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

R e c o n n a is s a n c e  and d e t a i l e d  g e o l o g i c ,  g e o c h e m ic a l ,  and r a d io m e t r ic  
s t u d i e s  were co n d u c ted  th ro u g h o u t  th e  S i l v e r  C i t y  Q uad ran g le ,  New M exico and 
A r iz o n a ,  to  I d e n t i f y  e n v ir o n m e n ts  and d e l i n e a t e  a r e a s  f a v o r a b le  f o r  th e  
o c c u r r e n c e  o f  uranium d e p o s i t s  u s in g  N a t io n a l  Uranium R eso u rce  E v a lu a t io n  
c r i t e r i a .  S u r fa ce  and l i m i t e d  s u b s u r f a c e  s t u d i e s  were augmented by a e r i a l  
r a d io m e t r ic  and h y d r o g e o c h e m lc a l  and s tr e a m -s e d im e n t  r e c o n n a i s s a n c e  s u r v e y s .

R e s u l t s  o f  th e  I n v e s t i g a t i o n s  I n d i c a t e  s e v e r a l  a r e a s  f a v o r a b le  fo r  
m a g m atic -h yd roth erm al uranium d e p o s i t s .  They I n c lu d e  P recam brlan  g r a n i t i c ,  
g n e l s s l c ,  and d l a b a s i c  r o c k s ;  t h e  C r e ta c e o u s  B e a r t o o t h  Q u a r t z l t e  where I t  
o v e r l i e s  P recam brlan  g r a n i t e ;  c e r t a i n  Laramlde to  m ld - T e r t la r y  m o n z o n l t lc  
r o c k s ;  and T e r t i a r y  v o l c a n i c  ro ck s  a d ja c e n t  to  a q u a r tz  m o n z o n l t lc  s t o c k .  
S tu d ie s  a l s o  i n d i c a t e  e n v ir o n m e n ts  f a v o r a b l e  f o r  a l l o g e n i c  d e p o s i t s  In  th e  
Tyrone l a c c o l i t h  and fo r  uranium d e p o s i t s  In upper C e n o z o lc  v o l c a n l c l a s t l c  
l a c u s t r i n e  r o c k s .

F o rm a tio n s  judged u n fa v o r a b le  f o r  m agm a tic -h y d ro th erm a l uranium d e p o s i t s  
In c lu d e  l a r g e  a r e a s  o f  P recam brlan  g r a n i t i c  and m etam orphlc r o c k s ,  a lm o st  a l l  
Laramlde and m ld - T e r t la r y  I n t r u s i v e  r o c k s ,  and in tr u d e d  P a l e o z o i c  and 
C r eta ce o u s  c a r b o n a te  r o c k s .  P recam brlan  m etam orphlc r o c k s  a re  a l s o  c o n s id e r e d  
u n f a v o r a b le  f o r  c o n t a c t  m e ta so m a tlc  as  w e l l  a s  f o r  u n c o n f o r m i t y - r e l a t e d  and 
v e i n - t y p e  uranium d e p o s i t s .  The e n t i r e  P a l e o z o i c  and C r e ta c e o u s  s e d im e n ta r y  
s e c t i o n  I s  c o n s id e r e d  u n f a v o r a b le  f o r  s a n d s to n e  and m a r ln e - b l a c k - s h a l e  uranium  
d e p o s i t s .  M oreover ,  m ld - T e r t la r y  ro c k s  were judged  u n fa v o r a b le  fo r  
v o lc a n o g e n lc  uranium d e p o s i t s ,  and upper C e n o z o lc  b a s l n - f l l l  and s u r f l c l a l  
d e p o s i t s  a re  u n f a v o r a b le  fo r  s a n d s t o n e - t y p e  d e p o s i t s  and fo r  uranium d e p o s i t s  
a s s o c i a t e d  w i t h  v o l c a n l c l a s t l c  l a c u s t r i n e  e n v ir o n m e n ts .





INTRODUCTION

PURPOSE AND SCOPE

The S i l v e r  C i ty  Q u a d ra n g le ,  New M exico and A r iz o n a  ( F i g .  1 ) ,  was 
e v a lu a t e d  to i d e n t i f y  g e o l o g i c  e n v ir o n m e n ts  and d e l i n e a t e  a r e a s  t h a t  c o u ld  
c o n ta in g  uranium d e p o s i t s  a g g r e g a t in g  a t  l e a s t  100 t o n s  U3 O8  a t  an a v era g e  
grade n o t  l e s s  th an  100 ppm U308- S e l e c t i o n  o f  a f a v o r a b l e  en v iron m en t  
was based  on th e  s i m i l a r i t y  o f  i t s  g e o l o g i c  c h a r a c t e r i s t i c s  to  N a t io n a l  
Uranium R eso u rce  E v a lu a t io n  (NURE) r e c o g n i t i o n  c r i t e r i a  d e s c r ib e d  in  M ick le  
and Mathews ( e d s . ,  1 9 7 8 ) .

The s tu d y  was co n d u cted  by B endix  F i e l d  E n g in e e r in g  C o r p o r a t io n  (BFEC) 
fo r  th e  NURE program , managed by th e  Grand J u n c t i o n ,  C o lo ra d o ,  O f f i c e  o f  th e  
U .S .  Departm ent o f  Energy (DOE). The s tu d y  began March 1 , 1980 , and ended 
March 3 1 ,  1 9 8 1 .  Time s p e n t  i n  l i t e r a t u r e  r e v ie w ,  f i e l d  w ork, d a ta  a n a l y s i s  
and i n t e r p r e t a t i o n ,  and p r e p a r a t io n  o f  th e  f i n a l  r e p o r t  t o t a l e d  about 1 .5  man- 
y e a r s  .
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PROCEDURES

During March and A p r i l  o f  1 9 8 0 ,  l i t e r a t u r e  r e s e a r c h  was d o n e ,  and a work 
p la n  was fo r m u la t e d .  F i e l d  s t u d i e s ,  co n d u cted  from May th ro u g h  December o f  
19 8 0 ,  in c lu d e d  e x a m in a t io n  o f  uranium o c c u r r e n c e s  (App. A ) ,  d e t a i l e d  g e o l o g i c  
i n v e s t i g a t i o n s  w i t h i n  p o s s i b l e  f a v o r a b l e  a r e a s ,  r e c o n n a i s s a n c e  s t u d i e s  in  
a r e a s  o f  r e l a t i v e l y  lo w  f a v o r a b i l i t y ,  and fo l lo w u p  s t u d i e s  o f  a e r i a l  
r a d io m e t r ic  and m a g n e t ic  (ARMS) and h y d r o g e o c h e m ic a l  and s tr e a m -s e d im e n t  
r e c o n n a i s s a n c e  (HSSR) s u r v e y s .  The s u b s u r f a c e  d a ta  a v a i l a b l e  a re  in a d e q u a te  
f o r  e v a l u a t i n g  th e  uranium f a v o r a b i l i t y  o f  any g e o l o g i c  en v iro n m en t a t  d e p th .  
The s p a r s e  s u b s u r f a c e  i n f o r m a t io n  was used  to  e s t i m a t e  th e  t h i c k n e s s  o f  
C en o zo ic  b a s i n - f i l l  d e p o s i t s  i n  some a r e a s .

S p e c i f i c  f i e l d  p r o c e d u r e s  in v o lv e d  r e c o n n a i s s a n c e  g e o l o g i c  mapping and 
o u tc r o p  e x a m in a t io n ,  r a d i o m e t r i c  s u r v e y s  w ith  s c i n t i l l o m e t e r  or  gamma-ray 
s p e c t r o m e t e r  (App. D; P i .  9 ) ,  and ro c k  sa m p lin g  (App. B; P I .  5 ) .  L a b o ra to ry  
d a ta  co m p r ise  c h e m ic a l ,  gamma-ray s p e c t r o s c o p i c ,  and p e tr o g r a p h ic  a n a ly s e s  o f  
ro c k  s a m p le s .  S e l e c t e d  ro ck  sa m p les  w ere a n a ly z e d  f o r  c h e m ic a l  uranium  
(cU 30g)>  e q u i v a l e n t  uranium ( e U ) ,  e q u i v a l e n t  th o r iu m  (.eTh), p e r c e n t
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p o ta s s iu m  (%K), m ajor e le m e n t  o x i d e s ,  and t r a c e  e l e m e n t s .  C h em ica l-uraniu m  
c o n t e n t s  were d e te rm in ed  by f l u o r o m e t r i c  o r  c o l o r i m e t r i c  m eth o d s .  E q u iv a le n t -  
uranium, e q u i v a l e n t - t h o r i u m ,  and p e r c e n t - p o t a s s i u m  d e t e r m in a t io n s  were made by 
l a b o r a t o r y  gamma-ray s p e c t r o m e t r i c  G e(L i)  o r  N al d e t e c t o r s .  Major o x id e  
c o n t e n t s  w ere d e term in ed  by a to m ic  a b s o r p t i o n  s p e c t r o m e t r y ;  t r a c e  e l e m e n t s ,  by 
a to m ic  a b s o r p t io n  or  e m is s io n  s p e c t r o m e t r y .  P e tr o g r a p h ic  p ro ce d u re s  are  
e x p la in e d  in  Appendix E.

The ARMS s u r v e y  was f lo w n  a t  a 3-m i ( 4 .8 -k m )  s p a c in g  by T exas I n s tr u m e n ts  
C o r p o r a t io n  (1 9 7 8 b ) .  They s t a t i s t i c a l l y  a n a ly z e d  t h e  d a ta  and i d e n t i f i e d  
a p p a r en t  a n o m a l i e s .  S e l e c t e d  a n o m a l ie s  were f i e l d  checked  a s  p a r t  o f  th e  
g e o l o g i c  i n v e s t i g a t i o n s  ( P I .  3 ) .

In t o t a l ,  755 s t r e a m -s e d im e n t  and 474 w a ter  sa m p les  were c o l l e c t e d  in  t h e  
New M exico p o r t i o n  o f  th e  q u a d ra n g le  d u r in g  th e  HSSR s u r v e y .  No sa m p les  were  
c o l l e c t e d  w i t h i n  t h e  A r iz o n a  p o r t i o n .  Samples were a n a ly z e d  and d a ta  r e p o r te d  
by th e  Los Alamos S c i e n t i f i c  L a b o r a to ry  (Sharp  and o t h e r s ,  1 9 7 8 ) .  One a re a  
was found to  c o n t a i n  a n o m a lo u s ly  h ig h  c o n c e n t r a t i o n s  o f  uranium based  on HSSR 
sam p lin g  ( P I .  4 ) .

The f i n a l  3 m onths o f  th e  p r o j e c t  in v o lv e d  th e  i n t e r p r e t a t i o n  o f  f i e l d  
and a n a l y t i c a l  d a ta  and p r e p a r a t io n  o f  th e  f i n a l  r e p o r t .

GEOLOGIC SETTING

The S i l v e r  C i t y  Q u a d ra n g le ,  w h ich  i n c l u d e s  a p p r o x im a te ly  2 0 ,7 0 0  km2, i s  
l o c a t e d  betw een  l a t  3 1 ° 0 0 ' 0 0 '  N. and 3 2 ° 0 0 '0 0 "  N. and l o n g  1 0 8 ° 0 0 '0 0 "  W. and 
1 1 0 ° 0 0 ’00" W. I t  l i e s  l a r g e l y  w i t h i n  th e  M exican H igh lan d  S e c t i o n  o f  th e  
B a s in  and Range p h y s io g r a p h ic  p r o v in c e  ( F i g .  2 ) .  However, p a r t  o f  th e  n o r t h -  
c e n t r a l  and th e  n o r t h e a s t e r n  a r e a s  o f  th e  q u a d ra n g le  l i e  w i t h i n  th e  T r a n s i t i o n  
Zone, a i i o r t h w e s t - t r e n d i n g  zone t h a t  i s  s t r u c t u r a l l y  and t o p o g r a p h i c a l l y  
i n t e r m e d ia t e  b e tw een  th e  B a s in  and Range and C o lo ra d o  P la t e a u  P r o v i n c e s .

S o u th w e s te r n  New M exico  and s o u t h e a s t e r n  A r iz o n a  a re  s t r u c t u r a l l y  
co m p lex .  The B a s in  and Range p o r t i o n  o f  th e  q u a d ra n g le  i s  c h a r a c t e r i z e d  by a t  
l e a s t  t h r e e  m ajor t e c t o n i c  e l e m e n t s  (Drew es and Thorman, 1 9 7 8 ) .  N o r th w e s t -  
t r e n d in g  com plex  f a u l t s ,  many o f  w hich  r e c o r d  r e p e a te d  and d i v e r s e  d i r e c t i o n  
o f  movement, a r e  th e  m ost s i g n i f i c a n t  and w id esp rea d  s t r u c t u r e s .  T hrust  
f a u l t s ,  commonly lo w  a n g le  and L ate  C r e ta c e o u s  or  p o s s i b l y  T e r t i a r y  in  a g e ,  
a r e  r e c o g n iz e d  i n  i s o l a t e d  a r e a s  i n  th e  q u a d r a n g le .  T y p i c a l l y  n o r t h w e s t -  
tr e n d in g  C e n o z o ic  B a s in  and Range f a u l t s ,  p ro b a b ly  r e a c t i v a t e d  seg m en ts  o f  
s u b p a r a l l e l  P recam brlan  b asem ent s t r u c t u r e s ,  o c c u r  a lo n g  many o f  th e  prom inent  
range f r o n t s .  The a r e a  o f  th e  q u a d ra n g le  l y i n g  w i t h i n  t h e  T r a n s i t i o n  Zone i s  
a l s o  c h a r a c t e r i z e d  by n o r t h w e s t - t r e n d i n g  f a u l t  s y s te m s  and B a s in  and Range 
f a u l t s .  However, n o r t h e a s t -  and e a s t - n o r t h e a s t - t r e n d i n g  f a u l t s ,  f r a c t u r e s ,  
and d ik e s  a r e  common, e s p e c i a l l y  i n  th e  B ig  and L i t t l e  Burro M ountains  
(G i l le r m a n ,  1 9 6 4 ) .  T hese s t r u c t u r e s  may be r e l a t e d  in  p a rt  to  l a r g e  r e g i o n a l  
s t r u c t u r e s  o r  p o s s i b l y  be a s s o c i a t e d  w i t h  r e g i o n a l  warping and i n t r u s i o n  o f  
ig n e o u s  r o c k s  (T r a u g e r ,  1 9 7 2 ) .

Rocks r a n g in g  in  age from Precam brlan  to  Q uatern ary  a r e  exposed  in  th e  
q u a d ra n g le  ( F i g .  3 ) .  The g e o l o g i c  h i s t o r y ,  a s  r e co rd ed  i n  t h e s e  r o c k s ,  b e g in s  
in  th e  e a r l y  P r o t e r o z o i c ,  a t im e  d u r in g  which s e v e r a l  th ou san d  m e te r s  o f
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c l a s t i c  se d im e n ta r y  and v o l c a n i c  ro ck s  a ccu m u lated  w i t h i n  a s t r o n g l y  s u b s id in g  
e u g e o s y n c l i n e . At th e  same t im e ,  c l a s t i c  s e d im e n ts  o n ly  were b e in g  d e p o s i t e d  
w i t h i n  an a d j a c e n t  s h e l f  a r e a .  Subsequent deep  b u r i a l  and dynamometamorphism, 
which o cc u r red  about 1 ,7 0 0  m . y . b . p . ,  f o m e d  q u a r t z l t e ,  s c h i s t ,  p h y l l i t e ,  
a m p h ib o l i t e ,  and g n e i s s — th e  P in a l  S c h i s t  i n  th e  w e s t e r n  p a r t  o f  th e  
q uad ran g le  and th e  c o r r e l a t i v e ( ?) B u l la r d  Peak and Ash Creek s e r i e s  ro c k s  
( G i l le r m a n ,  1 9 6 4 )  i n  th e  e a s t e r n  p a r t .  The P in a l  and e q u i v a l e n t ( ?) ro ck s  were  
deformed and e x t e n s i v e l y  in t r u d e d  by  g r a n i t i c  s t o c k s  and b a t h o l i t h s  about 1400  
m . y . b . p . ,  an d , somewhat l a t e r ,  by d l a b a s i c  d ik e s  and s i l l s .

During th e  l a t e s t  P recam brlan  and E a r ly  Cambrian t i m e s ,  P recam brlan  rocks  
were u p l i f t e d  and th e n  p e n e p la in e d .  The M iddle  and Upper Cambrian B o ls a  
Q u a r t z l t e ,  Coronado S a n d s to n e ,  and B l i s s  S an d ston e  were d e p o s i t e d  o v er  th e  
p e n e p la in  i n  b each  and n e a r s h o r e  en v iro n m en ts  o f  a t r a n s g r e s s i n g  s e a .  The 
A brigo  and El Paso f o r m a t io n s ,  p r e d o m in a n t ly  c a r b o n a te  u n i t s ,  r e c o r d  co n t in u e d  
m arine t r a n s g r e s s i o n  th ro u g h  E a r ly  O r d o v ic ia n .  R ep eated  m arine t r a n s g r e s s i v e -  
r e g r e s s i v e  c y c l e s  o c c u r r e d  from O r d o v ic ia n  th ro u g h  Permian t im e .  T h is  t h i c k  
m arine a s s e m b la g e  c o m p r is e s  t h e  O r d o v ic ia n  Montoya Group and S i l u r i a n  
F usse lm an  D o lo m ite ,  w h ich  c o n s i s t  m a in ly  o f  c a r b o n a t e s ,  th e  l a r g e l y  d a rk -  
c o lo r e d  s h a l e s  o f  th e  D evonian  M artin  F orm ation  and P erch a  S h a le ,  th e  
p red o m in a n t ly  c a r b o n a te  P e n n s y lv a n ia n  M agdalena Group, and th e  l i m e s t o n e s  and 
minor s i l t s t o n e s  o f  t h e  P e n n s y lv a n ia n -P e r m ia n  Naco Group.

The r e g io n  was em ergent d u r in g  T r i a s s i c  and J u r a s s i c  t im e .  There a r e  no 
s e d im e n ta r y  ro c k s  o f  T r i a s s i c  o r  J u r a s s i c  age w i t h i n  th e  q u a d r a n g le ,  n or  a re  
th e r e  any J u r a s s i c  i n t r u s i v e  or  e x t r u s i v e  r o c k s  known in  t h e  q u a d r a n g le ,  
a l t h o u g h  th e y  a r e  common i n  n ea rb y  a r e a s .

Lower C r e ta c e o u s  ro c k s  a r e  p r e s e n t  o n ly  i n  th e  s o u t h - c e n t r a l  and 
so u th w e s te r n  p o r t i o n s  o f  th e  q u a d r a n g le .  They a r e  t h e  c o n t i n e n t a l  G lance  
C onglom erate  and o t h e r  t r a n s g r e s s i v e , s h a l lo w - m a r in e  u n i t s  o f  th e  B i s b e e  
Group. C ontinued  m arine t r a n s g r e s s i o n  d u r in g  L ate  C r e ta c e o u s  t im e ,  m a in ly  in  
th e  e a s t e r n  p a r t  o f  th e  q u a d r a n g le ,  r e s iu l te d  in  d e p o s i t i o n  o f  th e  B e a r to o th  
Q u a r t z i t e  and C olorad o  S h a le .  L o ca l  c o n t i n e n t a l  d e p o s i t i o n  toward th e  end o f  
th e  C r e ta c e o u s  i s  i n f e r r e d  from th e  V ird en  F o rm a tio n  and a s s o c i a t e d  ro ck s  in  
th e  n o r t h - c e n t r a l  p a r t  o f  th e  q u a d r a n g le .

Renewed u p l i f t  and d e fo r m a t io n  o f  th e  a r e a  d u r in g  Laramide t im e  were  
accom panied by a n d e s i t i c  v o l c a n i s m  and i n t r u s i o n  o f  s t o c k s  o f  m a in ly  
in t e r m e d ia t e  c o m p o s i t i o n .  A lth o u g h  w id esp rea d  e r o s i o n  o f  u p l i f t e d  a r e a s  
produced t h i c k  c o n t i n e n t a l  d e p o s i t s  i n  p a r t s  o f  A r iz o n a ,  no a p p r e c i a b l e  
se d im e n ta r y  d e p o s i t s  o f  e a r l y  T e r t ia r y  age a r e  known in  t h e  S i l v e r  C i t y  
Q u a d ra n g le .

E v id e n c e  f o r  e a r l y  to  m id d le  T e r t i a r y  d e fo r m a t io n  and metamorphism i s  
im p r in ted  i n  P recam b rian  m e t a - ig n e o u s  and m e ta se d im e n ta r y  r o c k s  o f  t h e  
P in a le n o  M o u n ta in s ,  i n  th e  w e s t e r n  p a r t  o f  th e  q u a d r a n g le .  Coney and R eyno ld s  
(1 9 8 0 )  s u g g e s t e d  t h a t  t h i s  l o c a l i z e d ,  d i s t i n c t i v e  m etam orphic t e r r a n e  in  th e  
P in a le n o s  r e p r e s e n t s  one o f  s e v e r a l  i s o l a t e d  m etam orphic c o r e  co m p lex e s  found  
th ro u g h o u t  th e  North  American C o r d i l l e r a .  The e v o l u t i o n  o f  t h e s e  co m p lex e s  i s  
b e l i e v e d  to have b een  r e l a t e d  to  r e g io n a l  e x t e n s i o n a l  t e c t o n i s m .  T h is  
e x t e n s i o n  c o i n c i d e d  i n  p a r t  w i t h  t h e  e r u p t i o n  o f  v o lu m in o u s  v o l c a n i c  and 
a s s o c i a t e d  i n t r u s i v e  r o c k s  i n  O l ig o c e n e  to  e a r l y  M iocene t im e .  I n i t i a l l y ,  a 
c a l c - a l k a l i c  s u i t e  o f  v o l c a n i c  r o c k s  e r u p t e d .  L a t e r ,  more s i l i c i c  v o l c a n i c s



and b a s a l t i c  a n d e s i t e  form ed . Large c a u ld r o n  co m p lex e s  formed d u r in g  th e  
l a t e r  s t a g e s  o f  c a l c - a l k a l i c  v o lc a n is m  and d u r in g  t h e  more s i l i c i c  v o lc a n is m ;  
in t e r m e d ia t e  to  s i l i c i c ,  c o m p o s i t e  s t o c k s  and f e l s i c  d i k e s  w ere a l s o  emplaced  
d u r in g  t h i s  m id d le  T e r t i a r y  e v e n t .

In M iocene and P l i o c e n e  t im e ,  B a s in  and Range f a u l t i n g  produced t h e  
c h a r a c t e r i s t i c  b l o c k - f a u l t  r a n g e s  and in te r m o n ta n e  b a s i n s .  T hick  b a s i n - f i l l  
d e p o s i t s ,  c o n s i s t i n g  l a r g e l y  o f  unnamed and c o m p le x ly  i n t e r s t r a t i f i e d  
c o n g lo m e r a te s ,  m u d s to n e s ,  e v a p o r i t e s ,  and m inor f r e s h - w a t e r  l i m e s t o n e s ,  
accum ulated  i n  h y d r o l o g i c a l l y  c l o s e d  b a s in s  th ro u g h  e a r l y  P l e i s t o c e n e  t im e .  
P l i o c e n e  to  P l e i s t o c e n e  a l k a l i  b a s a l t  and f e l s i c  t u f f  a r e  commonly 
i n t e r l a y e r e d  w ith  b a s i n - f i l l  s e d im e n t s .

D evelopm ent o f  th r o u g h - f lo w in g  d r a in a g e  d u r in g  l a t e r  P l e i s t o c e n e  and 
H o lo cen e  t im e s  changed th e  s e d i m e n t o l o g i c  reg im e o f  th e  b a s in  from c o n d i t i o n s  
o f  w id esp rea d  a g g r a d a t io n  to  g e n e r a l  d e g r a d a t io n .  O n c e - e x t e n s iv e  pedim ent and 
i n t e r i o r  b a s in  d e p o s i t s  have  b een  d e e p ly  i n c i s e d .  H o lo cen e  d e p o s i t s  o f  
p ed im en t-ca p  c o n g lo m e r a te ,  a l l u v i a l - f a n  d e p o s i t s ,  t e r r a c e  g r a v e l s ,  and 
i n n e r - v a l l e y  a l l u v i a l  f i l l  c o v e r  p r e s e n t - d a y  v a l l e y s  and a d j a c e n t  p ie d m o n ts .

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

In th e  S i l v e r  C i ty  Q u a d ra n g le ,  f a v o r a b l e  en v iro n m en ts  i n c l u d e  m agm atic-  
hy d ro th erm a l d e p o s i t s  ( C l a s s  3 3 0 ,  Mathews, 19 7 8 a )  i n  P recam brian  g r a n i t i c  and 
d i a b a s i c  ro ck s  ( a r e a s  A and E, P I .  1 ) ,  i n  P recam brian  q u a r tz  d i o r i t e  g n e i s s  
and in  Laramide to  m i d - T e r t ia r y  h o rn b len d e  m o n zo n ite  porphyry  ( a r e a  B ) , in  
Precam brian  g r a n i t e  and o v e r ly i n g  C r e ta c e o u s  B e a r t o o th  Q u a r t z i t e  ( a r e a  D ) ,  and 
in  T e r t ia r y  v o l c a n i c  r o c k s  ( a r e a  F ) ;  uranium d e p o s i t s  a s s o c i a t e d  w ith  
v o l c a n i c l a s t i c  l a c u s t r i n e  en v iro n m en ts  o f  th e  h y d r o a l l o g e n i c  C la s s  540  
( P i l c h e r ,  19 7 8 ) i n  l a t e  C en o zo ic  t u f f a c e o u s ,  l a c u s t r i n e  r o c k s  ( a r e a  C); and 
a l l o g e n i c  d e p o s i t s  ( C l a s s  370 , Mathews, 1978a) i n  Laramide q u a r tz  m o n zo n ite  o f  
th e  Tyrone l a c c o l i t h  ( a r e a  G ) .

AREA A: WHITE SIGNAL REGION

A p o r t i o n  o f  th e  ^ftiite S ig n a l  s t r u c t u r a l  b lo c k  o f  th e  P recam brian  Burro  
M ountains b a t h o l i t h  ( a r e a  A, P I .  1 )  i s  f a v o r a b le  fo r  uranium d e p o s i t s  o f  t h e  
m a g m a tic -h y d ro th erm a l type  ( C l a s s  3 3 0 ) .  The f a v o r a b l e  h o s t  ro ck s  a r e  
Precam brian  Burro M ountains g r a n i t e  and m a f ic  d i k e s ,  r a n g in g  in  age from 
P recam brian  to  T e r t i a r y ,  t h a t  in t r u d e  th e  g r a n i t e .  Area A i s  f a v o r a b le  
b eca u se  th e  h o s t  ro ck  i s  b o th  s t r u c t u r a l l y  and c h e m ic a l ly  f a v o r a b l e  fo r  
uranium d e p o s i t i o n .  S t r u c t u r a l  f a v o r a b i l i t y  i s  i n d i c a t e d  by th e  numerous 
f a u l t s  and sh e a r  z o n e s  t h a t  t r a n s e c t  th e  a r e a .  C hem ical f a v o r a b i l i t y  i s  
i n d i c a t e d  b eca u se  th e  h o s t  rock s  a r e  s i l i c i f i e d ,  s e r i c i t i z e d ,  a r g i l l i z e d ,  and 
i r o n  s t a i n e d  i n  a z o n a l  r e l a t i o n s h i p  about v e i n s  p r e s e n t  a lo n g  s h e a r s .  The 
u ra n iu m -b e a r in g  v e i n s  c o n t a i n  s i l i c a ,  c a r b o n a t e ,  s u l f i d e s ,  anom alous th o r iu m ,  
f l u o r i n e ,  and anom alous amounts o f  h eavy  m e t a l s ,  i n c l u d i n g  Ag, Au, B i ,  Cu, Mo, 
Pb, Sb, Sn, W, Zn, and Z r ,  a l l  o f  w h ich  c h a r a c t e r i z e  m a g m a tic -h y d ro th erm a l  
uranium d e p o s i t s .  A s o u r c e  fo r  th e  u ra n iu m -b e a r in g  m a g m a tic -h y d ro th erm a l  o re  
s o l u t i o n s  i s  s p > e c u la t iv e , but s e v e r a l  s o u r c e s  a r e  a v a i l a b l e .  An HSSR uranium  
anomaly i s  p r e s e n t  o v er  th e  e n t i r e  Burro M ountains b a t h o l i t h  ( P I .  4 ) .



Area A c o n t a i n s  69 r e p o r te d  uranium o c c u r r e n c e s  ( P I -  2b , P I .  1 1 ) ,  16 o f  
which a re  d e s c r ib e d  in  u r a n iu m -o c c u r r e n c e  r e p o r t s  (App. C ).  Uranium 
m i n e r a l i z a t i o n  i s  c h a r a c t e r i z e d  by s e c o n d a r y  c o n c e n t r a t i o n s  o f  u r a n y l  
p h o sp h a te  m in e r a l s  i n  m a f ic  d ik e s  where t h e  d ik e s  a re  i n t e r s e c t e d  by f i s s u r e -  
f i l l i n g ,  u ra n iu m -b e a r in g  v e i n  s y s t e m s .  I t  i s  p o s t u l a t e d  t h a t ,  d u r in g  th e  
T e r t i a r y ,  u ra n iu m -b e a r in g  h y d ro th erm a l  s o l u t i o n s  were g e n e r a te d  by a c o n c e a le d  
i n t r u s i v e  body and e n te r e d  an e x i s t i n g  p e r v a s i v e  sy s tem  o f  e a s t - n o r t h e a s t -  to  
e a s t -  and n o r t h w e s t - t r e n d i n g  f a u l t s  and sh e a r  z o n e s .  As th e  s o l u t i o n s  moved 
th rou gh  th e  f a u l t  s y s te m ,  f i s s u r e - f i l l i n g  v e i n s  w ere formed in  f r a c t u r e s  and 
b r e c c i a t e d  z o n e s  c u t t i n g  Precam brian  g r a n i t e  and d ik e s  r a n g in g  in  age from  
P recam brian  to  T e r t i a r y .  The v e i n s  c o n ta in e d  uranium , p r o b a b ly  a s  u r a n i n i t e ,  
and v a r i a b l e  amounts o f  b a se  and p r e c io u s  m e t a l s .  A f t e r  d e p o s i t i o n  o f  th e  
v e i n s ,  a d e e p -w e a th e r in g  p r o f i l e  d e v e lo p e d ,  w h ich  p r o g r e s s i v e l y  o x i d i z e d  th e  
primary o r e  m in e r a l s  o f  t h e  v e i n s .  W ith in  th e  o x i d i z a t i o n  z o n e ,  uranium  
became m o b i le  and s t a r t e d  to  be d i s p e r s e d  from th e  n e a r - s u r f a c e  p o r t i o n  o f  th e  
v e i n s .  Where t h e  v e i n s  had i n t e r s e c t e d ,  o r  were l o c a t e d  a d ja c e n t  to  h ig h -  
p h o sp h a te  m a f ic  d i k e s ,  uranium  was p r e c i p i t a t e d  a s  s e c o n d a r y  c o n c e n t r a t i o n s  o f  
u ra n y l  p h o sp h a te  m i n e r a l s .

L i t h o l o g y

Area A c o n s i s t s  p r i m a r i l y  o f  g r a n i t e ,  q u a r tz  m o n z o n i t e ,  and a s s o c i a t e d  
ro ck s  o f  th e  Precam brian  Burro M ountains b a t h o l i t h .  The Burro M ountains  
g r a n i t e  (P reca m b r ia n  Y; H ed lund , 1978d) c o n t a i n s  s m a l l ,  s c a t t e r e d  x e n o l i t h s  o f  
m etam orphic r o c k s  ( B u l la r d  Peak S e r i e s ,  H e w i t t ,  1959) and i s  in t r u d e d  by 
P recam b rian  d ia b a s e  d i k e s .  The P recam brian  r o c k s  a r e  in t r u d e d  by s e v e r a l  
p lu g s ,  s i l l s ,  and numerous b a s a l t i c  to  r h y o l i t i c  d ik e s  o f  T e r t ia r y  a g e .  
V o l u m e t r i c a l l y ,  th e  T e r t i a r y  i n t r u s i v e  r o c k s  a r e  a m inor component o f  a r e a  A. 
P o r t io n s  o f  a r e a  A a r e  c o v e r e d  w i t h  a t h i n  l a y e r  o f  G i la  C on g lom erate  (M iocene  
t o  P l e i s t o c e n e ) ,  P l e i s t o c e n e  to H o lo cen e  fa n  d e p o s i t s  and t e r r a c e  g r a v e l s ,  and 
r e c e n t  a l lu v iu m  (H ed lu nd , 1978d , 1 9 7 8 e ) .  The Burro M ountains g r a n i t e ,  
P recam brian  d ia b a s e  d i k e s ,  and T e r t i a r y  r h y o l i t i c  i n t r u s i v e  b o d i e s  a r e  th e  
dominant ro ck  t y p e s .

The Burro M ountains g r a n i t e ,  which c o n s t i t u t e s  more th a n  90% o f  a r e a  A, 
i s  c h a r a c t e r i z e d  more by i t s  h e t e r o g e n e i t y  th a n  i t s  h o m o g e n e i ty .  The rock  
v a r i e s  in  t e x t u r e ,  c o l o r ,  w e a th e r in g  r e s p o n s e ,  and c h e m ic a l  and m i n e r a l o g i c  
c o m p o s i t io n .  As y e t ,  n e i t h e r  d e t a i l e d  f i e l d  nor p e tr o g r a p h ic  s t u d i e s  have  
been  done to  s t a t i s t i c a l l y  a n a ly z e  t h e  d i f f e r e n t  v a r i e t i e s  (G i l le r m a n ,  1 9 7 0 ) .  
H ew itt  ( 1 9 5 9 ) ,  G i l le r m a n  ( 1 9 6 4 ,  1 967 , 1 968 , 1 9 7 0 ) ,  and Hedlund (1 9 7 8 d ,  1 9 78e)  
p ro v id e d  more d e t a i l e d  d e s c r i p t i o n s .  The ro c k  i s  l e u c o c r a t i c ,  t y p i c a l l y  l i g h t  
p in k i s h  g ra y  to  t a n ,  and medium to  c o a r s e  g r a i n e d .  I t  has a h y p id io m o r p h ic -  
g r a n u la r  to  x e n o m o r p h ic -g r a n u la r  t e x t u r e  t h a t  i s  l o c a l l y  p o r p h y r i t i c ;  e u h e d r a l  
f e l d s p a r  p h e n o c r y s t s  ran ge  up to  5 cm i n  l e n g t h .  P o ta s s iu m  f e l d s p a r  and 
q u a r tz  a re  t h e  dom inant c o n s t i t u e n t s ;  t h e r e  a r e  s m a l l e r  amounts o f  p l a g i o c l a s e  
and m a f ic  m i n e r a l s .  Quartz c o n t e n t  r a n g e s  from 25% to  40% o f  th e  r o c k s .  
P o ta ss iu m  f e l d s p a r  c o n t e n t  ra n g es  from 23% to  30% and i s  d o m in a n t ly  p e r t h i t i c  
m i c r o c l i n e ,  but v a r i a b l e  amounts o f  o r t h o c l a s e  a r e  p r e s e n t .  P l a g i o c l a s e  
c o n s t i t u t e s  12% t o  70% o f  th e  r o c k ,  i s  commonly s o d ic  o l i g o c l a s e ,  and o c c u r s  
i n  m i c r o p e r t h i t e  and as  a n h e d r a l  g r a i n s .  The m a f ic  m in e r a l  c o n t e n t s  range  
from l e s s  th a n  1% to  10% o f  th e  r o c k ,  t h e  dom inant m a f ic  m in e r a l  b e in g  
b i o t i t e .  A c c e s s o r y  m in e r a l s  a r e  h o r n b le n d e ,  s p h e n e ,  z i r c o n ,  t o u r m a l in e ,  
a p a t i t e ,  m a g n e t i t e ,  r u t i l e ,  i l m e n i t e ,  and a l l a n i t e .



The d ia b a s e  d ik e s  a r e  th o u g h t  to  be P recam brian  (H ed lu n d ,  1978d) and a re  
as  la r g e  a s  3 km lo n g  and 100 m t h i c k .  More t y p i c a l l y ,  t h e y  a r e  l e s s  than  15 
m t h i c k .  Most tr en d  to  th e  n o r t h w e s t .  The d ia b a s e  i s  dark g r e e n i s h  g ray  and 
has a s u b o p h i t i c  to  i n t e r g r a n u l a r  t e x t u r e .  The r o c k  c o n t a i n s  60% to  65% 
a n d e s in e ,  20% to  30% a u g i t e ,  and as  much a s  12% m a g n e t i t e - i l m e n i t e  (H ed lu nd ,  
1 9 7 6 d ) .  B i o t i t e ,  c h l o r i t e ,  sec o n d a ry  q u a r t z ,  and a p a t i t e  a re  a c c e s s o r y  
m i n e r a l s .  The d ia b a s e  a l t e r s  r e a d i l y  to  c h l o r i t e ,  h ydrous  i r o n  o x i d e s ,  
e p i d o t e ,  and c l a y  m i n e r a l s .

T e r t ia r y  r h y o l i t e  p lu g s  and a s s o c i a t e d  d ik e s  and a p o p h y ses  in  a r e a  A 
in t r u d e  e a s t - n o r t h e a s t -  to  e a s t - t r e n d i n g  f a u l t s  and zo n es  o f  w ea k n ess  ( P I .
1 1 ) .  The P recam brian  g r a n i t e  i s  a l s o  in t r u d e d  by t h e  Sadd le  M ountain r h y o l i t e
( P I .  2 b ) ,  a s i l l  t h a t  c o v e r s  an a r e a  o f  2 . 6  km^. T u l lo c k  P eak , a s m a l l  h i l l
in  th e  a r e a ,  i s  composed o f  a r h y o l i t i c ,  w e ld e d ,  a s h - f l o w  t u f f .  The r h y o l i t e  
p lu g s  a r e  commonly e l o n g a t e  and show a l ig n m e n t  a lo n g  a N. 70° t o  9 0 °  E. 
d i r e c t i o n ,  p a r a l l e l  to  th e  r h y o l i t e  d ik e  swarms. The p lu g s  a r e  commonly l e s s  
th an  30 m w id e ,  but a few a r e  as  w ide a s  60 m. The d ik e  swarms commonly
c o n t a i n  a s  many a s  13 t o  20 d ik e s  per k i l o m e t e r .  P e t r o g r a p h i c a l l y ,  th e  p lu g s ,
d i k e s ,  and th e  s i l l  a r e  s i m i l a r .  The r h y o l i t e  r a n g e s  i n  t e x t u r e  from f e l s i c  
to  p o r p h y r i t i c  and g e n e r a l l y  c o n t a i n s  l e s s  th an  10% p h e n o c r y s t s .
O c c a s i o n a l l y ,  p h e n o c r y s t s  w i l l  c o n s t i t u t e  up to  50% o f  th e  r o c k .  Most o f  th e  
r h y o l i t e  i s  a f i n e - g r a i n e d ,  d e n s e ,  h a r d ,  l i g h t - g r a y  ro ck  w i th  a few  
b ip y ra m id a l  q u a r tz  g r a i n s ,  s a n i d i n e ,  b i o t i t e  p h e n o c r y s t s ,  and l o c a l  
d i s s e m i n a t i o n s  o f  p y r i t e .  The i n t r u s i v e  r h y o l i t e  i s  commonly f lo w  banded; 
banding in  th e  d ik e s  i s  p a r a l l e l  to  th e  d ik e  w a l l s ,  and banding in  th e  p lu g s  
i s  c o n t o r t e d .  S p e c u la r  h e m a t i t e  i s  common, b o th  a s  t h i n  f r a c t u r e  f i l l i n g s  in  
th e  p lu g s  and as  a n a s to m o s in g  v e i n l e t s  t h a t  a r e  l o c a l l y  p e r v a s i v e  a lo n g  th e  
i n t r u s i v e  c o n t a c t s  o f  t h e  r h y o l i t e  s i l l .  R h y o l i t e  b r e c c i a  i s  common a lo n g  
b o rd ers  o f  d i k e s ,  p l u g s ,  and th e  s i l l .  In p l a c e s ,  t h e  r h y o l i t e  i s  s l i g h t l y  
v e s i c u l a r  ( G i l le r m a n ,  1 9 7 0 ) .  Many o f  th e  s a n id i n e  p h e n o c r y s t s  a re  a r g i l l i z e d ,  
and th e  b i o t i t e  i s  u s u a l l y  s e r i c i t i z e d .  L im o n ite  s t a i n s  and l i m o n i t e - f i l l e d  
c a v i t i e s  a re  abundant i n  a l l  th e  i n t r u s i v e  r h y o l i t e .  The e x t r u s i v e  r h y o l i t e  
o f  T u l lo c k  Peak i s  a v e r y  l i g h t  g r a y ,  d e v i t r i f i e d ,  w e ld ed  a s h - f l o w  t u f f  t h a t  
c o n t a i n s  f l a t t e n e d  pumice l a p i l l i  and a few p e r c e n t  o f  l i t h i c  fra g m en ts  o f  
q u a r t z i t e  and l a t i t e .  The w elded t u f f  h a s  a pronounced e u t a x i t i c  t e x t u r e  and
c o n t a i n s  about 4% p h e n o c r y s t s  o f  b ip y r a m id a l  q u a r tz  and s a n i d i n e .  B i o t i t e  and
ir o n  o x i d e s  a r e  a c c e s s o r y  m in e r a l s  (H ed lu n d ,  1 9 7 8 e ) .  The age o f  th e  r h y o l i t e  
in  a r e a  A i s  u n c e r t a i n .  G i l le r m a n  (1 9 7 0 )  b e l i e v e d  t h a t  i t  i s  p re -T y ro n e  
l a c c o l i t h  i n t r u s i o n  in  a g e .  The Tyrone l a c c o l i t h  h as  a r a d io m e t r i c  age o f  
5 6 .2  +  1 .7  m .y .  (M cD ow ell ,  1 9 7 1 ) .  However, Hedlund (1 9 7 8 a ,  1 9 7 8 c ,  19 7 8 e)  
co n ten d ed  t h a t  th e  r h y o l i t e  i s  p o s t -T y r o n e  l a c c o l i t h  i n  a g e .  The p r e s e n c e  o f
r h y o l i t e  d ik e s  w i t h i n  th e  Tyrone l a c c o l i t h  s u p p o r t s  th e  t h e o r y  o f  Hedlund, who
a s s ig n e d  an age o f  l a t e  P a le o c e n e  and ( o r )  Eocene to  th e  r h y o l i t i c  i n t r u s i v e  
a c t i v i t y  i n  a r e a  A.

S tr u c t u r e

The Burro b a t h o l i t h  i s  th e  m ajor p o r t i o n  o f  a co m p lex ,  n o r t h w e s t - t r e n d in g  
f a u l t  b lo c k  t h a t ,  i n  p a r t  a t  l e a s t ,  i s  t i l t e d  to  th e  n o r t h e a s t .  The Burro  
b a t h o l i t h  i s  d iv i d e d  by a n o r t h w e s t - t r e n d i n g  grab en  i n t o  th e  B ig  Burro  
Mountain b lo c k  on th e  e a s t  and th e  Gold H i l l  b lo c k  on t h e  w e s t  ( P I .  7 ) .  The 
B ig  Burro M ountain  b lo c k  i s  s u b d iv id e d  i n t o  t h r e e  s u b s i d i a r y  b lo c k s  by a 
s e r i e s  o f  n o r t h e a s t - t r e n d i n g  f a u l t s  ( P I .  1 1 ) .  S u b s id ia r y  s t r u c t u r a l  b lo c k s
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a r e  th e  W illo w  Creek b lo c k ,  th e  Burro P eak -T yron e b lo c k ,  and th e  W hite S ig n a l  
b lo c k  (G i l le r m a n ,  1 9 6 7 ,  1 9 7 0 ) .  Area A i s  l o c a t e d  w i t h i n  t h e  White S ig n a l  
b lo c k .  W ith in  and bounding a r e a  A, f a u l t i n g  and f r a c t u r i n g  w ere  c o n c e n t r a te d  
in  t h r e e  d i r e c t i o n s — n o r t h w e s t e r l y ,  n o r t h e a s t e r l y ,  and e a s t - n o r t h e a s t e r l y  to  
e a s t e r l y  ( P I .  1 1 ) .

The f a u l t - f i l l i n g ,  n o r t h w e s t - t r e n d i n g  P recam b rian  d ik e s  p r o v id e  th e  
e a r l i e s t  e v id e n c e  o f  f a u l t i n g .  G i l le r m a n  (1 9 7 0 )  s t a t e d  t h a t  t h e  d ik e s  were 
em placed a lo n g  p r e - e x i s t i n g  f a u l t s  and f r a c t u r e s .  The n o r t h w e s t - t r e n d in g  
Walnut C reek -U n c le  Sam f a u l t  ( P I .  1 1 )  i s  a p p a r e n t ly  p o s t - T y r o n e - s t o c k  
i n t r u s i o n  in  a g e ,  but p r e - l e a d - s i l v e r  m i n e r a l i z a t i o n .  The f a u l t  i s  b e l i e v e d  
to  be o l d e r  th a n  l a t e  T e r t i a r y  ( G i l le r m a n ,  1 9 7 0 ) .  The n o r t h w e s t - t r e n d i n g  
bounding f a u l t s  o f  th e  B ig  Burro M ountain  b lo c k ,  w h ich  i n c l u d e s  th e  s u b s i d i a r y  
W hite S ig n a l  b l o c k ,  a re  t h e  T a y lo r  f a u l t  on th e  w e s t  and th e  Mangas f a u l t  on 
th e  e a s t .  The l a t e s t  movement o f  t h e  f a u l t s  was i n  th e  l a t e  P l i o c e n e  or  
P l e i s t o c e n e .  The t im e  o f  th e  e a r l i e s t  movement i s  n o t  known b u t  c o u ld  have  
b een  as  e a r l y  a s  e a r l y  T e r t i a r y .

The e a s t - n o r t h e a s t  to  e a s t  s e t  o f  f r a c t u r e s  i s  prom in en t w i t h i n  a r e a  A in  
th e  W hite S ig n a l  b lo c k  ( P I .  1 1 ) .  The f r a c t u r e s  a re  f i l l e d  w i th  numerous 
d i k e s ,  p r i m a r i l y  o f  r h y o l i t i c  c c s n p o s i t io n ,  but a l s o  o f  l a t i t i c ,  d a c i t i c ,  and 
q u a r tz  m o n z o n i t i c  c o m p o s i t i o n s .  The a l ig n m e n t  o f  r h y o l i t e  p lu g s  i n  an e a s t -  
n o r t h e a s t  to  e a s t  tren d  ( P I .  1 1 )  i s  p r o b a b ly  a l s o  c o n t r o l l e d  by t h e s e  
f r a c t u r e s .  The minimum age o f  th e  f r a c t u r e s  i s  i n d i c a t e d  by th e  a g e s  o f  th e  
o l d e s t  d ik e  ro ck s  in t r u d i n g  a lo n g  them. Thus, f a u l t s  and f r a c t u r e s  f i l l e d  by 
th e  d ik e s  were formed p r io r  to  t h e  E ocene.

N o r th e a s t  s t r u c t u r e s  a r e  r e p r e s e n t e d  in  a r e a  A by t h e  n o r t h e a s t - t r e n d i n g  
S prouse -C op elan d  f a u l t ,  w h ich  a c t s  a s  th e  boundary b etw een  th e  liJhite S ig n a l  
b lo c k ,  which  c o n t a i n s  a r e a  A, and th e  upthrown Burro P eak -T yron e b lo c k  to th e  
n o r t h .  The age o f  e a r l i e s t  a c t i v i t y  o f  t h i s  f a u l t  i s  unknown, but r e p e a te d  
movement i s  i n d i c a t e d ,  and t h e  m ost r e c e n t  movement was p o s t -M io c e n e .

D e s c r i p t i o n  o f  Uranium O ccu rr en ces

A rea  A e n c l o s e s  th e  w e ll -k n o w n  W hite S ig n a l  d i s t r i c t ,  a s p o r a d ic  prod ucer  
o f  g o l d ,  s i l v e r ,  and uranium. Uranium was f i r s t  i d e n t i f i e d  a t  th e  Merry Widow 
Mine in  1 920 . S t a a l l - s c a l e  m in in g  o f  t o r b e r n i t e  f o r  i t s  radium  c o n t e n t  
o ccu rred  in  th e  1 9 2 0 ' s  in  th e  d i s t r i c t .  T o r b e r n i te  was mined a t  th e  Merry 
Widow, C a l i f o r n i a ,  Acme Shamrock, and o t h e r  p r o p e r t i e s  (App. A) f o r  u se  in  
" r a d i o a c t i v e  f a c e  pow der," " r a d i o a c t i v e  w a te r ,"  m e d i c i n a l  radium  s a l t s ,  and 
f o r  th e  e x t r a c t i o n  o f  radium (G i l l e r m a n ,  1 9 6 4 ) .  T o ta l  amount o f  p r o d u c t io n  
d u r in g  th e  radium boom o f  th e  1 9 2 0 ' s  i s  unknown. Renewed a c t i v i t y  in  th e  
d i s t r i c t  o cc u r red  b etw een  1948 and 1955 w i t h  e x t e n s i v e  p r o s p e c t in g  and l i m i t e d  
d ev e lo p m en t .  C u m u la tive  p r o d u c t io n  from t h i s  l a t e r  p e r io d  was fo u r  c a r lo a d s  
o f  uranium o r e  a v e r a g in g  b etw een  0.1% and 0.2% U3 O8  (G i l l e r m a n ,  1 9 6 4 ) .
The fo u r  c a r lo a d s  o f  o r e  were s u p p l i e d  by two m in e s ,  th e  In e z  (O ccu rren ce  108)  
and th e  F lo y d  C o l l i n s  (O cc u r r e n c e  7 1 ) .  S in c e  1 955 , no uranium p r o d u c t io n  has  
o c c u r r e d ,  b ut e x p l o r a t i o n  h as  c o n t in u e d  i n t e r m i t t e n t l y  to  1 981 .

Area A c o n t a i n s  69  uranium o c c u r r e n c e s ,  16 o f  w hich  a r e  d e s c r ib e d  i n  
Appendix C. The r o c k s  o f  a r e a  A a r e  h o s t  t o  two c l a s s e s  o f  uranium d e p o s i t s ,  
p e g m a t i t i c  ( C l a s s  3 2 0 )  and m a g m a tic -h y d ro th erm a l ( C l a s s  3 3 0 ) .
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The p e g m a t i t i c  uranium o c c u r r e n c e s  a r e  s m a l l  and s c a t t e r e d ;  o n ly  two a re  
known in  a r e a  A (O c c u r r e n c e s  114 and Y 6 3 ) .  The p e g m a t i t e s ,  w hich  a re  
Precam brian  in  age and a r e  in  Burro M ountains g r a n i t e ,  c o n t a i n  o n ly  l i m i t e d  
amounts o f  uranium.

Most o f  th e  uranium in  a r e a  A i s  a s s o c i a t e d  w ith  w e a th ered  m agm atic-  
h ydroth erm al uranium d e p o s i t s .  Uranium, p r i n c i p a l l y  i n  s e c o n d a r y  uranium  
p h o s p h a te s ,  o c c u r s  a t  t h e  s u r f a c e  i n  o x i d i z e d  u ra n iu m -b e a r in g  h y d ro th erm a l  
v e in s  and in  f r a c t u r e s  i n  th e  Precam brian  g r a n i t e  a s s o c i a t e d  w i t h  th e  v e i n s .  
C o n c e n tr a t io n s  o f  s e c o n d a r y  uranium m in e r a l s  a l s o  o c c u r  in  f r a c t u r e s  and as  
d i s s e m i n a t i o n s  i n  a l t e r e d  m a f ic  ( p r i m a r i l y  d i a b a s i c )  d ik e s  where th e  d ik e s  
i n t e r s e c t  o r  are  a d ja c e n t  to  o x i d i z e d  v e i n s .  Many o f  th e  s e c o n d a r y  
c o n c e n t r a t i o n s  c o n s i s t  o f  c l o s e l y  sp aced  f r a c t u r e s  f i l l e d  o r  c o a t e d  w i th  
uranium p h o sp h a te  m i n e r a l s .  The f i l l i n g s  a r e  r a r e l y  more th a n  1 mm t h i c k ,  
b u t ,  where num erous, can  r e s u l t  i n  h ig h  uranium c o n t e n t s  ( G i l l e r m a n ,  1 9 6 8 ) .
In p l a c e s ,  th e  h y d ro th erm a l s o l u t i o n s  r o s e  a lo n g  f r a c t u r e s  a lr e a d y  o c c u p ie d  by 
d i k e s .  The o r e  s o l u t i o n s  im p regn ated  and a l t e r e d  th e  d ik e s  to  such  an e x t e n t  
th a t  th e  v e i n s  a r e  u n r e c o g n i z a b l e ,  and o n ly  e x t r e m e ly  a l t e r e d  l i n e a r  zo n es  
w i t h i n  th e  d ik e s  i n d i c a t e  th e  p r e s e n c e  o f  h y d ro th erm a l v e i n s .  Such s i t u a t i o n s  
have o c c u r r e d  a t  t h e  F loyd  C o l l i n s  (O cc u rren ce  7 1 )  and t h e  In ez  Uranium Mine 
(O cc u r ren ce  1 0 8 ) .  G il ler m a n  ( 1 9 6 4 ,  1 9 6 8 )  grouped th e  u ra n iu m -b ea r in g  
h y d ro th erm a l v e i n s  m i n e r a l o g i c a l l y  i n t o  fo u r  c a t e g o r i e s :  q u a r t z - p y r i t e ,
q u a r t z - s p e c u l a r i t e ,  h i g h - s i l v e r  and l e a d - s i l v e r ,  and tu r q u o is e  d e p o s i t s .  
Secondary uranium o c c u r r e n c e s  are  a s s o c i a t e d  w ith  a l l  fo u r  t y p e s ,  but th e  v a s t  
m a j o r i t y  a r e  a s s o c i a t e d  w i t h  th e  q u a r t z - p y r i t e  v e i n s .  Some s i g n i f i c a n t  
o c c u r r e n c e s  a re  a s s o c i a t e d  w ith  th e  q u a r t z - s p e c u l a r i t e  and l e a d - s i l v e r  v e i n s .  
The r a d i o a c t i v e  t u r q u o is e  v e i n s  a r e  m inor o c c u r r e n c e s .  As a l l  v e i n s ,  o u t c r o p s ,  
and s u b s u r f a c e  w o rk in g s  a re  in  th e  o x i d i z e d  z o n e ,  no in f o r m a t io n  i s  a v a i l a b l e  
on th e  hypogene m in e r a l  a ssem b la g e  e x c e p t  what can  be e x t r a p o la t e d  from th e  
su p e rg en e  a s se m b la g e  and from a few r e p o r t s  o f  prim ary hypogene m i n e r a l s .

