided  by p e r m e a b i l i t y ,  le ach ed  uranium  and o th e r  s u s ­

c e p t i b l e  e lem en ts  from th e  p r o t o r e .  Around th e  o u te r  m arg ins  o f  th e  

a c id  wave th e  p r e v io u s l y  d e s c r ib e d  ca rb o n a ceo u s ,  a n a e r o b e - r ic h  e n v i ro n ­

ment s u s t a in e d  a r e t r e a t i n g  p h y s io ch em ica l  i n t e r f a c e  o r  s o l u t i o n  f r o n t ,  

where Eh-pH changes caused  p r e c i p i t a t i o n  o f  uranium and o th e r  e lem en ts  

b ro u g h t t o  th e  f r o n t  in  th e  f e r r i c  s u l f a t e  and s u l f u r i c  a c id  s o l u t i o n s .  

Data from th e  S h i r l e y  B asin  d e p o s i t s  su g g e s t  t h a t  uranium  was t r a n s p o r t e d  

i n  lo w - te m p e ra tu re  n e u t r a l  to  w eakly  a l k a l i n e  s o l u t i o n s  and o x id i z in g  

ground w a te r .  L ikew ise  t h e  d e s t r u c t i o n  o f  p y r i t e  and o f  ca rb o n iz e d  

p l a n t  d e b r i s  by th e  o r e - b e a r in g  s o l u t i o n  im p lie s  t h a t  th e  s o l u t i o n  was 

o x id i z in g .  D e p o s i t io n  o f  uranium and e lem en ts  a s s o c i a t e d  w ith  i t  in  th e  

S h i r l e y  B asin  d e p o s i t s  ap p ea rs  t o  have r e s u l t e d  p r i n c i p a l l y  from a d e ­

c r e a s e  in  th e  Eh o f  th e  o r e - b e a r in g  s o l u t i o n ,  a l th o u g h  a m odera te  drop 

o r  r i s e  in  i t s  pH may have been  a c o n t r i b u t i n g  f a c t o r  ( s e e  F ig u re  4 ) .  

S t ro n g ly  r e d u c in g  c o n d i t io n s  . in  th e  zone o f  d e p o s i t i o n  a r e  i n d i c a t e d  by: 

(1) th e  d e c re a s e  in  f e r r i c  i r o n  c o n te n t  o f  samples o f  a l t e r e d  s a n d s to n e  

ta k e n  p r o g r e s s i v e l y  c l o s e r  to  o r e ,  (2) th e  low f e r r i c  and h ig h  f e r r o u s  

i r o n  c o n te n t  o f  o r e ,  (3) t h e  h ig h  p y r i t e  c o n te n t  o f  o r e .  The r e d u c in g  

agen t f o r  th e  S h i r l e y  B asin  d e p o s i t s  may have been H^S o f  b io g e n ic  o r i g i n
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as s u g g e s te d  by L indgren  i n  1910 (Harshman, 1966). The r e s u l t  was an e v e r  

growing (ex c e p t  where r e s t r i c t e d  by p e r m e a b i l i t y  b a r r i e r s )  t e r m i n a l , 

l a t e r a l ,  " r o o f " , and " f l o o r "  s o l u t i o n  f r o n t s  c o n s i s t i n g  o f  th e  e lem en ts  

f lu s h e d  from u p -d ip  and d e p o s i t e d  i n  t h e i r  r e l a t i v e  o r d e r  o f  s o l u b i l i t y .  

O b v io u s ly ,  s e v e r a l  s e p a r a t e  c e l l s  m ight c o a le s c e  and l a t e r a l  and 

v e r t i c a l  d i f f e r e n c e s  i n  p e r m e a b i l i t y  m ight p roduce  complex v a r i a t i o n s  o f  

t h e  s im p le  p i c t u r e  p r e s e n te d  h e r e .

A w e ll  deve loped  geochem ical c e l l  i s  to n g u e -sh a p e d ,  w ith  th e  

tongue  p o in t in g  down-dip g e n e r a l l y .  Models o f  geochem ical c e l l s  have 

been r e c o g n iz e d  in  th e  Crooks Gap, S h i r l e y  B as in ,  and Gas H i l l  d i s t r i c t s  

o f  c e n t r a l  Wyoming ( s e e  F ig u re  5 ) .  In  d i s t i n c t l y  channe led  s a n d s to n e ,  

t h e  to n g u e -sh ap e d  c e l l  may be c o n s id e r a b ly  e lo n g a te d  p a r a l l e l  t o  th e  

ch a n n e l .  Gross p e r m e a b i l i t y  p a t t e r n s  and o f  th e  le n g th  o f  t im e  c e l l  

a c t i v i t y  seem t o  be  m ajor f a c t o r s  c o n t r o l l i n g  o v e r a l l  c e l l  s h a p e .

I d e a l l y ,  th e  l a t e r a l  edges o f  t h e  c e l l  a r e  convex i n  v e r t i c a l  

s e c t i o n ,  b u t  th e  s o l u t i o n  o r  r o l l - f r o n t  i n t e r f a c e  i s  complex in  b o th  

s e c t i o n s  and p l a n ,  so t h a t  p e r f e c t  C-shaped r o l l s  a r e  n o t  common. In  

c ro s s  s e c t i o n ,  r o l l s  commonly show C, S, and " s o c k e t"  shapes  (King and 

A u s t in ,  1965), b u t  in  p la n  a r e  l i n e a r ;  many e lo n g a te  r o l l s  cu rve  

a b r u p t l y  a t  t h e i r  e x t r e m i t i e s  i n t o  " n o s e s . "  R o ll  s u r f a c e s  a r e  f r a c t u r e s  

t h a t  s e p a r a t e  m in e r a l i z e d  ro ck  from b a r r e n .  A lthough r o l l s  commonly 

t e rm in a t e  a g a i n s t  an u pper  and low er m udstone l a y e r ,  i n  p la c e s  th e y  a re  

s p l i t  i n t o  two d i s t i n c t  r o l l s  by a t h i r d  t h i n  m udstone l a y e r  a lo n g  t h e i r  

axes (F ig u re  6 ) .  R o l l s  may b u lg e  above p la c e s  where t h i c k  p a r t s  o f  

s a n d s to n e  s t r a t a  a r e  in  d i r e c t  c o n t a c t  te rm ed " p u n c tu re  p o i n t s " , and
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F i g u r e  5.  I d e a l i z e d  v e r t i c a l  s e c t i o n  a c r o s s

a s o l u t i o n  f r o n t  G a s  Hi l l ,  W y o m i n g



25

Two R o l l s  s e p a r a t e d  by 
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noses  o f  r o l l s  may be  s i t u a t e d  u nder  t h e s e  p l a c e s .  E s s e n t i a l l y ,  r o l l  

o re b o d ie s  i n  any p a r t i c u l a r  sa n d s to n e  l a y e r  a r e  a l l  segments o f  a 

c o n t in u o u s  r o l l  f r o n t ,  and in  p la c e s  ap p ea r  to  be l a c k in g  as a r e s u l t  

o f  f l a t t e n i n g  o f  r o l l s  i n t o  t a b u l a r  form. The a x i s  a r e  c h a r a c t e r i s t i ­

c a l l y  s in u o u s  in  p la n  and commonly doub le  back on th e m se lv es  so t h a t  

c ro s s  s e c t i o n s  th ro u g h  loops  in  th e  r o l l  f r o n t s  show m irror"  images o f  

t h e  r o l l  shapes  on e i t h e r  s id e  o f  th e  loops (F ig u re  6 ,  E, F ) .  I n d iv i d u a l  

r o l l  f r o n t s  in  d i f f e r e n t  sa n d s to n e  l a y e r s  show l i t t l e  s i m i l a r i t y  in  

l o c a l  d i s t r i b u t i o n .  In  many p la c e s  r o l l s  g rad e  i n t o  t a b u l a r  o re b o d ie s  

which a r e  e s s e n t i a l l y  p a r a l l e l -  t o  bedd ing  p la n e s  (F ig u re  6, A, C ) .

The w id th  o f  th e  o re  zone a p p a r e n t ly  i s  c o n t r o l l e d  by th e  r a t e  

o f  change o f  Eh and pH; t h e  more r a p i d  and i n t e n s e  th e  changes 

( l a t e r a l l y ) ,  th e  more im m ediate th e  dumping o f  m e ta l s .  Thus, th e  r a t e  

o f  change o f  Eh and pH may make th e  d i f f e r e n c e  betw een h ig h -g ra d e  o re  

s p re a d  o v e r  a few t e n t h s  o f  f e e t  ( l a t e r a l l y )  o r  no economic c o n c e n t r a t i o n  

o f  m e ta ls  where Eh and pH changes a r e  to o  g r a d u a l .

A geochem ical c e l l  e s s e n t i a l l y  i s  a le a c h e d ,  l o c a l l y  gossan  

b e a r in g  w ith  s e c o n d a r i l y  e n r ic h e d  o re  around th e  m a rg in s .  The 

s e c o n d a r i ly  e n r ic h e d  o re  g rad es  i n t o  e x tre m e ly  le a n  p r o t o r e  ( th e  s o u rce  

b e d ) . A geochem ical c e l l  may have t r a n s v e r s e  and l o n g i t u d i n a l  d im ensions  

o f  a few t o  t e n  o r  more m i le s  and a th i c k n e s s  o f  as much as 300 f e e t .

