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a b s t r a c t

T h e   C l i m a x  m o l y b d e n u m  d e po s it   is   l o c a t e d   h i g h   i n  t h e   Fr o n t   R a n g e   at  

C l i m a x   i n  n o r t h e a s t e r n  L a k e   County,   C ol or ad o.   A c t i v e   o p e r a t i o n s   w e r e  

s t a r t e d   b y   th e   C l i m a x  M o l y b d e n u m   C o m p a n y   i n   1918.   D a i l y  p r o d u c t i o n   has  

i n c r e a s e d   f r o m  2 5 0   t o n s   of  1 . 0   pe rc en t   m o l y b d e n i t e   to  1 5 , 0 0 0   t o  2 0 , 0 0 0  

t o n s   o f   0 . 4   p e r ce nt   m o l y b d e n i t e   at   the   p r e s e n t   time.   M o l y b d e n i t e   is   th e  

p r i n c i p a l   o r e  m i n e r a l   and,   u n t i l   rece nt ly,   t h e   o n l y  m i n e r a l   rec overed;   but  

n o w  w o l f r a m i t e ,   ca ss it e r i t e ,   pyrite,   m o n a z i t e ,   topaz,   a n d   a   c on c e n t r a t e  

c o n t a i n i n g  t i t a n i u m  a n d   r a r e   ea rt h   b e a r i n g  m i n e r a l s   ar e   a l s o   rec ov ere d.

Th e   p u r p o s e   o f   t h i s   i n v e s t i g a t i o n  wa s   t o   s t u d y  t h e   d i s t r i b u t i o n   o f   t h e  

o r e   m i n e r a l s   an d  t o   d e t e r m i n e   th e   r e l a t i o n s h i p   o f   h y d r o t h e r m a l   a l t e r a t i o n  

to   m i n e r a l i z a t i o n  a n d   o r e   l o c al iz at io n.

T h e   o r e   b o d y   is   b o u n d e d   o n   the   w e s t   a n d   east   b y  n o r m a l   faults:   th e

M o s q u i t o   a n d  M a j o r   fa u l t s ,   re spe c ti ve ly .   T h e  M o s q u i t o   f au lt   p a r a l l e l s   t h e  

M o s q u i t o   R a n g e   a n d   s e p a r a t e s   th e   P r e - C a m b r i a n   g r a n i t e   a n d   s c h is t   f r o m  t h e  

P a l e o z o i c   s e d im en ts   w h i c h   l i e   t o   t h e   w e s t   of   t h e  M o s q u i t o   Ran ge .   T h e  

M a j o r   fa u l t   b r a n c h e s   f r o m  th e  M o s q u i t o   f au lt   to   t h e   n o r t h   o f   C l i m a x  an d  

p a s s e s   t h r o u g h   t h e   e a s t e r n   sid e   o f   t h e   o r e   body.   T h e   r e l a t i o n s h i p   o f   t h e  

M o s q u i t o   fa u l t   to   t h e   ore   b o d y   Is   n o t   clear,   a l t h o u g h  m o v e m e n t   has   o c c u r r e d  

a l o n g  it   s i n c e   d e p o s i t i o n   o f  m o l y b d e n i t e .   M o l y b d e n i t e   m i n e r a l i z a t i o n   d o e s  

n o t   e x te n d  w e s t   o f   t h e  M o s q u i t o   fa ul t .   T e r t i a r y   d i k e s   and   sills,   w h i c h  

i n t r u d e   b o t h  t h e   p r e - C a m b r i a n  a n d   P a l e o z o i c   ro cks,   h a v e   b e e n  d i s p l a c e d  

b y  t h e  M o s q u i t o   fau lt .

T h e   f o r m  o f  t h e   o r e   body,   as   s h o w n   b y  d e v e l o p m e n t   an d   ex plo ra tio n,  

s ee ms   t o   i n d i c a t e   a   d o m e d   st ru ct u re .   T h e   h i g h l y   si l i c i f i e d ,   o r  fi n e   g r a i n e d  

qu a rt z,   zo ne s   ar e   d o m a l   i n   f o r m  a n d   ar e   u n d e r l a i n  a n d   o v e r l a i n   b y  g r an it e



c o n t a i n i n g   la rg e   s c h i s t   i n c l u si on s.   T h e   o r e   zone   lies   w i t h i n  t h e   g r an it e  

a n d   l a p s   o v e r   and   u n d e r  t h e   q u a r t z   zones  •

In   t h e   ore   zon e   c l o s e l y   s p a c e d   q u a r t z   ve in le ts ,   w h i c h   c a r r y  m o l y b d e -

