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ABSTRACT 

T h e   g e o l o g y   o f   t h e  west f l a n k .   o f   t h e   M a g d a l e n a  

M o u n t a i n s   s o u t h   o f   t h e   K e l l y   m i n i n g  ' d i s t r i c t   h a s   b e . e n  

d o m i n a t e d   b y   e m p l a c e m e n t   o f   a s h - f l o w   t u f f s   a n d  lavas ,  

c a l d e r a   c o l l a p s e   s t r u c t u r e s ,   a n d   e x t e n s i o n a l   b l o c k   f a u 1 t i n . g  

a s s o c i a t e d   w i t h   t h e   R i o   G r a n d e   r i f t   a n d   u p l i f t   o f   t h e '  

Magda lena   Moun ta ins .  

. The o l d e s t   r o c k   u n i t   e x p o s e d  i s  a v o l c a n i c l a s t i c  

s a n d s t o n e   o f   . t h e   e a r l y   O l i g o c e n e   l o w e r  mernbe'r o f   t h e   S p e a r s  

F o r m a t i o n .   T h i s  was o v e r l a i n   s u c c e s s i v e l y ,  i n  the 

O ' l i g o c e n e ,   b y   t h e  Hel ls  Mesa Tuf f ,   t he   f l ow-banded   member   o f  

t h e  A-L P e a k   T u f f ,   c a u l d r o n   f i l l   ( i n c l u d i n g   t h e   a n d e s i t e   o f  

L a , n d a v a s o   R e s e r v o i r   a n d   t h e   u n i t   o f  S i x m i l e  Canon) ,  t h e  t u f f  

o f  L e m i t a r  M o u n t a i n s   a n d   a n   o v e r l y i n g   . a n d e s i t e ,   t h e   t u f f  o f  

Sou th   Canyon ,   and  a x e n o c r y s t i c   a n d e s i t e .  In - e a ' r l y   a n d  

m i d d l e   M i o c e n e  time, t h i s   v o l c a n i c   s e q u e n c e  was covered .  'by 

f a n g l o m e r a t e s ,   l a h a r i c   b r e c c i a s ,   a n d   s a n d s t o n e s   o f  t h e  

P o p o t o s a   F o r m a t i o n .  In t h e   w e s t e r n   h a l f   o f '   t h e   t h e s i s   a r e a ,  

i n   l a t e - M i o c e n e  t ime,  t h e s e   s e d i m e n t a r y   u n i t s  were o v e r l a i n  

b y  a b r o a d   p l a i n  .'of r h y o l i t e  l ava  f l o w s .  

" 

P o r t i o n s   o f   t h r e e .   o v e r l a p p i n g   c a u l d r o n s ,   t h e   N o r t h  

Baldy  (32  m-y.) ,   Magdalena  (32-28.   m-y.) ,   and  Sawmil l   Canyon 

( 3 2 - 2 8   m a y . )   c a u l d r o n s ,  a r e  f o u n d   i n   t h e   t h e s i s  a rea-  The 

c o l l a p s e   o f   t h e   M a g d a l e n a   a n d   S a w m i l l   C a n y o n   c a u l d r o n s  

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

s o u t h e r n .   m a r g i n s   o f   t h e   N o r t h   B a l d y   c a u l d r o n .   T h e i r  

. .  . .  



v ii 

0 
c o m b i n e d   c o l l a p s e   c r e a t e d  a l a r g e   d u m b b e l l - s h a p e d   d e p r e s s i o n  

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

, e m p l a c e m e n t   o f   a n d e s i t i c   a n d   l a t i t i c   d i k e s ,   t h e   m o v e m e n t  o f  

h y d r o t h e r m a l   f l u i d s ,   a n d   i n   t h e   w e s t e r n   h a l f   o f   t h e  a r ea ,  

t h e   i n t r u s i o n   o f   r h y o l i t e   d o m e s  , a n d   f l o w s   w e r e   l a r g e l y  

c o n t r o l l e d   b y   t h e   r i n g   f r a c t u r e   z o n e s   o f   t h e s e   c a u l d r o n s .  

. _  _ .  

B e g i n n i n g   i n   t h e  O l i g o c e n e ,   n o r t h - t r e n d i n g ,  

d o w n - t o - t h e - w e s t   n o r m a l   f a u l t s  t h a t   a c c o m p a n i e d   r e g i o n a l  

e x t e n s i o n   o v e r p r i n t e d   t h e   c a l d e r a   s t r u c t u r e s   a n d   c o n t r o l l e d  

t h e   e m p l a c e m e n t   o f   w h i t e   r h y o l i t e   a n d   a n d e s i t i c   d i k e s .   T h e  

. m o v e m e n t   o f   h y d r o t h e r m a l   f l u i d s   w a s  a l s o  l o c a l i z e d   a l o n g  

t h e s e   s t r u c t u r e s .   U p l i f t   o f   t h e   M a g d a l e n a   M o u n t a i n s ,   f r o m  

a b o u t  7 m.y. a g o  to, t h e   p r e s e n t ,   a l s o   o c c u r r e d   a l o n g   t h e s e  

n o r t h - t r e n d i n g   f a u l t s .  

N u m e r o u s   a b a n d o n e d   m i n e s   a n d   p r o s p e c t s ,   l a r g e l y  

f o r   c o p p e r   a n d   g o l d ,   ' a r e   f o u n d   a l o n g   z o n e s   o f   m i n e r a l i z a t i o n  

c o n t r o l l e d   b y   c a u l d r o n   r i n g   f r a c t u r e s   a n d   n o r t h - t r e n d i n g  

e x t e n s i o n a l   f a u l t s .  T h e   e c o n o m i c   p o t e n t i a l   f o r   t h e   a r e a  is 

v a r i a b l e .  ' ? h e   f . a v o r a b l e   o r e   p r o d u c i n g   h o r i z o n   i n   t h e   K e l l y  

d i s t r i c t   h a s   b e e n   d o w n f a u l t e d   i n   t h e   t h e s i s  ar.ea t o  a d e p t h  

w h e r e   r e c o v e r y   o f   r e p l a c e m e n t   d e p o s i t s ,  i f  t h e y  e x i s t ,  wou ld  

b e   u n e c o n o m i c .   P e r l i t e   f o u n d   i n   t h e   r h y o l i t e   f l o w s  

f r e q u e n t l y   c o n t a i n s   n o n - e x p a n d a b l e   p h e n o c r y s t s  ' and i s  

u n e c o n o m i c .   H o w e v e r ,   e x p l o r a t i o n   f o r   g o l d  i s  p r e s e n t l y  

b e i n g   c a r r i e d   o u t  on B a l d y   R i d g e   a n d   m i n e r a l i z a t i o n   i n  Mill 

C a n y o n   d e s e r v e s   f u r t h e r   e x a m i n a t i o n .  

. .  



The p r i n c i p a l   o b j e c t i v e  o f  t h i s   s t u d y  i s  t o  

d e t e r m i n e   t h e   s t r a t i g r a p h i c   a n d   s t r u c t u r a l   r e l a t i o n s h i p s  of  

T e r t i a r y   v o l c a n i c   a n d   s e d i m e n t a r y   r o c k s   a l o n g   t h e  west f l a n k  

of  t h e   M a g d a l e n a   M o u n t a i n s   s o u t h   o f   t h e   K e l l y   M i n i n g  

d i s t r i c t ,   a n d   t o   c o m p a r e   t h e s e   r e l a t i o n s h i p s   w i t h   t h o s e  

. .  

d e s c r i b e d   i n   s t u d . i e s  o f  a d j a c e n t   a r e a s .  

T h e   m a j o r   f e a t u r e s   s t u d i e d   i n c l u d e   t h e   m a r g i n s   o f  

t h e   N o r t h   B a l d y ,   M a g d a l e n a ,   a n d   S a w m i l l   C a n y o n   c a u l d r o n s ,  in 

t h e   e a s t e r n   p o r t i o n   o f   t h e   t h e s i s   a r e a ,   a n d   a n  . e x t e n s i v e  

f i e l d  of  M i o c e n e   r h , y o l i t e   f l o w s   i n   t h e   w e s t e r n   p o r t i o n .  A 

s e c o n d a r y   o b j e c t i v e   w a s   t o .   e v a l u a t e   t h e   m i n e r a l   p o t e n t i a l   . o f  

t h e   a r e a .  

T h i s   s t u d y  w a s  u n d e r t a k e n   a s  p a r t  of a ' . l a r g e r  

m a p p i n g   p r o j e c t  o f  t h e   S o c o r r o - M a g d a l e n a   a r e a   s p o n s o r e d   b y  

t h e .  New Mexico   Bureau  o f  M i n e s   a n d   M i n e r a l   R e s o u r c e s .  , . 

L o c a t i o n   a n d   A c c e s s i b i l i t y  

The   Magdalena   Mounta ins  a r e  l o c a t e d   a b o u t  2 6  km 

( 1 6  mi)   due  west o f   S o c o r r o  in c e n t r a l   S o c o r r o . C o u n t y ,  New 

M e x i c o .   T h e   r e g i o n   u n d e r   s t u d y ,  on t h e  west f l a n k   o f   t h e  

M a g d a l e n a   M o u n t a i n s ,   c o v e r s   a n   a r e a  'of a b o u t  5 2  sq km ( 2 0  sq 

m i ) ,  t h e   c e n t e r  o f  which  l i e s  8 km ( 5  m i )   s o u t h   o f   t h e   t o w n  

o f  M a g d a l e n a   ( f i g .  1 ) .  W i t h   t h e   e x c e p t i o n  o f  a f e w   r a n c h e s  

I N T R O D U C T I O N  

S t a t e m e n t   o f   t h e   P r o b l e m  



I "  I 

. 
\ 

Figure 1. Location  map shor.7ing relationship of thesis 
area to major  topographic  features in Socorro County. 

. .  . .  
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a n d   p a t e n t e d   m i n i n g   c l a i m s ,   t h e   m a p p e d   a r e a  l i e s  e n t i r e l y  

w i t h i n   t h e   C i b o l a   N a t i o n a l   F o r e s t .  

A c c e s s   t o   t h e   s o u t h e a s t e r n   p o r t i o n   o f   t h e   a r e a  is 

b y   t h e   L a n g m u i r   L a b o r a t o r y   r o a d   w h i c h   e x t e n d s   s o u t h   f r o m  

r o u g h   a n d   s t e e p .  From t h e   e n d   o f   t h i s   r o a d ,  near S o u t h  

B a l d y   P e a k ,  a t r a i l  e x t e n d s   a p p r o x i m a t e l y  . 8 km ( ~ 5  m i )  

n o r t h w a r d   a l o n g   t h e  c r e s t  o f   t h e   r a n g e ,   t h r o u g h   t h e   e a s t e r n  

e d g e   o f   t h e   m a p p e d  a rea ,  t o   N o r t h   B a l d y   P e a k .  . .  

A c c e s s   t o   t h e   c r e s t   o f   t h e   M a g d a l e n a   R a n g e   i n   t h e  

n o r t h e a s t e r n   p o r t i o n   o f   t h e   t h e s i s   a r e a  is b y  a 6.5 km ( 4 .  

m i )   g r a d e d   r o a d   f r o m   M a g d a l e n a   t o   t h e   g h o s t   t o w n   o f   . K e l l y ,  

a n d   t h e n c e   a b o u t  6 . 5  km ( 4  mi)  up  Chihuahua  Gulch on a v e r y  

. .  

. .:e s t e e p   j e e p   r o a d   t o   N o r t h   B a l d y   P e a k .   A n o t h e r   r o a d   l e a d s  

s o u t h w a r d   f r o m   K e l l y   t o   P a t t e r s o n   C a n y o n .  

A c c e s s   t o   t h e   h e a d   o f  Hop Canyon i s  b y  way o f   t h e  

un'paved Hop C a n y o n   r o a d   w h i c h   t u r n s   s o u t h   f r o m   t h e   K e l l y  

road   ab 'ou t   2 .5  km (1 .5   mi )   sou th   o f   Magda lena .  .Access t o  

Agua F r io   Canyon  i s  b y  a r a n c h   r o a d   t h a r   t u r n s   w e s t   f r o m   t h e  

Hop Canyon  road .  

Access t o  Rock   Sp r ings   and  Mill Canyons i s  b y  way 

o f   a n   a l l - w e a t h e r ,   d i r t   r o a d ,   S t a t e   H i g h w a y   1 0 7 ,   w h i c h   l e a d s  

s o u t h   f r o m  U.S. 6 0  a t  M a g d a l e n a .   A p p r o x i m a t e l y   1 2  km ( 7 . 5  

m i )   s o u t h   o f   M a g d a l e n a   t u r n  eas t  on t he   Mule   Shoe   Ranch   road  

f o r  0.8 km ( 0 . 5   m i ) ' t o   t h e   R o c k   S p r i n g s   C a n y o n   r o a d ,  on t h e  
. .  

'8 
l e f t ,  or c o n t i n u e   2 . 5  km (1.5 m i )   t o   t h e  Mill C a n y o n   r o a d ,  

a l s o  on t h e  l e f t .  B o t h   r o a d s   a r e   v e r y   r o u g h .  
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T o p o g r a p h y   a n d   P h y s i o g r a p h i c   S e t t i n g  

T h e   t o p o g r a p h y   o f   t h e   w e s t e r n   f l a n k   o f   t h e  

Magda lena   Moun ta ins  i s  c h a r a c t e r i z e d   b y   h i g h   r e l i e f   a n d  

s t e e p   s l o p e s .   E l e v a t i o n s   i n   t h e   a r e a  m a p p e d   r a n g e . f r o m  2103 

m ( 6 9 0 0  f t )   a t   ' t h e  extreme n o r t h  en.d of  ,Hop Canyon  ' to  3125 m 

(10,254 f t )   a l o n g   t h e   r i d g e   b e t w e e n   N o r t h   a n d   S o u t h   B a l d y  

p e a k s .   S l o p e s   r e a c h  a maximum o f   a p p r o x i m a t e l y  1:3, w i t h  

o u t c r o p s   o f   t h e  mo.re r e s i s t a n t   u n i t s   f o r m i n g   s t e e p   c l i f f  

f a c e s .   C a n y o n s  ea s t  o f  t h e   r a n g e   c r e s t   d r a i n   e a s t w a r d   i n t o  

. .  Water   Canyon;   canyons  west o f   t h e   c r e s t   d r a i n   n o r t h w e s t   a n d  

w e s t  . i n t o  Hop,  Agua F r i o ,   R o c k   S p r i n g s ,   a n d  Mill c a n y o n s .  

' The sma l l  s p r i n g s   a t   t h e   h e a d   o f  Mill Canyon  and   the  extreme 

.. 

head   o f  Agua F r i o   C a n y o n   t y p i c a l l y   r u n   t h r o u g h o u t   t h e   y e a r .  

T h e   n o r t h e r n   h a l f   o f   t h e   M a g d a l e n a   M o u n t a i n s  i s  

c h a r a c t e r i z e d   b y   w e s t w a r d - d i p p i n g ,   n o r t h - t r e n d i n g ,   f a u l t  

b l o c k s   i n   w h i c h   P r e c a m b z i a n ,   P a l e o z o i c ,   a n d   C e n o z o i c   r o c k s  

a r e   e x p o s e d .  The f a u l t   b l o c k s  were f o r m e d   b y   e x t e n s i o n a l  

f a u l t s   o f   t h e   R i o   G r a n d e   r i f t   a n d   f a u l t i n g   t h a t   a c c o m p a n f e d  

u p l i f t   o f   t h e   r a n g e .   F a u l t i n g   b e g a n   i n  l a t e  O l i g o c e n e - e a r l y  

Miocene  time and   con . t i nues  t o  t h e   p r e s e n t .  In' t h e  ' c e n t r a l  

M a g d a l e n a   M o u n t a i n s ,   w h e r e   . o n l y   T e r t i a r y   r o c k s '   a r e   e x p o s e d ,  

t h i s   b l o c k   f a u l t i n g   o v e r p r i n t s  a c o m p l e x   o f   i n t e r s e c t i n g  

c a l d e r a   s t r u c t u r e s .   T h r e e   o f   t h e s e   s t r u c t u r e s ,   t h e  

M a g d a l e n a ,   S a w m i l l   C a n y o n ,   a n d   N o r t h   B a l d y   c a u l d r o n s ,   a r e  

p r e s e n t   i n   t h e  mapped a r e a .  A p a n o r a m i c  view o f   t h e   w e s t e r n  

\ 

. .  

. .  

e . . s l o p e  o f  t h e   M a g d a l e n a   M o u n t a i n s  i s  shown i n   f i g u r e  2.  





. .  .6 , 
. .  

.. 

M e t h o d s   o f .   I n v e s t i g a t i o n  
. .  _ .  

Dur ing   t he   summers   o f   1977   and   1978 ,   geo log ic  

mapping w a s  . c a r r i e d '   o u t  a t  a s c a l e  o f  1:12000 on an . . 

e n l a r g e m e n t  o f  t h e   M a g d a l e n a   1 5 - m i n u t e   q u a d r a n g l e   o f . . t h e  

U.S.  G e o l o g i c a l   S u r v e y .  A e r i a l  p h o t o g r a p h s   o f  t he  GS-VMA 

ser ies  (3-7-56)  and U.S. F o r e s t   S e r v i c e   ( 4 - 1 3 - 7 1 )  

f a c i l i t a t e d   f i e l d   m a p p i n g .  A Brun ton   compass  was u s e d   t o  

m e a s u r e   a t t i t u d e s  o f  b e d d i n g   a n d   f o l i a t i . o n .  

S e v e n t y - f o u r   t h i n - s e c t i o n s  were m a d e   a n d   s t a i n e d  

f . o r   p o t a s s i u m   b y   e t c h i n g   i n   f u m i n g  HF f o r   7 0   s e c o n d s   a n d  

immers ion  i n  s o d i u m   c o b a l t i n i t r i t e   f o r  3 'minutes .   The  

s t a i n i n g   p r o c e d u r e  follows t h a t   g i v e n   b y  Deer, Howie,   and 

Zussman ( 1 9 6 6 ) .   T h e   t h i n - s e c t i o n s ,   a n d   t h e   r o c k   s a m p l e s  

f r o m   w h i c h   t h e y  were t a k e n ,  were a n a l y z e d   t o   a i d   d e s c r i p t i . o n  

a n d   c o r r e l a t i o n  o f  r o c k   u n i t s .  The p e t r o g r a p h i c   a n a l y s i s  

was c a r r i e d   o u t   w i t h  a Zeiss b i n o c u l a r   r e s e a r c h   m i c r o s c o p e .  

C l a s s i f i c a t i o n   o f   i g n e o u s   r o c k   t y p e s  i s  a c c o r d i n g   t o  the 

p r o p o s e d  IUGS c l a s s i f i c a t i o n   ( S t r e k e i s e n ,   1 9 6 7 ,   1 9 7 6 ) ;  

c l a s s i f i c a t i o n ,   o f   s e d i m e n t a r y   r o c k s  i s  a c c o r d i n g   t o  F.J. 

P e t t i j o h n   ( 1 9 7 5 ) .  

'\ 

. .  

P r e v i o u s  Work 

R e f e r e n c e s   d e a l i n g   w i t h   t h e   g e o l o g y   a n d  

s t r a t i g r a p h y   o f   t h e   M a g d a l e n a   M o u n t a i n s   a n d   s u r r o u n d i n g  area 

a re  s u m m a r i z e d   i n   t h e   f o l l o w i n g   c h r o n o l o g i c a l  l i s t .  The 

l o c a t i o n s   o f   s t u d i e s   i n   t h e   M a g d a l e n a   M o u n t a i n s - S o c o r r o   P e a k  

a r e a  a r e  shown i n   f i g u r e  3 .  
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H e r r i c k   ( 1 9 0 0 )   c o n d u c t e d  a r e c o n n a i s s a n c e   s u r v e y  o f  
p o r t i o n s   o f   S o c o r r o   a n d   V a l e n c i a   C o u n t i e s   a n d  '. . .  . 
r e c o r d e d   t h e   p r e s e n c e   o f   t r a c h y t e   a n d   r h y o l i t e  
i n t r u s i v e s   i n   t h e  Bear, G a l l i n a s ,   a n d   D a t i l  
m o u n t a i n s .  

L i n d g r e n ,   G r a t o n ,   a n d   G o r d o n  ( 1 9 1 0 )  e x a m i n e d   t h e  
g e o l o g y   a n d   m i n i n g  a c t i v i t i e s  w e s t  o f  Water Canyon. 

Wells ( 1 9 1 8 )   b r i e f l y   d e s c r i b e d   t h e   g e o l o g y  o f  t h e  
c e n t r a l   M a g d a l e n a   M o u n t a i n s .  

L a s k y   ( 1 9 3 2 )   d i s c u s s ' e d   t h e   g e n e r a l   g e o l ' o g y  of  t h e  
M a g d a l e n a   M o u n t a i n s   a n d   e x a m i n e d   t h e   m i n e r a l  
d e p o s i t s   a n d   m i n e s   i n .  Hop and Mill Canyons.  

Lough l in   and   Koschmann   (1942)   pub l i shed  . a 
p r o f e s s i o n a l   p a p e r  on t h e   g e o l o g y   a n d   o r e   d e p o s i t s  
o f   t h e   K e l l y   m i n i n g   d i s t r i c t .  

- q u a d r a n g l e   a n d   s u b d i v i d e d   t h e  now o b s o l e t e  D a t i l  
T o n k i n g   ( 1 9 5 7 )   m a p p e d   t h e   P u e r t e c i t o   1 5 - m i n u t e  

F o r m a t i o n   i n t o   t h e   S p e a r s ,  He l l s  Mesa, a n d  L a  Jara 
Peak  Members. 

G i v e n s  (1957) mapped t h e  Dog S p r i n g s   1 5 - m i n u t e  
q u a d r a n g l e   a n d   s u b d i v i d e d   t h e   H e l l s  Mesa  member i n  
t h e   G a l l i n i s   M o u n t a i n s   i n t o   s e v e n   s u b u n i t s .  

W e b e r   ( 1 9 5 7 )   s t u d i e d   t h e   S t e n d e l   p e r l i t e   p r o s p e c t  
a n d   d e s c r i b e d   t h e   p e t r o g r a p h y   o f   r h y o l . i t e   f l o w s   f r o m  
a s m a l l   a r e a  on t h e   e a s t   s i d e   o f  Agua F r io   Canyon  i n  
t h e   M a g d a l e n a   M o u n t a i n s .  

Weber   (1963)   exc luded   t he  L a  Jara Peak  Member f rom 
t h e  now o b s o l e t e   D a t i l   F o r m a t i o n  a f t e r  W i l l a r d ' s  ,- 

( 1 9 5 9 )   s u g g e s t i o n .  

S t a c y   ( 1 9 6 8 )   s t u d i e d   t h e   g e o i o g y   o f   t h e   a r e a .   a r o u n d  
L a n g m u i r   L a b o r a t o r y   i n   t h e   c e n t r a l   M a g d a l e n a  
M o u n t a i n s .  

. .  
. .  . 

C h a p i n   , ( 1 9 7 1 a )   d i s c u s s e d   t h e   d e v e l o p m e n t   o f   t h e  ' Rio 
Grande .  r i f t  a n d   t h e   d i f f e r e n t   c h a r a c t e r i s t i c s   o f  i t s  
n o r t h e r n ,   c e n t r a l ,   a n d   s o u t h e r n   s e g m e n t s .  

P e a k .   A n d e s i t e   a n d   n o t e d   t h a t  
C h a p i n   ( 1 9 7 1 b )   p u b l i s h e d  a K-Ar  a g e   f o r   t h e  La Jara 

h y d r . 0   t h e r m a l  
m i n e r a l i z a t i o n   h a d   o c c u r e d   b o t h   b e f o r e   a n d   a f t e r  
emplacement .  

P a r k   ( 1 9 7 1 )   s t u d i e d   t h e   p e t r o . l o g y   o f   t h e   T e r t i a r y  
Anchor   Canyon  s tock  a t   t h e   n o r t h   e n d   o f   t h e  
Magda lena   Moun ta ins .  
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1) Weber (1971) s u g g e s t e d   e l e v a t i n g   t h e  D a t i l  F o r m a t i o n  
t o  Group s t a t u s .  

.~ _ .  1 . .  