To form such  to n g u e s , u ranium  and o t h e r  m e ta ls  were f lu s h e d  from t e n s  o f  

b i l l i o n s  o f  to n s  o f  ex tre m e ly  le a n  so u rce  b ed s  t o  be c o n c e n t r a te d  around 

th e  m arg ins  ( e s p e c i a l l y  th e  te rm in a l  and l a t e r a l  m a r g i n s ) .

Where u r a n i f e r o u s  so u rce  t e r r a n e  has  shed sed im en ts  i n t o  more 

th a n  one f la n k in g  b a s i n ,  e co n o m ica l ly  im p o r ta n t  geochem ical c e l l s  may
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d eve lop  i n  each b a s i n .  Examples a r e  Crooks Gap and Gas H i l l s  d i s t r i c t s  

on e i t h e r  s i d e  o f  t h e  G ra n i te .M o u n ta in s  in  Fremont County, Wyoming 

(F ig u re  5 ) .

S iz e  o f  Uranium O rebod ies  in  th e  Neighborhood

The m ajor uranium  o re b o d ie s  i n  th e  Wyoming T e r t i a r y  B asins  were 

c o n c e n t r a te d  by t h e  geochem ical c e l l  mechanism. Uranium has  been concen­

t r a t e d  and d e p o s i t e d  i n  s o l u t i o n - f r o n t s  a t  t h e  m arg ins  o f  t h e  c e l l .  The 

r o l l - f r o n t  d e p o s i t s  a r e  c o n t in u o u s ,  more o r  l e s s ,  o v e r  d i s t a n c e s  o f  f i v e  

o r  s i x  m i le s  i n  th e  Gas H i l l s  and S h i r l e y  B asin  a r e a s  o f  C e n t r a l  Wyoming. 

They a r e  i n t e r r u p t e d  i n t e r m i t t e n t l y  by v a r i a t i o n s  in  g rade  which may drop  

below economic: l e v e l s  o r  " b e l l y - o u t "  i n t o  b ro a d  low -g rade  l e n s e s . In  

some c a s e s  f a u l t i n g  may o f f s e t  o r e b o d ie s ;  o r  a sh a rp  s h i f t  in  th e  t r a n s ­

m is s iv e  l i t h o l o g y  may d i s l o c a t e  o r  i n t e r r u p  d e p o s i t i o n .  However, 

g e n e r a l l y ,  t h e  o re b o d ie s  a r e  s h o e s t r in g - s h a p e d  d e p o s i t s , u n in t e r r u p t e d  

o v e r  many th o u san d s  o f  f e e t .

The w id th  and th i c k n e s s  o f  o re b o d ie s  a r e  d e te rm in e d  p r i m a r i l y  by 

t h e  w id th  o f  th e  geochem ical c e l l .  The c o n c e n t r a t i o n  o f  uranium s o l u t e  

p r e s e n t  i n  t h e  a r k o s ic - s a n d  h o s t  may a l s o  be a m ajor f a c t o r  in  some 

d e p o s i t s .  Th is  l a t t e r  f a c t o r  no doubt has  an im p o r ta n t  i n f l u e n c e  on th e  

a v e ra g e  g rad e  o b ta in e d ,  a lo n g  w ith  t h e  f a c t o r s  o f  r e l a t i v e  abundance o f  

o rg a n ic  t r a s h ,  p y r i t e ,  and th e  t r a n s m i s s i v i t y  o f  th e  h o s t  ro c k .

In fo rm a t io n  a v a i l a b l e  on th e  s i z e  o f  o re b o d ie s  i n  Wyoming i s  

c o m p lic a te d  by th e  g e n e ra l  c o n f i d e n t i a l  n a t u r e  o f  th e  d a t a ,  m u l t i p l e  

ow nersh ip  o f  o re b o d ie s  p o s s i b l y  m easuring  m i le s  in  l e n g th ,  and th e  f a c t  

t h a t  few o re b o d ie s  in  th e  Gas H i l l s ,  S h i r l e y  B a s in ,  and Crooks Gap have
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a t  t h i s  t im e  been c o m p le te ly  d r i l l e d - o u t  ov e r  t h e i r  e n t i r e  l e n g th .  I t  

i s  e s t im a te d  t h a t  th e  Gas H i l l s  t r e n d s  have been e x p lo re d  l e s s  th a n  70% 

o v e r  t h e i r  p ro b a b le  e x t e n t ,  th o s e  in  S h i r l e y  B asin  l e s s  th a n  50%, th e  

Powder R ive r  B asin  d e p o s i t s  a r e  p ro b a b ly  l e s s  th a n  10% d e l i n e a t e d .  The

Crooks Gap may be 1 /3  d e l im i te d  o r  l e s s .

The a p p a re n t  s i z e  o f  in d i v id u a l  o re b o d ie s  may be  f u r t h e r  d i s ­

t o r t e d  when s ta c k e d  o re b o d ie s  a r e  found a t  s e v e r a l  h o r iz o n s  * r e f l e c t i n g  

t h e  f a c t  t h a t  t h e r e  i s  a te n d en cy  f o r  more th a n  one geochem ical c e l l  to  

d eve lop  in  v e r t i c a l  s u c c e s s io n  where t h e r e  a r e  a s e r i e s  o f  t r a n s m is s i v e  

h o s t  beds s e p a r a t e d  by im perv ious  b e d s ,  and where a p e rv io u s  zone such 

as a f a u l t  has  g iv e n  them a common s o u rc e  o f  oxygenated  s u r f a c e  r u n o f f  

t o  cha rg e  th e  c e l l s .  Such a phenomenon i s  p r e s e n t  i n  b o th  Gas H i l l s  and 

S h i r l e y  B a s in s .

P r e s e n t l y  d eve loped  o re  r e s e r v e s  p lu s  p a s t  p ro d u c t io n  i n  th e

Gas H i l l s  uranium  d i s t r i c t  t o t a l  betw een 15 and 20 m i l l i o n  to n s  o f  o re

c o n ta in in g  .25% U30S as an av e ra g e  g ra d e .  Three o re  t r e n d s  a r e  s i t u a t e d  

3 m i le s  a p a r t .  Three in d i v id u a l  p r o p e r t i e s  c o n ta in  as much as  2 to  3 

m i l l i o n  to n s  o f  uranium  o re  a t  th e  above g ra d e .  These t h r e e  p r o p e r t i e s  

when f u l l y  e x p lo re d  w i l l  p ro b a b ly  i n t e r c o n n e c t  r e s u l t i n g  i n  one orebody 

t o t a l i n g  betw een 5 and 7 m i l l i o n  to n s  .25% uranium  o r e .  There i s  no way 

w ith  t h e  d a t a  a t  hand f o r  an e s t im a te  t o  be  made o f  th e  av e ra g e  s i z e  o f  

o re b o d ie s  in  th e  Gas H i l l . D i s t r i c t .  However, t h e  in t e r c o n n e c t e d  o r e ­

b o d ie s  m entioned  above ex tend  o v e r  a d i s t a n c e  o f  3 t o  4 m i l e s ,  v a ry  in  

w id th  from 10 t o  150 f e e t  w ide , and v a ry  in  th i c k n e s s  up to  50 to  70 

f e e t  maximum t h i c k n e s s . The a v e ra g es  o f  o th e r  o re b o d ie s  would la y  

c o n s id e r a b ly  c l o s e r  t o  th e  minimum th a n  t o  th e  maximum d im ensions
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i n d i c a t e d  above. The S h i r l e y  B asin  has been  u nder  developm ent f o r  a 

s h o r t e r  p e r io d  th a n  t h e  Gas H i l l s  D i s t r i c t  and i t s  o re  t h e r e f o r e ,  has  

been  l e s s  c o m p le te ly  d e l i n e a t e d .  I t s  r e s e r v e s ,  in c lu d in g  p a s t  p r o d u c t io n ,  

ran g e  betw een 12 and 15 m i l l i o n  to n s  o f  .25% U308 o r e .  The w id th  and 

th i c k n e s s  ran g e  a r e  th e  same as  th e  Gas H i l l s .  The S h i r l e y  B asin  has  2 

o r  3 sand u n i t s ,  s e p a r a t e d  by im perv ious beds which have been  p e n e t r a t e d  

by a geochem ical c e l l .  The r e s u l t  i s  one s e t  o f  dua l t r e n d  u n d e r l a id  by 

a t  l e a s t  one o t h e r  s e t ,  b o th  s e t s  s t r e t c h i n g  betw een 4 and 5 m i le s  i n t o  

th e  B as in .

At t h e  c u r r e n t  s t a g e  o f  developm ent th e  Ore R eserves  in c lu d in g  

p a s t  p ro d u c t io n  i n  th e  Crooks Gap a r e a  a r e  betw een 500 and 600 th o u san d  

to n s .  One m a jo r  body i s  b e in g  developed  on a t  l e a s t  f o u r  p r o p e r t i e s .