I t  i s  n o t  u n u su a l  to  f i n d  more th a n  one o f  th e  fo u r  t y p e s  o f  v e i n s  a t  a 
s i n g l e  uranium o c c u r r e n c e .  However, a s i n g l e  v e i n  typ e  p red o m in a tes  a t  each  
o c c u r r e n c e .  For exam ple ,  a t  th e  Merry Widow Mine (O ccu rren ce  Y 7 2 ) ,  th e  v e i n s  
a r e  p red o m in a n t ly  q u a r tz  p y r i t e ,  but m inor q u a r t z - s p e c u l a r i t e  v e i n s  a r e  
p r e s e n t .  At th e  Chapman T u rq u o ise  Mine (O ccu rren ce  1 1 3 ) ,  m inor q u a r t z - p y r i t e  
and q u a r t z - s p e c u l a r i t e  v e i n s  a r e  p r e s e n t  w i t h  th e  predom inant t u r q u o is e  v e i n s .  
At th e  Apache T r a i l  (O ccu rren ce  4 6 Y ),  t h e  predom inant v e i n s  ty p e  i s  q u a r tz  
s p e c u l a r i t e ,  but m inor q u a r t z - p y r i t e  v e i n s  a r e  p r e s e n t .

Q u a r t z - p y r i t e  v e i n s .  The q u a r t z - p y r i t e  v e i n s  c o n t a i n  g o l d ,  c h a l c o p y r i t e , 
s p h a l e r i t e ,  g a l e n a ,  b ism u th ,  s i l v e r ,  and uranium i n  a gangue o f  q u a r t z ,  
p y r i t e ,  h e m a t i t e ,  s i d e r i t e ,  l i m o n i t e ,  and m a g n e t i t e  (G i l le r m a n ,  1 9 6 4 ) .  Most 
o f  th e  p y r i t e  h as  b een  c o m p le t e ly  o x i d i z e d  to  l i m o n i t e .  Gold i s  p r e s e n t  in  
a l l  uranium o c c u r r e n c e s  t h a t  have q u a r t z - p y r i t e  v e i n s  e x c e p t  t h e  F loyd  C o l l i n s  
(O cc u r ren ce  7 1 ) ,  th e  B lue Jay (O cc u r ren ce  1 0 0 ) ,  and th e  In e z  Uranium Mine 
(O ccu rren ce  1 0 8 ) .  U ran iu m -o ccu rren ce  r e p o r t s  8 0 ,  9 5 ,  9 9 ,  1 0 2 ,  1 0 3 ,  1 0 5 ,  1 0 6 ,  
and 115 (App. C) d e s c r i b e  o c c u r r e n c e s  a s s o c i a t e d  w i t h  q u a r t z - p y r i t e  v e i n s .

Anomalous amounts o f  Au, B i ,  Cu, Mo, Pb, Sn, W, Zn, and Zr seem to  be 
c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  w ith  th e  v e i n s  and th e  su r r o u n d in g  m in e r a l i z e d  
co u n tr y  ro ck s  (T a b le  1 ) .  Anomalous amounts o f  A g, Co, C r , L i ,  N i , Sc , Sn, and 
Y are  a l s o  common (T a b le  1 ) .
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TABLE 1 .  TRACE-ELEMENT ANALYSES OF SELECTED
SAMPLES FROM THE WHITE SIGNAL REGION

Sample
n o . A n a ly s e s

MLM 034 377 ppb Au, 99 ppm B i , 574 ppm Cu, 79 ppm
Mo, 357 ppm Pb,, 776 ppm Sb,, 1761 ppm Sn,
460 ppm w. 239 ppm Zn, 203 ppm Zr

MLM 037 387 ppb Au, 30 ppm Ag, 231 ppm B i , 1520
ppm Cu, 25 ppm Mo, 226 ppm Pb, 65 ppm Sn,
355 ppm w. 347 ppm Zn, 502 ppm Zr

MLM 041 257 ppb Au, 92 ppm B i , 1540 ppm Cu , 33
ppm Mo, 384 ppm Pb,, 75 ppm S c , 100 ppm Sn
198 ppm W, 122 ppm Y, 2630 ppm Zn

MLM 042 3100 ppb Au, 1250 ppm B i ,  7230 ppm Cu, 
83 ppm Mo, 314 ppm Pb, 133 ppm Sn, 394  
ppm W, 691 ppm Zn

MLM 046 15300 ppb Au, 54 ppm Ag, 1400 ppm B i ,
1190 ppm Cu, 75 ppm Mo, 804 ppm Pb, 79 
ppm Sn
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In o u t c r o p ,  th e  h i g h e s t  uranium a n a ly s e s  a r e  from s e c o n d a r y  uranium  
c o n c e n t r a t i o n s  i n  l a t i t e ,  d i a b a s e ,  o r  b a s a l t  d ik e s  t h a t  a r e  c u t  by or  a d ja c e n t  
to  r a d i o a c t i v e  q u a r t z - p y r i t e  v e i n s .  The h i g h e s t  uranium v a lu e  o b ta in e d  i s  
0.541% cUjOg (sa m p le  MLM 0 3 3 ) ,  and m edian v a l u e s  ran ge  from 0.2% t o  0.3% 
cUgOg. The h i g h e s t  uranium c o n t e n t  i n  an o x i d i z e d  q u a r t z - p y r i t e  v e i n  i s  
0.1% cUgOg (MLM 0 4 1 ) .  G i l le r m a n  (1 9 6 4 )  r e p o r te d  v a l u e s  a p p r o a ch in g  1% 
cUiOg. Thorium c o n t e n t s  a r e  q u i t e  v a r i a b l e — maximum v a l u e s  o c c u r  in  the  
q u a r t z - p y r i t e  v e i n s  (MLM 0 3 9 ,  547 ppm eTh; MLM 0 4 9 ,  582 ppm eTh; MLM 0 6 7 ,  702 
ppm eT h ) ,  and much lo w er  v a l u e s  a r e  found in  th e  s e c o n d a r y  uranium  
c o n c e n t r a t i o n s .  Uranium i s  a lm o s t  a lw ays  o u t  o f  e q u i l i b r i u m  w ith  i t s  d a u g h ter  
p r o d u c t s .  The s e c o n d a r y  uranium  c o n c e n t r a t i o n s  a lm o s t  a lw ays  c o n t a i n  more 
ch em ic a l  uranium th a n  r a d io m e t r i c  e q u i v a l e n t  uranium. In c o n t r a s t ,  t h e  
o x i d i z e d  v e i n s  u s u a l l y  c o n t a i n  much more e q u i v a l e n t  uranium th an  c h e m ic a l  
uranium (MLM 039: 33 ppm cU3 0 g ,  542 ppm e U ) . Uranium m in e r a l s  i d e n t i f i e d
a r e  s e c o n d a r y  u r a n y l  p h o sp h a te  m i n e r a l s ,  su ch  a s  m e t a - a u t u n i t e  and h yd rogen -  
a u t u n i t e  (MLM 0 5 1 ) .  The u ra n y l  p h o sp h a te s  t o r b e r n i t e  and m e t a t o r b e r n i t e  and 
th e  i r o n - u r a n y l  p h o sp h a te  b a s s e t i t e  have a l s o  b een  i d e n t i f i e d  ( G i l le r m a n ,  
1 9 6 4 ) .  U r a n in i t e  was i d e n t i f i e d  i n  one p la c e  a t  th e  B lu e  Jay  (O ccu rren ce  100;  
G i l le r m a n ,  1 9 6 8 ) .  G i l le r m a n  (1 9 6 8 )  r e p o r te d  t h a t ,  a t  th e  Merry Widow Mine 
(O cc u r ren ce  Y 7 2 ) ,  t h e r e  i s  a z o n a t io n  o f  u ra n y l  p h o sp h a te  m in e r a l s  w i th  d e p th .  
A u t u n i t e  i s  abundant a t  th e  s u r f a c e  but i s  n o t  p r e s e n t  b e lo w  a d e p th  o f  30 f t .  
T o r b e r n i t e  i s  p r e s e n t  from th e  s u r f a c e  down to  a d ep th  o f  184 f t .  B a s s e t i t e  
i s  known o n ly  a t  d e p th s  g r e a t e r  th an  100 f t .

A l t e r a t i o n  o f  uranium o c c u r r e n c e s  i s  e x t e n s i v e ,  and o x i d a t i o n  o f  p y r i t e  
in  th e  v e i n s  i s  p e r v a s i v e .  At o n ly  one l o c a t i o n  (MLM 0 6 0 )  was p y r i t e  o b serv ed  
i n  a q u a r tz  v e i n  in  o u t c r o p .  At th e  Merry Widow M ine, p y r i t e  i s  c o m p le t e ly  
o x i d i z e d  to a d ep th  o f  80  f t  and i s  p a r t i a l l y  o x i d i z e d  from 80 to  150 f t .
Below  150 f t ,  p y r i t e  i s  o x i d i z e d  o n ly  i n  th e  l a r g e  v e i n s .  However, Granger  
and Bauer (1 9 5 1 )  s t a t e d  t h a t  t h e  main q u a r t z - p y r i t e  v e i n  a t  th e  Merry Widow 
was s t i l l  c o m p le t e ly  o x i d i z e d  a t  a d e p th  o f  550 f t ,  th e  g r e a t e s t  d ep th  a t  
which t h e  v e i n  was sam p led . In g r a n i t e  a d j a c e n t  t o  v e i n s ,  t h e  p l a g i o c l a s e  i s  
a lm o s t  c o m p l e t e l y  s e r i c i t i z e d ,  th e  p o ta s s iu m  f e l d s p a r  i s  v a r i a b l y  a r g i l l i z e d  
and s e r i c i t i z e d ,  t h e  b i o t i t e  i s  r e p la c e d  by  m u s c o v i t e ,  and th e  ro ck  i s  
m o d e r a te ly  to  s t r o n g l y  i r o n  s t a i n e d  and s i l i c i f i e d  and i s  c u t  by an  
a n a sto m o s in g  netw ork  o f  l i m o n i t i c  v e i n l e t s .  D ia b a se  d i k e s ,  where c u t  by v e i n s  
o r  where th e  h ydroth erm al s o l u t i o n s  w ere d is s e m in a t e d  th ro u g h o u t  th e  d ik e  
(F lo y d  C o l l i n s ,  O ccu rren ce  71; In ez  Uranium M ine, O ccu rren ce  1 0 8 ) ,  a re  
c o m p le t e ly  a l t e r e d  to  a m ix tu r e  o f  h ydrous i r o n  o x i d e s ,  s e r i c i t e ,  c l a y  
m i n e r a l s ,  and e p i d o t e  (MLM 0 5 1 ,  MLM 0 5 2 ,  MLM 0 5 5 ) .

Q u a r t z - s p e c u l a r i t e  v e i n s . The q u a r t z - s p e c u l a r i t e  v e i n s  c o n s i s t  o f  75% to  
90% s p e c u l a r  h e m a t i t e .  M a g n e t it e  i s  l o c a l l y  ab undant ,  and minor amounts o f  
g o ld  and b i s m u t i t e  a re  r e p o r te d  (G i l le r m a n ,  1 9 6 4 ) .  Few o f  th e  many q u a r t z -  
s p e c u l a r i t e  v e i n s  a re  uranium o c c u r r e n c e s .  The Apache T r a i l  o c c u r r e n c e  
(O cc u r ren ce  Y47, App. A) i s  th e  b e s t  ex a m p le .  Granger and o t h e r s  (1 9 5 2 )  and 
G iller m a n  (1 9 6 4 )  p ro v id ed  e x t e n s i v e  d e s c r i p t i o n s  o f  t h e  o c c u r r e n c e ,  so o n ly  a 
b r i e f  summary w i l l  be g iv e n  h e r e .  The v e i n  h as  th e  c h a r a c t e r i s t i c  e a s t -  
n o r t h e a s t e r l y  tren d  common to  most o f  th e  h y d ro th erm a l v e i n s  in  a r e a  A, and i t  
c u t s  Precam brian  Burro M ountains g r a n i t e  and a Precam brian  d ia b a s e  d i k e .  The 
v e i n  r a n g e s  from 3 .5  to  8 f t  w ide and c o n s i s t s  o f  s p e c u l a r  h e m a t i t e ,  q u a r t z ,  
m a g n e t i t e ,  and h e m a t i t e .  I t  h as  l o c a l  c o n c e n t r a t i o n s  o f  g o l d ,  b is m u th ,  copper  
c a r b o n a t e s ,  o x i d i z e d  p y r i t e ,  f l u o r i t e ,  l e a d  m i n e r a l s ,  and t o r b e r n i t e .  Uranium
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i s  p r e s e n t  l a r g e l y  a s  c o n c e n t r a t i o n s  o f  s e c o n d a r y  u r a n y l  p h o sp h a te  m in e r a l s  
where th e  v e i n  i n t e r s e c t s  a l t e r e d  d ia b a s e .  Granger and o t h e r s  (1 9 5 2 )  r e p o r te d  
uranium v a l u e s  as  h ig h  a s  0.041% cU3 0 g .  The q u a r t z - s p e c u l a r i t e  v e i n  i s  
a l s o  a n o m a lo u s ly  r a d i o a c t i v e  th r o u g h o u t  i t s  l e n g t h ;  CU3 O8  v a l u e s  a re  a s  
h ig h  a s  0.012% (G ranger and o t h e r s ,  1 9 5 2 ) .  Samples from th e  Alhambra B l u e b e l l  
No. 2 (O cc u r ren ce  6 9 )  and t h e  Hope No. 1 (O cc u r ren ce  49— o u t s i d e  a re a  A) show  
t h a t  th e  h e a v y - m e t a l , t r a c e - e l e m e n t  s u i t e  o f  th e  q u a r t z - s p e c u l a r i t e  v e i n s  i s  
s i m i l a r  to  t h a t  o f  q u a r t z - p y r i t e  v e i n s .  A l t e r a t i o n  o f  Burro M ountains g r a n i t e  
and d ia b a s e  d ik e s  a d j a c e n t  to  th e  q u a r t z - s p e c u l a r i t e  v e i n s  i s  a l s o  s i m i l a r  to 
th e  a l t e r a t i o n  p a t t e r n s  o f  th e  q u a r t z - p y r i t e  v e i n s .

H i g h - s i l v e r  and l e a d - s i l v e r  v e i n s . The U n c le  Sam S i l v e r  Mine (O ccu rren ce  
1 2 0 )  i s  th e  o n ly  exam ple o f  h i g h - s i l v e r  o r  l e a d - s i l v e r  h y d r o th erm a l v e i n s  in  
a r e a  A known to  c o n t a i n  uranium m i n e r a l i z a t i o n  ( G i l l e r m a n ,  1 9 6 8 ) .  In g e n e r a l ,  
t h i s  ty p e  o f  v e i n  i s  c h a r a c t e r i z e d  by th e  a b s e n c e  o f  g o l d .  The underground  
w o rk in g s  a r e  a l l  i n a c c e s s i b l e ,  but from an e x a m in a t io n  o f  dumps and o ld  
r e c o r d s  G i l le r m a n  (1 9 6 4 )  p o s t u l a t e d  t h a t  th e  prim ary m in e r a l s  were g a le n a  and 
a r g e n t i t e  in  a gangue o f  q u a r t z ,  p y r i t e ,  and m inor b a r i t e  and v a r i a b l e  amounts  
o f  b ism uth  and c h a l c o p y r i t e .  In t h e  o x i d i z e d  z o n e ,  c e r a r g y r i t e  was th e  
prim ary o r e  m i n e r a l .  L ike o t h e r  ty p e s  o f  h y d ro th erm a l v e i n s  i n  th e  a r e a ,  th e  
l e a d - s i l v e r  v e i n s  f i l l  open s p a c e s  and f r a c t u r e s ,  w i th  l i t t l e  r e p la c e m e n t  o f  
c o u n tr y  r o c k .  The v e i n s  a r e  i n  Burro M ountains g r a n i t e .  There a re  no nearby  
d ia b a s e  d ik e s  e x p o s e d .

U n l ik e  most o t h e r  v e i n s  in  th e  a r e a ,  th e  U n cle  Sam v e i n  was n o t  formed i n  
an e a s t - n o r t h e a s t - t r e n d i n g  s t r u c t u r e ,  b ut i n  th e  N. 40°  to  4 5 °  W .- tr e n d in g  
U n cle  Sam-Walnut Creek f a u l t .  Q uartz and s u l f i d e s  f i l l  f r a c t u r e s  in  a 6-m-  
w ide sh ea r  zone a lo n g  th e  U n cle  Sam f a u l t .  The m ain v e i n  v a r i e s  in  w id th  from 
l e s s  th a n  1 f t  to  more th a n  8 f t  (G i l le r m a n ,  1 9 6 4 ) .  No uranium m in e r a l s  have  
been  i d e n t i f i e d ,  and uranium c o n t e n t  o f  th e  v e i n  a t  d e p th  i s  unknown. O utcrop  
sam p les  o f  t h e  v e i n  a lo n g  1220  m o f  s t r i k e  l e n g t h  vary  from a low  o f  25 ppm 
cUjOg (MLM 0 7 4 )  to  a h ig h  o f  49 ppm CU3 O8  (MLM 0 7 3 ) .  E xcept f o r  one  
sa m p le ,  uranium i s  e s s e n t i a l l y  i n  e q u i l i b r i u m  w ith  i t s  d eca y  p r o d u c ts .  The 
anom alous sa m p le ,  MLM 0 7 3 ,  c o n t a i n s  49 ppm CU3 O8  and 151 ppm eU. Thorium  
l e v e l s  a r e  m od erate  (MLM 0 7 4 ,  35 ppm e T h ) .  F lu o r in e  i s  m o d er a te ,  but s t i l l  
anom alous (MLM 07 5 ,  2177 ppm F) compared to  th e  c o u n tr y  ro c k  (MLM 07 7 ,  290 ppm 
F ) .  T r a c e -e le m e n t  c o n t e n t s  o f  th e  sa m p les  d e m o n s tra te  t h e  s i l v e r - l e a d  n a tu r e  
o f  th e  v e i n  (MLM 076; 97 ppm A g, 302 ppm Cu, 13 ppm Mo, 1 2 ,9 0 0  ppm P b , and 507  
ppm Z n).

A l t e r a t i o n  a t  th e  U n c le  Sam o c c u r r e n c e  i s  s i m i l a r  to a l t e r a t i o n  a t  th e  
q u a r t z - p y r i t e  and q u a r t z - s p e c u l a r i t e  t y p e s  o f  uranium o c c u r r e n c e s  i n  a r e a  A. 
A l t e r a t i o n  i s  c h a r a c t e r i z e d  by p e r v a s i v e  o x i d i z a t i o n  o f  t h e  v e i n  m a t e r i a l  and 
s e r i c i t i z a t i o n ,  a r g i l l i z a t i o n ,  s i l i c i f i c a t i o n ,  and i r o n  s t a i n i n g  o f  th e  
co u n tr y  r o c k .

T u r q u o ise  v e i n s . The f o u r t h  ty p e  o f  a n o m a lo u s ly  r a d i o a c t i v e  hydroth erm al  
v e i n s  w i t h in  a r e a  A i s  r e p r e s e n t e d  by t u r q u o i s e  d e p o s i t s .  Only two exam ples  
(Red H i l l  T u r q u o ise  M ine, O ccu rren ce  62; Chapman, O ccu rren ce  1 1 3 )  a r e  known 
w i t h i n  a r e a  A. As a c o n t r i b u t i n g  f a c t o r  to  th e  uranium p o t e n t i a l  o f  th e  a r e a ,  
t h i s  typ e  o f  h y d ro th erm a l  m i n e r a l i z a t i o n  i s  i n s i g n i f i c a n t .  The Chapman 
o c c u r r e n c e  ( P I .  2b ) i s  h o s t e d  by t h e  Saddle  M ountain R h y o l i t e  S i l l  a lo n g  a N.
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12° W .- tr e n d in g  sh e a r  z o n e .  P a r a l l e l  to  s u b p a r a l l e l  q u a r t z - p y r i t e  v e i n l e t s  
a re  p r e s e n t ,  and t h e y  may have p ro v id ed  th e  uranium. Uranium v a l u e s  a r e  low  
(MLM 06 3 ,  63 ppm CU3 O8 ) ,  and th e  m ajor h e a v y -m e ta l  t r a c e  e le m e n t  p r e s e n t  
i s  co p p e r .  A l t e r a t i o n  i s  c h a r a c t e r i z e d  by i n t e n s e  s e r i c i t i z a t i o n ,  
k a o l i n i z a t i o n ,  and o x i d a t i o n  o f  p y r i t e  o f  th e  r h y o l i t e .  A d ja c e n t  Burro  
M ountains g r a n i t e  i s  v a r i a b l y  s e r i c i t i z e d  and i r o n  s t a i n e d .

The Red H i l l  T u r q u o ise  Mine ( P I .  2 )  i s  l o c a t e d  in  a 30-m -w ide  sh ea r  zone  
a lo n g  a n o r t h e a s t - t r e n d i n g  f a u l t  t h a t  c u t s  Burro M ountains g r a n i t e .  P e r v a s iv e  
v e i n l e t s  o f  t u r q u o is e  a re  p r e s e n t  a lo n g  th e  sh ea r  in  g r a n i t e  t h a t  i s  so  
a l t e r e d  t h a t  th e  ro ck  i s  composed o f  s e r i c i t e ,  c l a y  m i n e r a l s ,  and q u a r tz  
g r a i n s .  No uranium m in e r a l s  were i d e n t i f i e d .  A s e l e c t e d  sam ple  (MLM 0 05)  
c o n ta in e d  121 ppm cUgOg, 125 ppm eU, 18 ppm eTh, 546 ppm Cu, 100 ppm Mo,
28 ppm Sn, and 741 ppm Z r .

S i z e  o f  d e p o s i t s . Most s u r f i c i a l  e x p r e s s i o n s  o f  th e  d e p o s i t s  a r e  s m a l l ,  
and few  v e i n s  have been  f o l lo w e d  f o r  more th a n  500 f t .  An e x c e p t i o n  i s  th e  
Apache T r a i l  v e i n  (O cc u r ren ce  Y 4 7 ) ,  w h ich  G i l le r m a n  (1 9 6 4 )  s t a t e d  can be 
t r a c e d  f o r  more th a n  7 ,5 0 0  f t .  A lth o u g h  i n d i v i d u a l  v e i n s  appear r a t h e r  s h o r t  
on  th e  s u r f a c e ,  many i n d i v i d u a l  v e i n s  occu r  a lo n g  s t r i k e  l e n g t h s  o f  s e v e r a l  
m i l e s  w i t h in  s i n g l e  f a u l t s .  An exam ple o f  m u l t i p l e  v e i n s  a lo n g  a f a u l t  i s  th e  
e a s t - n o r t h e a s t - t r e n d i n g  Blue Jay f a u l t  w h er e ,  from w e s t  to  e a s t ,  th e  Banner  
(O ccu rren ce  8 0 ) ,  B lue  Jay  (O ccu rren ce  1 0 0 ) ,  C a la m ity  (O cc u r ren ce  9 9 ) ,  p o s s i b l y  
th e  In ez  Uranium Mine (O cc u r ren ce  1 0 8 ) ,  and many i n d i v i d u a l  p r o s p e c t s  occu r  
a lo n g  a f a u l t - s t r i k e  l e n g t h  o f  a p p r o x im a te ly  2 . 4  km. The r a d i o a c t i v e  v e i n  o f  
th e  U ncle  Sara S i l v e r  M ines (O cc u r ren ce  1 20)  i s  t r a c e a b l e  f o r  a t  l e a s t  1 .2  km 
a lo n g  t h e  n o r t h w e s t - t r e n d i n g  U n cle  Sam f a u l t .  The o c c u r r e n c e  o f  m u l t i p l e  
v e i n s  a lo n g  th e  s t r i k e  o f  a f a u l t  r a i s e s  th e  p o s s i b i l i t y  t h a t  th e  d e p o s i t s  a t  
d ep th  may be more c o n t in u o u s  a lo n g  th e  f a u l t .  Such a s i t u a t i o n  o c c u r s  in  
fa v o r a b le  a r e a  B, w here i n t e r m i t t e n t  v e i n s  a t  th e  s u r f a c e  become a c o n t in u o u s  
netw ork  a t  d e p th .

Width o f  th e  i n d i v i d u a l  r a d i o a c t i v e  v e i n s  i s  commonly l e s s  th a n  30 cm, 
but i s  r e p o r te d  (G i l le r m a n ,  19 6 4 ) to  be a s  much a s  3 m a t  th e  Apache T r a i l  
v e i n  (O cc u rren ce  Y 4 7 ) .  However, t h e  v e i n s  se ldom  o cc u r  s i n g l y  a c r o s s  th e  
w id th  o f  a f a u l t  or  f a u l t  zone but occu r  i n  swarms o f  p a r a l l e l  to  s u b p a r a l l e l  
v e i n s  and v e i n l e t s  t h a t  a r e  d i f f i c u l t  to  t r a c e  i n d i v i d u a l l y  on th e  s u r f a c e  fo r  
more than  25 m. At th e  B lue  Jay (O cc u r ren ce  1 0 0 ) ,  i n d i v i d u a l  r a d i o a c t i v e  
v e i n s  have been  mapped (Granger and B a u er ,  1 9 51) a s  o c c u r r in g  o v er  a w id th  o f  
55 m a lo n g  th e  tren d  o f  th e  B lue Jay f a u l t .  I n d i v i d u a l  v e i n s  a r e  surrounded  
by a zone o f  a l t e r e d  c o u n tr y  r o c k ,  u s u a l l y  Burro M ountains g r a n i t e ,  t h a t  i s  
i n t e n s e l y  s e r i c i t i z e d ,  a r g i l l i z e d ,  v a r i a b l y  m i n e r a l i z e d ,  and cu t  by an an 
an a sto m o s in g  n etw ork  o f  o x i d i z e d ,  s i l i c e o u s ,  l i m o n i t i c  v e i n l e t s  up to s e v e r a l  
m i l l i m e t e r s  t h i c k .  The w ea k ly  m in e r a l i z e d  h a lo  can ex ten d  fo r  t e n s  o f  m e ter s  
away from an i n d i v i d u a l  v e i n  and f i l l s  th e  a r e a  b etw een  p a r a l l e l  or  
s u b p a r a l l e l  v e i n s  in  a v e i n  s y s te m .  The s u r f i c i a l  l a t e r a l  e x t e n t  o f  uranium  
m i n e r a l i z a t i o n  i s  f u r t h e r  enhanced  by s e c o n d a r y  c o n c e n t r a t i o n s  o f  uranium  
p h o sp h a te  m in e r a l s  in  w e a th e r e d ,  commonly d i a b a s i c  ro ck s  cu t  b y ,  o r  a d ja c e n t  
t o ,  th e  r a d i o a c t i v e  v e i n s .  Secondary  uranium m in e r a l s  a re  a l s o  v a r i a b l y  
d is s e m in a t e d  in  a l t e r e d  g r a n i t e .  T o ta l  w id th  o f  anom alous s u r f i c i a l  
m i n e r a l i z a t i o n ,  i n c l u d i n g  th e  e x t e n t  o f  i n d i v i d u a l  v e i n s  and a s s o c i a t e d  
m in e r a l i z e d  co u n tr y  r o c k ,  has  b een  o b serv e d  to  be as  g r e a t  as  60 m (B lu e  J a y ,  
O ccurrence 1 0 0 ) .  W idths o f  v e i n  z o n e s  b e lo w  t h e  o x i d i z a t i o n  zone a re  unknown.
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The d ep th  o f  m i n e r a l i z e d  z o n e s  i n  a r e a  A i s  unknown. The d e e p e s t  
w o rk in g s  in  th e  d i s t r i c t  r e a c h  a d ep th  o f  260 f t  a t  t h e  T u l lo c k  s h a f t  
(O cc u rren ce  1 0 5 ) ,  but most w o rk in g s  a r e  l e s s  th a n  100 f t  deep  ( G i l le r m a n ,  
1 9 6 4 ) .  Except fo r  th e  F loyd  C o l l i n s  and In ez  o c c u r r e n c e s ,  th e  w orkin gs  were  
o r i g i n a l l y  e x p l o i t e d  f o r  g o l d ,  s i l v e r ,  o r  c o p p e r .  That d ep th  marked th e  
l i m i t s  o f  h ig h -g r a d e  s u p e r g e n e  o r e  a lo n g  t h e  v e i n s ;  when th e  grad e o f  g o l d ,  
s i l v e r ,  and cop p er  dropped a s  th e  w o rk in g s  approached  th e  hypogene zone o f  
m i n e r a l i z a t i o n ,  m in in g  c e a s e d .  S h a l lo w  d r i l l i n g  a t  t h e  Merry Widow Mine 
(O cc u r ren ce  Y72) i n t e r s e c t e d  th e  main zone  a t  a d e p th  o f  550 f t  (G ranger and 
Bauer, 1 9 5 1 ) .

O r ig in  o f  Uranium M i n e r a l i z a t i o n

Granger and Bauer ( 1 9 5 2 ) ,  Granger and o t h e r s  ( 1 9 5 2 ) ,  G i l le r m a n  ( 1 9 6 8 ) ,  
and t h i s  w r i t e r  b e l i e v e  t h a t  th e  o r i g i n  o f  th e  u r a n y l  p h o sp h a te  c o n c e n t r a t i o n s  
i n  th e  d ia b a s e  and o t h e r  m a f ic  d i k e s  o f  a r e a  A i s  s e c o n d a r y  and t h a t  th e y  a re  
l o c a l l y  d e r iv e d  from hypogene uranium m i n e r a l s  c o n ta in e d  in  th e  v a r i o u s  t y p e s  
o f  m a g m a tic -h y d ro th erm a l v e i n s  p r e s e n t  i n  a r e a  A.

E v id e n c e  t h a t  th e  uranium i n  th e  m a f ic  d ik e s  i s  s e c o n d a r y  i s  p ro v id ed  by 
uranium m in e r a lo g y ,  h a b i t ,  and t r a c e - e l e m e n t  c h e m is t r y .  The uranium m in e r a l s  
p r e s e n t  a r e  a l l  u r a n y l  p h o s p h a te s ,  w h ich  a r e  w i d e l y  r e c o g n iz e d  a s  b e in g  
sec o n d a ry  uranium m i n e r a l s .  The h a b i t  o f  u ra n y l  p h o s p h a te s  in  th e  h o s t  r o c k ,  
f r a c t u r e  f i l l i n g s ,  s u r f i c i a l  c o a t i n g s ,  and d i s s e m i n a t i o n s  i n  h i g h l y  a l t e r e d  
ro c k ,  i s  a l s o  c h a r a c t e r i s t i c  o f  s e c o n d a r y  d e p o s i t i o n .  Thorium v a l u e s  a r e  lo w ,  
and th e  uranium i s  n o t  i n  e q u i l i b r i u m  w i t h  i t s  d a u g h te r  p r o d u c ts ;  th e  c h em ic a l  
u r a n iu m - t o - e q u iv a le n t  uranium (c U /eU )  r a t i o  i s  g r e a t e r  th a n  1. Both t h e  low  
thorium  and h ig h  cU/eU v a l u e s  a r e  c o n s i s t e n t  w i t h  a s e c o n d a r y  o r i g i n .

As m ention ed  p r e v i o u s l y ,  th e  n a tu r e  o f  th e  u ra n iu m -b e a r in g  v e i n s  i s  
o b scu red  by th e  f a c t  t h a t  no u n o x id iz e d  v e i n  m a t e r i a l  i s  a v a i l a b l e .  However, 
s u b s t a n t i a l  e v id e n c e  s u p p o r t s  th e  c o n t e n t i o n  t h a t  m a g m a tic -h y d ro th erm a l  v e i n s  
c o n t a i n i n g  hypogene uranium m in e r a l s  were th e  so u r c e  o f  uranium f o r  th e  
sec o n d a ry  uranium m i n e r a l i z a t i o n  i n  a r e a  A. A g e n e t i c  r e l a t i o n s h i p  b etw een  
th e  v e i n s  and m i n e r a l i z e d  m a f ic  d ik e s  i s  s u g g e s t e d  by t h e i r  s p a t i a l  
r e l a t i o n s h i p .  Secondary u r a n y l  p h o sp h a te  c o n c e n t r a t i o n s  i n  m a f ic  d ik e s  a re  
p r e s e n t  o n ly  where th e  v e i n s  i n t e r s e c t  d i k e s  (E u g e n ie ,  O ccu rren ce  1 0 2 ) ,  where  
th e  v e i n s  have formed in  a f r a c t u r e  a l r e a d y  in t r u d e d  by a d ik e  (F lo y d  C o l l i n s ,  
O ccu rren ce  7 1 ) ,  or where a v e i n  i s  n ea r  a d ik e  ( I n e z  Uranium M ine, O ccurrence  
1 0 8 ) .  Throughout a r e a  A, m a f ic  d ik e s  c o n t a i n  o n ly  background l e v e l s  o f  
uranium, e x c e p t  where t h e y  a r e  c u t  by or  a re  n ea r  r a d i o a c t i v e  h y d ro th erm a l  
v e i n s .  Where, f o r  ex a m p le ,  a d ia b a s e  d ik e  i s  c u t  by a s i n g l e  v e i n ,  th e  
d ia b a s e  c o n t a i n s  p r o g r e s s i v e l y  l e s s  uranium away from t h e  v e i n  i n t e r c e p t  ( I n e z  
Uranium M in e ) . I n t e n s i v e  a l t e r a t i o n  o f  th e  m a f ic  d ik e s  to  h y d ra ted  i r o n  
o x i d e s ,  s e r i c i t e ,  and c l a y  m in e r a l s  o c c u r s  o n ly  where t h e y  a re  i n t e r s e c t e d  by 
v e i n s .  T h is  e m p i r i c a l  r e l a t i o n s h i p  i n d i c a t e s  t h a t  p r e s e n c e  o f  th e  v e i n s  was 
n e c e s s a r y  fo r  d ev e lo p m en t o f  s e c o n d a r y  uranium c o n c e n t r a t i o n s .  That th e  v e i n s  
were th e  so u r c e  o f  th e  uranium i s  s u g g e s t e d  by t h e  f a c t  t h a t  th e  h ydroth erm al  
v e i n s  a r e  t h e m s e lv e s  a n o m a lo u s ly  r a d i o a c t i v e  and i n  many p l a c e s  have a h ig h e r  
ch em ic a l  uranium c o n t e n t  th an  th e  a d j a c e n t  c o u n tr y  r o c k ,  w h ich  i s  e i t h e r  
g r a n i t e  o r  m a f ic  d i k e s .  In o c c u r r e n c e s  su ch  a s  t h e  Banner (O cc u r ren ce  8 0 ) ,  
where an o x i d i z e d  q u a r t z - p y r i t e  v e i n  c u t s  g r a n i t e ,  th e  p r o g r e s s i v e  i n c r e a s e  in  
uranium from u n a l t e r e d  c o u n tr y  ro c k  to  a l t e r e d  g r a n i t e  in  th e  a l t e r a t i o n  h a lo
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su rro u n d in g  th e  v e i n  to  th e  v e i n  I t s e l f  i s  c h a r a c t e r i s t i c  o f  a u ra n iu m -b ea r in g  
m a g m a tic -h y d ro th erm a l v e i n .  The th or iu m  v a l u e s  and t h e  cU/eU r a t i o s  o f  th e  
v e i n s  a r e  a l s o  c h a r a c t e r i s t i c  o f  a prim ary o r i g i n .  Thorium v a l u e s  a r e  h ig h e r  
in  th e  v e i n s  than  in  th e  c o u n tr y  ro ck  and a re  a s  h ig h  a s  702 ppm eTh (MLM 6 7 ,  
O ccurrence  1 0 5 ) .  The cU/eU r a t i o s  a r e  o f t e n  much l e s s  th a n  1 (33  ppm 
cU3 0 g, 542 ppm eU; MLM 0 3 9 ,  O ccu rren ce  8 0 ) .  Both s e t s  o f  d a ta  a re  
d i a g n o s t i c  o f  an o x i d i z e d  m a g m a tic -h y d ro th erm a l v e i n  t h a t  c o n ta in e d  hypogene  
uraniumi As d e s c r ib e d  e a r l i e r ,  th e  v e i n s  c o n t a i n  anom alous amounts o f  Ag, Au, 
B i , Cu, Mo, Pb, Sb, Sn, W, Zn, and Zr— e le m e n t s  common in  u ra n iu m -b e a r in g  
h ydroth erm al v e i n s .  F lu o r in e  c o n t e n t s  o f  th e  v e i n s  a r e  n ot  h i g h ,  but t h e y  a re  
anomalous compared to  th o s e  o f  th e  c o u n tr y  r o c k .  Burro M ountains g r a n i t e  in  
area  A c o n t a i n s  l i t t l e  f l u o r i n e  (MLM 0 6 1 ,  <200 ppm; MLM 0 7 7 ,  290 ppm).
F l u o r i t e  was r e p o r te d  (G i l l e r m a n ,  19 6 4 ) i n  th e  v e i n  a t  th e  Apache T r a i l  
(O ccu rren ce  Y 4 7 ) .  Anomalous f l u o r i n e  i s  common in  u ra n iu m -b e a r in g  
hydroth erm al v e i n s .

Age o f  m a g m a tic -h y d ro th erm a l m i n e r a l i z a t i o n . The age o f  t h e  v e i n - t y p e  
uranium m i n e r a l i z a t i o n  i s  u n c e r t a i n ,  p r i m a r i l y  b e c a u s e  u n o x id iz e d  p o r t i o n s  o f  
t h e  m i n e r a l i z e d  v e i n s  h ave  n ot  b een  o b s e r v e d .  T h e r e f o r e ,  p a r a g e n e s i s ,  m in era l  
a s s o c i a t i o n s ,  and d e t a i l e d  g e o l o g i c  r e l a t i o n s h i p s  can n ot be d e term in ed  w ith  
c e r t a i n t y .  However, an a p p r o x im a t io n  o f  th e  t im e o f  v e i n  fo r m a t io n  can be 
g a in e d  from known s t r u c t u r a l  and l i t h o l o g i c  r e l a t i o n s h i p s  o f  v e i n s  w i t h  th e  
co u n tr y  r o c k s .  The v e i n s  a re  p r e s e n t  in  e a s t - n o r t h e a s t -  to  e a s t - t r e n d i n g  and 
n o r t h w e s t - t r e n d in g  f a u l t s  and f r a c t u r e s .  G il le r m a n  (1 9 7 0 )  b e l i e v e d  t h a t  th e  
v e i n s  a re  younger th an  th e  f a u l t s  b e c a u s e  o f  t h e  o p e n -s p a c e  and f r a c t u r e -  
f i l l i n g  n a tu r e  o f  th e  v e i n s .  Some e a s t - n o r t h e a s t  to  e a s t  f r a c t u r e s  a r e  f i l l e d  
w ith  d ik e  m a t e r i a l  c o m p o s l t l o n a l l y  I d e n t i c a l  to  t h e  Tyrone l a c c o l i t h ,  
i n d i c a t i n g  t h a t  t h e s e  f r a c t u r e s  a r e  p ro b a b ly  n o t  younger than  th e  i n t r u s i o n  o f  
th e  Tyrone l a c c o l i t h  ( l a t e  P a l e o c e n e ) .  However, t h e  n o r t h w e s t - t r e n d i n g  Walnut 
C reek -U n c le  Sam f a u l t  i s  younger than  th e  Tyrone l a c c o l i t h  ( G i l l e r m a n ,  1 9 7 0 ) ,  
and th e  U n c le  Sam v e i n  (O ccu rren ce  1 2 0 )  i s  younger th a n  th e  f a u l t .  The 
y o u n g e s t  ro ck s  cu t  by th e  v e i n s  a r e  th e  r h y o l i t e  d i k e s ,  w hich  Hedlund ( 1 9 7 8 e )  
mapped as  b e in g  you nger  th an  t h e  Tyrone l a c c o l i t h .  The d ik e s  a re  p ro b a b ly  
Eocene in  a g e .  At th e  T u l lo c k  s h a f t  (O cc u r ren ce  1 0 5 ) ,  f i e l d  r e l a t i o n s h i p s  
seem to show a r a d i o a c t i v e  q u a r t z - p y r i t e  v e i n  c u t t i n g  a r h y o l i t e  d i k e ,  and th e  
v e i n ,  i n  t u r n ,  b e in g  cu t  by a second  r h y o l i t e  d i k e .  The r e l a t i o n s h i p s  a r e  
o b scu re  b e c a u s e  o f  th e  i n t e n s e  s u r f i c i a l  w e a th e r in g  o f  th e  a r e a ,  but t h e y  seem 
to  i n d i c a t e  t h a t  th e  v e i n s  a r e  l a t e  s t a g e  and contem poraneous w i t h  th e  
r h y o l i t i c  i n t r u s i v e  a c t i v i t y  o f  th e  a r e a .  T h e r e f o r e ,  f i e l d  r e l a t i o n s h i p s  
appear to  i n d i c a t e  t h a t  th e  m i n e r a l i z a t i o n  t h a t  formed th e  u ra n iu m -b ea r in g  
v e i n s  was p ro b a b ly  p o s t - P a l e o c e n e  i n  a g e .

D e te r m in a t io n  o f  th e  age o f  prim ary uranium m i n e r a l i z a t i o n  i s  c o m p l ic a te d  
by r e g io n a l  p a t t e r n s  o f  m i n e r a l i z a t i o n .  G i l le r m a n  ( 1 9 6 4 ,  1 968 , 19 7 0 )  
r e c o g n iz e d  two prim ary e p i s o d e s  o f  p o s t -P r e c a m b r ia n  m i n e r a l i z a t i o n  in  t h e  
Burro M ountains b a t h o l i t h .  The f i r s t  i s  p o s t -T y r o n e  l a c c o l i t h  i n t r u s i o n ,  but  
p r e - l a t e  T e r t ia r y  v o l c a n i c  a c t i v i t y ,  d o m in a n t ly  c h a r a c t e r i z e d  by b a s e -m e ta l  
m i n e r a l i z a t i o n .  The second  p e r io d  i s  a p o s t - v o l c a n i c  e p i s o d e  i n  th e  l a t e  
T e r t ia r y  th a t  was c h a r a c t e r i z e d  by f l u o r i t e - g o l d  m i n e r a l i z a t i o n .  G il ler m a n  
(1 9 6 8 )  b e l i e v e d  t h a t  uranium m i n e r a l i z a t i o n  may have been  a s s o c i a t e d  w i th  th e  
l a t t e r  p er io d  o f  m i n e r a l i z a t i o n  b e c a u s e  o f  th e  a s s o c i a t i o n  o f  uranium and 
f l u o r i t e  in  th e  R edrock d i s t r i c t  ( a r e a  D) t o  th e  n o r th  o f  a r e a  A.
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F i e l d  r e l a t i o n s h i p s  seem to  i n d i c a t e  an e a r l y  to  m i d - T e r t i a r y , p r e -  
v o lc a n is m  age fo r  th e  u ra n iu m -b e a r in g  v e i n s  i n  a r e a  A, w hereas G il ler m a n  
(1 9 6 8 )  i n d i c a t e d  t h a t  r e g i o n a l  p a t t e r n s  o f  m i n e r a l i z a t i o n  s u g g e s t  a l a t e  
T e r t i a r y ,  p o s t - v o l c a n i c  p er io d  o f  uranium m i n e r a l i z a t i o n .  At p r e s e n t ,  d a ta  
a r e  i n s u f f i c i e n t  to d i s c r i m i n a t e  b etw een  th e  h y p o t h e s e s .  A f u r t h e r  
p o s s i b i l i t y ,  t h a t  o f  s e v e r a l  e p i s o d e s  o f  m i n e r a l i z a t i o n  w i t h i n  th e  f a u l t s  and 
f r a c t u r e s  o f  a r e a  A, r a n g in g  from e a r l y  to  l a t e  T e r t i a r y ,  ca n n o t  be r u le d  out 
w ith o u t  d e t a i l e d  d e t e r m in a t io n  o f  o r e  p a r a g e n e s i s  o f  u n o x i d i z e d ,  hypogene v e in  
m i n e r a l i z a t i o n .  The age o f  th e  s e c o n d a r y  uranium m i n e r a l i z a t i o n  a s s o c i a t e d  
w ith  th e  v e i n s  o f  th e  a r e a  i s ,  o f  c o u r s e ,  p o s t - v e i n  t o  I lo lo cen e  in  a g e .

Source o f  u ran iu m . W ith th e  d a ta  a v a i l a b l e ,  d i s c u s s i o n  o f  th e  so u r c e  o f  
u ra n iu m -b ea r in g  s o l u t i o n s  i s  h i g h l y  s p e c u l a t i v e .  However, a s  d e t e r m in a t io n  o f  
th e  uranium s o u r c e  has  s t r o n g  i m p l i c a t i o n s  r e g a r d in g  th e  e v e n t u a l  d e l i n e a t i o n  
o f  fa v o r a b le  a r e a s ,  even  a s p e c u l a t i v e  d i s c u s s i o n  h a s  w o r th .  C o n s t r a i n t s  on 
th e  age o f  h y d ro th erm a l uranium m i n e r a l i z a t i o n  l i m i t s  c o n s i d e r a t i o n  o f  
p o t e n t i a l  uranium s o u r c e s  to  t h r e e  p o s s i b i l i t i e s .

The f i r s t  p o s s i b l e  so u r c e  i s  th e  P a le o c e n e  Tyrone l a c c o l i t h .  However, 
th e  l a c c o l i t h  i s  q u a r tz  d i o r i t i c  to  q u a r tz  m o n z o n i t i c  and d o es  n o t  m eet th e  
c h em ic a l  c r i t e r i a  l i s t e d  by Mathews (1 9 7 8 a )  a s  i n d i c a t i n g  a h i g h l y  
d i f f e r e n t i a t e d  p lu t o n  c a p a b le  o f  g e n e r a t i n g  u r a n i f e r o u s  s o l u t i o n s .  In 
a d d i t i o n ,  th e  c h e m ic a l-u r a n iu m  c o n t e n t s  o f  ro ck  sa m p les  from th e  l a c c o l i t h  a re
low  (MLM 02 3 ,  02 4 ,  <1 ppm CU3 O8 ) ,  and none o f  th e  Laramide i n t r u s i v e  
b o d ie s  t h a t  have undergone porphyry co p p er  m i n e r a l i z a t i o n  in  t h e  S i l v e r  C i ty  
Q uadrangle have any a s s o c i a t e d  h y d ro th erm a l uranium m i n e r a l s .

The second  p o t e n t i a l  uranium s o u r c e  i s  r e l a t e d  to  th e  m id - to  l a t e  
T e r t ia r y  e p i s o d e  o f  v o l c a n i s m .  G i l le r m a n  (1 9 6 8 )  a s s o c i a t e d  t h i s  p e r io d  w ith  
f lu o r i t e - u r a n iu r a  m i n e r a l i z a t i o n  o f  th e  n o r th e r n  Burro M o u n ta in s .  The problem  
w ith  in v o k in g  su ch  an o r i g i n  fo r  th e  uranium w i t h i n  a r e a  A i s  t h a t  th e  known 
v o l c a n i c  e r u p t i v e  c e n t e r s  a r e  e i t h e r  to  th e  n o r th  i n  th e  S c h o o lh o u se  Mountain  
a re a  or to  th e  s o u th  in  t h e  Lordsburg a r e a .  In v o k in g  a m id -  to  l a t e  T e r t i a r y  
I n t r u s i v e  body b e n e a th  a r e a  A, inasm uch a s  t h e r e  i s  no s u r f i c i a l  e v id e n c e  o f  
such  a b od y , i s  s p e c u l a t i v e .

The t h i r d  a l t e r n a t i v e  s o u r c e ,  a b u r ie d  p lu t o n ,  i s  a l s o  s p e c u l a t i v e ,  but  
a t  t h i s  t im e  i t  i s  th e  m ost l i k e l y  o f  th e  t h r e e  p o s s i b i l i t i e s .  The p lu t o n  as  
i n f e r r e d  by Hedlund (1 9 7 8 d ,  1 9 7 8 e )  would have t h e  s u b s u r f a c e  e x t e n t  o f  th e  
numerous r h y o l i t e  d i k e s ,  s e v e r a l  p l u g s ,  and th e  s i l l  i n  a r e a  A. I t  i s  unknown 
i f  th e  r h y o l i t e  i n  o u tc r o p  i s  r e p r e s e n t a t i v e  o f  t h e  b u r ie d  p lu to n  or i f  th e  
r h y o l i t e  i s  a d i f f e r e n t i a t e .  The s u b s u r f a c e  i n t r u s i v e  b ody , a s  r e p r e s e n t e d  by
th e  r h y o l i t e ,  h a s  s e v e r a l  f e a t u r e s  t h a t  i n d i c a t e  i t  m ight be th e  so u r c e  o f
u ra n iu m -b ea r in g  h y d ro th erm a l s o l u t i o n s .  The f i r s t  i s  th e  s p a t i a l  r e l a t i o n s h i p  
o f  th e  u r a n i f e r o u s  v e i n s  w i th  t h e  r h y o l i t e .  Not o n ly  do a g r e a t  number o f  
uranium o c c u r r e n c e s  c l u s t e r  about th e  i n t r u s i v e  r h y o l i t e  p lu g s  and th e  
r h y o l i t e  s i l l ,  but i t  i s  common to  f i n d  a r h y o l i t e  d ik e  in t r u d i n g  th e  same 
f a u l t s  a s  a u r a n i f e r o u s  v e i n  (B lu e  J a y ,  O ccu rren ce  1 0 0 ) .  There i s  a l s o  the  
c o r r e c t  tem p ora l  r e l a t i o n s h i p .  A lth ou gh  some v e i n s  do cu t  t h e  r h y o l i t e ,  in  a t  
l e a s t  one c a s e  i t  a p p ea rs  t h a t  th e  r h y o l i t e  c u t s  a v e i n  ( T u l l o c k  s h a f t .  
O ccurrence  1 0 5 ) ,  i n d i c a t i n g  t h a t  uranium m i n e r a l i z a t i o n  was p o s t - i n t r u s i v e  and 
perhaps ev en  co n te m p o ra n eo u s .  P e t r o g r a p h i c a l l y ,  th e  r h y o l i t e  h as  f e a t u r e s  
c o n s i s t e n t  w i th  i t s  b e in g  th e  uranium s o u r c e .  Where r a d i o a c t i v e  v e i n s  do cu t
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th e  r h y o l i t e ,  th e y  a r e  a lw ays  a t  th e  o u t e r  m arg in s  o f  th e  i n t r u s i v e  b o d i e s .  
S p e c u l a r i t e ,  th e  m ajor component o f  th e  q u a r t z - s p e c u l a r i t e  ty p e  o f  v e i n ,  i s  
p r e s e n t  in  th e  r h y o l i t e ,  b o th  a s  a n a sto m o s in g  v e i n l e t s  a t  th e  m argin s  o f  th e  
r h y o l i t e  s i l l  and a s  m in u te  f r a c t u r e  f i l l i n g  i n  t h e  d ik e s  and p lu g s .  P y r i t e  
i s  p r e s e n t  l o c a l l y  i n  th e  r h y o l i t e  as  d i s s e m i n a t i o n s .  The r h y o l i t e  i s  a l s o  
l o c a l l y  v e s i c u l a r .  There a r e  i r o n  s t a i n i n g  and a r g i l l i z a t i o n  o f  f e l d s p a r s ,  
and th e  s e r i c i t i z a t i o n  o f  b i o t i t e  i s  p e r v a s i v e .  Uranium ( 8  ppm cU3 0 g ,  MLM 
0 6 2 )  and f l u o r i n e  ( 1 , 5 0 0  ppm, MLM 1 09) c o n t e n t s  o f  t h e  r h y o l i t e  a re  a l s o  
c o n s i s t e n t  w i th  th e  p o s s i b i l i t y  t h a t  an unexposed  i n t r u s i v e  body, o f  which  th e  
r h y o l i t i c  i n t r u s i v e s  a r e  an e x p r e s s i o n ,  was th e  s o u r c e  o f  u ra n iu m -b e a r in g  
hydroth erm al s o l u t i o n s .

T ra n sp o r t  and d e p o s i t i o n  o f  hypogene u ran iu m . Whatever th e  so u r c e  o f  
h ydroth erm al s o l u t i o n s ,  i t  i s  c l e a r  t h a t  th e y  m ig ra ted  a lo n g  th e  p e r v a s i v e  
sy stem  o f  e a s t - n o r t h e a s t -  to  e a s t -  and n o r t h w e s t - t r e n d i n g  f r a c t u r e s  t h a t  c u t  
a r e a  A, b e c a u s e  t h a t  i s  where uranium has  b een  d e p o s i t e d .