n i t e   as   f i n e l y  d i s s e m i n a t e d   pa rt ic le s,   sm al l   h e x a g o n a l  p l a t e s ,   a n d  l e a f -

l i k e   f l a ke s,   cut   E a r l y  p o r p h y r y ,   p r e - C a m b r i a n   granite,   a n d   sc hi s t.   The  

q u a r t z   a n d  m o l y b d e n i t e   a r e   b e l i e v e d  t o   h a v e   b e e n  t r a n s p o r t e d   a n d   d e p o s i t e d  

as   co l l o i d s   an d   i m m e d i a t e l y   c r y s t a l l i z e d   t o   q u a rt z   a n d  m o l y b d e n i t e .

T h e   a c c e s s o r y  o r e  minerals,  w o l f r a m i t e ,   ca ss ite ri te,   an d   m o n a z it e,   a r e  

t h o u g h t   t o   be,   at   l e a s t   i n  part,   o l d e r   t h a n  mo ly bd e n i t e .   P y r i t e   is   b o t h  

o l d e r   a n d   l a t e r  t h a n  m o l y b d e n i t e ,   a n d   t o p a z   is   l a t e r  t h a n  m o l y b d e n i t e .

H y d r o t h e r m a l   a l t e r a t i o n   ex ten ds   t h r o u g h o u t   t h e   C l i m a x  o r e   body.   T h e  

g ra n i t e ,   schist,   an d   E a r l y  p o r p h y r y  s h o w   s u c c e s s i v e   a l t e r a t i o n   ef fects   of  

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 ,   s e r i c i t i z a t i o n ,   a n d  t o p a z i z a t i o n ,   i n  t h e  

o r d e r   given.

A r g i l l i z a t i o n   is   m o s t   co n s p i c u o u s   i n  t h e   areas   of   g r a n i t i c   rocks.  

A l l o p h a n e   is   t h e  m o s t   p e r v a s i v e   o f   t h e   & r g i l l i e  m i n e r a l s   a l t h o u g h  m o n t -  

m o r i l l o n i t e   a nd  k a o l i n i t e   a r e   p r e s e n t   a l o n g   f r a c t u r e s   a n d   f i n e l y  d i s s e m i -

n a t e d   i n  t h e   fe ld spa rs.

T h r e e  ph a s e s   o f   s i l i c i f i c a t i o n   exist:   (l)   a   h i g h  t e m p e r a t u r e   p h a s e

r e s u l t i n g   i n  th e   h i g h l y   s i l i c i f i e d   zo ne  w h i c h  gr a d e s   l a t e r a l l y   in t o   t h e  

m o d e r a t e l y   si l i c i f i e d   zone;   (2)   a   c o l l o i d a l   p h a s e   o c c u r r i n g   a s   fi s s u r e  

f i l l i n g   r e l a t e d  to   t h e   d e p o s i t i o n  o f  m o l y b d e n i t e ;   a n d   (3)   m i n o r   s i l i c i f i -

cati on ,   a c c o m p a n y i n g   t h e   t o p a z   phase,   w h i c h   r e s u l t e d   i n  t h e   f o r m a t i o n  of  

q u a r t z - t o p a z   v e i n l e t s .   T h e s e   cut   e a r l i e r  m i n e r a l  ve in s.

S e r i c i t i z a t i o n  a f f e c t s   m a i n l y  t h e   m i c a  mi n er a ls ,   a l t h o u g h   t h e   f e l d -

s p a r s   a l s o   ar e   al ter e d.   T h e   s e r i c i t i c   a l t e r a t i o n   a p p a r e n t l y   is   r e la te d   to  

t h e   q u a r t z - m o l y b d e n i t e   p h a s e   o f  m i n e r a l i z a t i o n .   P r e s u m a b l y  t h i s   a l t e r a t i o n  

j u s t   p re c e d e d ,   o r  wa s   c o n t e m p o r a n e o u s   wi t h ,   th e   d e p o s i t i o n   o f  t h e   q u ar tz -



m o l y b d e n i t e   v ei nl ets .   T h e r e   are   i n d i c a t i o n s   t ha t   some   s e r i c i t i c   a l t e r a t i o n  

m a y  h a v e   t a k e n  p l a c e   a f t e r   t h e   d e p o s i t i o n   o f  m o l yb de ni te .