The o re  l i e s  c lo s e  to  th e  s u r f a c e  n e a r  th e  b a se  o f  t h e  B a t t l e  S p r in g s  

fo rm a t io n .  The same fo rm a t io n  body was once p ro b a b ly  a c l a s s i c  r o l l -  

f r o n t  ty p e  o rebody . However, b eca u se  i t  i s  n e a r - s u r f a c e  t h e r e  has  been  

much p o s t  d e p o s i t i o n  m in e ra l  movement which has  r e s u l t e d  i n  a l e n t i c u l a r ,  

m u l t i p l e - h o r i z o n ,  o rebody , d i f f i c u l t  t o  d e l i n e a t e ,  and c o s t l i e r  to  mine 

th a n  i n  th e  Gas H i l l s  and S h i r l e y  B as in .  Deeper H orizons  t o  th e  so u th  

o f  th e  Gap in  th e  a r e a  where W. R. Grace § Company e x p lo re d  shou ld  

p ro b a b ly  y i e l d  c l a s s i c  r o l l - f r o n t  o r e b o d ie s ,  s i m i l a r  in  c o n f ig u r a t i o n  to  

th o s e  found in  th e  T e r t i a r y  b a s i n s .  However, th e y  co u ld  be  c o n s id e r a b ly  

s m a l le r  th a n  th o s e  found i n  th e  l a r g e r  Gas H i l l s  and S h i r l e y  B asin  

d e p o s i t .  Geochemical c e l l s  i n  th e  S h i r l e y  B asin  and Gas H i l l s  a r e  ort 

th e  o r d e r  o f  one to  f i v e  m i le s  w ide , which o f f e r s  g r e a t e r  scope to  con­

c e n t r a t i o n  o f  uranium  a t  th e  m arg in  o f  th e  c e l l  ( s e e  F ig u re  4 ) .
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A S c h r o e c k in g e r i t e  d e p o s i t  i s  p r e s e n t  a t  th e  ground s u r f a c e  

abou t 5 to  7 m i le s  so u th w es t  o f  th e  S i l v e r  B e l l  p r o p e r ty ,  b u t  i t  has  no t  

been  mined b ecau se  o f  i t s  c o n c e n t r a t i o n  o f  uranium .

S e v e ra l  m ajor m ining  companies have i n i t i a t e d  e x t e n s iv e  

e x p l o r a t io n  program s f o r  uranium  d e p o s i t s  in  th e  Red D ese r t  a r e a ,  b u t ,  

from a l l  in fo rm a t io n  a v a i l a b l e  a t  t h e  p r e s e n t  t im e ,  no commercial o re  

o re b o d ie s  have been  d i s c o v e re d .

D e t e c t a b i l i t y  and Source  o f  Uranium in  a Sandstone-T ype Uranium D eposit

The d e t e c t a b i l i t y  o f  uranium in  t h e  S i l v e r  B e l l  p r o s p e c t  a r e a  

must be  i n t e r p r e t e d  on th e  b a s i s  o f  in fo rm a t io n  from e x p e r ie n c e s  in  th e  

uranium d is c o v e re d  in  S h i r l e y  B as in ,  Gas H i l l  and Crooks Gap d e p o s i t s ,  

where o re  d e p o s i t s  now b e in g  mined a r e  i n  T e r t i a r y  B as ins  were d e p o s i t e d  

by s o l u t i o n  f r o n t s  ( r o l l - f r o n t  t h e o r y ) . T h is  th e o ry  i s  now w id e ly  

a c c e p te d  and th e  S i l v e r  B e l l  p r o p e r ty  o c c u rs  in  a g e o lo g ic  environm ent 

s i m i l a r  t o  t h e s e  a fo rem en tio n ed  d e p o s i t s .

The r a d io m e t r i c  anomaly was f i r s t  d e t e c te d  by U n ited  S t a t e s  

G e o lo g ic a l  Survey in  1951 by a i r b o r n e  su rv e y in g .  W. R. Grace § Company 

r a n . a  ground r a d io m e t r i c  o v e r  th e  anomalous a r e a  u s in g  a 111-B P r e c i s i o n  

S c i n t i l l a t i o n  c o u n te r .  R ad iom etric  re a d in g  were ta k e n  on a 200 fo o t  

g r i d .  C ontours  o f  t h e s e  re a d in g s  deve loped  th e  anomalous a r e a  shown on 

F ig u re s  7 and 8.

I t  i s  assumed t h a t  th e  uranium  c a u s in g  th e  anomaly d e t e c te d  was 

p ro b a b ly  d i s s o lv e d ,  t o g e t h e r  w ith  o th e r  e le m e n ts ,  from tu f f a c e o u s  and 

a r k o s ic  se d im e n ta ry  r o c k s .  The s o l u t i o n s  m ig ra te d  th ro u g h  th e  porous 

sandy B a t t l e  S p r in g  Form ation  and moved from th e  f l a n k  o f  t h e  b a s in  down
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t h e  h y d r a u l i c  g r a d i e n t  tow ard  th e  low er p a r t  o f  th e  b a s i n .  The a r k o s ic  

sa n d s to n e  beds were d e r iv e d  from th e  G ra n i te  M ountains n o r th  and n o r t h ­

e a s t  o f  th e  a r e a .

The G ra n i te  M ountains a r e  capped by a minimum o f  900 f e e t  

o f  w eakly  u r a n i f e r o u s  tu f f a c e o u s  ro ck s  ( P i p i r i n g o s ,  1961) t h a t  a t  

one t im e  a lm ost c o m p le te ly  covered  them. I t  i s  d i f f i c u l t  t o  d e te rm in e  

how much o f  th e  i n t e r s t i t i a l  uranium t h a t  i s  p r e s e n t  in  th e  g r a n i t e  was 

d e r iv e d  from magma and how much was d e r iv e d  from th e  o v e r ly in g  u ran ium - 

b e a r in g  tu f f a c e o u s  r o c k s .

I t  i s  l i k e w is e  d i f f i c u l t  t o  e x p la in  on th e  b a s i s  o f  s t r u c t u r a l  

c d n t r o l  o f  uranium d i s t r i b u t i o n  th e  w id esp read  o c c u r re n c e  o f  uranium in  

in  co a l  so f a r  removed from th e  B a t t l e  S p r in g  F orm ation  and i n  a 

s t r u c t u r a l l y  u n fa v o ra b le  p o s i t i o n s  i n  r e l a t i o n  to  th e  so u rc e  fo rm a t io n  

( P i p i r i n g o s ,  1961). But ac c o rd in g  w ith  th e  s tu d y  done by W. R. Grace i t  

seems t h a t  th e  s o l u t i o n s  m ig ra te d  from n o r th  to  so u th  and i t  seems t h a t  

th e s e  s o l u t i o n s  p a s se d  th ro u g h  th e  B a t t l e  S p r in g  Form ation i n  th e  a r e a  o f  

S i l v e r  B e l l  p r o s p e c t  and d e p o s i t e d  uranium  in  t h e  so u th  w est n e a r  t h e  

c o n ta c t  w ith  th e  Wasatch and Green R iv e r  fo rm a t io n s .  These have im­

perm eab le  beds f a v o r a b l e  f o r  th e  uranium  d e p o s i t i o n .  T h is  h y p o th e s i s  i s  

based  on th e  id e a  t h a t  t h e  m in e r a l i z e d  s o l u t i o n s  t r a v e l e d  down d ip  a long  

perm eab le  beds in  th e  B a t t l e  S p r in g s  fo rm a t io n  u n t i l  th e y  reach ed  th e  

l e s s  perm eab le  i n t e r to n g u e d  beds o f  th e  Wasatch fo rm a t io n  where th e  

uranium  was p r e c i p i t a t e d  and c o n c e n t r a te d .

In  th e  G rea t D iv ide  B asin  t r a n s f e r  o f  th e  uranium  from th e  

s o u rc e  ro c k s  d i r e c t l y  downward was p r e v e n te d  th ro u g h o u t  most o f  th e  c o a l -  

b e a r in g  a r e a  by in t e r v e n in g  t h i c k  se q u e n c e s  o f  n e a r l y  im permeable beds o f
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th e  Green R iv e r  fo rm a t io n .  Where t h e s e  impermeable beds were a b s e n t  (as 

a t  th e  S i l v e r  B e l l  p r o s p e c t ) ,  and th e  s o u rce  ro ck s  r e s t e d  on th e  perm eable  

B a t t l e  S p r in g  fo rm a t io n ,  u ra n iu m -b e a r in g  w a te r  p e r c o l a t e d  downward and 

l a t e r a l l y  f o r  s e v e r a l  m i le s  i n  re sp o n se  to  s t r u c t u r a l  and p e r m e a b i l i ty  

c o n t r o l s  such as t h e  Red D ese r t  s y n c l i n e .  The co a l  beds n e a r e s t  th e  

perm eable  tongues  o f  th e  B a t t l e  S p r in g  Form ation accum ula ted  h ig h e r  con­

c e n t r a t i o n s  o f  uranium th a n  d id  th e  c o a l  beds f a r t h e r  away,
*

Miocene and P l io c e n e  ro ck s  n o r t h e a s t ,  s o u t h e a s t ,  and so u th  o f  

th e  c e n t r a l  p a r t  o f  t h e  G rea t D iv ide  B asin  a r e  known to  c o n ta in  uran ium . 