1972 Brown (1972) mapped t h e   s o u t h e r n  Bear M o u n t a i n s   a n d  
s u b d i v i d e d  t$e Hells Mesa F o r m a t i o n   i n t o  a' 
c r y s t a l - r i c h   l o w e r  member ( t u f f   o f   G o a t   S p r i n g s )   a n d  
a c r y s t a l - p o o r   u p p e r  member ( t u f f   o f  Bear , S ' p r i n g s ) .  

1973 B r u n i n g  (1973) examined i n  d e t a i l   t h e   l i t h o l o g y .   a n d  
. .  

o r i g i n   o f   t h e   P o p o t o s a '   F o r m a t i o ' n .  

Deal (1973) s t u d i e d   t h e   n o r t h e r n   S a n   M a t e o   M o u n t a i n s  
a n d   i d e n t i f i e d   t h e  M t .  W i t h i n g t o n   c a u l d r o n   w h i c h  he 
c o n s i d e r e d   t h e   s o u r c e   o f   t h e  A-L P e a k   a n d   P o t a t o  
Canyon   t u f f s .   The  A-L Peak   Tuff  was renamed  f rom 
Brown'.s (1'972) t u f f   o f  Bear S p r i n g s .  

Simon (1973) mapped t h e   g e o l o g y   o f  t he  S i l v e r  Hill 
area  a n d '   d i s t i n g u i s h e d   t h e   u n i t   o f   A r r o y o   M o n t o s a  

La Jara P e a k   A n d e s i t e   a n d .   t h e   o l d e r   v o l c a n i c s .  
f r o m   t h e   P o p o t o s a   F o r m a t i o n ,   p l a c i n g  it b e t w e e n  the  

1974 . Chamber l in  (1974) mapped the g e o l o g y   o f ' t h e   C o u n c i l  
Rock d i s t r i c t   a n d   e x p a n d e d   t h e  A-L P e a k   R h y o l i t e   t o  
t h e  A-L P e a k   ' F o r m a t i o n ,   s u b d i v i d i n g  i t  i n t o   f o u r  
s u b u n i t s .  

C h a p i n   a n d   o t h e r s  (1974) d i s c u s s e d   t h e   s t r u c t u r a l  

Moun ta ins .  
c o n t r o l s  on m i n e r a l i z a t i o n   i n   t h e   n o r t h e r n   . M a g d a l e n a  

Krewedl  (1974) mapped t h e   . g e o l o g y   o f  t h e  c e n t r a l  
M a g d a l e n a   M o u n t a i n s ,   i n c l u d i n g   t h e  eas te rn  m a r g i n   o f  
t h e   t h e s i s  a r ea .  . . .  

e 
L.. 

1975 ' Chap in   and   Seage r  (1975) d i s c u s s e d   t h e   e v o l u t i o n   o f  . 
. , t h e   R i o   G r a n d e   r i f t  i n  t h e   S o c o r r o   a n d  L a s  C r u c e s  

areas  - 
Chapin. ,  S e i m e r s ,  a n d .  Osburn. (1975) c o m p i l e d  a 

Mexico.  
s u m m a r y   o f   r a d i o m e t r i c   a g e s   o f   r o c k s   f r o m  New 

. .  
. ,  

. .  
. .  

1976 . W i l k i n s o n  (1976) mapped t h e  Tres Montosos  a r ea  
i m m e d i a t e l y   s o u t h   o f   t h e   C o u n c i l   R o c k   d i s t r i c t .  

1977 
t h e   K e l l y   L i m e s t o n e   a l o n g  the c r e s t  o f   t h e   M a g d a l e n a  
I o v e n i t t i  (1977) s t u d i e d   t h e   o r i g i n   o f   j a s p e r o i d   i n  

Rang e - 
1978 B l a k e s t a d  (1978) r e s t u d i e d   t h e   K e l l y   M i n i n g   d i s t r i c t  

a n d   c o r r e l a t e d   r o c k   u n i t s   i d e n t i f i e d   b y   L o u g h l i n   a n d  
Koschmann (1942) w i t h   t h e   S p e a r s   F o r m a t i o n ,  He l l s  



1979 

Mesa T u f f ,  A-L P e a k   T u f f ,   t u f f   o f   L e m i t a r   M o u n t a i n s ,  
a n d e s i t e  of L a n d o v a s o   R e s e r v o i r ,   a n d  La  J a r a   P e a k '  .. 
A n d e s i t e .  

Chamber l in  (1978) e x a m i n e d   t h e   s t r u c t u r a l  
d e v e l o p m e n t   o f   t h e  L e m i t a r '  Moun ta ins   and  i t s  
r e l a t i o n s h i p   t o   t h e   R i o   G r a n d e   r i f t .  

Chap in  (1978) d i s c u s s e d   t h e   c h a r a c t e r i s t i c s   a n d  

n o r t h e r n ,   c e n t r a l ,   a n d   s o u t h e r n   s e g m e n t s .  
e v o l u t i o n  of t h e   R i o   G r a n d e   r i f t   i n   r e f e r e n c e   t o  i t  

C h a p i n ,   C h a m b e r l i n ,   a n d   . o t h e r s  (1978) examined i n  
d e t a i l   t h e   e x p l o r a t i o n   f r a m e w o r k  of t h e   S o c o r r o  
g e o t h e r m a l   a r e a .  

C h a p i n ,   J a h n s ,   a n d   o t h e r s  (1978) p r e p a r e d  a g e o l o g i c '  
r o a d   l o g   f o r   t h e   S o c o r r o - M a g d a l e n a - ' S a n   M a t e o ,  
m o u n t a i n s  area.  

Osburn  (1978) s t u d i e d   t h e   e a s t - c e n t r a l   p o r t i o n   o f  
t h e   M a g d a l e n a   M o u n t a i n s   a n d   d e f i n e d   t h e   u n i t  of 
Sixmi le   Canyon .  €le a l s o   r e n a m e d   t h e   u p p e r   t u f f s  a s  
t h e   t u f f   o f   S o u t h   C a n y 0 . n .  

P e t t y  (1979) m a p p e d   t h e   g e o l o g y '   o f   t h e   s o u t h e a s t e r n  
p d r t i o n  of t h e   M a g d a l e n a   M o u n t a i n s .  

I n  a d d i t i o n   t o   t h e   c o m p l e t e d   s t u d i e s   a b o v e ,   t h e  

f o l l o w i n g   w o r k ' i s   i n   p r o g r e s s :  

. .  S. B o w r i n g   i n   t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s  

R,M. C h a m b e r l i n   i n   t h e   L e m i t a r   M o u n t a i n s - S o c o r r o  
. ' P e a k   a r e a  

. .  . .  

.. . 
M. Donze i n   t h e   s o u t h w e s t e r n   M a g d a l e n a   M o u n t a i n s  

S .  R o t h   i n   t h e   s o u t h e r n   M a g d a l e n a   M o u n t a i n s  

W. Sumner i n   t h e   n o r t h e r n   M a g d a l e n a   M o u n t a i n s .  

Acknowledgements  

I w o u l d   l i k e   t o '   t h a n k  Dr. , C h a r l e s   C h a p i n   f o r  

s u g g e s t i n g   t h e   p r o b l e m   a n d  for h i s   c o n t i n u e d   s u p p o r t   t h r o u g h  



1) . '  i t s  c o m p l e t i o n ;   h i s   c o m m e n t s   a n d  cri t icisms i m p r o v q d   b o t h  - . . .  

t h e   i n t e r p r e t a t i o n   o f   t h e   g e o l o g y   a n d  ' t h e   q u a l i t y   o f   t h e  
.. 

w r i t t e n   m a n u s c r i p t .  I w o u l d   a l s o   l i k e   t o   t h a n k  G. R o b e r t  

O s b u r n   f o r   h i s   s u g g e s t i o n s   a n d   f r e q u e n t   h e l p ,   i n   t h e   f i e l d .  

D r .  C lay  T. ' S m i t h   c r i t i c a l l y .   r e a d   t h e   m a n u s c r i p t .   a n d  

provided   he1 ,pfu l   comments .  Drs. Marc W. B o d i n e , . '  Jr .  and  

David T. Norman a l s o   r e a d   t h e   m a n u s c r i p t .  

. .  

T h e   t h e s i s  was s u p p o r t e d   b y  a g r a n t   € r o m   t h e  U . S .  

D e p a r t m e n t   o f   H e a l t h ,   E d u c a t i o n ,   a n d  ,Welfare. The N e w  

M e x i c o   B u r e a u   o f   M i n e s   a n d   M i n e r a l . R e s o u r c e s   a l s o   p r o v i d e d  

f i n a n c i a l   a n d   l o g i s t i c a l   s u p p o r t .  
... 

. 
'\ 



1 2  

STRATIGRAPBY AND PETROGRAPHY 
_ .  

T e r t i a r y   E x t r u s i v e   a n d   S e d i m e t i t a r y   R o c k s  

. _  

i 
! C e n t r a l   S o c o r r o '   C o u n t y  l i e s  w i t h i n  
, .  

t h e  

n o r t h e a s t e r n   p o r t i o n   o f   t h e   D a t i l - M o g o l l o n   v o l c a n i c   f i e l d  of 

O l i g o c e n e .  t o  e a r l y  M i o c e n e   a g e .   N e a r   P u e r t e c i t o ,   n o r t h e a s t  
. .  

of  t h e   G a l l i n a s   M o u n t a i n s ,   t h e   b a s e   o f   t h i s   T e r t i a r y  

v o l c a n i c   s e q u e n c e  l i e s  C o n f o r m a b l y   o n   t h e   E o c e n e   B a c a  

Forma t ion   (Tor ik ing ,  1957); i n   t h e   c e n t r a l   M a g d a l e n a  
.... . .  . .  

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

P a l e o z o i c   r o c k s   ( R r e w e d l ,   1 9 7 4 ) .  , 

T h e   a n c e s t r a l   M a g d a l e n a   M o u n t a i n s   w e r e   u p l i f t e d  

d u r i n g   t h e   L a r a m i d e   o r o g e n y   ( L o u g h l i n   a n d   K o s c h m a p n ,   1 9 4 2 )  

a n d   t h e  ' e r o s i o n  . t h a t   f o l l o w e d   e x p o s e d  tlie u n d e r l y i n g  

P a l e o z o i c   r o c k s . .   T h e   r e s u l t i n g   d e t r i t u s   w a s   d e p o s i t e d  

n o r t h w a r d   i n t o   t h e   B a c a   b a s i n .  A t  t h e  time t h a t .   v o l c a n i s m  

b e g a n ,   a b o u t  37 m.y. a g o ,   t o p o g r a p h i c   r e l i e f   w a s   m o d e r a t e  

( C h a p i n ,   1 9 7 1 a )  - 

e '  
. .  . .  

I n   t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s   t h e   o l d e s t  

u n i t s  of t h e   T e r t i a r y   . s e q u e n c e   a r e '   t h e   v o l c a n i c l a s t i c  

s e d i m e n t a r y   r o c k s  of t h e   S p e a r s   F o r m a t i o n   o f   . e a r l y   O l i g o c e n e -  

. .  

. .  

a g e .   I n   t h e   m i d d l e   a n d   l a t e   O l i g o c e n e   t h i s  was f o l l o w e d   ' b y  

a ' series o f   a s h - f l o w   t u f f s ,   a n d e s i t e  l a v a s ,  and  

c a u l d r o n - f i l l   u n i t s .   I n   t h e   t h e s i s  area t h i s   s e q u e n c e  w a s  

o v . e r l a i n   i n '   M i o c e n e   t i m e   b y   t h e   l a h a r i c   b r e c c i a s   a n d  

s a n d s t o n e s   o f   t h e   P o p o t o s a   F o r m a t i o n   a n d   b y   t h e   r h y o l i t e s   o f  

M a g d a l e n a   P e a k .   T h e   T e r t i a r y '   r o c k   u n i t s   i n   t h e   t h e s i s  area 

a r e  shown i n   f i g u r e  4 .  



. . .  . 
. .  . .  

--""" 

Bhyolife  of  Hagdalem Peak: 14-13 m.y. (0-130 m, 430 f c )  RHYOLITE news 
and mHES: bm.   to  red-bm..  dense. a l i g h r l y  t o  mod. porphyritic 
I la rbnnded  rhyol i te :   v iceophyr is  and p e r l i t i c  zones present l o c a l l y .  
Buff co grsy-bm.  ash-flow ruffs   interbedded  local ly  i n  lover and 
middle parrs of flow.  Hagdalena Peak is the inferred v e x .  

"" . Uppel POpoCoaa fW7qpation: (0-30 m, 100 fC) CONGLOMEPATES and SIWOSTUNKS: 

. ""_ . buff LO bm., mod. LO poorly  indurated,   heteral i rhic  cg1. and cgl. 

Lower POPOtosa Formation: (0-120 D. 400'fr)  M m € L O W  DEPOSITS and 

bc'rcc1ea with  sbuadanc clarcs 05 undurlylng v d c .  unlra. w i t h  
SANDSTONES: red-brn.,  very  well-indursred.,  hererollthie leharis 

minor  lnterbeddrd  sandstones. 

Tuff of Souch Canyon: 26 m.y. (0-120 m,. 400 f r )  ASH-FLOW TUFFS: multiple- 
f lw .   s imp le   coo l ing  unit  of rhyolite  ash-flpv  Wff.  Dark-gray t~ 
pink-gray. mad. LO densely welded. mod. erys.-rich Luff VI cha~oyanc 
nsn!dln'e and euhedral qxz. 

"""" 

"""" 

Tuff  of Lemirrr XounLnina: 28 m,y. (105-180 m, 350-600 f t )  ASH-ROW RIFFS:. 
mulciple-flow. comp. zoned,  atmple GO compound Eooling yRiC of 
densely welded ruff .  Lt.-gref LO psle-red. crys.-pom lover  member 
10s-120 m (350-400 f c )  chk. Hd.-red. frys.-richr qLz.- and biw.-rieh, 
2-feld. uppar member 0-60 m (ZOO f t )  rhk. 

""" "_ 
Unic o t  S-ile Canyon: (0-270 m. 900 fc)  WESITE LO BA5ALTIC ANDESITE 

LAVAS a n d  WmSTUNES: dark-bm. and  red-brb.  porpbyricic andesites .  
dark-way LO red-bm.  aphanicie andesites, and poorly to vel l -  

Norrh  Baldy Peek and H i l l  Canyon. 

. .  

Figure 4 .  Stratigraphic  section of the   thes i s  area. Graphic 
sect ion and descriptions  modified  after Chapin,  Chamberlin, 
and others (1978). Thicknesses are exposed thicknesses  and 

may not refect the  t rue  thickness  of poorly exposed uni ts .  
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S p e a r s   F o r m a t i o n  .. 
.. 

O r i g i n a l l y  named t h e   S p e a r s  . Member o f   t h e  now 

' o b s o l . e t e  Da t i l  F o r m a t i o n   b y   T o n k i n g   ( 1 9 5 7 ) ,   ' t h e   S p e a r s  

F o r m a t i o n  is a, s e q u e n c e   o f  l a t i t i c  a n d   a n d e s i t i c  

c o n g l o m e r a t e s ,   v o l c a n i c l a s t i c   b r e c c i a s ,   a n d   s a n d s t o n e s . .  

A s h - f l o w   t u f f s   a n d  lavas  a r e  f r e q u e n t l y   i n t e r b e d d e d   i n  the 

' u p p e r   p a r t   o f   t h e   s e q u e n c e .   T h e   D a t i l   F o r m a t i o n  was r a i s e d  

t o -  grorup s t a t u s   b y  Weber   (19.71) .   and  Chapin  (1971b)   ra ised 

' . t h e   S p e a r s  to f o r m a t i o n a l   s t a . t u s .  T h e   S p e a r s   F o r m a t i o n  was 

s u b d i v i d e d   b y  Brown ( 1 9 7 2 )  . i n f o   a .   l o w e r   u n i t  ' o f  

v o l c a n i c l a s t i c   c o n g l o m e r a t e s   a n d   s a n d s t o n e s ,   a n d   a n   u p p e r  

u n i t   o f   i n t e r b e d d e d   s e d i m e n t a r y   r o c k s   a n d  l a t i t i c  t o  

. .  

. .  

a n d e s i t i c   a s h - f l o w   t u f f s   a n d  lavas .  D e t a i l e d   s t u d i e s   o f  the  

S p e a r s   F o r m a t i o n   h a v e   b e e n   m a d e   b y   B r o w n   ( 1 9 7 2 ) ,   K r e w e d l  

( 1 9 7 4 ) ,  C h a r n b e r l i n .   ( 1 9 7 4 ) ,   W i l k i n s o n   ( 1 9 7 6 ) ,   a n d   B l a k e s t a d  

( 1 9 7 8 ) .  

A l a t i t e   t u f f   b r e c c i a   f r o m -   t h e   S p e a r s   F o r m a t i o n  a t  

t h e   n o r t h   e n d   o f   t h e   J o y i t a  Hills. h a s   b e e n   d a t e d   b y   t h e  K-Ar' 

method on b i o t i t e   a t  37 .1  _+ 1.5 m.y. (Weber,   1971):  Dates 

on o t h e r   s a m p l e s   ' . o f   t h e   S p e a r s   F o r m a t i o n   r a n g e   b e t w e e n  3 7  

and 33 m a y .   ( C h a . p i n ,   u n p u b l i s h e d   d a t e s ) .   T h e s e   d a t e s  a r e  

c o m p a t i b l e   w t t h '   t h e   3 2   m - y .   a g e   o f   t h e   o v e r l y i n g  He l l s  Mesa 

Tuf f  . 

, .  

I n ' c e n t r a l   S o c o r r o   C o u n t y ,   t h e   S p e a r s   F o r m a t i o n  

c r o p s   o u t   d i s c o n t i n u o u s l y   o v e r  a b r o a d   a r e a   f r o m   t h e   D a t i l  

M o u n t a i n s   i n   t h e  west t o   t h e   J o y i t a  Hills  i n  ' t h e  e a s t ,  a 
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e d i s t a n c e   o f   a b o u t  8 0  km (50' m i ) .  A t  t h e   t y p e   s e c t i o n ,  on 

Rel i ' s  Mesa i n  t h e   P u e r t e c i t o   q u a d r a n g l e ,   T a n k i n g   ( 1 9 5 7 )  

m e a s u r e d  a t h i c k n e s s   o f   4 1 0  m ( 1 3 5 0   - f t ) .  I n  t h e   s o u t h e r n  

Bear M o u n t a i n s ,   B r o w n   ( 1 9 7 2 . )   e s t i m a t e d   t h e .   t h i c k n e s s   o f   t h e  

S p e a r s   F o r m a t i o n   t o   b e   a b o u t   5 9 5  m ( 1 9 5 0   f t ) ,   a n d  a t  t h e  

. ,  

s o u t h   e n d   o f   t h e   K e l l y ' d i s t r ' i c t ,   B l a k e s t a d   ( 1 9 7 8 )  . e s t i m a t e d  

t h e   t h i c k n e s s   o f   a n   i n c o m p l e t e   s e c t i o n  to b e   a b o u t  550 m 
3 .  

. .  (1800  f t ) .  T h e   o u . t c r o p s   o f '   t h e   S p e a r s   F o r m a t i o n   i n  t h e .  

t h e s i s   a r e a  a r e  t h e   s o u t h e r n   e x t e n s i o n " o f   ' t h e   e x p o s u r e s  in 

t h e   K e l l y . d i s t r i c t   m e a s u r e d   b y   B l a k e s t a d   ( 1 9 7 8 1 . .  . . 

.. . .  

In t h e   t h e s i s   a r e a ,   o n l y   p a r t   o f   t h e   l o w e r  -member . .  
. .  o f   t h e   S p e a r s   F o r m a t i o n  i s  exposed .   The  A-L P e a k   . T u f f   h a s  

, *  b e e n   d o w n f a u l t e d   a g a i n s t   t h e   S p e a r s  ' F o r m a t i o n   . . a l o n g   t h e  . 

m a r g i n   o f   t h e   M a g d a l e n a   c a u l d r o n   a n d   t h e   u p p e r   S p e a r s   h a s  

b e e n   c u t   o u t .   O u t c r o p s   o f   s a n d s t o n e , .   w h i c h  a re  c o n f i n e d  t o  

t h e   s o u t h   s i d e   o f   P a t t e r s o n   C a n y o n   a l o n g   t h e   n o r t h - c e n t r a l  

b o u n d a r y   o f   t h e   t h e s i s   a r e a ,  a r e  d i s c o n t i n u o u s   a n d   l a r g e l y  

o b s c u r e d   b y   c o l l u v i u m .  In t h e   K e l l y   d i s t r i c t ,   B l a k e s t a d  

( 1 9 7 8 )   r e p o r t e d   t h a t   t h e   s a n d s t o n e s   o f   . t h e   l o w e r  member  of 

t h e   S p e a r s   F o r m a t i o n   w e r e   o f t e n   c r o s s - b e d d e d .  . In t h e   t h e s i s  

. . .. .. 
.~ . . .  

. .  

a r e a ,   c r o s s - b e d d i n g   w a s   n o t   o b s e r v e d ;   e x p o s u r e s ,   h o w e v e r ,  

a r e   p o o r .  
. .  . .  

In h a n d   s p e c i m e n   t h e  l o w e r  member . is a 

w e l l - i n d u r a t e d ,   v o l c a n i c l a s t i c ,   c o a r s e - g r a i n e d   s a n d s t o n e  

t h a t  i s  c h a r a c t e r i z e d   b y  a r e d d i s h -   t o   p u r p l i s h - b r o w n   C o l o r  

on w e a t h e r e d   s u r f a c e s   a n d   g r a y i s h - p u r p l e  on f r e s h   s u r f a c e s -  

T h e   s u b - a n g u l a r   t o   s u b - r o u n d e d .   c i a s t s  a r e  p o o r l y   t o  
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. *  ' m o d e r a t e l y   s o r t e d   a n d   r a n g e   f r o m   0 . 5   t o  2 

d i m e n s i o n .   W h i t i s h   f e l d s p a r  i s  common w i t h  

.O mm i n  the long .. 

b i o t i t e   p r e s e n t  
. _ . . '  . 

i n  l esser  amounts .  

N o r t h   o f   t h e   s t u d y  a r e a ,  i n   t h e   K e l l y   d i s t r i c t   a n d  

Bear M o u n t a i n s ,   t h e   l o w e r  member i s  more   he t e rogeneous   and  

c o n s i s t s   m a i n l y   o f   p e b b l e   a n d   c o b b l e   c o n g l o m e r a t e s   ' ( B r o w n ,  

1 9 7 2 ;   B l a k e s t a d ,   1 9 7 8 ) .   D e t a i l e d   p e t r o g r a p h y   o f   t h e   S p e a r s  

F o r m a t i o n   h a s   b e e n   d i s c u s s e d   b y   T o n k i n g   ( 1 9 5 7 ) ,   C h a m b e r l i n  

( 1 9 7 4 ) ,   a n d   B l a k e s t a d   ( 1 9 7 8 ) .  

He l l s  Mesa Tuff  

. .  

a The H e i l s '  Mesa Tuff  i s  a m u l t i p l e - f l o w ,   simple 

c o o l i n g   . u n i t   o f   c r y s t a l - r i c h ,   q u a r t z - r i c h ,   t w o - f e l d s p a r ,  

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

a n d   o t h e r s ,   1 9 7 8 ) .  It i s  w i d e s p r e a d   a n d   c r o p s   o u t  i n  t h e  

G a l l i n a s ,  Bear, Magdalena ,   and  L e m i t a r  Moun ta ins ,   and  i n  t h e  

J o y i t a  Hills. The t u f f   c o n f o r m a b l y   o v e r l i e s '  t he  S p e a r s  

. .  

F o r m a t i o n  ' i n  the  K e l l y   M i n i n g   d i s t r i c t ; ,  i n  t he  t h e s i s  area 

t h e  Hells Mesa i s  i n   f a u l t   c o n t a c t  w i th  y o u n g e r   e x t r u s i v e  

u n i t s .  