The hypogene s u i t e  o f  uranium m in e r a l s  i s  s p e c u l a t i v e ,  but G il le r m a n  
(1 9 6 8 )  p o s t u la t e d  u r a n i n i t e  a s  th e  prim ary uranium m in e r a l  i n  th e  v e i n s .  That  
c o n c l u s i o n  i s  based  on th r e e  f a c t o r s :  1) S u l f i d e - b e a r i n g  v e i n s  a r e  th e  so u r c e
o f  s ec o n d a ry  uranium. Uranium in  s u l f i d e  v e i n s  i s  c h a r a c t e r i s t i c a l l y  p r e s e n t  
a s  u r a n i n i t e  (M athew s, 1 9 7 8 a ) .  2 )  U r a n i n i t e  h as  been  i d e n t i f i e d  a t  th e  Blue
Jay o c c u r r e n c e .  3 )  The o c c u r r e n c e s  w i t h in  a re a  A a r e  s i m i l a r  to  t h e  d e p o s i t s  
o f  U r g e i r i c a ,  P o r t u g a l  ( B a in ,  1 9 5 0 ) .  At U r g e i r i c a ,  a h ig h -p h o s p h a te  d ia b a s e  
d ik e  w ith  c o n c e n t r a t i o n s  o f  s e c o n d a r y  uranium m in e r a l s  i s  a s s o c i a t e d  w ith  
o x i d i z e d  v e i n s .  The uranium p h o sp h a te s  o f  th e  o x i d i z e d  zone g ra d e  downward 
a lo n g  th e  v e i n s  i n t o  primary u r a n i n i t e .  G i l le r m a n  (1 9 6 8 )  c i t e d  s e v e r a l  o th e r  
a n a lo g s  where s e c o n d a r y  u r a n y l  p h o sp h a te s  a r e  p r e s e n t  in  th e  o x i d i z e d  p o r t io n  
o f  th e  v e in  and prim ary u r a n i n i t e  i s  in  t h e  d e e p e r ,  u n o x id iz e d  p o r t i o n  o f  th e  
v e i n .  For t h e s e  r e a s o n s ,  G i l le r m a n  p o s t u la t e d  t h a t  w i t h i n  a r e a  A, prim ary  
u r a n i n i t e  i s  p r e s e n t  w i t h in  th e  v e i n s  b e lo w  th e  l e v e l  o f  o x i d a t i o n .  E vidence  
from th e  Merry Widow Mine (G ranger and B a u er ,  1 9 5 1 )  i n d i c a t e s  t h a t  o x i d a t i o n  
o f  th e  prim ary v e i n s  e x t e n d s  to  a d ep th  o f  a t  l e a s t  500  f t .

D e p o s i t i o n  o f  u r a n i n i t e  from h y d ro th erm a l s o l u t i o n s  was p ro b a b ly  cau sed  
by one  o f  two m ech a n ism s.  The f i r s t  i s  a p r e s s u r e - t e m p e r a t u r e - r e l a t e d  drop o f  
o x i d a t i o n  p o t e n t i a l  o f  th e  h ydroth erm al s o l u t i o n s  a s  t h e y  a s c e n d e d .  As th e  
oxygen  f u g a c i t y  o f  th e  s o l u t i o n s  d e c r e a s e d ,  h e x a v a l e n t  uranium i n  c o m p le x e s ,  
perhaps o f  f l u o r i n e ,  was redu ced  and d e p o s i t e d  a s  u r a n i n i t e .  The second  
p o s s i b i l i t y  i s  t h a t  t h e r e  were s e v e r a l  m i n e r a l i z a t i o n  p u l s e s  from th e  s o u r c e .  
The s u l f i d e  m i n e r a l s  m ight have b een  d e p o s i t e d  f i r s t .  Subsequent uranium -  
b e a r in g  s o l u t i o n s  e n c o u n t e r in g  s u l f i d e s  a l r e a d y  w i t h i n  th e  v e i n  c o u ld  th en  
have d e p o s i t e d  u r a n i n i t e .  The d a ta  a v a i l a b l e  do n ot  p erm it  d i s c r i m i n a t i o n  
b etw een  th e  two m ech an ism s. I t  i s  n o t  known i f  th e  s u l f i d e s  and uranium  
r e p r e s e n t  s e p a r a t e  e p i s o d e s  o f  m i n e r a l i z a t i o n ,  or  even  i f  th e  fo u r  c l a s s e s  o f  
u ra n iu m -b ea r in g  v e i n s  ( q u a r t z - p y r i t e ,  q u a r t z - s p e c u l a r i t e ,  l e a d -  s i l v e r ,  and 
t u r q u o i s e )  were formed co n te m p o r a n e o u s ly  in  a zoned r e l a t i o n s h i p ,  or i f  t h e y  
r e p r e s e n t  s u c c e s s i v e  p u l s e s  o f  m i n e r a l i z i n g  s o l u t i o n s  o f  s l i g h t l y  d i f f e r i n g  
c o m p o s i t io n  frcan th e  same s o u r c e .

D e p o s i t i o n  o f  su p e rg en e  uran iu m . I t  has  b een  proposed  (G i l le r m a n ,  1968)  
th a t  primary uranium m in e r a l s  in  th e  v e i n s  were o x i d i z e d ,  th e  uranium
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t r a n s p o r te d  and th en  d e p o s i t e d  a s  s e c o n d a r y  u r a n y l  p h o s p h a te s  i n  a d j a c e n t ,  
h ig h - p h o s p h a t e ,  m a f ic  d i k e s .  Such a p r o c e s s  would a cco u n t  fo r  t h e  o b serv e d  
sec o n d a ry  m in e r a l s  t h a t  a r e  p r e s e n t  i n  many o c c u r r e n c e s  w i t h i n  a r e a  A. Such 
an e x p la n a t io n  i s  c o n s i s t e n t  w ith  a l l  f i e l d  r e l a t i o n s h i p s  o b serv e d  and w ith  
a l l  g e o c h e m ic a l  d a ta  a v a i l a b l e .

E xposu re  o f  th e  u r a n i n i t e -  and s u l f i d e - b e a r i n g  v e i n s  i n  th e  w e a th e r in g  
zone c o u ld  have ca u sed  o x i d i z a t i o n  o f  th e  s u l f i d e s ,  r e s u l t i n g  in  an a c i d i c ,  
o x i d i z i n g  en v iro n m en t i n  w hich  t e t r a v a l e n t  uranium m in e r a l s  would no lo n g e r  be 
s t a b l e .  The uranium would be o x i d i z e d  to  th e  h e x a v a le n t  s t a t e ,  in  which  s t a t e  
i t  i s  m o b i le  in  aqueous s o l u t i o n .  In an a r id  to  s e m ia r id  e n v ir o n m e n t ,  such  as  
t h a t  in  a r e a  A, uranium c o u ld  be d i s p e r s e d  from t h e  v e i n s  i n t o  t h e  c o u n tr y  
ro c k  d u r in g  p e r io d s  when w a te r  was a v a i l a b l e .  The o x i d i z e d  v e i n s  from which  
uranium was d e r iv e d  would c o n t a i n  r e l a t i v e l y  h ig h  l e v e l s  o f  th oriu m  and more 
e q u i v a l e n t  uranium th an  c h e m ic a l  uranium b eca u se  o f  th e  s e l e c t i v e  rem oval o f  
uranium r e l a t i v e  to  i t s  d eca y  p r o d u c ts  and th o r iu m  (De V o to ,  1 9 7 8 ) .  As 
d i s c u s s e d  b e f o r e ,  th e  o x i d i z e d  v e i n s  d i s p l a y  su ch  r e l a t i o n s h i p s .

S e v e r a l  groups  o f  h e x a v a l e n t  uranium m in e r a l s  a r e  s t a b l e  and r e l a t i v e l y  
i n s o l u b l e  in  an o x i d i z i n g  e n v iro n m en t .  One su ch  group i s  th e  u ra n y l  p h o sp h a te  
m i n e r a l s .  I f  d i s s o l v e d  uranium from th e  v e i n s  en c o u n te r e d  en v iro n m en ts  t h a t  
c o n ta in e d  h ig h  l e v e l s  o f  p h o s p h a t e ,  v a r i o u s  s e c o n d a r y  u ra n y l  p h o sp h a te  
m in e r a l s  c o u ld  have form ed . W ith in  a r e a  A, P recam b rian  d ia b a s e  and e a r l y  
T e r t ia r y  l a t i t e  d ik e s  p ro v id ed  su ch  e n v ir o n m e n ts .  G i l le r m a n  (1 9 6 8 )  s t a t e d  
t h a t  b o th  d i a b a s i c  and l a t i t i c  d ik e s  c o n t a i n  abnormal p h o sp h a te  l e v e l s :  an
a v er a g e  1.60% P2®5 d ia b a s e  and 0.37% P 2 O5  in  t h e  l a t i t e  o f  th e
Merry Widow M ine. The h ig h -p h o s p h a te  m a f ic  d ik e s  would f i r s t  have been  
d i f f e r e n t i a l l y  a l t e r e d  by t h e  h y d ro th erm a l s o l u t i o n s  and th e n  a f f e c t e d  by 
a c i d i c  s o l u t i o n s  from th e  o x i d i z i n g  s u l f i d e s  o f  th e  n earb y  v e i n s .  Both  
a l t e r a t i o n  and o x i d a t i o n  c o u ld  have decomposed a p a t i t e  in  t h e  m a f ic  d ik e s  and 
r e l e a s e d  q u a n t i t i e s  o f  p h o sp h a te  i o n s .  H e x a v a le n t  uranium r e l e a s e d  from the  
o x i d i z i n g  v e i n s  c o u ld  have p r e c i p i t a t e d  as  u ra n y l  p h o sp h a te  m in e r a l s  upon 
e n c o u n te r in g  th e  m a f ic  d i k e s  and t h e i r  a v a i l a b l e  p h o sp h a te  i o n s .  Such 
mechanisms c o u ld  h ave  r e s u l t e d  i n  c o n c e n t r a t i o n s  o f  u ra n y l  p h o sp h a te  m in e r a l s  
in  m a f ic  d ik e s  where th e  d ik e s  a r e  c u t  by a d j a c e n t ,  o x i d i z e d ,  a n o m a lo u s ly  
r a d i o a c t i v e ,  h y d r o th erm a l v e i n s .  U ranyl p h o sp h a te  m in e r a l s  a r e  found in  a re a  
A w here v e i n s  and m a f ic  d i k e s  a r e  in  p r o x im i t y .

An a d d i t i o n a l  f a c t o r  to  c o n s i d e r  in  th e  c a s e  o f  th e  s e c o n d a r y  uranium  
m in e r a l s  i s  t h a t ,  a l th o u g h  th e  u r a n y l  p h o sp h a te  m in e r a l s  a re  s t a b l e  in  an  
o x i d i z i n g  e n v ir o n m e n t ,  th e y  a r e  somewhat s o l u b l e  in  aqueous s o l u t i o n s .  T h is  
i s  b e c a u s e  i n  a n e a r - s u r f a c e ,  s l i g h t l y  a c i d i c  e n v ir o n m e n t ,  t h e  dom inant  
u r a n iu m - tr a n s p o r t in g  com plex  i s  th e  U0 2 (HP0 4 ) 2 ~^ com plex  (Langrauir,
1 9 7 8 ) .  P h osph ate  i o n s  would be a v a i l a b l e  b o th  from th e  h ig h  p h o sp h a te  m a f ic  
d ik e s  and from w e a th e r in g  o f  th e  g r a n i t e ,  w h ich  a l s o  c o n t a i n s  p h o sp h a te  ( 2 , 8 0 0  
ppm P 2 O5 , MLM 1 1 1 ) .  T h e r e f o r e ,  e v e r y  t im e  w a ter  becom es a v a i l a b l e  in  th e  
se m ia r id  c l i m a t e ,  uranium n o t  o n ly  l e a v e s  th e  v e i n s  and i s  d e p o s i t e d  as  
sec o n d a ry  u ra n y l  p h o sp h a te  m i n e r a l s ,  b u t  a m in u te  amount o f  th e  sec o n d a ry  
u ra n y l  p h o sp h a te  g o e s  i n t o  s o l u t i o n  and i s  t r a n s p o r te d  away and d i s p e r s e d .
The s e c o n d a r y  c o n c e n t r a t i o n s  o f  uranium a r e ,  on a g e o l o g i c  t im e  s c a l e ,  o n ly  
tem porary  t im e  s to p p a g e s  o f  t h e  d i s p e r s i o n  o f  uranium in  th e  o x i d i z i n g  zone  
from th e  h y d ro th erm a l v e i n s .  Langmuir (1 9 7 8 )  a l s o  i n d i c a t e d  t h a t  u ra n y l  
p h o sp h a te  m in e r a l s  a r e  more i n s o l u b l e  i n  a more a c i d i c  e n v ir o n m e n t .  B ecause  
th e  most a c i d i c  en v iro n m en t  i n  th e  a r e a  i s  where t h e  s u l f i d e s  o f  t h e  v e i n s  a re
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b e in g  o x i d i z e d ,  th e  d i s p e r s i o n  p r o c e s s  becomes more e f f e c t i v e  a s  uranium  
g r a d u a l ly  I s  t r a n s p o r te d  from t h e  v i c i n i t y  o f  t h e  v e i n s .

The p r e c e d in g  d i s c u s s i o n  on th e  l o c a l i z a t i o n  and s i z e  o f  th e  s u p e r g e n e  
uranium o c c u r r e n c e s  t h a t  a r e  a s s o c i a t e d  w i t h  th e  prim ary m a g m a tic -h y d ro th erm a l  
o c c u r r e n c e s  h as  s e v e r a l  I m p l i c a t i o n s .  F i r s t ,  t h e  o n ly  p la c e  sec o n d a ry  uranium  
c o n c e n t r a t i o n s  can be e x p e c te d  I s  where h ig h -p h o s p h a t e  m a f ic  d ik e s  a r e  
a d ja c e n t  to  th e  a c i d i c ,  h lg h -u ra n iu m  en v iro n m en t o f  an o x i d i z i n g  p r im ary-  
uranium v e i n .  Second, a l l  th e  uranium p r e s e n t  In  s e c o n d a r y  d e p o s i t s  was 
d e r iv e d  from th e  v e i n s .  T h ir d ,  and m ost I m p o r ta n t ly ,  th e  amount o f  s ec o n d a ry  
m in e r a l s  i s  not an a c c u r a t e  r e f l e c t i o n  o f  th e  amount o f  p rim ary h ydroth erm al  
uranium once  p r e s e n t  In th e  o x i d i z e d  p o r t i o n s  o f  t h e  v e i n s .  An unknown, but  
p r o b a b ly  l a r g e ,  p e r c e n ta g e  o f  th e  uranium h as  b een  d i s p e r s e d .  T h e r e f o r e ,  th e  
uranium g r a d e s  o f  th e  u n o x ld lz e d  p o r t i o n s  o f  t h e  h y d ro th erm a l v e i n s  a r e  much 
h ig h e r  than  t h a t  I n d ic a t e d  by th e  p r e s e n t  grad e o f  v e i n s  In  th e  o x i d i z e d  zone  
or th e  c a l c u l a t e d  g ra d e  o f  t h e  v e i n s  d e r iv e d  by adding th e  amount o f  s eco n d a ry  
uranium su rro u n d in g  each  v e i n  to  uranium rem a in in g  In each  v e i n .

D e l i n e a t i o n  o f  F a v o r a b le  Area

Prim ary c o n t r o l s  on th e  e x t e n t  o f  an a re a  f a v o r a b le  fo r  uranium  
d e p o s i t i o n  o f  th e  m a g m a tic -h y d ro th erm a l type  a r e  r e l a t e d  to  th e  g e n e s i s  o f  th e  
uranium. In t h e  c a s e  o f  m agm a tic -h y d ro th erm a l m in e r a l s  and r e l a t e d  seco n d a ry  
uranium m in e r a l s  In  a r e a  A, some c o n c l u s i o n s  r e g a r d in g  s p e c i f i c  p o i n t s  o f  o r e  
g e n e s i s  a r e  n e c e s s a r i l y  t e n t a t i v e .  T h e r e f o r e ,  some o f  th e  h y p o t h e t i c a l  
c o n t r o l s  In  a r e a  A a r e  a l s o  t e n t a t i v e .

One o f  th e  major o r e  c o n t r o l s ,  an d , u n f o r t u n a t e l y ,  th e  m ost s p e c u l a t i v e .  
I s  th e  so u r c e  o f  m agm a tic -h y d ro th erm a l o r e  s o l u t i o n s .  As a w orking  
h y p o t h e s i s ,  i t  i s  assumed t h a t  th e  r h y o l i t i c  I n t r u s i v e  b o d i e s  ( d i k e s ,  p l u g s ,  
and s i l l s )  t h a t  cro p  o u t  In th e  r e g io n  a r e  g e n e t i c a l l y  r e l a t e d  to  th e  uranlum -  
s o u r c e  p lu t o n .  I t  I s  a l s o  assumed t h a t  d ik e  and p lu g  abundance d e c r e a s e s  
p r o g r e s s i v e l y  away from th e  i n f e r r e d  p lu t o n .  As t h e  g r e a t e s t  number o f  
uranium o c c u r r e n c e s  c l u s t e r  In th e  a r e a  o f  g r e a t e s t  d ik e  and p lu g  abundance .
I t  I s  assumed t h a t  t h e r e  i s  some p o s i t i v e  c o r r e l a t i o n  b e tw een  o u tc r o p  
fr e q u e n c y  o f  r h y o l i t e  and I n t e n s i t y  o f  m agm a tic -h y d ro th erm a l uranium m i n e r a l s .  
T h e r e f o r e ,  one g u id e  to  f a v o r a b i l l t y  I s  th e  abundance o f  r h y o l i t e  d i k e s .  An 
a r e a  o f  abundant d ik e s  i s  o u t l i n e  on P l a t e  1 1 .  The f a v o r a b le  a r e a  c o n t a i n s ,  
and I s  a d ja c e n t  t o ,  t h e  o u t l i n e d  a r e a  o f  abundant r h y o l i t e  d i k e s  ( P I .  1 1 ) .

The W hite S ig n a l  s t r u c t u r a l  b lo c k  o f  t h e  Burro b a t h o l i t h  h as  b een  
s t r u c t u r a l l y  dropped a c o n s i d e r a b l e  d i s t a n c e  a lo n g  th e  g e n e r a l l y  n o r t h e a s t -  
t r e n d in g  N e g le c te d - S p r o u s e -C o p e la n d  F a u l t  ( P I .  11 )  r e l a t i v e  to t h e  Burro Peak-  
Tyrone b lo c k  to  th e  n o r th  ( G i l l e r m a n ,  1 9 7 0 ) .  D is p la c e m e n t  I s  u n c e r t a i n ,  but  
to p o g r a p h ic  d i f f e r e n c e s  I n d i c a t e  t h a t  movement o f  th o u sa n d s  o f  f e e t  I s  
p r o b a b le .  G i l le r m a n  f u r t h e r  s t a t e d  t h a t  e r o s i o n  o f  t h e  upthrown b lo c k  was 
s e v e r e ,  w i th  an unknown, but p ro b a b ly  g r e a t ,  t h i c k n e s s  o f  ro ck  rem oved.  
T h e r e f o r e ,  I t  I s  s u g g e s t e d  t h a t  th e  N e g le c te d - S p r o u s e -C o p e la n d  F a u l t  I s  th e  
n o r th e r n  boundary o f  a r e a  A. I t  I s  s u g g e s t e d  t h a t  t h e  few s c a t t e r e d  
o c c u r r e n c e s  n o r th  o f  th e  N e g le c te d - S p r o u s e -C o p e la n d  F a u l t  (Hope No. 1, 
O ccurrence  5 9 )  r e p r e s e n t  e r o s l o n a l  rem nants o f  o c c u r r e n c e s  and th u s  a r e  l i k e l y  
t o  c o n t a i n  I n s u f f i c i e n t  amounts o f  uranium to  j u s t i f y  e x te n d in g  th e  boundary  
o f  a re a  A.
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The w e s t e r n  boundary o f  a r e a  A i s  marked by th e  n o r t h w e s t - t r e n d i n g  T a y lo r  
F a u l t ,  which forms th e  w e s t e r n  boundary o f  th e  B ig  Burro M ountain  b lo c k  o f  th e  
Burro b a t h o l i t h  ( P I -  1 1 ) -  To th e  w e st  o f  th e  f a u l t  i s  th e  K n ig h ts  Peak  
g ra b en .  The e a s t e r n  boundary o f  t h e  W hite S ig n a l  s t r u c t u r a l  b lo c k  d ip s  
b en ea th  a c o v e r  o f  P l e i s t o c e n e  to  H o lo cen e  f a n ,  t e r r a c e ,  and a l l u v i a l  
d e p o s i t s .  The e a s t e r n  boundary o f  t h e  b lo c k  ca n n o t  t h e r e f o r e  be d e te r m in e d ,  
and the e a s t e r n  boundary o f  a r e a  A i s  a r b i t r a r i l y  p l a c e d .

In  summary, a r e a  A i s  bounded by f a u l t s  on i t s  n o r th  and w e st  s i d e s .  I t s  
so u th e r n  boundary i s  drawn 3 km s o u th  o f  th e  s o u th e r n  e x t e n t  o f  th e  a r e a  o f  
abundant f a v o r a b l e  s t r u c t u r e s  ( f a u l t s  and d i k e s ,  P I .  1 1 ) .  The e a s t e r n  
boundary o f  a r e a  A i s  under a c o v e r  o f  T e r t ia r y  b a s in  f i l l ,  and th e  boundary  
i s  a r b i t r a r y .  Area A h a s  a s u r f a c e  a r e a  o f  1 1 3 .3  km^. Depth from the  
s u r f a c e  to th e  f a v o r a b l e  en v iro n m en t ( s u r f a c e  o f  P recam brian  bed r o c k )  r a n g e s  
from 0 m to a p p r o x im a te ly  100 m. The t h i c k n e s s  o f  th e  f a v o r a b l e  en v iron m en t  
i s  th e  p r o j e c t e d  d ep th  o f  t h e  v e i n s  in  t h e  P recam b rian  c o u n t r y  r o c k .  B ecau se  
t h e r e  i s  an o b se r v e d  v e i n  d e p th  i n  e x c e s s  o f  150 m, and b e c a u s e  t h e r e  a re  
s e v e r a l  v e i n s  w ith  l a t e r a l  c o n t i n u i t i e s  g r e a t e r  th a n  1200  m, a p r o j e c t e d  
v e r t i c a l  e x t e n t  o f  v e i n s  i n  th e  f a v o r a b le  en v iro n m en t o f  500 m i s  n o t  
u n r e a s o n a b le .  P a r t  o f  t h e  land  i n  a r e a  A i s  p r i v a t e ,  p a r t  i s  in  t h e  n a t i o n a l  
f o r e s t ,  and p a r t  i s  s t a t e  l a n d .

AREA B: BLACK HAWK REGION

Area B i s  a r o u g h ly  c i r c u l a r  a r e a  in  t h e  n o r th e r n  p a r t  o f  th e  Burro  
M ountains b a t h o l i t h  ( P I .  1 ) .  I t  i s  f a v o r a b l e  f o r  uranium d e p o s i t s  o f  th e  
m agm a tic -h y d ro th erm a l t y p e  ( C l a s s  3 3 0 ) .  The h o s t  r o c k s  a r e  v a r i o u s  
P recam brian  s i l i c i c  i n t r u s i v e  r o c k s  t h a t  a r e  a d j a c e n t  to  a Laramide to p o s t -  
Laramide h o rn b len d e  m o n zo n ite  porphyry i n t r u s i v e .  A P recam brian  q u a r tz  
d i o r i t e  g n e i s s  i s  p a r t i c u l a r l y  f a v o r a b l e .  The o u t e r  rim o f  th e  h o rn b len d e  
m on zon ite  porphyry i n t r u s i v e  i s  a l s o  f a v o r a b l e .

Area B i s  f a v o r a b l e  b e c a u s e  t h e  h o s t  ro c k  i s  s t r u c t u r a l l y  and c h e m ic a l ly  
f a v o r a b l e  f o r  uranium d e p o s i t i o n .  S t r u c t u r a l  f a v o r a b i l l t y  i s  i n d i c a t e d  by th e  
numerous f a u l t s  and sh e a r  z o n e s  t h a t  t r a n s e c t  th e  a r e a .  C hem ical f a v o r a b i l l t y  
i s  i n d i c a t e d  by s i l i c i f i c a t i o n ,  s e r i c i t i z a t i o n ,  a r g i l l i z a t i o n ,  and i r o n  
s t a i n i n g ,  m a in ly  n e a r  v e i n s  in  th e  sh e a r  z o n e s .  The v e i n s  c o n t a i n  s i l i c a ,  
c a r b o n a t e ,  s u l f i d e s ,  anom alous f l u o r i n e ,  and anom alous amounts o f  h eavy  
m e t a l s ,  a l l  o f  which  c h a r a c t e r i z e  m a g m a tic -h y d ro th erm a l uranium d e p o s i t s .  
M oreover , an HSSR uranium anom aly i s  p r e s e n t  o v e r  th e  e n t i r e  Burro M ountains  
b a t h o l i t h .

Area B c o n t a i n s  s e v e n  uranium o c c u r r e n c e s ,  two o f  which a r e  d e s c r ib e d  i n  
u r a n iu m -o c c u r r e n c e  r e p o r t s  (App. C ) . The o c c u r r e n c e s  a r e  s t e e p l y  d ip p i n g ,  
i m b r ic a te d ,  f i s s u r e  v e i n s ,  i n  w hich  t h e  most abundant m e t a l s  a r e  n a t i v e  
s i l v e r ,  c o b a l t  and n i c k e l  a r s e n i d e s ,  and u r a n i n i t e  in  a gangue o f  c a r b o n a te s  
and s i l i c a .  T h is  ty p e  o f  uranium d e p o s i t ,  a l th o u g h  r a r e  in  t h e  U n ited  S t a t e s ,  
i s  s i m i l a r  to  th o s e  a t  G reat Bear L ake , Canada, and J o a c h i m s t h a l , 
C z e c h o s la v a k ia .  Uranium m i n e r a l i z a t i o n  o c c u r r e d  a f t e r  Laramide t im e ,  but th e  
s o u r c e  o f  o r e  s o l u t i o n s  i s  unknown.
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G eo lo g y  o f  F a v o r a b le  Area

A rea B i s  s t r u c t u r a l l y  a p a r t  o f  th e  W illo w  Creek b lo c k  ( P I .  1 0 )  o f  th e  
Burro M ountains b a t h o l i t h  (G i l le r m a n ,  1 9 7 0 ) .  The b a t h o l i t h  in  th e  W illow  
Creek b lo c k  i s  composed c h i e f l y  o f  th e  Burro M ountains g r a n i t e ,  w h ich  c o n t a in s  
i n c l u s i o n s  and r o o f  p en d a n ts  o f  metaraorphic r o c k s  a s s i g n e d  ( H e w it t ,  1959) to  
th e  B u l la r d  Peak and Ash Creek s e r i e s  ( F i g .  3 ) .  The P recam b rian  ro c k s  a re  
in t r u d e d  by numerous Laramide and p o s t -L a ra m id e  i n t r u s i v e  b o d i e s  t h a t  ran ge  i n  
c o m p o s i t i o n  from b a s a l t i c  to  r h y o l i t i c .  At th e  n o r th e r n  end o f  th e  W illow  
Creek b lo c k ,  th e  P recam brian  r o c k s  d is a p p e a r  b e n e a th  n o r t h - d i p p i n g  C r e ta ce o u s  
s e d im e n ta r y  ro c k s  and T e r t ia r y  v o l c a n i c  r o c k s .  L ocated  in  th e  v o l c a n i c  ro ck s  
n o r th  o f  th e  n o r th e r n  boundary o f  th e  P recam brian  r o c k s  i s  t h e  S ch o o lh o u se  
M ountain C a ld era  ( P I .  1 0 ) ,  a p o s s i b l e  s o u r c e  o f  much o f  th e  T e r t i a r y  v o l c a n i c  
ro c k s  o f  th e  a r e a  (W ahl, 1 9 8 0 ) .

The g e o lo g y  o f  a re a  B h as  b een  d i s c u s s e d  by G i l le r m a n  and W hitebread
( 1 9 5 6 ) ,  H e w it t  ( 1 9 5 9 ) ,  and G i l le r m a n  ( 1 9 6 4 ,  1 9 6 8 ) .  Only f a c t o r s  r e l e v a n t  to  
uranium e v a l u a t i o n  w i l l  be d i s c u s s e d  i n  any d e t a i l  h e r e .  The r o c k s  a r e  m a in ly  
q u a r tz  d i o r i t e  g n e i s s  o f  P recam brian  age in tr u d e d  by a s t o c k l i k e  mass o f  
m o n zo n ite  porphyry o f  L ate  C r e ta c e o u s  to  e a r l y  T e r t i a r y  age  ( P I .  7 ,  1 0 ) .

The q u a r tz  d i o r i t e  g n e i s s  i s  a w id esp rea d  p hase  o f  t h e  Burro M ountains  
b a t h o l i t h  and i s  b e l i e v e d  to  be somewhat o l d e r  th an  th e  Burro M ountains  
g r a n i t e  ( G i l le r m a n ,  1 9 6 4 ) .  The g n e i s s  i s  composed o f  40% t o  45% p l a g i o c l a s e  
( p o s s i b l y  a n d e s in e ;  G i l le r m a n  and W h iteb rea d ,  1 9 5 6 ) ,  40% to  45% b i o t i t e ,  5% to  
10% q u a r t z ,  and 2% to  3% h o r n b le n d e .  T ra ce s  o f  o r t h o c l a s e ,  z i r c o n ,  m a g n e t i t e ,  
and e p i d o t e  a r e  p r e s e n t .  P h e n o c r y s t s  o f  p l a g i o c l a s e  and h o rn b len d e  a re  
p r e s e n t ,  and t h e i r  lo n g  a x es  a p p r o x im a te ly  p a r a l l e l  f o l i a t i o n  o f  th e  r o c k .  
B i o t i t e  g r a i n s  a l s o  p a r a l l e l  th e  f o l i a t i o n .  The g n e i s s i c  s t r u c t u r e ,  w hich  i s  
b e l i e v e d  to  be a prim ary f lo w  s t r u c t u r e  (G i l le r m a n  and I’/ h i t e b r e a d , 1 9 5 6 ) ,  
s t r i k e s  n o r t h e a s t  and d ip s  from 6 0 “ to  th e  n o r th w e s t  to  v e r t i c a l .  In p l a c e s ,  
f e ld s p a r  i s  s l i g h t l y  a l t e r e d  to  s e r i c i t e ,  and b i o t i t e  i s  a l t e r e d  to  c h l o r i t e .

The m o n zo n ite  porphyry i n t r u d e s  th e  q u a r tz  d i o r i t e  g n e i s s  a s  a s t o c k l i k e
m a ss ,  a s  d i k e s ,  and as  i r r e g u l a r  a p o p h y ses  th ro u g h o u t  a r e a  B. In g e n e r a l ,  th e
m onzon ite  porphyry c o n s i s t s  o f  a g r a y i s h - w h i t e ,  f i n e - g r a i n e d  groundmass w ith  
abundant w h i t e ,  a n h e d r a l  to  su b h ed ra l  f e l d s p a r  c r y s t a l s  up to  0 . 5  cm in  
d ia m e te r .  B lack  h o rn b len d e  n e e d l e s  a s  much a s  1 cm in  l e n g t h  a r e  common. 
B i o t i t e  i s  p r e s e n t  i n  s m a l l  v a r i a b l e  am ounts, and q u a r tz  i s  r a r e .  In d i k e s ,  
th e  rock  has c o n s p ic u o u s  f e l d s p a r  p h e n o c r y s t s  i n  an a p h a n i t i c  groundm ass. The 
m o n zo n ite  porphyry i s  v a r i a b l y  a l t e r e d .  Where i t  i s  a l t e r e d ,  th e  groundmass  
i s  a p h a n i t i c ,  t h e  f e l d s p a r s  a re  s o f t  and e a r t h y ,  and th e  h orn b len d e  i s  
a r g i l l i z e d ,  c h l o r i t i z e d ,  and e p i d o t i z e d  ( G i l le r m a n  and W h iteb rea d ,  1 9 5 6 ) .  
P y r i t e ,  m o d e r a te ly  to  s t r o n g l y  o x i d i z e d  to  l i i n o n i t e ,  i s  p r e s e n t  in  a l t e r e d  
a r e a s  o f  th e  p o rp h y ry .  G i l le r m a n  and W hitebread ( 1 9 5 6 )  a s s ig n e d  a L a te  
C reta ce o u s  to e a r l y  T e r t ia r y  age to  th e  i n t r u s i v e  body on t h e  b a s i s  o f  
co m p a r iso n s  w i th  o t h e r  i n t r u s i v e  b o d i e s  o f  t h a t  age in  th e  r e g i o n .

A rea B i s  c u t  by fo u r  m ajor f a u l t  s y s t e m s ,  w h ich  tren d  n o r t h w e s t ,  
n o r t h e a s t ,  w e s t ,  and n o r t h .  The r e g i o n a l  s t r u c t u r a l  tr en d  i s  d i s c u s s e d  more 
f u l l y  by H e w it t  ( 1 9 5 9 )  and in  th e  d i s c u s s i o n  o f  a r e a  D, w h ich  i s  n o r th  o f  a re a  
B. G il ler m a n  and W hitebread  (1 9 5 6 )  mapped th e  s t r u c t u r e  in  th e  e a s t e r n  p a r t  
o f  a r e a  B, w here most o f  th e  f a u l t s  tr en d  n o r t h ,  n o r t h e a s t ,  and e a s t ,  and o n ly  
a few tren d  to  th e  n o r t h w e s t .  The f a u l t s  d ip  from 7 0 “ to  9 0 “ , w i th  no
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c o n s i s t e n t  d i r e c t i o n  o f  d i p .  In th e  e a s t e r n  p a r t  o f  a r e a  B a r e  two 
c o n s p ic u o u s ,  p e r s i s t e n t ,  s u b p a r a l l e l  f a u l t  s y s t e m s ,  which tren d  s l i g h t l y  e a s t  
o f  n o r t h .  Each sy s tem  c o n s i s t s  o f  a s i n g l e ,  r a t h e r  p e r s i s t e n t  f a u l t ,  from 
which n o r t h e a s t -  to  e a s t - t r e n d i n g  f a u l t s  b ra n ch .

Evidence o f  F a v o r a b i l l t y

Evidence fo r  uranium m in e r a l i z a t io n  in  m agm atic-hydrotherm al-type system s  
w ith in  area B e x i s t s  in  seven  re p o r te d  uranium o c c u r re n c e s  (Y 29, Y30, 3 1 ,  Y32, 
33 , Y34, Y35; P I .  1 0 ) .  Uranium in  area  B occu rs  w i t h in  uranium -bearing ,  
n i c k e l - c o b a l t - s i l v e r  v e in s  t h a t  are f r a c tu r e  f i l l i n g s  in  Precambrian quartz  
d i o r i t e  g n e i s s  near i n t r u s i v e  m onzonite  porphyry. The uranium m in e r a l i z a t io n  
was m agmatic-hydrotherm al (G illerm an and Whitebread, 1956; H ew itt ,  1959;  
G illerm an , 1964; G illerm an , 1968; Wahl, 1 9 8 0 ) .  At th e  time o f  t h i s  
i n v e s t i g a t i o n ,  a l l  su b su r fa ce  workings were i n a c c e s s i b l e  excep t  for the  upper 
part o f  the s h a f t  a t  the B lack  Hawk Mine (O ccurrence 3 1 ) .  However, G illerm an  
and Whitebread (1 9 5 6 )  and G illerm an (1 9 6 4 ,  1968) provided e x c e l l e n t  
d e s c r ip t io n s  o f  v e in  m orphology, ore  m in era lo g y ,  and ore p a r a g e n e s i s .  A b r i e f  
summary w i l l  be g iv e n  h ere .

The v e i n s  occup y  f a u l t s  and f r a c t u r e s  t h a t  have two major t r e n d s :  n o r th
to  n o r t h - n o r t h e a s t  and n o r t h e a s t  to  e a s t .  The v e i n s ,  w h ich  o c c u r  a s  f i s s u r e  
f i l l i n g s  a lo n g  th e  f a u l t s ,  d e m o n stra te  o n ly  minor w a l l - r o c k  r e p la c e m e n t .  
M i n e r a l i z a t i o n  a l s o  o cc u r red  a lo n g  o p e n - f r a c t u r e  s y s te m s  t h a t  a r e  p a r a l l e l  to  
s u b p a r a l l e l  to th e  main f a u l t  z o n e .  The s u b s i d i a r y  v e i n s  a re  h o r i z o n t a l l y  and 
v e r t i c a l l y  d i s c o n t i n u o u s  and p in ch  and j o i n  in  an im b r ic a t in g  n e tw o rk .  Most 
o f  th e  v e i n s  a r e  0 . 3  to  1 m wide i n  o u t c r o p ,  but G il ler m a n  and W hitebread  
(1 9 5 6 )  r e p o r te d  t h a t  v e i n  w id th s  o f  1 to  4 m in  th e  s u b s u r f a c e  a r e  not  
uncommon. The maximum v e i n  w id th  r e p o r t e d  (G i l le r m a n ,  1968) was 4 .6  m in  th e  
Alhambra Mine (O cc u r r e n c e  3 3 ) .  On th e  s u r f a c e ,  i n d i v i d u a l  v e i n s  range in  
l e n g th  from 70 m to  in  e x c e s s  o f  300  m. At th e  B la ck  Hawk Mine (O ccu rren ce  
3 1 )  a t  a d e p th  o f  236 m, th e  v e i n  s t i l l  c o n ta in e d  e x c e l l e n t  o r e  v a l u e s  
(G i l le r m a n  and W h iteb rea d ,  1956) and showed no s i g n s  o f  p in c h in g  o u t .  The 
u l t i m a t e  d ep th  to  which m in e r a l i z e d  v e i n s  ex ten d  i s  n o t  known.

The v e i n s  a r e  s p a t i a l l y  a s s o c i a t e d  w i t h  th e  m o n zo n ite  porphyry  t h a t  
i n t r u d e s  t h e  P recam brian  r o c k s  o f  a r e a  B. The known v e i n s  (G i l le r m a n  and 
W h iteb rea d ,  1 9 65) o cc u r  i n  a n o r t h e a s t -  to  s o u t h w e s t - t r e n d i n g  b e l t  w i t h i n  th e  
Precam brian r o c k s  a d ja c e n t  to  th e  i n t r u s i v e  c o n t a c t .  Some v e i n s  c u t  t h e  o u te r  
m argins o f  th e  m o n zo n ite  p o rp h y ry ,  b u t  th e y  a r e  s m a l l  and w ea k ly  m i n e r a l i z e d .  
Away from i t s  m a rg in s  t h e  m o n zo n ite  porphyry i n t r u s i v e  body seems b a rren  o f  
v e i n s  and t h e r e f o r e ,  e x c e p t  f o r  i t s  o u t e r  e d g e s ,  i s  n o t  c o n s id e r e d  a f a v o r a b le  
en v iro n m en t .  The v e i n s  c u t  a l l  t h e  v a r i o u s  P recam brian  ro ck  ty p e s  su rro u n d in g  
th e  porp hyry , b ut th e  p r e f e r r e d  h o s t  r o c k  i s  th e  q u a r tz  d i o r i t e  g n e i s s  
(G i l le r m a n  and W h iteb rea d ,  1956; G i l le r m a n ,  1 9 6 8 ) .

The v e i n s  c o n t a i n  n a t i v e  s i l v e r ,  a r g e n t i t e ,  n i c k e l  and c o b a l t  s u l f i d e s  
and a r s e n i d e s ,  u r a n i n i t e ,  and m inor amounts o f  o t h e r  s u l f i d e s  such  a s  
c h a l c o p y r i t e , g a l e n a ,  s t a n n i t e ,  and b i s m u t h i n l t e .  Gangue m in e r a l s  o f  th e  
v e i n s  a r e  d o m in a n t ly  c a r b o n a te s  ( c a l c i t e ,  s i d e r i t e ,  d o lo m i t e ,  r h o d o c h r o s i t e , 
m a n g a n o c a lc i t e , a n k e r i t e ) ,  q u a r t z ,  c h e r t ,  b a r i t e ,  and p j r r l t e .  Minor amounts  
o f  f l u o r i t e  and h e m a t i t e  a r e  a l s o  p r e s e n t .  The o r e  o c c u r s  b o th  a s  h ig h - g r a d e  
s e g r e g a t i o n s  and a s  d i s s e m i n a t i o n s  o f  n a t i v e  s i l v e r  and s u b s i d i a r y  n i c k e l  and
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c o b a l t  a r s e n i d e s ,  a s  w e l l  as  u r a n i n i t e  in  th e  v e i n s .  In a d d i t i o n  to  Ag, As,  
B i ,  Co, Cu, N i ,  Pb, Sn, and Zn, which a r e  p r e s e n t  in  t h e  v e i n s  a s  i d e n t i f i a b l e  
m i n e r a l s ,  anom alous amounts o f  Au, Cd, L i ,  Mo, Sc , W, and Zr have a l s o  been  
d e t e c t e d  (T a b le  2 ) .  F lu o r in e  c o n t e n t s  o f  sa m p les  a r e  lo w  (T a b le  2 ) .
G il ler m a n  ( 1 9 6 8 )  r e p o r te d  t h a t  th e  N i-C o a r s e n i d e s  form an o u t e r  zone  w i t h in  
th e  v e i n s ,  w h ereas  s i l v e r  i s  predom inant in  t h e  c o r e  o f  t h e  v e i n .  S i l v e r  a l s o  
seem s more abundant i n  th e  upper p a r t s  o f  th e  v e i n s ,  and n i c k e l  and c o b a l t  
i n c r e a s e  w i th  d e p th .

U r a n in i t e  was t h e  o n ly  hypogene uranium m in e r a l  i d e n t i f i e d  b o th  in  t h i s  
s tu d y  (MLM 127 , MLM 1 32) and by o t h e r  i n v e s t i g a t o r s .  U r a n in i t e  o c c u r s  as  
d i s s e m i n a t i o n s  (MLM 12 7 ,  MLM 1 3 2 ) ,  and G i l le r m a n  (1 9 6 8 )  r e p o r te d  i t  o c c u r r in g  
i n  th e  s u b s u r f a c e  a l s o  as  s m a l l  m a s s e s ,  f r a c t u r e  c o a t i n g s ,  and a s  d i s t i n c t  
v e i n l e t s  up t o  2 i n .  w id e .  G il ler m a n  r e p o r t e d  t h a t  uranium i s  most p r e v a le n t  
w here th e  o r e  i s  r i c h  i n  Ni-Co a r s e n i d e s  and r e l a t i v e l y  s c a r c e  where s i l v e r  i s  
abundant. The p o s i t i v e  c o r r e l a t i o n  betw een  in c r e a s e d  c o b a l t  and n i c k e l  
c o n t e n t s  and in c r e a s e d  uranium v a l u e s  i s  i l l u s t r a t e d  by sa m p le s  from th e  B lack  
Hawk Mine (MLM 1 2 6 ,  MLM 0 3 1 ,  and MLM 132; T ab le  2 ) .  Given t h e  o b serv e d  
a s s o c i a t i o n  o f  uranium w i t h  c o b a l t  and n i c k e l ,  and th e  o b se r v e d  i n c r e a s e  o f  
c o b a l t  and n i c k e l  w i th  d ep th  o f  th e  v e i n s ,  G i l le r m a n  (1 9 6 4 )  c o n c lu d e d  t h a t  
uranium c o n t e n t  o f  th e  v e i n s  p ro b a b ly  a l s o  i n c r e a s e s  w i t h  d e p th .

S u p p o rt in g  e v id e n c e  f o r  th e  proposed  i n c r e a s e  in  uranium w i t h  d ep th  i s  
p rov id ed  by uranium v a l u e s  a t  th e  B lack  Hawk Mine (O ccu rren ce  3 1 ) .  The B lack  
Hawk i s  th e  o n ly  o c c u r r e n c e  i n  a r e a  B w here even  l i m i t e d  s u b s u r f a c e  sam pling  
o f  a v e i n  i s  p o s s i b l e .  In  o u t c r o p ,  t h e  B la ck  Hawk v e i n  c o n t a i n s  o n ly  13 ppm 
CU3 O8  (MLM 0 3 0 ) .  R a d i o a c t i v i t y  w i t h i n  th e  v e i n  p r o g r e s s i v e l y  i n c r e a s e s  
w ith  d e p th .  At th e  d e e p e s t  l e v e l  a c c e s s i b l e  (5 0  m) t h e  v e i n  c o n t a in e d  640 ppm 
CU3 O8  (MLM 1 2 6 ) .  The f o l l o w i n g  e v id e n c e  i n d i c a t e s  t h a t  th e  i n c r e a s e  o f  
uranium w ith  d ep th  i s  a f u n c t i o n  o f  prim ary d e p o s i t i o n  and z o n a t io n  r a t h e r  
th a n  an a p p a r en t  i n c r e a s e  cau sed  by o x i d a t i o n  and removal o f  uranium from th e  
v e i n  a t  th e  s u r f a c e  by w e a th e r in g  p r o c e s s e s .  G il le r m a n  and W hitebread  (1 9 5 6 )  
r e p o r te d  t h a t  o x i d a t i o n  o f  th e  v e i n s  o c c u r s  o n ly  i n  th e  n e a r - s u r f a c e  
e n v iro n m en t;  prim ary m in e r a l s  a re  found w i t h i n  a few f e e t  o f  th e  s u r f a c e .  
Secondary uranium m in e r a l s  do not occu r  where th e  v e i n s  crop  o u t .  Secondary  
uranium m in e r a l s  would be p r e s e n t  i f  t h e  v e i n s  a t  t h e  s u r f a c e  had c o n t a in e d  
p rim ary uranium  m i n e r a l s .  U n i d e n t i f i e d  s e c o n d a r y  uranium m in e r a l s  have been  
r e p o r te d  on t h e  m ine dumps where s u b s u r f a c e  v e i n  m a t e r i a l  h as  b een  o x i d i z e d .

Lack o f  s i g n i f i c a n t  amounts o f  uranium in  t h e  n e a r - s u r f a c e  p a r t s  o f  th e  
v e i n s  and l i m i t e d  s u b s u r f a c e  in f o r m a t io n  c a u se  prob lem s i n  th e  e v a l u a t i o n  o f  
th e  d eep er  v e i n s .  A prim ary so u r c e  o f  d a ta  on th e  uranium c o n t e n t  o f  th e  
v e i n s  h a s  b een  th e  o l d  mine dumps. G i l le r m a n  and W hitebread  (1 9 6 5 )  r e p o r te d  a 
maximum o f  0.24% cU3 0 g from th e  B lack  Hawk Mine dump (O ccu rren ce  31 )  and 
0.15% cU3 0 g from th e  Alhambra Mine dump (O cc u r ren ce  3 3 ) .  Data g a in e d  
d u r in g  t h i s  s tu d y  i n c l u d e  a w a ter  sam ple ta k en  d u r in g  t h e  d e w a te r in g  o f  th e  
B la ck  Hawk s h a f t  ( 4 0  ppb cU3 0 g; MLM 1 0 3 ) .  A sam ple  (MLM 0 3 1 )  from a dump 
a lo n g  th e  main v e i n  a t  t h e  B lack  Hawk Mine c o n t a in e d  0.22% U3 0 g . Two 
sa m p les  ta k en  from th e  B la c k  Hawk s h a f t  a t  a d ep th  o f  50 m c o n t a in e d  640 ppm 
cUgOg (MLM 1 2 6 )  and 404  ppm cUgOg (MLM 1 2 7 ) .  A dump sam ple from t h e  
Alhambra M ine, p r o b a b ly  from th e  1 5 0 - f t  l e v e l ,  c o n ta in e d  th e  maximum v a lu e  
o b ta in e d  in  a r e a  B, 0.353% cUgOg (MLM 1 3 2 ) .  A lth ou gh  G il le r m a n  ( 1 9 6 4 ,
1 9 6 8 )  d id  n ot  p r o v id e  any a n a l y t i c a l  d a t a ,  h i s  d e s c r i p t i o n s  o f  th e  abundance  
and h a b i t  o f  u r a n i n i t e  in  th e  d eep er  l e v e l s  o f  t h e  Alhambra Mine i n d i c a t e d
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TABLE 2 .  SELECTED ANALYSES OF ROCK SAMPLES 
FROM THE BLACK HAWK REGION

Sample 
n o .

MLM 126

MLM 127

MLM 132

A n a ly s e s

MLM 030  369 ppm W, 899 ppm Zn, 13 ppm cUaOg

MLM 031 14 ppb Au, 583 ppm Ag, 5760 ppm A s,
261 ppm Cd, 139 ppm Co, 151 ppm Cu,
182 ppm L i ,  637 ppm N i ,  5160 ppm Pb,
107 ppm W, 9220 ppm Zn, 534 ppm Zr,
2200 ppm cUgOg

53 ppm Co, 92 ppm Cr, 259 ppm Cu,
27 ppm Mo, 69 ppm N i ,  7980 ppm Pb,
78 ppm S c ,  24 ppm Sn, 9230 ppm Zn,
185 ppm Zr, 551 ppm F, 640 ppm cUgOg

81 ppm Co, 109 ppm Cr, 15 ppm Mo,
266 ppm N i ,  1970 ppm Pb, 26 ppm S c ,  
2790 ppm Zn, 150 ppm Zr, 935 ppm F, 
404 ppm cUsOs

758 ppm Ag, 10300  ppm As, 1190 ppm
Cd, 616 ppm Co, 279 ppm Cr, 82 ppm
Mo, 733 ppm N i ,  2600 ppm Pb, 479ppm
Sb, 3640 ppm Z r ,  710 ppm F, 3530  
ppm cUaOe
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t h a t  uranium v a l u e s  e x c e e d in g  s e v e r a l  p e r c e n t  a r e  n o t  u n l i k e l y  a t  d e p th .  
Thorium v a l u e s  a re  s l i g h t l y  e l e v a t e d  ov er  background l e v e l s  but commonly a re  
low  (maximum 42 ppm eTh, MLM 1 3 2 ) .  The dump s a m p le s ,  a s  would be e x p e c t e d ,  
have a cU/eU r a t i o  o f  >1. A sample from th e  B lack  Hawk s h a f t  which had been  
ex p o sed  to  mine w a ter  f o r  y e a r s  c o n ta in e d  404 ppm CU3 O8  and 584 ppm eU 
(MLM 1 2 7 ) .

The so u r c e  and age o f  th e  uranium a re  u n c e r t a in .  The t im e  o f  m agm atic-  
h y d ro th erm a l uranium m i n e r a l i z a t i o n  w i t h i n  a r e a  B i s  unknown. I t  c o u ld  have  
tak en  p la c e  d u r in g  e i t h e r  o f  th e  two major p e r io d s  o f  m e t a l l i z a t i o n  in  th e  
r e g io n — th e  Laramide and th e  m id- to  l a t e  T e r t i a r y .  Uranium i s  s p a t i a l l y
a s s o c i a t e d  w i th  an i n t r u s i v e  body o f  m o n zo n ite  porphyry t h a t  d o e s  n o t  seem to
be an a d eq u a te  s o u r c e  f o r  th e  h ydroth erm al s o l u t i o n s .  No f u r t h e r  c o n c l u s i o n s  
than  t h a t  a re  p o s s i b l e  w i th  th e  p r e s e n t  d a t a .  I t  can  be s p e c u l a t e d  t h a t  th e  
m argins o f  th e  i n t r u s i v e  body o f  m o n zo n ite  porphyry  c o u ld  have a c t e d  as  
p h y s i c a l  b a r r i e r s  o r  g u id e s  to  a s c e n d in g  u ra n iu m -b e a r in g  h y d ro th erm a l  
s o l u t i o n s  d e r iv e d  from some unknown i n t r u s i v e  body a t  d e p t h .

The age o f  th e  m o n zo n ite  porphyry  i s  u n c e r t a i n .  On th e  b a s i s  o f  i n d i r e c t  
g e o l o g i c  c o r r e l a t i o n s  and b e c a u s e  o f  th e  p r e s e n c e  o f  numerous Laramide  
i n t r u s i v e  b o d i e s  i n  th e  r e g i o n ,  G i l le r m a n  and W hitebread  (1 9 5 6 )  a s s ig n e d  a 
Laramide age to  th e  p orp hyry . C o n v e r s e ly ,  Wahl (1 9 8 0 )  n o ted  t h a t  th e  porphyry
i s  c h e m ic a l ly  d i s s i m i l a r  to o t h e r  Laramide i n t r u s i v e s  i n  th e  a re a  and i s
s p a t i a l l y  l o c a t e d  in  t h e  c o r r e c t  a r e a  ( o u t e r  rim o f  S ch o o lh o u se  Mountain  
r i n g - f r a c t u r e  z o n e ,  P I .  1 0 )  to  be g e n e r a l l y  r e l a t e d  to th e  m id - T e r t ia r y  
e p i s o d e  o f  v o lc a n is m  t h a t  formed t h e  S ch o o lh o u se  M ountain C a ld era  ( P I .  1 0 ) .
In a d d i t i o n ,  Wahl ( 1 9 8 0 )  p o in te d  out t h a t  th e  porphyry i s  p e t r o g r a p h i c a l l y  
e q u i v a l e n t  to  an a l t e r e d  s u b v o l c a n i c  i n t r u s i v e .

As th e  o u t e r  m argin  o f  t h e  m o n zo n ite  porphyry i n t r u s i v e  body i s  c u t  by a 
few  v e i n s ,  some o f  th e  v e i n s ,  a t  l e a s t ,  a r e  p o s t -m o n z o n i t e  p o rp h y ry .  Many 
w o r k e rs ,  i n c l u d i n g  G il ler m a n  and W hitebread  (1 9 5 6 )  and Wahl ( 1 9 8 0 ) ,  have been  
im p ressed  w i t h  th e  s p a t i a l  a s s o c i a t i o n  o f  th e  v e i n s  w i t h  th e  m o n zo n ite  
porphyry and have p o s t u la t e d  a g e n e t i c  a s s o c i a t i o n .  T h e r e f o r e ,  i f  th e  
porphyry i s  m id - T e r t ia r y  i n  age and g e n e t i c a l l y  a s s o c i a t e d  w i t h  th e  
S ch o o lh o u se  M ountain  C a ld era  as  Wahl (1 9 8 0 )  s u g g e s t e d ,  th e n  th e  uranium in  
a r e a  B would be g e n e t i c a l l y  r e l a t e d  to  th e  m i d - T e r t ia r y  e p i s o d e  o f  uranium  
m i n e r a l i z a t i o n  which  formed th e  m agm a tic -h y d ro th erm a l uranium d e p o s i t s  to  th e  
n o r th  ( s e e  d i s c u s s i o n  o f  f a v o r a b le  a r e a  D, N o r th e rn  B ig  Burro and L i t t l e  Burro  
M o u n ta in s ) .