P l io c e n e  ro ck s  o f  th e  S p l i t  M ountain a r e a  ( p a r t  o f  th e  G ra n i te  M ountains) 

c o n ta in  as much as  0 .005 p e r c e n t  uranium  and 0 .016 p e r c e n t  e q u iv a le n t  

uranium ( P i p i r i n g o s ,  1961).

The e a s t  f l a n k  and th e  t ro u g h  o f  th e  Red D ese r t  s y n c l in e  o f f e r  

th e  b e s t  p o s s i b i l i t i e s  f o r  th e  commercial developm ent o f  u ra n iu m -b e a r in g  

c o a l  i f  such an o p e r a t io n  becomes eco n o m ica lly  f e a s i b l e .  No uranium  

m in e ra ls  have been  as y e t  i d e n t i f i e d  in  th e  c o a r s e - g r a i n e d  ro ck s  t h a t  

c rop  ou t in  th e  c o a l  b e a r in g  p a r t  o f  th e  a r e a ,  b u t  i t  seems r e a s o n a b le  

t o  suppose t h a t  p r o s p e c t in g  m ight in  th e  f u t u r e  d i s c l o s e  o c c u r re n c e s  o f  

uranium  m in e ra l s  i n  th e  c o a rs e  sa n d s to n e  a s s o c i a t e d  w ith  c o a l  beds w i th i n  

t h e  c e n t r a l  p a r t  o f  th e  G rea t D iv ide  B asin  and in  th e  san d s to n e  beds in  

th e  a r e a  adj a c e n t  to  t h e  n o r t h e a s t .

S a n d s to n e - ty p e  d e p o s i t s  a r e  r e l a t e d  t o  geochem ical c e l l s  ( r o l l -  

f r o n t  t h e o r y ) . I f  c o n d i t io n s  a r e  r i g h t  f o r  developm ent o f  a geochem ical 

c e l l ,  n o t  on ly  uranium  b u t  o th e r  m e ta ls  such as s e len iu m , molybdenum or  

w h a tev e r  is  in  t h e  so u rc e  b ed ,  may be c o n c e n t r a t e  around th e  m arg ins  o f
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t h e s e  c e l l s .  T h e re fo re  t h i s  th e o ry  may be  a p p l i c a b l e  b ro a d ly  in  th e  

s e a rc h  f o r  u ran ium , vanadium, c o p p e r ,  s i l v e r  and o th e r  m e t a l l i f e r o u s  

s a n d s to n e - ty p e  d e p o s i t s  in  d iv e r s  s t r a t i g r a p h i c  and g e o g ra p h ic  s i t u a t i o n s .

Uranium i s  an e x c e p t io n a l  e lem ent i n s o f a r  as  i t  can be d e t e c t e d  

re m o te ly  by gamma ra y s  and o th e r  s e n s o r s .  Even t r a c e  amounts o f  uranium  

i n t e r c e p t e d  i n  an e x p l o r a to r y  d r i l l  h o le  a r e  r e l a t i v e l y  easy  to  d e t e c t .  

T h is  makes i t  s im p le  t o  d e f in e  a s a n d s to n e - ty p e  uranium d e p o s i t  in  t h r e e  

dimens i o n s .

S c a t t e r i n g  o f  th e  M in e r a l i z a t io n

In  th e  Crooks Gap a r e a  t h e  o re  l i e s  c lo s e  to  th e  s u r f a c e  and n e a r  

t h e  b a se  o f  t h e  B a t t l e  S p r in g  fo rm a t io n ,  w ith  i n d i c a t i o n  t h a t  th e  body 

was once p ro b a b ly  o f  c l a s s i c  r o l l - f r o n t  ty p e .  However, b ecau se  i t  i s  

n e a r  s u r f a c e  t h e r e  has  been  much p o s t - d e p o s i t i o n  m in e ra l  movement which 

has  r e s u l t e d  in  a l e n t i c u l a r ,  m u l t i p l e - h o r i z o n ,  o rebody ,  d i f f i c u l t  t o  

d e l i n e a t e  and ex p en s iv e  t o  m ine. To th e  s o u th e a s t  o f  t h i s  d e p o s i t  i s  th e  

S i l v e r  B e l l  p r o p e r ty ,  which has a lm os t  th e  same c h a r a c t e r i s t i c s  as  th o s e  

o f  th e  Crooks Gap d e p o s i t .  The m i n e r a l i z a t i o n  i s  found in  d i f f e r e n t  

h o r iz o n s  i n  sm a ll  s i z e s .  W. R. Grace § Company was p r o s p e c t in g  in  d eep e r  

h o r iz o n s  in  th e  a r k o s i c  sa n d s to n e  o f  th e  B a t t l e  S p r in g  Form ation . H oles 

d r i l l e d  by t h e  company i n t o  r a d i o a c t i v e  zones were checked by c l o s e l y  

spaced  d r i l l  h o l e s ,  25 f e e t  a p a r t ,  t o  show any m in e ra l  t r e n d s .  R ad io­

a c t i v e  zones 0 t o  100 f e e t  in  d ep th  co u ld  be  t r a c e d  f a i r l y  w e ll  showing 

t h e  same t r e n d  as th e  s u r f a c e  anom aly, however, r a d i o a c t i v i t y  below 100 

f e e t  in  dep th  co u ld  n o t  be c o r r e l a t e d  as  t o  g ra d e ,  th i c k n e s s  o r  e l e v a t i o n .  

For exam ple, a  c o re  h o le  was o f f s e t  3 f e e t  from a n o th e r  h o le  which had



i n d i c a t e d  5 f e e t  o f  900 CPS (see  T ab le  1 and 2) a t  a d ep th  o f  320 f e e t .  

The e l e c t r i c  log  o f  th e  second co re  h o le  showed th e  m i n e r a l i z a t i o n  had 

dropped to  1 fo o t  o f  700 CPS and had dropped 18 f e e t  in  e l e v a t i o n .  T h is  

same s i t u a t i o n  was e n c lo u n te r e d  in  many o t h e r  d r i l l  h o l e s . D r i f t  o f  t h e  

d r i l l  h o le s  may acco u n t f o r  p a r t i a l  e l e v a t i o n  d i s c r e p a n c i e s ,  b u t  a c l o s e  

e v a l u a t i o n  o f  e l e c t r i c  l o g s , c u t t i n g s ,  and o b s e r v a t io n s  o f  th e  d r i l l  

o p e r a t io n  i n d i c a t e s  d r i f t  t o  be  an i n s i g n i f i c a n t  f a c t o r .

F ig u re s  15 to  17 show t h a t  on th e  S i l v e r  B e l l  p r o p e r ty ,  th e  

m i n e r a l i z a t i o n  i s  more o r  l e s s  c o n t in u o u s  a c ro s s  th e  a fo rem en tio n ed  f a u l t  

w ith  no o f f s e t t i n g .  T h e re fo re ,  i t  a p p ea rs  t h a t  no movement along  t h i s  

f a u l t  has  o c c u r re d  s in c e  t h e  m in e r a l i z e d  s o l u t i o n s  p a s s e d  th ro u g h  and 

t h a t  i t  had no g e n e t i c  r e l a t i o n s h i p  to  m in e ra l  d e p o s i t i o n .

R e s u l t s  o f  th e  e x t e n s iv e  e x p l o r a t io n  and d r i l l i n g  program 

conduc ted  i n d i c a t e  t h a t  i t  i s  u n l i k e l y  t h a t  uranium  has  b een  c o n c e n t r a te d  

enough to  form a m inab le  o re  d e p o s i t  on th e  S i l v e r  B e l l  p r o p e r ty .

The n o r th e r n  and m id d le  p o r t i o n s  o f  th e  a r e a  has  o n ly  m inor 

a l t e r a t i o n  and m i n e r a l i z a t i o n  ( s e e  F ig u re s  9 and 10).  The s o u th e rn  

p o r t i o n  o f  th e  c la im s  has  i n t e n s e  a l t e r a t i o n  and anomalous r a d i o a c t i v i t y  

i n d i c a t i n g  t h a t  m i n e r a l i z in g  s o l u t i o n s  have p a ssed  th ro u g h .  A lthough 

a r k o s ic  s a n d s , p y r i t e ,  and ca rbonaceous  m a t e r i a l  a r e  p r e s e n t  in  a d d i t i o n  

to  i n t e n s e  a l t e r a t i o n  and h ig h  anomalous r a d i o a c t i v i t y ,  no o re  was en­

c o u n te re d  by c l o s e l y  spaced  d r i l l i n g .  This  a re a  i s  p o t e n t i a l l y  th e  most 

f a v o ra b le  p o r t i o n  o f  th e  S i l v e r  B e l l  p r o p e r ty .  However, due to  d i s ­

c o n t i n u i t y  o f  th e  r a d i o a c t i v i t y  g ra d e ,  t h i c k n e s s ,  and e l e v a t i o n ,  i t  i s  

l i k e l y  to  assume t h a t  th e  m in e r a l i z e d  s o l u t i o n s  p a s se d  on t o  th e  s o u th ­

w est o f  t h e  p r o p e r ty  w i th o u t  form ing a commercial o rebody.
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Table 1. Holes and Footage