The He l l s  Mesa Tuff  w a s  named  by   Tonking   (1957)  

a f t e r  a c o n s p i c u o u s   p e a k  a t  t h e  e a s t e r n  e d g e   o f   t h e  Bear 

M o u n t a i n s .   O r i g i n a l l y   a s s i g n e d  as a member. w i t h i n  t h e ' n o w  

o b s o l e t e  D a t i l  F o r m a t i o n ,   t h e  H e l l s  Mesa was r a i s e - d   t o  

f o r m a t i o n a l   s t a t u s   b y   C h a p i n   ( 1 9 7 1 b )  and l a t e r  s u b d i v i d e d  

i n t o   s e v e n   u n i t s   b y  Brown (1972) .   Chap in   (1974b)   and  Deal 
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and  Rhodes (1976) r e s t r i c t e d   t h e  Hells Mesa Tuf f  t o  i n c l u d e  

only t h e   b a s a l   c r y s t a l - r i c h ,   d e n s e l y   w e l d e d   u n i t  

c o r r e s p o n d i n g   t o   B r o w n ' s  (1972) t u f f   o f   G o a t   S p r i n g s .   T h e  

s o u r c e   o f   t h e  Hel l s  Mesa Tuf f  i,s t h e   N o r t h   B a l d y ,   c a u l d r o n  

l o c a t e d   i n   t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s   ( B l a k e s t a d ,  1978; 

C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,  1978) .. 

I n  t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s   t h e  

c a u l d r o n - f a c i e s   H e l l s  Mesa T u f f   h a s  a s u r f a c e  area o f  

g r e a t e r   t h a n  25 sq km (10 sq m i )   a n d   r e a c h e s   a n   a p p a r e n t  

t h i c k n e s s   o f   g r e a t e r   t h a n  1158 m (3.800 f t )   ( K r e w e d l ,  '1974)- 

T h i s   t h i c k n e s s  may b e .   e x a g g e r a t e d   b y   u n r e c o g n i z e d   f a u l t s .  

I n  t h e   s o u t h e r n  Bear M o u n t a i n s   t h e   t h i c k n e s s   o f  a m e a s u r e d  

s e c f i o n   o f   o u t f l o w - f a c i e s  He l l s  Mesa was 195 m (640 f t )  

(Brown, 1972) A t  t h e   h e a d   o f  Mill Canyon, '  i n   t h e  . t h e s i s  

a r e a , .  t h e  maximum o b s e r v e d   t h i c k n e s s  i s  a b o u t .  365 m .(1200 

f t ) .  The s t r a t i g r a p h i c   t o p  i s  n o t   e x p o s e d ,   h o w e v e r ,   a n d   t h e  

maximum t h i c k n e s s  may b e  much g r e a t e r .  

B i o t i t e   f r o m   ' t h e  He l l s  Mesa t y p e   s e c t i o n   h a s   b e e n  

d a t e d   b y   t h e  K-Ar method a t  30.6 m.y. ( W e b e r   a n d   B a s s e t t ,  

. .  

1963). S a m p l e s   f r o m   t h e   G a l l i n a s   M o u n t a i n s   a n d   t h e   J o y i t a  

Hi l ls  o f  a c r y s t a l - r i c h . t u f f   c o r r e l a t e d   w i t h . t h e   H e l l s  Mesa 

were d a t e d   b y   t h e   s a m e ' m e t h o d  a t  32;1 m.y. and 32.4 m.y., 

r e s p e c t i v e l y   ( B u r k e   a n d   o t h e r s ,  1963). T h e s e   o l d e r   d a t e s  

a r e   i n   b e t t e r   a g r e e m e n t   w i t h   t h e   f i s s i o n - t r a c k   d a t e   o f   t h e  

o v e r l y i n g  A-L P e a k   T u f f .  

C a u l d r o n - f a c i e s   H e l l s  M e s a   T u f f   e x p o s e d   i n   t h e  

t h e s i s   a r e a   f o r m s   t h e   c r e s t   o f   t h e   M a g d a l e n a   r a n g e   b e t w e e n  
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N o r t h   a n d   S o u t h   B a l d y   p e a k s .   T h e   c o l o r   o f   t h e   t u f f   r a n g e s  

f r o m   p i n k i s h   g r a y   t o   b u f f   o n '   f r e s h   s u r f a c e s ,   . a r i d   r e d d i s h  
. .  - .  

b r o w n   t o   g r a y   o n   w e a t h e r e d   s u r f a c e s .   P r o p y l i t i z a t i o n   i n  

some a r e a s ,   e s p e c i a l l y   s o u t h w e s t   o f   N o r t h   B a l d y   P e a k ,   g i v e s  . 

t h e   r o c k  a w h i t i s h  t o  g r e e n i s h   t i n t .   O u t c r o p s   o f   t h e  Hells 

Mesa  Tuff a r e  b e s t   e x p o s e d   a l o n g   t h e  crest  o f   t h e   r a n g e ;  a t  

l o w e r .   e l e v a t i o n s   t h e   o u t c r o p s  a r e  u s u a l l y   o b s c u r e d   b y   b r o a d ,  

s t e e p   s l o p e s   o f   b l o c k y   t a l u s .  

d 

S o u t h w e s t  o f  N o r t h   B a l d y   P e a k ,   i n   s e c t i o n  18 ( T 3 S ,  

R 3 W ) ,  t h e  Hel l s  Mesa f o r m s  a p r o m i n e n t   o u t c r o p   o f  a 

m o d e r a t e l y   w e l d e d ,   w h i t e   , t o   g r a y i s h - w h i t e   t u f f   t h a t   c o n t a i n s  

i n t e r b e d d e d   g r a y i s h - p u r p l e   l e n s e s   o f   l a h a r i c   b r e c c i a s   a n d  

s a n d s t o n e s   ( f i g .  5). L i t h i c   f r a g m e n t s   i n   t h e s e   i n t e r b e d d e d  

l e n s e s .   a r e   p r e d o m i n a t e l y   o f   t h e   S p e a r s   F o r m a t i o n   a n d   v a r y   i n  

s i z e  f r o m   c o a r s e .   s a n d   t o   l a r g e   c o b b l e s .   T h e   s e q u e n c e   o f  

t u f f   a n d   i n t e r b e d d e d   l e n s e s   o f   l a h a r i c   b r e c c i a  3 s  o v e r l a i n  

b y   a n   i n t e r v a l   o f   s a n d s t o n e s   a n d   c o n g l o m e r a t e s .   A b o u t  1000 

m (3000  f t )   s o u t h   o f   N o r t h   B a l d y   . P e a k ,  ' t h e   m o d e r a t e l y  

w e l d e d ,   g r a y i s h - w h i t e  Hel l s  Mesa g r a d e s   i n t o  a m o r e   d e n s e l y  

w e l d e d ,   l i g h t - t a n   . t u f f .  To t h e   s o u t h ,   a l o n g   t h e  c r e s t  o f  . ' 

t h e   r a n g e ' a n d  a t  l o w e r   e l e v a t i o n s ,   a t   t h e   h e a d   o f  Hop Canyon, 

l o c a l l y   p r o m i n e n t   o u t c r o p s   o f  He l l s  Mesa  show e v i d e n c e   o f  

s i l i c i f i c a t i o n   a n d   , n u m e r o u s  small  q u a r t z   v e i n s .  

. . .  

. .  

In h a n d   s p e c i m e n   t h e   H e l l s  Mesa Tuff  i s  a 

c r y s t a l - r i c h   p o r p h y r y   w i t h   d i s t i n c t i v e   q u a r t z   p h e n o c r y s t s '  

t h a t   r e a c h  3 t o  5 mm i n   d i a m e t e r .   P u m i c e  i s  u s u a l l y   n o t  

c o n s p i c u o u s .   B o t h   d a r k   a n d   l i g h t   c o l o r e d   l i t h i c   f r a g m e n t s ,  



. .  

Figure 5.. Panoramic view of,   the Hells Mesa Tuff, i n   s e c t i o n  18 (T3S, R3W), 
.. 

looking  southwest  from  North  Baldy Peak. Lenses of lahar ic   b recc ia  
(LB) are  interbedded in t hep ropy l i t i zed   t u f f .  An i n t e r v a l  o f  sandstones 
and conglomerates (SS) over l ies   the   tu f f  and forms the   c r e s t  of h i l l  
"9785". The exposures  of Hells Mesa Tuff end against  the  North Baldy 
cauldron  margin (CM). 
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. .  

e r a n g i n g  i n  s i z e  f rom 2 mm t o  1 c m ,  c o m p r i s e  as much a s  3 

p e r c ' e n t   o f   t h e   r o c k .   T h e   a b u n d a n c e   o f   l i t h i c   f r a g m e n t s   i n  

t h e   t u f f   i n c r e a s e s   i n   t h e  a r ea  s o u t h w e s t   o f   N o r t h   B a l d p  

P e a k ,   e s p e c i a l l y  i n  p r o x i m i t y   t o  l enses  o f   l a h a r i c ,   b r e c c i a .  * . I 

i . 

. _  . . .  

In t h i n   s e c t i o n   s a n i d i n e  . is t h e  most a b u n d a n t  

p h e n o c r y s t   a n d   c o m p r i s e s   b e t w e e n .  1 5  and 25 p e r c e n t   o f   t h e  

r o c k .   S u b h e d r a l  l a t h s ,  s o m e t i m e s   s h o w i n ' g   c a r l s b a d   t w i n n i n g ,  

a v e r a g e  1 m m  or l ess  i , n   l e n g t h .   T h e   s a n i d i n e  i s  . t y p i c a l l y  

i n t e n s e l y   a l t e r e d .   Q u a r t z   p h e n o c r y s t s  a r e  a n h e d r a l , .  

- 

rounded,   and   commonly   deeply   embayed.   They  are:  t y p i c a l l y  

c lear  a n d   a v e r a g e  0 .8  mm i n   d i a m e t e r .  . .  

S u b h e d r a l   p l a g i o c l a s e   p h e n o c r y s t s ,   r a n g i n g   i n  s i z e  

f rom 0.2 t o  1 . 6  mm, c o m p r i s e   b e t w e e n  5 and 1 0  p e r c e n t   o f   t h e  

. .  . .  

. .  r o c k .   T h e   p l a g i o c l a s e   s h o w s   v a r y i n g   d e g r e e s   o f   a l t e r a t i o n ;  . .  

some g r a i n s  a r e  a l m o s t   t o t a l l y   r e p l a c e d .   b y  c a l c i t e .  A l b i t e  

t w i n n i n g  i s  e v i d e n t  i n  a f e w   p h e n o c r y s t s ;   , h o w e v e r ,  t he  

i n t e n s i t y   o f   a l t e r a t i o n   h a s   p r o b a b l y   o b s c u r e d   t h e  presence 

o f   t w i n n i n g  i n  o t h e r   p h e n o c r y s t s .   T h e   c o m p o s i t i o n   o f   . t h e  

p l a g i o c l a s e  ( 8  g r a i n s ,   M i c h e l - L e v y   m e t h o d )  i s  a b o u t  An33. ' A  

g r e a t e r  n u m b e r   o f   g r a i n   c o u n t s  i s  n e e d e d   f o r   a n   a c c u r a t e  

d e t e r m i n a t i o n ,   h o w e v e r ,   t h e   m e a s u r e m e n t   c o m p a r e s   f a v o r a b l y  

w i t h   K r e w e d l ' s  (1974) es t imate  of  An32 - An36. 

. .  

L a t h - s h a p e d   p h e n o c r y s t s   o f   b i o t i t e   a v e r a g i n g  0-4 

mm i n   , l e n g t h   c o m p r i s e   a b o u t  2 p e r c e n t   o f .   t h e   r o c k .   T h e  

b i o t i t e  i s  l a r g e l y   a l t e r e d   t o   m a g n e t i t e   a n d  c a l c i t e ,  t h o u g h  

0. a few g r a i n s  showed a r e m n a n t   b r o w n   c o l o r  i n  p l a i n   l i g h t .  

M a g n e t i t e  i s  p r e s e n t   i n  t r a c e  amounts  a s  r o u n d e d   g r a i n s   t h a t ,  
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a v e r a g e  0.3 mm i n   d i a m e t e r . .   I n   o n e   s a m p l e ,   t r a c e   a m o u n t s   o f  

w h a t   a p p e a r e d   t o   b e   a n   a l t e r e d   c l i n o p y r o x e n e  a r e  p r e s i n t :  

T h e s e   s u b h e d r a l   g r a i n s   a v e r a g e  0,.8 mm i n   d i a m e t e r   a n d   s h o w  

r e l a t i v e l y   h i g h   r e l i e f ,   w e l l - d e v e l o p e d   c l e a v a g e ,   a n d   a n g u l a r  
. .  

D e  t a i l  ed d e s c r i p t i o n s  

.~ 

l a h a r i c   b r e c c i a   a r e   i n t e r b e d d e d   i n   t h e   H e l l s  Mesa T u f f   ( f i g -  

may r e a c h   0 . 5  m ( 1 . 5  f t )  o r  more  in   diameter : .  . B l a k e s t a d .  
. .  

. .  

The a n d e s i t e s   a r e   h e t e r o g e n e o u s   a n d   v a r y   b e t w e e n  a 

t r a c k "   a n d e s i t e   w i t h   h i g h l y   c o n t o r t e d   m i n e r a l   a l i g n m e n t -  



N 
N 

. .  . .  . . 

Figure 6. Laharic  breccia (LB) interbedded in Hells Mesa Tuff, i n  Section 
18 (T3S, R3W). View i s  t o  the  north;  North Baldy Peak i s  at: the far 
r igh t  just outside of the North Baldy cauldron  margin (CM). " -  

, . .  
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* B a s a l  p o r t i o n s  o'f t h e   f l o w s  a r e .  commonly a u t o b r e c c i a t e d .  

T h e '   a n d e s i t e  i s  less  r e s i s t a n t   t h a n   t h e  H e l l s  Mesa Tuf f   and  

e x p o s u r e s  a r e  t y p i c a l l y   d ' i s c o n t i n u o u s .  . However, a p r o m i n e n t  

_ .  - .  

o u t c r o p   o f   t h e   a n d e s i t e  is found on t h e   r i d g e  along the. 

n o r t h   s i d e  of Mill Canyon i n   t h e  N 1/4 o f '   s e c t i o n  31 ( T 3 5 ,  

R3W) .  T h i s   o u t c r o p  i s  a s s o c i a t e d  w i t h  p r o m i n e n t ,  

n o r t h w e s t - t r e n d i n g   o u t c r o p s   o f  Hel l s  Mesa T u f f   w h i c h   a p p e a r  

t o   h a v e   b e e n   p a r t i a l l y   s i l i c i f i e d   b y  a n o r t h w e s t - t r e n d i n g  

s h e a r   z o n e .  A .  f e w   p r o s p e c t s  have b e e n   c u t   a l o n g   q u a r t z  

. .  

v e i n s  i n  b o t h   a n d e s i t e   a n d  Hel ls  Mesa T u f f .  
. .  

S o u t h w e s t   o f   N o r t h  Ba1d.y  Peak on h i l l  "9785", i n  

s e c t i o n  18 ( T 3 S ,  R 3 W ) ,  t h e   t u f f s   a n d   i n t e r b e d d e d   b r e c c i a s  

a r e  o v e r l a i n   b y  a 38 'm (125 f t )   i n t e r v a l   o f   s a n d s t o n e s   a n d  

e c o n g l o m e r a t e s .  The s a n d s t o n e s  a r e  commonly  medium- t o   v e r y  

c o a r s e - s a n d   s i z e   a n d   r a n g e   f r o m   v e r y   p o o r l y   t o   m o d e r a t e l y  

s o r t e d .   T h e  c l a s t s  a r e  p r e d o m i n a t e l y  of S p e a r s   k i t h o l o g i e s .  

The ' s a n d s t o n e   s h o w s  a w i d e   v a r i a b i l i t y   i n   c ' o l o r ,   r a n g i n g .  

f r o m   d a r k   p u r p l i s h   g r a y   t o   b u f f .   R o c k s   t h a t   h a v e   b e e n  

s t r o n g l y   p r o p y l i t i z e d  a r e  p a l e   g r e e n   t o   g e e n i s h   g r a y  i n  
, .  

. .  

c o l o r .  A t h i n , ,  s i l t  t o   v e r y   f i n e - g r a i n  s i z e  r e d ,   s a n d s t o n e  

i s  found  on t h e   t h e   s o u t h   s i d e   o f   h i l l   " 9 7 8 5 "  near t h e   ' t o p  
. .  

o f  t h e   s a n d s t o n e   i n t e r v a l . .  

The l e n s e s   o f   l a h a r i c   b r e c c i a ,   a n d e s i t e   f l o w s ,  

c o n g l o m e r a t e s ,   a n d   s a n d s t o n e s  a r e  p r o b a b l y   c o n f i n e d   t o  the 

. .  . .  

u p p e r   p o r t i o n   o f   t h e  H e l l s  Mesa T u f f .   B l a k e s t a d   ( 1 9 7 8 )   h a s  

* s u g g e s t e d   t h a t   t h e   i n t e r b e d d e d   b r e c c i a s  in t h i s  a r e a  a r e  

s imilar  t o   t h e   m e s o b r e c c i a   d e s c r i b e d   b y   L i p m a n   ( 1 9 7 6 )  i n  the 
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San   Juan   Moun ta ins   o f   Co lo rado .  

S p e a r s   a n d   o t h e r  m a t e r i a l  found  

In t h i s   i n t e r p r e t a t i o n ,  

i n   t h e   l a h a r i c   b r e c c i a s  w e r e  

s h e d  a s  l a n d   s l i d e s   f r o m   t h e   t o p o g r a p h i c   c a u l d r o n   m a r g i n   a n d  

b e c a m e   ' i n t e r b e d d e d   w i t h   c a u l d r o n - f a c i e s  He l l s  .Mesa Tuff  

d u r i n g   c o l l a p s e   o f   t h e   N o r t h -   B a l d y   c a u l d r o n   ( B l a k e s t a d ,  

1 9 7 8 ;   C h a p i n ,   J a h n s ,   a n d   o t h e r s ,   1 9 7 8 ) .  
.I . 

A-L Peak   Tuff  

.~ 

The A-L Peak   Tuff  i s  a c o m p o s i t e   a s h - f l o w   s h e e t  

(Chap in '   and  Deal, 1 9 7 6 )   t h a t   c r o p s   o u t   o v e r  a l a r g e  area i n  

w e s t - c e n t r a l   S o c o r r o   C o u n t y .   T h e   t u f f  w a s  named  by Deal and 

, .  

Rhodes  (1976)  folc a d e n s @ l y   w e l d e d ,   c r y s t a l - p o o r ,  

o n e - f e l d s p a r ,   r h y o l i t e   a s h - f l o w   t u f f  on t h e   n o r t h e a s t   f l a n k  

of A-L P e a k   i n   t h e  San Mateo  Mountains. . .  At t he  ' t y p e   s e c t i o n  

the  A-L Peak '   Tuf f  l i e s  unconfo ' rmably on t h e  ,Hel?s Mesa Tuff  

(Deal and   Rhodes ,   1976) .  . The A-L P e a k   c o r r e l a t e s  w i t h  

Brown ' s   (1972)   t u f f   o f  Bear Spr ings . . '   The  A-L Pea,k  Tuff has 

b e e n   d i v i d e d   ' i n t o   t h r e e   m e m b e r s :  a l o w e r   g r a y - m a s s i v e  

member, a middle   f low-banded  member ,   and  an u p p e r   p i n n a c l e s  

member; t he   f l ow-banded   and  p i n n a c l e s  members a r e  f r e q u e n t l y  

. .  . .  

. .  . ., 

. .  

s e p a r a t e d   b y  a t o n g u e   o f  La J a r a  Peak  B a s a l t i c  ' A n d e s i t e  

( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,   1 9 7 8 ) .  . .  

. .  . .  

I n .  t h e  S a n  M a t e o   M o u n t a i n s   t h e   c o m p l e t e  A-L Peak  

T u f f   s e c t i o n   a t t a i n s  a t h i c k n e s s   o f  6 1 0  m ( 2 0 0 0 f t ) ;   . i n   t h e  

Bear Moun ta ins ,  2 0  km ( 1 2  m i )  n o r t h   o f   M a g d a l e n a ,  t h e  A-L 

. _  

Peak i s  a b o u t  3 0 5  m ( 1 0 0 0  f t j   t h i c k  (Brown,   1972) .  In  t h e  
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. .  

K e l l y   m i n i n g   ' d i s t r i c t ,   B l a k e s t a d   ( 1 9 7 8 )   e s t i m a t e d   t h e .  .1 
t h i c k n e s s   o f   a n   i n c o m p l e t e  A-L P e a k   s e c t i o n   t o   b e   1 5 2 - 2 4 4  m 

(500-800 f t ) .  The A-L P e a k   T u f f   h a s   b e e n , d a t e d '  a t  31.8 - + 
1 . 7  m.y. b y   t h e   f i s s i o n   t r a c k   m e t h o d  on s p h e n e   t a k e n  from 

t h e   b a s a l   v i t r o p h y r e   a t   t h e   t y p e   s e c t i o n   . ( S m i t h ' a n d   o t h e r s ,  

1 9 7 6 ) .  

.. 

O n l y   t h e   f l o w - b a n d e d   m e m b e r ,   a n   o v e r l y i n g  

a n d e s i t e ,   a n d  i , p u m i c e o u s   a s h - f l o w   t u f f   o f   p r o b a b l e   l o c a l  

o r i g i n  are  e x p o s e d   i n   t h e   t h e s i s   a r e a .   T h e   t h i c k n e s s   o f   t h e  

f l o w - b a n d e d   m e m b e r   a n d   a s s o c i a t e d   a n d e s i t e   a n d   t u f f  a,re less 

t h a n  6 1  m (200  f t ) .   B l a k e s t a d   h a s   e s t i m a t e d  a similiar 

t h i c k n e s s   f o r   t h e   f l o w - b a n d e d  member i n   t h e   K e l l y   m i n i n g  

d i s t r i c t .  
. .  

The  f low-banded  member  of   the A-L Peak  Tuff  'is a 

d e n s e l y   w e l d e d ,   c r y s t a l - p o o r   a s h - f l o w   t u f f :  It i s  e x p o s e d  

on t h e   s o u t h   s i d e   o f   P a t t e r s o n   C a n y o n   a l o n g   t h e  

n o r t h - c e n t r a l   b o u n d a r y   o f   t h e   t h e s i s   a r e a .  . The  f low-banded 

member i s  t y p i c a l l y   s t r e a k e d   w i t h   f l a t t e n e d   a n d   l i n e a t e d   g a s  

cav i t i e s  and   pumice .  On f r e s h   s u r f a c e s   t h e   r o c k  i s  g r a y  t o  

l i g h t   p u r p l i s h - g r a y ;   w e a t h e r e d   s u r f a c e s  a r e  , b u f f   . t o  

b r o w n i s h - g r a y . ,   W h e r e   p r o p y l i t i c   a l t e r a t i o n   h a s   o c c u r r e d ,  

t h e   r o c k   h a s  a g r e e n i s h   t i n t .  The l i n e a t e d   p u m i c e ,   w h i c h  

c o m p r i s e   b e t w e e n   I 5   a n d   2 5   p e r c e n t   o f   t h e   . r o c k ,  ' a r e  

t y p i c a l l y   l i g h t   g r a y   i n  ' a  d a r k e r  ma t r ix .  The  more 

f l o w - b a n d e d   e x p o s u r e s   t e n d   t o   f r a c t u r e   a l o n g   p l a n e s  O f  

f o l i a t i o n   a n d   p r o d u c e  a p l a t y   t a l u s .  

. .  \ -  

. .  

. .  

., , 
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In  h a n d   s p e c i m e n ,   p h e n o c r y s t   c o n t e n t  i s  u s u a l l y  

less t h a n  10 P e r c e n t .   E u h e d . r a 1   t o  . s u b h e d r a l ,   s a n i d i n e .  

commonly l e s s  t h a n .  1 mm i n   d i a m e t e r ,  i s  t h e   m o s t   a b u n d a n t  

p h e n o c r y s t .   Q u a r t z   p h e n o c r y s t s  a r e  t y p i c a l l y   r o u n d e d   a n d  

. c o m p r i s e  l e s s '  t h a n  1 p e r c e n t   o f   t h e   r o c k .   D e t a i l e d  

p e t r o g r a p h i c   d e s c r i p t i o n s   o f   t h e  A-L Peak  Tuff  have been 

made b y  Brown (1972) ,   S imon   (1973) ,   and   Chamber l in   (1974) .  