However, c h e m ic a l  d a ta  r e g a r d in g  th e  porphyry do n ot  i n d i c a t e  t h a t  th e  
porphyry  was th e  s o u r c e  o f  th e  hydroth erm al s o l u t i o n s  w hich  formed th e  uranium  
o c c u r r e n c e s  o f  a r e a  B. The porphyry has  low  c h e m ic a l-u r a n iu m ,  e q u i v a l e n t -  
uranium , and thorium  c o n t e n t s — 1 ppm eU, 3 ppm eTh, and l e s s  th an  1 ppm 
CU3 O8  (MLM 0 2 6 ) .  The Th/U r a t i o  i s  low  ( 3 ) ,  and t h e  cU/eU r a t i o  i s  c l o s e  
t o  1 .  A r a d io m e t r i c  t r a v e r s e  o f  th e  porphyry i n d i c a t e s  t h a t  t h e s e  v a l u e s  a re  
t y p i c a l .  F lu o r in e  i s  lo w  (< 2 0 0  ppm), th e  F e 2 0 3 - t o - F e 0  r a t i o  i s  low  
( 0 . 5 3 ) ,  and th e  in d e x  o f  ig n e o u s  d i f f e r e n t i a t i o n  (N a 2 0  +  K2 O/AI 2 O3 ) i s  
low  ( 0 . 5 8 ) .  T hese d a ta  do n o t  meet th e  c r i t e r i a  t h a t  Mathews (1 9 7 8 a )  l i s t e d  
a s  c h a r a c t e r i s t i c  o f  i n t r u s i v e  b o d ie s  t h a t  have g e n e r a te d  u ra n iu m -b ea r in g  
h ydroth erm al s o l u t i o n s .  Mathews (1 9 7 8 a )  i n d i c a t e d  t h a t  h ig h  uranium , th o r iu m ,  
and f l u o r i n e  c o n t e n t s ,  a h ig h  Th/U r a t i o ,  a Na2 0  +  K2 O /A I 2 O3  r a t i o  o f  
g r e a t e r  th a n  1 , and a h ig h  F e 2 0 3 - to -F e O  r a t i o  a re  t h e  c h a r a c t e r i s t i c s  o f
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an i n t r u s i v e  body w hich  may h ave  g e n e r a te d  u ra n iu m -b e a r in g  magraatic-  
h ydroth erm al s o l u t i o n s .  A cU/eU r a t i o  o f  c l o s e  t o  1 i n d i c a t e s  t h a t  th e  low  
uranium c o n t e n t  o f  th e  porphyry i s  not due to  l o s s  o f  uranium cau sed  by 
w eather  p r o c e s s e s .  D e s p i t e  th e  s p a t i a l  r e l a t i o n s h i p  b etw een  th e  uranium -  
b e a r in g  v e i n s  o f  a r e a  B and th e  i n t r u s i v e  p o rp h y ry ,  i t  seem s t h a t  th e  porphyry  
was not th e  s o u r c e  o f  o r e  s o l u t i o n s .

Ore p a r a g e n e s i s  (G i l le r m a n ,  1 9 6 8 ) ,  a l th o u g h  u n c e r t a i n ,  seems to  i n d i c a t e  
t h a t  uranium d e p o s i t i o n  fo l lo w e d  d e p o s i t i o n  o f  s i l v e r ,  n i c k e l ,  and c o b a l t  
a r s e n i d e s  and p reced ed  s u l f i d e  d e p o s i t i o n .  D e p o s i t i o n a l  mechanisms were  
p ro b a b ly  r e l a t e d  to  d e c r e a s i n g  oxygen  f u g a c i t y  o f  th e  s o l u t i o n s  cau sed  by 
d e c r e a s e s  o f  tem p era tu re  and p r e s s u r e ,  o r  by d e s t r u c t i o n  o f  uranium -  
t r a n s p o r t i n g  co m p lex es  by pH ch a n g es  o r  by r e a c t i o n s  b etw een  s o l u t i o n s  and 
w a l l  r o c k s .  G i l le r m a n  (1 9 6 8 )  s u g g e s t e d  t h a t  b o th  p h y s i c a l  and c h e m ic a l  
p r o p e r t i e s  o f  th e  q u a r tz  d i o r i t e  g n e i s s  made i t  th e  p r e f e r r e d  h o s t  r o c k .  A 
fa v o r a b le  p h y s i c a l  p r o p e r ty  o f  t h e  g n e i s s  was i t s  r e s p o n s e  to  f r a c t u r i n g ,  
which r e s u l t e d  in  l a r g e r  open s p a c e s  a lo n g  th e  f a u l t s  th a n  a lo n g  f a u l t s  i n  
o t h e r  ro ck  t y p e s .  A lth ou gh  r e p la c e m e n t  o f  w a l l  r o c k s  by th e  v e i n  s o l u t i o n s  
was m inor (G i l l e r m a n ,  1 9 6 8 ) ,  th e  c h e m ic a l  e f f e c t  o f  th e  g n e i s s  on th e  o re  
d e p o s i t i o n a l  p r o c e s s  i s  s u g g e s t e d  by th e  a l t e r a t i o n  p a t t e r n s .  The g n e i s s ,  
where cu t  by v e i n s ,  i s  i n t e n s e l y  a r g i l l i z e d ,  s e r i c i t i z e d ,  an d , w here u r a n i n i t e  
i s  p r e s e n t ,  i r o n  s t a i n e d  and c u t  by h e m a t i t e  v e i n l e t s .  W a l l - r o c k  a l t e r a t i o n  
i s  much l e s s  i n t e n s e  where th e  v e i n s  c u t  o t h e r  ro ck  t y p e s .

F a v o r a b le  Area

The main g u id e  on t h e  e x t e n t  o f  a re a  B i s  t h e  e m p i r i c a l  s p a t i a l  
r e l a t i o n s h i p  b etw een  th e  v e i n s  and th e  m o n zo n ite  porphyry  i n t r u s i v e .  A lth ou gh  
u ra n iu m -b e a r in g  v e i n s  a r e  known to  be p r e s e n t  p r im a r i ly  on th e  s o u t h e a s t e r n  
s i d e  o f  th e  p o rp h y ry ,  t h e r e  i s  no known g e n e t i c  r e a s o n  why s i m i l a r  v e i n s  co u ld  
n ot o cc u r  on t h e  o th e r  s i d e s .  The d i s t a n c e  outward from th e  porphyry i n t o  t h e  
Precam brian  c o u n tr y  ro ck  t h a t  i s  f a v o r a b l e  was e s t im a t e d  from th e  mapped v e i n  
d e n s i t y  on th e  s o u t h e a s t  s i d e  o f  th e  i n t r u s i o n  (G i l le r m a n  and W h iteb rea d ,  
1 9 5 6 ) .  G i l le r m a n  and W hitebread  (1 9 5 6 )  i n d i c a t e d  t h a t  th e  g r e a t e s t  number o f  
v e i n s  and th e  v e i n s  w i th  t h e  g r e a t e s t  amount o f  o r e  m in e r a l s  a r e  l o c a t e d  
w i t h i n  a p p r o x im a te ly  1000 m o f  th e  i n t r u s i v e  c o n t a c t .  The o u t e r  m argin  o f  
a re a  B i s  a r b i t r a r i l y  drawn 2000 m from th e  i n t r u s i v e  c o n t a c t .  The b u lk  o f  
th e  porphyry i s  u n fa v o r a b le  f o r  uranium d e p o s i t i o n ,  but some v e i n s  a r e  known 
to  occu r  a lo n g  th e  o u t e r  m arg in  o f  th e  p o rp h y ry .  The in n e r  boundary o f  a re a  B 
i s  a r b i t r a r i l y  drawn a p p r o x im a te ly  300 m on th e  porphyry s i d e  o f  th e  porphyry  
i n t r u s i v e  c o n t a c t .  The doughnut sh a p e  o f  a re a  B around t h e  porphyry i s  
f u r t h e r  m o d i f i e d  by t h r e e  f a c t o r s :  F i r s t ,  t h e  P recam brian  m etam orphic ro ck s
o f  th e  B u l la r d  Peak s e r i e s  a re  u n f a v o r a b le .  Second, n o r t h -  to  n o r t h e a s t -  
tr e n d in g  f a v o r a b l e  s t r u c t u r e s  a r e  more l i k e l y  t o  o ccu r  on th e  e a s t  and w e st  
s i d e s  o f  th e  porphyry th a n  on t h e  n o r th  and so u th  s i d e s .  T h ir d ,  t h e r e  i s  a 
b lo c k  o f  Precam brian  q u a r tz  d i o r i t e  g n e i s s  (p e r h a p s  a x e n o l i t h )  w i t h i n  th e  
porphyry t h a t  i s  a l s o  c o n s id e r e d  f a v o r a b l e  ( P I .  1 0 ) .

2
Area B c o v e r s  1 0 . 9  km , and th e  f a v o r a b l e  en v iro n m en t i s  a t  t h e  

s u r f a c e .  T h ic k n e s s  o f  th e  f a v o r a b l e  en v iro n m en t i s  th e  p r o j e c t e d  d ep th  o f  th e  
v e i n s .  A v e i n  (O ccu rren ce  3 1 )  i s  known to  r e a c h  a d ep th  o f  200 m w ith  no 
i n d i c a t i o n s  o f  d e c r e a s e  i n  v e i n  s i z e  o r  i n t e n s i t y  o f  m i n e r a l i z a t i o n .  P r o j e c t e d  
v e i n  d ep th  i s  e s t im a t e d  a t  500 m. Land s t a t u s  o f  a r e a  B i s  n a t i o n a l  f o r e s t  
and p a te n te d  la n d .

29



AREA C: LATE CENOZOIC LACUSTRINE ROCKS OF THE UPPER SAFFORD BASIN

A rea C ( P I .  1 ) ,  w h ich  i s  i n  th e  s o u t h e a s t e r n  p a r t  o f  th e  upper S a ffo rd  
B a s in ,  i s  f a v o r a b le  fo r  uranium d e p o s i t s  i n  v o l c a n i c l a s t i c  l a c u s t r i n e  ro c k s  
( C l a s s  5 4 0 ) .  T h e re ,  f a v o r a b l e  m udstone and c a r b o n a te  h o s t  r o c k s  h a v e ,  b eca u se  
o f  in c lu d e d  o r g a n i c  m a t e r i a l  and com plex  i n t e r f i n g e r i n g  r e l a t i o n s h i p s  among 
perm eable  b ed s  and im p erv io u s  s t r a t a ,  a c a p a c i t y  to  t r a p ,  r e d u c e ,  and p r e s e r v e  
uranium. Uranium may have been  d e r iv e d  from t u f f a c e o u s  m a t e r i a l  in  th e  h o s t  
s e d im e n t s ,  from in t e r b e d d e d  v i t r i c  t u f f s ,  o r  from th e  p re d o m in a n t ly  f e l s i c  and 
i n t e r m e d ia t e  v o l c a n i c  r o c k s  o f  th e  a d ja c e n t  m o u n ta in s .  Complex s t r a t i g r a p h i c  
r e l a t i o n s h i p s  among h o s t  s e d im e n ts  and t r a n s m i s s i v e  b e d s ,  numerous l o c a l  
d e p r e s s i o n s  in  t h e  b ed ro ck  s u r f a c e ,  and th e  p r e s e n c e  o f  vanadium in  th e  h o s t  
s e d im e n ts  f a v o r  a p r e s e r v a t i o n  o f  s i g n i f i c a n t  amounts o f  uranium in  th e  n ea r ­
s u r f a c e ,  l a r g e l y  o x i d i z e d  en v iro n m en t .

G eo lo g y  o f  th e  Upper S a f f o r d  B a s in

The upper S a f fo r d  B a s in  i s  a d e p o s i t i o n a l  s u b b a s in  o f  th e  e x t e n s i v e  San 
Simon V a l l e y  (H arbour, 1 9 6 6 ) ,  a major n o r t h w e s t - t r e n d i n g  s t r u c t u r a l  tro u g h  
formed d u r in g  th e  l a t e  C en o zo ic  B a s in  and Range d i s t u r b a n c e .  The upper  
S a ffo r d  B a s in  i s  bounded on th e  n o r th  and e a s t  by th e  P e l o n c i l l o  and W h it lo ck  
M o u n ta in s ,  w hich  a r e  composed m a in ly  o f  i n t e r m e d i a t e -  to  f e l s i c - c o m p o s i t i o n  
v o l c a n i c  ro c k s  o f  T e r t ia r y  a g e .  On th e  w e s t ,  th e  b a s in  i s  f la n k e d  by th e  
P in a le n o  M o u n ta in s ,  a range c o n s i s t i n g  p re d o m in a n t ly  o f  Precam brian  
rae tased im en tary  and m e ta - ig n e o u s  r o c k s .  The b a s i n ,  open to th e  n o r th w e s t  and 
s o u t h ,  m erges w i t h  a s e r i e s  o f  p o o r ly  c o n n ec ted  b a s in s  t h a t  a r e  a l i g n e d  
ro u g h ly  p a r a l l e l  to  t h e  B a s in  and R an ge-C olorado  P l a t e a u  boun d ary . F e th  and 
Hem (1 9 6 3 )  p o in te d  out t h a t  t h i s  s e r i e s  o f  b a s i n s ,  whose o v e r a l l  d i s t r i b u t i o n  
e x te n d s  n o rth w estw a rd  about 800 km from Chihuahua, M e x ic o ,  to  t h e  mouth o f  th e  
Grand Canyon, a r e  i n  p a r t  f i l l e d  w i t h  t h i c k  l a c u s t r i n e  d e p o s i t s .

The upper S a f fo r d  B a s in  c o n t a i n s  r e l a t i v e l y  f l a t - l y i n g  b a s i n - f i l l  
d e p o s i t s ,  more th a n  1200 m t h i c k ,  w hich  ran ge  in  age from l a t e  M iocene to  
e a r l y  P l e i s t o c e n e .  The lo w er  p a r t  o f  th e  b a s in  f i l l ,  w h ich  i s  l a r g e l y  
u n e x p o se d ,  c o n s i s t s  o f  b a s a l  c o n g lo m e r a te  t h a t  g r a d e s  b o th  upward and 
l a t e r a l l y  i n t o  nonm arine e v a p o r i t e s  and g r e e n ,  r e d ,  and y e l l o w  c l a y s t o n e  and 
s i l t s t o n e  (H arbour, 1 9 6 6 ) .  The upper p o r t i o n  o f  t h e  b a s in  f i l l  c o n s i s t s  o f  
e x t e n s i v e  c o n g lo m e r a te  to  s a n d y - s i l t  d e p o s i t s  o f  f l u v i a l ,  a l l u v i a l - f a n , and 
mudflow o r i g i n s .  O ccu rr ing  n ea r  th e  to p  o f  th e  upper b a s i n - f i l l  seq u en ce  i s  
an a r e a l l y  r e s t r i c t e d  seq u en ce  o f  l i g h t - c o l o r e d ,  f i n e - g r a i n e d  t u f f a c e o u s  rock s  
(H arbour, 1 9 6 6 ) .  In a d d i t i o n  to  b e in g  q u i t e  d i s t i n c t i v e  l i t h o l o g i c a l l y ,  th e s e  
t u f f a c e o u s  ro c k s  a r e  a l s o  uranium b e a r i n g .

S t r a t ig r a p h y  and L i t h o l o g y  o f  F a v o r a b le  T u f fa c e o u s  L a c u s t r i n e  Rocks

An i n t e r s t r a t i f i e d  seq u en ce  o f  t u f f a c e o u s  m u d sto n e ,  c a r b o n a t e ,  and 
d ia t o m i t e  and m inor s a n d s to n e  and v i t r i c  t u f f  e x t e n d s  th ro u g h o u t  th e  n o r th e r n  
and w e s te r n  p iedm ont o f  th e  W h it lo ck  M ountain  ra n g e  (H arbour, 1 9 6 6 ) .  T h is  
B lancan  ( l a t e  P l i o c e n e )  age  (L in d s a y ,  1 9 7 8 )  t u f f a c e o u s  a s se m b la g e  i s  
p a r t i c u l a r l y  w e l l  ex p o sed  in  th e  Dry M ou n ta in -1 1 1  Ranch a r e a ,  a t  th e  
n o r th w e s t e r n  end o f  th e  W h it lo c k  ran ge  ( C la y ,  1960; S e f f ,  1 9 6 2 ) .  T h ere ,  th e  
t u f f a c e o u s  b ed s  r e s t  d i r e c t l y  on T e r t ia r y  r h y o l i t i c  and minor a n d e s i t i c  bed
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r o c k ,  w hich  i s  w i d e l y  ex p o sed  i n  th e  a d j a c e n t  W h it lo c k  ran ge  (Wynn, 1 9 8 1 ) .  
C o n s id e r a b le  r e l i e f  o f  t h i s  b ed ro ck  s u r f a c e  ( P I .  12 )  a c c o u n ts  fo r  r a p id  
t h i c k n e s s  ch a n g es  i n  th e  o v e r l y i n g  t u f f a c e o u s  s t r a t a ;  s u r f a c e  e x p o s u r e s  v a ry  
from a few  m e ter s  t h i c k  in  t h e  v i c i n i t y  o f  p a r t i a l l y  b u r ie d  b ed ro ck  knobs to  
more than  50 m t h i c k  i n  a r e a s  a s h o r t  d i s t a n c e  away from th e  p r o tu b e r a n c e s .  
Maximum t h i c k n e s s  o f  th e  t u f f a c e o u s  seq u en ce  i s  e s t im a t e d  a t  about 100 m.

The p e t r o lo g y  and s t r a t i g r a p h y  o f  th e  t u f f a c e o u s  s e d im e n ts  have been  
d i s c u s s e d  a t  l e n g t h  by C lay (1 9 6 0 )  and S e f f  ( 1 9 6 2 ) .  O v e r a l l ,  th e  t u f f a c e o u s  
a ssem b la g e  i s  d om inated  by g r e e n ,  brown, and r e d d is h -b r o w n  mudstone u n i t s .  
These r e l a t i v e l y  im p e r v io u s  m u d stones  commonly g rad e  i n t o ,  and a r e  c o m p le x ly  
i n t e r s t r a t i f i e d  w i t h ,  more p erm ea b le ,  commonly h i g h l y  f r a c t u r e d ,  g r a y i s h - w h i t e  
m i c r i t i c  c a r b o n a t e s  and h i g h l y  p orou s  and perm eab le  d ia t o m i t e  b e d s .  T h ic k -  
bedded or n o d u la r  c h e r t  o c c u r s  th ro u g h o u t  th e  s t r a t i g r a p h i c  s e c t i o n .  A l l  rock  
ty p e s  a r e  c h a r a c t e r i z e d  by a s i g n i f i c a n t  t u f f a c e o u s  com pon en t,  w h ich  i s  
p a r t i a l l y  d e v i t r i f i e d  and commonly a l t e r e d  to  m o n t m o r i l l o n i t e  o r  z e o l i t e s .  
M oreover ,  a l l  ro ck  t y p e s  a l s o  c o n t a i n  a n g u la r  s i l t -  t o  f i n e - s a n d - s i z e d  g r a in s  
o f  q u a r tz ,  s a n i d i n e ,  p l a g i o c l a s e ,  and a l t e r e d  v o l c a n i c  ro c k  fra g m en ts  t h a t  
r e f l e c t  th e  n earb y  v o l c a n i c  p r o v e n a n c e .  C arbonaceous m a t e r i a l  i s  p r e s e r v e d  in  
s m a l l  amounts in  t h e  m udstone u n i t s ,  b ut im p r e s s io n s  o f  p la n t  d e t r i t u s  and 
s i l i c i f i e d  r o o t  and stem c a s t s  a r e  commonly found th ro u g h o u t  th e  m u d stone ,  
c a r b o n a t e ,  and d ia t o m i t e  b e d s .  The t u f f a c e o u s  m u d s t o n e - c a r b o n a te -d ia t o r a i t e  
a ssem b la g e  g r a d e s  l a t e r a l l y  (b a s in w a r d )  i n t o  m o s t ly  l i g h t - b r o w n  to  l i g h t -  
re d d ish -b r o w n  s i l t s t o n e ,  f i n e - g r a i n e d  s a n d s t o n e ,  and p eb b ly  s a n d s t o n e ,  a rock  
a s s o c i a t i o n  t h a t  c h a r a c t e r i z e s  th e  ex p o sed  b a s in  f i l l  th ro u g h o u t  much oE unper  
S a f fo r d  B a s in .  Near t h e  ran ge  f r o n t ,  th e  t u f f a c e o u s  r o c k s  g rad e  downward i n t o  
r e l a t i v e l y  d a rk er  c o l o r e d ,  c o a r s e -  to  f i n e - g r a i n e d ,  a n g u l a r ,  p o o r l y  s o r t e d ,  
l o c a l l y  d e r iv e d  v o l c a n i c l a s t i c  r o c k s .

The l i g h t - c o l o r e d  t u f f a c e o u s  r o c k s  were d e p o s i t e d  w i t h i n  an a r e a l l y  
r e s t r i c t e d  l a c u s t r i n e  en v iro n m en t  under r e l a t i v e l y  c o o l  and humid p a le o -  
c l i m a t i c  c o n d i t i o n s  (H arbour, 1966; S e f f ,  1 9 6 2 ) .  The t h i c k  (up to  6  m ) , 
l a t e r a l l y  p e r s i s t e n t  c a r b o n a te  b ed s  w i t h  abundant a q u a t ic  and minor  
t e r r e s t r i a l  i n v e r t e b r a t e  f o s s i l s ,  i n  c o n j u n c t i o n  w i th  th e  t h i c k  ( 1 0  m) 
d i a t o m i t e s ,  p r o v id e  good e v id e n c e  f o r  a w e l l - d e v e l o p e d  l a c u s t r i n e  e n v ir o n m e n t .  
The p r e s e n c e  o f  i n t e r f i n g e r i n g  and in te r b e d d e d  m u d sto n e s ,  w i th  abundant  
e v id e n c e  o f  p la n t  m a t e r i a l ,  i n d i c a t e s  t h a t  p a lu d a l  ( o r  marsh) en v iro n m en ts  
c o - e x i s t e d  or a l t e r n a t e d  w ith  t h e  l a c u s t r i n e  s e t t i n g .

Evidence o f  Uranium F a v o r a b i l i t y

P o s s i b l e  uranium s o u r c e  r o c k s  f o r  th e  l a c u s t r i n e - p a l u d a l  ro ck s  o f  th e  
upper S a f fo r d  B a s in  i n c l u d e  r h y o l i t i c  and m inor i n t e r m e d ia t e  v o l c a n i c  r o c k s  i n  
th e  a d j a c e n t  W h it lo c k  M o u n ta in s ,  v i t r i c  a i r - f a l l  t u f f s  in t e r b e d d e d  in  th e  h o s t  
s e c t i o n ,  and t u f f a c e o u s  m a t e r i a l  w i t h i n  t h e  h o s t  and a s s o c i a t e d  s e d im e n t s .  
R h y o l i t e ,  w h ich  i s  ex p o sed  a s  b ed ro ck  knobs and in  th e  a d j a c e n t  r a n g e ,  i s  
t h e o r e t i c a l l y  a good s o u r c e  o f  uranium . However, on t h e  b a s i s  o f  c a l c u l a t e d  
cU 3 0 g /e U 3 0 g r a t i o s  (MLM 33 2 ,  MLM 33 5 ,  T a b le  3 ) ,  t h e  r h y o l i t e  d o e s  n ot  
appear to  have  b een  d e p l e t e d  o f  much o f  i t s  o r i g i n a l  uranium. In ter b e d d ed  
a i r - f a l l  t u f f s  o f  r e l a t i v e l y  m inor volum e appear  f r e s h  and p ro b a b ly  a l s o  s t i l l  
c o n t a i n  m ost o f  t h e i r  o r i g i n a l  uranium (MLM 3 3 0 ,  T ab le  3 ) .  A more p l a u s i b l e  
uranium s o u r c e  i s  th e  t u f f a c e o u s  d e t r i t u s  w i t h i n  th e  h o s t  and a s s o c i a t e d  
se d im e n ta r y  r o c k s .  P e t r o g r a p h ic  s t u d i e s  o f  t h e  l a c u s t r i n e  and a s s o c i a t e d
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rocks show t h a t  a l t e r e d  t u f fa c e o u s  m a te r ia l  i s  a major c o n s t i t u e n t  o f  a l l  
rocks w ith in  the  assem b lage . Furthermore, th e  presence  in  most sed im ents  o f  
la r g e  amounts o f  m o n tm o r i l lo n i t e , which i s  commonly d er iv ed  from the  
a l t e r a t i o n  of v o l c a n ic  m a t e r ia l ,  i s  i n d i c a t i v e  o f  e x t e n s iv e  a l t e r a t i o n  o f  the  
d e t r i t a l  tu f fa c e o u s  component. M oreover, the  widespread occu rren ce  o f  c h er t  
s u g g e s t s  a o n c e - p l e n t i f u l  supp ly  o f  s i l i c a  and provides  yet  fu r th e r  ev id en ce  
fo r  e x t e n s iv e  d e v i t r i f i c a t i o n  and a l t e r a t i o n  o f  th e  tu f fa c e o u s  d e t r i t u s .

D e v i t r i f i c a t i o n  d u r in g  d i a g e n e s i s  o f  th e  s e d im e n ts  may h a v e ,  i n  a d d i t i o n  
to  r e l e a s i n g  l a r g e  amounts o f  s i l i c a ,  r e l e a s e d  l a r g e  amounts o f  uranium .  
I n t e r s t i t i a l  w a te r  e x p e l l e d  by th e  c o m p a c t io n  and d e w a te r in g  o f  th e  l a r g e l y  
c a l c a r e o u s  se d im e n ts  was p ro b a b ly  a l k a l i n e ,  which  would have made i t  a good  
t r a n s f e r  medium f o r  h e x a v a le n t  uranium (D eV o to ,  1 9 7 8 ) .  Uranium i n  s o l u t i o n  
c o u ld  have b een  r e a d i l y  t r a n s p o r t e d  th rou gh  porous and perm eab le  d i a t o m i t e ,  
t u f f ,  s a n d s t o n e ,  and b r e c c i a t e d  c a r b o n a te  u n i t s  t h a t  a r e  in t e r b e d d e d  w i t h ,  and 
i n t e r f i n g e r  w i t h ,  h o s t  m udstone and c a r b o n a te  u n i t s .  D i f f e r e n t i a l  
p e r m e a b i l i t y ,  r e s u l t i n g  from th e  i n t e r f i n g e r i n g  o f  r e l a t i v e l y  p o ro u s  perm eab le  
u n i t s  w i th  l e s s  p e r v io u s  m udstone and , i n  some c a s e s ,  c a r b o n a te  b e d s ,  may 
impede s o l u t i o n  f l o w ,  th e r e b y  f a v o r in g  th e  c o n c e n t r a t i o n  and p r e c i p i t a t i o n  o f  
uranium where a s u i t a b l e  r e d u c t a n t  i s  e n c o u n te r e d .

The p r e s e n c e  o f  ca r b o n a ce o u s  m a t e r i a l  in  some m udstone b ed s  and th e  
common and w id esp rea d  o c c u r r e n c e  o f  l e a f  and r o o t  im p r e s s io n s  and s i l i c i f i e d  
p la n t  c a s t s  in  a l l  s u r f a c e  ro c k  t y p e s  i n d i c a t e  an abundance o f  p la n t  m a t e r i a l  
i n  th e  p a l e o l a c u s t r i n e  and p a lu d a l  s e t t i n g s .  M oreover ,  o r g a n ic - c a r b o n  
a n a ly s e s  o f  th e  v a r i o u s  ex p o sed  ro ck  t y p e s  c o n f ir m  th e  p r e s e n c e  o f  minor  
amounts (0.04%  to  0.31% ) o f  o r g a n ic  ca rb o n  (T a b le  3 )  in  th e  o x i d i z e d ,  n ear­
s u r f a c e  e n v iro n m en t .  L im ited  d r i l l i n g  by p r i v a t e  in d u s t r y  in  th e  a r e a  
e n co u n ter ed  m inor amounts o f  o r g a n ic  m a t e r i a l  in  th e  s u b s u r f a c e .  P y r i t e  and 
p y r i t e - r e p l a c e d  p la n t  s tem s were a l s o  e n c o u n te r e d  a t  d ep th  i n  g r e e n i s h -  to  
b ro w n is h -g r a y  m udstone  u n i t s .  T h is  s u g g e s t s  t h a t  reduced  e n v ir o n m e n ts  e x i s t ,  
a t  l e a s t  l o c a l l y ,  in  t h e  s u b s u r f a c e .

Uranium would be q u i t e  m o b ile  in  t h e  h i g h l y  o x i d i z e d ,  n e a r - s u r f a c e  
e n v ir o n m e n t .  However, a p p r e c i a b l e  amounts o f  vanadium in  th e  h o s t  s e d im e n ts  
(T a b le  3 )  e f f e c t i v e l y  s t a b i l i z e  some o f  t h e  uranium a s  c a r n o t i t e  in  th e  
o x i d i z e d  z o n e .  I t  i s  i n t e r e s t i n g  to  n o t e ,  h o w ev e r ,  t h a t  s t u d i e s  to  d e te r m in e  
th e  r e l a t i o n s h i p  b e tw een  c h e m ic a l  and e q u i v a l e n t  U3 0 g (T a b le  3 )  r e v e a l  
t h a t  uranium has u ndergone a p p r e c ia b le  r e m o b i l i z a t i o n .  R e m o b i l i z a t i o n  may 
fa v o r  a s o r t  o f  " m u l t ip l e  m i g r a t i o n - a c c r e t i o n "  s i t u a t i o n  (G ru n er ,  1 9 5 6 ) ,  w ith  
uranium becoming c o n c e n t r a te d  and u l t i m a t e l y  p r e s e r v e d  w i t h i n  fa v o r a b le  
s t r a t i g r a p h i c  or  s t r u c t u r a l  s e t t i n g s .

As d i s c u s s e d ,  r a p id  f a c i e s  ch a n g es  c h a r a c t e r i z e  t h e  t u f f a c e o u s  
l a c u s t r i n e - p a l u d a l  ro ck  a s s e m b la g e .  The com plex  i n t e r f i n g e r i n g  o f  perm eab le  
s t r a t a  and im p e r v io u s  beds may p r o v id e  s t r a t i g r a p h i c  " tra p s"  f a v o r in g  b o th  
uranium p r e c i p i t a t i o n  and p r e s e ir v a t io n .  The h i g h l y  i r r e g u l a r  b ed ro ck  s u r f a c e  
( a s  d ia g r a m m a t ic a l ly  shown i n  P I .  12 )  may a l s o  i n c r e a s e  t h e  l i k e l i h o o d  o f  
uranium c o n c e n t r a t i o n  and p r e s e r v a t i o n .  Uranium, p o s s i b l y  r e m o b i l i z e d  from 
su rro u n d in g  a r e a s ,  c o u ld  become impounded in  f a v o r a b l e  h o s t  s e d im e n ts  w i t h i n  
l o c a l  bed rock  d e p r e s s i o n s .  T h e re ,  th e  uranium m igh t be l e s s  ex p o sed  to  
o x y g en a te d  ground w a te r s  and l e s s  l i k e l y  to  be d i s p e r s e d  a f t e r  p r e c i p i t a t i o n .  
S t r u c t u r a l  c o n t r o l  o f  m i n e r a l i z a t i o n  may a l s o  have b een  im p o r ta n t  i n  a r e a s  o f  
s m a l l - s c a l e ,  n o n t e c t o n i c  f o l d s  and slump f e a t u r e s ,  such  a s  t h o s e  d e v e lo p e d  a t
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th e  V/hite B l u f f s  uranium p r o s p e c t  (O cc u r ren ce  1 6 ) .  Such s t r u c t u r e s  may have  
enhanced t r a n s m i s s i v i t y  and p ro v id ed  s i t e s  f o r  uranium p r e c i p i t a t i o n  among 
a s s o c i a t e d  f r a c t u r e s .

There i s ,  i n  th e  Dry M ou n ta in -111  Ranch a r e a ,  good e v id e n c e  f o r  
w id esp rea d  i n f i l t r a t i o n  o f  u ra n iu m -b e a r in g  s o l u t i o n s  i n t o  t h e  l a c u s t r i n e -  
p a lu d a l  rock  a s s e m b la g e .  Anomalous amounts o f  uranium occu r  i n  a w id e  v a r i e t y  
o f  th e  ex p o sed  f i n e - g r a i n e d  or f i n e l y  c r y s t a l l i n e  r o c k s :  Uranium c o n t e n t s  o f
sampled m udstones  and a s s o c i a t e d  c l a y s t o n e s  ran ge  from 45  t o  750 ppm U3 O8  

( a v e r a g e  o f  t h r e e  sa m p le s :  297 ppm 0 3 0 3 ) 1  t h o s e  o f  t h e  m i c r i t i c  
c a r b o n a t e s ,  34  to  910 ppm 0 3 0 3  ( a v e r a g e  o f  t h r e  sa m p le s :  79 ppm U3 O3 );  
and t h a t  o f  a s i n g l e  sam ple  o f  c h e r t ,  130 ppm U3 O3 . A nom alously  
r a d i o a c t i v e  b e d s ,  w h ich  a r e  w e l l  ex p o sed  a t  th e  W hite B l u f f s ,  F l a t  T i r e ,  and 
o th e r  unnamed o c c u r r e n c e s  (O cc u r ren ce s  1 6 ,  1 7 ,  1 8 ,  and 1 9 ) ,  a v er a g e  about 0 .5  
to  1 . 0  m t h i c k .  In and a d j a c e n t  to  t h e s e  uranium o c c u r r e n c e s ,  th e  r a d i o a c t i v e  
s t r a t a  may be t r a c e d  l a t e r a l l y  f o r  a s  much a s  25 m. Anomalous z o n e s  may have  
e v e n  g r e a t e r  l a t e r a l  e x t e n t s ,  but e x t e n s i v e  s l o p e  d e b r i s ,  w h ich  can  
e f f e c t i v e l y  a t t e n u a t e  r a d i o a c t i v i t y ,  commonly c o v e r s  th e  i n t e r v a l  o f  i n t e r e s t .

In th e  s u b s u r f a c e ,  lo w -g r a d e  ( l e s s  th a n  0.01% e q u i v a l e n t  U3 O3 ) 
anom alous r a d i o a c t i v i t y ,  o v e r  0 . 5 -  to  1 - m - t h ic k  i n t e r v a l s ,  was e n c o u n te r e d  in  
g r e e n i s h - g r a y  m udstone u n i t s  a t  v a r i o u s  d e p t h s .  In  v ie w  o f  t h e  h ig h  uranium  
m o b i l i t y  o b se r v e d  in  th e  s u r f a c e  r o c k s ,  s i g n i f i c a n t  amounts o f  uranium may 
have been t r a n s p o r t e d  dow ndip . W idespread e v id e n c e  o f  d i s e q u i l i b r i u m  in  
s u r f a c e  r o c k s ,  th e  r e l a t i v e  y o u th  o f  u r a n i f e r o u s  s e d im e n t s ,  and th u s  th e  
r e l a t i v e l y  l a t e  m i n e r a l i z a t i o n  may i n d i c a t e  t h a t  uranium i n  th e  s u b s u r fa c e  may 
b e  h i g h l y  ou t o f  e q u i l i b r i u m  w i t h  i t s  d a u g h te r  p r o d u c ts  i n  f a v o r  o f  ch e m ic a l  
U3 O3 . B eca u se  o f  t h e  r e l a t i v e l y  w ide s p a c in g  o f  d r i l l  h o l e s ,  t h e  l a t e r a l  
e x t e n t  o f  th e  anom alous r a d i o a c t i v i t y  i n  th e  s u b s u r f a c e  i s  n o t  known.

C a r n o t i t e  i s  th e  o n ly  uranium m in e r a l  o b serv e d  i n  th e  t u f f a c e o u s  
l a c u s t r i n e  a s s e m b la g e .  I t  i s  commonly a s s o c i a t e d  w ith  l i m o n i t e  and ( o r )  
manganese o x id e  and i s  found a s  e f f l o r e s c e n t  c o a t i n g s  on o u tc r o p  and f r a c t u r e  
s u r f a c e s .  P e t r o g r a p h ic  s tu d y  shows t h a t  t h e  c a r n o t i t e  may be d is s e m in a t e d  
th ro u g h o u t  th e  r o c k  m a t r ix  and may c o a t  c l a s t s  and f i l l  f o s s i l  s h e l l s  a s  w e l l .  
In a d d i t i o n  to  vanadium , u r a n i f e r o u s  sa m p les  a r e  commonly e n r ic h e d  i n  l i t h iu m  
(T a b le  3 ) .  O ther e l e m e n t s  a r e  a l s o  e n r ic h e d  i n  a n o m a lo u s ly  u r a n i f e r o u s  
sa m p les  (T a b le  3 ) ,  b u t  no c h a r a c t e r i s t i c  e l e m e n t a l  a s s o c i a t i o n  i s  a p p a r e n t .

F a v o r a b le  A rea

An a r e a  f a v o r a b l e  f o r  uranium a s s o c i a t e d  w i t h  v o l c a n i c l a s t i c  l a c u s t r i n e  
e n v iro n m en ts  i s  d e f i n e d  a s  t h e  combined s u r f a c e  d i s t r i b u t i o n  o f  th e  t u f f a c e o u s  
l a c u s t r i n e - p a l u d a l  ro ck s  (H arb ou r , 1 9 6 6 )  and th e  e s t im a t e d  s u b s u r f a c e  e x t e n t  
o f  t h e  r o c k s  ( P I .  1 ,  a r e a  C ) .  The f a v o r a b l e  en v iron m en t i s  e s t im a t e d  to  
ex ten d  o v e r  a combined s u r f a c e  and s u b s u r f a c e  a r e a  t o t a l i n g  about 139 km^; 
c o m p o s ite  t h i c k n e s s  o f  t h e  f a v o r a b l e  b ed s  i s  about 12 m. Volume o f  th e  
f a v o r a b l e  en v iro n m en t i s  t h e r e f o r e  e s t im a t e d  to  be 1 .7  km^. The s u b s u r f a c e  
p o r t io n  o f  th e  f a v o r a b l e  en v iron m en t i s  e s t im a t e d  to  e x ten d  to  d e p th s  no 
g r e a t e r  than  100 m. Most o f  th e  land  in  th e  f a v o r a b l e  a r e a  i s  p u b l i c  domain  
a d m in is te r e d  by t h e  Bureau o f  Land Management.
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AREA D; NORTHERN BIG BURRO AND LITTLE BURRO MOUNTAINS

An e a s t - w e s t - t r e n d i n g  s t r i p  a t  th e  n o r th e r n  edge o f  th e  Burro M ountains  
b a t h o l i t h  ( a r e a  D l ,  P I .  1 )  and th e  f a u l t  b lo c k  o f  th e  Burro M ountains  
b a t h o l i t h  i n  th e  a d j a c e n t  L i t t l e  Burro M ountains ( a r e a  D2, P I .  1 )  a r e  
fa v o r a b le  fo r  uranium d e p o s i t s  o f  t h e  m agm a tic -h y d ro th erm a l t y p e  ( C l a s s  3 3 0 ) .  
The f a v o r a b le  h o s t  r o c k s  a r e  Burro M ountains g r a n i t e  and B e a r t o o th  Q u a r t z i t e  
o f  L ate  C r e ta c e o u s  a g e ,  which i n  a r e a  D u nconform ably  o v e r l i e s  th e  g r a n i t e .

Area D i s  f a v o r a b l e  b e c a u s e  th e  h o s t  ro c k  i s  s t r u c t u r a l l y  and c h e m ic a l ly  
f a v o r a b l e  f o r  uranium d e p o s i t i o n .  S t r u c t u r a l  f a v o r a b i l i t y  i s  i n d i c a t e d  by 
numerous f a u l t s  and sh e a r  z o n e s  t h a t  t r a n s e c t  t h e  a r e a .  C hem ical f a v o r a b i l i t y  
i s  i n d i c a t e d  by s i l i c i f i c a t i o n ,  s e r i c i t i z a t i o n ,  a r g i l l i z a t i o n ,  and i r o n  
s t a i n i n g ,  m a in ly  n ea r  v e i n s  in  sh e a r  z o n e s .  The v e i n s  c o n t a i n  s i l i c a ,  
s u l f i d e s ,  anom alous f l u o r i n e ,  and anom alous amounts o f  h ea v y  m e t a l s ,  a l l  o f  
which a r e  c h a r a c t e r i s t i c  o f  m a g m a tic -h y d ro th erm a l uranium d e p o s i t s .  M oreover ,  
an HSSR uranium anomaly i s  p r e s e n t  o v e r  th e  e n t i r e  Burro M ountains b a t h o l i t h .  
The p r o c e s s e s  o f  uranium c o n c e n t r a t i o n  and d e p o s i t i o n  d e m o n s tr a b ly  o c c u r r e d ,  
a s  a r e a  D c o n t a i n s  10 uranium o c c u r r e n c e s  (App. C ) .

The uranium o c c u r r e n c e s  a r e  c h a r a c t e r i z e d  by p rim ary  uranium  m in e r a l s  
h o s te d  by sh e a r  z o n e s  i n  g r a n i t e .  Where th e  s h e a r s  c u t  a r e a s  where B e a r to o th  
Q u a r t z i t e  o v e r l i e s  th e  g r a n i t e ,  m i n e r a l i z a t i o n  o c c u r r e d  a lo n g  th e  sh e a r  in  th e  
g r a n i t e ,  a lo n g  t h e  sh e a r  a s h o r t  d i s t a n c e  up i n t o  t h e  o v e r l y i n g  B e a r to o th  
Q u a r t z i t e ,  and a lo n g  th e  u n c o n fo rm ity  b e tw een  th e  g r a n i t e  and th e  q u a r t z i t e .  
The uranium m i n e r a l i z a t i o n  i s  p o s u la t e d  to  have  o c c u r r e d  d u r in g  m id -  to  l a t e  
T e r t i a r y  t i m e ,  d u r in g  v o lc a n is m  and co n cc sn ita n t  c a l d e r a  d e v e lo p m e n t ,  w hich  
o c c u r r e d  j u s t  to  t h e  n o r th  o f  a r e a  D.

G eo lo g y  o f  F a v o r a b le  A rea

The n o r th e r n  Burro M ountains a r e  s t r u c t u r a l l y  p a r t  o f  th e  W il lo w  Creek  
b lo c k ,  which i s  t h e  n o r th e r n  b lo c k  o f  t h e  l a r g e r  B ig  Burro M ountains b a t h o l i t h  
(G i l le r m a n ,  1 9 7 0 ) .  The n o r th e r n  W il lo w  Creek b lo c k  c o n s i s t s  m a in ly  o f  Burro  
M ountains g r a n i t e ,  which  i n t r u d e s  t h e  B u l la r d  Peak and Ash Creek s e r i e s ,  and 
i s  in t r u d e d  by numerous Laramide and p o s t -L a ra m id e  i n t r u s i v e  b o d i e s  t h a t  range  
in  c o m p o s i t io n  from b a s a l t i c  to  r h y o l i t i c .  At t h e  n o r th  end o f  t h e  ra n g e  ( P I .  
1 0 ) ,  th e  P recam brian  ro c k s  d is a p p e a r  b e n e a th  n o r t h - d ip p in g  C r e ta c e o u s  ro c k s  
and T e r t ia r y  v o l c a n i c  r o c k s .  L ocated  in  th e  v o l c a n i c  r o c k s  n o r th  o f  th e  
n o r th e r n  boundary o f  th e  P recam brian  r o c k s  i s  th e  S ch o o lh o u se  M ountain C a ld era  
( P I .  1 0 ) ,  th e  s u g g e s t e d  s o u r c e  o f  th e  T e r t i a r y  v o l c a n i c s  o f  th e  a r e a  (Wahl,  
1 9 8 0 ) .  To th e  e a s t ,  th e  B ig  Burro M ountain  b lo c k  d ip s  b e lo w  a s o u t h e a s t -  
t r e n d in g  v a l l e y  f i l l e d  w i th  P l e i s t o c e n e  g r a v e l s .  A p p ro x im a te ly  5 km to  t h e  
e a s t  i s  th e  s o u t h e a s t - t r e n d i n g  Mangas f a u l t  t h a t  d ip s  60°  to  8 0 °  so u th w e s t  
and has  an e s t im a t e d  v e r t i c a l  d i s p la c e m e n t  o f  a t  l e a s t  1 ,5 0 0  f t  (G i l le r m a n ,  
1 9 6 4 ) .  U p l i f t  a lo n g  th e  f a u l t  ca u sed  th e  L i t t l e  Burro M ountains ( P I .  1 0 ) .

The L i t t l e  Burro M ountains a r e  a n o r t h - n o r t h e a s t -  to  s o u t h - s o u t h w e s t -  
t r e n d i n g ,  t i l t e d  f a u l t  b lo c k  o f  Precam brian  Burro M ountains g r a n i t e  and 
B u lla r d  Peak m etam orphic ro c k s  o v e r l a i n  by C r e ta c e o u s  s e d im e n ta r y  r o c k s  and a 
t h i c k  seq u en ce  o f  T e r t i a r y  v o l c a n i c  r o c k s .  The s e d im e n ts  and v o l c a n i c s  d ip  
10° to  2 5 °  to  th e  n o r t h e a s t  and r e f l e c t  th e  t i l t i n g  o f  t h e  f a u l t  b lo c k .  At
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th e  s o u th e r n  end o f  th e  L i t t l e  B urros i s  an i n t r u s i v e  mass o f  a l t e r e d  q u a r tz  
m on zon ite  t h a t  i s  p ro b a b ly  g e n e t i c a l l y  r e l a t e d  to  th e  Tyrone s t o c k  (G i l le r m a n ,  
1 9 6 4 ) .

The h o s t  r o c k s  o f  t h e  f a v o r a b le  en v iron m en t i n  b o th  a r e a s  Dl and D2 ( P I .  
1) are  u n d i f f e r e n t i a t e d  P recam brian  Burro M ountains g r a n i t e  and, where  
p r e s e n t .  Upper C r e ta c e o u s  B e a r to o th  Q u a r t z i t e .  The Burro M ountains g r a n i t e  
was d e s c r ib e d  i n  d e t a i l  by H ew it t  ( 1 9 5 9 ) ,  G i l le r m a n  ( 1 9 6 4 ,  1 9 6 7 ,  1 9 6 8 ,  1 9 7 0 ) ,  
Hedlund ( 1 9 7 8 c ,  19 7 8 d ,  1 9 7 8 e ) ,  and e l s e w h e r e  in  t h i s  t e x t  ( a r e a  A, White  
S ig n a l  r e g i o n ) .  In  g e n e r a l ,  t h e  Burro M ountains g r a n i t e  i s  a c o m p o s i t e  rock  
u n i t ;  a l th o u g h  g r a n i t e  i s  th e  m ajor ro ck  t y p e ,  t o n a l i t e ,  g r a n o d i o r i t e , 
p e g m a t i t e ,  and a p l i t e  o c c u r  l o c a l l y  a s  s e p a r a t e  i n t r u s i o n s  and g r a d a t i o n a l  
f a c i e s .  The g r a n i t e  i s  t y p i c a l l y  l e u c o c r a t i c ,  l i g h t  p in k i s h  g ra y  to  ta n ,  
medium to  c o a r s e  g r a i n e d ,  and has  a h y p id io m o r p h ic -g r a n u la r  to  x en o m o rp h ic -  
g r a n u la r  t e x t u r e  t h a t  i s  l o c a l l y  p o r p h y r i t i c .

The Upper C r e ta c e o u s  B e a r t o o th  Q u a r t z i t e  u n con form ab ly  o v e r l i e s  th e  
Precam brian  Burro M ountains g r a n i t e  and i s  ex p o sed  in  a d i s c o n t in u o u s  band 
t r e n d in g  w e s t  to  e a s t  a c r o s s  th e  n o r th e r n  Burro b a t h o l i t h  and th e  L i t t l e  Burro  
M ountains j u s t  s o u th  o f  th e  s o u t h e r l y  e x t e n t  o f  t h e  you nger  T e r t i a r y  v o l c a n i c  
ro ck s  ( P I .  1 0 ) .  The B e a r to o th  forms d ip  s l o p e s ,  c a p s  h i l l s ,  and o u t l i n e s  
t i l t e d  f a u l t  b l o c k s .  The fo r m a t io n  i s  m a in ly  a f i n e -  t o  m ed iu m -g ra in ed ,  g r a y ,  
t h i c k - b e d d e d ,  w e l l - s o r t e d  o r t h o q u a r t z i t e . The q u a r t z i t e  i s  t y p i c a l l y  w e l l  
s t r a t i f i e d  and l o c a l l y  c o n t a i n s  s m a l l - s c a l e  c r o s s - b e d d i n g .  A b a s a l  a rk o se  o r  
a r k o s i c  c o n g lo m e r a te  i s  p r e s e n t  l o c a l l y ,  and 5 -  to  3 0 - c m - t h i c k ,  san dy  s h a le  
beds and t h i c k e r  s a n d s to n e  beds a re  in t e r b e d d e d  w ith  0 . 3 -  t o  4 - m - t h lc k  
q u a r t z i t e  b e d s .  A lth o u g h  ca r b o n a ce o u s  m a t e r i a l  h a s  n o t  b een  r e p o r te d  in  th e  
l i t e r a t u r e ,  i t  h a s  b een  i d e n t i f i e d  in  t h e  b a s a l  p o r t i o n  o f  t h e  B e a r to o th  in  
a r e a s  Dl and D2 (O cc u r ren ce s  27 and 3 6 ) .  G i l le r m a n  (1 9 6 4 )  r e p o r te d  a maximum 
measured t h i c k n e s s  o f  th e  B e a r to o th  i n  a r e a  D o f  36 m. The fo r m a t io n  was 
d e p o s i t e d  in  a t r a n g r e s s i v e , e p i c o n t i n e n t a l  s e a .  The B e a r t o o th  i s  co n fo rm a b ly  
o v e r l a i n  by th e  Upper C r e ta ce o u s  C olorad o  S h a le .  The C r e ta c e o u s  ro ck  u n i t s  
w i t h i n  and n o r th  o f  a r e a  D a r e  o v e r l a i n  by T e r t i a r y  v o l c a n i c  r o c k s .

A rea  D i s  c u t  by fo u r  m ajor f a u l t  s y s te m s  w h ich  tr e n d  n o r t h w e s t ,  
n o r t h e a s t ,  w e s t ,  and n o r t h .  The m ost abundant f a u l t s  a re  t h e  n o r t h w e s t -  
t r e n d in g  f a u l t s ,  w h ich  range i n  s t r i k e  from N. 15° W. to  N. 60° W. Most 
s t r i k e  N. 40°  W. t o  N. 55° W ., and m ost d ip s  ran ge  from 41° t o  85° to  th e  
s o u th w e s t  ( H e w i t t ,  1 9 5 9 ) .  The n o r t h e a s t - t r e n d i n g  f a u l t s  a r e  th e  n e x t  most  
abundant f a u l t s .  They g e n e r a l l y  s t r i k e  from N. 2 0 °  E. t o  N. 75°  E. Some d ip  
up to  65°  SE. and some d ip  up to  6 8 ° NW. The n o r t h -  and w e s t - t r e n d i n g  f a u l t s  
a r e  much l e s s  ab un d ant ,  and th e y  commonly d ip  s t e e p l y .  The w e s t - t r e n d i n g  
f a u l t s  d ip  s t e e p l y  to  th e  n o r t h ,  and th e  n o r t h - t r e n d i n g  f a u l t s  d ip  a lm o st  
v e r t i c a l l y .  B r e c c i a t i o n  and ( o r )  d ev e lo p m en t o f  sh e a r  z o n e s  a lo n g  th e  f a u l t s  
i s  common i n  f a u l t s  o f  a l l  fou r  o r i e n t a t i o n s .  Movement o f  th e  f a u l t s  h as  
t i l t e d  th e  l a r g e  b lo c k s  t h a t  l i e  b etw een  them . C r e ta c e o u s  s e d im e n ts  o f t e n  cap  
such f a u l t  b l o c k s .  D isp la c e m e n t  a lo n g  th e  f a u l t s  h a s  b een  measured i n  e x c e s s  
o f  215 m ( H e w i t t ,  1 9 5 9 ) .  H ew it t  (1 9 5 9 )  i n t e r p r e t e d  t h e  f a u l t s  a s  h a v in g  
o r i g i n a t e d  i n  th e  L aram ide, p erh ap s  f o l l o w i n g  th e  p r e v a i l i n g  s t r u c t u r a l  g r a in  
o f  th e  Precam brian  r o c k s ,  and h a v in g  undergone l a t e r  movements d u r in g  t h e  m id-  
to  l a t e  T e r t i a r y .  The f a u l t  s e t s  range  i n  a g e ,  from o l d e s t  to  y o u n g e s t ,  a s  
f o l l o w s :  n o r t h e a s t - ,  n o r t h w e s t - ,  w e s t - ,  and n o r t h - t r e n d i n g  ( H e w it t ,  1 9 5 9 ) .
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Evidence o f  F a v o r a b i l l t y

That a mechanism f o r  th e  c o n c e n t r a t i o n  and d e p o s i t i o n  o f  uranium In  
m a g m a t lc -h y d r o th e r m a l- ty p e  s y s te m s  w i t h i n  a r e a  D e x i s t s  I s  shown by th e  10 
r e p o r te d  uranium o c c u r r e n c e s  ( P i .  1 0 ) ,  8  o f  w hich  a r e  d e s c r ib e d  In Appendix C 
(O ccu rren ce  2 0 ,  2 2 ,  2 3 ,  2 4 ,  2 7 ,  2 8 ,  3 6 ,  and 3 7 ) .  O ccu rren ces  2 0 ,  Y21, 2 2 ,  2 3 ,  
2 4 ,  Y26, 2 7 ,  and 28 a r e  l o c a t e d  In  a r e a  D l ,  and O ccu rr en ces  36 and 27 a re  
l o c a t e d  In a r e a  D2.