The d r i l l  program a t  th e  S i l v e r  b e l l  p r o p e r ty  c o n s i s t e d  o f :  

Depth
No. o f  H oles 0 -300 ' 300-600 ' 600-1000 ' 1000+ Core

26 5%36'

49 2 5 ,585 '

41 34 ,913 '

22 2 6 ,2 5 0 '

4 1 0 2 .8 '

T o ta l  No. o f  D r i l l  H o le s : 142

T o ta l  D r i l l  F o o ta g e : 92 ,587

T o ta l  E l e c t r i c  Log Footage : 89,232 (e x c lu d in g  r e ru n s )

T ab le  2. Gamma E l e c t r i c  Log I n t e r p r e t a t i o n

Counts Per  Second Approximate % eU308

480 0 .02

1150 0.05

2350 0 .10

3500 0.15

4700 0.20

t



D e s c r ip t io n  and V a lu a t io n  o f  th e  Anomaly

One o f  th e  b a s i c  re a s o n s  f o r  e x p lo r in g  th e  S i l v e r  B e l l  p r o p e r ty  

was th e  p re s e n c e  o f  s u r f a c e  r a d i o a c t i v i t y  which ex tended  to  a d ep th  o f  

35 f e e t ,  as  i n d i c a t e d  by two d r i l l  h o l e s .  W. R. Grace r e p r e s e n t a t i v e s  

f e l t  t h a t  t h i s  anomaly m ight y i e l d  a heap  le a c h  ty p e  m ining  o p e r a t io n  f o r  

low g rad e  o r e .

A ground r a d io m e t r i c  su rv ey  was conduc ted  o v e r  th e  anomalous

a r e a  u s in g  111-B P r e c i s i o n  S c i n t i l l a t i o n  c o u n te r .  R ad io m etric  r e a d in g s

were ta k e n  on a 200 fo o t  g r i d  ( see  F ig u re s  7 and 8 ) .  D r i l l  h o le s  in

t h i s  a r e a  showed anomalous r a d i o a c t i v i t y  t o  35 f e e t ,  b u t  g a m m a -e le c tr ic

log  i n t e r p r e t a t i o n s  i n d i c a t e d  l e s s  th a n  0.04% eU308. To a c c u r a t e l y
%

v e r i f y  th e  p re s e n c e  o r  ab sence  o f  a low g rade  d e p o s i t ,  th e  m a t e r i a l  was 

co red  from 7 .0  t o  32 .0  f e e t  i n  GX-core 3 and chem ica l a s s a y s  f o r  U308 

o b ta in e d .  Core h o le  GX-core 3 chem ica l a s say s  f o r  co re  showed a maximum 

o f  0.016% U308.

Assuming t h a t  any p o t e n t i a l  orebody in  t h i s  a r e a  would be 

d e p o s i t e d  by s o l u t i o n  f r o n t s  s i m i l a r  to  most uranium  d e p o s i t s  in  Wyoming, 

c a r e f u l  c o n s id e r a t i o n  was g iv e n  to  m a t e r i a l  a l t e r a t i o n  and r a d i o a c t i v e  

t r e n d s .

The t r e n d  o f  th e  s u r f a c e  anomaly i s  N60°W. Four l i n e s  o f  d r i l l  

h o le s  p e r p e n d i c u l a r  to  t h i s  t r e n d  ( s e e  F ig u re s  12 t o  18) showed t h i c k  

zones o f  h ig h  a l t e r a t i o n  and many r a d i o a c t i v e  zones .  As shown on th e  

g e o lo g ic  s e c t i o n s  (F ig u re s  1 2 -1 8 ) ,  th e  r a d i o a c t i v i t y  from th e  s u r f a c e  

can be t r a c e d  downdip o f  th e  b e d d in g .

G am m a-elec tr ic  logs  i n d i c a t e d  uranium  o re  o f  0 .10  to  0.30% eU308. 

However, f o u r  c o re  h o le s  (F ig u re  8) were d r i l l e d  to  check th e  chem ica l



37

v a lu e s  o f  t h e s e  zones and th e  h ig h e s t  chem ica l a s s a y  was 0.058% U308 

(see  T ab le  3, p .  3 8 ) .  Chemical a s s a y s  showed th e  m a t e r i a l  t o  be 

o u t  o f  e q u i l ib r iu m  in  f a v o r  o f  th e  gamma r a d i o a c t i v i t y .  This  d i s e q u i ­

l ib r iu m  i n d i c a t e s  th e  p o s s i b l e  fo rm er p re s e n c e  o f  an orebody t h a t  has  

been  le ach ed  by ground w a te r s ,  le a v in g  o n ly  b e t a  and a lp h a  r a d i a t i o n .

The p o s s i b i l i t y  o f  an orebody hav ing  been formed where t h e s e  m in e r a l i z e d  

s o l u t i o n s  e n c o u n te re d  th e  w a te r  t a b l e  down d ip  a long  bedd ing  p la n e s  was 

i n v e s t i g a t e d  by d r i l l  h o l e s ,  b u t  no o re  was found. The w a te r  t a b l e  a long  

th e  n o r th e r n  c la im s  i s  a t  abou t 6 ,945  f e e t  e l e v a t i o n  and drops t o  6 ,830  

f e e t  e l e v a t i o n  a lo n g  th e  GX-50 d r i l l  h o le  l i n e  in  th e  so u th  (se e  F ig u re  

11) .

O b se rv a t io n s  o f  th e  co re  and e l e c t r i c  logs  showed t h a t  th e  

m in e r a l i z e d  zones a r e  a long  s i l t y  o r  c la y e y  s a n d - c la y  c o n ta c t s  w ith  t h e  

m i n e r a l i z a t i o n  o c c u r r in g  m a in ly  in  t h e  c l a y .  Th is  i s  a l o g i c a l  e x p la ­

n a t io n  as th e  c l a y  would be an impermeable b a r r i e r  to  th e  m in e r a l i z e d  

s o l u t i o n s  w hereas th e  s a n d ie r  f r a c t i o n  would be pe rm eab le .  In  th e  a r e a  

o f  th e  s u r f a c e  anom aly, no c o r r e l a t i o n  o f  l i t h o l o g i c  u n i t s  cou ld  be made, 

b u t  s o u th  o f  t h e  e a s t - w e s t  normal f a u l t  in  sec  23, T.26N and R. 94W, a

r a d i o a c t i v e  zone can be t r a c e d  f o r  abou t one m i le  (s e e  F ig u re  15-17) a t

th e  c o n ta c t  o f  a d i s t i n c t  sand and c l a y  zone.

A fo rm er sh a l lo w  orebody in  th e  S i l v e r  B e l l  a r e a  has  been

c o m p le te ly  le ach ed  by ground w a te r  s o l u t i o n s .  I t  i s  p ro b a b le  t h a t  t h i s  

m in e ra l  was r e d e p o s i t e d  in  th e  so u th w es t  o f  th e  a r e a  p ro s p e c te d  in  th e  

c o n ta c t  and in t e r to n g u i n g  betw een th e  B a t t l e  S p r in g s ,  Green R iv e r  and 

Wasatch fo rm a t io n s .
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Table 3. Chemical Assays U308

Hole No.____________  Depth ( f t . ) _______ U308 (%)_________ eU  Samples

GX-Core 1 5 6 .7 - 5 7 .0 '  0 .021 Core

5 7 .1 - 5 8 .3 '  0 .027

5 9 .9 - 6 2 .0 '  0 .007

6 2 .0 - 6 3 .0 '  0 .005

6 5 .9 - 6 7 .9 '  0 .007

6 7 .9 -6 8 .5  0 .002

6 8 .5 -6 9 .1  0 .001

6 8 .6 -6 8 .9  0 .007

6 9 .2 -7 0 .0  0 .024

. 6 9 .9 -7 1 .9  0 .003

GX-Core 2 5 6 .0 -5 8 ,0  0 .028

" 7 7 .5 -8 0 .5  0.058

" 8 2 .0 -8 4 .0  0.017

" 8 8 .0 -8 9 .0  ' 0 .039

GX-Core 3 7 .0 -1 1 .2  0 .005

" 1 1 .2 -1 3 .0  0 .016

1 3 .9 -1 4 .2  0.001

" 2 2 .0 -2 3 .0  0.001

" 2 3 .0 -2 5 .5  0 .004

GX-163-3 6 6 .0 -6 8 .0  -0 .0 1  A ir

6 8 .0 -7 0 .0  -0 .0 1  "

7 0 .0 -7 2 .0  0 .005 "
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T able  3. Chemical Assays U308--C o n t in u e d