N o r t h ,   o f .  t h e  t h e s i s  a r ea ,  i n ,   t h e  Bear M o u n t a i n s  

a n d   t h e   K e l l y   d i s t r i c t ,  Brown ( 1 9 7 2 )   a n d   B l a k e s t a d   ( 1 9 7 8 )  

r e p o r t   t h e   p r e s e n c e   o f   a n d e , s i t e   i n t e r b e d d e d   b e t w e , e n  the 

f low-banded   and   p innac le s   members  of t h e  A-L P e a k   T u f f . ,  The 

p . i n n a c l e s  member . is a b s e n t   i n   t h e   t h e s i s  . a r e a ,  however ,  a n  

a n d e s i t e   o v e r l y i n g  tlie f low-banded  member  crops o u t '  o n  ' t he  

s o u t h   s i d e   o f   P a t t e r s o n   C a n y o n .  

. .  

Brown ( 1 9 7 2 )   e s t i m a t e d   t h e   t h i c k n e s s   o f  . t h i s  

i n t e . r b e d d e d   a n d e s i t e   t o   r a n g e   f r o m  less  t h a n  '3 m '(10 f t )  to 

m o r e   t h a n  2 1  m ( 7 0   f t ) ;   ' h e   n o t e d   t h a t   t h e   v a r i a b i l i t y  i n  

t h i c k n e s s  may h a v e   r e s u l t e d   f r o m   e r o s i o n a l   t o p o g r a p h y   o n . t h e  

u n d e r l y i n g   f l o w - b a n d e d   m e m b e r .   I n   t h e   t h e s 5 s  a r e a  the  

a n d e s i t e  l i e s  be tween  t h e .  flow-banded'  member  and a t u f f   o f  

l o c a l   o r i g i n   a n d  i s  less  t h a n  1 0  m ( 3 3  f t )   t h i c k .  

. .  

. .  

. .  

The a n d e s i t e  i s  a d a r k   p u r p l i s h   g r a y   o n   w e a t h e r e d  

- s u r f a c e s   a n d   s o m e w h a t   l i g h t e r   i n   c o l o r  on f r e s h   s u r f a c e s .  

it i s  f r e q u e n t l y   c h a r a c t e r i z e d   b y   a m y g d u l e s   o f   q u a r t z   a n d  

c a l c i t e  t h a t   w e a t h e r   o u t   o n   e x p o s e d   s u r f a c e s   g . i v i n g  the r o c k  

a v e s i c u l a r   a p p e a r a n c e .   A u t o b r e c c i a t i o n  i s  s o m e t i m e s  

e v i d e n t   i n   t h e   b a s a l   p o r t i o n s  o f  t h e   f l o w s .   I n .   h a n d  

0 
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s p e c i m e n   t h e   a n d e s i t e  i s  g e n e r a l l y   a p h a n i t i c  w i t h  a f e w  

p h e n o c r y s t s   o f   w h a t   a p p e a r   , t o   . b e  a c l i n o p y r o x e n e .   T h e s e  

s u b h e d r a l   p h e n o c r y s t s  a r e  less  t h a n  1 mm in d i a m e t e r   a n d  a r e ,  

t y p i c a l l y   s u r r o u n d e d  w i t h  a t h i n ,   r e d d i s h ,  ,. c o r o n a  . . 'of 

h e m a t i t e .  . .  

. .  . .  . .  

. .  . 

A m o d e r a t e l y   c r y s t a l - r i c h   p u m i c e o u s   t u f f  less  t h a n  

6 m ( 2 0  f t )   t h i c k ,   a p p e a r s   l o c a l l y   a b o v e   t h e   a n d e s i t e .  The 

t u f f  is c h a r a c t e r i z e d   b y   p u m i c e  t h a t  a v e r a g e  2 cm in 

d i a m e ' t e t   a n d   g i v e   t h e   r o c k  a P l a t y   f r a c t u r e .  

P r o p y l i t i z a t i o n   h a s   t u r n e d   t h e   p u m i c e  a d i s t i n c t i v e   g r e e n i s h  

hue i n  a p a l e   p u r . p l e - g r a y  ma t r ix .  In ' h a n d  ' s p e c i m e n ,  

f e l d s p a r s  a r e  t h e   p r e d o m i n a n t   p h e n o c r y s t ;  . small, smokey 

q u a r t z   g r a i n s ' a r e   p r e s e n t   i n   a m o u n t s  o f  l e s s  t h a n  1 p e r c e n t .  

B i o t i t e ,  was n o t   o b s e r v e d .  The t u f f  was p r o b a b l y  o f  - 1 o c a i  

o r i g i n .  . .  

. .  

. .  

. . .  

... 
T h e   s o u r c e   o f   t h e  A-L Peak   Tuff  w a s  ' i n i t i a l l y  

t h o u g h t   t o   b e   t h e   l a r g e   r e s u r g e n t   c a u l d r o n '   c e n t e r e d   a b o u t  

M t .  W i t h i n g t 0 . n   i n   t h e   S a n   M a t e o   M o u n t a i n s  (Deal and   Rhodes ,  

'1976). , S u b s e q u e n t   w o r k   b y   C h a p i n   a n d   o t h e r s  has  shown t h a t  

a d d i t i o n a l   s o u r c e s   f o r  .the c o m p l e t e   s e c t i o n ,   o f   t h e  A-L Peak  

a r e  p r o b a b l e .  A t  t h e   p r e s e n t  time' t h e   g r a y - m a s s i v e  member 

i s  c o n s i d e r e d   t o   h a v e   b e e n   ' e r u p t e d   f r o m   t h e  M t .  W i t h i n g t o n  

c a u l d r o n ,   t h e   f l o w - b a n d e d  ' ,member  from  the  Magdalena 

c a u l d r o n ,   a n d   t h e   p i n n a c l e s  member  from  the  Sawmill   Canyon 

c a u l d r o n   ' ( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,  1 9 7 8 ) -  Work b y  

B o w r i n g   ( i n   p r o g r e s s )  on e x t e n s i v e   o u t c r o p s   o f  A-L Peak   Tuf f  

.I . ' 

.. 

. .~ 

. .  
. .  

. .. . .  



' .  i n   t h e   S a w m i l l   C a n y o n   a r e a  may p r o v i d e   a d d i t i o n a l   e v ' i d e n c e  , ,  ..~1 . . .  . .  

f o r ' a  S a w m i l l  C a n y o n   c a u l d r ' o n   s o u r c e .  . ' 

. .  

. .  
~ 

U n i t   o f   ' S i x m i l e   C a n y o n  

The ' u n i t   o f   S i x m i l e   C a n y o n   a n d   a n d e s i t e   o f  

L a n d a v a s o   R e s e r v o i r   b o t h '  l i e  i n   t h e   s t r a t i g r a p h i c   i n t e r v a l  
. .  

b e t w e e n   t h e  A-L Pe.ak t u f f   a n d   t h e   t u f f   o f  L e m i t a r  Moun ta ins .  

In t h e   c e n t r a l  Hop Camyon a r e a ,   t h e   t u f f .   o f  Lemitar 

M o u n t a i n s  i s  u n d e r l a i n   b y   t h e   t h i c k   s e q u e n c e   o f   a n d e s i t e  - 
. .  , 

l avas  a n d   s a n d s t o n e s   o f   t h e   u n i t   o f   S i x m i l e   C a n y o n ;   . h o w e v e r  

on t h e   s o u t h   s i d e   o f   P a t t e r s o n   C a n y o n ,   t h e   L e m i t a r   t u f f  i s  

e u n d e r l a i n   b y   t h e   a n d e s i t e  o f  L a n d a v a s o   R e s e r v o i r .   T h e s e  two 

u n i t s   a r e   h e r e   c o n s i d e r e d   c o r r e l a t i v e   b u t  w i l l  b e   t r e a t e d  

s e p a r a t e l y ;   t h e   r e a s o n s   f o r   t h e i r   d i f f e r e n t   . c h a r a c t e r i s t i c s  . . 

w i l l  b e   c o n s i d e r e d ' a t   t h e   e n d   o f   t h i s   s e c t i o n .  
\. 

.. . . .  

U n i t   o f  S i x m i l e  Canyon.   The   Uni t   o f   S ixmi le   Canyon 'is a . ' 

. .  

t h i c k  

l a v a s ,  

Named 

( 1 9 7 8 )  

s e q u e n c e   o f   a n d e s i t e  l avas  i n t e r b e d d e d   w i t h   r h y o l i t e  . ', 
/ .  

a s h - f l o w   t u f f s , ' a n d   v o l c a n i c l a s t i c   s e d i m e n t a r y   r o c k s .  

t h e   S i x m i l e   C a n y o n   a n d e s i t e .   b y   K r e w e d l   ( 1 9 7 4 ) ,   O s b u r n  '. '. 

c h a n g e d   t h e   d e s i g n a t i o n   t o   u n i t   o f  S i x m i l e  Canyon t o  ' .. 

. .  
> '. 

, 
,. . 

.. . 

c o n f o r m   w i t h  U . S .  G e o l o g i c a l   S u r v e y   c o n v e n t i o n .   a n d -   t o  

i n d i c a t e .  i t s  h e t e r o g e n e o u s   c h a r a c t e r .  . .  

The  minimum t h i c k n e s s   o f   t h e   u n i t   o f   S i x m i l e  ' . 
. .  

C a n y o n   ' i n   t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s  i s  e s t i m a t e d   b y ' .  

O s b u r n   ( 1 9 7 8 )   t o   b e   a b o u t  305 m ( 1 0 0 0  f t ) ;   i n   t h e   a r e a  
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a r o u n d   B u c k   P e a k ,   h e   e s t i m a t e s  a t h i c k n e s s   o f  a s  much a s   7 6 3  

m ( 2 5 0 0   f t ) .  I n  t h e   t h e s i . s   a r e a   t h e   u n i t   o f  S i x m i l e  Canyon 

u n d e r l i e s   t h e   t u f f   o f   L e m i t a r   M o u n t a . i n s   b u t  i s -  i n   f g u l t  ', 

c o n t a c t   w i t h   t h e  He l l s  Mesa-   Tuff  e The m'aximum ' o b s e r v e d  

t h i c k n e s s ,   i n   t h e   u p p e r   p a r t   o f  Mill Canyon, i s  a b o u t   2 7 0 .  m I .  '~ 

(900 f t ) ;   o u t c r o p s  a r e  d i s c o n t i n u o u s ,   h o w e v e r , .   a n d   t h e  '. 

a p p a r e n t   t h i c k n e s s   ' m a y   b e   m a g n i f i e d   b y   n o r t h - t r e n d i n g  

f a u l t s .  

.. 

. : . .  
. .. 

The n i t  . o f   S i x m i l e   C a n y o n   a n d   t h e   a n d e s i t e  of  ' 

L a n d a v a s o   R e s e r v o i r  l i e  a b o v e '   t h e  A-L Peak   Tuf f   and   be low 

t h e  ' t u f f   o f  Lemitar M o u n t a i n s ,   b o t h  o f  which   have   be ,en  

d a t e d .  The a n d e s i t e s ,   t h e r e f o r e ,   w e r e   e m p l a c e d   d u r i n g   t h e  

i n t e r v a l   3 2   t o   2 7  my., 

' 7  

. .  
. .  . .  

The u n i t   o f  S i x m i l e  Canyon in t h e   c e n t r a l  

Magda lena   Moun ta ins  i s  c h a r a c t e r i z e d   b y   d i s t i n c t i v e   a n d e s i t e  

l a v a s ,  r h y o l i t e   l a v a   f l o w s ,   a s h - f l o w   t u f f s ,   l a h a r i c  ' .  

b r e c c i a s ,   a n d   s a n d s t o n e s   ( O s b u r n ,   1 9 7 8 ;   B o w r i n g ,   ' i n  

p r o g r e s s ) .  In t h e   t h e s i s  a rea ,  o n l y   a n d e s i t e ,   i n t e r m e d i a t e '  

l avas ,  a n d   s a n d s t o n e s   a r e   , e x p o s e d .   O u t c r o p s  o f  t h e   u n i t   o f  . .. 

S i x m i l e   C a n y o n  a re  p o o r ,   h o w e v e r ,   a n d   t h e   r h y o l i t e   l a v a s   a n d  

a s h - f l o w   t u f f s   w h i c h   a p p e a r   i n   t h e   l o w e r   p a r t   o f   t h e   s e c t i o n  . .  

i n   t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s   ( O s b u r n ,   1 9 7 8 ;   B o w r i n g ,  ' . 

i n   p r o g r e s s )  may b e   o b s c u r e d   b y   t a l u s  a t  l o w e r   e l e v a t i o n s   i n  

Hop a n d  Mill c a n y o n s .  

. .  . 
. .  

.. 

. .  

. .  

. .  

. .  

. .  

T h e   a n d e s i t e   f l o w s   i n   t h e   t h e s i s   a r e a  a r e  

p r e d o m i n a n t l y   d a r k   g r a y   t o   b r o w n  on w e a t h e r e d  , s u r f a c e s   a n d  

g r a y ,   s o m e t i m e s   m o t t l e d ,  on f r e s h   s u r f a c e s .   O u t c r o p s  are  



. .  

, .  
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c o n f i n e d   t o  small d i s c o n t i n u o u s   l e d g e s ;   w e a t h e r i n g   p r o d u c e s .  

m o d e r a t e   t o   s t e e p   s l o p e s  o f  r u b b l y   t o   b l o c k y  t a l u s .  In hand 

s p e c i m e n ,   t h e   a n d e s i t e s  a r e  commonly p o r p h y r i t i c   a n d   c o n t a i n  

d i s t i n c t i v e   w h i t e ,   c h a l k y   p l a g i o c l a s e   p h e n o c r y s t s . ,  " 

. .  . 

In t h i n - s e c t i o n ,   s u b   h e d  ra l  , . l a t h - s h a p e d '  

p l a g i o c l a s e   p h e n o c r y s t s   r a n g e   i n ' l e n g t h   f r o m '   0 . 2 ' t o  5 mm, 

a n d   c o m p r i s e   b e t w e e n  15 and 25 p e r c e n t   o f  the  . s a m p l e s ;  t h e  

p l a g i o c i a s e  ~. h a s .  a c o m p o s i t i o n   a b o u t  An59 (12 g r a i n s ,  

M i c h e l - L e v y   m e t h o d ) .   P l a g i o c l a s e  i s  commonly a l t e r e d   t o .  

c l a y   m i n e r a l s   a n d  s e r i c i t e .  T a b u l a r   b i o t i t e ,   a v e r a g i n g  0.15 

mm i n  l e n g t h ,   c o m p r i s e s   b e t w e e n  1 a n d  4 p e r c e n t   o f   t h e  

s a m p l e s ;  t h e  b i o t i t e  i s  f r e q u e a t l y   a l t e r e d   t o   m a g n e t i t e   a n d  . . ~  

h e m a t i t e -   M a g n e t i t e ,   p a r t i a l l y   a l t e r e d   t o   h e m a t i t e ,  is 

p r e s e n t  .as  small ' r o u n d   g r a i n s   i n   a m o u n t s  1.e.s~ t h a n ,  ' 2: 

. .  

A . f   i n e - g r a i n e d ,  

. .  

In Hop. C a n y o n ,   s a n d s t o n e   i n t e r v a l s  . a r e  l o c a l l y  

s a n d s t o n e ,   e s t i m a t e d   t o   b e   a b o u t  0.5 m ' ( 2  f t )   t h i c k ,  w a s  

f o u n d   b e l o w   t h e   t u f f   o f  L e m i t a r  Moun ta ins  a t  t h e   t o p   o f   t h e  
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u n i t   . o f   S i x m i l e   C a n y o n .   T h e   s a n d s t o n e   i n t e r v a l s  a re  

g e n e r a l l y   o b s c u r e d   b y   t a l u s   a n d ,   t h e i r   t h i c k n e s s e s  a r e  

d i f f i c u l t   t o  estimate - However, . s i m i l a r   i n t e r v a l s ,  5 t o  15 

m ( 1 5  t o  '20 f t )   t h i c k ,  a r e  f o u q d   t o   t h e   s o u t h . l n   t h e   c e n t r a l  

Magda lena   Moun ta ins   (Osburn ,  1 9 7 8 ;  B o w r i p g ,   i n   p r o g r e s s )  - '  

T h e   s a n d s t o n e  i s  a d a r k   p i n k i s h   g r a y  on w e a t h e r e d  

s u r f a c e s   a n d ,   s o m e w h a t   l i g h t e r   i n   c o l o r  on f r e s h   s u r f a c e s -  

T h i n ,   p l a n a r   b e d d i n g   b e t w e e n  5 and  25 mm t h i c k  i s  e v i d e n t  in 

o n e   s a m p l e   b u t  l i m i t e d  e x p o s u r e s   p r e v e n t   e x a m i n a t i o n  o f  

l a r g e r   f e a t u r e s .  The . s a n d s t o n e   i n t e r v a l s   ' s h o w   t e x t u r a l  

v a r i a b i l i t y :  a s a m p l e   f r o m   o n e   o u t c r o p .  i s  c h a r a c t e r i z e d   b y .  

w e l l - s o r t e d ,   a n g u l a r   t o   s u b r o u n d e d ,   v e r y   f i n e   s a n d - s i z e  

! . .  

I 

q u a r t z ,   f e l d s p a r ,   a n d   m a g n e t i t e   g r a i n s ;  a s a m p l e  from 

a n o t h e r   e x p o s u r e  i s  c o m p r i s e d   o f   p o o r l y   s o r t e d ,   a n g u l a r   t o  

s u b r o u n d e d ,   v e r y   f i n e   t o  medium s a n d - s i z e   g r a i n s   o f   q u a r t z , .  

f e l d s p a r . ,   : m a g n e t i t e ,   a n d   b i o t i t e .  ' I n  b o t h   s a m p l e s   t h e  

m a g n e t i t e  i s  p a r t i a l l y   a l t e r e d   t o   h e m a t i t e ,   g i v i n g   t h e   r o c k s  

a c h a r a c t . e r i s t i c   r e d   c o l o r .  In some o u t c r o p s  on t h e   n o r t h  

s i d e   o f  Hop C a n y o n ,   i n t e n s e   p r o p y l i t i c   a l t e r a t i o n   g i v e s  the  

s a n d s t o n e  a g r e e n i s h   g r a y   c o l o r .  
. .  

1 

A t h i n   i n t e r v a l   o f   c o n g l o m e r a t i c   s a n d s t o n e ,   w i t h  

t h i n   p l a n a r   b e d d i n g ,  i s  e x p o s e d  on t h e   s o u t h e a s t   s l o p e   o f  

h i l l  " 9 6 1 8 "   i n  Hop Canyon .   The   cong lomera te  i s  

c h a r a c t e r i z e d   b y   v e r y   p o o r l y   s o r t e d ,   a n g u l a r ,   v e r y   f i n e  

s a n d -   t o   p e b b l e - s i z e   l i t h i c   f r a g m e n t s   o f   r e d   t o   b r o w n  

* ' a p h a n i t i c   v o l c a n i c   r o c k s .  I n  t h e   c e n t r a l   M a g d a l e n a  

M o u n t a i n s ,   O s b u r n   ( 1 9 7 8 )   h a s   f o u n d  a similar c o n g l o m e r a t i c  



, 
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i n t e r v a l  a t  t h e   t o p  of  . t h e   u n i t   o f  S i x m i l e  Canyon. The 

c o n g l o m e r a t e ,   b o t h  o n  i t s  u p p e r   a n d   l o w e r .   s u r f a c e s ,   g r a d e s '  

s h a r p l y   i n t o   m o d e r a t e l y   s o r t e d  .' t o   w e l l - s a r t e d ,   f i n e -   t o  

m e d i u m - g r a i n e d   s a n d s t o n e   c o n s i s . t i n g   o f   q u a r t z ,   f e l d s p a r ,   a n d  

vo lcan ic  r o c k   f r a g m e n t s .  . .  

A l a t i t e  p o r p h y r y   w i t h   d l s t i n c t i v e   p h e n o c r y s t s  of 

p l a g i o c l a s e ,   p o t a s s i u m   f e l d s p a r ,   a n d   q u a r t z   c r o p s   o u t  i n  a 

l i m i t e d ' a r e a  a t  l o w   e l e v a t i o n s  on b o t h   s i d e s   o f  Mill Canyon 

near F renchy ' s  , c a b i n .   I m m e d i a t e l y   n o r t h e a s t   o f  these 

o u t c r o p s ,  i n  t h e   n o r t h   f o r k  o f  Mill Canyon, . a b r e c c i a  

c o m p r i s e d   o f   l i t h i c   f r a g m e n t s  similar i n  a p p e a r a n c e   t o  the 

p o r p h y r y  i s  e x p o s e d .   T a l u s   b l o c k s   o f   t h i s   b r e c c i a  a re  a l s o  

common on t h e   s l o p e s   o f   t h e  h i l l  a b o v e   t h e   e x p o s u r e s   o f  t h e  

l a t i t e  p o r p h y r y   a n d   b r e c c i a ,   i n   t h e  NE 114 of . s e c t i o n  3 6  

(T3S.  R4W). . I n   t h e   v i c i n i t y   o f   t h e  Wheel o f  F .o r tune   mine ,  

i n  t h e  SE 114 of s e c t i o n  2 5  ( T 3 S ,  R4W), l i t h i c   f r a g m e n t s   o f  

t he  l a t i t e  a re  a l s o   f o u n d   i n  a f i n e - g r a i n e d , .   b , e d d e d  

s a n d s . t o n e .  . P o s s i b l e   o r i g i n s   f o r   t h e  l a t i t e  p o r p h y r y   a n d  

a s s o c i a t e d   b r e c c i a  w i l l  b e   c o n s i d e r e d  a t  the  end  of  t h i s  

s e c t i o n .  

. .  

. .  . .  . . . ., . : 

. .  . .  

I n   h a n d   s p e c i m e n   t h e  l a t i t e  is l i g h t   g r a y   t o   l i g h t  

p u r p l i s h   g r a y  on f r e s h   s u r f a c e s   a n d   d a r k   t o   d a r k   . b r o w n i s h  

. ,  

g r a y  on w e a t h e r e d   s u r f a c e s .   L a t h - s h a p e d ,   c h a l k y   p h e n o c r y s t s  

o f   p l a g i o c l a s e   a v e r a g e  4 mm i n  l e n g t h   b u t   o c c a s i o n a l l y  reach. 

a l e n g t h   o f  1 cm.. S o m e w h a t   m o r e   e q u a n t   p o t a s s i u m   ' f e l d s p a r s  

r a n g e   i n   l e n g t h   f r o m  3 mm t o  2 c m .  Q u a r t z  i s  p r e s e n t  a s  

s m a l l  r o u n d e d   g r a i n s .  

. .  



* 

. .  
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In t h i n   s e c t i o n ,   p l a g i o c l a s e ,   f e l d s p a r  w i th  a 

c o m p o s i t i o n   o f   a b o u t  An34 (11 g r a i n s ,   M i c h e l - L e v y   ' m e t h o d )  

c o m p r i s e s   a b o u t  10 p e r c e n t   o f   t h e   r o c k ;   p o t a s s i u m   f e l d s p a r  

makes up a b o u t  8 p e r r e n t  of  t h e '  l a t i t e .  Both . p l ' a g i o c l a s e  

a n d   p o t a s s i u m   f e l d s p a r s  are h i g h l y   a l t e r e d  to q p a r t z   a n d  

c a l c i t e .  T a b u l a r   b i o t i t e ,   r a n g i n g   b e t w e e n  0 . 3  a n d  0 . 7  mm i n  . 

l e n g t h ,   c o m p r i s e s   a b o u t  6 p e r c e n t ' o f   t h e   r o c k ;   h o w e v e r ,   s o m e  

o f  t h e  c l a s t s  o f  l a t i t e  f o u n d   i n   t h e ' .   b r e c c i a   h a v e   b i o t i t e  

p h e n o c r y s t s  a s  l a r g e  a s  2 mm 2n l e n g t h .  ': Amphibole  

p h e n o c r y s t s ,   b e t w e e n  0 . 3  a n d  2.0 mm i n  l e n g t h ,   c o m p r i s e  

a b o u t  4 p e r c e n t   o f   t h e   r o c k ;   t h e   p h e n o c r y s t s   h a v e   b e e n  

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

m a g n e t i t e .  