M orphology o f  t h e  uranium o c c u r r e n c e s  I s  t h r e e f o l d :  t a b u la r  v e i n  (Sandy
Group, O ccu rren ce  Y21; S p r i n g f i e l d  C la im s ,  O ccu rren ce  22; and May Day No. 1 
and No. 2 , O ccu rren ce  2 4 ) ,  s t r a t i f o r m  (P r in c e  A lb e r t  No. 2 , O ccu rren ce  2 8 ,  and 
Tunoco M ining Company C la im s ,  O ccu rren ce  3 7 ) ,  and a c o m b in a t io n  o f  t a b u la r  
v e i n  and s t r a t i f o r m  (P u r p le  Rock M ine, O ccurrence  20; Union H i l l  C la im ,  
O ccu rren ce  23; and O il  C e n te r  T o o l  Co. C la im s ,  O ccu rren ce  3 6 ) .  Uranium 
p r e s e n t  In  th e  t a b u l a r - v e l n  h a b i t  I s  h o s te d  by f a u l t  and sh e a r  z o n e s  o f  a l l  
fo u r  f a u l t  o r i e n t a t i o n s  d i s c u s s e d  e a r l i e r .  O ccu rren ces  27 and 36 a r e  w i t h i n  
n o r t h w e s t - t r e n d in g  f a u l t s ;  O ccu rren ces  24 and 20 a re  w i t h i n  n o r t h e a s t - t r e n d i n g  
f a u l t  s y s t e m s .  O ccu rren ce  23 I s  h o s te d  by a w e s t - t r e n d i n g  f a u l t  z o n e ,  and 
O ccurrence  22 I s  h o s te d  by a n o r t h - t r e n d i n g  s h e a r .  The t a b u l a r - v e l n  h a b i t  
o c c u r s  by I t s e l f  o n ly  In  th o s e  p a r t s  o f  a r e a  D w here th e  P recam b rian  ro c k s  a r e  
exp osed  and n o t  c o v e r e d  by C e n o z o ic  s e d im e n t s .  H ost r o c k s  o f  th e  t a b u l a r -  
v e l n  o c c u r r e n c e s  a r e  b o th  P recam b rian  Burro M ountains g r a n i t e  and P recam brian  
B u lla r d  Peak s e r i e s  m etam orphic r o c k s .  However, th e  p r e f e r r e d  h o s t  I s  th e  
g r a n i t e ;  o c c u r r e n c e s  In  th e  m etam orphic ro c k s  a r e  m in o r ,  and th e  metamorphic  
ro ck s  a r e  n o t  c o n s i d e r e d  a f a v o r a b l e  d e p o s i t i o n a l  e n v ir o n m e n t .

The c o m b in a t io n  t a b u l a r - v e l n  and s t r a t i f o r m  o c c u r r e n c e s  a r e  found where  
th e  B e a r t o o th  Q u a r t z i t e  and C olorad o  S h a le  u n con form ab ly  o v e r l i e  Precam brian  
g r a n i t e  or  a r e  b ro u g h t  I n to  f a u l t  c o n t a c t  w i th  t h e  g r a n i t e .  M i n e r a l i z a t i o n  
o ccu rred  a lo n g  th e  s h e a r ,  e x te n d e d  a s h o r t  d i s t a n c e  ( u s u a l l y  l e s s  th a n  15 m) 
I n to  t h e  B e a r t o o th  a lo n g  th e  s h e a r ,  and sp rea d  l a t e r a l l y  a lo n g  th e  
u n c o n fo r m ity  betw een  th e  g r a n i t e  and o v e r ly i n g  B e a r t o o t h .  L a t e r a l  
m i n e r a l i z a t i o n  a lo n g  t h e  c o n t a c t  o c c u r r e d  p r im a r i ly  w i t h i n  t h e  B e a r t o o th  above  
th e  c o n t a c t ,  b u t m i n e r a l i z a t i o n  a l s o  o c c u r r e d  In  th e  g r a n i t e  b e lo w  th e  
c o n t a c t .  M i n e r a l i z a t i o n  a l s o  o c c u r r e d  In  some p la c e s  where t h e  C e n o z o ic  
se d im e n ts  were b rou gh t I n to  f a u l t  c o n t a c t  w i t h  th e  g r a n i t e .  M i n e r a l i z a t i o n  
o cc u r red  a lo n g  th e  sh e a r  and sp rea d  l a t e r a l l y  th ro u g h  t h e  C e n o z o ic  s e d im e n ts  
In f a u l t  c o n t a c t .

The s t r a t i f o r m  o c c u r r e n c e s  a r e  found a lo n g  th e  u n c o n fo r m ity  b e tw e en  Burro  
M ountains g r a n i t e  and o v e r l y i n g  B e a r to o th  Q u a r t z i t e .  Anomalous r a d i o a c t i v i t y  
e x t e n d s  up from th e  c o n t a c t  I n to  th e  B e a r t o o th  u s u a l l y  l e s s  th a n  5 ra and 
e x te n d s  b e lo w  I n t o  t h e  g r a n i t e  u s u a l l y  l e s s  th a n  3 m. F i e l d  r e l a t i o n s h i p s  
I n d i c a t e  t h a t  th e  s t r a t i f o r m  o c c u r r e n c e s  a r e ,  o r  o n ce  w e r e ,  p a r t  o f  th e  
co m b in a t io n  ty p e  o f  o c c u r r e n c e s .  The m i n e r a l i z e d  sh e a r  I s  e i t h e r  h id d en  o r  i s  
l o c a t e d  a s h o r t  d i s t a n c e  away. Uranium m i n e r a l i z a t i o n  In th e  s t r a t i f o r m  
p o r t io n s  o f  t h e  o c c u r r e n c e s  h o s t e d  by B e a r t o o th  Q u a r t z i t e  o c c u r r e d  
p r e f e r e n t i a l l y  In  beds o f  s a n d s t o n e ,  r a t h e r  th a n  In  q u a r t z i t e ,  and In s h a ly  
b ed s  (O ccu rren ce  2 7 ) .

F i e l d  r e l a t i o n s h i p s  I n d i c a t e  t h a t  a l l  t h r e e  h a b i t s  o f  uranium  
m i n e r a l i z a t i o n  In  a r e a  D a r e  g e n e t i c a l l y  r e l a t e d .  The m ost f u l l y  d e v e lo p e d  
d e p o s i t  m orphology  I s  where a m i n e r a l i z e d  s h e a r  c u t s  g r a n i t e  o v e r l a i n  by th e
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B e a r to o th  Q u a r t z i t e .  A c o m b in a t io n  t a b u l a r - v e i n  and s t r a t i f o r m  d e p o s i t  i s  
th en  d e v e lo p e d .  Where th e  B e a r t o o th  i s  n o t  p r e s e n t ,  m i n e r a l i z a t i o n  o cc u r red  
a s  t a b u l a r - v e i n  d e p o s i t s  i n  th e  g r a n i t e .  At th e  two s t r a t i f o r m  o c c u r r e n c e s ,  
f i e l d  i n v e s t i g a t i o n s  showed in  ea c h  c a s e  t h a t ,  a l th o u g h  a m i n e r a l i z e d  sh ea r  in  
th e  u n d e r ly in g  g r a n i t e  d id  n o t  a c t u a l l y  i n t e r s e c t  th e  s t r a t i f o r m  o c c u r r e n c e ,  
th e  v e i n s  were n e a r b y .

The d e p o s i t s  were formed by a s c e n d in g  h y d ro th erm a l s o l u t i o n s  r a t h e r  th a n  
by d e s c e n d in g  su p e rg en e  s o l u t i o n s .  A h y d ro th erm a l o r i g i n  i s  i n d i c a t e d  by 
d e p o s i t  m orph o logy , h e a v y -m e ta l  t r a c e - e l e m e n t  a s s o c i a t i o n s  and z o n a t io n  
p a t t e r n s ,  a l t e r a t i o n  p a t t e r n s ,  and o r e  m in e r a lo g y .  These f a c t o r s  a r e  
d i s c u s s e d  b e lo w .  As d e s c r ib e d  e a r l i e r ,  uranium a lo n g  a sh e a r  zone c u t t i n g  
g r a n i t e  and o v e r l y i n g  B e a r t o o th  Q u a r t z i t e  was n o t  o b se r v e d  to  e x ten d  a lo n g  th e  
sh e a r  more th a n  10 to  50 m i n t o  th e  B e a r t o o t h .  The C olorad o  S h a le ,  which  
o v e r l i e s  th e  B e a r t o o t h ,  was n e v e r  o b se r v e d  to  have b een  m i n e r a l i z e d  a lo n g  such  
a sh ea r  z o n e .  D e sc e n d in g ,  su p e rg en e  s o l u t i o n s  would have m i n e r a l i z e d  th e  
C olorado  S h a le .  Only a s c e n d i n g ,  m a g m a tic -h y d ro th erm a l s o l u t i o n s  c o u ld  have  
r e s u l t e d  in  th e  m i n e r a l i z a t i o n  p a t t e r n  o b s e r v e d .

A l t e r a t i o n  i s  v a r i a b l e .  G ra n ite  i n  and im m e d ia te ly  a d j a c e n t  t o  
m in e r a l i z e d  s h e a r s  i s  v a r i a b l y  s i l i c i f i e d ,  i r o n  s t a i n e d ,  and i n t e n s e l y  
s e r i c i t i z e d  (O c c u r r e n c e s  2 0 ,  2 3 ) .  G ra n ite  a lo n g  th e  u n c o n fo r m ity  o f  
s t r a t i f o r m  p o r t i o n s  o f  th e  d e p o s i t s  i s  s e r i c i t i z e d  and i r o n  s t a i n e d  f o r  a 
d ep th  o f  s e v e r a l  m e te r s  (O cc u r ren ce s  2 8 ,  3 7 ) .  The B e a r t o o t h  Q u a r t z i t e ,  in  
b o th  s h e a r s  and s t r a t i f o r m  p o r t i o n s  o f  th e  d e p o s i t s ,  i s  l e s s  a l t e r e d  th an  th e  
g r a n i t e .  S i l i c i f i c a t i o n  and i r o n  s t a i n i n g  (O cc u r ren ce s  2 7 ,  3 6 )  a re  th e  o n ly  
a l t e r a t i o n s .

V e in  d ev e lo p m en t i n  th e  o c c u r r e n c e s  r a n g e s  from p oor  to  e x c e l l e n t .
O fte n ,  no m e g a s c o p ic  v e i n  i s  o b s e r v a b le  in  th e  a l t e r e d ,  m i n e r a l i z e d ,  sh ea r  
zo n e  (O c c u r r e n c e s  23 , 2 7 ) ,  and th e  t r a c e  o f  th e  v e i n  i s  i d e n t i f i e d  o n ly  by a 
l i n e a r  zone o f  i n t e n s e  a l t e r a t i o n .  A netw ork  o f  l i m o n i t e - h e m a t i t e  and s i l i c a  
v e i n l e t s  have b een  i d e n t i f i e d  i n  p o r t i o n s  o f  some s h e a r s  (O cc u r r e n c e  2 2 ) .
Only a t  t h e  P u rp le  Rock Mine (O ccu rren ce  3 0 )  have w e l l - d e f i n e d  v e i n s  been  
o b s e r v e d .  No v e i n  d ev e lo p m en t e x c e p t  l i m o n i t e  v e i n l e t s  (O cc u r r e n c e  27 )  has  
b een  o b serv e d  i n  th e  s t r a t i f o r m  p o r t i o n s  o f  t h e  d e p o s i t s .

The primary uranium m in e r a l  o f  th e  a r e a  D o c c u r r e n c e s  a p p ea rs  to  be  
u r a n i n i t e ,  w hich  was i d e n t i f i e d  a t  two l o c a t i o n s  (MLM 0 8 3 ,  O ccu rren ce  23; MLM 
1 1 6 ,  O ccu rren ce  2 0 ) .  U r a n in i t e  i s  a s s o c i a t e d  w ith  p y r i t e  a t  b o th  l o c a t i o n s .  
U ran y l p h o s p h a te s ,  u r a n y l  s i l i c a t e s  (MLM 116, O ccu rren ce  2 0 ) ,  and k a s o l i t e  
( l e a d  u ra n y l  s i l i c a t e  h y d r o x id e ;  MLM 1 4 1 ,  O ccurrence  3 7 )  were i d e n t i f i e d .  The 
h i g h e s t  grad e o f  uranium found i n  a r e a  D i s  i n  a s h e a r  zone  where g r a n i t e  and 
q u a r t z i t e  a re  i n  f a u l t  c o n t a c t  (0.783%  CU3 O8 , MLM 0 8 3 ) .  The c o m p o s i t e  
t a b u l a r - v e i n / s t r a t i f o r m  d e p o s i t  m orphology c o n t a i n s  fo u r  p o t e n t i a l  
en v iro n m en ts  o f  d e p o s i t i o n .  They a re  s h e a r e d  g r a n i t e ,  sh ea re d  q u a r t z i t e ,  
q u a r t z i t e  above th e  u n c o n fo r m ity ,  and g r a n i t e  b e lo w  th e  u n c o n fo r m ity .  Three  
o f  th e  p o t e n t i a l  d e p o s i t i o n a l  s i t e s  a r e  known to  c o n t a i n  c l o s e  to  o r  more than  
0.1% uranium . A s h e a r  zone  in  g r a n i t e  c o n ta in e d  a v e i n  w i th  950 ppm CU3 O8  

(MLM 1 1 6 ) .  A sh e a r  zone i n  B e a r t o o th  Q u a r t z i t e  c o n t a i n  1 ,1 4 0  ppm CU3 O8  

(MLM 1 4 1 ) .  B e a r to o th  Q u a r t z i t e  in  a s t r a ta b o u n d  p o r t i o n  o f  a d e p o s i t  
c o n t a in e d  1 ,2 4 0  ppm CU3 O8  (MLM 1 4 2 ) .  However, th e  maximum amount o f  
uranium d e t e c t e d  in  P recam brian  g r a n i t e  b e lo w  th e  u n c o n fo r m ity  in  th e  
s t r a t i f o r m  p o r t i o n  o f  an o c c u r r e n c e  was 163 ppm CU3 O8  (MLM 0 8 2 ) .  The
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v a r i a b i l i t y  o f  d i s e q u i l i b r i u m  i s  i n d i c a t e d  by cU/eU r a t i o s .  The r a t i o s  range  
from l e s s  th a n  1 to  1 to  g r e a t e r  th a n  1 . Thorium v a l u e s  a r e  low  (5 8  ppm eTh,  
MLM 0 83) but e l e v a t e d  o v e r  background l e v e l s  (2 1  ppm eTh, MLM 0 9 2 ) .  The 
p r e s e n c e  o f  prim ary u r a n i n i t e  and th e  f a c t  t h a t  th orium  l e v e l s  a r e  e l e v a t e d  
above background l e v e l s  su p p o r t  a m a g m a tic -h y d ro th erm a l o r i g i n .  The v a r i a t i o n  
o f  cU/eU r a t i o s  i s  c o n s i s t e n t  w ith  v a r i a b l e  o x i d i z a t i o n  o f  primary  
hydrotherm al m i n e r a l i z a t i o n  and th e  f o r m a t io n  o f  l i m i t e d  amounts o f  s eco n d a ry  
uranium m i n e r a l s .

The h e a v y -m e ta l  t r a c e - e l e m e n t  s u i t e  p r e s e n t  i n  t h e  o c c u r r e n c e s  i s  a l s o  
c o n s i s t e n t  w i t h  a m a g m a tic -h y d ro th erm a l o r i g i n .  Anomalous amounts o f  A g , Au, 
B i ,  Cr, Cu, Mo, N i , Pb, Sb, Sc, Sn, W, Y, Z, and Zr have  b een  d e t e c t e d  (MLM 
0 8 3 ,  0 9 0 ,  11 4 ,  11 5 ,  11 7 ,  141 ,  142; App. B ) . There a p p ea rs  to  be a crude  
z o n a t io n  o f  p r e c io u s  m e t a l s  from e a s t  to  w e s t  a c r o s s  a r e a  D, a l t h o u g h  th e  
s i g n i f i c a n c e  i s  n o t  known. S i l v e r  was d e t e c t e d  o n ly  i n  th e  e a s t  (4 9  ppm Ag, 
MLM 142; O ccurrence  3 6 ) .  G old , a l th o u g h  anom alous in  t h e  c e n t r a l  p o r t i o n  o f  
a r e a  D (5 6  ppm Au, MLM 1 1 7 ,  O ccu rren ce  2 2 ) ,  h a s  th e  h i g h e s t  v a l u e s  i n  th e  fa r  
w e ste r n  p o r t i o n  o f  a r e a  D ( 1 , 1 8 0  ppb Au, MLM 1 1 6 ,  O ccurrence  2 0 ) .

F l u o r i n e ,  a n o th e r  f a v o r a b l e  c r i t e r i o n  f o r  uranium o c c u r r e n c e s  o f  th e  
m agm atic -h yd roth erm al t y p e ,  i s  a s s o c i a t e d  w i t h  th e  uranium o f  a r e a  D.
A lthough  f l u o r i t e  was m e g a s c o p ic a l l y  o b serv e d  o n ly  in  th e  uranium o c c u r r e n c e s  
o f  th e  w e s t e r n  p a r t  o f  a r e a  D (O cc u rren ce  2 0 ) ,  anom alous amounts o f  f l u o r i n e  
were p r e s e n t  i n  t h e  o t h e r  o c c u r r e n c e s .  The l e v e l s  o f  f l u o r i n e ,  a l th o u g h  
m oderate  (6 0 0  t o  1 ,2 0 0  ppm F ) , a r e  anom alous when compared to  background  
l e v e l s  o f  f l u o r i n e  in  th e  P recam brian  r o c k s  o f  th e  Burro b a t h o l i t h ,  which  
c o n t a i n  from l e s s  th a n  200 to  300  ppm f l u o r i n e .  In a d d i t i o n  to hav in g  
anomalous f l u o r i n e  c o n t e n t s ,  a l l  o c c u r r e n c e s  a r e  n e a r  v e i n - t y p e  f l u o r i t e  
o c c u r r e n c e s  t h a t  a r e  i n  th e  same t y p e s  o f  f a u l t s  a s  a r e  th e  uranium  
o c c u r r e n c e s .  From e a s t  to  w e s t  a c r o s s  a r e a  D, uranium O ccu rr en ces  36 and 37 
in  th e  L i t t l e  Burro M ountains ( a r e a  D2) a r e  c l o s e l y  a s s o c i a t e d  w i t h  th e  Ace 
High f l u o r i t e  o c c u r r e n c e  (G i l le r m a n ,  1 9 6 4 ) .  O ccu rren ces  2 2 ,  2 3 ,  2 4 ,  2 7 ,  and 
28 ( P I .  10 )  a r e  c l o s e l y  a s s o c i a t e d  w i t h  th e  P u rp le  H e a r t ,  Reed M in e, and 
Rambling Rudy f l u o r i t e  o c c u r r e n c e s  ( G i l le r m a n ,  1 9 6 4 ) .  In th e  fa r  w e s t  o f  a rea  
D, O ccu rren ce  29 i s  n o t  o n ly  h o s t e d  by v e i n s  w i t h  o b s e r v a b le  f l u o r i t e ,  but i s  
c l o s e l y  a s s o c i a t e d  w ith  numerous f l u o r i t e  o c c u r r e n c e s ,  i n c l u d i n g  th e  Great  
E agle  f l u o r s p a r  m ine (G i l l e r m a n ,  1 9 6 4 ) .  T hese f l u o r i t e  o c c u r r e n c e s  commonly 
c o n t a i n  w h ite  and l i g h t - g r e e n  f l u o r i t e  t h a t  i n  o u tc r o p  i s  n o t  a n o m a lo u s ly  
r a d i o a c t i v e ,  but t h e r e  a r e  s e v e r a l  i n d i c a t i o n s  t h a t  th e  f l u o r i t e  and uranium  
m i n e r a l i z a t i o n  a r e  g e n e t i c a l l y  r e l a t e d .

The most im p o r ta n t  i n d i c a t i o n  o f  a g e n e t i c  r e l a t i o n s h i p  i s  t h e  
a s s o c i a t i o n  o f  uranium and f l u o r i t e  i n  th e  same v e i n s  a t  th e  P u rp le  Rock Mine 
(O ccu rren ce  2 0 )  and th e  su rro u n d in g  r e g io n  in  th e  w e s t e r n  p a r t  o f  a r e a  D. 
P e tr o g r a p h ic  s t u d i e s  by H ew it t  ( 1 9 5 9 )  o f  th e  f l u o r i t e  v e i n s  d em o n stra ted  a t  
l e a s t  two s u c c e s s i v e  e p i s o d e s  o f  f l u o r i t e  m i n e r a l i z a t i o n .  The f i r s t  e p i s o d e  
d e p o s i t e d  c l e a r  to  l i g h t - g r e e n  f l u o r i t e  d e v o id  o f  a s s o c i a t e d  uranium . The 
second  e p i s o d e  d e p o s i t e d  s u b s t a n t i a l l y  l e s s  f l u o r i n e  th a n  th e  f i r s t .  In th e  
a r e a  o f  O ccu rren ce  20 , H e w it t  ( 1 9 5 9 )  d e s c r ib e d  v e i n s  t h a t  c o n t a i n  o n ly  
n o n r a d i o a c t i v e  g re en  f l u o r i t e ,  v e i n s  t h a t  c o n t a i n  o n ly  r a d i o a c t i v e  p u r p le  
f l u o r i t e ,  and v e i n s  t h a t  c o n t a i n  b o t h .  I t  seems c l e a r  t h a t  t h e r e  w ere two 
n e a r l y  con tem p oran eou s e p i s o d e s  o f  f l u o r i t e  m i n e r a l i z a t i o n ,  th e  l a t t e r  o f  
w hich  d e p o s i t e d  uranium . Age o f  th e  f l u o r i t e  m i n e r a l i z a t i o n  i s  i n t e r p r e t e d  to  
be m id -  to  l a t e  T e r t i a r y  ( H e w it t ,  1959; G i l le r m a n ,  1964; G i l le r m a n ,  1 9 6 8 ) .  I t
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seems r ea so n a b le  to p o s t u la t e  th a t  the uranium in  the c e n t r a l  (O ccurrences 22,  
2 3 ,  2 4 ,  2 7 ,  2 8 )  and e a s t e r n  (Occurrences 36 and 3 7 )  p a rts  o f  area  D was a l s o  
d er ived  from the l a t e r  p er iod  o f  f l u o r i n e  m in e r a l i z a t i o n .  Although a l l  the  
uranium o ccu rren ces  c o n ta in  anomalous f l u o r i n e ,  o n ly  In th e  w estern  r e g io n  o f  
area  D I s  r a d io a c t iv e  purple  f l u o r i t e  m e g a s c o p ic a l ly  v i s i b l e .  In form ation  
from s u r fa c e  exposures  I n d ic a t e s  t h a t  o n ly  In th e  w estern  r e g io n  did th e  two 
e p iso d e s  o f  f lu o r i n e  m in e r a l i z a t io n  o c c a s i o n a l ly  occur w i th in  the  same v e i n s .

Uranium m in e r a l i z a t io n  w i th in  area  D was o f  th e  magmatic-hydrothermal  
type and occurred  n e a r ly  contem poraneously  w ith ,  and was probably g e n e t i c a l l y  
a s s o c ia t e d  w i t h ,  a major ep iso d e  o f  f l u o r i t e  m in e r a l i z a t i o n .  The time o f  
uranium m in e r a l i z a t io n  was probably mid- to  l a t e  T e r t ia r y .  The nature  and 
presumed time o f  th e  m in e r a l i z a t i o n ,  to g e t h e r  w ith  I t s  s p a t i a l  r e la t io n s h ip  to  
th e  m ld -T e r t la r y  v o lc a n ic  rocks to th e  n o r th ,  s u g g e s t  a g e n e t i c  r e l a t i o n s h i p  
between the m ld -T e r t la r y  vu lcan lsm  and the nearby magmatic-hydrothermal 
uranium m in e r a l i z a t i o n .

In r e c e n t  y e a r s ,  t h e  m echanisms by which  u ra n iu m -b e a r in g  h y d ro th erm a l  
s o l u t i o n s  can be g e n e r a te d  by th e  p r o c e s s  o f  s i l i c i c  Ig n eo u s  d i f f e r e n t i a t i o n  
In  v o l c a n i c  s e q u e n c e s  w i th  c a l d e r a  d ev e lo p m en t h a s  b een  e x t e n s i v e l y  
I n v e s t i g a t e d  and documented ( s e e  S tev e n  and o t h e r s ,  1974; E l s t o n ,  1978; Rytuba  
and o t h e r s ,  1979; Burt and S h e r id a n ,  1 9 8 0 ) .  T y p i c a l l y ,  t h e  m agm atic-  
hydroth erm al m i n e r a l i z a t i o n  o cc u r red  In  broad r l n g - f r a c t u r e  zo n es  su rro u n d in g  
c a l d e r a s .  Wahl (1 9 8 0 )  mapped th e  S ch o o lh o u se  M ountain  C a ld era  a s  b e in g  j u s t  
n o r th  o f  a r e a  D l ,  and he I n d ic a t e d  t h a t  th e  f a u l t s  In  w hich  uranium I s  p r e s e n t  
a re  p a r t  o f  th e  r l n g - f r a c t u r e  zone  o f  t h e  c a l d e r a  ( P I .  1 0 ) .

Wahl (1 9 8 0 )  f u r t h e r  p o s t u la t e d  t h a t  th e  uranium - and f l u o r i n e - b e a r i n g  
s o l u t i o n s  t h a t  formed th e  o c c u r r e n c e s  In  a r e a  Dl w ere  d e r iv e d  from c a l d e r a -  
r e l a t e d  s i l i c i c  magm atlc d i f f e r e n t i a t i o n .  The u ra n iu m -b ea r in g  h y d ro th erm a l  
s o l u t i o n s  t r a v e l e d  outward from th e  c a l d e r a  r e g io n  and a scen d ed  th rou gh  th e  
four  p e r v a s iv e  s e t s  o f  f r a c t u r e s  w i t h i n  a r e a  D l .  As t h e  s o l u t i o n s  a s c e n d e d ,  
c o o l i n g  and p r e s s u r e  l o s s  p ro b a b ly  r e s u l t e d  In  a g r a d u a l  d e c r e a s e  In th e  
oxygen  f u g a c i t y  o f  t h e  t r a n s p o r t i n g  s o l u t i o n s ,  c a u s in g  r e d u c t i o n  o f  s o l u b l e  
h e x a v a le n t  uranium to  I n s o l u b l e  t e t r a v a l e n t  uranium In  u r a n i n i t e .  G iven th e  
I n d ic a t e d  f l u o r i n e  c o n t e n t  o f  th e  h y d ro th erm a l s o l u t i o n s ,  an a l t e r n a t i v e  
p r e c i p i t a t i o n  mechanism would be th e  d e s t r u c t i o n  o f  uranium f l u o r i d e  co m p lex es  
b e c a u se  o f  pH o r  te m p e r a tu r e  ch a n g es  o r  s o l u t l o n / w a l l - r o c k  r e a c t i o n s  (D eV oto ,  
1 9 7 8 ) .  In e i t h e r  c a s e ,  uranium  w ould be d e p o s i t e d  a s  u r a n i n i t e  In  th e  sh ea r  
z o n e s .  I f  th e  s h e a r  z o n e s  In  which  th e  o r e  s o l u t i o n s  were t r a v e l i n g  c u t  
g r a n i t e  t h a t  was o v e r l a i n  by B e a r t o o t h  Q u a r t z i t e ,  th e  s o l u t i o n s  would have  
moved up I n to  th e  sh e a r  and l a t e r a l l y  away from th e  sh e a r  I n to  t h e  B e a r t o o th  
a lo n g  th e  u n c o n fo rm ity  betw een  th e  g r a n i t e  and q u a r t z i t e .  The s o l u t i o n s  would  
a l s o  have moved p r e f e r e n t i a l l y  I n to  th e  B e a r to o th  where th e  sh ea r  I n t e r s e c t e d  
s a n d s to n e  beds t h a t  had g r e a t e r  r e l a t i v e  p e r m e a b i l i t y  than  q u a r t z i t e .

Two d e p o s i t i o n a l  m echanisms may have o p e r a te d  to  d e p o s i t  uranium In th e  
B e a r t o o th .  F i r s t ,  a s  th e  B e a r to o th  I s  a much more b r i t t l e  u n i t  th an  th e  
u n d e r ly in g  g r a n i t e ,  s h e a r in g  would have s e v e r e l y  s h a t t e r e d  and b r e c c i a t e d  the  
q u a r t z i t e .  When th e  h y d ro th erm a l s o l u t i o n s  moved upward a lo n g  th e  sh e a r  In 
th e  g r a n i t e ,  p r e s s u r e  l o s s  would p r o b a b ly  have b een  g r a d u a l ,  and uranium  
d e p o s i t i o n  would have  b een  p r o g r e s s i v e ,  a s  was d i s c u s s e d  e a r l i e r .  However, 
when th e  s o l u t i o n s  en c o u n te r e d  th e  h i g h l y  f r a c t u r e d  and b r e c c i a t e d  en v iron m en t  
where th e  sh e a r  I n t e r s e c t e d  t h e  b a se  o f  th e  B e a r t o o t h ,  p r e s s u r e  l o s s  was
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p r o b a b ly  r a p i d ,  and t h e r e  was p ro b a b ly  a c o n s e q u e n t  ra p id  d e p o s i t i o n  o f  th e  
uranium re m a in in g  in  t h e  h y d ro th erm a l  s o l u t i o n s .  As t h e  s o l u t i o n s  moved 
f a r t h e r  upward i n t o  th e  B e a r t o o th  a lo n g  th e  s h e a r ,  a v a i l a b l e  uranium i n  th e  
o re  s o l u t i o n s  was d e p le t e d  and uranium d e p o s i t i o n  c e a s e d .  Such a p r o c e s s  
would a c c o u n t  f o r  th e  o b serv e d  la c k  o f  uranium m in e r a l s  w i t h i n  th e  sh ea r  zone  
fo r  any d i s t a n c e  up i n t o  th e  B e a r t o o t h .

P r e s s u r e ,  t e m p e r a tu r e ,  and p ro b a b ly  pH rem ained r e l a t i v e l y  c o n s t a n t  i n  
th e  o r e  s o l u t i o n s  t h a t  moved l a t e r a l l y  i n t o  th e  B e a r t o o t h  away from th e  s h e a r ,  
and so a secon d  d e p o s i t i o n a l  mechanism i s  proposed  f o r  t h i s  c a s e .  T h is  
mechanism i s  r e d u c t io n  by o r g a n ic  m a t te r  w i t h i n  th e  B e a r t o o t h .  As d i s c u s s e d  
in  th e  s e c t i o n  on t h e  g e n e r a l  g e o lo g y  o f  a r e a  D, t h e  b a s a l  p o r t i o n  o f  th e  
B e a r t o o th  c o n t a i n s  b o th  i d e n t i f i a b l e  o r g a n ic  m a t e r i a l  (MLM 1 4 1 )  and i n t e r b e d s  
o f  d a rk ,  c l a y - r i c h  q u a r tz  wacke (MLM 0 9 6 ) .  The r e l a t i v e l y  o r g a n i c - r i c h  beds  
a t  th e  b a se  o f  th e  B e a r t o o t h  have b een  p r e f e r e n t i a l l y  m i n e r a l i z e d  (O c c u r r e n c e s  
2 7 ,  2 8 ,  3 6 ,  3 7 ) .  The d e p o s i t i o n a l  mechanism c i t e d  i s  c o n s i s t e n t  w i th  known 
g e o c h e m ic a l  p r o c e s s e s ,  g e o c h e m ic a l  d a ta  from th e  o c c u r r e n c e s  w i t h i n  a re a  D, 
and f i e l d  r e l a t i o n s h i p s  b etw een  t h e  o c c u r r e n c e s  and su r r o u n d in g  r o c k s .

P r o j e c t e d  s i z e  o f  th e  i n d i v i d u a l  o c c u r r e n c e s  i s  somewhat d ep en d en t  on th e  
d e p o s i t i o n a l  m echanism . The ex p o sed  o c c u r r e n c e s  a r e  commonly s m a l l ,  b ut th e y  
p o t e n t i a l l y ,  e s p e c i a l l y  th e  s t r a ta b o u n d  p o r t i o n s  o f  t h e  d e p o s i t s ,  a re  l a r g e .  
Width o f  th e  m i n e r a l i z e d  s h e a r s  i s  v a r i a b l e ,  b ut i n  on e  c a s e  (O cc u r ren ce  3 7 )  
th e  m i n e r a l i z e d  sh e a r  I s  12 m w id e .  Depth o f  m i n e r a l i z a t i o n  a lo n g  a sh ea r  i s  
s p e c u l a t i v e ,  but anom alous r a d i o a c t i v i t y  h a s  b een  t r a c e d  i n t e r m i t t e n t l y  f o r  a t  
l e a s t  100 m where a sh e a r  was ex p o sed  i n  a canyon  (O cc u r ren ce  3 7 ) .  The 
l a t e r a l  e x t e n t  o f  anom alous r a d i o a c t i v i t y  a lo n g  th e  m i n e r a l i z e d  s h e a r s  i n  
o u tcr o p  i s  u s u a l l y  c o n t in u o u s  f o r  l e s s  th a n  50 m. However, a t  th e  P r in c e  
A lb e r t  No. 2 (O cc u r ren ce  2 8 ) ,  t h e  m i n e r a l i z e d  sh e a r  was t r a c e d  fo r  150 m. 
T h ic k n ess  o f  th e  s t r a ta b o u n d  p o r t i o n s  o f  anom alous r a d i o a c t i v i t y  h as  been  
o b serv ed  to  be a s  g r e a t  a s  5 m (O cc u r r e n c e  3 6 ) ,  b ut may i n  p l a c e s  be g r e a t e r .  
The h o r i z o n t a l  e x t e n t s  o f  th e  s t r a t i f o r m  o c c u r r e n c e s  may be l a r g e .  At t h e  O i l  
C en ter  T oo l Co. c l a i m s  (O cc u r r e n c e  3 6 )  i n  a r e a  D2, a s t r a t i f o r m  o c c u r r e n c e  
c o v e r s  an a r e a  o f  180 m by 200  m. M oreover ,  t h a t  a r e a  i s  l i m i t e d  by e r o s i o n .  
There i s  no i n d i c a t i o n  o f  th e  l a t e r a l  e x t e n t  o f  th e  o c c u r r e n c e  i n  th e  
B e a r to o th  away from a s i n g l e  s h e a r ,  b ut s e v e r a l  hundred m e te r s  d o e s  n o t  seem  
u n r e a s o n a b le .  I t  i s  e n t i r e l y  p o s s i b l e  i n  such  a r e a s  a s  th e  Wild H orse Mesa 
a r e a  ( c e n t r a l  p a r t  o f  a r e a  D l ,  P I .  1 0 ) ,  where t h e r e  i s  a s u b s t a n t i a l  a r e a  o f  
B e a r to o th  Q u a r t z i t e  and s e v e r a l  a n o m a lo u s ly  r a d i o a c t i v e  sh e a r  zon es  
(O cc u r ren ce s  2 2 ,  2 3 ,  2 4 ,  2 7 ) ,  t h a t  s e v e r a l  sq u a r e  k i l o m e t e r s  o f  B e a r to o th  
Q u a r t z i t e  w ere m i n e r a l i z e d  above th e  u n c o n fo r m ity .

F a v o r a b le  Area

The b o u n d a r ie s  o f  a r e a  D a r e  d e te rm in ed  by th e  a r e a s  where f a v o r a b l e  h o s t  
ro c k s  (P reca m b r ia n  Burro M ountains g r a n i t e  and C r e ta c e o u s  B e a r to o th  Q u a r t z i t e )  
are  i n t e r s e c t e d  by c a l d e r a - r e l a t e d  r i n g - f r a c t u r e  z o n e s .  The e x t e n t  o f  th e  
r i n g - f r a c t u r e  zon e  i n d i c a t e s  th e  a r e a  where th e  u ra n iu m -b e a r in g  h ydroth erm al  
s o l u t i o n s  d e r iv e d  from an a s s o c i a t e d  c a l d e r a  com plex  were l i k e l y  to  t r a v e l .
The r i n g - f r a c t u r e  zon e  a l s o  i s  th e  most f a v o r a b l e  a r e a  s t r u c t u r a l l y .  Area Dl 
i s  d e l i n e a t e d  by th e  c o i n c i d e n c e  o f  th e  S ch o o lh o u se  M ountain  C a ld era  r i n g -  
f r a c t u r e  zone  ( P I .  1 0 )  and f a v o r a b l e  h o s t  r o c k s .  The n o r th e r n  boundary o f  
a r e a  Dl i s  e x t r a p o l a t e d  to  e x ten d  under t h e  T e r t i a r y  v o l c a n i c  c o v e r  fo r  an
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unknovm d i s t a n c e .  The n o r th e r n  boundary i s  t h e r e f o r e  somewhat a r b i t r a r y  
b eca u se  th e  d ep th  o f  th e  v o l c a n i c  c o v e r  i s  unknown and p ro b a b ly  e x c e e d s  th e
5 , 0 0 0 - f t  d ep th  l i m i t  f o r  NURE e v a l u a t i o n .

A rea D2 i s  l o c a t e d  s o u th  o f  th e  S ch o o lh o u se  M ountain  r i n g - f r a c t u r e  zone  
d e l i n e a t i n g  a re a  D l .  However, m u l t i p l e  c a l d e r a s  and r i n g - f r a c t u r e  z o n e s  a re  
common in  t h i s  r e g i o n .  T h e r e f o r e ,  b e c a u s e  o f  t h e  s i m i l a r i t i e s  o f  h o s t  ro ck s  
and g e o l o g y ,  and g e o c h e m is t r y  o f  th e  o c c u r r e n c e s  i n  a r e a  D2 compared to  a rea  
D l,  a r i n g - f r a c t u r e  zone  i s  p o s t u la t e d  i n  a r e a  D2 a l s o .  For t h e s e  r e a s o n s ,  
a r e a s  Dl and D2 a r e  c o n s id e r e d  s i m i l a r  enough to  be d e s i g n a t e d  a s i n g l e  a re a  
f a v o r a b le  f o r  m a g m a tic -h y d ro th erm a l ( C l a s s  3 3 0 )  uranium d e p o s i t s .

Area D h a s  a s u r f a c e  a r e a  o f  1 2 0 .2  km  ̂ o f  w hich  1 0 8 .1  km  ̂a r e  in
area  Dl and 1 2 .1  km a re  in  a r e a  D2. Depth from th e  s u r f a c e  to  th e
f a v o r a b le  en v iro n m en t r a n g e s  from 0 t o  5 ,0 0 0  f t .  T h ic k n e s s  o f  th e  f a v o r a b le  
en v iron m en t i s  th e  p r o j e c t e d  v e r t i c a l  e x t e n t  o f  v e i n  m i n e r a l i z a t i o n  w i t h in  t h e  
f a v o r a b le  e n v ir o n m e n t .  The v e r t i c a l  e x t e n t  i s  unknown, but an e s t i m a t e  can be 
made b etw een  a minimum o f  1000 m o b se r v e d  (O ccu rren ce  3 7 )  and a t e n t a t i v e  
maximum o f  a p p r o x im a te ly  500 m, w hich  i s  th e  d i f f e r e n c e  in  e l e v a t i o n  o f  
O ccu rren ces  20 and 23 in  th e  Precam brian  g r a n i t e  o f  th e  W illow  Creek  
s t r u c t u r a l  b lo c k  ( a r e a  D l ) ,  u n c o r r e c te d  f o r  any f a u l t  d i s p l a c e m e n t .  The d ep th  
o f  m i n e r a l i z a t i o n  i s  a r b i t r a r i l y  p la c e d  a t  300 ra. Land s t a t u s  o f  a r e a  D i s  
n a t i o n a l  f o r e s t ,  p r i v a t e ,  s t a t e - a d m i n i s t e r e d  l a n d s ,  and land a d m in is te r e d  by 
th e  Bureau o f  Land Management.

AREA E; STOCKTON PASS REGION— SOUTHERN PINALENO MOUNTAINS

P recam b rian  g r a n i t i c  ro ck s  a d j a c e n t  to  a m id - T e r t ia r y  q u a r tz  m o n zo n ite  
i n t r u s i v e  body i n  th e  S to ck to n  P a ss  a r e a  o f  th e  s o u th e r n  P in a le n o  M ountains  
a r e  f a v o r a b l e  f o r  uranium d e p o s i t s  o f  th e  m a g m a tic -h y d ro th erm a l typ e  ( C l a s s  
3 3 0 ) .  The h o s t  r o c k s  a re  Precam brian  q u a r tz  m o n z o n ite s  and g r a n i t e s  in t r u d e d  
by Precam brian  d i a b a s i c  d ik e s  and s i l l s .  Area E i s  f a v o r a b l e  b eca u se  th e  h o s t  
rock  i s  s t r u c t u r a l l y  and c h e m ic a l ly  f a v o r a b l e  f o r  uranium d e p o s i t i o n .  
S t r u c t u r a l  f a v o r a b i l i t y  i s  i n d i c a t e d  by th e  numerous f a u l t s  and sh e a r  zo n es  
th a t  t r a n s e c t  th e  a r e a .  C hem ical f a v o r a b i l i t y  i s  i n d i c a t e d  by s i l i c i f i c a t i o n ,  
s e r i c i t i z a t i o n ,  a r g i l l i z a t i o n ,  and i r o n  s t a i n i n g ,  m a in ly  n ea r  v e i n s  i n  sh ea r  
z o n e s .  The v e i n s  c o n t a i n  s i l i c a ,  s u l f i d e s ,  anom alous f l u o r i n e ,  and anomalous  
heavy  m e t a l s ,  a l l  o f  w h ich  c h a r a c t e r i z e  m a g m a tic -h y d ro th erm a l  uranium  
d e p o s i t s .  A l s o ,  a p o s s i b l e  s o u r c e  f o r  u ra n iu m -b e a r in g  m agm a tic -h y d ro th erm a l  
s o l u t i o n s  was i d e n t i f i e d .  The p r e s e n c e  o f  uranium o c c u r r e n c e s  d e m o n s tr a te s  
th a t  uranium c o n c e n t r a t i o n  and d e p o s i t i o n  o cc u r red  w i t h i n  th e  f a v o r a b le  a r e a .

I t  i s  proposed  t h a t  u ra n iu m -b e a r in g  h y d r o th e r a a l  s o l u t i o n s  were g e n e r a te d  
i n  th e  m id - T e r t ia r y  G i l l e s p i e  Quartz M on zon ite  s t o c k  and moved outward from 
th e  s t o c k  i n t o  s u r r o u n d in g  Precam brian  g r a n i t i c  r o c k s  th ro u g h  a p e r v a s iv e  
sy s tem  o f  f a u l t s  and sh e a r  z o n e s .  Uranium d e p o s i t i o n  o cc u r red  w i t h i n  th e  
sh ea r  z o n e s  i n  t h e  g r a n i t i c  r o c k s .

G eo lo g y  o f  F a v o r a b le  Area

The S to c k to n  P a s s  r e g io n  i s  l o c a t e d  i n  th e  s o u th e r n  P in a le n o  M ountains.  
The P in a le n o  M ountains a r e  a n o r t h w e s t - t r e n d in g  f a u l t - b l o c k  ra n g e  t h a t
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c o n s i s t s  p r e d o m in a n t ly  o f  P recam b rian  g r a n i t i c ,  m e ta s e d im e n t a r y , and 
m e t a v o lc a n ic  r o c k s .  W ith in  t h e  S to c k to n  P a ss  a r e a ,  t h e  r o c k s  a re  
p r e d o m in a n t ly  P recam b rian  g r a n i t e  in t r u d e d  by n o r t h w e s t - t r e n d i n g  P recam b rian  
d ia b a s e  d ik e s  and s i l l s  and t h e  m id - T e r t ia r y  G i l l e s p i e  Quartz M o n zo n ite .  A lso  
in  th e  r e g io n  i s  a s m a l l  a r e a  o f  P in a le n o  banded g n e i s s ,  a l o c a l  e q u i v a l e n t  o f  
th e  P in a l  S c h i s t  (Swan, 1 9 7 6 ) .  In th e  s o u th e r n  p o r t i o n  o f  t h e  S to c k to n  Pass  
r e g i o n ,  th e  i n t r u s i v e  r o c k s  a r e  o v e r l a i n  by C r e t a c e o u s - T e r t i a r y  a n d e s i t e s  and 
i n t e r m e d ia t e  to  f e l s i c  T e r t i a r y  v o l c a n i c  r o c k s .  A f u r t h e r  d e s c r i p t i o n  o f  th e  
v o l c a n i c  ro ck s  i s  p ro v id e d  in  th e  d i s c u s s i o n  o f  a r e a  F. I n t e r m e d ia t e  to  
f e l s i c ,  n o r t h -  to  n o r t h e a s t - t r e n d i n g  T e r t ia r y  d i k e s ,  s i l l s ,  and p lu g s  in t r u d e  
n e a r l y  a l l  o t h e r  r o c k s .

The f a v o r a b l e  r o c k s  i n  a r e a  E a r e  th e  P recam brian  g r a n i t i c  ro ck s  and th e  
P recam brian  d ia b a s e  t h a t  i n t r u d e s  them. Swan (1 9 7 6 )  mapped and p r o v id e d  
r a d io m e t r ic  a g e s  f o r  t h r e e  g r a n i t i c  ro ck  t y p e s  i n  a l i m i t e d  p o r t i o n  o f  a r e a  E. 
They a re  th e  S to c k to n  P a ss  g r a n i t e  ( 1 , 4 0 5  m . y . ) ,  t h e  P in a le n o  g r a n i t e  ( 1 , 3 8 4  
m . y . ) ,  and th e  w h i t e  g n e i s s i c  g r a n i t e  ( 1 , 3 6 2  m . y . ) .  A l l  Precam brian  g r a n i t i c  
i n t r u s i v e  r o c k s  o f  a r e a  E a re  s u f f i c i e n t l y  s i m i l a r  to  m e r i t  t r e a tm e n t  a s  a 
s i n g l e  ro c k  ty p e  i n  t h i s  d i s c u s s i o n .  The g r a n i t i c  ro ck s  a r e  n o n f o l i a t e d  to  
w eakly  f o l i a t e d ,  medium- to  c o a r s e - g r a i n e d ,  a l l o t r i o m o r p h i c - g r a n u l a r  ro c k s  
t h a t  a r e  l o c a l l y  p o r p h y r i t i c .  They c o n s i s t  p r i m a r i l y  o f  m i c r o c l i n e ,  
p l a g i o c l a s e ,  q u a r t z ,  b i o t i t e ,  and m u s c o v i t e .  They c o n t a i n  t r a c e s  o f  e p i d o t e ,  
a p a t i t e ,  z i r c o n ,  and opaque m in e r a l s  (MLM 11 8 ,  1 2 0 ) .  C o m p o s i t i o n a l l y ,  th e  
ro ck s  ran ge  from q u a r tz  m on zon ite  to  g r a n i t e .  The g r a n i t e  c o n t a i n s  s c a t t e r e d  
p e g m a t i t e s ,  some o f  w h ich  c o n t a i n  r a r e - e a r t h  m in e r a l s  (O cc u r r e n c e  X13, P I .
2A). However, th e  p e g m a t i t e s  a r e  to o  s m a l l  and s c a t t e r e d  to  be a p o t e n t i a l  
uranium r e s o u r c e .

The m id - T e r t ia r y  ( 3 5  m . y . .  Swan, 1 9 7 6 )  G i l l e s p i e  Q uartz M on zon ite  s t o c k  
(P I .  7 )  i n t r u d e s  t h e  Precam brian  g r a n i t i c  r o c k s .  The s t o c k  c o n s i s t s  o f  a 
medium- to  c o a r s e - g r a in e d  e q u ig r a n u la r  q u a r tz  m o n zo n ite  and c o n t a i n s  
a p p r o x im a te ly  e q u a l  amounts o f  q u a r t z ,  a l k a l i  f e l d s p a r ,  and s o d ic  p l a g i o c l a s e  
and l e s s e r  amounts o f  b i o t i t e  and s p h e n e .  As th e  c o n t a c t  o f  th e  s t o c k  w ith  
th e  c o u n tr y  ro ck  i s  sh arp  and th e  q u a r tz  m o n zo n ite  a t  t h e  c o n t a c t  has  an 
a p h a n i t i c  t e x t u r e ,  th e  s t o c k  i s  c o n s id e r e d  to  be an e p i z o n a l  i n t r u s i v e  body.

I n t e n s e  f a u l t i n g  and s h e a r in g  o f  th e  P recam brian  r o c k s  o f  a r e a  E r e s u l t e d  
in  w id esp rea d  d ev e lo p m en t o f  sh e a r  z o n e s ,  b r e c c i a s  and m i c r o b r e c c i a s ,  
m y l o n i t e s ,  and f a u l t  g o u g e .  The f a u l t s  a r e  o r i e n t e d  in  an i n t e n s e ,  w e s t -  
n o r t h w e s t - t r e n d i n g  zone c u t t i n g  a r e a  E, and s u b s i d i a r y  n o r t h -  and n o r t h e a s t -  
tr e n d in g  f a u l t s  t h a t  a l s o  c u t  a r e a  E. Swan (1 9 7 6 )  c o n c lu d e d  t h a t  th e  
n o r t h w e s t -  and perhaps th e  n o r t h - t r e n d i n g  f a u l t s  and s h e a r s  a r e  e le m e n ts  o f  
the T exas  L in e a m en t.  A l l  th e  f a u l t s  have had r e p e a te d  movement. Swan (1 9 7 6 )  
d is c e r n e d  a t  l e a s t  t h r e e  e p i s o d e s  o f  f a u l t  movement, which ran ge  in  age from 
th e  Precam brian  to  p o s t - G i l l e s p i e  Q uartz M onzon ite  I n t r u s i o n s .

E v id en ce  o f  F a v o r a b i l i t y

The f a c t  t h a t  m echanisms fo r  t h e  c o n c e n t r a t i o n  and d e p o s i t i o n  o f  uranium  
w i t h i n  a r e a  E e x i s t s  i s  e v id e n c e d  by th e  p r e s e n c e  o f  s i x  uranium o c c u r r e n c e s  
(O cc u r ren ce s  6 , 7 , 8 , 1 0 ,  1 1 ,  1 2 ,  App. C; P I .  2A ). Uranium i s  p r e s e n t  in  
n o r t h w e s t - ,  n o r t h e a s t - ,  and n o r t h - t r e n d i n g  f a u l t s  and sh e a r  zo n es  i n  
Precam brian  g r a n i t i c  r o c k s .  Uranium i s  a l s o  p r e s e n t  i n  n o r t h w e s t - t r e n d i n g
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m a fic  d ik e s  (O cc u r r e n c e  7 ) .  In O ccu rr en ces  6  and 7 d i s c r e t e  v e i n s  a r e  p r e s e n t  
in  th e  sh e a r  z o n e s .  In t h e  o t h e r  o c c u r r e n c e s ,  d i s s e m in a t e d  anom alous  
r a d i o a c t i v i t y  i s  p r e s e n t  th ro u g h o u t  th e  sh ea r  zon e;  h o w ev e r ,  d e t e c t e d  l e v e l s  
o f uranium were low  i n  o u tc r o p .  The maximum v a l u e  o b ta in e d  was 286 ppm 
cU 3 0 g (O cc u r ren ce  8 , MLM 1 3 3 ) .  However, p r e v i o u s l y  r e p o r te d  v a l u e s  have  
been a s  h ig h  a s  0.27% eU3 0 g (O ccu rren ce  1 1 ) .  The o n ly  uranium m in e r a l s  
o b serv ed  i n  o u tc r o p  a r e  s e c o n d a r y .  M e t a - a u tu n i t e  and p o ta s s iu m  u r a n y l  
p h o sp h a te  m in e r a l s  were i d e n t i f i e d  a t  O ccurrence  8  (MLM 1 3 3 ) .  Uranophane and 
a u t u n i t e  a r e  r e p o r te d  as  b e in g  p r e s e n t  a t  O ccu rren ce  11 . The cU/eU r a t i o s  a r e  
c h a r a c t e r i s t i c a l l y  c l o s e  to  o r  l e s s  th a n  1 , i n d i c a t i n g  t h a t  th e  anom alous  
r a d i o a c t i v i t y  w i t h i n  th e  s h e a r s  i s  p r o b a b ly  n o t  th e  r e s u l t  o f  r e c e n t  s ec o n d a ry  
uranium d e p o s i t i o n .  A n a l y t i c a l  d a ta  do n ot  show th or iu m  c o n t e n t s  in  th e  
r a d i o a c t i v e  sh e a r  zo n es  to  be s i g n i f i c a n t l y  g r e a t e r  than  background l e v e l s .  
However, a t h o r i u m - s i l l c a - p h o s p h a t e  m in e r a l  was p e t r o g r a p h l c a l l y  i d e n t i f i e d  in  
sam ple MLM 133 . The p r e s e n c e  o f  uranium i n  sh e a r  z o n e s ,  th e  p r e s e n c e  o f  
thorium  m i n e r a l s ,  and cU/eU r a t i o s  o f  c l o s e  to  o r  l e s s  th a n  1 a r e  c o n s i s t e n t  
w ith  uranium m i n e r a l i z a t i o n  o f  th e  m agm a tic -h y d ro th erm a l t y p e .

E lem en ts  a s s o c i a t e d  w i t h  uranium i n  th e  sh e a r  zo n es  a r e  v a r i a b l e .
F lu o r in e  i s  t h e  most common. F l u o r i t e  was i d e n t i f i e d  a t  O ccu rren ces  6  and 1 1 .  
L o w - l e v e l ,  but a n o m a lo u s ly  h ig h ,  f l u o r i n e  c o n t e n t s  w ere d e t e c t e d  a t  
O ccu rren ces  7 ( 1 , 8 6 0  ppm F, MLM 1 29) and 12 ( 1 ,3 4 6  ppm F, MLM 1 1 8 ) .  At 
O ccu rren ce  8  th e  s i n g l e  sample ta k en  d id  n o t  c o n t a i n  anom alous l e v e l s  o f  
f l u o r i n e .  The h e a v y -m e ta l  t r a c e - e l e m e n t  s u i t e  in  th e  sh ea r  zo n es  i s  v a r i a b l e ,  
and some sa m p les  c o n t a i n  no anom alous amounts o f  h ea v y  m e t a l s .  Anomalous* 
amounts o f  Cu, L i ,  Mo, Pb, W, Y, and Zr have b een  d e t e c t e d  in  some sam ples  
(MLM 11 8 ,  128 , 129 , 130 , 1 3 1 ) .  The p r e s e n c e  o f  anom alous f l u o r i n e  and heavy  
m e t a l s  c h a r a c t e r i z e s  m agm a tic -h y d ro th erm a l uranium d e p o s i t s  (M athews, 1 9 7 8 ) .