M o l y b d e n i t e   oc c u r s   m o s t   f r e q u e n t l y   i n  t h e  m o d e r a t e l y   s i l i c i f i e d   a n d  

h i g h l y   f r a c t u r e d   zones.   T h e   q u a n t i t y   of  m o l y b d e n i t e  p r e s e n t   is   d e p e nd en t  

u p o n   t h e   de g r e e   o f   fr a c t u r i n g .   M i n e a b l e   o r e   is   r es t r i c t e d   t o   t h e  h i g h l y  

f r a c t u r e d   z o n e s .   ^

W o l f r a m i t e   is   f o u n d   m o s t   f r e q u e n t l y  i n   t h e   m o r e   s i l i c i f i e d  pa r t s   of  

t h e   o r e   body.   It   o c c u r s   i n   e a r l y  q u a r t z - p y r i t e   vei ns   w h i c h   a r e   cut   b y  

m o l y b d e n i t e   v e i nl et s   and   in   la t e   q u a r t z - t o p a z   ve i nl et s   w h i c h   cut   m o l y b d e -

n i t e   v ei n l e t s .   S o m e   w o l f r a m i t e   is   a s s o c i a t e d  w i t h  qu a r t z   v e i n s  i n  the  

s c h i s t   a n d   al so   as   f i n e l y   d i v i d e d   gr a i n s   b e t w e e n  bi o t i t e   p l a t e s   in  t h e   u n -

a l t e r e d   to   s l i g h t l y   a l t e r e d   schist.

C a s s i t e r i t e   and   mo n a z i t e ,   w h i c h   o c c u r   i n  th e   g r a n i t e   a n d   schist,   ar e  

a b u n d a n t   w h e r e   t h e r e   is   co pi ous   s er ici te .   T h e   c a s s i t er it e   i n  t h e   g ra n i t e  

is   r e d d i s h   b r o w n   in   c o l o r   a n d   l a r g e r   g r a i n e d   t h a n   that   i n  t h e   schist.   T h e  

c a s s i t e r i t e   i n  th e   s ch i s t   o cc ur s   as   s m a l l   r o u n d e d   b l e b - l i k e   g ra in s,   u s u a l l y  

d a r k   s t r a w - y e l l o w   in   color.   Th e   d i f f e r e n c e   b e t w e e n  the   c a s s i t e r i t e   that  

o c c u r s   in   th e   g r a n i t e   and   th a t   w h i c h   o c c u r s   in  t h e   sc hist   is   a t t r i b u t e d  

t o   d i f f e r e n t   p e r i o d s   o f  m i n e r a l i z a t i o n .

T h e   E a r l y  p o r p h y r y   is   co mp os ed   o f   a l t e r e d   fe lds pa rs   a n d   r o u n d e d   q u ar t z  

eyes.   T h e   f e l d sp ar s   a r e   p a r t i a l l y  a l b i t i z e d   an d   altered,   a n d   o n l y   faint  

r e m n a n t s   o f   t h e i r   o r i g i n a l   ch a r a c t e r   re ma in .   T h e   eyes   of   q u a r t z   consist  

o f   s e v e r a l   i r r e g u l a r   q u a r t z   gr ain s   w i t h   d i v e r s e   o p ti ca l   o r i e n t a t i o n .   Th e  

E a r l y   p o r p h y r y   is   c o n s i d e r e d   t o   b e   t h e   p r o d u c t   o f  pa r t i a l   a s s i m i l a t i o n  a n d  

a l t e r a t i o n   o f  t h e  S i l v e r   P l u m e   g r a n i t e   b y   a s c e n d i n g  h y d r o t h e r m a l   so lu ti on s  

o f   T e r t i a r y  a ge   r e s u l t i n g   i n   a   ro c k  w i t h   a  p o r p h y b l a s t i c   t e x t u r e .

T h i s   i n v e s t i g a t i o n   in di c at es   t h e   n e e d   f o r   a  m o r e   d e t a i l e d  X-r ay ,  

s p e c t r o - c h e m i c a l ,   an d   c h e m i c a l   s t u d y   o f   t h e   C l i m a x  m o l y b d e n u m  d e p o s i t .



Such  a   detailed  study  would  help  to  determine  more   accuratelys   (l)   the  

amount   and  types   of  the   several   clay  minerals   present;   (2)   the   relation-

ship  and   importance   of  argillic   and   sericitic   alteration;   (3)   the   age  

relationships   of  wolframite,   cassiterite,   and  monazite;   (4)   the   relation-

ship   of  Na20,   K2O,   and   CaO  to   alteration  and  mineralization;   and   (5)   the  

occurrence   and   association  of  the  radioactive   and  titanium-bearing  

minerals.



 

 

 

 

The original material for this dissertation includes a significant 
number of oversized pages.  The full text can be viewed by 

accessing the supplement file. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