. .  . .  

. .  

Q u a r t z '  i s  p r e s e n t ,   i n   a m o u n t s  o f  a b o u t  1' p e r c e n t ,  

a s  rounded   and   embayed   phenoc rys t s   abou t  3 mm i n  d i a m e t e r ;  . 

t h e  ' p h e n o c r y s t s  a r e  a l l  f r a c t u r e d   a n d   h a v $  a m o s a i c  

a p p e a r a n c e .   M a g n e t i t e  i s  found  a s  r o u n d e d   g r a i n s   a b o u t  0 .2  ' 

mm i n   d i a m e t e r   . ' a n d  i n  a m o u n t s   o f   a b o u t  X p e r c e n t .  . T h e  

groundmass  has  b e e n   l a r g e l y   r e p l a c e d   b y   q u a r t z   a n d .  ca lc ' i t e .  . .  

The m a t r i x  of ' t h e   b r e c c i a  'is ' r e l a t i v e l y  . .  . '  . ~ '  

. .  

. 

.. ' .  
I '  

. .  

',C .. .. i ~ . .  . .. 

f i n e - g r a i n e d   a n d   s o m e w h a t   d a r k e r   i n   c o l o r   t h a n   . ' t h e .  c l a s t s ;  

i t  i s  c o m p o s i t i o n a l l y  's imilar t o   t h e   c l a s t s ' a n d   . c o n t a i n s  - .  , . 

d e t r i t a l   g r a i n s   o f   f e l d s p a r ,   b i o t i t e ,   a m p h i b o l e ,   a n d   q u a r t z .  

A c o n t a c t   b e t w e e n   t h e   b r e c c i a   a n d  l a t i t e  p o r p h y r y  i s  n o t  ~ ' 

e x p o s e d ;   h o w e v e r ,   t h e   r e l a t i v e l y   w i d e   d i s t r i b u t i o n  .of t h e  

b r e c c i a  i n  t h e   t a l u s   s u r r o u n d i n g   t h e  l a t i t e  p o r p h y r y  

o u t c r o p s   a n d   t h e   h o m o g e n e o u s   c h a r a c t e r   o f  t he  c las ts  a n d  

., . 

. .  
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m a t r i x   s u g g e s t   t h a t  i t  may h a v e   b e e n   f o r m e d  f r o m ,  

a u t b b r e c c i a t i o n   o f   t h e   l a t i t e   p o r p h y r y . ,  

_ .  

A d j a c e n t   t o   t h e   m a i n   e n t r a n c e   o f   t h e   W h e e l   o f  .. 

F o r t u n e   m i n e ,  a r . e d d i s h - g r a y ,   w a l l - s o r t e d ,   f i n e   g r a i n - s i z e d  

s a n d s t o n e   c o n t a i n s   s u b r o u n d e d   p e b b l e -  an'd c o b b i e - s i z e d  ' 

c l a s t s   o f   t h e   l a t i t e   p o r p h y r y .  Some o f   t h e   s a m p l e s   o f   t h e  

s a n d s t o n e   t a k e n   f r o m   t h e   m i n e  dump c o n t a i n .   c r u d e   b e d s   a b o u t  

1 t o  3 cm t h i c k   o f ,   v e r y   p o o r l y   s o r t e d ,   s u b a n g u l a r ,   f i n e  

s a n d -   t o   p e b b l e - . s i z e   l i t h i c   f r a g m e n t s .  ' T h e s e   t h i n   b e d s  were 

n o t   o b s e r v e d   i n   t h e   s a n d s t o n e   e x p o s e d   i n   o u t c r o p .  . .  . 

T h r e e   p o s s i b l e   o r i g i n s   f o r   t h e   l a t i t e   p o r p h y r y   a n d  

a s s o c i a t e d   b r e c c i a   a r e   s u g g e s t e d .  

1.) The l a t i t e  was  emplaced as a t h i c k   f l o w   a b o v e  

t h e  Hells Mesa Tuf f  a s  p a r t   o f   t h e   c a u l d r o n .  f i l l  o f   t h e  

N o r t h   B a l d y   c a u l d r o n .  A l a t i t e  p o r p h y r y   , o f  similar 

c h a r a c t e r i s t i c s   h a s   b e e n   r e p o r t e d   b y '   D o n z e '   ( p e r s o n a l  

communica t ion ,  1 9 7 9 )  f o r  a small area a b o u t  9 .0  k m  (5.5 mi)  

s o u t h   o f  Mill C a n y o n ,   s e c t i o n  2 6  (T4S, R4W) ., The l a t i t e  

a p p e a r s   t o  l i e  i n   t h e   i n t e r v a l   b e t w e e n   t h e  Hells Mesa T u f f  

a n d   t h e   u n i t   o f   H a r d y   R i d g e   ( c a u l d r o n  f i l l -  o f   t h e   N o r t h  

B a l d y   c a u l d r o n ) .   B o w r i n g   ( i n   p r o g r e s ' s )   a l s o   ' n o t e s   t h e  

a s s o c i a t i o n   o f  a similar p o r p h y r y   a n d '   t h e '   u n i t   o f   H a r d y  

. .  

. .  . .  . .  . .  . .  

. .  

. .  

R i d g e   i n   a n '  area 6 .5  km ( 4  m i )   s o u t h   o f  Mill Canyon i n  

s e c t i o n  I 9  (T4S, R3W); t h e   s t r a t i g r a p k i c   r e l a t i o n s h i p  

b e t w e e n   t h e s e  two u n i t s ,   h o w e v e r ,  is n o t   c l e a r .   T h e   l a t i t e  

p o r p h y r y   f o u n d  a t  l o w   e l e v a t i o n s  in Mill Canyon  may, 

t h e r e f o r e ,   b e   e x p o s u r e s   o f   a . f l o w   l y i n g   i n   p l a c e   a b o v e   t h e  

. .  



e x c e p t i o n   t h a t   t h e   ' o u t c r o p s   o f   t h e  l a t i t e  ' p o r p h y r y   a n d  

b r e c c i a  in Mill Canyon a re  e x p o s e d   r e m n a n t s   o f   l a r g e   s l i d e  

b l o c k s   f r o m   t h e   t o p o g r a p h i c .   w a l l   o f   t h e  , Sawmil l ,  

Canyon-Magda lena   cau ld ron .  
. .  

3 . )  The l a t i t e  POrPhYrY w a s  empiaced  

c o n t e m p o r a n e o u s l y   w i t h   t h e   a c c u m u l a t i o n   o f   t h e   a n d e s i t e s   a n d  

s e d i m e n t s   o f   t h e   u n i t   o f   S i x m i l e   C a n y o n   a s   c a u l d r o n   f i l l   o f  

t h e   S a w m i l l   C a n y o n - M a g d a l e n a   c a u l d r o n .  

A n d e s i t e  o.f L a n d a v a s o   R e s e r v o i r .   T h e   a n d e s i t e   o f   L a n d a v a s o  

R e s e r v o i r   h a s   b e e n   t h e   n a m e   g i v e n   t o  a se r ies  o f   h i g h l y  , 

. .  

- 
H e l l s  Mesa T u f f .  Clasts  o f ,  t.he l a t i t e   f o u n d  in a s a n d s t o n e  

o f   ' t h e   u n i t   o f   S i x m i l e   C a n y o n  were d e r i v e d   f r o m   e r o s i o n  o f  

t h e   l a t i t e   f o l l o w i n g   c o l l a p s e   o f  . t h e   S a w m i l l  

Canyon-Magda lena   cau ld ron .  

. _  _ .  

. .  . .  
. .  

2.) O r i g i n  i s  similar t o   t h e   a b o v e   w i t h   t h e  
. .  

" " 

- 

v a r i a b l e .   a n d e s i t e   f l o w s   t h a t   c r o p   o u t  id t h e   K e l l y   m i n i n g  

d i s t r i c t   a n d  in a b r o a d   a r e a  west a n d   n o r t h w e s t   o f   t h e  

Magda lena   Moun ta ins .  Named for e x p o s u r e s   n e a r   L a n d a v a s o  . 

R e s e r v o i r ,  6.5 km ( 4  m i )   w e s t   o f   M a g d a l e n a ,   t h e -   a n d e s i t e s  . 

w e r e  f i r s t  d e s c r i b e d   b y   S i m o n  ( 1 9 7 3 ) .  A t  t h e   t y p e   l o c a l i t y  

' ' t h e   a n d e s i t e s   l i e   a b o v e   t h e   f l o w - b a n d e d  member o f   t h e  A-L 

P e a k   T u f f   a n d   b e l o w   t h e   t u f f   o f   S o u t h   C a n y o n   ( S i m o n ' s   " u p p e r  

t u f f " )   ( S i m o n ,  1973;  O s b u r n ,   p e r s o n a l   c o m m u n i c a t i o n , ,  1 9 7 9 ) .  ._ . 

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   b e t w e e n   t h e   a n d e s i t e   o f  

L a n d a v a s o   R e s e r v o i r   a n d   t h e   t u f f   o f  Lemitar M o u n t a i n s  

e ' ( S i m o n ' s   " t u f f   o f   A l l e n   W e l l " )  a re  not exposed .   S imon  

. .. . . .  . .  . .  . . " ~  .. 



! .. . ... .. . 
! 

(1973) thought   tha t   the   tu f f   o f   Al len   Wel l   (S imon 's   tu f f  o f  

La Jencia   Creek)  was a member of   the A-L Peak  Tuff  and  he 

p l a c e d   , t h e   a n d e s i t e  o f  L a n d a v a s o   R e s e r v o i r   s t r a t i g r a p h i c a l l y  

above  the  tuff   of  Allen  Well .   . 'The  term  "tuff  of  Allen Well" 

has   s ince   been   abandoned   because   t h i s   t u f f   l i e s   above   . t he  

. ._ .. . - 
. .  

.. 

A-L Peak.  T.uff and i s  equiva len t   to   the   tu f f   o f   Lemi tar  

Mountains  (Osburn, 1978; Chamberlin,  i n  p repa ra t ion ) . .  The 

andesi te   of   Landavaso  Reservoir  i s  p r o b a b l y   c o r r e l a t i v e   w i t h  

a n d e s i t e s ,   t h a t   l i e   a b o v e   t h e  A-L Peak  Tuff  but  below  the' 

tuff  of  Lemitar  Mountains.. 

Andes i t e s   o f   s imi l a r   pe t ro logy   i n   t he   Counc . i l  Rock 

d i s t r i c t ,  2 4  km (15 m i )  nor thwes t  of Magdalena,   were  cal led 

.andesite  of  Landavaso  Reservoir  by  Chamberlin (1974), b u t  

t h e i r   r e l a t i o n s h i p   t o   o t h e r   a n d e s i t e s  o f  t h i s  name i s  

u n c e r t a i n .  In the   Cat   Mounta in   a rea ,   south  o f  - the  Counci l  

Rock d i s t r i c t . ,   Wi lk inson .  ( 1 9 7 6 )  found a h i g h l y   v a r i a b l e  

series of andes i te   f lows   above   the  A-L Peak  ,Tuff  which  he 

a l s o   c o r r e l a t e d   w i t h   t h e   a n d e s i t e  of  Landavaso  Reservoir.  
... , 

Along La.   fenc ' ia   Creek,  5 ,  km ( 3  m i )  nor thwest   'of  

Magdalena', Brown ( 1 9 7 2 )  noted  the  occurence.   'of   andesi te  

f lows  w i t h '  i n t e r b e d d e d '   t h i n   v o l c a n i c l a s t i c   s a n d s t o n e s  l y i n g .  

above  the A-L Peak  Tuff  (Brown's  "tuff  of  Bear  Springs")  and 

below  the  Lemitar t u f f  (Brown's " tuff   of   Allen  Well")  - 
Blakestad (1978), ' i n   t h e  K e l l y  mining d i s t r i c t ,   c o r r e l a t e d  

the   andes i te   o f   Landavaso   Reservoi r   wi th   un i t s  of Loughlin 

and Koschmann (1942). I n  the   southwes t   corner  of t he   Ke l ly  

mining d i s t r i c t ,   i n  an a r ' e a   t h a t   a d j o i n s  t h i s  t h e s i s   a r e a ,  

. .  . . . . , , . . .  

. . .  
. .. . .. . .  

. .  
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B l a k e s t a d   ( 1 9 7 8 )  m a p p e d   L a n d a v a s o   R e s e r v o i r   l y i n g   b e l o w   w h a t .  

I i n t e r p r e t  as  t h e   l o w e r  member . of  . .  t h e .  Lem'itar t u f f  

( B l a k e s t a d ' s   " u p p e r   t u f f " ) .  

. .  . .  

T h e   a , n d e s i t e  of  L a n d a v a s o   R e s e r v o i r   a n d   o t h e r  

a n d e s i t e s   o f ,   . t h i s   s t r a t i g r a p h i c   p o s i t i o n   v a r y   g r e a t l y  i n  . 

t h i c k n e s s   a n d  a r e  a l l  t h i n n e r   t h a n   t h e   u n i t  of S i x m i l e  

Canyon .   S imon   (1973)   e s t ima ted  a maximum t h i c k n e s s   o f   a b o u t  

244 m ( 8 0 0   f t )  . a t  L a n d a v a s o   R e s e r v o i r .   C h a m b e r l i n   ( 1 9 7 4 )  

- 

e s t i m a t e d  a maximum of a b o u t   1 2 2  m (400 f t  ) a t  Council  

R o c k ;   W i l k i n s o n   ( 1 9 7 6 )   a l s o   f o u n d  a maximum t h i c k n e s s   o f  

a b o u t  122 m (400 f t )   i n '   t h e   C a t   M o u n t a i n  area.  Along L a  

Jencia .Creek, '  Brown ( 1 9 7 2 )   r e c o r d s  a t h i c k n e s s   o f  3 t o   2 1  m 

(10 t o   7 0   f t ) .  I n  t h e  t h e s i s   a r e a ,   a n d   i n   t h e   ' a G j o i n i n g  

s o u t h w e . s t   c o r n e r .   o f   t h e   K e l l y   m i n i n g   d i s t r i c t ,   t h e  maximum 

. .  

e s t i m a t e d   t h i c k n e s s  i s  abou t ,   122  m ( 4 0 0   f t ) . ,  . 
In . t h e   t h e s i s   a r e a ,   e x p o s u r e s  .' o f X   a n d e s i t e $  

p r e v i o u s l y   r e f e r r e d   t o   a s   a n d e s i t e s   o f   L a n d a v a s o   R e s e r v o i r  

( B l a k e s t a d ,   1 9 7 8 )  a r e  c o n f i n e d  t o  t h e   n o r t h w e s t   c o r n e r -   T h e  

a n d e s i t e s  commonly c r o p   o u t   a s   ' t h i n   l e d g e s   t h a t .   w e a t h e r   t o  

l o w   r o u n d e d   h i l l s   o f   r u b b l y   t a l u s .  T h e   f l o w s  a r e  f r e q u e n t l y  

a u t o b r e c c i a t e d   i n   t h e i r   b a s a l   p o r t i o n s .  

. .  

. .  . .. 

' In hand . s p e c i m e n   t h e   a n d e s i t e ,  i s  h i g h l y   v a r i a b l e  

a n d   b o t h   p o r p h y r i t i c '   a n d   a p h a n i t i c   r o c k s  a r e  p r e s e n t -  The 

p o r p h y r i t i c   r o c k s '  a r e  commonly p i n k i s h   t o   r e d d i s h   g r a y  on 

f r e s h   s u r f a c e s   a n d   d a r k   b r o w n i s h   g r a y  tb r e d d i s h  brown on 

w e a t h e r e d   s u r f a c e s .   P h e n o c r y s t s   o f   p l a g i o c l a s e ,   h o r n b l e n d e ,  

a n d   p y r o x e n e   a r e   u s u a l 1 . y   p r e s e n t ;   t h e   h o r n b l e n d e  i s  
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.. . 

commonly   sur rounded  by  a r e d   c o r o n a   o f   h e m a t i t e . ,   T h e   m o r e  

a p h a n i t i c   a n d e s i t e s  a t e  medium  gray on S r e s h   s u r f a c e s   a n d  

. .  

. . .  _. . 

w e a t h e r   t o  a d a r k   b r o w n i s h   g r a y .   S m a l l   r e d d i s h   p h e n o c r y s t s  

o f  a f e r r o m a g n e s i a n   m i n e r a l  a r e  u s u a l l y   p r e s e n t .  . . 

. .  

In t h i n - s e c t i o n   t h e   a n d e s i t e   s h o w s   g r e a t e r  

v a r i a b i l i t y   t h a n  is, e v i d e n t   i n   h a n d   s p e c i m e n .   L a t h - s h a p e d ,  . 

s u b h e d r a l   t o   a n h e d r a l   p l a g i o c l a s e   p h e n o c r y s t s   r a n g e  ' in ' '  

l e n g t h   f r o m  0.3 t o  2.5 mm, w i t h   a n   a v e r a g e  of  a b o u t  1 . 2  mm,,. 

. .  

a n d   c o m p r i s e .   b e t w e e n  1 6  an& 18 p e r c e n t  of t h e   r o c k ;   t h e  

c o m p o s i t i o n   o f   t h e   p l a g i o c l a s e  i s  a b o u t  .An46 ( 1 2  g r a i n s ,  

M i c h e l - L e v y   m e t h o d ) .   C l i n o p y r o x e n e   c o n s t i t u t e s   a l j o u t  7' 

p e r c e n t  o f  t h e   r o c k  i n  t w o   s a m p l e s   b u t  w a s  a b s e n t   i n  a 

t h i r d .   ' T h e   c l i n o p y r o x e n e  i s  e u h e d r a l   t o   a n h e d r a l   a n d  

. .  

a a v e r a g e s   a b o u t  ,0.5 mm in d i a m e t e r ;  . in o n e   s a m p l e   t h e .  

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

s l i g h t l y   p l e o c h l o r i c   c h l o r i t e .  i 

S u b h e d r a l   t o   a n h e d r a l   h o r n b l e n d e   r a n g e s  i n  

a b u n d a n c e   f r o m  a t race  t o   a b o u t  4 p e r c e n t .  In one   sample .  

t h e   p h e n o c r y s t s  are  g l o m e r o p o r p h y r i t i c   a n d   r a n g e  in ' l e n g t h  

f r o m  0.3' t o  2.0 mm, w i t h   a n   a v e r a g e  o f  a b o u t   1 . 2 . m m ; : i n  

a n o t h e r ,   t h e   h o r n b l e n d e   a v e r a g e s   o n l y  0.5.mm in l e n g t h   a n d  .. 

.. 

. .  . .  

. .  . . .  
I .  i . 

. .  

i s  d i s t r i b u t e d   e v e n l y   t h r o u g h o u t   t h e   t h i n - s e c t i o n .   T h e  

h o r n b l e n d e   c o m m o n l y   s h o w s   c o r r o d e ' d   i n t e r ' i o r s   a n d   a l t e r a t i o n  

r i m s ' o f   h e m a t i t e .  . .  

. .  

" I d d i n g s i t e "   p s e u d o m o r p h s   a f t e r   o l i v i n e   c o n s t i t u t e  

a b o u t  4 p e r c e n t   o f   o n e   s a m p l e ;   t h e   p h e n o c r y s t s  a r e  e u h e d r a l '  

t o   s u b h e d r a l ' a n d   r a n g e   i n   s i z e   f r o m  0.15 t o  0.7 mm i n  
0 



. . .  

.39 , 

l eng th .   The   p seudomorphs  a r e  o u t l i n e d   b y   a . d a r k  r i m  of 

m a g n e t i t e .   M a g n e t i t e  i s  a l s o   p r e s e n t .  as , sma l l  rounded  

p h e n o c r y s t s .   a v e r a g i n g  0 .15  mm i n   d i a m e t e r .   T h e   g r o u n d m a s s .  : '. 

h a s  a p i l o t a x i t i c   t e x t u r e   o f   p l a g i o c l a s e   m i c r o l i t e s .  

S e c o n d a r y   q u a r t z   o c c u r s   i n  a l l  s a m p l e s .  

... 
' .... . 

. .  
O s b u r n   ( 1 9 7 8 )   i n t e r p r e t s   t h e   g r e a t   t h i c k n e s s   a n d  

h e t e r o g e n e o u s   c h a r a c t e r   o f   t h e   u n i t   o f   S i x m i l e   C a n y o n  . t o  

r e p r e s e n t   c a u l d r o n   f i l l   o f  t h e  S a w m i l l  Canyon   cau ld ron .  The 

p r e s e n c e   o f   t h e   u n i t  o f  S i x m i l e  Canyon a t  t h e   h e a d s  of Mill 

and Hop. c a n y o n s   i n d i c a t e s   t h a t   t h e s e  areas e i t h e r  

p a r t i c i p a t e d   i n   t h e   c o l l a p s e   o f   t h e   S a w m i l l   C a n y o n   c a u l d r o n  

or were t o p o g r a p h i c a l l y  low and close e n o u g h   t o   b e '   o v e r r u n  

b y   f l o w s   a l o n g   t h e   m a r g i n   o f   t h a t   c a u l d r o n .  

. .  

T h e   a n d e s i t e   o f   L a n d a v a s o   R e s e r v o i r   c r o p s   o u t  i n  a 

b r o a d  a r c  f r o m  t h e   n o r t h w e s t   s l o p e   o f   t h e   M a g d a l e n a  : 

M o u n t a i n s  1 6  km (IO mi) west t o  Cat M o u n t a i n .   E x p o s u r e s   o f  

t h e   a n d e s i t e  a r e  c o n f i n e d   t o   t h e   M a g d a l e n a   c a u l d r o n ,   a n d  the  . 

a n d e s i t e  has  b e e n   i n t e r p r e t e d  a s  c a u l d r o n   f i l l   ( B l a k e s t a d ,  

1 9 7 8 ;   C h a p i n ,   ' J a h n s ,   a n d   o t h e r s ,   1 9 7 8 ) .  .. 

The  Magdalena  and  Sawmil l   Canyon  cauldrons were 

b o t h   f o r m e d   a b o u t  32 m.y. a g o   f o l l o w i n g   t h e   e r u p t i o n   o f   ' t h e  

f l o w - b a n d e d '   a n d   p i n n a c l e s   m e m b ' e r s   o f   t h e  A-L P e a k   T u f f ,  

r e s p e c t i v e l y   ( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,   1 9 7 8 ) .   T h e  

S a w m i l l   C a n y o n   c a u l d r o n   p r o b a b l y   b r e a c h e d   t h e  w a l l  of t h e  

s l i g h t l y  e a r l i e r  ' M a g d a l e n a   c a u l d r o n   n e a r   t h e   p r e s e n t   h e a d  of 

Mill C a n y o n ,   c r e a t i n g  a c o m p o s i t e   s t r u c t u r e   w i t h  a .  l a r g e ,  

d u m b b e l l - s h a p e d   d e p r e s s i o n   ( f i g .   7 ) .  I n  t h e  area where  the 

. .  
. .  
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c a u l d r o n s   j o i n e d ,   a n d e s i t e   o f   L a n d a v a s o   R e s e r v o i r   f r o m   t h e  

West me t  a n d   i n t e r f i n g e r e d   w i t h  t he  u p i t ,   o f  . S i x m i l e  Canyon 

f r o m   t h e  ea s t .  The g r e a t e r   t h i c k n e s s   a n d   h e t e r o g e n e i t y   o f  

t h e   u n i t  of S ixmi le   Canyon i s  i n t e r p r e t e d  as t h e . r e s u l t  of 

. .  

t h e   g r e a t e r   s u b s i d e n c e   o f   t h e   S a w m i l l   C a n y o n   c a u l d r o n  .wal l  

and i t s  more severe t o p o g r a p h i c  r e l i e f .  

. .  