A l t e r a t i o n  o f  t h e  c o u n tr y  rock  w i t h i n  and a d ja c e n t  to  t h e  u ra n iu m -b e a r in g  
s h e a r  zo n es  i s  v a r i a b l e  but i s  o f  th e  m a g m a tic -h y d ro th erm a l t y p e .  The g r a n i t e  
i s  m o d e r a te ly  to  s t r o n g l y  s e r i c i t i z e d ,  a r g i l l i z e d ,  s i l l c i f l e d ,  and i r o n  
s t a i n e d .  In some i n s t a n c e s ,  th e  g r a n i t e  f o r  a d i s t a n c e  o f  t e n s  o f  m e ter s  
(O cc u r ren ce s  7 ,  8 ) from t h e  v e i n  (when p r e s e n t )  o r  c e n t r a l  sh e a r  h as  been  
b le a c h e d ,  s e r i c i t i z e d ,  and v a r i a b l y  i r o n  s t a i n e d  in  a c l e a r - c u t  zo n a l  
r e l a t i o n s h i p .  D ia b a se  was c o m p l e t e l y  a l t e r e d  to  c l a y ,  l i m o n i t e ,  and h e m a t i t e  
w here i t  was m i n e r a l i z e d  (1 3 0  ppm cU3 0 g ,  MLM 1 2 8 ) .

The m id - T e r t ia r y  G i l l e s p i e  Quartz M onzon ite  i s  p roposed  a s  th e  so u r c e  o f  
th e  u ra n iu m -b e a r in g  h y d ro th erm a l s o l u t i o n s  t h a t  d e p o s i t e d  th e  uranium o f  a re a  
E. The uranium o c c u r r e n c e s  i n  a r e a  E show a c l o s e  s p a t i a l  r e l a t i o n s h i p  to  th e  
i n t r u s i v e  m o n zo n ite  ( P I .  2A and 7 ) .  The G i l l e s p i e  Quartz M onzon ite  i s  a 
l e u c o c r a t i c  e p i z o n a l  i n t r u s i v e  body w i t h  anom alous f l u o r i n e  (9 4 3  ppm F, MLM 
1 2 4 ) ,  a h ig h  uranium c o n t e n t  ( 6  ppm cU3 0 g ) ,  a h ig h  Th/U r a t i o  ( 5 . 5 ) ,  and a 
c a l c u l a t e d  a g p a i t i c  c o e f f i c i e n t  o f  0 . 8 8 .  The c h e m ic a l  c h a r a c t e r i s t i c s  o f  th e  
i n t r u s i v e  body a r e  s i m i l a r  to  t h o s e  l i s t e d  by Mathews (1 9 7 8 a )  a s  b e in g  common 
t o  so u r c e  p lu t o n s  f o r  u ra n iu m -b e a r in g  h ydroth erm al s o l u t i o n s .  The G i l l e s p i e  
Quartz M onzon ite  i s  a l s o  s u g g e s t e d  a s  th e  s o u r c e  o f  th e  h y d ro th erm a l s o l u t i o n s  
t h a t  formed th e  uranium o c c u r r e n c e  i n  th e  n earb y  v o l c a n i c  ro ck s  o f  a r e a  F.

U ra n iu m -b ea r in g  s o l u t i o n s  t h a t  l e f t  th e  i n t r u s i v e  body would have moved 
i n t o  th e  a d j a c e n t  P recam brian  g r a n i t i c  ro ck s  a lo n g  t h e  e x t r e m e ly  p e r v a s i v e  
f a u l t s  and s h e a r - z o n e  s y s te m s  o f  th e  a r e a .  The f a u l t s  and sh e a r  zo n es  a l s o  
p ro v id ed  f a v o r a b l e  d e p o s i t i o n a l  s i t e s  f o r  uranium. Uranium t r a n s p o r te d  in  th e
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o r e  s o l u t i o n s  a s  h e x a v a l e n t  co m p lex e s  may have  b een  redu ced  and d e p o s i t e d  as  
t e t r a v a l e n t  uranium m in e r a l s  a s  a r e s u l t  o f  m e c h a n ic a l ly  in d u ced  d e c r e a s e  in  
oxygen  f u g a c i t y  a s  th e  s o l u t i o n s  c o o le d  and moved outward th rou gh  th e  f r a c t u r e  
z o n e s  (M athews, 1 9 7 8 a ) .  Uranium d e p o s i t i o n  may a l s o  have been  in d u ced  by  
s o l u t i o n / w a l l - r o c k  r e a c t i o n s .  P o s t d e p o s i t i o n a l  w e a th e r in g  p r o c e s s e s  would  
have removed most o f  th e  hypogene uranium from s u r f i c i a l  o u t c r o p s .

F a v o r a b le  A rea

F a c t o r s  c o n t r o l l i n g  f a v o r a b i l i t y  o f  a r e a  E a r e  e x t e n t  o f  th e  h o s t  rock  
(P recam brian  g r a n i t i c  r o c k s ) ,  e x t e n t  o f  i n t e n s e  f a u l t i n g  and s h e a r in g  (b o th  
o r e - s o l u t i o n  t r a n s p o r t  mechanism s and d e p o s i t i o n a l  s i t e s ) ,  and p r o x im i ty  to  
th e  G i l l e s p i e  Quartz M on zon ite  ( o r e - s o l u t i o n  s o u r c e ) .  In a r e a  E ( P I .  1 ) ,  a l l  
t h r e e  f a c t o r s  a r e  judged  to  be c o i n c i d e n t .

A rea  E h a s  a s u r f a c e  a r e a  o f  1 4 5 .2  km^. Depth from th e  s u r f a c e  to  th e
en v iron m en t r a n g e s  from 0 m, where a r e a  E c r o p s  o u t ,  t o  200 m, where a r e a  E i s  
o v e r l a i n  by f a v o r a b l e  a r e a  F . The t h i c k n e s s  o f  th e  f a v o r a b l e  en v iro n m en t i s  
a r b i t r a r i l y  d e term in ed  to  be 500 m. Land s t a t u s  o f  a r e a  E i s  n a t i o n a l  f o r e s t ,  
p r i v a t e ,  s t a t e - a d m i n i s t e r e d  l a n d s ,  and land  a d m in is t e r e d  by t h e  Bureau o f  Land 
Management.

AREA F: MID-TERTIARY VOLCANIC ROCKS IN THE WILLOW SPRING CANYON AREA

A rea  F ( P I .  1 ) ,  w h ich  i s  n ea r  W il lo w  Spring  Canyon i n  th e  s o u th e r n  
P in a le n o  M o u n ta in s ,  i s  f a v o r a b l e  f o r  m a g m a tic -h y d ro th erm a l  uranium d e p o s i t s  
( C l a s s  3 3 0 ) .  In t h i s  a r e a ,  i n t e r m e d ia t e  to  f e l s i c  m i d - T e r t ia r y  v o l c a n i c  rocks  
and a s s o c i a t e d  a g g lo m e r a t i c  c l a s t i c  u n i t s  a re  w id e ly  f a u l t e d  and b r e c c i a t e d
and s t r o n g l y  a l t e r e d .  The v o l c a n i c  a s sem b la g e  i s  in t r u d e d  by f e l s i c  to
i n t e r m e d ia t e  p o r p h y r i t i c  d i k e s ,  w h ich  a r e  b e l i e v e d  to  be r e l a t e d  to  a l a r g e  
m id - T e r t ia r y  q u a r tz  m o n z o n ite  s t o c k  l o c a t e d  j u s t  n o r th  o f  th e  f a v o r a b l e  a r e a .

At th e  C o lo n d r in a  uranium p r o s p e c t  (O cc u r ren ce  9 ,  App. A l; P I .  2 A ) , 
uranium i s  l o c a l l y  c o n c e n t r a t e d  w i t h i n  a major n o r t h - t r e n d i n g  f a u l t .  Uranium 
o f  g r a d e s  a s  h ig h  a s  0.6% U3 O8  (G ranger and Raup, 1 9 5 6 )  i s  a s s o c i a t e d  w ith  
m im e t i t e ,  a su p e r g e n e  l e a d  c h l o r o a r s e n a t e . Z i n c ,  c o p p e r ,  and i r o n  a r e  a l s o  
found in  s u l f i d e  and s e c o n d a r y  m in e r a l s  a s s o c i a t e d  w i t h  th e  uranium . I t  i s  
p o s s i b l e  t h a t  uranium and t h e  b a se  m e t a l s  a re  p r e s e r v e d  under r e d u c in g  
c o n d i t i o n s ,  a t  d e p th ,  a lo n g  f r a c t u r e s  and f a u l t s .

I t  i s  im p o r ta n t  to  n o te  h e r e  t h a t  th e  v o l c a n i c  a s se m b la g e  i n  th e  W illow  
Spring  Canyon a r e a  d o e s  n o t  d e r i v e  i t s  uranium f a v o r a b i l i t y  from v o lc a n o g e n ic  
p r o c e s s e s .  R a th e r ,  th e  p r e s e n c e  o f  abundant f a u l t s  and f r a c t u r e s ,  w id esp rea d  
e v id e n c e  o f  h y d ro th erm a l a l t e r a t i o n ,  and an i n f e r r e d  s p a t i a l l y  r e l a t e d  uranium  
s o u r c e ,  th e  G i l l e s p i e  Quartz M o n z o n ite ,  su p p o r t  th e  h y p o t h e s i s  o f  a m agm atic-  
h ydroth erm al uranium s y s te m .

R e g io n a l  G eo lo g y  o f  th e  P in a le n o  M ountains

The P in a len o  Mountains a r e  a rugged , n o r th w e s t - tr e n d in g  f a u l t - b l o c k  range  
w ith in  the  B asin  and Range P r o v in c e .  The range c o n s i s t s  predom inantly  o f
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P r o t e r o z o ic  m e ta se d im e n ta r y  and m e ta - ig n e o u s  r o c k s ,  but a l a r g e ,  m i d - T e r t ia r y  
q u a r tz  m on zon ite  s t o c k  and in t e r m e d ia t e  to  m a f ic  and f e l s i c  v o l c a n i c  ro ck s  
occu r  in  th e  s o u th e r n  p a r t  o f  th e  r a n g e .  A lso  a t  th e  s o u th e r n  en d ,  th e  range  
i s  t r a v e r s e d  by a broad  sy s te m  o f  w e s t - n o r t h w e s t - t r e n d i n g  f a u l t s  and sh ea r  
z o n e s .  Swan ( 1 9 7 6 )  p rop osed  t h a t  t h e s e  f a u l t s  and s h e a r s  a r e  e le m e n t s  o f  th e  
Texas L in ea m en t,  a b r o a d ,  d i f f u s e  geom orphic  and s t r u c t u r a l  zone t h a t  tr e n d s  
w e s t - n o r t h w e s t  a c r o s s  th e  s o u th e r n  C o r d i l l e r a  o f  N orth  A m erica .

General G eology o f  the  W illow Spring Canyon Area

Major rock typ es  w i th in  and around th e  Willow Spring Canyon area in c lu d e  
in te r m e d ia te  and f e l s i c  T e r t ia r y  v o l c a n i c s ,  a n d e s i t i c  u n i t s  o f  T e r t ia r y -  
C retaceous a ge , Precambrian g r a n i t i c  r o c k s ,  and abundant T e r t ia r y -a g e  d ik e s  
(Cooper, 1 9 6 0 ) .  The d ik e s  t r a n s e c t  a l l  the  v o lc a n ic  and g r a n i t i c  u n i t s .  
Immediately north  o f  the Willow Spring Canyon a r e a ,  th e r e  i s  a la rg e  s to c k  of  
T e r t ia r y  quartz m onzonite  (Swan, 1 9 7 6 ) .

The T e r t i a r y  v o l c a n i c  a s sem b la g e  c o m p r is e s  w e ld ed  r h y o l i t i c  t u f f ,  
p o r p h y r i t i c  (" tu r k e y  t r a c k " )  a n d e s i t e ,  and I n t e r l a y e r e d  v o l c a n i c  b r e c c i a  and 
v o l c a n i c l a s t i c  and e p i c l a s t i c  r o c k s .  A lth o u g h  t h e r e  a r e  no r a d io m e t r ic  age  
d a t e s  a v a i l a b l e  fo r  th e  v o l c a n i c  r o c k s  in  th e  s o u th e r n  P i n a l e n o s , th e  
v o l c a n i c s  a r e  presum ed, on th e  b a s i s  o f  s i m i l a r i t y  to  o t h e r  d a ted  v o l c a n i c  
r o c k s  in  t h e  r e g i o n ,  t o  be m o s t ly  o f  m id - T e r t ia r y  a g e .  S im i la r  l a v a - f l o w  and 
a s h - f l o w  t u f f  u n i t s  in  th e  a d j a c e n t  G a l iu r o  and W in c h e s te r  M ountains were  
d eterm in ed  to  be about 29 t o  23 m .y .  o l d  (C r e a s e y  and K r ie g e r ,  1 9 7 8 ) .  The 
d i s t i n c t i v e  " tu rk ey  tra ck "  a n d e s i t e  p o r p h y r ie s  i n  v a r i o u s  a r e a s  in  
s o u t h e a s t e r n  A r izon a  y i e l d  age d a t e s  o f  b e tw een  39 and 24 m .y .  (D rew es ,  1 9 8 0 ) .

O lder v o l c a n i c  r o c k s ,  o f  T e r t i a r y  and C r e ta c e o u s  a g e ,  a l s o  o cc u r  in  th e  
a r e a ,  but th e y  a r e  o f  l i m i t e d  e x t e n t .  These ro ck s  c o n s i s t  m a in ly  o f  a n d e s i t i c  
la v a  f lo w s  w ith  l o c a l l y  in t e r b e d d e d  se d im e n ta r y  r o c k s .  The P recam brian  ro c k s  
ex p o sed  th ro u g h o u t  th e  W illo w  Spring Canyon a r e a  a r e  c h a r a c t e r i s t i c a l l y  
medium- to  c o a r s e - g r a i n e d ,  n o n -  to  w ea k ly  f o l i a t e d  g r a n i t e s  s i m i l a r  to  th o s e  
w i d e l y  d i s t r i b u t e d  i n  th e  S to c k to n  P a ss  a r e a  to  th e  n o r t h  (Sw an, 1 9 7 6 ) .

N o r t h e a s t -  and n o r t h - t r e n d i n g  f e l s i c  to  i n t e r m e d ia t e  d i k e s ,  s i l l s ,  and 
p lu g s  in t r u d e  a l l  ro ck  u n i t s  d e s c r i b e d .  T hese i n t r u s i v e s  may be g e n e t i c a l l y  
r e l a t e d  to  th e  l a r g e  G i l l e s p i e  Q uartz M on zon ite  s t o c k ,  w h ich  i s  ex p o sed  l e s s  
th an  4 km to  th e  n o r t h .  Swan (1 9 7 6 )  showed t h a t  in t e r m e d ia t e  to  f e l s i c  d i k e s ,  
o cc u p y in g  j o i n t s  and f a u l t s  o f  v a r i o u s  o r i e n t a t i o n s ,  in t r u d e  b o th  th e  s t o c k  
an d , l o c a l l y ,  a d j a c e n t  Precam brian  c o u n tr y  r o c k .  M oreover ,  a d d i t i o n a l  
e v id e n c e  f o r  a g e n e t i c  r e l a t i o n s h i p  b e tw een  th e  d ik e s  and a r e g i o n a l l y  
a s s o c i a t e d  m id - T e r t ia r y  s t o c k  i s  p ro v id e d  by r e l a t i o n s h i p s  o b serv e d  in  th e  
Santa T e r e sa  M ountains n o r th w e s t  o f  th e  P in a le n o  r a n g e .  T h e re ,  f i n e - g r a i n e d  
d i k e s ,  a s s o c i a t e d  w ith  th e  m id - T e r t ia r y  Santa  T ere sa  g r a n i t e ,  c u t  m id - T e r t ia r y  
" tu rk ey  track"  a n d e s i t e  (R e h ig  and R e y n o ld s ,  1 9 8 0 ) .

A lth o u g h  n o t  i t s e l f  i n  th e  W illo w  Spring  Canyon a r e a ,  th e  G i l l e s p i e  
Quartz M onzon ite  s t o c k  w i l l  be d e s c r ib e d  h e r e  b e c a u s e  o f  i t s  presumed g e n e t i c  
a s s o c i a t i o n  w i t h  th e  numerous i n t r u s i v e s  i n  th e  a r e a  and b eca u se  i t  i s  an  
i n f e r r e d  uranium s o u r c e .  The G i l l e s p i e  Quartz M on zon ite  was em placed in  th e  
S to c k to n  P a ss  f a u l t  z o n e ,  w h ich  i s  n o r th  o f  th e  W il lo w  Spring Canyon a r e a ,  
about 35 m . y . b . p .  (Swan, 1 9 7 6 ) .  The s t o c k  i s ,  fo r  t h e  most p a r t ,  a medium- t o
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c o a r s e - g r a in e d  e q u ig r a n u la r  q u a r tz  m o n z o n i t e ,  c o n t a i n i n g  a p p r o x im a te ly  eq u a l  
p r o p o r t io n s  o f  q u a r t z ,  K - f e l d s p a r ,  and s o d i c  (An 1 6 -2 0 )  p l a g i o c l a s e .  The 
major o x id e  c o m p o s i t io n  o f  th e  q u a r tz  m o n zo n ite  i s  about 71% S i 0 2 , 14.4%
A I 2 O3 , 4.2% Na2 0 , and 5.2% K2 O. I t  h a s  an a g p a i t i c  c o e f f i c i e n t  o f  
0 . 8 8 .  The s t o c k ,  c h a r a c t e r i z e d  by sh arp  c o n t a c t s  w i th  th e  in tr u d e d  c o u n try  
rock  and commonly by an a p h a n i t i c  t e x t u r e  n ea r  c o n t a c t s ,  i s  c o n s id e r e d  to  be 
an e p i z o n a l  i n t r u s i v e  body.

Most o f  the rocks in  the W illow Spring Canyon area  are  h ig h ly  b r e c c ia te d  
and s t r o n g ly  a l t e r e d .  H em atit ic  and l i m o n i t i c  s t a i n i n g  are  w id esp read , and 
e v id en ce  o f  a r g i l l i z a t i o n ,  c h l o r i t i z a t i o n ,  and s i l i c i f i c a t i o n  i s  commonly 
found.

Abundant f a u l t s ,  t r e n d in g  n o r t h w e s t ,  n o r t h ,  and n o r t h e a s t ,  t r a n s e c t  th e  
a r e a .  N o r t h w e s t e r ly  and p erh ap s n o r t h e r l y  o r i e n t e d  f a u l t s  may be e le m e n t s  o f  
t h e  T exas L ineam ent o f  t h e  B a s in  and Range f a u l t  s y s t e m s ,  but t h e  o r i g i n  and 
r e l a t i v e  age o f  n o r t h e a s t - t r e n d i n g  f a u l t s ,  some o f  w h ich  a r e  normal f a u l t s ,  
a re  n ot  known. R e g i o n a l l y ,  t h e  m i d - T e r t ia r y  v o l c a n i c  and a s s o c i a t e d  c l a s t i c  
and p y r o c l a s t i c  ro ck s  d ip  so u th w estw a rd  (C o o p e r ,  1 9 6 0 );  b u t ,  i n  th e  a r e a  o f  
f a u l t s ,  d ip  d i r e c t i o n s  commonly v a r y  c o n s i d e r a b l y  from t h e  r e g i o n a l  t r e n d .

Evidence o f  Uranium F a v o r a b i l i t y

Anomalous c o n c e n t r a t i o n s  o f  uranium a re  found on th e  C o lo n d r in a  P r o s p e c t  
(O ccu rren ce  9 ,  App. A; P I .  2 A ) , w hich  i s  l o c a t e d  a t  th e  head o f  W illow  Spring  
Canyon i n  th e  s o u th e r n  P in a le n o  M o u n ta in s .  Uranium o c c u r s  a s  i r r e g u l a r ,  
l o c a l i z e d  d i s s e m i n a t i o n s  i n  a h e a v i l y  l i m o n i t e -  and h e m a t i t e - s t a i n e d  f a u l t  
g o u g e .  The gouge o c c u r s  a lo n g  a n o r t h e a s t - t r e n d i n g ,  n o r t h w e s t - d ip p in g  f a u l t  
t h a t  j u x t a p o s e s  a h i g h l y  f r a c t u r e d  and s t r o n g l y  a l t e r e d  " tu r k e y  track"  
a n d e s i t e  porphyry and an e q u a l l y  b r e c c i a t e d  and a l t e r e d  a g g lo m e r a t i c  or  
p o s s i b l y  e p i c l a s t i c  v o l c a n i c  c o n g lo m e r a te  u n i t .  The m i n e r a l i z e d  f a u l t  was 
i n t e r p r e t e d  by Cooper ( 1 9 6 0 )  t o  be a n o r t h - t r e n d i n g  t h r u s t  f a u l t ,  w i t h  th e  
a n d e s i t e  porphyry t h r u s t  o v er  t h e  a g g lo m e r a te .  R ecen t r e c o n n a i s s a n c e  g e o l o g i c  
mapping i n  th e  a r e a ,  h o w e v e r ,  showed th e  f a u l t  to  be a n o r t h - t r e n d i n g ,  
somewhat c u r v i l i n e a r  f a u l t  (Wynn, 1 9 8 1 ) .  The f a u l t ,  w hich  i s  commonly marked 
by th e  p o s i t i v e  r e l i e f  o f  a s i l i c i f l e d  b r e c c i a ,  was t r a v e r s e d  f o r  a t o t a l  
d i s t a n c e  o f  about 2 . 5  km. The maximum r a d i o a c t i v i t y  e n c o u n t e r e d ,  o u t s i d e  th e  
p r o s p e c t  a r e a ,  was 1 .5  t im e s  background (MLM 360 , T ab le  4 ) .

The r i c h e s t  c o n c e n t r a t i o n s  o f  uranium (MLM 3 5 7 ,  T a b le  4 )  a r e  a s s o c i a t e d  
w ith  b r i g h t - o r a n g e - y e l l o w  m i m e t i t e ,  Pb5 (A s 0 4 ) 3 C l ,  w hich  o c c u r s  as  
s u r f a c e  i n c r u s t a t i o n s  o r  as  f r a c t u r e  o r  vug f i l l i n g s .  No uranium m in e r a l s  
were i d e n t i f i e d ,  b ut SEM/EDS s t u d i e s  showed t h a t  uranium i s  c o n t a in e d  w i t h i n  
th e  m i m e t i t e .  D is s e m in a te d  p y r i t e ,  c h a l c o p y r i t e , and r e p o r t e d l y  c h a l c o c i t e  
(G ranger and Raup, 1 9 5 6 )  a r e  commonly a s s o c i a t e d  w ith  t h e  r a d i o a c t i v e  m im e t i t e  
a lo n g  th e  f a u l t .  Secondary m i n e r a l s ,  i n c l u d i n g  l i m o n i t e ,  h e m a t i t e ,  and m inor  
m a l a c h i t e ,  commonly s t a i n  b o th  th e  f a u l t  and a d j a c e n t  w a l l  r o c k .  E lem ents  
e n r ic h e d  a lo n g  w i t h  uranium in c lu d e  a r s e n i c ,  cadmium, chromium, c o p p e r ,  i r o n ,  
l i t h i u m ,  l e a d ,  and z i n c  (T a b le  4 ) .  A lth o u g h  anom alous c o n c e n t r a t i o n s  o f  
uranium a re  r e s t r i c t e d  to  th e  f a u l t ,  anom alous amounts o f  c o p p e r ,  l e a d ,  and 
z in c  occu r  i n  b o th  th e  f a u l t  and t h e  a d ja c e n t  w a l l  r o c k .
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The c o u n tr y  ro c k  e x h i b i t s  p e r v a s i v e  l i m o n i t i c  and h e m a t i t i c  s t a i n i n g  fo r  
d i s t a n c e s  a s  g r e a t  a s  20 t o  30 m from th e  f a u l t .  The a n d e s i t e  porphyry u n i t  
a d j a c e n t  to th e  f a u l t  e x h i b i t s  m od erate  to  s t r o n g  a r g i l l i z a t i o n  and 
c h l o r i t i z a t i o n  and s l i g h t  s e r i c i t i z a t i o n  and s i l i c i f i c a t i o n .

The so u r c e  o f  uranium in  th e  W illow  S prin g  Canyon a re a  i s  u n c e r t a i n ,  but  
t h e r e  i s  a s p a t i a l  and p o s s i b l y  g e n e t i c  r e l a t i o n s h i p  betw een  th e  u r a n i f e r o u s ,  
v o l c a n i c  h o s t  r o c k s  and t h e  G i l l e s p i e  Quartz M on zon ite  s t o c k  and o th e r  
a s s o c i a t e d  i n t r u s i v e s .  M i n e r a l i z i n g  h ydroth erm al s o l u t i o n s  em anating  from 
t h i s  l e u c o c r a t i c  s t o c k  c o u ld  have b een  w id e ly  d i s s e m in a t e d  v i a  p erm eab le  f a u l t  
and f r a c t u r e  z o n e s ,  w h ich  a r e  w id esp rea d  th ro u g h o u t  th e  a r e a .  Many o f  th e  
a rea  f a u l t s  a r e  o f  c o n s i d e r a b l e  l e n g t h s  (C op p er ,  1960; Wynn, 1981) and,  
p resu m a b ly ,  d e p th s  (many o f  th e  f a u l t s  a r e  th o u g h t  t o  be r e l a t e d  to  d e e p ly  
b u r ie d  Precam brian  basem ent f l a w s ) .  F u rth erm o re ,  t h e r e  i s  e v id e n c e  t h a t  many 
o f  th e  f a u l t s  have b een  r e a c t i v a t e d  w i th  movement o c c u r r in g  a s  l a t e  a s  th e  
Q uaternary  r e c o r d e d  a lo n g  some f a u l t s  (Swan, 1 9 7 6 ) .

In a d d i t i o n  to  p r o v id in g  e f f e c t i v e  c o n d u i t s  f o r  m e t a l l i f e r o u s  s o l u t i o n s ,  
f a u l t  and f r a c t u r e  z o n e s  may p r o v id e  f a v o r a b l e  s i t e s  f o r  th e  l o c a l i z a t i o n  o f  
m e t a l - b e a r i n g  v e i n s  and v e i n  s y s t e m s .  T h ere ,  h e x a v a le n t  uranium in  a s c e n d in g  
s o l u t i o n s  may have b een  e f f e c t i v e l y  redu ced  to  a t e t r a v a l e n t  form by e i t h e r  a 
c h e m ic a l - r e d u c t i o n  mechanism i n v o l v i n g  d i s s e m in a t e d  s u l f i d e s  o r  by a 
m e c h a n ic a l ly  in d u ced  d e c r e a s e  i n  o xygen  f u g a c i t y  o f  th e  sy s tem  as  th e  
te m p e r a tu r e ,  p r e s s u r e ,  and pH o f  t h e  h y d ro th erm a l f l u i d s  changed w ith  upward 
m ig r a t io n  th ro u g h  d i l a t a n t  zo n es  (M athew s, 1 9 7 8 a ) .  A lth o u g h  t h e r e  a r e  no 
s u b s t a n t i a t i n g  s u b s u r f a c e  d a t a ,  prim ary uranium and p o s s i b l y  l e a d - ,  z i n c - ,  and 
c o p p e r - s u l f i d e  m in e r a l s  may be p r e s e r v e d  a t  d e p th  a lo n g  f a u l t s  w i t h i n  reduced  
v o l c a n i c  or  v o l c a n i c l a s t i c  r o c k .

F a v o r a b le  Area

The a r e a  f a v o r a b l e  f o r  m ag m a tic -h y d ro th erm a l uranium d e p o s i t s  ( C l a s s  3 30)  
i s  d e f i n e d  a s  t h e  com bined s u r f a c e  and e s t im a t e d  s u b s u r f a c e  e x t e n t  o f  f a u l t e d  
T e r t ia r y  v o l c a n i c  and a s s o c i a t e d  ro c k s  i n  th e  v i c i n i t y  o f  W il lo w  Spring Canyon 
(P I .  1 , a r e a  F ) . The f a v o r a b l e  en v iron m en t e x t e n d s  ov er  an a r e a  o f  2 2 .5  
km^. T h ic k n e s s  o f  th e  f a v o r a b l e  v o l c a n i c  ro c k s  i s  n o t  known w i t h  c e r t a i n t y ,  
but i s  e s t im a t e d  to  be about 200 m. The s u b s u r f a c e  e x t e n t  o f  th e  fa v o r a b le  
en v iron m en t i s  e s t im a t e d  to  be a t  d e p th s  no g r e a t e r  than  200 m. The e n t i r e  
fa v o r a b le  a rea  i s  w i t h i n  t h e  Coronado N a t io n a l  F o r e s t .

AREA G: TYRONE LACCOLITH

A rea G i s  a r o u g h ly  w ed ge-sh ap ed  a r e a  i n  th e  Laramide Tyrone l a c c o l i t h ,  
which i n t r u d e s  th e  e a s t - c e n t r a l  s i d e  o f  th e  Burro M ountains b a t h o l i t h .  I t  i s  
f a v o r a b l e  f o r  uranium d e p o s i t s  o f  th e  a l l o g e n i c  ty p e  ( C l a s s  3 7 0 )  b e c a u s e  th e r e  
i s  a uranium s o u rce  a v a i l a b l e  (B urro  M ountains g r a n i t e ) ,  and t h e r e  a r e  
t r a n s m i s s i v e  zo n es  ( s h e a r  z o n e s )  b etw een  uranium s o u r c e s  and d e p o s i t i o n a l  
s i t e s  ( l a r g e  a re a  o f  d is s e m in a t e d  s u l f i d e s  in  t h e  Tyrone l a c c o l i t h ) .  The 
uranium o c c u r r e n c e s  l a c k  v e i n s ,  have a low  th o r iu m -to -u r a n iu m  r a t i o ,  and la c k  
th e  h e a v y -m e ta l  t r a c e - e l e m e n t  s u i t e  t h a t  n earb y  m agm a tic -h y d ro th erm a l uranium  
o c c u r r e n c e s  have ( a r e a s  A, B, and D ) . These f e a t u r e s  i n d i c a t e  a l l o g e n i c  
uranium d e p o s i t s .  The p r o c e s s e s  o f  uranium c o n c e n t r a t i o n  and d e p o s i t i o n
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d em o n stra b ly  o c c u r r e d .  A mechanism by w hich  uranium was d e r i v e d ,  t r a n s p o r t e d ,  
and d e p o s i t e d  to  form t h e  o c c u r r e n c e  i s  su p p o r te d  by th e  a v a i l a b l e  e v i d e n c e .  
The h o s t  ro c k  i s  q u a r tz  m o n zo n ite  and m o n zo n ite  o f  th e  T yrone l a c c o l i t h  t h a t  
c o n t a i n  d is s e m in a t e d  s u l f i d e s  em placed d u r in g  th e  Laramide porphyry co p p er  
m i n e r a l i z a t i o n  t h a t  formed th e  Tyrone porphyry co p p er  d e p o s i t .

The uranium o c c u r r e n c e s  o f  a r e a  G ( P I .  2A and 1 1 )  a r e  c h a r a c t e r i z e d  by 
d is s e m in a t e d  u ra n y l  p h o sp h a te  and u n i d e n t i f i e d  uranium s i l i c a t e  m in e r a l s  in  
i n t e n s e l y  sh ea re d  z o n e s ,  w hich  l a c k  e v id e n c e  o f  h y d ro th erm a l  a c t i v i t y .  I t  i s  
l i k e l y  th a t  uranium was d e r iv e d  by w e a th e r in g  from t h e  Burro M ountains  
g r a n i t e ,  w h ich  su rro u n d s  th e  Tyrone q u a r tz  m o n zo n ite  l a c c o l i t h .  Uranium was 
p ro b a b ly  t r a n s p o r te d  by s u r f i c i a l  w a te r s  to  a r e a s  o f  i n t e n s e  s h e a r in g  in  th e  
l a c c o l i t h ;  uranium  d e p o s i t i o n  o cc u r red  w here th e  sh e a r  zo n es  i n t e r s e c t e d  a r e a s  
o f  d is s e m in a t e d  s u l f i d e s .

G eo logy  o f  F a v o r a b le  Area

A rea G i s  p a r t  o f  th e  T yron e-B u rro  Peak b lo c k  o f  th e  Burro M ountains  
b a t h o l i t h  ( G i l le r m a n ,  1 9 7 0 ) .  The T yron e-B u rro  Peak b lo c k  i s  a h o r s t  s e p a r a te d  
from th e  W il lo w  Creek b lo c k  to  th e  n o r th  by th e  n o r t h e a s t - t r e n d i n g  A u s t in -  
Amazon f a u l t  and s e p a r a t e d  from th e  W hite S ig n a l  b lo c k  in  th e  s o u th  by th e  
s i m i l a r l y  t r e n d in g  N e g le c te d - S p r o u s e -C o p e la n d  f a u l t  ( P I .  1 1 ) .

The Burro M ountains g r a n i t e  c o n s i s t s  p r i m a r i l y  o f  p i n k i s h - g r a y ,  medium- 
to  c o a r s e - g r a i n e d ,  l e u c o c r a t i c  g n e i s s i c  g r a n i t e  and g r a n i t e .  The g r a n i t e  has  
a h y p id io m o r p h ic -  to  x e n o m o r p h ic -g r a n u la r  t e x t u r e  t h a t  i s  l o c a l l y  p o r p h y r i t i c .  
The rock  commonly c o n t a i n s  from 23% t o  36% p e r t h i t i c  m i c r o c l i n e ,  22% to  70% 
o l i g o c l a s e ,  30% to  3 5% q u a r t z ,  and a s  much a s  4% b i o t i t e .  A c c e s s o r y  m in e r a l s  
a re  s p h e n e ,  z i r c o n ,  t o u r m a l in e ,  a p a t i t e ,  m a g n e t i t e ,  r u t i t e ,  and i l m e n i t e .  
A d ja ce n t  to  th e  Tyrone l a c c o l i t h  th e  g r a n i t e  i s  m o d e r a te ly  to  s t r o n g l y  
s e r i c i t i z e d ,  k a o l i n i z e d ,  and s i l i c i f i e d .  F u r th er  d e s c r i p t i o n s  o f  t h e  g r a n i t e  
a r e  p ro v id ed  in  H e w it t  ( 1 9 5 9 ) ,  G i l le r m a n  ( 1 9 6 4 ,  1 9 6 8 ,  1 9 7 0 ) ,  and Hedlund  
(1 9 7 8 a ,  1978d , 1 9 7 8 e ) .

The P a le o c e n e  Tyrone l a c c o l i t h  (p o ta s s iu m -a r g o n  age  o f  5 6 .2  m .y . ;  
M cDowell, 1 9 7 1 )  i s  e lo n g a t e d  i n  a n o r t h e a s t e r l y  d i r e c t i o n .  I t  i s  
a p p r o x im a te ly  6 . 5  km wide and 8 km lo n g  and o c c u p i e s  a t o p o g r a p h ic  d e p r e s s i o n  
surrounded  by Burro M ountains g r a n i t e .  The l a c c o l i t h  ( K o l e s s a r ,  1 9 7 0 )  
c o n s i s t s  o f  p o r p h y r i t i c  and n o n p o r p h y r i t i c  q u a r tz  m o n zo n ite  and m o n z o n ite ,  
w hich  i s  a l i g h t - g r a y ,  m e d iu m -g r a in ed ,  h o l o c r y s t a l l i n e , h y p id io m o r p h ic -  
g r a n u la r  r o c k .  The ro ck  t y p i c a l l y  c o n t a i n s  14% t o  16% a n o r t h o c l a s e ,  55% t o  
65% o l i g o c l a s e ,  6% to  16% q u a r t z ,  1% to  4% b i o t i t e ,  and l e s s  th a n  1% 
h o rn b len d e .  A c c e s s o r y  m in e r a l s  a r e  s p h e n e ,  a p a t i t e ,  and i r o n  o x i d e s .  In th e  
e a s t e r n  p a r t  o f  th e  Tyrone l a c c o l i t h  and a d j a c e n t  Burro M ountains g r a n i t e  i s  
th e  Tyrone porphyry co p p er  d e p o s i t  ( K o l e s s a r ,  1 9 7 0 ) .  Prim ary m in e r a l s  a re  
p y r i t e ,  c h a l c o p y r i t e ,  s p h a l e r i t e ,  m o ly b d e n i t e ,  and b o r n i t e .  C h a l c o c i t e  and 
minor c o v e l l i t e  a re  t h e  o r e  m in e r a l s  in  th e  su p e r g e n e  zone  o f  t h e  d e p o s i t .
The a r e a  o f  th e  Tyrone l a c c o l i t h  t h a t  c o n t a i n s  d is s e m in a t e d  h ypogene s u l f i d e  
m in e r a l s  i s  l i m i t e d .  The a r e a  i s  wedge sh aped; t h e  n o r t h e a s t e r l y  Burro C h ie f  
f a u l t  forms th e  n o r th e r n  b oundary . An e a s t - t o - w e s t  zone  o f  f a u l t i n g  
i n t e r s e c t s  th e  Burro C h ie f  f a u l t  and forms th e  s o u th e r n  boundary o f  th e  a r e a  
( P I .  1 1 ) .  The m i n e r a l i z a t i o n  t h a t  formed th e  T yrone porphyry co p p er  d e p o s i t
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I s  b e l i e v e d  to  have o cc u r red  d u r in g  Laramide t im e  and was g e n e t i c a l l y  
a s s o c i a t e d  w i th  t h e  Tyrone q u a r tz  m o n zo n ite  l a c c o l i t h  ( G i l le r m a n ,  1964;  
K o l e s s a r ,  1 9 7 0 ) .

E v id e n c e  o f  F a v o r a b i l i t y

The p r e s e n c e  o f  a mechanism fo r  t h e  c o n c e n t r a t i o n  and d e p o s i t i o n  o f  
uranium w i t h i n  a r e a  G i s  e v id e n c e d  by t h r e e  uranium o c c u r r e n c e s  (P 1 .2 A ;  P I .  
1 1 ) ,  a l l  o f  w hich  a r e  d e s c r ib e d  i n  A ppendix  C ( u r a n iu m -o c c u r r e n c e  r e p o r t s  39 ,  
4 0 ,  4 1 ) .  The uranium o c c u r r e n c e s  and p o t e n t i a l  uranium d e p o s i t s  i n  a r e a  G a r e  
c l a s s i f i e d  a s  a l l o g e n i c  ( C l a s s  3 7 0 )  r a t h e r  th a n  m a g m a tic -h y d ro th erm a l ( C l a s s  
3 3 0 )  b e c a u s e  d a ta  from th e  o c c u r r e n c e s  a r e  more c h a r a c t e r i s t i c  o f  a l l o g e n i c -  
ty p e  uranium o c c u r r e n c e s  th a n  o f  m a g m a tic -h y d ro th erm a l o c c u r r e n c e s .  The 
o c c u r r e n c e s  a r e  c l a s s i f i e d  a s  a l l o g e n i c  r a t h e r  than  a u t h i g e n i c  ( C l a s s  360)  
b e c a u s e  o f  th e  p rop osed  uranium s o u r c e .

The known o c c u r r e n c e s  a re  i n  N. 2 0 °  E . -  t o  N. 60°  E . - t r e n d i n g ,  s t e e p l y  
d ip p in g  sh ea r  zo n es  t h a t  a r e  abundant (H ed lu n d ,  19 7 8 a )  i n  th e  q u a r tz  m o n zo n ite  
o f  a r e a  G. The i n t e n s i t y  o f  s h e a r in g  i s  i l l u s t r a t e d  by th e  t h i n - s e c t i o n  
r e p o r t  (App. E) o f  sam ple MLM 0 0 3 ,  w h ich  shows t h a t  th e  h o s t  ro c k  h a s  
undergone m y l o n i t i z a t i o n  a lo n g  th e  s h e a r s .  The h o s t  ro c k  i s  i n t e n s e l y  
s e r i c i t i z e d  and v a r i a b l y  i r o n  s t a i n e d ,  but i t  i s  unknown w h eth er  t h i s  
a l t e r a t i o n  i s  a b y p ro d u ct  o f  t h e  p r o c e s s  by which uranium was d e p o s i t e d ,  a 
r e s u l t  o f  s h e a r in g  and w e a t h e r i n g ,  o r  p a r t  o f  th e  u b i q u i t o u s  s e r i c i t i z a t i o n
a s s o c i a t e d  w i th  th e  e p i s o d e  o f  porphyry co p p er  m i n e r a l i z a t i o n  t h a t  o c c u r r e d  
n ea rb y .  The predom inant uranium m in e r a l  i n  th e  o c c u r r e n c e s  i s  r a e t a t o r b e r n i t e , 
but t r a c e  amounts o f  an u n i d e n t i f i e d  uranium s i l i c a t e  m in e r a l  were a l s o  n o ted  
(MLM 0 0 3 ) .  The maximum uranium c o n t e n t  measured was 940  ppm cU3 0 g 
(O ccu rren ce  4 1 ,  MLM 0 0 2 ) .  However, a t h i n - s e c t i o n  a n a l y s i s  o f  a sam ple  (MLM 
0 0 3 )  from O ccu rren ce  4 1 ,  w h ich  was n o t  a n a ly z e d  f o r  UgOg, c o n t a in e d  9.5% 
r a e t a t o r b e r n i t e .  That p e r c e n ta g e  o f  r a e t a to r b e r n i t e  in  t h e  ro c k  i s  ro u g h ly  
e q u i v a l e n t  to  a uranium c o n t e n t  o f  b e tw een  4% and 5%. The uranium c o n t e n t s  o f  
o u tc r o p  sam ples  from t h e  o t h e r  two o c c u r r e n c e s  were much lo w e r  (O ccu rren ce  3 9 ,  
MLM 145, 29 ppm cU^Og; O ccu rren ce  4 0 ,  MLM 146 , 31 ppm cU^Og).

The a l l o g e n i c  n a tu r e  o f  t h e  uranium o c c u r r e n c e s  i s  i n d i c a t e d  by th e  low  
th o r iu m -to -u r a n iu m  r a t i o  ( l e s s  th a n  0 . 1 )  and t h e  low  th or iu m  c o n t e n t s  o f  th e  
d e p o s i t s ,  w h ich  a r e  n o t  e l e v a t e d  o v e r  background l e v e l s  o f  th o r iu m  in  th e  
Tyrone l a c c o l i t h .  Even w eathered  p o r t i o n s  o f  m a g m a tic -h y d ro th erm a l uranium  
o c c u r r e n c e s  o f t e n  have th oriu m  c o n t e n t s  e l e v a t e d  o v e r  h o s t - r o c k  background  
l e v e l s .  M orphology o f  th e  known o c c u r r e n c e s  i s  i r r e g u l a r  w i t h i n  sh e a r  z o n e s ,  
and t h e r e  i s  no t r a c e  o f  a h y d r o t h e r m a l- v e in  sy stem ; a g a i n ,  th e  
c h a r a c t e r i s t i c s  a r e  o f  a l l o g e n i c  r a t h e r  th a n  m a g m a tic -h y d ro th erm a l d e p o s i t s .  
The h e a v y -m e ta l  t r a c e - e l e m e n t  s u i t e  w i t h i n  th e  uranium o c c u r r e n c e s  i s  
r e s t r i c t e d  t o  Cu, Mo, Pb, and Sb (O cc u r ren ce  41— MLM 0 0 2 ,  117 ppm Cu, 69 ppm 
Mo, 273 ppm Sb; O ccu rren ce  40— MLM 146, 83 ppm Cu, 12 ppm Mo, 356 ppm P b ) .  
P r e s e n c e  o f  t h e s e  m e t a l s  can  be e x p la in e d  a s  b e in g  t h e  r e s u l t  o f  th e  p e r v a s iv e  
e p i s o d e  o f  porphyry  co p p er  m i n e r a l i z a t i o n  i n  th e  a r e a .  T h is  s u i t e  o f  t r a c e  
e le m e n ts  i s  v er y  d i f f e r e n t  from t h e  e x t e n s i v e  s u i t e  o f  t r a c e  m e t a l s  a s s o c i a t e d  
w ith  th e  m a g m a tic -h y d ro th erm a l uranium o c c u r r e n c e s  to  th e  s o u th  ( a r e a  A) and 
n o r th  (a r e a s  B and D ).  R ecen t  o r  perhaps ev en  o n g o in g  uranium d e p o s i t i o n  o f  
th e  a l l o g e n i c  typ e  i s  i n d i c a t e d  by a cU/eU r a t i o  o f  g r e a t e r  th a n  1 (MLM 001 ,  
MLM 0 0 2 ) .
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A l l o g e n i c  r a t h e r  th an  a u t h i g e n i c  c l a s s i f i c a t i o n  o f  th e  uranium  
o c c u r r e n c e s  i n  a r e a  G i s  d ep en dent on t h e  c h o i c e  o f  s o u r c e  rock  f o r  t h e  
uranium . The uranium s o u r c e  f o r  a u t h ig e n i c  o c c u r r e n c e s  i s  th e  h o s t  r o c k .  The
uranium s o u r c e  fo r  a l l o g e n i c  o c c u r r e n c e s  i s  o u t s i d e  t h e  h o s t  r o c k .  A 
co m p a r iso n  o f  th e  q u a r tz  m o n zo n ite  o f  t h e  Tyrone l a c c o l i t h  and th e  Burro  
Mountains g r a n i t e ,  which  t h e  l a c c o l i t h  i n t r u d e s ,  i n d i c a t e s  t h a t  th e  Burro 
M ountains g r a n i t e  was th e  p ro b a b le  uranium s o u r c e .  The background l e v e l s  o f  
uranium in  t h e  Tyrone l a c c o l i t h  a r e  lo w  ( l e s s  th a n  1 ppm cU3 0 g , MLM 0 2 3 ,
MLM 0 2 4 ) .  The th o r iu m -to -u r a n iu m  r a t i o s  o f  th e  l a c c o l i t h  a r e  a l s o  n orm al,  
which i n d i c a t e s  t h e r e  was l i t t l e  l e a c h i n g  o f  uranium from th e  ro ck  d u r in g  th e  
w e a th e r in g  p r o c e s s .  An e x t e n s i v e  gamma-ray s p e c t r o m e t r i c  s u r v e y  o f  th e  
l a c c o l i t h  showed t h a t  t h e s e  uranium and th oriu m  l e v e l s  a re  t y p i c a l  o f  th e  
l a c c o l i t h  o u t s i d e  a r e a  G. C o n v e r s e ly ,  sa m p les  o f  Burro M ountains g r a n i t e  
a d ja c e n t  to  th e  l a c c o l i t h  c o n t a i n  6 t o  7 ppm cUgOg (MLM 0 2 1 ,  0 2 2 ,  0 2 4 )  and 
have th o r iu m -to -u r a n iu m  r a t i o s  o f  b etw een  6 . 2  and 1 2 . 8 .  The h ig h  t h o r iu m - t o -  
uranium r a t i o s  and h ig h  uranium c o n t e n t s  o f  th e  Burro M ountains g r a n i t e  
i n d i c a t e  t h a t  i t  i s  a much b e t t e r  p o t e n t i a l  so u r c e  f o r  uranium d e r iv e d  d ur in g  
th e  w e a th e r in g  c y c l e  th an  i s  t h e  Tyrone l a c c o l i t h .  The th o r iu m -to -u r a n iu m  
r a t i o s  o f  th e  g r a n i t e  s u g g e s t  t h a t  rem oval o f  uranium from th e  g r a n i t e  d u r in g  
w e a th e r in g  d id  o c c u r  and i s  o c c u r r i n g .  The HSSR anom aly su rro u n d in g  th e  
e n t i r e  Burro M ountains g r a n i t e  ( t h e  p r i n c i p a l  ro ck  ty p e  o f  th e  b a t h o l i t h )  i s  
c a p a b le  o f  r e l e a s i n g  s i g n i f i c a n t  amounts o f  uranium to  t h e  n e a r - s u r f a c e  
en v iron m en t d u r in g  th e  w e a th e r in g  c y c l e .

I t  i s  proposed  t h a t  s u r f i c i a l  w e a th e r in g  o f  th e  Burro M ountains g r a n i t e  
has r e l e a s e d  and i s  r e l e a s i n g  uranium to  s u r f i c i a l  and n e a r - s u r f a c e  ground  
w a t e r s .  T ra ce s  o f  a p a t i t e  in  th e  g r a n i t e  and l a c k  o f  c a r b o n a t e s  i n  th e  n ea r ­
s u r f a c e  en v iron m en t i n d i c a t e  t h a t  uranium i s  p ro b a b ly  t r a n s p o r t e d  a s  
U0 2 (aP 0 4 ) 2 ~^ co m p lex e s  (L an gm u ir ,  1 9 7 7 ) .  The u ra n iu m -b e a r in g  
s u r f i c i a l  w a te r s  moved from t h e  Burro M ountains g r a n i t e  i n t o  t h e  Tyrone  
l a c c o l i t h  and w ere c o n c e n t r a t e d  i n  h i g h l y  sh ea re d  and f r a c t u r e d  a r e a s .
Langmuir (1 9 7 7 )  i n d i c a t e d  t h a t  uranium p h o sp h a te  m in e r a l s  become l e s s  s o l u b l e  
a s  pH d e c r e a s e s .  A lo w  pH en v iro n m en t  would be p ro v id e d  where th e  sh e a r  zon es  
t r a n s p o r t i n g  th e  u ra n iu m -b e a r in g  ground w a te r s  i n t e r s e c t e d  o x i d i z i n g  
d is s e m in a t e d  s u l f i d e s  i n  th e  e a s t e r n  Tyrone l a c c o l i t h .  In such  an  
en v iro n m en t ,  u ra n y l  p h o sp h a te  m in e r a l s  su ch  a s  m e t a t o r b e r n i t e  would  
p r e c i p i t a t e .  I f  th e  u ra n iu m -b e a r in g  s o l u t i o n s  en c o u n te r e d  u n o x id iz e d  
d is s e m in a t e d  s u l f i d e s  a t  d ep th  i n  th e  sh e a r  z o n e s ,  r e d u c t io n  would o cc u r  and 
u r a n i n i t e  o r  t e t r a v a l e n t  uranium s i l i c a t e  m in e r a l s  would p r e c i p i t a t e .  As 
w e a th e r in g  p r o g r e s s e d  and t h e  o x i d i z e d  zone d escen d ed  in  t h e  m i n e r a l i z e d  
s h e a r s ,  t e t r a v a l e n t  uranium  m in e r a l s  would be o x i d i z e d  and c o n v e r te d  to  
h e x a v a le n t  uranium p h o sp h a te  m i n e r a l s .  A w id esp rea d  a r e a  o f  d is s e m in a t e d  
s u l f i d e s  i n  th e  h o s t  r o c k  i s  c r i t i c a l  f o r  th e  d e p o s i t i o n  o f  s u f f i c i e n t  uranium  
to  meet th e  NURE ton n age and g ra d e  r e q u ir e m e n ts  fo r  f a v o r a b i l i t y .  B eca u se  o f  
th e  d i f f u s e  n a tu r e  o f  s o l u t i o n  t r a n s p o r t  i n  a n e a r - s u r f a c e  en v ir o n m e n t ,  a
f a i r l y  l a r g e  d e p o s i t i o n a l  s i t e  i s  n eed ed  to  e n s u r e  t h a t  s u f f i c i e n t  amounts o f
u ra n iu m -b e a r in g  s u r f i c i a l  w a te r s  i n t e r s e c t  th e  d e p o s i t i o n a l  s i t e  and d e p o s i t  a
s i g n i f i c a n t  amount o f  uranium.

The p o t e n t i a l  s i z e  o f  th e  a l l o g e n i c  uranium d e p o s i t s  in  a r e a  G i s
s p e c u l a t i v e .  B ecause  o f  o n g o in g  s u r f i c i a l  w e a th e r in g  p r o c e s s e s ,  uranium i s  
p rob ab ly  c o n t i n u a l l y  moving downward i n  th e  f a v o r a b l e  e n v iro n m en t .  T h e r e f o r e ,  
e x c e p t  f o r  some h ig h -g r a d e  s u r f i c i a l  rem nants o f  uranium d e p o s i t s  such  a s  a t  
O ccu rren ce  4 1 ,  s u r f i c i a l  c o n t e n t s  o f  uranium sh o u ld  be lo w .  D epending on th e
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l o c a l  h y d r o g e o lo g y  and th e  movement o f  u ra n iu m -b e a r in g  s u r f i c i a l  w a t e r s ,  
uranium c o u ld  be p r e s e n t  a s  lo w -g r a d e  d i s s e m i n a t i o n s ,  a s  h ig h e r  grad e d e p o s i t s  
i n  s h e a r s ,  o r  b o t h .  As th e  known o c c u r r e n c e s  a r e  l o c a t e d  in  s h e a r s ,  and a t  
l e a s t  some s u r f a c e  sa m p les  were h ig h  g r a d e ,  t h e r e  i s  a p o t e n t i a l  fo r  h ig h -  
grad e uranium d e p o s i t s  i n  th e  s h e a r s .  S u r fa ce  i n d i c a t i o n s  a r e  t h a t  the  
m in e r a l i z e d  s h e a r s  c o u ld  be o f  c o n s i d e r a b l e  s i z e .  At O ccurrence  3 9 ,  anom alous  
r a d i o a c t i v i t y  was d e t e c t e d  c o n t i n u o u s l y  a lo n g  a sh e a r  zone a t  l e a s t  600 m long  
and 60 m w id e .  Numerous sh e a r  z o n e s  i n  a r e a  G c o u ld  h o s t  uranium in  th e  
s u b s u r f a c e .  The minimum l i m i t  on d e p th  o f  d e p o s i t s  i s  p ro b a b ly  t h e  d ep th  
where d i s s e m in a t e d  s u l f i d e s  a r e  u n o x id iz e d .  In a r e a  G, t h i s  can  ra n g e  from 
n ea r  s u r f a c e  to  200 m b e lo w  th e  s u r f a c e .

F a v o r a b le  A rea

Area G was d e l i n e a t e d  on t h e  b a s i s  o f  th e  c o i n c i d e n c e  o f  d i s s e m in a t e d  
s u l f i d e s  and p e r v a s i v e ,  abundant sh e a r  z o n e s .  The a r e a  o f  d is s e m in a t e d  
s u l f i d e s  ( P I .  1 1 )  was e x t r a p o la t e d  from d a ta  i n  K o le s s a r  ( 1 9 7 0 ) .  E x t e n s iv e  
s h e a r in g  and f a u l t i n g  i n  th e  T yrone l a c c o l i t h  a r e  a l s o  shown on P l a t e  11.