GX-163-3 7 0 .0 -7 2 .0  0 .004  0 .003  A ir

" 7 2 .0 -7 4 .0  -0 .0 1

" 7 4 .0 -7 6 .0  -0 .0 1

" 7 6 .0 -7 8 .0  0 .006

GX-163-4 6 1 .0 -6 3 .0  -0 .0 1

6 3 .0 -6 5 .0  -0 .0 1

6 3 .0 -6 5 .0  0 .017  0 .014

6 5 .0 -6 7 .0  0 .005

6 5 .0 -6 7 .0  0 .01  0 .06

6 5 .0 -6 7 .0  0 .008  0 .007

6 7 .0 -6 9 .0  -0 .0 1

6 7 .0 -6 9 .0  0 .008  0 .007

6 9 .0 -7 0 .0  0 .002

GX-163-5 6 0 .0 -6 5 .0  -0 .0 1

" 6 5 .0 -7 0 .0  -0 .0 1

" 6 5 .0 -7 0 .0  0 .016  0 .014

GX-163-6 5 5 .0 -6 0 .0  0 .022

6 0 .0 -6 5 .0  -0 .0 1

GX-51 0 .0 -  5 .0  0 .002  Wash

5 .0 -1 0 .0  0 .001

1 0 .0 -1 5 .0  0 .005 "

"  1 5 .0 -2 0 .0  0 .012 "



T able  3. Chemical Assays U308--C o n tin u e d

GX-51 2 0 .0 -  25 .0  0 .005 Wash

" 2 5 .0 -  30 .0  0 .009

GX-146 0 .0 -  5 .0  0.001

" 5 . 0 - 1 0 . 0  . 0 .003

" 1 0 .0 -  15 .0  -0 .001

" 1 5 . 0 - 2 0 . 0  -0 .001

2 0 . 0 - 2 5 . 0  0 .003

GX-151

ft

1 5 0 .0 -1 5 5 .0

1 5 5 .0 -1 6 0 .0

Not D e te c te d  

- 0 . 001
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The la c k  o f  s u f f i c i e n t  uranium  c o n c e n t r a t i o n  in  t h e  S i l v e r  B e l l  

p r o p e r ty  b e c a u se  o f  th e  s c a t t e r i n g  o f  th e  m i n e r a l i z a t i o n  makes i t  un ­

econom ical and th e  la c k  o f  e q u i l ib r iu m  in  f a v o r  o f  b e t a  and a lp h a  and
' X

gamma r a d i a t i o n  w ith  o n ly  m inor amounts o f  chem ica l U308 (Table  3, p .  38) 

p roduces  a m is le a d in g  r a d io m e t r i c  anomaly.

A l t e r a t i o n  and M in e r a l i z a t io n

A l t e r a t i o n  f e a t u r e s  a s s o c i a t e d  w ith  uranium m i n e r a l i z a t i o n  

u s u a l l y  have r e c e iv e d  l e s s  a t t e n t i o n  m e r i te d  b eca u se  r a d i o a c t i v i t y  

c o u n te r s  and s c i n t i l l a t i o n  d e v i c e s . o f t e n  f u r n i s h  a d i r e c t  i n d i c a t i o n  o f  

o r e b o d ie s .  Uranium i s  an  e x c e p t io n a l  e lem en t i n s o f a r  as  i t  can be d e ­

t e c t e d  by gamma r a y  and o th e r  s e n s o r s .  Even m inu te  amounts o f  uranium  

i n t e r c e p t e d  i n  an e x p l o r a to r y  d r i l l  h o le  a r e  r e l a t i v e l y  easy  to  d e t e c t .  

W hereas, i n  t h i c k  s e d im e n ta ry  s e c t i o n s  a l t e r a t i o n  c r i t e r i a  o f t e n  a r e  n o t  

r e c o g n iz e d ;  some v e ry  l o c a l i z e d  e f f e c t s  such as  th e  r e d  s t a i n  t h a t  a c ­

companies some p i t c h b le n d e  v e in s  may be  re c o g n iz e d .

Few o f  th e  a l t e r a t i o n  c r i t e r i a  a s s o c i a t e d  w ith  uranium  d e p o s i t s  

d i f f e r  a p p r e c ia b ly  from th o s e  o f  c o p p e r ,  z i n c ,  t u n g s t e n ,  and o th e r  m e ta l s .  

However, t h e i r  a p p l i c a b i l i t y  t o  uranium  i s  s e l e c t i v e .  The te rm  a l t e r ­

a t i o n  i s  a p p l i e d  t o  th e  developm ent o f  c l a y  m in e ra l  h a l o s ,  c h l o r i t i z a t i o n ,  

a l u n i t i z a t i o n ,  f l u o r i t i z a t i o n ,  c a r b o n a t i z a t i o n ,  s i l i c i f i c a t i o n ,  and 

f e r r u g i n a t i o n .

The c r i t e r i a  o f  ro ck  a l t e r a t i o n  t h a t  a r e  most u s e f u l  in  th e  

s e a r c h  f o r  uranium  b e a r  a s t r i k i n g  re sem blance  t o  th o s e  f o r  o th e r  m e ta l s .  

However, c o n d i t io n s  may v a ry  w ith  th e  l o c a l i t y ,  and r e n d e r  r e c o g n i t i o n  

much more d i f f i c u l t .  T h is  i s  t r u e  o f  t h e  C olorado  P la t e a u  (Shawe, 1956),  

sed im en ts  i n  com parison  w ith  a r e a s  o f  igneous  o r  m etam orphic ro c k s .
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E x p lo ra t io n  and d r i l l  program in  th e  S i l v e r  B e l l  p r o s p e c t  were 

b ased  on th e  assum ption  t h a t  any p o t e n t i a l  o r e  b o d ie s  would e i t h e r  be 

formed by a s s o c i a t i o n  w ith  g e o lo g ic  s t r u c t u r e s  o r  by a r o l l - f r o n t  ty p e  

d e p o s i t i o n .  Data from o p e r a t in g  mines in  s i m i l a r  b a s in  env ironm ents  in  

Wyoming was o b ta in e d  and seem to  v e r i f y  t h i s  assum ption .

As was p o in t e d  o u t ,  t h e  d r i l l  program was l a i d  o u t  w i th  t h r e e  

l i n e s  o f  h o le s  i n  an e a s t - w e s t  d i r e c t i o n  on one m i le  c e n t e r s  a c ro s s  th e  

u p p e r ,  m id d le ,  and low er p a r t  o f  th e  c la im s .  A few h o le s  were lo c a te d  in  

th e  so u th e rn m o st c la im s  t o  check p o s s i b l e  s t r u c t u r a l  o re  c o n t r o l  a long  

f a u l t s .  The u pper  and m idd le  l i n e  o f  h o le s  showed v e ry  l i t t l e  anomalous 

r a d i o a c t i v i t y  w i th  o n ly  m inor a l t e r a t i o n ,  w h ereas ,  th e  low er l i n e  had 

h ig h e r  r a d i o a c t i v i t y  and more i n t e n s e  a l t e r a t i o n .  The m i n e r a l i z a t i o n  

map (F ig u re  9) shows t h e  a r e a s  o f  h ig h e r  r a d i o a c t i v i t y ,  and th e  a l t e r a t i o n  

map (F ig u re  10) shows a re a s  o f  h ig h  a l t e r a t i o n .

The fo l lo w in g  c r i t e r i a  were u sed  t o  d e l i n e a t e  t h e  h ig h e r  r a d i o ­

a c t i v e  a r e a s :

D r i l l  h o le s  w ith  one o r  more zones o f  200 - 400 CPS

D r i l l  h o le s  w i th  one o r  more zones o f  400 -  700 CPS

D r i l l  h o le s  w ith  one o r  more zones o f  700 + CPS.

The a l t e r a t i o n  map i s  b a sed  on th e  fo l lo w in g  c r i t e r i a :

D r i l l  h o le s  w ith  any a l t e r a t i o n  0 - 300 f e e t  in  dep th  

D r i l l  h o le s  w ith  any a l t e r a t i o n  300 - 600 f e e t  in  dep th

D r i l l  h o le s  w ith  any a l t e r a t i o n  600 -  900 f e e t  in  d ep th

D r i l l  h o le s  w ith  any a l t e r a t i o n  900 + f e e t  in  d e p th .
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F ig u re s  9 and 10 show t h a t  h e a v i e r  c o n c e n t r a t i o n s  o f  a l t e r a t i o n  

and m i n e r a l i z a t i o n  ro u g h ly  c o in c id e  and a r e  b o th  in  th e  s o u th e rn  p a r t  o f  

t h e  c l a i m s .

A lthough a r k o s i c  sands w i th  p y r i t e  and carbonaceous  m a t e r i a l  a r e  

p r e s e n t  (deemed f a v o r a b le  h o s t  m a t e r i a l  f o r  uranium  d e p o s i t i o n  by most 

g e o l o g i s t s ,  Harshman, 1961) ,  t h e  la c k  o f  a l t e r a t i o n  and th e  anomalous 

c h a r a c t e r  o f  th e  r a d i o a c t i v i t y  make th e  a r e a  r e l a t i v e l y  u n fa v o ra b le  f o r  

a p o s s i b l e  o re  body.