T u f f   o f  L e m i t a r  Moun ta ins  

T h e   t u f f   o f  L e m i t a r  Moun ta ins  i s  a m u l t i p l e - f l o w ,  

s i m p l e   t o  c o m p o u n d   c o o l i n g   u n i t   o f   d e n s e l x   w e l d e d   r h y o l i t e  

a s h - f l o w   t u f f   ( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,   1 9 7 8 ) ,   w h i c h  
., . , 

h a s   b e e n   d i v i d e d   i n t o  a c r y s t a l - r i c h   u p p e r  member and a 

r e l a t i v e l y   c r y s t a l - p o o r   . l o w e r  member. A t h i n   t r a n s i t i a n  

z o n e   s e p a r a t e s   t h e  two  members.  The s o u r c e  of t h e   t u f f  i s  

b e l i e v e d   t o   h a v e   b e e n   t h e   S o c o r r o   c a u l d r o n ,   c e n t e r e d   i n   t h e  

. ,  . .  
\ 

n o r t h e r n   C h u p a d e r a   M o u n t a i n s   ( C h a p i n , .   C h a m b e r l i n ,   a n d  

o t h e r s ,   1 9 7 8 ) .  
. , .  

% . .  

T h e   t u f f   o f  Lemi tar  Moun ta ins  was f i r s t   d e s c r i b e d  

i n   d e t a i l   b y  Brown ( 1 9 7 2 )  who c a l l e d  i t ,  v a r i o u s l y ,  t he  t u f f  

, o f  A l l e n  Well a n d   t h e   t u f f   o f  La  ' J e n c i a   C r e e k .  ,, Chamber l in  

( i n   p r e p a r a t i o n )   r e n a m e d   t h e   t u f f   f o r   t h e  L e m i t a r  Moun ta ins  

and   measu red  a r e f e r e n c e   s e c t i o n  i n  t h a t  area.. A ' d e t a i l e d  

d e s c r i p t i o n   o f   t h e   t u f f   o f  L e m i t a r  Moun ta ins  in t h e  e a s t e r n  

. .  . .  

. .  

. .  

M a g d a l e n a   M o u n t a i n s   h a s   b e e n   p r e s e n t e d   b y   . O s b u r n   ( 1 9 7 8 1 ,  who 

d i v i d e d   t h e   t u f f   i n t o   u p p e r   a n d   l o w e r   m e m b e r s -  
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D 
S a m p l e s   o f   t h e   t u f f  , o f  Lemitar Mounta ins   From . , '  

. .  
t 

. _  
Monica  Canyon .(Sari M a t e o   M o u n t a i n s )   a n d   t h e  L e m i t a r  

M o ' u n t a i n s   h a v e   b e e n   d a t e d  a t  27.0  5 1.1 m.y. a n d  26.3  5 1 .O 

m a y . ,   r e s p e c t i v e l y   ( C h a p i n ,   u n p u b l i s h e d   d a t a ) ' .   T h r e e   d a t e s  , ' 

f r o m   t h e  same o u t c r o p   i n   t h e   J o y i t a  H i l l s  g a v e   a g e s  . o f .  28.8 ~ . 

- + 0.7 .m.y., 27.6 - + 1.1 m.y.,  and 2 8 i 1  2. 1 . 2  m-y .   (Chap in ,  

p e r s o n a l   c o m m u n i c a t i o n ,  1 9 7 9 ) .  The 26.3  m - y .   d a t e .   c a n   b e  

d i s c a r d e d   b e c a u s e   o f   p o t a s s i u m   m e t a s o m a t i s m ;  . t h e   r e m a i n i n g  

d a t e s   a v ' e r a g e  27.9  m.y. D a t i n g   o f  a l l  s a m p l e s  w a s  b y   t h e  

R-Ar m e t h o d .   o n   b i o t i t e .  

. .  - 
i 
; ! 

. .  . .  

: 
. .  

.~ 

- .  

' T h e   t u f f   o f .  Lemitar M o u n t a i n s   c r o p s   o u t   o v e r  a . .  - 

b r o a d  area f r o m   t h e   J o y i t a  Hills ,  e a s t  o f   t h e   R i o .   G r a n d e ,  to 

t h e   n o r t h e r n   S a n   M a t e o   M o u n t a i n s .   W i t h i n   t h e   S o c o r r o  

c a u l d r o n   t h e   t h i c k n e s s   o f   t h e   l o w e r  member i s  i n   e x c e s s   o f  

2 4 5  m ( 8 0 0 .  f t ) ,  a n d   m a y   b e   m u c h   g r e a t e r ;   t h e   t h i c . k n e s s ,   o f  

t h e   u p p e r  member i s  b e t w e e n  1 0 5  and 91'5 m' ( 3 5 0 '  t o  3,000 f t )  ~ 

e . .  

. .  

. .  

( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,  1 9 7 8 ) .   in t h e   o u t f l o w  

s h e ' e t  . t h e   l o w e r  member . i s  o f t e n   a b s e n t   a n d   h a s  a maximum 

t h i c k n e s s   o f  .30 m . ( l o 0  f t ) ;   . . t h e   u p p e r '  member , i s  v e r y  

w i d e s p r e a d  ' a n d   : h a s .  a maximum t h i c k n e s s ' o f  , 1 2 0 . m  (400 f t )  

( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ~ ,  1 9 7 8 ) ' .  . In t h e   M a g d a l e n a  

M o u n t a i n s ,   h o w e v e r ,  where t o p o g r a p h i c  lows , , e x i s t e d   a l o n g   t h e  

m a r g i n s  o f  ' o l d e r   c a u l d r o n s ,   t h e s e   . t h i c k n e s s e s  a r e  

a p p r e c i a b l y   g r e a t e r .  ' For example ,  ' i n   S i x m i l e   C a n y o n   t h e  

' l o w e r  member r e a c h e s  a t h i c k n e s s ' o f  245 'TI ( 8 0 0  f t ) ,  a n d   t h e  

. , .  

, 
. .  . . .  , 

. .  . .  

1 .  . .  

t 

u p p e r  member 2 1 5  m ( 7 0 0  f t )   ( O s b u r n ,  1 9 7 8 ) .  
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* Lower.,Member. O s b u r n   ( 1 9 7 8 )   d i v i d e d   t h e   l o w e r  member i n t o  

t h r e e   z o n e s   ( b a s a l ' ,   i n t e r m e d i a t e ,   a n d   u p p e r )   , - o n   t h e   b a s i s   o f  

o u t c r o p   c h a r a c t e r i s t i c s ,   w e l d i n g ,   l i t h i c   a n d   p u m i c e   c o n t e n t ,  

- .  . 

' and   co lo r .   The   morp t io logy   and   t ype   and   deg re ' e  o f  a l t e r a t i o n ,  

a re  similar f o r  a l l  z o n e s .  In t h e   t h e s i s  a r ea  t h e  

d i s t i n c t i o n   b e t w e e n  the t h r e e   z o n e s  a s  d ' e sc r ibed   by   Osburn  

( 1 9 7 8 )  was ' n o t   a l w a y s   a p p a r e n t .  

The   bas .a l   zone  is. l i g h t   g r a y   t o   p i n k i s h   g r a y ,  

p U m i C e O U S ,  a n d   ' p o o r l y   t o   m o d e r a t e l y   w e l d e d . . '   T h e   b a s a l   z o n e  

i s  n o t   e v e r y w b e r e   p r e s e n t  i n  t h e   s e c t i o n .  Osburn (1978;  

p e r s o n a l   c o m a u n i c a t i o n ,   1 9 7 9 )   h a s   s u g g e s t e d   t h a t   t o p o g r a p h i c  

re l ie f  a t  t h e  t ime o f   d e p o s i t i o n   o f   t h e   l o w e r   , m e m b e r  may 

have b e e n  ' r e s p o n s i b l e   f o r   t h e -   o b s e r v e d   d i f f e r e n c e s   i n  

t h i c k n e s s   a n d   t h e   d i s c o n t i n u o u s   n a t u r e   o f   t h e   b a s a l ,   p o o r l y  

. .  

w e l d e d ,   z o n e . .   A l t e r n a t i v e l y ,   h i g h e r   c o m p a c t i o n   a n d   d e n s e r  

w e l d i n g   o f   t h e   t u f f   c o u l d   i n c r e a s e   t h e   r e 1 a t i v e ' : p h e n o c r y s t  

c o n t e n t   b y   - r e d u c i n g   t h e   v o l u m e   o f   t h e   r o c k   . i n   w h i c h  

p h e n o c r y s t s  a r e  c o u n t e d .   T h u s   t h e   " b a s a l "   z o n e  may ' n o t   b e  

l a c k i n g   i n  some . a reas  b u t  . i s  o n l y   m o r e   d e n s e l y   ' c o m p a c t e d  

(Osburn ,   pe r sona l   ' communica t ion ,   1979) . .   Ou tc rops  of' : t h e  ' . 

b a s a l   z o n e  a r e  i n f r e q u e n t , '   a n d   w h e r e   e x p o s e d ,   f o r m   r o u n d e d  

. .  

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

. .. . ,  

In t h e   i n t e r m e d i a t e   a n d   u p p e r   z o n e s ,   t h e   t u f f  

b e c o m e s   r e d d i s h   g r a y   t o   d a ' r k   r e d d i s h   g r a y   a n d   m o d e r a t e l y   t o  

d e n s e l y   w e l d e d .   T h e s e   m o r e   d e n s e l y   w e l d e d   z o n e s   o f   t h e  

l o w e r  member p l u s   t h e   o v e r l y i n g   t r a n s i t i o n   z o n e   a n d   u p p e r  . 
member o f   t h e   t u f f  o f  L e m i t a r  M o u n t a i n s   f o r m   p r o m i n e n t  

* 

. .  . 
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. .  , 

c l i f f s  on b o t h   s i d e s   o f  Hop C a n y o n , ,   i n .   s e c t i o n  1 9  ( T 3 S ,  R3W) . .  . 

a n d .   s e c t i o n  24 ( T 3 S ,  R 4 W ) .  I n  t h e   t h e s i s   a r e a   t h e   o b s e r v e d  . ' 

t h i c k n e s s   o f   t h e   l o w e r  member i s  b e t w e e n  105 and 120 m (350 

and 4 0 0  f t ) .  On S o u t h   B a l d y ,  2.5 km ( 1 . 5   m i )   s o u t h   o f   t h e  

_ - .  . .  . _  

. .  

. I  

t h e s i s   a r e a ,   - B o w r i n g   ( i n   p r o g r e s s )   r e p o r t s  a t h i c k n e s s '   o f  

115 m ( 3 8 0  f t ) .  

In t h i n   s e c t i o n   t h e   p h e n o c r y s t   c o n t e n t   o f   f o u r  

s amples   t aken   f rom  the   l ower   member   r anged   f rom 10 t o '  16. 

p e r c . e n t ,   w i t h   a n   a v e r a g e   o f   1 2 . 5   p e r c e n t .   O n e -   s a m p l e   . t a k e n  

v e r y   h i g h   in t h e   s e c t i o n ,   j u s t   b e l o w   t h e  ' t r a n s i t i o n   z o n e ,  

had  a p h e n o c r y s t   c o n t e n t   o f   a b o u t  20 p e r c e n t .  

S a n i d i n e  is t h e   m o s t   a b u n d a n t   m i n e r a l   . a n d  

c o m p r i s e s ,  on t h e   a v e r a g e ,   b e t w e e n  8 and 12 p e r c e n t  o f  t h e  

s a m p l e s ;   t h e   s a m p l e   t a k e n   h i g h   i n   t h e   s e c t i o n   s h o w s  a 

r e l a t i v e l y   h i g h e r   s a n i d i n e   c o n t e n t   o f   a b o u t  1 6 ,  p e r c e n t .  

P h e n o c r y s t s   a r e   t y p i c a l l y   s u b h e d r a l   a n d '  '. f r e q u e n t l y  

l a t h - s h a p e d ;   c a r l s b a d   . t w i n n i n g  i s  rare.  ' .  S a n i d i n e  

p h e n o c r y s t s   r a n g e   i n   s i z e   f r o m  0.2 . t o  2 mm a n d   a v e r a g e  0.6' 

mm i n   t h e   l o n g   ' d i m e n s i o n .   T h e   s a n i d i n e  i s  s l i g h t l y   t o  

h i g h l y   a l t e r e d ;   i n   t h e   m o r e   i n t e n s e l y   a l t e r e d   s a m p l e s ,  

. .  

. .  

r e l i c t   g r a i n s  are  f r e q u e n t l y   ' p l u c k e d   d u r i n g   t h e   g r i n d i n g  

p r o c e s s   l e a v i n g   o n l y   s k e l e t a l   r e m a i n s   i n   t h i n - s e c t i o n .  

A l t e r a t i o n   i n i t i a l l y   o c c u r s   a l o n g   t h i n   f r a c t u r e s   t h a t   s t a i n  

s t r o n g l y   f o r   p o t a s s i u m   w i t h   s o d i u m   c o b a l t i n i t r i t e ;   c l a y  

a l t e r a t i o n   . p r o d u c t s   a r e  ' a l s o   c o n c e n t r a t e d   a l o n g '   t h e s e  

* f r a c t u r e s .  A s  ' a l t e r a t i o n   p r o c e d e s ,   t h e   s a n i d i n e   d , e v e l o p s  

" h o l e s " ,   t a k e s  on a r a g g e d   a p p e a r a n c e ,   a n d  i s  e v e n t u a l l y  



i 

e d e s t r o y e d .   S o u t h   o f   t h e .   t h e s i s  a rea ,  B o w r i n g   ( p e r s o n a l ,  . .  

c o m m u n i c a t i o n ,   1 9 7 9 )   r e p o r t s  similar a . l , t e r a t i o n  o f  s a n i d i n e .  

_ .  

A l t e r a t i o n   o f  t he  t u f f   o f   L e m i t a r   M o u n t , a i n s  i n  the '... 

t h e s i s  area t h u s   a p p e a r s  t o  b e   d i f f e r e n t .   t h a ' n   t h a t .   ' r e p o r t e d  

by Osburn q 1 9 7 8 )   f o r   t h e   e a s t - c e n t r a l   M a g d a l e n a   M o u n t a i n s .  ' . 

T h e   p o t a s s i u m   m e t a s o m a t i s m   d e s c r i b e d   b y   O s b u r n   ( 1 9 7 8 )  f o r  

.. 
. ,  

.. ' 

0 

t h a t  area,  r e s u l t e d  in the  a l t e r a t i o n  o f  p i a g i . o c l a s e   a n d  

s a n i d i n e  was l a r g e l y   u n a f f e c t e d .  

Q u a r t z   p h e n o c r y s t s ,  a r e  . c l e a r ,  e u h e d r a l  ' t o  

a n h e d r a l ,   a n d   f r e q u e n t l y   r o u n d e d   a n d   d e e p l y   e m b a y e d , .   T h e y  

average 0.6 mm i n   d i a m e t e r   a n d   r e p r e s e n t   b e t w e e n  2 a n d  4 

p e r c e n t   o f  t h e  sampl;. 

B i o t i t e   a n d   m a g n e t i t e  a r e  p r e s e n ' t  i n  amounts  less  

t h a n  1 p e r c e n t .  The b i o t i t e  i s  d e e p   r e d - b r o w n ,   p l e o c h r o i c ,  

l a t h - s h a p e d ,   a n d   a v e r a g e s  0.3 mm i n   l e n g t h ;   m a g n e t i t e   a n d  

h e m i t i t e  are  common a l t e r a t i o n   p r o d u c t s .  . M a g n e t i t e ,  w i th  . . 

s e c o n d a r y   h e m a t i t e ,   a l s o   o c c u r s  a s  d i s c r e t e   r o u n d e d   g r a i n s  

0.3 mm , i n  d i a m e t e r .   ' Z i r c o n  is p r e s e n . t   i n  t race  am0unt.s. 
. (  

P l a g i o c l a s e  was n o t   i d e n t i f i e d  i n  t h i n - s e c t i o n .  

In the  . m o r e   i n t e n s e l y   a l t e r e d  ' , ' s a m p l e s . '   p l a g i o c l a s e  may 

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

t h e n   p l u c k e d   o u t   d u r i n g   t h i n - s e c t i o n   p r e p a r a t i o n .  

. .  . .  . ,  

," . .  

. .  

L i t h i c   f r a g m e n t s   a n d   . p u m i c e   s h o w   g r e a t e r  

v a r i a b i l i t y   i n   a b u n d a n c e   t h a n   p h e n o c r y s t s .  L i t .h ic  f r a g m e n t s  

r . a n g e   i n  s i z e  f rom 0.5 mm t o  2 c m ,  w i t h  an a v e r a g e   o f   a b o u t  

. .  .. 

1 c m .  In t h e   b a s a l   z o n e  of t h e   l o w e r  member, l i t h i c  

f r a g m e n t s   c o m p r i s e   a p p r o x i m a t e l y  1 0  p e r c e n t   o f   t h e   r o c k ,   b u t  
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i n  . t he  s a m p l e   t a k e n   f r o m   j u s t   b e l o w   t h e   t r a n s i t i o n   z o n e -   t h e y  

c o m p r i s e   o n l y  5 p e r c e n t .  The  pumice i s  e l o n g a t e ,  var ies  

f rom 0.3 t o  2 c m  ' i n   l e n g t h ,   a n d   c o n s t i t u t e s   b e t w e e n  5 and 1 5  

p e r c e n t   o f   t h e   s a m p l e s :   T h e   p u m i c e  is f r e q u e n t l y  

. .  

d e v i t r i f i e d   t o  'an a x i o l i t i c   t e x t u r e ;   s p h e r u l i t i c   t e x t u r e  is 

a l s o   f o u n d ,   g i v i n g   t h e   p u m i c e  a "  " b o t r y o i d a l "   ' a p p e a r a n c e  
- 

( O s b u r n ,  1978). 

The   g roundmass ,   i n  a s a m p l e   f r o m   t h e '   l o w e r   z o n e ,  

. i s  c o m p r i s e d   o f   d e v i t r i f i e d  worm- a n d   s i c k l e - s h a p e d   g l a s s '  

s h a r d s .   H i g h e r  i n  t h e   s e c t i o n   t h e  r e l i c t  s h a r d   s t r u c t u r e  i s  

less  e v i d e n t   a n d   t h e   g r o u n d m a s s   h a s  a , m o s a i c   a p p e a r a n c e .  

T r a n s i t i o n   Z o n e .  The t r a n s i t i o n   z o n e  l i e s  b e t w e e n   t h e   l o w e r  

and   uppe r   members   o f   t he  Lemitar t u f f   ( O s b u r n ,  1 9 7 8 )  .and i s  

c h a r a c t e r i z e d   b y   d e n s e   w e l d i n g   a n d  a d a r k - r e d   t o   p u r p l e - g r a y  

c o l o r   s t r e a k e d   w i t h  l e n s e s  o f   p i n k i s h - g r a y ,   c r y s t a l - r i c h  

p u m i c e .   T h e   t h i c k n e s s   o f   t h e   z o n e ,   w h e r e   e x p o s e d ,  v a r i e s  

f r o m  0.5 t o  3 m ( 2  t o  1 0  f t ) .  1 ,  .. . 

In t h i n - s e c t i o n ,   s u b h e d r a l   s a n i d i n e ,  ' showing  

. .  

. .  

i n f r e q u e n t   c a r l s b a d   t w i n n i n g ,   c o m p r i s e s   a b o u t   1 6 ~ p e r c e n t   o f  .' 
. .  

. .  

* 

t h e   ' r o c k ;  ' a l t e r a t i o n  i s  common a l o n g  ' f r a c t u r e s  - 
P l a g i o c l a s e   c o m p r i s e s  l ess  t h a n  2 p e r c e n t . o f   t h e '   s a m p l e   a n d .  

i s  h i g h l y   a l t e r e d .   Q u a r t z   m a k e s  up 2 p e r c e n t  of t h e   r o c k  

and  i s  e u h e d r a l   t o   a n h e d r a l ,   f r e q u e n t l y   r o u n d e d   a n d   e m b a y e d ,  . 

and c l e a r .  ' Opaque m i n e r a l s  a r e  p r e s e n t  i n  trace amoun t s - .  

The g r o u n d m a s s   r e t a i n s  a r e l i c t  f l o w   s t r u c t u r e   o f  small ,  

f l a t t e n e d ,   a n d   d e v i t r i f i e d   g l a s s   s h a r d s .   T h e   p h e n o c r y s t  

. .  . .  

. .  

. .  _ .  

.~ . .  
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. .  

c o n t e n t   o f   t h e   s a m p l e   d e s c r . i b e d   a b o v e  i s  somewha t   l ower   t han  . ~ 

t h a t   o f  -a sample   f rom the  t r a n s i t i o n   z o n e   a n a l - y z e d   b y   O s h u r n  

( 1 9 7 8 ) .  

. .. _. 

Upper Member.  The upper  member i s  a d e n s e l y   w e l d e d ,  medium- 

t o  d a r k - r e d d i s h   g r a y ,   c r y s t a l - ' r i c h   t u f f .   P h e n o c r y s t   c o n t e n t  

i s  b e t w e e n  30 and 40 p e r c e n t ,   w h i c h  i s  s i g n i f i c a n t l y   h i g h e r  

t h a n  the lower  member.  

. .  

. .  

In  the  t h e s i s  area t h e   t h i c k n e s s  o f  the  u p p e r  

member o f   t h e   t u f f  o f  Lemitar  Moun ta ins  i s  60 m ( 2 0 0  f t )  or 

less.  T h i s  i s  a p p r e c i a b l y   t h i n n e r   t h a n   t h e   t h i c k n e s s e s  

r e p o r t e d   b y   O s b u r n   ( 1 9 7 8 1 ,   P e t t y   ( 1 9 7 9 ) ,   a n d   B o w r i n g  ( i n  

p r o g r e s s )   f o r  t h e  c e n t r a l  a n d   s o u t h e r n   M a g d a l e n a   M o u n t a i n s . .  ' 

C h a m b e r l i n   ( p e r s o n a l   c o m m u n i c a t i o n ,   1 9 7 9 )   n o t e s ,   h o w e v e r ,  

t h a t  i n  t h e  L e m i t a r  M o u n t a i n s   t h e   t h i c k n e s s  o f  t h e  u p p e r  

member v a r i e s ,  a s  d o e s   t h e   l o w e r ,  w i t h  p a l e o t o p o g r a p h y ;  i n  

p l a c e s   t h e   u p p e r  member p i n c h e s   o u t   a n d  i s  n o t   p r e s e n t .  ' ~. 

. .  

x .  

T h e   u p p e r   m e m b e r   t y p i c a l l y   c r o p s   o u t  a s  r e s i s t a n t ,  

s t e e p - s i d e d   l e d g e s   a n d   c l i f f s   a n d   p r o d u c e s   s t e e p  t o  m o d e r a t e '  . ' 

s l o p e s  o f  r u b b l y   t a l u s .  In hand  spec imen . t h e  t u f f  i s  

c r y s t a l   r i c h '   a n d   r e d d i s h   g r a y  on f r e s h   . s u r f a c e s ,   b r o w n  t o  

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

.. 

In t h i n - s e c t i o n   t h e   m o s t   ' a b u n d a n t  . m i n e r a l  is '  

s a n i d i n e  whi.ch c o m p r i s e s   a b o u t  25 p e r c e n t  o f  t h e   r o c k .  The 

s a n i d i n e  i s .  s u b h e d r a l  , a v e r a g e s   a b o u t  1 mm in l e n g t h ,   a n d  

i s  u s u a l l y  c lear  w i t h   i n c i p i e n t   a l t e r a t i o n ; ,   c a r l s b a d  

t w i n n i n g  is rare .  P l a g i o c l a s e   ' c o m p r i s e s   a b o u t  7 p e r c e n t  of 
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. .  
t h e   r o c k   a n d  i s  h i g h l y   a l t e r e d ;   p h e n o c r y s t s  were f r e q u e n t l y  ' 

r e m o v e d   d u r i n g   g r i n d i n g   1 e . a v i n g   o n l y   p a r t i a l l y  rimmed . '~ 

c a v i t i e s   i n   t h i n - s e c t i o n .   P o o r l y   d e v e l o p e d   a l b i t e   t w i n n i n g  . 

was o b s e r v e d   i n   o n e   c r y s t a l .  . .. . .  

: . 
. .  

I 

Q u a r t z  i s  e u h e d r a l   t o  . a n h e d s a l   a n d   f r e q u e n l y  

r o u n d e d . a n d  embayed.; i t  a v e r a g e s  0 . 7  mm i n  d i a m e t e r   a n d  . 

c o m p r i s e s   a b o u t  2 t o  3 p e r c e n t  o f .  t h e   r o c k .   T h e   ' b i o t i t e ,  

c o p p e r y   i n   h a n d  .specimen, i s  pa le   b rown   to .   b rown   and  

p l e o c h r o i c .  in t h i n - s e c t i o n ;   e u h e d r a l   t o   s u b h e d r a l   l a t h s  

a v e r a g e  0 . 7  mm i n   l e n g t h ,   b u t  may . b e  'as l o n g  as  2 mm. 