A rea  G h a s  a s u r f a c e  a r e a  o f  1 3 .3  km^; th e  f a v o r a b le  en v iro n m en t i s  a t  
th e  s u r f a c e .  T h ic k n e s s  o f  th e  f a v o r a b l e  en v iro n m en t i s  e s t im a t e d  a t  somewhat 
i n  e x c e s s  o f  th e  d e p th  to  th e  h ypogene  d is s e m in a t e d  s u l f i d e  m i n e r a l s  (a b o u t  
300 m ). The la n d  o f  a r e a  G i s  p a r t l y  n a t i o n a l  f o r e s t  and p a r t l y  p r i v a t e .

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

In t h e  S i l v e r  C i t y  Q u a d ra n g le ,  a l l  P recam brian  m etam orphic r o c k s  a re  
u n fa v o r a b le  f o r  m a g m a tic -h y d ro th erm a l  and c o n t a c t  m e ta so m a tic  ( C l a s s e s  330 and 
3 4 0 ,  Mathews, 19 7 8 a )  and u n c o n f o r m i t y - r e l a t e d  and v e i n - t y p e  ( C l a s s e s  710 and 
720, Mathews, 1978b) d e p o s i t s .  P recam brian  i n t r u s i v e  r o c k s  and Laramide and 
m id - T e r t ia r y  i n t r u s i v e  r o c k s ,  e x c e p t  in  f a v o r a b l e  a r e a s  A, B, D, E, and G ( P I .  
1 ) ,  a r e  u n f a v o r a b le  f o r  a l l  c l a s s e s  o f  uranium d e p o s i t s  a s s o c i a t e d  w i th  
p l u t o n i c  ig n e o u s  r o c k s  ( C l a s s e s  310 th ro u g h  3 8 0 ,  Mathews, 1 9 7 8 a ) .  A l l  
P a l e o z o ic  and C r e ta c e o u s  s e d im e n ta r y  r o c k s ,  e x c e p t  i n  f a v o r a b l e  a re a  D ( P I .
1 ) ,  a re  judged u n fa v o r a b le  fo r  s a n d s t o n e  ( S u b c l a s s e s  241 th ro u g h  2 4 4 ,  A u s t in  
and D 'A ndrea , 1 9 7 8 )  and m ar in e  b la c k  s h a l e  ( C l a s s  130 , J o n e s ,  1 9 7 8 )  d e p o s i t s .  
Where in tr u d e d  by Laramide and m id - T e r t ia r y  ig n e o u s  r o c k s ,  t h e  P a l e o z o ic  and 
C r e ta c e o u s  c a r b o n a te  r o c k s  a r e  a l s o  u n f a v o r a b le  f o r  m agm a tic -h y d ro th erm a l and 
c o n t a c t  m e ta so m a t ic  ( C l a s s e s  330 and 3 4 0 )  d e p o s i t s .  Upper C r e ta c e o u s  and 
C en ozo ic  v o l c a n i c  ro ck s  a r e  u n f a v o r a b le  f o r  a l l  v o l c a n o g e n i c  uranium d e p o s i t s  
( C l a s s e s  510 th ro u g h  5 4 0 ,  P i l c h e r ,  1978) and , e x c e p t  i n  a r e a  F, f o r  m agm atic-  
h ydroth erm al ( C l a s s  3 3 0 )  d e p o s i t s .  Upper C e n o z o ic  b a s i n - f i l l  and Q uaternary  
s u r f i c i a l  d e p o s i t s ,  e x c e p t  i n  a r e a  C, a r e  u n f a v o r a b le  fo r  uranium d e p o s i t s  in  
s a n d s to n e  ( S u b c l a s s e s  241 th ro u g h  2 4 4 )  and i n  v o l c a n i c l a s t i c  l a c u s t r i n e  
en v iro n m en ts  o f  th e  h y d r o a l l o g e n i c  c l a s s  ( C l a s s  5 4 0 ) .

PRECAMBRIAN METAMORPHIC ROCKS

A l l  Precam brian  m etam orphic ro c k s  w i t h i n  th e  q u a d ra n g le  a r e  u n f a v o r a b le  
fo r  a l l  c l a s s e s  o f  uranium d e p o s i t s .  In p a r t i c u l a r ,  t h e  m etam orphic r o c k s  a re
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u n f a v o r a b le  d e p o s i t i o n a l  en v iro n m en ts  f o r  m a g m a tic -h y d ro th erm a l ( C l a s s  3 3 0 ) ,  
c o n t a c t  m e ta so m a t ic  ( C l a s s  3 4 0 ) ,  and u n c o n f o r m i t y - r e l a t e d  ( C l a s s  710) uranium  
d e p o s i t s  and a l s o  f o r  v e i n - t y p e  uranium d e p o s i t s  i n  m etam orphic ro c k s  ( C l a s s  
7 2 0 ) .

Precam brian  m e ta se d im e n ta r y  and m e t a v o lc a n ic  r o c k s  o c c u r  in  th e  P in a le n o  
(Swan, 1 9 7 6 )  and Dos Cabezas ( E r i c k s o n ,  19 6 9 ) M ountains i n  th e  w e st  and th e  
Burro b a t h o l i t h  ( H e w it t ,  1959; G i l le r m a n ,  1964) in  th e  e a s t  ( P I .  8 ) .  In th e  
w e st  th e  ro ck s  a r e  g e n e r a l l y  a s s ig n e d  to  th e  P in a l  S c h i s t ,  and in  th e  e a s t  
th e y  a re  a s s i g n e d  to  t h e  B u l la r d  Peak and Ash Creek s e r i e s  ( F i g .  2 ) .  The age  
o f  P in a l  s e d im e n t a t io n  i s  1 ,7 2 0  m .y .  a g o ,  and th e  age o f  P in a l  metamorphism i s  
p r e - 1 ,6 6 0  m .y .  ago ( S i l v e r ,  1 9 7 8 ) .  Ages o f  t h e  B u l la r d  Peak and Ash Creek  
s e r i e s  a r e  unknown, but g e n e r a l  g e o l o g i c  s i m i l a r i t y  may i n d i c a t e  a c o r r e l a t i o n  
w ith  th e  P i n a l .

The P in a l  o r i g i n a l l y  c o n s i s t e d  o f  e u g e o s 3m c l i n a l  s e d im e n t s — q u a r tz  s a n d s ,  
c o n g lo m e r a t e s ,  d a c i t i c  to  b a s a l t i c  v o l c a n i c  f l o w s ,  and t u f f a c e o u s  s e d im e n t s .  
P ostm etam orph ic  r o c k s  a re  p red o m in a n t ly  p h y l l i t e s ,  f e l d s p a t h i c  p h y l l i t e s  and 
a r g i l l i t e s ,  q u a r t z i t e s ,  m e ta c o n g lo m e r a te s ,  and a m p h i b o l i t e s . Metamorphic rank  
i s  in  th e  c h l o r i t e - a l b i t e - e p i d o t e - q u a r t z  o r  b i o t i t e - a l b i t e - e p i d o t e - q u a r t z  
f a c i e s  o f  th e  g r e e n s c h i s t  f a c i e s .

The B u l la r d  Peak s e r i e s  c o n s i s t s  o f  q u a r t z - f e l d s p a r  g n e i s s ,  b i o t i t e  
g n e i s s ,  b i o t i t e  s c h i s t ,  m u s c o v i te  s c h i s t ,  h o rn b len d e  g n e i s s ,  s i l l i m a n i t e  
g n e i s s ,  g r a n i t e  g n e i s s ,  and a m p h ib o l i t e  r e s u l t i n g  from a m p h ib o l i t e  f a c i e s  
r e g i o n a l  raetamorphism o f  a r g i l l a c e o u s  f e l d s p a t h i c  s a n d s t o n e ,  c a l c a r e o u s  
a r g i l l a c e o u s  s i l t s t o n e ,  s h a l e ,  d o l o m i t i c  s h a l e ,  d i a b a s e ,  and g r a n i t e .  A f t e r  
metamorphism o f  th e  B u l la r d  Peak s e r i e s ,  th e  s e d im e n ts  o f  t h e  Ash Creek s e r i e s  
were d e p o s i t e d — s i l t y  d o lo m it e  and l i m e s t o n e ,  f e l d s p a t h i c  and a r g i l l a c e o u s  
s a n d s t o n e ,  and s h a l e .  Low-grade r e g i o n a l  metamorphism ( g r e e n s c h i s t  f a c i e s )  
and c o n t a c t  metamorphism o f  th e  Ash Creek produced s e r i c i t e  p h y l l i t e ,  
a n d a l u s i t e  h o r n f e l s ,  b i o t i t e  h o r n f e l s ,  d io p s i d e  q u a r t z i t e ,  s e r p e n t in e  
m a r b l e - o p h i c a l c i t e  r o c k s ,  c a l c i t e - s e r p e n t i n e - c h l o r i t e  r o c k s ,  and t a l c  and 
m a g n e t i t e  s e r p e n t i n e  (Woodward, 1 9 7 0 ) .

The m etam orphic r o c k s  a re  u n f a v o r a b le  f o r  m agm a tic -h y d ro th erm a l uranium  
d e p o s i t s  d e s p i t e  th e  p r e s e n c e  o f  two m agm a tic -h y d ro th erm a l uranium o c c u r r e n c e s  
(O cc u r ren ce s  22 and 2 4 ,  App. C) h o s te d  by q u a r tz  m u s c o v i t e  s c h i s t s  (MLM 0 9 4 ,  
App. E) o f  th e  B u l la r d  Peak s e r i e s  w i t h i n  f a v o r a b l e  a r e a  D ( P i .  1 ) .  T hese two 
o c c u r r e n c e s  a r e  t h e  o n ly  uranium o c c u r r e n c e s  h o s te d  by Precam brian  metamorphic  
rock s  w i t h i n  th e  q u a d r a n g le .  The o c c u r r e n c e s  w ere formed by t h e  same e p i s o d e  
o f  m i d - T e r t ia r y  uranium m i n e r a l i z a t i o n  t h a t  formed t h e  m a g m a tic -h y d ro th erm a l  
uranium d e p o s i t s  h o s te d  by P recam brian  g r a n i t e  and C r e ta c e o u s  B e a r to o th  
Q u a r t z i t e  i n  a r e a  D. The m etam orphic r o c k s  a r e  n o t  c o n s id e r e d  f a v o r a b le  i n  
a r e a  D b e c a u s e  t h e i r  r e s p o n s e  to  f a u l t i n g  and s h e a r in g  i s  p o o r ,  r e s u l t i n g  i n  
few  d e p o s i t i o n a l  s i t e s ,  and t h e  r o c k s  a re  a p p a r e n t ly  n o t  c h e m ic a l ly  f a v o r a b le  
a s  h o s t  r o c k s  f o r  m a g m a tic -h y d ro th erm a l uranium d e p o s i t i o n .  Chem ical  
u n f a v o r a b i l i t y  i s  i n d i c a t e d  by th e  g e n e r a l  l a c k  o f  w a l l - r o c k  a l t e r a t i o n  (MLM 
094; O ccu rren ce  24 )  a t  th e  two known o c c u r r e n c e s .  The u n s u i t a b i l i t y  o f  th e  
m etamorphic ro c k s  a s  h o s t  ro ck s  f o r  m a g m a tic -h y d ro th erm a l uranium d e p o s i t s  i s  
f u r t h e r  e v id e n c e d  by O ccu rren ce  23 ( a r e a  D ) , w here x e n o l i t h s  o f  m etam orphic  
ro ck s  in  g r a n i t e  have s e l e c t i v e l y  n o t  b een  m i n e r a l i z e d ,  w hereas th e  
su rro u n d in g  g r a n i t e  h as  b een  m i n e r a l i z e d .  In f a v o r a b l e  a r e a  E ( P I .  1 ) ,  an  
i n t r u s i v e  body produced u ra n iu m -b e a r in g  h y d ro th erm a l s o l u t i o n s  t h a t
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m in e r a l i z e d  a d j a c e n t  g r a n i t e  but d id  n o t  m i n e r a l i z e  e q u a l l y  a d j a c e n t  P in a l  
S c h i s t .  The e v id e n c e  i n d i c a t e s  t h a t  even  when a s o u r c e  o f  u ra n iu m -b e a r in g  
m a g m a tic -h y d ro th erm a l s o l u t i o n s  i s  p r e s e n t ,  th e  r e s u l t i n g  uranium d e p o s i t i o n  
in  th e  m etam orphic ro c k s  i s  to o  s p a r s e  (tw o  known o c c u r r e n c e s  in  th e  
q u a d r a n g le ) ,  to o  s m a l l  in  s i z e  (O c c u r r e n c e s  22 and 2 4 ) ,  and to o  low  grad e  
(maximum 296 ppm cU3 0 g ,  MLM 1 1 7 )  to  q u a l i f y  a s  f a v o r a b le  under t h e  NURE 
ton n age  and grad e r e q u ir e m e n ts  f o r  f a v o r a b i l i t y .

P recam brian  m etam orphic r o c k s  a r e  a l s o  im fa v o r a b le  f o r  c o n t a c t  
m eta so m a tic  uranium d e p o s i t s  b e c a u s e  o f  a g e n e r a l  l a c k  o f  a l t e r e d  s h e a r  o r  
b r e c c i a t e d  z o n e s ;  a l a c k  o f  f l u o r i t e ,  s u l f i d e s ,  o r  o t h e r  i n d i c a t i o n s  o f  
c o n t a c t  m e ta so m a tic  m i n e r a l i z a t i o n ;  and t h e  l a c k  o f  anom alous r a d i o a c t i v i t y  a t  
any i n t r u s i v e  c o n t a c t  w i t h  th e  m etam orphic r o c k s .  The m etam orphic rock s  a r e  
u n fa v o r a b le  fo r  u n c o n f o r m i t y - r e l a t e d  uranium d e p o s i t s  and v e i n - t y p e  uranium  
d e p o s i t s  i n  metam orphic ro ck s  b e c a u s e  th e  m etamorphic ro c k s  o f  th e  q uad ran g le  
a re  in  a m o b i le  b e l t  t e c t o n i c  s e t t i n g ,  w hereas t h e  known uranium d e p o s i t s  o f  
th e s e  t y p e s  a r e  l o c a t e d  i n  s h i e l d  a r e a s .  The r o c k s  a r e  a l s o  u n f a v o r a b le  
b e c a u s e  o f  a g e n e r a l  l a c k  o f  sh e a r  z o n e s  and a t t e n d a n t  s i l i c i f i c a t i o n , 
c h l o r i t i z a t i o n ,  and h e m a t i t i c  a l t e r a t i o n .  The e r o s i o n a l  s u r f a c e  o f  th e  
metamorphic r o c k s  i s  n o t  o v e r l a i n  by a r e g i o n a l  s a n d s to n e  s e q u e n c e ,  w hich  
i n d i c a t e s  t h a t  th e  P recam brian  m etam orphic ro c k s  a r e  n o t  f a v o r a b l e  f o r  
u n c o n f o r m i t y - r e la t e d  uranium d e p o s i t s .

The P recam brian  m etam orphic r o c k s  o f  th e  q u a d ra n g le  have a c o n s i s t e n t l y  
lo w  uranium c o n t e n t  (4  t o  l e s s  th a n  1 ppm cUgOg; MLM 0 9 4 ,  MLM 0 9 4 ,  MLM 
1 0 2 ) .  E xcept i n  th e  two uranium o c c u r r e n c e s ,  t h e  maximum l e v e l  o f  uranium  
found in  th e  P recam brian  m etam orphic ro c k s  was 9 ppm eU (MLM 6 7 4 ) .  No 
anom alous r a d i o a c t i v i t y  was d e t e c t e d  on t h e  ground o r  by a i r b o r n e  r a d io m e t r i c  
s u r v e y s .

PRECAMBRIAN INTRUSIVE ROCKS

A l l  en v iro n m en ts  i n  Precam brian  ig n e o u s  r o c k s ,  e x c e p t  fo r  t h o s e  i n  
f a v o r a b le  a r e a s  A, B, D, and E ( P i .  1 )  and th o s e  in  th e  u nevalx ia ted  
Precam brian i n t r u s i v e  r o c k s  in  th e  s o u th e r n  Dos Cabezas M o u n ta in s ,  a re  
u n f a v o r a b le  f o r  uranium d e p o s i t s  a s s o c i a t e d  w i t h  p l u t o n i c  ig n e o u s  ro ck s  
( C l a s s e s  310 th ro u g h  3 8 0 ) .  The u n f a v o r a b le  r o c k s  cro p  o u t  in  f i v e  a r e a s  o f  
th e  q u a d ra n g le  ( P I .  7 ) .  From e a s t  to  w e s t ,  th e  a r e a s  a r e  th e  S i l v e r  C i ty  
a r e a ,  th e  Burro b a t h o l i t h ,  t h e  G r a n ite  Gap a r e a  o f  th e  s o u th e r n  P e l o n c i l l o  
M ou n ta ins ,  th e  Dos C abezas M o u n ta in s ,  and th e  P in a le n o  M o u n ta in s .  A lth ou gh  
Precam brian  i n t r u s i v e  r o c k s  o f  th e  f i v e  a r e a s  a r e  u n f a v o r a b le  fo r  a l l  th e  
c l a s s e s  o f  uranium d e p o s i t s  a s s o c i a t e d  w i t h  p l u t o n i c  ig n e o u s  r o c k s ,  some 
c l a s s e s  o f  p o t e n t i a l  uranium d e p o s i t s  a r e  more p ro b a b le  th a n  o t h e r s .  In th e  
f o l l o w i n g  d i s c u s s i o n ,  s p e c i f i c  e v id e n c e  i n d i c a t i n g  u n f a v o r a b i l i t y  f o r  each  
r e g io n  w i l l  be l i s t e d  o n ly  fo r  t h e  most p r o b a b le  o f  th e  p o s s i b l e  c l a s s e s  in  
p l u t o n i c  ig e n o u s  r o c k s .

S i l v e r  C i t y  R e g io n

Precam brian  i n t r u s i v e  r o c k s  o f  t h e  S i l v e r  C i t y  r e g i o n  c o n s i s t  o f  
p o r p h y r i t i c  b i o t i t e  g r a n i t e ,  s o d i c  m u s c o v i t e  g r a n i t e ,  g r a n i t e ,  p e g m a t i t e s ,  and 
a p l i t e  (J o n e s  and o t h e r s ,  1964; Woodward, 1970; Cunningham, 1974; F i n n e l ,
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1 9 7 6 b ) .  The ro c k s  a r e  u n f a v o r a b le  f o r  p e g m a t i t e - t y p e  uranium o c c u r r e n c e s  
b eca u se  no u ra n iu m -b e a r in g  p e g m a t i t e s  a r e  known in  th e  a r e a ;  u ra n iu m -b e a r in g  
p e g m a t i t e s  i n  o t h e r  p a r t s  o f  th e  q u a d ra n g le  a r e  to o  s m a l l  and to o  low  g ra d e  to  
meet th e  NURE r e q u ir e m e n t s .  The a r e a  i s  u n f a v o r a b le  f o r  m agm a tic -h y d ro th erm a l  
uranium d e p o s i t s  b eca u se  t h e r e  a r e  no known s o u r c e s  f o r  u ra n iu m -b ea r in g  
hydroth erm al s o l u t i o n s ;  f a u l t s  and sh e a r  z o n e s ,  p o t e n t i a l  d e p o s i t i o n a l  s i t e s ,  
a r e  n e i t h e r  p r e v a l e n t  nor a n o m a lo u s ly  r a d i o a c t i v e ,  n o r  do th e y  have th e  
h y d r o th e r m a l- ty p e  w a l l - r o c k  a l t e r a t i o n  common i n  a r e a s  f a v o r a b le  f o r  su ch  
d e p o s i t s .  There a r e  n e i t h e r  a ir b o r n e  r a d io m e t r i c  n or  HSSR a n o m a l ie s  i n  th e  
a r e a .  There a r e  no known uranium o c c u r r e n c e s .

Burro B a t h o l i t h

The u n fa v o r a b le  Precam brian  i n t r u s i v e  r o c k s  o f  th e  Burro b a t h o l i t h  
c o n s i s t  o f  a n o r t h o s i t e ,  d i a b a s e ,  m o n zo n ite  and q u a r tz  m o n z o n ite ,  q u a r tz  
d i o r i t e  g n e i s s ,  b i o t i t e  q u a r tz  d i o r i t e ,  d i o r i t e ,  s y e n i t e ,  g r a n i t e ,  p e g m a t i t e s ,  
and a p l i t e  d i k e s  ( H e w i t t ,  1959; B a llm an , 1960; G i l le r m a n ,  1964; H edlund,
1 9 7 8 a ,  b ,  d ,  e ,  f ) . F u r th er  d e s c r i p t i o n s  o f  th e  P recam brian  i n t r u s i v e  ro ck s  
and th e  s t r u c t u r a l  s e t t i n g  a r e  p ro v id ed  in  t h e  d i s c u s s i o n s  o f  f a v o r a b l e  a r e a s  
A, B, D, and G, w hich  a l s o  o cc u r  i n  th e  Burro b a t h o l i t h .

The u n f a v o r a b le  P recam brian  i n t r u s i v e  r o c k s  o f  th e  Burro b a t h o l i t h  
c o n t a i n  s c a t t e r e d ,  s m a l l ,  uranium o c c u r r e n c e s  o f  t h r e e  c l a s s e s  ( P I .  2A): 
m a g m atic -h yd roth erm al (O c c u r r e n c e s  49 ,  53 , 54 , 5 7 ,  6 0 ) ,  p e g m a t i t i c  (O ccu rren ce  
5 5 ) ,  and a u t h i g e n i c  (O cc u rren ce  4 8 ) .  D e s p i t e  th e  p r e s e n c e  o f  some m inor  
uranium o c c u r r e n c e s ,  th e  Burro b a t h o l i t h  i s  u n fa v o r a b le  f o r  m agm atic-  
hy d ro th erm a l uranium d e p o s i t s  o u t s i d e  f a v o r a b l e  a r e a s  A, B, and D ( P I .  1 )  
b eca u se  o f  l a c k  o f  s u f f i c i e n t  uranium s o u r c e s  and s t r u c t u r a l l y  f a v o r a b l e  
d e p o s i t i o n a l  s i t e s  f o r  th e  uranium. In e s s e n c e ,  t h e  m agm a tic -h y d ro th erm a l  
o c c u r r e n c e s  i n  th e  u n fa v o r a b le  P recam brian  i n t r u s i v e  ro c k s  o f  th e  Burro  
b a t h o l i t h  a re  s m a l l ,  s c a t t e r e d  o u t l i e r s  o f  th e  f a v o r a b l e  a r e a s .  They are  too  
s m a l l  and s c a t t e r e d  to  c o n t a i n  s u f f i c i e n t  uranium to  m eet th e  NURE to n n a g e  and 
grad e r e q u ir e m e n t s .  The a re a  i s  a l s o  u n f a v o r a b le  f o r  p e g m a t i t i c  uranium  
o c c u r r e n c e s .  The r a r e - e a r t h - b e a r i n g  p e g m a t i t e s  a r e  s m a l l ,  s c a t t e r e d ,  and low  
grad e (maximum 105 ppm cU3 0 g ,  O ccu rren ce  5 5 ) .  The a r e a  i s  u n f a v o r a b le  fo r  
a u t h ig e n i c  and a l l o g e n i c  d e p o s i t s  b eca u se  i t  l a c k s  a d eq u a te  d e p o s i t i o n a l  
s i t e s .  The one a u t h i g e n i c  o c c u r r e n c e  (O ccu rren ce  4 8 )  known in  th e  u n f a v o r a b le  
ro ck s  i s  s m a l l  and low  g ra d e  (maximum 207 ppm CU3 O8 , MLM 0 2 0 ) .

The d i s c u s s i o n  o f  th e  a l l o g e n i c  uranium d e p o s i t s  o f  a r e a  G em phasized  th e  
im p o rta n ce  o f  two f a c t o r s  n e c e s s a r y  fo r  d e p o s i t i o n — a h ig h  s h e a r - z o n e  d e n s i t y  
and a l a r g e  a r e a  o f  d is s e m in a t e d  s u l f i d e s .  A lth o u g h  sh e a r  zo n es  and v e i n s  
c o n t a i n i n g  b a s e - m e t a l  s u l f i d e s  a re  p r e s e n t  in  th e  u n fa v o r a b le  a r e a ,  th e y  a re  
n o t s u f f i c i e n t l y  abundant to  h o s t  a l l o g e n i c  or  a u t h i g e n i c  uranium d e p o s i t s  o f  
s u f f i c i e n t  s i z e  to  meet t h e  NURE ton n age and g ra d e  r e q u ir e m e n t s .  W eathering  
o f  th e  P recam brian  r o c k s  c o u ld  have p ro v id e d  uranium f o r  a u t h i g e n i c  d e p o s i t s .  
D e s p i t e  t h a t  p o s s i b i l i t y  h ow ever, th e  a re a  i s  u n f a v o r a b le  b e c a u s e  i t  l a c k s  
a d eq u a te  d e p o s i t i o n a l  s i t e s .  W eathering  o f  th e  g r a n i t e s  and r a r e - e a r t h -  
b e a r in g  p e g m a t i t e s  in  th e  u n f a v o r a b le  a r e a s  and in  t h e  u r a n i f e r o u s  f a v o r a b le  
a r e a s  o f  th e  Burro b a t h o l i t h  a c c o u n t s  f o r  th e  HSSR anom aly l o c a t e d  o v er  th e  
e n t i r e  b a t h o l i t h ,  f a v o r a b le  and u n f a v o r a b le  a r e a s  a l i k e  ( P I .  4 ) .  There a r e  no 
s i g n i f i c a n t  a i r b o r n e  r a d io m e t r i c  a n o m a lie s  i n  th e  u n f a v o r a b le  P recam brian  
i n t r u s i v e  r o c k s  o f  th e  Burro b a t h o l i t h .
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G r a n ite  G ap-Sou th ern  P e l o n c i l l o  M ountains

P recam b rian  ro c k s  o f  th e  G r a n i te  Gap a r e a  c o n s i s t  o f  a m p h ib o l i t e ,  g r a n i t e  
p o rp h y ry ,  b a s a l t  d i k e s ,  and p o s s i b l y  p e g m a t i t e s  (A rm strong and o t h e r s ,  1978;  
Drewes and Thorman, 1 9 8 0 a ,  b ) . A lth o u g h  th e  a r e a  h as  undergone p e r v a s i v e  
c o n t a c t  metamorphlsra. I t  i s  u n f a v o r a b le  fo r  c o n t a c t  m e ta so m a tic  uranium  
d e p o s i t s  p r i m a r i l y  b e c a u s e  a s o u r c e  o f  uranium a p p ea rs  to  have been  l a c k i n g .  
Samples MLM 611 , 612 ,  6 1 3 ,  6 2 7 ,  6 2 8 ,  and 635 d id  n o t  c o n t a i n  anom alous amounts 
o f  uranium . R a d io m etr ic  t r a v e r s e s  o f  th e  a r e a  I n d i c a t e  t h a t  th e  sa m p les  a r e  
r e p r e s e n t a t i v e .  There a r e  no uranium o c c u r r e n c e s  and no a i r b o r n e  r a d io m e t r i c  
o r  HSSR uranium a n o m a l ie s  In  th e  a r e a .

Dos C abezas M ountains

E xcept fo r  th e  r o c k s  In th e  u n e v a lu a te d  a r e a  ( s e e  d i s c u s s i o n  o f  
u n e v a lu a te d  P recam brian  s i l i c i c  I n t r u s i v e  r o c k s ,  s o u th e r n  Dos Cabezas  
M o u n ta in s ) ,  th e  u n fa v o r a b le  P recam brian  I n t r u s i v e  r o c k s  o f  t h e  Dos C abezas  
M ountains c o n s i s t  o f  g n e i s s i c  q u a r tz  m o n z o n i t e ,  q u a r tz  m o n z o n i t e ,  d a c l t e  
p orp hyry , p e g m a t i t e ,  and a l a s k l t e  d i k e s  ( E r i c k s o n ,  1 9 6 8 a ,  1969; D rew es, 1 9 8 0 ) .  
The u n f a v o r a b le  P recam brian  I n t r u s i v e  r o c k s  c o n t a i n  o n ly  one r e p o r te d  
m agm a tic -h y d ro th erm a l uranium o c c u r r e n c e  (O ccu rren ce  Y4, App. A ) .  I t  I s  to o  
s m a l l  and low  g ra d e  to  m eet NURE to n n a g e  and g ra d e  r e q u ir e m e n t s .  The a r e a  I s  
u n fa v o r a b le  f o r  m a g m a tic -h y d ro th erm a l uranium d e p o s i t s  b e c a u s e  t h e  r o c k s  la c k  
I n t e n s e  f a u l t i n g  and s h e a r in g  and a r e  th u s  s t r u c t u r a l l y  u n f a v o r a b le .
M oreover , t h e r e  I s  no a p p a r en t  s o u r c e  o f  uranium. The Precam brian  r o c k s  a re  
I n tru d ed  by numerous Laramide and p o s t -L a ra m ld e  s t o c k s ,  but th e  s t o c k s  a re  
m a in ly  q u a r tz  d l o r l t l c ,  q u a r tz  m o n z o n l t l c ,  and g r a n o d l o r l t l c  In  c o m p o s i t i o n ,  
and th ey  commonly have  low  uranium c o n t e n t s .  There a r e  no s i g n i f i c a n t  
a ir b o r n e  r a d io m e t r i c  uranium a n o m a l ie s  In th e  a r e a .  An HSSR s u r v e y  was n ot  
done on th e  A r iz o n a  h a l f  o f  th e  q u a d r a n g le .

P in a le n o  M ountains

The u n f a v o r a b le  Precam brian  I n t r u s i v e  r o c k s  o f  t h i s  r e g io n  a r e  mapped a s  
u n d iv id e d  g r a n i t e ;  h o w e v e r ,  p e g m a t i t e s  a r e  p r e s e n t .  In f a v o r a b l e  a r e a  E 
n ea rb y ,  th e  Precam brian  g r a n i t o i d  r o c k s  ra n g e  In  c o m p o s i t io n  from q u a r tz  
m o n z o n l t lc  to  g r a n i t i c  and c o n t a i n  P recam brian  d ia b a s e  d ik e s  and s i l l s .
O u ts id e  a re a  E, th e  u n f a v o r a b le  Precam brian  I n t r u s i v e  r o c k s  c o n t a i n  one  
r e p o r te d  uranium o c c u r r e n c e  (O cc u r r e n c e  Y15; App. A) In  a r a r e - e a r t h - b e a r l n g  
p e g m a t i t e .  The a r e a  I s  u n f a v o r a b le  fo r  p e g m a t i t i c  uranium d e p o s i t s  f o r  th e  
same r e a s o n s  t h a t  th e  r e s t  o f  th e  q u a d ra n g le  I s  u n f a v o r a b le  f o r  t h i s  c l a s s  o f  
d e p o s i t .  When t h e y  a re  p r e s e n t ,  u ra n iu m -b e a r in g  p e g m a t i t e s  a re  to o  s m a l l  and 
to o  low  g ra d e  to  meet NURE r e q u ir e m e n t s .  The r o c k s  a r e  u n fa v o r a b le  f o r  
m agm a tic -h y d ro th erm a l uranium d e p o s i t s  b e c a u s e  th e y  l a c k  abundant f a u l t  and 
s h e a r  zo n es  and a s o u r c e  o f  uranium . A s o u r c e  o f  u ra n iu m -b e a r in g  h ydroth erm al  
s o l u t i o n s ,  su ch  a s  t h e  m l d - T e r t la r y  G i l l e s p i e  Quartz M o n z o n ite ,  which was th e  
s o u r c e  o f  uranium In a r e a  E, I s  l a c k i n g  f o r  th e  r e s t  o f  th e  P recam brian  
I n t r u s i v e  r o c k s  In th e  P in a le n o  M o u n ta in s .  No s i g n i f i c a n t  anom alous  
r a d i o a c t i v i t y  was d e t e c t e d  on th e  ground or by a i r b o r n e  r a d io m e t r i c  s u r v e y s .
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PALEOZOIC SEDIMENTARY ROCKS

A l l  P a l e o z o ic  rock s  a r e  u n f a v o r a b le  f o r  uranium d e p o s i t s  i n  s a n d s to n e  
( S u b c la s s e s  241 th ro u g h  2 4 4 )  o r  m arine b la c k  s h a l e  ( C l a s s  1 3 0 ) .  The r o c k s  a r e  
m arine and c o n t a i n  no a p p a ren t  c o n c e n t r a t i o n s  o f  ca r b o n a ce o u s  m a t e r i a l ;  th e  
s h a le  u n i t s  i n  p a r t i c u l a r  d i s p l a y  no e v id e n c e  o f  d e p o s i t i o n  under s t r o n g l y  
r e d u c in g  c o n d i t i o n s .  E xcept f o r  one  uranium o c c u r r e n c e  in  B l i s s  S and ston e  
(O ccu rren ce  6 0 ,  App. A ) ,  th e  P a l e o z o ic  r o c k s  l a c k  any e v id e n c e  o f  uranium  
e n r ic h m e n t .

The Permian and P e n n s y lv a n ia n  Naco Group c o n s i s t s  o f  an i n t e r s t r a t i f i e d  
seq u en ce  o f  l i m e s t o n e ,  d o lo m i t e ,  s a n d s t o n e ,  and s i l t s t o n e .  The P e n n s y lv a n ia n  
Magdalena Group, w h ich  i s  r e s t r i c t e d  to  th e  New M exico p o r t i o n  o f  th e  
q u a d r a n g le ,  c o n s i s t s  o f  l i m e s t o n e ,  s i l t s t o n e ,  and minor s a n d s to n e  and 
c o n g lo m e r a t e .

The B la ck  P r in c e  L im e s to n e ,  r e s t r i c t e d  to  th e  A r iz o n a  p o r t i o n  o f  th e  
q u a d r a n g le ,  s t r a d d l e s  th e  M i s s i s s ip p i a n - P e n n s y l v a n ia n  b oundary . I t  c o n s i s t s  
p r e d o m in a n t ly  o f  l i m e s t o n e  w i t h  m inor mudstone a t  i t s  b a s e .  The M i s s i s s i p p i a n  
P a r a d is e  F orm ation  co m p r is e s  i n t e r s t r a t i f i e d  l i m e s t o n e ,  c a l c a r e o u s  s i l t s t o n e  
and s h a l e ,  t h i n l y  bedded q u a r t z i t i c  s a n d s t o n e ,  and l o c a l l y  c o n g lo m e r a te  
(G i l le r m a n ,  1 9 5 8 ) .  The M i s s i s s i p p i a n  E sca b ro sa  Group (E s c a b r o s a  L im e s to n e ,  in  
A r iz o n a )  c o n s i s t s  p r e d o m in a n t ly  o f  l i m e s t o n e  and m inor i n t e r b e d s  o f  s h a l e .

The D evon ian  p e r io d  i s  r e p r e s e n t e d  by th e  P erch a  S h a le  and th e  M artin  
F orm ation . The Percha c o n s i s t s  o f  d a r k - c o lo r e d  s h a l e s  and n o d u la r  l im e s t o n e ;  
th e  M artin  c o m p r is e s  l i m e s t o n e  and c a l c a r e o u s  s h a l e .

The Lower S i l u r i a n  F u sse lm an  D o lo m it e ,  p r e s e n t  o n ly  i n  th e  e a s t e r n  p a rt  
o f  th e  q u a d r a n g le ,  i s  a m a s s iv e  c h e r t y  d o lo m i t e .  I t  o v e r l i e s  t h e  M iddle to  
Upper O r d o v ic ia n  Montoya Group, w h ich  i s  a l s o  r e s t r i c t e d  to  th e  e a s t e r n  
p o r t i o n  o f  th e  q u a d r a n g le .  The Montoya c o n s i s t s  o f  d o lo m ite  and a l t e r n a t i n g  
c h e r t  beds (H ayes  and C one, 1 9 7 5 ) .  The El Paso L im esto n e  t r a n g r e s s e s  th e  
C am b rian -O rd ov ic ian  boun d ary . I t  i s  m o s t ly  a c h e r t y  l i m e s t o n e  o r  d o lo m i t e ,  
but l o c a l l y  c o n s i s t s  o f  sandy  d o lc s n i t e .

The M iddle  to  Upper Cambrian A b rigo  F o rm a tio n ,  w h ich  i s  r e s t r i c t e d  to  th e  
so u th w e s t  c o r n e r  o f  th e  q u a d r a n g le ,  c o n s i s t s  o f  i n t e r s t r a t i f i e d  s a n d s t o n e ,  
s i l t s t o n e ,  s h a l e ,  l i m e s t o n e ,  and sandy d o l o m i t e .  Other Cambrian u n i t s ,  w h ich  
i n c lu d e  t h e  B o ls a  Q u a r t z i t e ,  Coronado S a n d s to n e ,  and B l i s s  S a n d s to n e ,  c o n s i s t  
m a in ly  o f  s a n d s to n e  w i t h  m inor b ed s  o f  s i l t s t o n e ,  s h a l e ,  and d o lo m i t e  (H ayes  
and Cone, 1 9 7 5 ) .

In summary, t h e  e n t i r e  P a l e o z o ic  s e d im e n ta r y  a s se m b la g e  was d e p o s i t e d  
under m arin e  c o n d i t i o n s  v a r y in g  from o p en -m a r in e  to  b each  e n v ir o n m e n ts .  
A dequate amounts o f  ca r b o n a ce o u s  m a t e r i a l  a r e  n o t  l i k e l y  to  have been  
c o n c e n t r a te d  o r  p r e s e r v e d  i n  t h o s e  d e p o s i t i o n a l  e n v ir o n m e n ts .  M oreover ,  
e f f e c t i v e  s t r a t i g r a p h i c  c o n t r o l s ,  im p o r ta n t  i n  l o c a l i z i n g  s a n d s t o n e - t y p e  
uranium d e p o s i t s ,  a r e  l a c k i n g .  A lth o u g h  d a r k - c o lo r e d  s h a l e s  a r e  common in  th e  
P a l e o z o i c  s e q u e n c e ,  t h e s e  s h a l e s  a r e  n o t  known to  be h i g h l y  p y r i t i c  o r  
b itu m in o u s ;  t h e r e f o r e ,  th e y  do n o t  r e f l e c t  d e p o s i t i o n  in  s t r o n g l y  r e d u c in g  
e n v ir o n m e n ts ,  w hich  i s  c h a r a c t e r i s t i c  o f  th e  u r a n i f e r o u s  b la c k  s h a l e s .
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O v e r a l l ,  e v i d e n c e  o f  uranium  e n r ich m e n t  th ro u g h o u t  th e  P a l e o z o i c  s e c t i o n  
i s  l a c k i n g .  The one uranium o c c u r r e n c e  i n  t h e  Cambrian B l i s s  S and ston e  i s  
found w i t h i n  an e r o s i o n a l  remnant o f  B l i s s  t h a t  u n con form ab ly  o v e r l i e s  
Precam brian  g r a n i t e .  Both th e  g r a n i t e  and o v e r l y i n g  s a n d s to n e  a re  h i g h l y  
f r a c t u r e d  a lo n g  a sh e a r  z o n e ,  w h ich  p r o v id e s  a l o c a l  d e p o s i t i o n a l  s i t e  fo r  
uranium and f l u o r i n e  m i n e r a l s .  The p r e s e n c e  o f  a l o c a l i z e d  c o n c e n t r a t i o n  o f  
uranium i s  th e  o n ly  f a v o r a b l e  c h a r a c t e r i s t i c  e x h i b i t e d  by th e  B l i s s  S a n d s to n e .  
M oreover , e x c e p t  where l o c a l l y  f r a c t u r e d  a lo n g  th e  a b o v e -m en t io n e d  sh e a r  zo n e ,  
th e  B l i s s  S a n d sto n e  e x h i b i t s  no c h e m ic a l ,  s t r a t i g r a p h i c ,  o r  s t r u c t u r a l  
c h a r a c t e r i s t i c s  t h a t  would fa v o r  uranium p r e c i p i t a t i o n  and c o n c e n t r a t i o n .

CRETACEOUS SEDIMENTARY ROCKS

A l l  C r e ta c e o u s  r o c k s ,  e x c e p t  f o r  th e  B e a r t o o t h  Q u a r t z i t e  in  a r e a  D ( P I .
1) and th e  u n e v a lu a te d  V ird en  F o rm a tio n ,  a re  u n fa v o r a b le  fo r  uranium d e p o s i t s  
i n  s a n d s to n e  ( S u b c l a s s e s  241 th ro u g h  2 4 4 )  and in  m ar in e  b la c k  s h a l e  ( C l a s s  
1 3 0 ) .  The ro c k s  a re  p r e d o m in a n t ly  m a r in e ,  but e x c e e d i n g l y  c o a r s e - g r a i n e d ,  
c o n t i n e n t a l  d e p o s i t s  o c c u r  l o c a l l y .  S u f f i c i e n t  amounts o f  ca r b o n a ce o u s  
m a t e r i a l  a re  n o t  l i k e l y  to  have b een  c o n c e n t r a t e d  or p r e s e r v e d  w i t h i n  t h e s e  
m arin e  and c o n t i n e n t a l  u n i t s .  M oreover ,  t h e r e  i s  no s u b s t a n t i a t i n g  e v id e n c e  
th a t  th e  s h a le  u n i t s  accum ula ted  under s t r o n g l y  r e d u c in g  c o n d i t i o n s .  
F u rth erm o re ,  t h e r e  a r e  no r e p o r te d  uranium o c c u r r e n c e s  or  o t h e r  i n d i c a t i o n s ,  
su ch  a s  HSSR o r  ARMS a n o m a l i e s ,  o f  uranium en r ich m e n t  in  t h e s e  r o c k s .

The Upper C r e ta c e o u s  C olorad o  S h a le  i s  r e s t r i c t e d  to  t h e  New M exico  
p o r t i o n  o f  th e  q u a d ra n g le  (M o r r is o n ,  1 9 6 5 ) .  I t  c o m p r is e s  s h a l e ,  s a n d s t o n e ,  
and minor l i m e s t o n e  b ed s  d e p o s i t e d  w i t h i n  a s h a l lo w - m a r in e  en v ir o n m e n t .

The Lower C r e ta c e o u s  B i s b e e  Group, which  i s  l a r g e l y  r e s t r i c t e d  to  t h e  
s o u t h - c e n t r a l  and s o u th w e s te r n  p a r t s  o f  th e  q u a d r a n g le ,  c o n s i s t s  o f  
a l t e r n a t i n g  b ed s  o f  l i m e s t o n e ,  s a n d s t o n e ,  and s h a l e  t h a t  were d e p o s i t e d  w i t h i n  
s h a l lo w - m a r in e  en v iro n m en ts  ( G i l l e r m a n ,  1 9 5 8 ) .  L o c a l l y ,  a nonm arine f a c i e s ,  
th e  G lance C o n g lo m er a te ,  i s  found a t  th e  b a s e  o f  t h e  B i s b e e  Group. The 
c o n g lo m e r a te  i s  a p o o r ly  s o r t e d ,  a l l u v i a l - f a n  d e p o s i t  t h a t  r e c o r d s  e x t e n s i v e  
e r o s i o n  r e l a t e d  to  m id d le  M e so zo ic  t e c t o n i s m  ( B i l o d e a u ,  1 9 7 8 ) .

CRETACEOUS BEARTOOTH QUARTZITE

The B e a r t o o th  Q u a r t z i t e  i s  u n f a v o r a b le  th ro u g h o u t  th e  q u a d ra n g le  f o r  
uranium d e p o s i t s  h o s t e d  by s a n d s t o n e s  ( S u b c l a s s e s  241 th ro u g h  2 4 4 ) .  E xcept  
f o r  f a v o r a b le  a r e a  D, th e  B e a r t o o th  i s  u n fa v o r a b le  f o r  m a g m a tic -h y d ro th erm a l  
uranium d e p o s i t s  ( C l a s s  3 3 0 ) .

The B e a r t o o th  I s  r e s t r i c t e d  to  t h e  n o r t h e a s t e r n  q u a r te r  o t  th e  q u a d ra n g le  
( P I .  7 )  and c o n s i s t s  l a r g e l y  o f  medium- to  c o a r s e - g r a in e d  s a n d s t o n e ,  commonly 
o r t h o q u a r t z i t i c ; p e b b le  c o n g lo m e r a te  i n t e r b e d s  a re  p r e s e n t  l o c a l l y .  The upper  
p a r t  o f  th e  u n i t  c o n t a i n s  b o th  s a n d s to n e  and in te r b e d d e d  g ra y  to  b la c k  s h a le ;  
th e  lo w er  p a r t  l o c a l l y  c o n t a i n s  a b a s a l  a r k o s e  or  a r k o s i c  c o n g lo m e r a te .  The 
s a n d s to n e s  a r e  t y p i c a l l y  w e l l  s t r a t i f i e d  and l o c a l l y  have  s m a l l - s c a l e  c r o s s ­
b ed d in g ;  th e y  a r e  commonly w e l l  in d u r a t e d .  The B e a r t o o th  r e a c h e s  a maximum 
t h i c k n e s s  o f  47 m i n  th e  S i l v e r  C i ty  r e g i o n  (Cunningham, 1 9 7 4 )  and was 
d e p o s i t e d  i n  a t r a n s g r e s s i v e  e p i c o n t i n e n t a l  s e a .  A lth o u g h  t e n t a t i v e l y
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a s s ig n e d  to th e  L ate  C r e ta c e o u s ,  i t  may be e q u i v a l e n t  to  th e  Lower C r e ta ce o u s  
Dakota S and ston e  (M o r r is o n ,  1 9 6 5 ) .  The B e a r t o o th  u nconform ably  o v e r l i e s  
Precam brian  to  Perm ian ro ck s  and i s  co n fo r m a b ly  o v e r l a i n  by th e  C olorado  
S h a le .  For a f u r t h e r  d e s c r i p t i o n  o f  th e  B e a r to o th  Q u a r t z i t e ,  s e e  th e  
d i s c u s s i o n  o f  a r e a  D ( n o r t h e r n  B ig  Burro and L i t t l e  Burro M o u n ta in s ) .

The B e a r t o o th  i n  u n f a v o r a b le  f o r  s a n d s t o n e - t y p e  uranium d e p o s i t s  b eca u se  
i t  l a c k s  i n t e r n a l  and e x t e r n a l  s o u r c e s  o f  uranium and th e  i n t e r n a l  
p e r m e a b i l i t y  c o n t r o l s  on s o l u t i o n  movement t h a t  a r e  p r e s e n t  i n  f l u v i a l  
s a n d s t o n e s .  The B e a r t o o th  i s  a l s o  u n fa v o r a b le  b e c a u s e  i t  i s  g e n e r a l l y  an  
o x i d i z i n g  en v iro n m en t  and la c k s  th e  w id esp rea d  r e d u c in g  z o n e s  n e c e s s a r y  f o r  
sands t o n e - t y p e  uranium d e p o s i t i o n .  O u ts id e  a r e a  D, th e  B e a r t o o th  i s  
u n fa v o r a b le  f o r  m a g m a tic -h y d ro th erm a l uranium d e p o s i t s  b e c a u s e  a s o u r c e  o f  
u ra n iu m -b ea r in g  h y d ro th erm a l s o l u t i o n s  was l a c k i n g .  There i s  u s u a l l y  a 
s e q u e n c e  o f  P a l e o z o ic  ro ck s  p r e s e n t  b etw een  th e  P recam brian  ro ck s  and th e  
B e a r to o th  Q u a r t z i t e ,  e x c e p t  i n  a r e a  D. Area D i s  th e  o n ly  p a r t  o f  th e  
q u a d ra n g le  where b o th  B e a r t o o th  Q u a r t z i t e  and a s o u r c e  o f  u ra n iu m -b ea r in g  
hydroth erm al s o l u t i o n s  a re  p r e s e n t .

INTRUDED PALEOZOIC AND CRETACEOUS CARBONATE ROCKS

P a l e o z o i c  and C r e ta c e o u s  c a r b o n a te  r o c k s ,  w h ich  a r e  w i d e l y  in t r u d e d  by 
Laramide and m i d - T e r t ia r y  d ik e s  and p l u g s ,  a re  u n f a v o r a b le  f o r  m agm atic-  
h ydroth erm al ( C l a s s  330) and c o n t a c t  m e ta so m a tic  ( C l a s s  3 4 0 )  uranium d e p o s i t s .  
The i n t r u s i v e  ro c k s  a p p a r e n t ly  d id  n o t  p r o g r e s s  f a r  enough in  th e  magmatic  
d i f f e r e n t i a t i o n  p r o c e s s  to  have c o n c e n t r a te d  s u f f i c i e n t  uranium to  form 
d e p o s i t s  i n  th e  in t r u d e d  c a r b o n a t e s .  The c a r b o n a te s  a r e  h o s t s  f o r  c o p p e r ,  
l e a d ,  z i n c ,  s i l v e r ,  g o l d ,  and t u n g s t e n  i n  c o n t a c t  m e ta so m a tic  r e p la c e m e n t  and 
h y d r o th e r m a l- v e in  d e p o s i t s .  However, no e v id e n c e  o f  uranium en r ich m en t and 
l i t t l e  e v id e n c e  o f  f l u o r i t e  has  b een  found d u r in g  g e o l o g i c  and r a d io m e tr ic  
r e c o n n a i s s a n c e  o f  22 o f  th e  b a s e -  and p r e c io u s - m e t a l  d e p o s i t s .  HSSR and ARMS 
s t u d i e s  i n d i c a t e  no uranium en r ich m e n t  i n  th e  in tr u d e d  c a r b o n a te  e n v iro n m en t .

In tru d ed  P a l e o z o i c  and C r e ta c e o u s  c a r b o n a te  u n i t s ,  w h ich  o cc u r  in  th e  
c e n t r a l  P e l o n c i l l o  (G i l le r m a n ,  1958; Armstong and o t h e r s ,  1 9 7 8 ) ,  Dos Cabezas  
( E r ic k s o n ,  1 9 6 9 ) ,  and V i c t o r i o  (Thorman and D rew es ,  1 9 8 0 )  M ountains and near  
Santa R i t a  (G i l le r m a n ,  1 9 6 4 ) ,  were e v a lu a t e d  b e c a u s e  o f  a p o s s i b l e  a n a lo g y  
w ith  u r a n i f e r o u s  P a l e o z o i c  c a r b o n a t e s  i n  th e  B i s b e e  a r e a ,  ab out 60 km s o u th  o f  
th e  q u a d r a n g le .  T h ere ,  u ra n iu m -b ea r in g  and b a s e -  and p r e c io u s - m e t a l - b e a r in g  
s o l u t i o n s ,  a s s o c i a t e d  w i t h  th e  em placem ent o f  J u r a s s i c - a g e  g r a n i t e  s t o c k s ,  
m in e r a l i z e d  h i g h l y  f r a c t u r e d  and c h e m ic a l ly  r e a c t i v e  P a l e o z o ic  c a r b o n a te  ro ck s  
(B ry a n t  and M etz ,  1 9 6 6 ) .

Two im p o rta n t  d i f f e r e n c e s  betw een  th e  B i s b e e  and S i l v e r  C i t y  Q uadrangle  
a r e a s  a r e  r e a d i l y  a p p a r e n t .  The u r a n i f e r o u s  P a l e o z o i c  c a r b o n a te s  n ear  B is b e e  
were in tr u d e d  by h i g h l y  d i f f e r e n t i a t e d  s t o c k s  o f  J u r a s s i c  a g e .  Rocks 
i n t r u d i n g  P a l e o z o i c  and C r e ta c e o u s  c a r b o n a te s  in  t h e  S i l v e r  C i t y  Quadrangle  
a r e  o f  Laramide and m id - T e r t ia r y  a g e s .  They c o n s i s t  o f  i n t e r m e d ia t e  to  
s i l i c i c  c o m p o s i t io n s  and do n o t  r e p r e s e n t  a h i g h l y  d i f f e r e n t i a t e d  a s sem b la g e  
o f  r o c k s .  Even th e  more s i l i c i c  p h a s e s ,  w h ich  i n c l u d e  g r a n i t i c ,  q u a r tz  
r a o n z o n i t ic ,  and r h y o l i t i c  r o c k s ,  a r e  c h a r a c t e r i z e d  by a g p a i t i c  c o e f f i c i e n t s  
(K2 O + N a 2 0 /A l2 0 )  o f  l e s s  th a n  1 (Arm strong and o t h e r s ,  1978; sam ple  MLM 
374 , App. B ); th e y  la c k  s o d ic  p l a g i o c l a s e  and s o d ic  a m p h ib o les  or p y r o x e n e s .
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LARAMIDE AND MID-TERTIARY INTRUSIVE ROCKS

A l l  en v iro n m en ts  i n  th e  Laramide and m id - T e r t ia r y  i n t r u s i v e  r o c k s  o f  th e  
q u a d r a n g le ,  e x c e p t  i n  a r e a s  G and B and i n  i n t r u s i v e  b o d ie s  g e n e t i c a l l y  
a s s o c i a t e d  w i t h  m id - T e r t ia r y  v o l c a n i c  ro c k s  ( d i s c u s s e d  under u n fa v o r a b le  m id-  
T e r t ia r y  r h y o l i t i c  v o l c a n i c  and a s s o c i a t e d  i n t r u s i v e  r o c k s ) ,  a r e  u n fa v o r a b le  
f o r  uranium d e p o s i t s  a s s o c i a t e d  w i t h  p l u t o n i c  ig n e o u s  r o c k s  ( C l a s s e s  310 
th rou gh  3 8 0 ) .

Laramide and m id - T e r t ia r y  i n t r u s i v e  b o d ie s  o cc u r  th r o u g h o u t  th e  
q u a d ra n g le  ( P I .  7 ) ,  but a r e  e s p e c i a l l y  p r e v a l e n t  i n  th e  Santa  R i t a - S i l v e r  C ity  
a r e a  (Hernon and o t h e r s ,  1964; J o n es  and o t h e r s ,  1 9 6 4 ,  1970; D a v is  and 
G u i l b e r t ,  1973; Cunningham, 1 9 7 4 ) ,  th e  Burro b a t h o l i t h  (G i l le r m a n  and 
W h iteb read , 1956; G i l l e r m a n ,  1964; K o l e s s a r ,  1970; H edlund, 1 9 7 8 a ,  d ,  e ,  f ) ,  
th e  s o u th e r n  P e l o n c i l l o  M ountains ( G i l l e r m a n ,  1958; A rm strong and o t h e r s ,
1978; Drewes and Thorman, 1 9 8 0 a ,  b ) , th e  Dos Cabezas M ou n ta ins  (C o o p er ,  1960;  
E r ic k s o n ,  1 9 6 9 ) ,  and th e  s o u th e r n  P in a le n o  M ountains (Sw an , 1 9 7 6 ) .