The s o u th e rn  p o r t i o n  o f  t h e  c la im s  has  i n t e n s e  a l t e r a t i o n  and 

anomalous r a d i o a c t i v i t y  showing t h a t  m i n e r a l i z e d  s o l u t i o n s  have p a s se d  

th ro u g h  t h e  a r e a .  A lthough a r k o s i c  s a n d s ,  p y r i t e ,  and ca rbonaceous  

m a t e r i a l  a r e  p r e s e n t  i n  a d d i t i o n  to  i n t e n s e  a l t e r a t i o n  and h ig h  anomalous 

r a d i o a c t i v i t y ,  no o r e  was e n c o u n te re d  by  c l o s e  spaced  d r i l l i n g .  T h is  

a r e a  i s  p o t e n t i a l l y  t h e  more f a v o r a b le  p o r t i o n  o f  t h e  S i l v e r  B e l l  

p r o p e r ty .  However, due t o  d i s c o n t i n u i t y  o f  th e  r a d i o a c t i v i t y  h ig h s  a s  t o  

g ra d e ,  t h i c k n e s s ,  and e l e v a t i o n  and th e  i n t e n s e  a l t e r a t i o n ,  i t  i s  l i k e l y  

t h a t  t h e  m i n e r a l i z e d  s o l u t i o n s  p assed  on t o  th e  sou thw es t  o f  th e  p r o p e r ty  

w ith o u t  form ing a commercial o re  body. T h is  h y p o th e s i s  i s  b ased  on th e  

concep t t h a t  th e  m in e r a l i z e d  s o l u t i o n s  would t r a v e l  down d ip  a long  

perm eab le  beds in  th e  B a t t l e  S p r in g s  F orm ation  u n t i l  t h e y  re a c h  th e  l e s s  

perm eable  i n t e r to n g u e d  beds o f  th e  Wasatch fo rm a t io n  where t h e  uranium  

would be p r e c i p i t a t e d  and c o n c e n t r a t e d .

Local s e d im e n ta ry  f e a t u r e s  such as  c ro s sb e d d in g  have l i t t l e  

in f l u e n c e  (Harshman, 1962) on th e  p o s i t i o n  o f  th e  a l t e r e d - s a n d  tongues  

and o n ly  a m inor i n f l u e n c e  on th e  c h a r a c t e r  o f  th e  sh a rp  c o n t a c t s  betw een 

a l t e r e d  and u n a l t e r e d  sand .



P re l im in a ry  o b s e r v a t io n s  t o  e s t a b l i s h  th e  d i f f e r e n c e s  betw een 

a l t e r e d  and u n a l t e r e d  s a n d s to n e  a r e :  (s e e  T ab le  4 , p .  45)

A l te re d  Sandstone  U n a l te re d  S andstone

C o lo r

■Heavy M in e ra ls

Clay M in e ra ls  

Cement

Carbonaceous
T rash

G re e n ish -y e l lo w

P y r i t e ,  m a g n e t i t e ,  and 
i l m e n i t e ,  l a r g e l y  removed

H ig h - i ro n  m o n tm o r i l Io n i te  

L i t t l e  o r  no c a l c i t e  cement

In c o h e re n t  and so o ty

Gray

P y r i t e ,  m a g n e t i t e ,  and 
i l m e n i t e  p r e s e n t  in  
s i g n i f i c a n t  amounts

Low-iron m o n tm o r i l Io n i te

C o n s id e ra b le  c a l c i t e  
cement

C o h e ren t ,  v i t r e o u s  
c o a l i f l e d
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Table 4 . D e scr ip tio n  o f  Core

G eolog ic  Log 

Depth ( f t . ) ________ Core Recovery (%)

GX-Core No. 1 

D e s c r ip t io n

5 6 .7 -5 7 .0

5 9 .0 -6 1 .0

6 1 .0 -6 2 .0

6 2 .0 -6 3 .0

6 3 .0 -6 5 .9

6 5 .9 -6 8 .5

6 8 .5 -6 8 .7

6 8 .7 -6 8 .9

6 8 .9 -6 9 .4  

6 9 .4 -7 1 .3  

7 1 .3 -7 1 .8

7 1 .8 -7 2 .1

7 2 .1 -7 3 .1

7 3 .1 -7 4 .5

90

0

100

100

0

90

100

100

100

100

100

100

100

100

S an d s to n e :  medium brown and dark
brow n.

C la y s to n e :  5 7 .0 -5 7 .5  - r e d d is h -
brown and dusky brown s t a i n i n g ,  
v e ry  s t r o n g l y  o x id iz e d .
5 7 .5 -5 8 .6  d r a b - g r a y , o c h re -g r a y .  
At 5 8 .6 ,  0 .0 5 '  w h ite  b e n t o n i t e .

S an d s to n e :  l i g h t  g ra y  to  l i g h t
b ro w n is h -g ra y .

S an d s to n e :  brown, s t r o n g l y
o x id iz e d .

S an d s to n e :  brown, s t r o n g  l im o n i te
s t a i n i n g .

C la y s to n e :  d rab  g ra y .

S an d s to n e :  brown, s t r o n g l y
o x i d i z e d .

C la y s to n e :  g ra y .

S an d s to n e :  l i g h t  brown.

S i l t s t o n e :  g ra y ish -b ro w n .

S an d s to n e :  brown w ith  brown
s t a i n i n g .

S i l t s t o n e :  g ra y .

S andstone  and c l a y s t o n e :  l i g h t
brow n.

7 4 .5 -7 4 .9 100 C la y s to n e :  g ra y ,  sp e c k le d  brown.
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Table 4. D escr ip tio n  o f  C ore--C ontinued

GX-Core No. 2

5 2 .0 -5 2 .3  100 S a n d s to n e : g ra y ,  w ith  l im o n i t e
s p e c k s , v e ry  f i n e - g r a i n e d .

5 2 .3 -5 6 .4  100 S i l t s t d n e :  g ra y ,  s l i g h t l y  o x id iz e d
a t  bo ttom .

5 6 .4 -5 7 .2  100 S an d s to n e :  g r a y ,  v e ry  f i n e - g r a i n e d ,
w i th  t h i n  c l a y  seam s, l im o n i te  
s t a i n i n g  5 7 .0 -5 7 .2 .

5 7 .2 -5 7 .9  100 S i l t s t o n e :  l i g h t  g ra y .

5 7 .9 -5 9 ,1  100 C la y s to n e :  b lu e - g r a y ,  o x id iz e d  a t
to p  and bo ttom .

5 9 .1 -5 9 .6  100 C la y s to n e :  d rab  g ra y .

5 9 .6 -6 0 .0  100 S an d s to n e :  g ra y ,  l im o n i t e  s t a i n i n g .

6 0 .0 -6 0 .5  100 C la y s to n e :  d rab  g ray  t o  b lu e - g r a y .

6 0 .5 -6 2 .0  100 ' S a n d s to n e : g r a y ,  v e ry  f i n e - g r a i n e d
w ith  c o n s id e r a b le  c l a y .

6 2 .0 -6 4 .5  0 No re c o v e ry .

6 4 .5 -6 6 .5  62 S i l t s t o n e :  g r e e n - g r a y ,  w ith
c o n s id e r a b le  c l a y .

6 6 .5 -6 7 .0  62 S an d s to n e :  w h ite  t o  w h i t i s h - g r a y ,
v e ry  f i n e - g r a i n e d ,  k o o l in iz e d .

6 7 .0 -6 7 .5  100 S an d s to n e :  g ra y ,  v e ry  f i n e - g r a i n e d .

6 7 .5 -6 8 .1  100 C la y s to n e :  d rab  g ra y  to  b lu e - g r a y .

6 8 .1 -7 2 .0  100 S an d s to n e :  g ra y ,  v e ry  f i n e - g r a i n e d ,
v e ry  few l im o n i t e  s p e c k s .

7 2 .0 -7 8 .5  100 S an d s to n e :  g ray -m ed iu m -g ra in ed ,
m inor ru s ty -b ro w n  s p e c k s ,  s t r o n g  
l im o n i t e  specks  7 8 .0 -7 8 .5 .

7 8 .5 -8 0 .8  100 S an d s to n e :  g ra y ,  v e ry  f i n e - g r a i n e d ,
in te rb e d d e d  w i th  .0 5 '  c l a y  seams, 
c o n s id e r a b le  c l a y .
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Table

80 .8

82 .0

84.0-

8 6 . 6 .

91.3-

7 .0

11.3- 

12 . 0

12.2

13 .2  

13 .4

15 .3

17.0

19 .2

19.7

20.0

4. D e scr ip tio n  o f  Core—Continued.

-82 .0  100 S a n d s to n e : g ra y ,  c l e a n ,  bo ttom
0 . 2 '  l im o n i te  s t a i n i n g .

-84 .0  95 S a n d s to n e : brown and l i g h t  g ra y ,
70° f r a c t u r e  a t  b o tto m , s t r o n g l y  
o x id iz e d - w a te r  c o u r s e .

-86 .6  95 1 S an d s to n e :  l i g h t  b ro w n ish -g ra y  to
l i g h t  g ray  a t  b o tto m , w ith  v e ry  
s t i c k y  c l a y .

-91-3 100 S an d s to n e :  g r a y ,  v e ry  f i n e - g r a i n e d ,
and w ith  v e ry  s t i c k y  c l a y .

-91 .6  100 C la y s to n e :  b lu e - g r a y .