M a g n e t i t e  is p r e s e n t  as  ' r o u n d e d   g r a i n s   a b o u t  0.3 mm i n  

. d i a m e t e r .  

. .  

. .  

Basaltic A n d e s i t e   a n d   A n d e s i t e   L a v a s  

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

b e t w e e n   t h e   t u f f   o f  Lemitar M o u n t a i n s   a n d   t h e   t u f f   o f   S o u t h  

C a n y o n .   , T h e s e   a n d e s i t e s   ' v a r y   u p w a r d   f r o m   d a r k - g r a y ,  

o l i v i n e -   a n d   p y r o x e n e - b e a r i n g   b a s a l t i c   a n d e s i t e   ' f l o w s   t h a t :  . 

o v e r l i e   t h e   t u f f   o f  L e m i t a r  M o u n t a i n s ,   t o   g r a y ,   h o r n b l e n d e -  . '  , '  

a n d   b i o t i t e - b e a r i n g   a n d e s i t e s   t h a t   u n d e r l i e   t h e   t u f f  . '  o f  ' '  

South   Canyon.  

.. . 

. .  . . .  

. .  

B a s a l t i c   A n d e s i t e .  The b a s a l t i c   andesite,^ a r e  similar i n  . 

a p p e a r a n c e   t o   a n d e s i t e s   d e s c r i b e d   b y   T o n k i n g  ( 1 9 5 7 )  f r o m   t h e  

P u e r t e c i t o   q u a d r a n g l e ,  30 km ( 2 0  m i )   n o r t h   o f   M a g d a l e n a ;  

Tonk ing   named   t he   s equence   t he  L a  Jara Peak  Member o f   t h e  

- .  . 
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now o b s o l e t e  D a t i l  Format ion .   The  L a  Jara Peak  Member was 

r a i s e d  fo f o r m a t i o n a l   s t a t u s   b y   C h a p i n   ( 1 9 7 1 b ) .  A t  t h e  

p r e s e n t  time these a n d e s i t e s . a r e   r e f e r r e d   t o  a s  t h e  L a  Jara 

Peak  B a s a l t i c .  A n d e s i t e   ( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,  

1 9 7 8 ) s .   S i m i l a r   a n d e s i t e s  a r e  f o u n d  eas t  o f   t h e   R i o   G r a n d e  

i n  t h e   J o y i t a  Hi l ls  ( S p r a d l i n , , .   1 9 7 4 ) ,   i n   t h e   L e m i t a r  

M o u n t a i n s .   ( C h a m b e r l i n ,   - i n   p r e p a r a t i o n ) ,  i n  the' e a s t e rn  

M a g d a l e n a   M o u n t a i n s   ( O s b u r n ,   1 9 7 8 ;   P e t t y ,   1 9 7 9 ) ,   a n d .  i n  t h e  

area n o r t h   a n d  west of Magdalena  (Brown,  1972;.  Simon,  ,1973; 

Osburn, p e r s o n a l   c o m m u n i c a t i o n ,   1 9 7 9 ) .  

_.  

Tbe La  S a r a   P e a k  B a s a l t i c  A n d e s i t e   f l o w s  may have 
.. 

e r u p t e d   , f r o m   t h e   d i k e  swarm t h a t   e x t e n d s - a b o u t  50 km ( 3 0  m i ) ,  

from the Magdalena a r ea  n o r t h w a r d   o n t o  the C o l o r a d o   P l a t e a u  

( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,   1 9 7 8 ) .  A s a m p l e   o f  t he  La . 

Ja ra  Peak .  B a s a l t i c  A n d e s i t e  i n  t h e  Bear Moun ta in  was d a t e d  

by  t h e  K-Ar method a t  23.8 _+ 1 .2   m-y .   (Chap in ,   1971b) ;  K-Ar 

d a t e s  o n  t h e   d i k e s .   n o r t h   o f   M a g d a l e n a   a n d   o n   o t h e r   f l o w s  

r a n g e  ' i n   a g e   f r o m   3 0   t o   2 4  m.y. ( C h a p i n ,   p e r s o n a l "  

communica t ion , .   1979) .  

. 

. .  
. .  

, '  . . .  . .  
To'nking  (1957)  .. e s t i m a t e d  . t h a t  t he  maximum 

t h i c k n e s s   o f   t h e s e   b a s a l t i c   a n d e s i t e s .   i n   t h e   P u e r t e c i t o  

q u a d r a n g l e  was a b o u t   7 6 0  m ( 2 5 0 0   f t j .  ., . . I n  t h e   n o r t h e r n  

L e m i t a r  M o u n t a i n s ,   C h a m b e r l i n   ( i n   p r e p a r a t i o n )   r e p o r t s   a b o u t  . .I 

335 m ( 1 1 0 0   f t )   o f   t h e s e   a n d e s i t e s   a b o v e   t h e .   t u f f   o f  L e m i t a r  , 

Mounta ins .  A t  t h e   m o u t h  o f  Sou th   Canyon ,   Osburn   (1978)  

measu red   120  m ( 4 0 0  f t )  o f   a n d e s i t e s   i n   t h e  same 

s t r a t i g r a p h i c   i n t e r v a l ;   h e   n o t e d ,   h o w e v e r ,   t h a t  

I . . . 

. .  
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e c r o s s - s e c t i o n s   i n d i c a t e d  1 2 0  t o  180 m .(400 

a n d e s i t e s   f u r t h e r  west a l o n g   S o u t h .   a n d  ,S 
. .  

t o  

:ixm 
,. 

. .  
, .  

,. . 
, .  , 

600 f t )   o f  ' . ,  . . ' 
. .  . I  - . 

. .  

i l e  C a n y o n s ,   i n  
, 

t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s .  In t h e   t h e s i s  area t h e  . . 

b a s a l t i c   a n d e s i t e s  a r e  e x p o s e d ' o n   t h e   t o p   a n d   w e s t , ' s l o p e  o f  ' ,  

h i l l  "9618". The maximum e s t i m a t e d   t h i c k n e s s  i s  9 0  t o  150 m 

.. . . .  

. .  . .  

( 3 0 0 ' t o  500 f t ) ,   b u t   t h i s   t h i c k n e s s  may b e   e x a g g e r a t e d   b y  

s t e p   f a u l t s   t h a t   a r e   a b u n d a n t   i n   t h e  area.  
. .  

I .  

O u t c r o p s  ' o f   t h e   b a s a l t i c   a n d e s i t e  . a r e  

c h a r a c t e r i z e d   b y  small  d i s c o n t i n u o u s   l e d g e s   a n d  a r u b b l y  

t a l u s   t h a t   t o g e t h e r   f o r m   m o d e r a t e   s l o p e s   a n d   r o u n d e d   h i l l s . .  

E x p o s u r e s   f r e q u e n t l y   s h o w   t h e   p r e s e n c e   o f   a u t o b r e c c i a t i o n .  

In h a n d   s p e c i m e n   t h e   b a s a l t i c   a n d e s i t e s  a r e  d a r k   r e d d i s h  

g r a y   t o   g r a y  on w e a t h e r e d   s u r f a c e s   a n d   r e d d i s h   g r a y  t o  l i g h t  

g r a y  on f r e s h   s u r f a c e s .   S m a l l   r e d d i s h   p h e n o c r y s t s ,  

a p p r o x i m a t e l y  1 mm i n   d i a m e t e r ,  a r e  u s u a l l y   p r e s e n t   i n   a n  

a p h a n i t i c   g r o u n d m a s s .  In s o m e   e x a m p l e s   t h e   p h e n o c r y s t s  a r e  

. .  

m o r e   t a b u l a r   s h a p e d   a n d   r e a c h  1 t o  2 mm i n   l e n g t h .   V e s i c l e s  

a r e   a l s o   p r e s e n t   i n  some  examples .  
. .  

.. 

In t h i n - s e c t i o n   t h e   r o c k   h a . s  .a .  p i l o t a x i t i c  

g r o u n d m a s s   o f   . p l a g i o c l a s e   m i c r o l i t e s   t h a t . r a n g e   i n   s i z e   f r o m  

. .  

. 

0 .07  t o  0.9 mm i n   t h e   l o n g   d i m e n s i o n ; .   c l i n o p y r o x e n e   a n d  

m a g n e t i t e   f i l l   t h e   i n t e r s t i c e s .  The , groundmass  ' h a s  

p a r t i a l l y   a l t e r e d '   t o   c l a y   m i n e r a l s .   ' A n h e d r a l   g r a i n s  ' of 

m a g n e t i t e   a v e r a g i n g  0 . 2  mm i n   d i a m e t e r  a re  p r e s e n t   i n   t r a c e  . 

amounts  . 

* S u b h e d r a l   t o   a n h e d r a l   f e r r o m a g n e s i a n   p h e n o c r y s t s ,  

a v e r a g i n g  0.7 mm i n   l e n g t h   a n d   i n t e n s e l y   a l t e r e d   t o  
\ 



m a g n e t i t e   a n d   q u a r t z ,   c o m p r i s e   b e t w e e n  5 and 1 0  p e r c e n t   o f  ,. . .  

t h e   r . o c k .   T h e   m o r e   e u h e d r a l ,   o f   t h e s e   p h e n o c r y s t s   s h o w  a 

p s e u d o h e x a g o n a l   o l i v i n e   h a b i t   w i t h  a c l ea r ,  s o m e t i m e s  

r e d d i s l i - b r o w n   t o   r u b y - r e d ,  . wavy,. lamellar  ' s t r u c t u r e  

o c c u p y i n g   t h e   c e n t e r ,   a n d   m a g n e t i t e   d e f i n i n g   t h e  rim. The 

r e d d i s h   c o l o r   a n d   l a m e l l a r   s t r u c t u r e  a r e  c h a r a c t e r i s t i c   o f  

i d d i n g s i t e   a n d   t h e   p h e n o c r y s t s  a r e  p r o b a b l y   i d d i n g s i t e  

p seudomorphs  a f t e r  o l i v i n e .   T o n k i n g  (19571, C h a m b e r l i n  

(1974), a n d   W i l k i n s o n  ( 1 9 7 6 )  h a v e   a l s o   f o u n d   o l i v i n e ,   w i t h  

a t t e n d a n t   i d d i n g s i t e ,   i n   b a s a l t i c   a n d e s i t e s   f r o m   t h e i r  

t h e s i s  areas .  T h e   m o r e   e l o n g a t e ,   s u b h e d r a l ,   r e d d i s h  

p h e n o c r y s t s   f o u n d   i n   o t h e r ,   e x a m p l e s  may , r e p r e s e n t '  

o r t h o p y r o x e n e   t h a t  ha's a l t e r e d   t o   m a g n e t i t e   a n d   h e m a t i t e .  ' 

. .  

B o r n b l e n d e   A n d e s i t e .   A n d e s i t e s  . b e a r i n g   d i s t i n c t i v e  

p h e n o c r y s t s   o f   b i o t i t e   a n d   h o r n b l e n d e   o v e r l i e '   t h e   b a s a l t i c  
. 

a n d e s i t e s :  a h o r n b l e n d e - b i o t i t e   a n d e s i t e  l i e s .  i m m e d i a t e l y  

. b ' e l o w   t h e   t u f f   o f   S o u t h   C a n y o n   a n d   a b o v e  a b i o t i t e - b e a r i n g  

a n d e s i t e   t h a t   l . a c k s   h o r n b l e n d e :   T h e   c o n t a c t s   b e t w e e n  the 

a n d e s i t e s   a n d   b e t w e e n   a n d e s i t e s   a n d   t h e   t u f f  ' a r e  . n o t  

e x p o s e d  i ". . .  

. .  

. .  

.; 

The c h a r a c t e r i s t i c s   o f   t h e   h o r n b l e n d e - b i o t i t e   a n d  

t h e   b i o t i t e   a n d e s f t e s   i n   o u t c r o p  a re  v a r i a b l e .  ' T y p i c a l l y ,  

. .  

. .  

. ,  

e x p o s u r e s   o f   t h e   a n d e s i t e s   a r e .   c o n f i n e d   t o  smal l  l e d g e s   t h a t  

a r e  s u r r o u n d e d   b y   t a l u s ;   i n   a r e a s   t h a t   h a v e   b e e n   subject t o  

s i l f c i f i c a t i o n ,   h o w e v ' e r ,   t h e .   a n d e s i t e s   f o r m   s m a l l   b u t  

p r o m i n e n t   c l i f f s .   C o l o r  i s  a l s o   v a r i a b l e .  On f r e s h  
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. . .  

s u r f a c e s   t h e   a n d e s i t e s   r a n g e   f r o m   l i g h t   g r a y  t o  d u s k y   r e d ; , .  , _  

a s a m p l e   t h a t   h a d   b e e n   s u b j e c t   t o .   s t r o n g   p r o p y l i t i c  

a l t e r a t i o n   d e v e l o p e d  a p a l e   g r e e n i s h   h u e .  On w e a t h e r e d  

s u r f a c e s   t h e   a n d e s i t e s   v a r i e d .   f r o m  medium g r a y   t o   v e r y   d a r k  

b r o w n   i n  color. The b i o t i t e   a n d e s i t e  i s  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   d a r k - b r o w n ,   t a b u l a r , "   b i o t i t e   t h a t '   r a n g e  in . 

l e n g t h   f r o m  0.5 t o  3 mm. The hornblende-biotite a n d e s i t e  in 

a d d i t i o n   t o   b i o t i t e   c o n t a i n s   b l a c k   p h e n o c r y s t s  o f  h o r n b l e n d e  

t h a t  , r a n g e   i n   l e n g t h   f r o m  1 t o  5 mm. I n  b o t h   a n d e s i t e s ,  

p h e n o c r y s t s   o f   w h i t e .   c h a l k y   p l a g i o c l a s e   a r e  , a l s o  e v i d e n t .  . . 

In t h i n   s e c t i o n ,   e u h e d r a l   t o   s u b h e d r a l ,  

l a t h - s h a p e d   p h e n o c r y s t s   o f   p l a g i o c l a s e   t h a t   r a n g e   f r o m  0.3 

t o  2.5 mm i n   l e n g t h   c o m p r i s e   b e t w e e n  13 and  23 p e r c e n t  of 

t h e   t h e   s a m p l e s .  The p l a g i o c l a s e  commonly  shows a l b i t e  

t w i n n i n g   a n d  i s  s t r o n g l y   z o n e d ;  i t s  c o m p o s i t i o n  i s  a b o u t  

An50 (20  g r a i n s ,   M i c h e l - L e v y   m e t h o d ) .   T h o u g h .   p l a g i o c l a s e  

was f r e s h   i n   o n e '   s a m p l e   o f  the h o r n b l e n d e - . b i o t i t e   . a n d e s i t e , .  

\ .  

i t  was s t r o n g l y   a l t e r e d   t o  a s i e v e   s t r u c t u r e . ;   i n  a s a m p l e  of. 

t h e   b i o t i t e   a n d e s i t e ,   m o s t  o f  t h e   a l t e r e d   p l a g ' i o c l a s e   h a d  

b e e n   p l u c k e d   f r o m   t h e   t h i n - s e c t i o n .  

.. 

.. . . . .  . .~ 

P a l e - b r o w n   t o   r e d - b r o w n ,   t a b u l a r   b i o t i t e .   c o m p r i s e s  . .  

b e t w e e n  4 and  8 p e r c e n t  o f  t h e  s a m p l e s ;  t h e   b i o t i t e  w a s  

commonly a l t e r e d   t o   s e r i c i t e  o r  c l a y   a n d   m a g n e t i t e .  In . t h e  

h o r n b l e n d e - b i o t i t e   a n d e s i t e ,   p a l e   o l i v e   t o   b r o w n ,   s u b h e d r a l  

t o   a n h e d r a l   p h e n o c r y s t s   o f   h o r n b l e n d e   b e t w e e n  0 . 0 5  and 2 mm 

i n   l e n g t h   c o m p r i s e   b e t w e e n  1 and  3 p e r c e n t   o f   t h e   r o c k ;   t h e  

. ,  . . 

h o r n b l e n d e   w a s   f r e q u e n t l y   g l o m e r o p o r p h y r i t i c -   T h o u g h   t h e  



.~ . * h o r n b l e n d e  was f r e s h  in o n e   s a m p l e ,  i t  w a s  f r e q u e n t l y  : . ,  . . 

a l t e r e d   t o   c l a y   a n d   m a g n e t i t e .  . ~ . .. 
. .  .~ 
. .  A c l i n o p y r o x e n e ,   p o s s i b l y  - a u g i t e ,   c o m p r i s e s '  GI .. 

b e t w e e n  a t race and 6 p e r c e n t   o f   t h e   r o c k .  ' The 
, .  

c l i n o p y r o x e n e  i s  c l e a r  t o   v e r y   p a l e .   g r e e n ,   a n h e d r a l ,  , ' 

f r e q u e n t l y   g l o m e r o p o p h y r i t i c ,   a n d  v a r i e s  in s i z e   b e t w e e n  0.3 

and 1.2' mm; t h e   p h e n o c r y s t s   a r e . . f r e q u e n t l y   s u r r o u n d e d   b y  a 

c o r o n a  of h e m a t i t e .   S m a l l   g r a i n s  of m a g n e t i t e ,   s o m e t i m e s  

p a r t i a l l y   a i t e r e d  'to h e m a t i t e ,  a r e  p r e s e n t  i n  amoun t s   o f  

l e s s  t h a n  1 p e r c e n t .   T h e   g r o u n d m a s s  i s  p i l o t a x i t i c .  

. .  

. .  

e 

* 

:. 
, 

. .  
. ., . . . . . 

.i. . 
. .  

. .  
. .  

. .  

. .  . .  
. .  

i . '.. 
, .; 
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. .  



Tuf f  o f  South  Canyon 

A m u l t i p l e - f l o w ,   s i m p l e   c o o l i n g   u n i t   o f   r h y o l i t i c  

a s h - f l o w   t u f f ,   i n f o r m a l l y  named   t he   t u f f   o f   Sou th   Canyon '  by  

O s b u r n   ( 1 9 7 8 ) ,  l i e s  a b o v e   t h e  b a s a l t i c  a n d e s i t e s   t h a t  

o v e r l i e   t h e   t u f f   o f  L e m i t a r  M o u n t a i n s .   T h i s   t u f f  i s  

c o r r e l a t i v e   w i t h   p o r t i o n s   o f   t h e   " u p p e r   t u f f s "   d e s c r i b e d ,   b y  

S i m o n   ( 1 9 7 3 )   i n   t h e   L a n d a v a s o   R e s e r v o i r  a r e a -  . The t u f f   o f  

. .  

S o u t h   C a n y o n   c r o p s   o u t  i n  the L e m i t a r  M o u n t a i n s   ( C h a m b e r l i n ,  

i n  p r o g r e s s )   a n d  is c o r r e l a t i v e  w i t h  t h e   u p p e r   " P o t a t o  

C a n y o n   r h y o l i t e "   f r o m   t h e   J o y i t a  H i l l s .  d e s c r i b e d   b y  

S p r a d l i n   ( 1 9 7 4 ) ;  i t  i s  n o t   c o r r e l a t i v e   w i t h  Deal's ( 1 9 7 3 )  

P o t a t o   C a n y o n   r h y o l i t e   f r o m   t h e   t y p e   s e c t i o n   i n .   t h e   ' S a n  

M a t e o   M o u n t a i n s   ( O s b u r n ,   p e r s o n a l   c o m m u n i c a t i o n , .   1 9 7 9 ) .  

.. 

. .  

T h e   t u f f   o f   S o u t h   C a n y o n   h a s   b e e n   d a t e d  a t  26.2 ' 2 

1.0 m.y. b y   t h e  K/Ar method on b i o t i t e  from a s a m p l e   t a k e n  

f rom the  J o y i t a  H i l l s  ( C h a p i n ,   u n p u b l i s h e d .  d a t a ) .  The t u f f  

h a s   a l s o   b e e n   d a t e d  a t  25.8 -+ 1.0 m - y .   b y  th,e K-Ar method on 

s a n i d i n e   i n  a v i t r o p h y r e ~ ,   a l s o  fr'om  the' ' J o y i t a  H i l l s  

(Bachman  and   Mehner t ,   1978) .  

. : . 

I 

. .  .. .. . .  

T h e   t h i c k n e s s   o f . t h a t   p o r t i o n  of t h e   " u p p e r   t u f f "  

a t  L a n d a v a s o   R e s e r v o i r   c o r r e l a t i v e  w i t h ' t h e  t u f f   o f   S o u t h  

Canyon i s  a b o u t   1 8 0  m ( 6 0 0   f t )   ( S i m o n ,   1 9 7 3 ) .   C h a m b e r l i n  

( i n  p r o g r e s s )   r e p o r ' t s   a n   a v e r a g e   t h i c k n e s s   o f   . 6 0 , m  (200 f t )  

I : 

i n  the Lemitar M o u n t a i n s ;   O s b u r n   ( 1 9 7 8 )   f o u n d  an - . a v e r a g e  
. .  

t h i c k n e s s  of 60-120 m (200-400 f t )  i n   t h e  ea s t - cen t r a l  

M a g d a l e n a   M o u n t a i n s   w i t h  a maximum of 190- m ( 6 2 0  f t )  i n  
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. \  

a S o u t h   C a n y o n .   I n   t h e   t h e s i s  a rea ,  o n   t h e   s o u t h  side 'of Hop. _ _  . 
Canyon., ' t h e   t u f f   o f   S o u t h   C a n y o n   h a s  . a maximum p o s s i b l e  ' , 

t h i c k n e s s   o f  9 0  m (300  f t ) ,   h o w e v e r ,   t h i s   t h i c k n e s s  may b e  

e x a g g e r a t e d   b y   f a u l t s .  

. .  

. .  

The t u f f   o f   S o u t h   C a n y o n   c r o p s   o u t   a s   i s o l a t e d  

l e d g e s  or c l i f f s   s u r r o u n d e d   b y   t a l u s .  !Chi c o n t a c t   w i , t h   t h e  

u n d e r l y i n g   b a s a l t i c   a n d e s i t e  i s  n o t   e x p o s e d  i n  t h e .   t h e s i s  , ' 

area. I n   o u t c r q p   t h e   t u f f   w e a t h e r s   d a r k   g r a y  t o  p i n k i s h  

g r a y ;   o n   f r e s h   s u r f a c e s   t h e   t u f f  i s  c h a r a c t e r i z e d   b y  a 

s t r e a k e d   . a p p e a r a n c e   w h i c h   r e s u l t s   f r o m   w h i t i s h   f l a t t e n e d  

p u m i c e   i n  a p i n k i s h - g r a y   t o   r e d d i s h - g r a y   m a t r i q .   T h e   p u m i c e  

a v e r a g e   2 . c m   i n   l e n g t h   a n d  2 mm i n   t h i c k n e s s , .   a l t h o u g h  

e l e n g t h s  o f  4 t o  5' c m  a r e  n o t  uncommon.  The  pumice a r e  

t y p i c a l l y   c r y s t a l   r i c h   a n d   c o n s t i t u t e   2 5   t o  3 5  p e r c e n t  o f  

t h e   r o c k .  

In h a n d   s p e c i m e n   t h e   s a m p l e s   a r e   d e n s e l y   w e l d e d  

a n d   ' c o n s i s t   p r e d o m i n a n t l y   o f   q u a r t z   a n d   s a n i d i n e   w i t h  traces 

o f   d a r k - b r o w n   b i o t i t e .   T h e   s a n i d i n e  i s  c l e a r ,   , . f r e q u e n t l y  

c h a t o y a n t ,   a n d  may r e a c h  2 mm i n   1 o n g . d . i m e n s i o s .   Q u a r t z  

p h e n o c r y s t ' s  a r e ,  c l e a r ,   s o m e w h a t  smaller, . .  a n d   u s u a l i y . e x h i b i t  , 

a c h a r a c t e r i s t i c   " s q u a r e "   h a b i t .   P h e n o c r y s t ' ,   c o n t e n t  among 

t h e   s a m p l e s   v a r i e s   b e t w e e n  15 and  2 0  p e r c e n t . ,  

. .  