Laramide i n t r u s i v e s  ra n g e  from i n t e r m e d ia t e  to  s i l i c i c  in  c o m p o s i t i o n .  
They i n c l u d e  a n d e s i t e ,  a n d e s i t e  p o rp h y ry ,  d i a b a s e ,  q u a r tz  d i o r i t e ,  l a r g e  
amounts o f  m o n zo n ite  and q u a r tz  m o n z o n ite  p o rp h y ry ,  g r a n i t e ,  and i n t r u s i v e  
r h y o l i t e .  Age d a t in g  i n d i c a t e s  t h a t  t h e  L a ram id e-age  r o c k s  a r e  g e n e r a l l y  
b etw een  62 and 48 m .y .  o l d .  M id -T e r t ia r y  i n t r u s i v e s  i n c l u d e  h o rn b len d e  
a n d e s i t e  p orp hyry , p l a g i o c l a s e  a n d e s i t e  p o rp h y ry ,  d a c i t e  p o rp h y ry ,  q u a r tz  
l a t i t e  p orp hyry , p e g m a t i t e  g r a n o d i o r i t e  g r a n i t e ,  and g r a n i t e  porphyry w ith  
r h y o l i t e  and f e l s i t e  d i k e s .  The m i d - T e r t ia r y  i n t r u s i v e s  a r e  g e n e r a l l y  b etw een  
35 and 29 m .y .  o l d .

Laramide i n t r u s i v e  p lu t o n s  w i t h i n  th e  q u a d ra n g le  p r o v id e  m i n e r a l i z i n g  
s o l u t i o n s  t h a t  have produced a l a r g e  number o f  m e t a l l i c  d e p o s i t s ,  some o f  
which a r e  v e r y  l a r g e .  The m ost im p o r ta n t  d e p o s i t s  a r e  th e  co p p er  p o r p h y r ie s ,  
which commonly c o n s i s t  o f  co p p er  and s u b s i d i a r y  molydenum d i s s e m in a t e d  
th ro u g h o u t  i n t r u s i v e  p lu t o n s  o f  p o r p h y r i t i c  g r a n o d i o r i t e ,  q u a r tz  m o n z o n i te ,  o r  
q u a r tz  l a t i t e .  Supergene en r ich m e n t  o f  co p p er  porphyry d e p o s i t s  i s  common. 
E v id en ce  o f  t h i s  ty p e  o f  m i n e r a l i z a t i o n  w i t h i n  th e  q u a d ra n g le  i s  found in  th e  
Santa R i t a ,  T y ro n e ,  and L ordsburg a r e a s .  Ore s o l u t i o n s  from Laramide  
i n t r u s i v e s  a l s o  formed a l a r g e  number o f  c o n ta c t -m e ta m o r p h ic  and m agm atic-  
h y d ro th erm a l m e t a l l i c  d e p o s i t s  i n  r o c k s ,  o f t e n  se d im e n ta r y  c a r b o n a t e s ,  
a d j a c e n t  to  th e  i n t r u s i v e s .  Ore m e t a l s  i n c l u d e  i r o n ,  c o p p e r ,  l e a d ,  z i n c ,  
s i l v e r ,  g o l d ,  and t u n g s t e n .  F l u o r i t e  i s  a l s o  common. M i n e r a l i z a t i o n  
a s s o c i a t e d  w i t h  m i d - T e r t ia r y  i n t r u s i v e s  was s i m i l a r  to  t h a t  a s s o c i a t e d  w i th  
th e  Laramide i n t r u s i v e s ,  b ut g e n e r a l l y  r e s u l t e d  in  s m a l l e r  d e p o s i t s .

In  g e n e r a l ,  t h e  Laramide to  m i d - T e r t ia r y  i n t r u s i v e  b o d i e s  a re  u n f a v o r a b le  
f o r  orthom agm atic  ( C l a s s  3 1 0 ) ,  p e g m a t i t i c  ( C l a s s  3 2 0 ) ,  a u to m e ta so m a t ic  ( C l a s s  
3 5 0 ) ,  a u t h i g e n i c  ( C l a s s  3 6 0 ) ,  and a n a t e c t i c  ( C l a s s  3 8 0 )  uranium o c c u r r e n c e s  
b eca u se  th e  i n t r u s i v e  b o d ie s  do n ot  m eet c r i t e r i a  (M athew s, 1978a) t h a t  would  
i n d i c a t e  t h a t  th e  p r o c e s s  o f  s i l i c i c  i g n e o u s  d i f f e r e n t i a t i o n  has p r o g r e s s e d  
f a r  enough to  c o n c e n t r a t e  uranium s u f f i c i e n t  f o r  uranium d e p o s i t s .  They l a c k  
p e g m a t i t i c  d e v e lo p m e n t ,  have an in d e x  o f  i g n e o u s  d i f f e r e n t i a t i o n  t h a t  i s  low  
t o  m oderate  (K2 O + Na2 0 / A l £ 0 3  o f  l e s s  th a n  1 ) ,  and l a c k  s o d ic  
a m p h ib o le s .  The i n t r u s i v e  b o d i e s  a re  u n f a v o r a b le  fo r  m a g m a tic -h y d ro th erm a l  
( C l a s s  3 7 0 )  uranium d e p o s i t s  b e c a u s e  th e y  l a c k  uranium  s o u r c e s ,  a r e  
s t r u c t u r a l l y  u n f a v o r a b le ,  o r  l a c k  d e p o s i t i o n a l  s i t e s  fo r  uranium. Except fo r
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th e  f a v o r a b l e  a r e a s  m ention ed  a b o v e ,  Laramide to  m i d - T e r t ia r y  i n t r u s i v e  ro ck s  
do not h o s t  any uranium o c c u r r e n c e s  ( P I .  2A, 2B; App. A ) ,  have lo w  uranium and 
thorium  c o n t e n t s  (App. B and D ) , and have no s i g n i f i c a n t  a ir b o r n e  r a d io m e t r ic  
a n o m a l ie s .  An HSSR s u r v e y  d id  n ot  r e v e a l  any uranium a n o m a l ie s  t h a t  c o u ld  be  
g e n e t i c a l l y  r e l a t e d  to  Laramide and m id - T e r t ia r y  i n t r u s i v e  b o d i e s .

Two c l a s s e s  o f  p o t e n t i a l  uranium d e p o s i t s  (m a g m a tic -h y d ro th erm a l  and 
a l l o g e n i c )  r e q u i r e  f u r t h e r  d i s c u s s i o n .  A lth ou gh  most o f  t h e  Laramide and m id -  
T e r t ia r y  i n t r u s i v e  b o d ie s  i n  th e  q u a d ra n g le  p r o v id e  no i n d i c a t i o n  t h a t  th ey  
have e v e r  g e n e r a te d  u ra n iu m -b ea r in g  h y d ro th erm a l s o l u t i o n s ,  a few i n t r u s i v e  
b o d ie s  a r e  th o u g h t  to  have b een  s o u r c e s  o f  u r a n i f e r o u s  h y d ro th erm a l s o l u t i o n s  
( s e e  d i s c u s s i o n s  o f  f a v o r a b le  a r e a s  A, B, E, and F ) .  N e v e r t h e l e s s ,  th e y  a re  
c o n s id e r e d  u n f a v o r a b le .  The u n f a v o r a b le  d e s i g n a t i o n  i n  t h e s e  c a s e s  i s  
su p p o r ted  by th e  one i n s t a n c e  where th e  i n t r u s i v e  body p o s t u l a t e d  a s  a uranium  
s o u r c e  i s  ex p o sed  on th e  s u r f a c e .  The m i d - T e r t ia r y  G i l l e s p i e  Quartz M onzon ite  
i s  proposed  a s  th e  so u r c e  o f  u ra n iu m -b e a r in g  h y d ro th erm a l s o l u t i o n s  fo r  a r e a s  
E and F ( P I .  1 ) .  The s t o c k  l a c k s  anom alous uranium c o n c e n t r a t i o n s  and has a 
h ig h  th o r iu m -to -u r a n iu m  r a t i o  ( 5 . 5 ,  MLM 1 2 4 ) .  U n m in e r a l iz e d  sh ea r  z o n e s  in  
th e  s t o c k  and s i m i l a r l y  t r e n d in g  m i n e r a l i z e d  s h e a r s  o u t s i d e  th e  s t o c k ,  a s  w e l l  
as  th e  i n f e r r e d  s h a l lo w  d ep th  o f  i n t r u s i o n  o f  th e  s t o c k  ( e p i z o n a l ) ,  i n d i c a t e  
t h a t  u ra n iu m -b e a r in g  h ydroth erm al s o l u t i o n s  g e n e r a te d  by th e  G i l l e s p i e  Quartz  
M onzon ite  l e f t  th e  s t o c k .  T h e r e f o r e ,  a l th o u g h  th e  s t o c k  i s  proposed  a s  th e  
uranium s o u r c e  f o r  th e  su rro u n d in g  c o u n tr y  r o c k s ,  th e  s t o c k  i t s e l f  i s  
u n fa v o r a b le  f o r  uranium d e p o s i t s  a s s o c i a t e d  w ith  p l u t o n i c  ig n e o u s  r o c k s .

W ith th e  e x c e p t i o n  o f  f a v o r a b le  a r e a  G ( P I .  1 )  in  t h e  Laramide q u a r tz  
m o n zo n ite  Tyrone l a c c o l i t h ,  a l l  Laramide and m id - T e r t ia r y  i n t r u s i v e  b o d ie s  in  
th e  q u a d ra n g le  a re  u n f a v o r a b le  fo r  a l l o g e n i c  d e p o s i t s .  In th e  d i s c u s s i o n  o f  
a r e a  G, i t  was em phasized  t h a t  t h r e e  f a c t o r s  w ere n e c e s s a r y  f o r  d e p o s i t i o n :  
c o u n tr y  ro c k s  a d ja c e n t  to  th e  i n t r u s i v e  body t h a t  c o u ld  p r o v id e  uranium to  
s u r f i c i a l  and ground w a te r s  d u r in g  th e  w e a th e r in g  c y c l e ;  f a u l t s  and sh ea r  
zo n es  to  p erm it  t r a n s p o r t  o f  u ra n iu m -b e a r in g  s o l u t i o n s  from th e  s o u r c e  ro c k s  
t o  the d e p o s i t i o n a l  s i t e s  w i t h i n  th e  i n t r u s i v e  body; and a w id esp rea d  a r e a  o f  
r e d u c t a n t -p r o d u c in g  d is s e m in a t e d  s u l f i d e s  w i t h i n  th e  i n t r u s i v e  b od y . Lack o f  
any o n e  o f  th e  f a c t o r s  would r e s u l t  i n  n o n d e p o s i t i o n  and u n f a v o r a b i l i t y .
Given t h e s e  c r i t e r i a ,  i t  i s  e v id e n t  t h a t  o n ly  t h o s e  Laramide to  m id - T e r t ia r y  
i n t r u s i v e  b o d ie s  w i t h i n  th e  q u a d ra n g le  t h a t  c o n t a i n  d is s e m in a t e d  s u l f i d e s  o f  
th e  porphyry cop p er  ty p e  p r o v id e  s u i t a b l e  d e p o s i t i o n a l  s i t e s  fo r  uranium.  
A lth o u g h  a l l  th e  s t o c k s  t h a t  c o n t a i n  d is s e m in a t e d  s u l f i d e s  a r e  i n t e n s e l y  
sh ea re d  and f a u l t e d ,  n o n e ,  e x c e p t  t h e  Tyrone s t o c k ,  a re  a d ja c e n t  to  s u i t a b l e  
s o u r c e s  o f  uranium . The Laramide Santa  R i t a  s t o c k  i s  a d j a c e n t  to  th e  T e r t i a r y  
K n e e l in g  Nun r h y o l i t e  t u f f ,  but th e  t u f f  c o n t a i n s  low  l e v e l s  o f  uranium (3  to  
4 ppm CU3 O8 ; MLM 37 2 ,  MLM 3 7 3 ) .  In a d d i t i o n ,  a d e t a i l e d  r a d io m e t r ic  and 
g e o c h e m ic a l  s u r v e y  o f  t h e  Santa R i ta  s t o c k  (D a v is  and G u i l b e r t ,  1973) r e v e a le d  
o n ly  lo w  l e v e l s  o f  uranium.

UPPER CRETACEOUS AND CENOZOIC INTERMEDIATE TO MAFIC VOLCANIC ROCKS

I n t e m e d i a t e  to  m a f ic  v o l c a n i c  and a s s o c i a t e d  v o l c a n i c l a s t i c  r o c k s  in  th e  
Pyram id, c e n t r a l  P e l o n c i l l o ,  Summit, and P in o s  A l t o s  M ountains a r e  u n fa v o r a b le  
fo r  v o lc a n o g e n ic  uranium d e p o s i t s  ( C l a s s e s  51 0 ,  5 2 0 ,  53 0 ,  5 4 0 ) .  Except fo r  
a r e a  F ( P I .  1 ) ,  th e y  a r e  a l s o  u n f a v o r a b le  f o r  m agm a tic -h y d ro th erm a l ( C l a s s  
330) uranium d e p o s i t s .
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S i l i c a - d e f i c i e n t  magmas, from w hich  th e  i n t e r m e d ia t e  to  m a f ic  s u i t e  o f  
v o l c a n i c s  i s  d e r i v e d ,  do n o t  g e n e r a t e  o r  c o n c e n t r a t e  a p p r e c i a b l e  amounts o f  
l i t h o p h i l e  e l e m e n t s ,  i n c l u d i n g  uran ium . T h is  i n a b i l i t y  to  c o n c e n t r a t e  uranium  
i s  s u f f i c i e n t  r e a s o n  to  d e s i g n a t e  th e  i n t e r m e d ia t e  to  m a f ic  s u i t e  u n fa v o r a b le  
f o r  v o l c a n o g e n ic  uranium d e p o s i t s .  A lth o u g h  th e  in t e r m e d ia t e  to  m a f ic  
v o l c a n i c  ro c k s  may q u a l i f y  as  p o t e n t i a l  h o s t  ro c k s  fo r  m a g m a tic -h y d ro th erm a l  
d e p o s i t s  as  i n  a r e a  F ( P I .  1 ) ,  th e y  a r e  n o t  known, o u t s i d e  o f  t h i s  a r e a ,  to  be 
in t r u d e d  by l a r g e  l e u c o c r a t i c  p lu t o n s  and , t h e r e f o r e ,  have no d em o n stra ted  
s o u r c e  f o r  uranium .

E xcept f o r  one uranium o c c u r r e n c e  (O cc u r r e n c e  9 ,  App. A, P I .  2A) i n  a re a  
F ( P I .  1 ) ,  t h e r e  a r e  no known uranium o c c u r r e n c e s  in  th e  i n t e r m e d ia t e  to  m a f ic  
v o l c a n i c  r o c k s .  M oreover ,  t h e r e  i s  no i n d i c a t i o n  from HSSR o r  ARMS s u r v e y s  o f  
any uranium en r ich m e n t  in  t h e s e  r o c k s .

MID-TERTIARY RHYOLITIC VOLCANIC AND ASSOCIATED INTRUSIVE ROCKS

M id -T e r t ia r y  r h y o l i t i c  v o l c a n i c  and i n t r u s i v e  ro c k s  i n  th e  Pyram id,  
c e n t r a l  P e l o n c i l l o ,  n o r th e r n  C h ir lc a h u a ,  W in c h e s te r ,  and Summit M ountains and 
i n  th e  Santa R i t a  a r e a  have b een  judged  u n fa v o r a b le  f o r  v o lc a n o g e n ic  uranium  
d e p o s i t s  ( C l a s s e s  510 th ro u g h  5 4 0 ) ,  a s  w e l l  a s  fo r  m a g m a tic -h y d ro th erm a l  
( C l a s s  3 3 0 )  uranium d e p o s i t s  a s s o c i a t e d  w i t h  p l u t o n i c  r o c k s .  There i s  no 
e v i d e n c e ,  e i t h e r  from th e  l i t e r a t u r e  o r  from f i e l d  s t u d i e s ,  fo r  th e  o c c u r r e n c e  
o f  h i g h l y  d i f f e r e n t i a t e d  p e r a l k a l i n e  o r  h i g h - s i l i c a ,  t o p a z - b e a r i n g ,  r h y o l i t i c  
r o c k s  w i t h i n  th e  q u a d r a n g le .  M oreover ,  th e  r h y o l i t i c  r o c k s  in  th e  q u a d ra n g le  
show l i t t l e  e v id e n c e  o f  b e in g  r e g i o n a l l y  e n r ic h e d  i n  uranium and a p p a r e n t ly  
la c k  abundant l l t h o p h y s a e  o r  m l a r o l l t e s ,  which commonly i n d i c a t e  t h a t  
a p p r e c ia b le  amounts o f  v o l a t i l e s ,  and th u s  p o s s i b l y  uran ium , w ere  r e t a i n e d  in  
th e  t u f f  s h e e t s .

A lth ou gh  th e  v o l c a n i c s  have b een  l a r g e l y  ex p o sed  to  p ro lo n g ed  s u b a e r i a l  
e r o s i o n a l  p r o c e s s e s  and r e s u l t a n t  deep  w e a t h e r i n g ,  th e y  do not appear  to  have  
been d e p le t e d  o f  much o f  t h e i r  o r i g i n a l  uranium , and, t h e r e f o r e ,  do n ot  
q u a l i f y  a s  good s o u r c e s  o f  uranium f o r  s e c o n d a r y  uranium d e p o s i t s .  M oreover ,  
s u i t a b l e  h o s t  ro ck s  fo r  su ch  d e p o s i t s  a re  l a c k i n g .

I n t r u s i v e  ro c k s  a s s o c i a t e d  w i t h  th e  m id - T e r t ia r y  v o l c a n i c s  do n o t  appear  
t o  be h i g h l y  e v o lv e d  magmatic d i f f e r e n t i a t e s  and c o n s e q u e n t ly  a r e  n o t  good  
so u r c e  ro ck s  fo r  m a g m a tic -h y d ro th erm a l  uranium d e p o s i t s .  T hese  i n t r u s i v e  
r o c k s  may have b een  em placed a t  s h a l l o w  d e p t h s ,  and th e y  may have l o s t  
s u b s t a n t i a l  amounts o f  v o l a t i l e s  and c o n t a in e d  m e t a l s .  A lth o u g h  g r e e n  and 
c l e a r  f l u o r i t e  a r e  a s s o c i a t e d  w i t h  some o f  th e  i n t r u s i v e s ,  th e  f l u o r i n e -  
b e a r in g  v e i n s  a re  b a rren  in  uranium and o t h e r  l i t h o p h i l e  e l e m e n t s ,  which  
commonly form s t a b l e  co m p lex e s  w i t h  f l u o r i n e .

Uranium i n  th e  V o lc a n o g e n ic  E nvironm ent

G e o lo g ic  s t u d i e s  o f  v o l c a n o g e n i c  uranium d e p o s i t s  ( P i l c h e r ,  1 9 78) have  
shown t h a t  such  d e p o s i t s  a r e  c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  w i t h  l a t e - s t a g e ,  
h i g h l y  d i f f e r e n t i a t e d  v o l c a n i c  r o c k s  or  t h e i r  c o g e n e t i c  i n t r u s i v e s .  The 
magmatic d i f f e r e n t i a t i o n  t h a t  en g en d ers  such  h i g h l y  e v o lv e d  ro c k s  i s  a l s o  
c a p a b le  o f  g e n e r a t i n g  and c o n c e n t r a t i n g  u r a n iu m -r ic h  v o l a t i l e s  and s o l u t i o n s .
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M oreover ,  p ostem p la cem en t h ig h - t e m p e r a tu r e  d e v i t r i f i c a t i o n  and v a p o r -p h a se  
c r y s t a l l i z a t i o n  may l i b e r a t e  uranium fr a n  t h e  g l a s s e s ,  r e d i s t r i b u t e  i t ,  and 
f u r t h e r  c o n c e n t r a t e  i t ,  commonly i n  l i t h o p h y s a l  or  m i a r o l i t i c  c a v i t i e s .

O re -g ra d e  d e p o s i t s  o f  uranium and commonly o t h e r  l i t h o p h i l e  e l e m e n t s  a r e  
a s s o c i a t e d  w ith  v o lu m in o u s ,  h i g h l y  e v o lv e d  p e r a l k a l i n e  v o l c a n i c  and a s s o c i a t e d  
ro c k s  ( G o o d e l l ,  1978; W a lla c e  and R op er ,  1 9 8 0 )  t h a t  o r i g i n a t e d  from l a r g e  
ca u ld r o n  co m p lex es  w i t h i n  ta p h r o g e n e s .  In th e  w e s t e r n  U n ited  S t a t e s ,  su ch  
ta p h r o g e n e s  a r e  commonly B a s in  and Range r e l a x a t i o n  f e a t u r e s .  A nom alously  
u r a n i f e r o u s  r o c k s  are  a l s o  a s s o c i a t e d  w ith  much s m a l l e r ,  s i l i c a -  and f l u o r i n e -  
r i c h ,  t o p a z - b e a r i n g ,  r h y o l i t i c  d o m e-a n d -f lo w  co m p lex e s  (B u rt  and S h e r id a n ,  
1 9 80) t h a t  a re  commonly found w i t h i n  th e  same t e c t o n i c  s e t t i n g  as  th e  l a r g e r  
p e r a l k a l i n e  c a u ld r o n  c o m p le x e s .

The m id - T e r t ia r y  v o l c a n i c  en v iro n m en ts  o f  th e  S i l v e r  C i ty  Q uadrangle were  
e v a lu a t e d  fo r  fo u r  t y p e s  o f  v o l c a n o g e n ic  uranium d e p o s i t s ,  as w e l l  as  f o r  
m a g m a tic -h y d ro th erm a l d e p o s i t s  a s s o c i a t e d  w i t h  com agmatic i n t r u s i v e s .
Uranium, c o n c e n t r a t e d  by b o th  magmatic and h ig h - t e m p e r a tu r e  c r y s t a l l i z a t i o n  
p r o c e s s e s ,  may o cc u r  in  th e  h i g h l y  d i f f e r e n t i a t e d  v o l c a n i c  and i n t r u s i v e  ro ck s  
as  i n i t i a l  m agm atic ( C l a s s  5 1 0 ) ,  pneum atogen ic  ( C l a s s  5 2 0 ) ,  or  h y d r o a u t h ig e n ic  
( C l a s s  5 3 0 )  uranium d e p o s i t s .  F u rth erm o re ,  uranium  may have been  le a c h e d  from 
t h e s e  ro c k s  and r e d i s t r i b u t e d  by m e te o r ic  w a te r s  and f u r t h e r  c o n c e n t r a t e d  in  
se c o n d a r y  h y d r o a l l o g e n i c  ( C l a s s  5 4 0 )  d e p o s i t s  w i t h i n  h o s t  ro c k s  a s s o c i a t e d  
w ith  t h e  v o l c a n i c  co m p lex .  F i n a l l y ,  h y d ro th erm a l s o l u t i o n s  from i n t r u s i v e  
p h a s e s  may p rod uce  m a g m a tic -h y d ro th erm a l uranium v e i n  o r  r e p la c e m e n t  d e p o s i t s  
( C l a s s  3 3 0 ) .

Uranium F a v o r a b i l i t y  f o r  V o lc a n o g e n ic  Uranium D e p o s i t s

The p red o m in a n t ly  r h y o l i t i c  to  q u a r tz  l a t i t i c  a s h - f l o w  t u f f s  and la v a s  
t h a t  compose th e  Pyramid Mountain V o lc a n ic  Complex and Rimrock M ountain Group 
i n  th e  Pyramid M ountains (D e a l  and E l s t o n ,  i n  p r e p a r a t io n ) ;  th e  W eatherby  
Canyon I g n im b r i t e ,  S t e in s  M ountain Quartz L a t i t e  P orp h yry , and Quarry Peak 
R h y o l i t e  i n  th e  c e n t r a l  P e l o n c i l l o  M ountains (G i l l e r m a n ,  1 9 5 8 );  th e  Faraway  
Ranch F orm ation  in  th e  n o r th e r n  C h ir ic a h u a  M ountains (F ern a n d ez  and E nlow s,  
1 9 6 6 );  unnamed r h y o l i t i c  ro ck s  i n  th e  W in c h e s te r  M ountains (C r e a s e y  and 
K r ie g e r ,  1 9 7 8 ) ;  th e  Noah Mesa t u f f  and o th e r  unnamed t u f f s  in  t h e  Summit 
M ountains (W ahl, 1 9 8 0 );  and th e  K n e e l in g  Nun T u ff  i n  th e  Santa R i t a  a r e a  
( E l s t o n  and o t h e r s ,  1975; G i l e s ,  19 6 8 ) r e p r e s e n t ,  f o r  t h e  most p a r t ,  a c a l c -  
a l k a l i n e  s u i t e  o f  r o c k s .  These ro c k s  a r e  a l l  p e r a lu m in o u s , h a v in g  a g p a i t i c  
c o e f f i c i e n t s  l e s s  th a n  1 (T a b le  5 ) .  M i n e r a l o g i c a l l y ,  th e y  c o n s i s t  o f  v a r y in g  
amounts o f  p l a g i o c l a s e ,  s a n i d i n e ,  q u a r t z ,  and b i o t i t e .  The c o m p o s i t io n  o f  th e  
p l a g i o c l a s e  i s  c h a r a c t e r i s t i c a l l y  in  th e  a n d e s in e -  o l i g o c l a s e  ra n g e ;  no s o d i c -  
r i c h  am p h ib ole  o r  pyroxen e  m in e r a l s  have b een  r e p o r t e d .  Two u n i t s ,  th e  
W eatherby Canyon I g n im b r i t e  and th e  Rimrock M ountain  Group, have c o m p a r a t iv e ly  
h ig h  s i l i c a  ( S i 0 2 )  and a l k a l i  c o n t e n t s  (MLM 3 0 9 ,  32 0 ,  3 2 1 ,  37 7 ,  380; T able  
5 )  r e l a t i v e  to  th e  o th e r  r h y o l i t i c  r o c k s  e v a l u a t e d .  T hese a p p a r e n t ly  more 
h i g h l y  d i f f e r e n t i a t e d  rocks  a r e  more a l k a l i n e  than  th e  t y p i c a l  c a l c - a l k a l l c  
s u i t e  o f  r h y o l i t i c  v o l c a n i c s ,  but t h e y ,  l i k e  th e  c a l c - a l k a l i c  r o c k s ,  have  
a g p a i t i c  c o e f f i c i e n t s  l e s s  th a n  1 and la c k  s o d i c - r i c h  p l a g i o c l a s e ,  a m p h ib o le s ,  
or p y r o x e n e s .  However, t h e r e  a r e  no h i g h - s i l i c a ,  t o p a z - b e a r in g  r h y o l i t e s  
known to  be a s s o c i a t e d  w i th  t h e s e  h ig h e r  s i l i c a  s u i t e s  o f  r o c k s .
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The a s h - f l o w  t u f f s ,  w h ich  v a r y  from nonw elded to  d e n s e l y  w e ld e d ,  commonly 
show e v id e n c e  o f  s p h e r u l i t i c  o r  a x i o l i t i c  d e v i t r i f i c a t i o n  w i t h in  th e  
groundm ass. However, th e  a p p a r en t  l a c k  o f  l i t h o p h y s a e  o r  m i a r o l i t i c  c a v i t i e s  
in  any o f  th e  t u f f s  s t u d ie d  i s  i n t e r p r e t e d  to  mean t h a t  s u b s t a n t i a l  amounts o f  
v o l a t i l e s ,  and th u s  p o s s i b l y  uranium , w ere  n o t  r e t a i n e d  a f t e r  c r y s t a l l i z a t i o n  
o f  th e  t u f f s .

The r e s u l t s  o f  ro ck  sa m p lin g  and HSSR and ARMS s u r v e y s  i n d i c a t e  t h a t  t h e  
m id - T e r t ia r y  v o l c a n i c  and a s s o c i a t e d  ro ck s  a r e  n o t  r e g i o n a l l y  e n r ic h e d  in  
e i t h e r  uranium o r  o t h e r  l i t h o p h i l i c  e l e m e n t s .  F u rth erm o re ,  a com p a r iso n  o f  
c h e m ic a l -u r a n iu m  and e q u iv a le n t - u r a n iu m  c o n t e n t s  o f  th e  v o l c a n i c  ro ck s  (T a b le  
5 )  r e v e a l s  t h a t  uranium h a s  n o t  been  a p p r e c i a b l y  d e p le t e d  from t h e s e  r o c k s  a s  
a r e s u l t  o f  c h e m ic a l  w e a t h e r in g ,  th u s  d e c r e a s i n g  th e  l i k e l i h o o d  o f  form ing  
c o n c e n t r a t i o n s  o f  s e c o n d a r y  uranium in  h y d r o a l l o g e n i c  ( C l a s s  3 4 0 )  d e p o s i t s  i n  
rocks  a s s o c i a t e d  w i t h  th e  r h y o l i t i c  v o l c a n i c  a s s e m b la g e .  W alton  and o th e r s  
(1 9 8 0 )  a r r iv e d  a t  t h i s  same c o n c l u s i o n  a s  a r e s u l t  o f  t h e i r  s t u d i e s  o f  
v o l c a n i c  ro ck s  i n  s o u th w e s te r n  New M e x ic o .

Not o n ly  p o t e n t i a l  u r a n iu m -so u r c e  r o c k s ,  but a l s o  p o s s i b l e  h o s t  ro ck s  f o r  
h y d r o a l l o g e n i c  d e p o s i t s  a r e  l a c k i n g .  F i e l d  s t u d i e s  th ro u g h o u t  th e  m id -  
T e r t i a r y  v o l c a n i c  co m p lex e s  i n d i c a t e  t h a t  p o s s i b l e  h o s t  r o c k s  f o r  
h y d r o a l l o g e n i c  uranium d e p o s i t s  o c c u r  o n ly  w i t h in  t h e  Pyramid M o u n ta in s ,  and 
t h e s e  r o c k s ,  i t  was d e te r m in e d ,  l a c k  f a v o r a b l e  c h a r a c t e r i s t i c s .  In th e  
P yram id s ,  a 3 0 - m - t h ic k  seq u en ce  o f  in t e r b e d d e d  p um iceous  c o n g lo m e r a t e ,  
la m in a ted  f i n e - g r a i n e d  e l a s t i c s ,  f r e s h - w a t e r  l i m e s t o n e ,  and c h e r t  o c c u r s  
l o c a l l y .  T hese s e d im e n t s ,  which a re  in t e r b e d d e d  w ith  r h y o l i t i c  a s h - f l o w  t u f f s  
and l a v a s  o f  th e  Muir C a u ld ro n ,  have  b een  i n t e r p r e t e d  a s  moat d e p o s i t s  by Deal  
and E l s t o n  ( i n  p r e p a r a t i o n ) .  T hese  moat s e d im e n ts  do n o t  c o n t a i n  ca r b o n a ce o u s  
m a t e r i a l  or  any o t h e r  a p p a ren t  means o f  r e d u c in g  o r  c o n c e n t r a t i n g  uranium.  
M oreover , t h e s e  s e d im e n t s ,  which c o n t a i n  l i t t l e  uranium (MLM 3 0 4 ,  T ab le  5 ) ,  
ap pear  h i g h l y  o x i d i z e d  and a r e  r e l a t i v e l y  s t e e p l y  d ip p in g  (1 5 °  to  2 5 ° ) .

In  summary, th e  r h y o l i t i c  v o l c a n i c  and a s s o c i a t e d  ro ck s  a r e  judged  
u n fa v o r a b le  f o r  a l l  t y p e s  o f  v o l c a n o g e n i c  uranium d e p o s i t s  b e c a u s e  o f  th e  
a b s e n c e  o f  p e r a l k a l i n e  o r  h i g h - s i l i c a ,  t o p a z - b e a r i n g  r h y o l i t e s ,  th e  a p paren t  
s c a r c i t y  o f  l i t h o p h y s a e  o r  m i a r o l i t e s  in  th e  t u f f s  o r  l a v a s ,  l a c k  o f  e v id e n c e  
f o r  r e g io n a l  en r ich m en t o f  uranium or o t h e r  l i t h o p h i l e  e l e m e n t s  i n  t h e s e  
v o l c a n i c  r o c k s ,  and l a c k  o f  s u i t a b l e  s e d im e n ta r y  h o s t  r o c k s  a s s o c i a t e d  w ith  
th e  v o l c a n i c  a s s e m b la g e .

Uranium F a v o r a b i l i t y  f o r  M agm atic-H ydrotherm al D e p o s i t s

I n t r u s i v e  r o c k s  a s s o c i a t e d  w ith  th e  m i d - T e r t ia r y  r h y o l i t i c  v o l c a n i c  
co m p lex es  c o n s i s t  p r i m a r i l y  o f  d i k e s ,  s m a l l  dom es, and p l u g s .  A c o m p o s i te  
s t o c k ,  p o s s i b l y  a s s o c i a t e d  w ith  a r e s u r g e n t  s t a g e  o f  th e  Muir C au ld ron , o c c u r s  
i n  th e  Pyramid M ountains (D e a l  and E l s t o n ,  i n  p r e p a r a t i o n ) .

The d i k e s ,  dom es, and p lu g s  a r e  s i m i l a r  i n  term s o f  m in e r a lo g y  and 
c h e m is t r y  to  th e  a s s o c i a t e d  v o l c a n i c  s u i t e .  The i n t r u s i v e s  ran ge  from l a t i t e  
t o  r h y o l i t e .  The more f e l s i c  ro ck s  a r e  c h a r a c t e r i z e d  by p h e n o c r y s t s  o f  
p l a g i o c l a s e  ( r a n g in g  fr a n  a n d e s in e  to  o l i g o c l a s e ) ,  s a n i d i n e ,  q u a r t z ,  and 
b i o t i t e .  The p l a g i o c l a s e  i s  n o t  soda r i c h ,  and no s o d a - r i c h  p y ro x en es  or  
a m p h ib o les  o c c u r .  A g p a i t i c  c o e f f i c i e n t s  o f  th e  more f e l s i c  u n i t s  a r e
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significantly lower than 1 (MLM 316, 376, 390, 391; Table 5). The coraposlte 
stock consists of granodioritic and monzonite porphyry (MLM 311, Table 5) 
phases and thus does not represent a highly differentiated intrusive body.

Although the intrusive rocks commonly show evidence of minor to strong 
argillic alteration, there is generally little evidence in the country rock 
for extensive hydrothermal alteration, quartz veins, or metal deposits 
associated with the emplacement of these intrusives. An important exception 
to this, however, is found in the Steeple Rock area where rhyolitic dikes, 
intruded along northwest-trending faults, are associated with strong 
hydrothermal alteration and base- and precious-metal deposits (Powers, 1976; 
Biggerstaff, 1974). Green to clear fluorite is commonly found in these veins 
also. Rock sampling and ground radiometric traverses in the Steeple Rock area 
and in other areas of mid-Tertiary intrusives revealed no evidence for 
enrichment of uranium or other lithophile elements, such as Be, Li, Mg, Mo, W, 
that are commonly associated with uranium. Lack of evidence of extensive 
hydrothermal alteration and metal deposits (except in the Steeple Rock area) 
associated with exposed mid-Tertiary intrusive rocks may indicate that the 
rocks were emplaced at relatively shaillow depths with a resultant, substantial 
loss of mineralizing volatiles and, thus, loss of metals.

In summary, the intrusive rocks do not represent a highly differentiated 
suite of rocks and, therefore, are not likely to have generated enough uranium 
to form magmatic-hydrothermal deposits. Moreover, these granodioritic to 
peraluminous rhyolitic rocks, for the most part, are not known to be 
associated with extensive hydrothermal alteration, quartz veins, or metal 
deposition. In those rare cases where green to clear fluorite was found to be 
associated with intrusive bodies, there was absolutely no evidence of uranium 
enrichment.

UPPER CENOZOIC BASIN-FILL SEDIMENTS

Areas of exposed Late Cenozoic basin-fill sediments in the upper Safford 
Basin (Harbour, 1966), the Duncan basin (Morrison, 1965), and the Mangas 
Valley (Leopoldt, in preparation) are, except for area C (PI. 1), unfavorable 
for uranium deposits associated with either sandstone (Subclasses 241 through 
244) or volcaniclastic lacustrine environments of the hydroallogenic class 
(Class 540). These locally derived, basin-fill deposits lack a demonstrated 
source of uranium; they are flanked by ranges or fault blocks consisting 
largely of uranium-poor, intermediate to mafic volcanic rocks. Furthermore, 
the sediments accumulated either as alluvial-fan deposits or within shallow, 
ephemeral lakes and associated oxidizing flood plains— environments that 
commonly do not favor the development of any chemical, stratigraphic, or 
structural means of concentrating or preserving uranium. These basin-fill 
sediments have been deeply dissected and widely oxidized as a result of 
predominantly degradational processes active since the early Pleistocene.

Although one localized area of anomalous radioactivity was found in the 
Mangas Valley (MLM 365, Table 6), ground radiometric traverses and rock 
sampling revealed little additional evidence of uranium enrichment in the 
basin-fill sediments (Table 6). There is no indication from ARMS and HSSR 
surveys of regional enrichment in uranium.
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TABLE 6. SELECTED ANALYTICAL DATA FOR
UPPER CENOZOIC BASIN-FILL ROCKS

Area Sample 
no. Rock name

Chemical U,0„ 0 0
(ppm)

Radiometric
eU
(ppm)

Radiometric
eTh
(ppm)

1 C  m  -H
CO CO

MLM 337 vitric tuff 15 4 9
W  10 PQn0 T3

MLM 338 mudstone 8 3 13
p .  pP- o MLM 339 mudstone 8 6 9

C
CO C  O -H

MLM 368 marl 2 5 8
P  CO 
3  CO P  PQ

MLM 369 mudstone 2 6 10

>><UiH
MLM 365 mudstone 60 46 23

r H

>
MLM 366 mudstone 4 8 9

CO
CO
6 0a

MLM 367 vitric tuff 3 6 3

cOs MLM 376 chert 11 10 4

70



QUATERNARY SEDIMENTARY DEPOSITS

Quaternary sedimentary deposits, which consist largely of unconsolidated 
to poorly consolidated gravel, sand, silt, and clay, are unfavorable for 
uranium deposits in sandstone (Subclasses 241 through 244) and volcaniclastic 
lacustrine environments of the hydroallogenic class (Class 540). These widely 
oxidized sedimentary units, which represent pediment and terrace deposits, 
alluvial-fan aprons, valley alluvium, and minor playa and eolian sediments, 
lack any apparent reductants or stratigraphic or structural characteristics 
that would enhance the concentration and preservation of uranium.

UNEVALUATED ENVIRONMENTS 

PRECAMBRIAN SILICIC INTRUSIVE ROCKS, SOUTHERN DOS CABEZAS MOUNTAINS

Precambrian silicic intrusive rocks in the southern flank of the Dos 
Cabezas Mountains (PI. 7) are unevaluated because of conflicting data. The 
unevaluated environment consists primarily of Dos Cabezas rapakivi quartz 
monzonite (1380 m.y.; Erikson, 1969) and includes the Eaton and Cienega 
gneisses (Erickson, 1968a). Although all three rock units are quartz 
monzonitesi, there is considerable textural variation. The Eaton gneiss is a 
coarse-grained granitoid gneiss whose foliation is marked by subparallel clots 
of biotite. The Cienega gneiss is a medium-grained, weakly porphyritic gneiss 
whose foliation is marked by alignment of feldspar phenocrysts. The Dos 
Cabezas rapakivi quartz monzonite contains mixed rimmed and unrimmed euhedral 
plagioclase and subhedral potash feldspar phenocrysts up to 6 cm across in a 
coarse-grained groundmass. The Precambrian quartz monzonite intrudes Pinal 
Schist. There are Laramide and mid-Tertiary silicic intrusive bodies within 
the Dos Cabezas Mountains less than 20 km away.

The unevaluated environment contains three uranium occurrences (PI. 2a) 
hosted by faults and shear zones, two of which are described in uranium- 
occurrence reports (Occurrences 1 and 2, App. C). Occurrence 1 is a minor 
occurrence (16 pp CU3O8, 31 ppm eU, 525 ppm eTh; MLM 138), but Occurrence 
2 contains at least 198 ppm CU3O8, 152 ppm eU, 1,586 ppm Th, and 4,600 ppm 
F (MLM 134). Furthermore, a U.S Atomic Energy Commission Preliminary 
Reconnaissance Report (Miller, 1955) listed high uranium contents in drill 
core from Occurrence 2. These values are 0.53% eU30g and 0.32% CU3O8 
in 1.0 ft of core from a depth of 150 ft, and 1.27% eU30g and 1.09%
CU3O8 in 1.5 ft of core from a vein intercept at a depth of 190 ft. These 
grades of uranium would approach NURE tonnage and grade requirements. They 
certainly indicate favorability for this environment.

However, Texasgulf, Inc., cleaned out the drill holes at the Uranium 
Hills Claim that were reported to contain high uranium values. Texasgulf 
found less than 0.01% uranium in the mineralized zones and also drilled two 
nearby offsets that failed to penetrate any uranium mineralization whatsoever. 
Texasgulf concluded that the reported subsurface uranium values from the 
Uranium Hill Claims are false (W. Glenn Culver, written comm., 1980). More 
data are needed for evaluation of this environment.
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VIRDEN FORMATION

The Upper Cretaceous Virden Formation (Elston, 1960) and equivalent 
unnamed strata (Morrison, 1965) comprise nonmarine shale, sandstone, and 
conglomerate that are restricted to a relatively small area in the north- 
central part of the quadrangle. Although the Virden reportedly contains 
carbonaceous material and some tuffaceous sandstone beds, it is widely faulted 
and commonly dips at angles of 30° or more. Because of its areal restriction 
and excessively high dips, the Virden Formation was originally assigned a low 
priority for field study. The unit remains unevaluated because of time 
constraints.

PELONCILLO, WHITLOCK, AND PINALENO MOUNTAINS

The north-central and northern Peloncillo and adjacent Whitlock Mountains 
and the southern Pinaleno Mountains consist primarily of Tertiary volcanic 
rocks. Although the rocks in these areas are currently being studied by the 
U.S. Geological Survey, there is no information presently available about them 
other than they have been divided into felsic and intermediate to mafic 
volcanic suites (Wynn, 1981). Because of lack of data these areas remain 
unevaluated.

NORTHERN CHIRICAHUA MOUNTAINS 

Rhyollte Canyon Formation

Parts of the mid-Tertiary Rhyolite Canyon Formation in the Douglas 
Quadrangle are favorable for hydroauthigenic (Class 530) and hydroallogenic 
(Class 540) uranium deposits. The Rhyolite Canyon in the Silver City 
Quadrangle is restricted almost entirely to the Chiricahua National Monument 
(Marjaniemi, 1970; Sabins, 1957), however, and was not evaluated because 
geologic studies in lands administered by the National Park Service were 
prohibited (PI. 13). The unit remains unevaltiated in the Silver City 
Quadrangle because of lack of data.

Faraway Ranch Formation

A sequence of well-sorted, thin-bedded, olive-green to brown sandstones 
and fetid, cherty limestones is exposed in Keating Canyon (PI. 15) in the 
northern Chiricahua Mountains. Sabins (1957) placed this sedimentary sequence 
in the Faraway Ranch Formation, but its exact stratigraphic position within 
the formation was not determined. The sequence probably does not exceed 30 m 
in thickness. No carbonaceous material was seen in the sedimentary units but 
0.05% to 0.11% organic carbon (MLM 344, 345, 347, App. B) was detected 
chemically.

A relatively thick, organic-carbon-bearing sedimentary sequence that is 
interlayered with rhyolitic to rhyodacitic rocks of the Faraway Ranch 
Formation could be favorable for hydroallogenic (Class 540) uranium deposits. 
Inadequacy of the data precludes evaluation of this sequence at this time.
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SCHOOLHOUSE MOUNTAIN REGION

The Schoolhouse Mountain region encompasses an area of about 180 km 
(Wahl, 1980). The area contains a thick sequence of Oligocene rhyolitic ash- 
flow tuffs, moat deposits, and minor intrusive phases that may have been 
derived from the proposed Schoolhouse Mountain Cauldron (Wahl, 1980). The 
area was not evaluated because time constraints precluded the gathering of 
enough data. However, a uranium occurrence (Occurrence 25, App. A, PI. 2) was 
found during this project.

The uranium occurrence is in a highly altered tuff of the Schoolhouse 
Mountain Formation(?) adjacent to a northwest-trending, strongly limonite- and 
manganese-stained, intermediate porphyritic dike. Moderate to strong 
alteration was observed throughout the area of the uranium occurrence. This 
alteration may be related to the hydrothermal activity that causes numerous 
hot springs and wells in the Cliff-Gila area as shown by Summers (1979).

TERTIARY BASINS

Tertiary rocks and sediments in basins underlying such prominent valleys 
as San Simon, Sulfur Springs, Animas, Mangas, and Mimbres-Palomas Valleys were 
not evaluated because of extensive alluvial cover and lack of subsurface data. 
Theoretically, enormous amounts of uranium may have been leached from adjacent 
mid-Tertiary felsic volcanic and Precambrian granitic ranges and transported 
into the hydrologic regime of these basins. It is possible that uranium 
deposits similar to those of the Artillery Mountains-Date Creek Basin region 
(Sherborne and others, 1979) are present in the basins. However, inadequate 
knowledge about the nature of the basin fill precludes evaluation.

QUATERNARY CALCRETE ENVIRONMENTS

Calcrete deposits in the San Simon Valley and in the Mimbres-Palomas 
basin near the eastern boundary of the quadrangle were studied as part of a 
favorability evaluation of czilcretes in the southwestern United States 
(Carlisle, 1978). Therefore, the calcretes were not evaluated during this 
study.

Carlisle (1978) found thin, surficial calcrete exposed in the axial parts 
of San Simon Valley and calcrete associated with soils in parts of the 
Mimbres-Palomas basin. He concluded that all calcretes examined were 
pedogenic and that they do not compare favorably with the carnotite-bearing 
valley calcretes of western Australia and southwest Africa.

INTERPRETATION OF RADIOMETRIC AND 
HYDROCEOCHEMICAL AND STREAM-SEDIMENT DATA

RADIOMETRIC DATA

The analysis of ARMS data by Texas Instruments Corporation (1978b) 
resulted in the identification of 226 anomalies of high statistical

73



significance. These "first-priority" anomalies are characterized by having 
simultaneous, statistically valid equivalent-uranium, equivalent- 
uranium/equivalent-thorium, and equivalent-uranium/equivalent-potassium 
anomalies and therefore represent the most probable targets for uranium 
enrichment.

This information, interpreted within the context of the regional geology, 
formed the basis for the delineation of 19 areas of possible uranium 
enrichment in the quadrangle (PI. 3). Selected radiometric anomalies within 
those areas were field evaluated by means of outcrop examination and 
radiometric traverses to gather information about the validity and 
significance of these apparent anomalies. Of the 19 areas depicted, three 
(areas 2, 5, and 8) are associated with clusters of known uranium occurrences, 
two (areas 6 and 12) are associated with slightly uranium-enriched mid- 
Tertiary intrusive (MLM 341, App. B; 25 ppm cU30g) and volcanic (MLM 380,
App. B; 9 ppm cUgOg) rocks, and two (areas 11 and 13) are invalid 
anomalies related to cultural features not shown on our base map. The 
remainder of the apparently anomalously radioactive areas were determined to 
represent nothing more than the normal uranium contents of contrasting rock 
types, or surficial deposits derived therefrom, which are not adequately 
differentiated on the generalized geologic base map used in analysis and 
interpretation of radiometric data.

GEOCHEMICAL DATA

One area, which encompasses much of the southern Big Burro Mountains, was 
determined to be favorable (PI. 4) on the basis of HSSR data. This area is 
characterized by high uranium values in both stream sediments and ground 
waters, by high uranium-to-conductivity ratios, and by high uranium-versus- 
conductivity residuals. The last parameter indicates that uranium contents of 
ground waters are higher than can be predicted by their conductivities.

Geologic and geochemical evaluation during this study of the anomalies 
and surrounding areas in the Big Burro Mountains indicates that the anomaly is 
a result of two factors. The first is the multiple sources of uranium 
available to the near-surface weathering environment, and the second is the 
lack of any geologic environment in the area that would impede the movement of
uranium transported by near-surface and surface waters. Surficial weathering
processes derive uranium from several sources in the area. One source is the 
uranium deposits of favorable area A (PI. 1). Outside favorable area A, the 
major source of mobile uranium to the near-surface environment is the 
weathering of the Precambrian Burro Mountains granite. As mentioned in the 
discussion of favorable area G, the Burro Mountains granite has a high uranium 
content (6 to 7 ppm cUgOg; MLM 021, 022, 025), and has thorium-to-uranium 
ratios of between 6.2 and 12.8. The high uranium content indicates that the 
Burro Mountains granite could have been a good source of uranium. The high
thorium-to-uranium ratios indicate that uranium has been removed from the
granite by weathering processes. The weathering processes and the liberation 
of uranium from the granite would be especially effective in an area of high 
topographic relief, such as that on the southwestern side of the Burro 
Mountains. Additional sources of uranium are the scattered uranium 
occurrences of the region outside area A. They include vein-type (Occurrences 
49, 53, 54, 57, PI. 2A) and pegmatitic occurrences (Occurrence 55).
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Weathering of the granite and the pegmatites would provide substantial amounts 
of radioactive heavy-mineral resistates. The discussions of areas A and G 
have pointed out that once uranium is liberated, there is no geologic 
environment in the Precambrian rocks of the southern Burro Mountains that 
would immobilize the uranium transported in the surficial and near-surface 
oxidizing environments. Given the trace content of apatite in the granite and 
the lack of carbonates in the near-surface environment, uranium is probably 
transported as U02(HP04)2~^ complexes (Langmuir, 1978).

The numerous ground-water anomalies detected in the Animas Valley (Sharp 
and others, 1978) are not, however, so important as indicators of uranium 
enrichment as those in the favorable area. A comparative analysis of uranium 
values and corresponding conductivity values for ground waters show that all 
ground-water samples with high uranium contents in the Animas Valley also have 
high conductivity values. This indicates that the elevated uranium values are 
related to high amounts of dissolved solids in the water. Hence, elevated 
uranium values in ground waters do not necessarily indicate significant 
uranium enrichment in the aquifer (Wenrich-Verbeeck and others, 1980).

RECOMMENDATIONS TO IMPROVE EVALUATION

DRILLING PROGRAMS

Drilling is recommended to improve the evaluation of all seven favorable 
areas (PI. 1), as well as to evaluate the Precambrian silicic intrusive rocks 
in the southern Dos Cabezas Mountains and the basin-fill deposits in the 
Tertiary basins. In area A, the depth to which the uranium-bearing veins 
extend is unknown. The primary ore-mineral suite of the veins is also 
uncertain. Knowledge of the primary ore-mineral suite and ore paragenesis of 
the veins would result in more accurate determinations of hypogene ore grade, 
sequence of ore deposition, and ultimately age and origin of the episode of 
uranium mineralization which formed the veins.

Drilling in area B would provide subsurface information on uranium grades 
in the hydrothermal veins at depth. Present information of uranium content is 
limited to mine-dump samples and a few shallow subsurface samples. At 
present, it appears that uranium ore grade may increase with depth. Drilling 
would determine if this increase of grade with depth is true and would also 
give indications of the vertical extent of the uranium-bearing veins.

Subsurface extent of favorable tuffaceous rocks in area C is not known. 
The oxidized surface rocks, which locally contain substantial uranium 
concentrations, may extend basinward at depth. Evidence for a redox boundary 
in the deeper parts of the basin should be sought by way of a wide-spaced 
drilling program in the eastern halves of T. 8 S., R. 28 E., T. 9 S., R. 28 
E., and T. 10 S., R. 28 E.

Shallow drilling (less than 100 m) is recommended in the Beartooth 
Quartzite of area D near mineralized shear zones to determine the lateral 
extent and grade of uranium present in the Beartooth away from the shear 
zones. Such drilling is recommended in the Wild Horse Mesa region (PI. 8) of 
area Dl.
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Secondary uranium minerals or unidentified uranium compounds occur in 
shear and fault zones in Precambrian granite and overlying Tertiary volcanic 
rocks in areas E and F. Drilling of one or more of the mineralized shear or 
fault zones would determine the hypogene ore-mineral suite, grade of the 
hypogene uranium at depth, and vertical extent of the uranium mineralization 
in the shear zones.

The vertical extent, ore-mineral suite, and grade of the allogenic 
uranium occurrences of area G are unknown. Theoretical considerations 
indicate that ore grade may increase at depth where primary sulfides deposited 
by the episode of porphyry copper mineralization in the area are present. 
Drilling (probably to a depth of less than 300 m) would determine if this is 
true or if the allogenic occurrences of area G are noneconomical surficial 
occurrences.

The Precambrian silicic intrusive rocks of the southern Dos Cabezas 
Mountains were unevaluated because of conflicting subsurface information. A 
drilling program in the area of Occurrence 2 would resolve this conflict.

Stratigraphic test-hole drilling is recommended for the largely 
unevaluated Tertiary basins. Felsic volcanic and Precambrian granitic 
detritus, which theoretically are good sources of uranium, are a major 
constituent of the basin-fill sediments. Rocks containing carbonaceous 
material may be present at depth. Subsurface data gathered through drilling 
would be used in the evaluation of the basins.

ARMS STUDY

Interpretation of ARMS data may be significantly improved if a more 
detailed geologic map were used in the statistical analysis of data. The U.S. 
Geological Survey has been involved in extensive geologic mapping throughout 
the Silver City Quadrangle in preparation for publication of a 1:250,000-scale 
map of the quadrangle. Although much of this information is not yet 
available, a reinterpretation of the ARMS data should be made after the 
information is published.

HSSR SAMPLING

Stream-sediment and ground-water samples should be collected in the 
Arizona portion of the quadrangle. Only the New Mexico portion was sampled 
during the HSSR survey. The sample-site density in Arizona should be 
approximately the same as that used in the New Mexico part of the quadrangle 
(Sharp and others, 1978).
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