GX-Core No. 3

-11 .3  50 S an d s to n e :  l i g h t  brow n, l im o n i t e
s p e c k s , lo c a l  o x id iz e d  s t r e a k s .

-12.0 50 S i l t s t o n e :  g r a y , some sand  g r a i n s ,
l o c a l l y  o x id iz e d .

-12 .2  94 S i l t s t o n e :  g r a y ,  some sand g r a i n s ,
l o c a l l y  o x id iz e d .

-13 .2  94 C la y s to n e :  o l i v e  d ra b .

-13 .4  94 S an d s to n e :  g r a y ,  brown s t a i n i n g .

-15 .3  94 S i l t s t o n e :  g r a y ,  brown s t a i n i n g .

-17 .0  94 S an d s to n e :  b ro w n -g ray ,  1 5 .3 -1 5 .6
v e ry  f i rm ,  compact and w e ll  cemented 
by o x id iz e d  m a t e r i a l ,  r e s t  sample 
has  o x id iz e d  s p e c k s .

-19 .2  85 S a n d s to n e : b ro w n -g ra y -o x id iz e d
sp e c k s .

-19 .7  85 S an d s to n e :  g ra y ,  no s t a i n i n g .

-20 .0  85 S an d s to n e :  brown, h ig h ly  o x id iz e d .

-22 .0  85 S an d s to n e :  b ro w n -g ray ,  l im o n i t e
s t a i n e d .
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Table 4. D escr ip tio n  o f  C ore--C ontinued

2 2 .0 -2 2 ,5  100 S a n d s to n e : b row n-g ray ,  s t r o n g
l im o n i te  s t a i n i n g .

2 2 .5 -2 4 .0  100 S i l t s t o n e :  g ra y  t o  g ray -b row n ,
o x id iz e d  s t r e a k s .

2 4 .0 -2 4 .5  100 C la y s to n e :  g ra y  t o  b u f f -b ro w n .

2 4 .5 -2 5 .5  100 C la y s to n e :  o l iv e -g ro w n ,  maroon-
g ra y  a t  2 5 . 0 ' .

2 5 .5 -2 5 .6  100 B e n t o n i t e : g r a y -w h i te

2 5 .6 -2 6 .8  100 S an d s to n e :  b ro w n -g ray ,  l im o n i te
s t a i n i n g .

2 6 .8 -2 7 .0  100 S an d s to n e :  medium brown, s t r o n g l y
o x id iz e d .

2 7 .0 -2 8 .0  95 S a n d s to n e : brown, w ith  .0 5 '  g ra y
c l a y s to n e  a t  2 7 .3 '  and a .01 c l a y ­
s to n e  seam a t  2 9 . 8 ' .

2 8 .0 -3 0 .6  95 S an d s to n e :  medium brown a t  to p  to
b row n-g ray  a t  b o ttom .

3 0 .6 -3 2 ,0  95 C la y s to n e : o l i v e - g r a y ,  p u r p l e ,
g ra y ,  a  .0 5 '  h i g h l y  o x id iz e d  
cemented sand  seam a t  3 1 . 7 ' .

X



CHAPTER 4

CONCLUSION AND RECOMMENDATIONS

The S i l v e r  B e l l  p r o s p e c t  l i e s  on th e  G reat D iv ide  B asin  in  T. 26 

and 27 N . , R .93 and 94 W., Fremont and Sw eetw ater c o u n t i e s , Wyoming in  an 

a re a  known as  Red D e s e r t . Th is  a r e a  i s  covered  by T e r t i a r y  sed im en ta ry  

ro ck s  which ran g e  in  age from P a leocene  t o  P l e i s t o c e n e  and R e c e n t .

R a d io a c t iv e  ca rbonaceous  s h a l e  and c o a l  were d is c o v e re d  in  1945 

by S la u g h te r  and N elson  ( P i p i r i n g o s , 1961) in  th e  G rea t D iv ide  B as in .

An anomaly d e t e c t e d  by th e  U n ited  S t a t e s  G e o lo g ic a l  Survey in  1951 in  t h e  

G rea t  D iv ide  B asin  was i n v e s t i g a t e d  by W. R. Grace in  1968 w ith  th e  id e a  

t h a t  t h i s  anomaly m ight y i e l d  a heap le a c h  ty p e  m ining  o p e r a t io n  f o r  low 

g rad e  o r e . A ground r a d io m e t r i c  s u rv e y  conducted  o v e r  th e  anomaly gave 

th e  c o n to u rs  shown on F ig u re s  7 and 8. D r i l l  h o le s  in  t h i s  a re a  showed 

anomalous r a d i o a c t i v i t y  to  35 f e e t . G am m a-e lec tr ic  logs  i n d i c a t e d  

uranium  o re  o f  0 .1 0  t o  0.30% eU308. However, f o u r  c o re  h o le s  (F ig u re  8) 

were d r i l l e d  to  check th e  chem ica l v a lu e s  o f  th e s e  zones and th e  h ig h e s t  

chem ica l a s s a y  was 0.058% U308. Chemical a s sa y s  showed th e  r a d i o a c t i v i t y  

en co u n te red  from 0 to  100 f e e t  i s  o u t  o f  e q u i l ib r iu m ,  and o n ly  minor 

amounts o f  chem ica l U308 a r e  p r e s e n t .  T h is  s u g g e s ts  th e  p re se n c e  o f  a 

fo rm er sh a l lo w  orebody  t h a t  has  been le a c h e d  by ground w a te r  s o l u t i o n s .  

T h e re fo re  i t  i s  u n l i k e l y  t h a t  uranium  has  been  c o n c e n t r a te d  enough to  

form an orebody t o  be mined e c o n o m ic a l ly .  The p o s s i b i l i t y  o f  an orebody 

be in g  formed where t h e s e  m in e r a l i z e d  s o l u t i o n s  en c o u n te re d  th e  w a te r
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t a b l e  downdip a long  bedd ing  p la n e s  was i n v e s t i g a t e d  by d r i l l  h o l e s ,  b u t  

no o re  was found.

R a d io a c t iv e  zones 0 to  100 f e e t  in  dep th  cou ld  be t r a c e d  f a i r l y  

w e ll  showing th e  same t r e n d  as th e  s u r f a c e  anomaly, however r a d i o a c t i v i t y  

below 100 f e e t  in  d ep th  cou ld  no t  be c o r r e l a t e d  as to  g ra d e ,  t h i c k n e s s ,  

o r  e l e v a t i o n .  D r i f t  o f  th e  d r i l l  h o le s  may accoun t f o r  p a r t i a l  e l e v a t i o n  

d i s c r e p a n c i e s ,  b u t  a c lo s e  e v a l u a t i o n  o f  e l e c t r i c  lo g s ,  c u t t i n g s ,  and 

o b s e r v a t io n s  o f  th e  d r i l l  o p e r a t io n  i n d i c a t e s  t h i s  to  be an i n s i g n i f i c a n t  

f a c t o r .

O b se rv a t io n s  o f  th e  co re  and e l e c t r i c  logs  showed t h a t  th e  

m in e r a l i z e d  zones a re  a long  s i l t y  o r  c la y e y  s a n d -c la y  c o n ta c t s  w ith  th e  

m i n e r a l i z a t i o n  o c c u r r in g  m a in ly  in  th e  c l a y .  In  th e  a r e a  o f  th e  s u r f a c e  

anomaly, no c o r r e l a t i o n  o f  l i t h o l o g i c  u n i t s  cou ld  be made, b u t  so u th  o f  

th e  e a s t - w e s t  normal f a u l t  in  s e c t i o n  23, T . 26 N. and R .94 W. a r a d i o ­

a c t i v e  zone can be t r a c e d  f o r  about one m i le  (F ig u re  15) a t  th e  c o n ta c t  

o f  a d i s t i n c t  sand and c la y  zone.

Although t h e r e  a r e  d i f f e r e n c e s  in  d e t a i l  th e  R oll F ron t - 

Geochemical C e l l  concep t which i s  a p p l i c a b l e  in  th e  Lower C re taceous  

Lakota fo rm a t io n  in  th e  B lack H i l l s  and in  th e  s a n d s to n e - ty p e  uranium 

d e p o s i t s  in  Mesozoic rocks  o f  th e  Colorado P la t e a u  may be a p p l ie d  h e r e .

Uranium i s  an e x c e p t io n a l  e lem ent i n s o f a r  as i t  can be r e a d i l y  

d e t e c te d  by gamma ra y s  and o th e r  s e n s o r s . However, o th e r  e lem en ts  t h a t  

have been  d e t e c te d  p a r t l y  because  th e  m e ta ls  in v o lv ed  do n o t  r a d i a t e  

t h e i r  th r e e -d im e n s io n a l  d i s t r i b u t i o n  m ight be r e l a t e d  to  geochem ical 

c e l l s .  I f  c o n d i t io n s  a r e  r i g h t  f o r  developm ent o f  a geochem ical c e l l ,



o th e r  m e ta ls  such as co p p e r ,  s i l v e r ,  s e le n iu m , molybdenum, o r  w ha teve r  

i s  in  th e  so u rc e  bed , may be c o n c e n t r a te d  around th e  m arg ins  o f  geo­

chem ica l c e l l s .
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