. I  

.. 

I n   t h i n - s e c t i o n   t h e   s a n i d i n e  i s  e u h e d r a l   t o  

a n h e d r a l ,   a v e r a g e s  1 to 1 .5  mm i n   l e n g t h ,   a n d   c o n s t i t u t e s  

a b o u t  15 p e r c e n t   o f   t h e  ' s a m p l e ;  c a r l s b a d   t w i n n i n g  i s  common- 

, Q u a r t z  i s  e u h e d r a l   t o   s u b h e d r a l ,   . s o m e t i m e s   r o u n d e d   a n d  * 
! e m b a y e d ,   a n d   c o n s t i t u t e s   a b o u t  8 p e r c e n t  o f  t h e   s a m p l e -  / .  
I 
i 



e P h e n o c r y s t   r e l i c t s ,   p o s s i b l y   p l a g i o c l a s e ,   h i g h l y ' a l t e r , e d   a n d .  . .  . . 
p a r t . i a l l y   p i u c k e d   f r o m   t h e   t h i n - s e c t i o n ,   ' a r e   e v i d e n t   i n  . , 

t r a c e  amounts'. B i o t i t e  and   magne t i t e   a r e   a l so   p re sen t  in 

t race   amounts .  The . b i o t i t e  i s  orange brown to  dark  brown,  
I 

la th-shaped,   and  averages 0 . 9 ,  mm. i n   l e n g t h ;   t h e   m a g n e t i t e  i s  . ' 

anhedra l ,   averages   0 .3  mm in diameter ' ,   and  shows  t ranslucent  

red rims of   hemat i te .  The pumic.e i s  commonly s p h e r u l i t i c  

w i t h   i n c i p i e n t   d e y i t r i f i c a t i o n   t o   c r i s t o b a l i t e  and f e l d s p a r ;  

r e l i c t   d e v i t r i f i e d   s h a r d s   a r e   e v i d e n t  in the  groundmass. 

- ' ,  

. .. 

The t u f f  of  South Canyon i n   t h e   t h e s i s  area ,does  

no t   exh ih  i t  s i g n i f i c a n t   v a r   i a b  il i t y  . Welding 

c h a r a c t e r i s t i c s  and  phenocryst and  pumice c o n t e n t   s u g g e s t  

t h a t  i t  i s . c o r r e l a t i v e   w i t h   t h e  u p p e r  90 m (300 f t )  of 

Osburn's (1978)  "upper s t r e a k e d   i n t e r v a l "   a t   t h e   t y p e  

s e c t i o n .  . .  . 
e 

. \  

Andes i te  
. .  

. .  . .  .~ 

. .  
. .  . .  

A f low o f  a n d e s i t i . c   l a v a   o v ' e r l i e s  ' t h e  ' t u f f  of 

South Canyon o n  t h e   s o u t h  si.de of Hop' Canyon.  Discontinuous 

o u t c r o p s   a l s o   a p p e a r   i n   t h e  S 1 1 2  of s e c t i o n   2 4 . a n d   t h e  N 

112 of s e c t i o n   2 5  (T3S,R4W). T h i s  a n d e s i t e  i s  s i m i l a r   t o  

Osburn's ( 1 9 7 8 )  i n t e r m e d i a t e   l a v a   w h i c h   o v e r l i e s   t h e   t u f f  o f  

S o u t h .  Canyon on Water  Canyon  Mesa, 8 km (5   mi )   t o   t he   ea s t .  

S i m i l a r  i n t e rmed ia t e   compos i t ion   l avas   have   been   found   sou th  

. ,  

. . : . .  . .  ~ . 

. .  I 

.. 

I ) .  

of   t he   t hes i s   a r ea   (Bowr ing ,   i n   p rogess ) .  

t 
? 



. .  

, .  
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. .  

T h e   a n d e s i t i c  l ava  i n   t h e   t h e s i s  area h a s   n o t   b e e n ,  . .. ' 

d a t e d ;   h o w e v e r ,  i t  l i e s  a'b.ove t h e   t u f f   o f   S o u t h   C a n y o n   a n d  

b e l o w   t h e   r h y o l i t e s  of M a g d a l e n a   P e a k ,   w i . t h i n   t h e  'time 

i n t e r v a l  26 t o  13 my. Osburn ' s  (1978) i n k e r m e d i a t e  l ava  is 

o v e r l a i n  b y   t h e  Water Canyon  Mesa s i l i c i c  l ava  w h i c h   h a s  

b e e n   d a t e d   b y   t h e  KIAr  method on b i o t i t e  a t  20.0 2 0.8 m.y. 

' ( - C h a p i n ,   u n p u b l i s h e d   d a t e ) .   I f   t h e   a n d e s i t e   i n   t h e   t h e s i s  

a r ea  is c o r r e 1 a t i v . e   w i t h   O s b u r n ' s  (1978) i n t e r m e d i a t e  l a v a ,  

t h e n   t h e   a n d e s i t e  may h a v e   b e e n   e r u p t e d   b e t w e e n  2 6  and 20 

m-y . 

. .  

. .  

. .  

'i 

Os5urn  (197.8) r e p o r t s   a n   a v e r a g e   t h i c k n e s s   o f  30' 

t o  60 m (100 t o  200 f t )  for h i s   i n t e r m e d i a t e   l a v a .  In  t h e  

t h e s i s  area t h e  maximum e s t i m a t e d   t h i c k n e s s   o f   t h e   a n d e s i t e  

i s  9 0  m (300 f t ) ,   b u t   t h i s  may b e   e x a g g e r a t e d   b y   f a u l t s .  

.. The a n d e s i t e   c r o p s   o u t  a s  small  d i s c o n t i n u o u s  

l e d g e s   s u r r o u n d e d   b y  a r u b b l y   t a l u s   t h a t   f o r m s   m ' o d e r a t e   t o  

g e n t l e   s l o p e s .  On f r e s h   s u r f a c e s   t h e   r o c k  i s  l i g h t .   g r a y   t o  ' . 

p i n k i s h   g r a y   a n d   w e a t h e r s .   t o  a g r a y   t o   ' r e d d i s h   g r a y -  ' In 

h a n d   . s p e c i m e n , .   s m o k y   q u a r t z   p h e n o c r y s t s   a r e   p r e s e n t  a s  

, rounded   g ra ins   commonly   cove red   by  a w h i t i s h   r i n d   t h a t  .. 

res i s t s ,  f r a c t u r e .   B o t h   q u a r t z   a n d   f e l d s p a r   p h e n o c r y s t s   a r e  

s o m e t i m e s   s u r r o u n d e d   b y  a r e d d i s h   c o r o n a .  

'. 

. .  

.. . .  

In t h i n - s e c t i o n ,   p l a g i o c l a s e  i s  t h e   p r e d o m i n a n t  

p h e n o c r y s t   a n d   c o n s t i t u t e s   b e t w e e n  5 and  7 p e r c e n t   o f   t h e  

r o c k .   E u h e d r a l   t o   s u b h e d r a l   l a t h s ,   c o m m o n l y   a l b i t e   t w i n n e d ,  

a v e r a g e .  0 .8  mm i n   l e n g t h   b u t   r a n g e   f r o m  0 . 2  t o  4 . 0  mm. The 

p l a g i o c l a s e   g e n e r a l l y   s h o w s   e v i d e n c e   o f   s o m e   a l t e r a t i o n ,  
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h o w e v e r   t h e   d e g r e e .   o f   a l t e r a t i o n  va r i e s  g r e a t l y   b o t h  wi th in  . . 

a n d .   b e t w e e n   s a m p l e s ;   s o m e   p h e n o c r y s t s  a r e .  c o m p r e t e l y  

r e p l a c e d .   A l t e r a t i o n  i s  c o m m o n l y   c o n f i n e d   t o   a n   o u t e r   z o n e  

which  va r i e s  i n  t h i c k n e s s ,   h o w e v e r ,  ' a l t e r a t i o n  . may f o l l o w  

c r a c k s   i n   f r a c t u r e d   p h e q o c r y s t s .  T h e   a l t e . r e d   z o n e . i s   r i m m e d  

w i t h  a t h i n   o v e r g r o w t h   o f   w h a t   m a y ' b e   p o t a s s i u m   f e l d s p a r .  

T h e   c o m p o s i t i o n   o f   t h e   p l a g i o c l a s e  i s  a b o u t   A n 4 8 '   d e t e r m i n e d  . 

b y . t h e   M i c h e l - L e v y   k e t h o d  on 1 2  g r a i n s .  

. .  .. . 

Q u a r t z   g r a i n s  a r e  a n h e d r a l ,   r o u n d e d ,   a n d   s o m e t i m e s  

e m b a y e d .   T h e y   f r e q u e n t l y   s h o w   w h a t  may b e   a u t h i g e n i c  . 

o v e r g r o w t h s   i n   o p t i c a l   c o n t i n u i t y   t h a t  create  s t r a i g h t - l i n e  

or c o n c a v o - c o n v e x   c o n t a c t s   ( f i g .   8 ) .  In  a f e w   g r a i n s , .  a 

t h i n   l i n e  o f  d u s t   a p p q a r s  t o  p r e s e r v e   a n  e a r l i e r  o u t l i n e   o f  

t h e   q u a r t z   g r a i n .  The g r a i n s  , e i t h e r   s i n g l y  or i n  , 

a g g r e g a t e ,   a r e   f r e q u e n t l y   s u r r o u n d e d   b y   v e r y   t h i n   r e a c t i o n  

rims ( f i g .   9 ) .  I n  a n o t h e r   s a m p l e ,   s i n g l e   q u a r t z   g r a i n s   a r e  

c o n c h o i d a l l y   f r a c t u r e d   a l o n g   g r a i n   e d g e s   a n d  . r e a c t i o n  rims . 

are l a c k i n g .   S i m i l a r  rims h a v e   b e e n   r e p o r t e d   b y   ' O s b u r n  

( 1 9 7 8 )  on q u a r t z   g r a i n s   f r o m   t h e '   i n t e r m e d i a t e  lava, o n '  Water 

Canyon Mesa. The q u a r t z   g r a i n s   r a n g e ' f r o m  0 . 4  t o   1 . 8  mm. i n  

d i a m e t e r   a n d   a v e r a g e   a b o u t  1.0 mm; ' t h e y  a r e  c lear  ' b u t  

f r e q u e n t l y   c o n t a i n   t h i n   n e e d l e s   a b o u t  '0.05 mm i n   l e n g t h   o f  

wha t  may b e   r u t i l e .  

. 
\ '  ' 

L 

. .  . .  

. . .  . .  

G l o m e r o p o r p h y r i t i c .   c l i n o p y r o x e n e   c o m p r i s e s   b e t w e e n  

3 and  4 p e r c e n t   o f   t h e   s a m p l e s .   T h e   c l i n o p y r o x e n e  i s  

s u b h e d r a l ,   e q u a n t ,   a n d   r a n g e s   i n   d i a m e t e r   f r o m  0.1 t o  1 . 0  mm 

w i t h   a n   a v e r a g e   o f .  0 .7  mm. A f e w  p h e n o c r y s t s   s h o w   e v i d e n c e  

o f   z o n i n g .  
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Figure 8. Composite grain  of quartz (9) and a pseudomorph 
of  "iddingsite" (I) after  olivine from the  andesite 
above the  tuff. of South Canyon.  The "iddinsite"  in this 
example is poorly  developed but is in  association with 

' .better preserved examples of pseudomorphic phenocrysts 
( f ig .   l o ) .  Magnification is 25x. 
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Figure 9. Reaction.rim on quartz  xen0crys.t (Q)  i n  the  andesite above 

the  tuff of South Canyon. P o  cavit ies   f i l led  with  zeol i te  (Z) 
are present i n  upper right corner.  Magnification is  1OOX. 

. .  
. .  

. . .  

. " , .  . . .  .. . .  . .  - . . .  . .  . .  . .. . . 
" .. 
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. .  
E u h e d r a l   t o   a n h e d r a l   p s e u d o m o r p h s   a f t e r   o l i v i n e , .  

. i .  

w i t h  an a v e r a g e   l e n g t h  of 0.2  mm, make  up b e t w e e n  3 a n d . 6  . .  

p e r c e n t  o f  t h e   r o c k .  . The o l i v i n e   h a s   b e e n   c o m p l e t e l y  

r e p l a c e d   b y   r u b , y - r e d   " i d d i n g s i t e "   ( f i g .  IO). 

P r i m a r y   m a g n e t i t e   i s - p r e s e n t .  'as a n h e d r a l ,   r o u n d e d  

g r a i n s   o f  0.03 mm a v e r a g e   d i a m e t e r ;  i t  c o m p r i s e s   a b . o u t  one 

p e r c e n t  of t h e   r o c k .   M a g n e t i t e ,   b o t h   p r i m a r y   a n d   t h a t  

d e r i v e d   f r o m   a l t e r . a t i o n   p r o d u c t s ,  i s  p a r t i a l l y   a l t e r e d  t o  

h e m a t i t e .  

B r o w n ,   l a t h - s h a p e d   p h e n o c r y s t s  of . b i o t i t e  
. .  

a v e r a g i n g  0 . 4  mm i n   l e n g t h  a r e  p r e s e n t '   i n  t race  a m o u n t s ;   t h e  

b i o t i t e  i s  a l m o s t   c o m p ' l e t e l y   r e p l a c e d   b y   m a g n e t i t e   a n d  

a c h l o r i t e .  The ' t e x t u r e   o f   t h e   g r o u n d m a s s  i s  p i l o t a x i t i c   a n d  

i s  c o m p r i s e d   o f   p l a g i o c l a s e  ' m i c r o l i t e s   w i t h  small 

c l i n o p y r o x e n e   a n d   m a g n e t i t e   g r a i n s   i n   t h e   i n t e r s c i c e s .  

Two o r i g i n s  f o r  t h e   p r e s e n c e  o f  q u a r t z   g r a i n s  i n -  
\ .  

the  a n d e s i t e  a r e  s u g g e s t e d :  
. '  . 

. . .  . '  . .  

1.) T h e .   c r y s t a l l i z a t i o n   o f   t h e   a n d e s i t e '  may .have 

e v o l v e d ,  i n  two s t a g e s . .  In the f i r s t   s t a g e ,  a t '  dep , th   and  .> ~ ~ 

h i g h   p r e s s u r e ,   q u a r t z   c r ' y s t a l l i z e d   i n   e q u i l i b r i u m  " w i t h '  t h e  %. ~ ' :  ' 

magma.  Dur'ing a second  s t a g e ,  a t  l o w e r   p r e s s u r e ,   o l i v i n e  . .  .. 

c r y s t a l l i z e d   a n d   q u a r t z ,  now i n   d i s e q u i l i b r i u m  w i t h  t h e  

magma, was r e s o r b e d .   B e f o r e   t h e   q u a r t z   c o m p l e t e l y  

s. . . : 
. .  .: . . .  . .  

i .  . . ,  . .  

. .  

. 
d i s s a p p e a r e d ,   t h e  magma was q u i c k l y   b r o u g h t   t o   t h e   s u r f a c e -  

C h a p i n   ( p e r s o n a l   c o m m u n i c a t i o n ,  1 9 7 9 )  h a s   o b s e r v e d  t h a t  * , q u a r t z  i s  r e l a t i v e l y  common i n   e a r l y   r i f t  mafic  lavas, i n  the  
i 
! : 
i .  

Socor ro -Hagda lena  a r ea .  T h i s   o b s e r v a t i o n   s u g g e s t s   t h a t   t h e  

.. . . . .. . . - ~ . .  ~ .. .. ~ . . .  .. . . .  

~~ ~~~ 

. .  
. . .. . . ~  ~ 

.. . .  . .  
. r  . .  

. .  

. .  

E u h e d r a l   t o   a n h e d r a l   p s e u d o m o r p h s   a f t e r   o l i v i n e , .  ~. . 
. .  . i .  . 

w i t h  an a v e r a g e   l e n g t h  of 0.2  mm, make  up b e t w e e n  3 a n d . 6  . .  

p e r c e n t  o f  t h e   r o c k .  . The o l i v i n e   h a s   b e e n   c o m p l e t e l y  

r e p l a c e d   b y   r u b , y - r e d   " i d d i n g s i t e "   ( f i g .  IO). 
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Figure  10.  Euhedral  "iddingsite" (I) pseudomorph after olivine, 
and plagioclase  phenocryst (PI i n  the  andesi te  above the 
tuff   of  South Canyon. Magnetite is concentrated  along  the 
edges  of  the  preserved  crystal  outline;  .'!iddingsite"-like 

birefringent  mineral occupy the   in te r ior .  
:. aggregates  of  hematite,  limonite, and an  unidentified 



products  which may indicate  that   the  quartz d i d  n o t  

a l t e r a t i o n  i s  s e l e c t i v e  and a d j a c e n t   c r y s t a l s  may n o t  show 

quartz  grains i s  t h e   f o l l o w i n g :   a )   t h e   r e l a t i v e f p l a r g e   s i z e  

. .  

. .  

. undergone a two s t a g e   c r y s t a l l i z a t i o n   p r o c e s s  or  had become 

local ly   contaminated  wi th   fore ign  mater ia l .  
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P o p o t o s a   F o r m a t i o n  

. .  
. .  

1 . 

T h e   P o p o t o s a   F o r m a t i o n ,   t h e   b a s a l   u n i t   o f   t h e  

S a n t e :   F e   G r o u p ,   c r o p s   o u t   d i s c o n t i n u o u s l y  w i th in  

n o r t h - c e n t r a l   S o c o r r o   C o u n t y :  The f o r m a t i o n - c o n s i s t s  of . .  

b o l s o n   d e p o s i t s   o f   f a n g l o m e r a t e   a n d   ' p l a y a   s e d i m e n t s   ' t h a t  

were d e p o s i t e d  a s  a l l u v i a l   ' f a n s   g r a d i n g  down' p i e d m o n t   s l o p e s  

t o  b a s i n  floor p l a y a   l a k e s   ( C h a p i n ,   C h a m b e r l i n ,   a n d   ' o t h e r s ,  

'1978); l i t h o l o g i c a l l y ,   t h e   f o r m a t i o n   c o n s i s t s  o f  ' 

c o n g l o m e r a t e s ,   m u d f l o w   d e p o s i t s ,   s a n d s t o n e s ,   a n d   m u d s t o n e s .  

T h e   s e d i m e n t s  were d e r i v e d   f r o m   h i g h l a n d   s o u r c e  areas  

s u r r o u n d i n g   t h e   b a s i n ,   s u c h  a s  t h e   C o l o r a d o   P l a t e a u  t o  t h e  

n o r t h w e s t ,   t h e   S i e r r a   . L a d r o n e s   t o   t h e '   n o r t h ,   a n d   t h e  

.. . . .  

G a l l i n a s ,  San M a t e o ,   a n d   M a g d a l e n a   M o u n t a i n s   t o   t h e ' w e s t   a n d  

s o u t h   ( B r u n i n g ,  1973). T h a t   p a r t   o f ,   t h e   P o p o t o s a   b a s i n  east  

o f  t h e   R i o   G r a n d e   h a s   b e e n   u p l i f t e d   a n d ' .  the  P o p o t o s a  

F o r m a t i o n   r e m o v e d   b y   e r o s i o n   ( C h a p i n   a n d   S e a g e r ,  1975). 
'. . 

. .  
The   Popo tosa   Fo rma t ion  was o r i g i n a l l y   d e s c r i b e d   ' b y , . .  

. .  . .  
Denny (1940) who named i t  a f t e r   A r r o y o   P o p o t o s a ,  a. t r i b u t a r y .  '.. . ' ' 

of  t he  R i o   S a l a d o   l o c a t e d   a b o u t  35 km ( 2 0  m i )  ' n o r t h e a s t   . . o f  .' 

Magdalena .  . B r u n i n g  (1973) d i v i d e d   t h e  . . f o r m a t i o n  .. i n t o  

f a n g l o m e r a t e   a n d   p l a y a   f a c i e s   a n d   d e s i g n a t e d  a .  new . t y p e  . 

l o c a l i t y   a l o n g   . C a n a d a   d e  l a  T o r t o l a ,   a b o u t  5 km (3;mi) s o u t h  

o f   Ar royo   Popo tosa .  As a r e s u l t   o f   a n   u n c o n f o r m i t y   w i t h i n  

t h e   f o r m a t i o n   t h a t   o c c u r s  a t  some l o c a l i t i e s ,   t h e   P o p o t o s a  ' 

was l a t e r  d i v i d e d '   i n t o   l o w e r   a n d   u p p e r   m e m b e r s   ( C h a p i n . ,  

' C h a m b e r l i n ,   a n d   o t h e r s ,  1978). ' T h e  lower  member i s  

. .  
. . .  . .  .. .. . 

. 1 .~ . ,  

. .. . .  . .  

..J 
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* c h a r a c t e r i z e d   b y   r e d - b r o w n . ,   v e r y   w e l l - i n d u r a t e d ,  

h e t e r o l i t h i c   m u d f l o w   d e p o s i t s   a n d   c o n g l o m e r a t e s  w i th  m i n o r  

i n t e r c a l a t i o n s   o f   l i g h t - g r a y   s a n d s t o n e s ;   t h e   u p p e r  member i s  . 

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

c o n g l o m e r a t i c   s a n d s t o n e s   ( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,  

1 9 7 8 ) .  I n  t h e   t h e s i s   a r e a ,   s c a t t e r e d   o u t c r o p s   o f   b o t h   t h e  

.. . 
. _  .. 

u p p e r   a n d   l o w e r   m e m b e r s   o c c u r   i n   m i d d l e   a n d   l o w e r  Hop Canyon 

a n d   i n  Agua F r i a   C a n y o n .  
. ,  

In t h e   L e m i t a r   M o u n t a i n s - S o c o r r o .   P e a k  a r ea ,  

C h a m b e r l i n   ( i n   p r e p a r a t i o n )   d e s c r i b e s  a c o m p o s i t e . s e c t . i o n   o f  

t h e   P o p o t o s a   F o r m a t i o n   w i t h  a maximum t h i c k n e s s   o f  420 m 

(1380 f t )   f o r   t h e   l o w e r  member  and 930 m (3050 f t )  f o r  t h e  

u p p e r   m e m b e r .   I n   t h e  Water Canyon a r e a  of t h e   n o r t h - c e n t r a l  

e M a g d a l e n a   M o u n t a i n s ,   O s b u r n   ( 1 9 7 8 )   e s t i m a t e d   t h a t   t h e   l o w e r  

member  may r e a c h  a maximum t h i c k n e s s  .'of 1.20 to 150 i~ ( 4 0 0  t o  

500 f t )  ; t o   t h e  e a s t ,  i n   t h e  Pound  Ranch area, the   uppe . r  

member c o n s i s t s  o f  m u d s t o n e s   a n d  may r e a c h  a t h i c k n e s s   o f   ' 9 0  

m (300 f t ) .  T h e   P o p o t o s a   F o r m a t i o n   t h i n s   i m m e d i a t e l y   s o u t h  

o f  Water C a n y o n ,   b u t   t h i c k e n s   a g a i n  i n  t h e   s o u t h - c e n t r a l  

. M a g d a l e n a   M o u n t a i n s   ( O s b u r n ,   p e r s o n a l   c o m m u n i c a t i o n ,   1 9 7 9 ;  

. 
. .  

. .  . .  . .  . 

. .  

. .  . .  

. .  . 

P e t t y ,   1 9 7 9 1 . .  , , , 

, .  . .  

In t h e   w e s t - c e n t r a l   M a g d a l e n a :   M o u n t a i n s ,   t h e   l o w e r  
. .  

member r e a c h e s  a m i n i m u m .   t h i c k n e s s  o f  a b o u t  ,100 m (330 f t ) ;  

t h e   u p p e r   c o n t a c t  i s  n o t   e x p o s e d ,   h o w e v e r ,   a n d  i t  may ' b e  

much g r e a t e r .   F u r t h e r   w e s t ,   t h e   l o w e r  member  may reach 300 

* . m (1000 f t )  or m o r e   b u t   t h e   a r e a  i s  c o m p l i c a t e d  by  f a u l t s  

and  . t h e   a c t u a l   t h i c k n e s s  i s  n o t  known ( B o w r i n g ,   i n  
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p r o g r e s s ) .  In t h e  thesis a r e a  t h e  maximum e x p o s e d   t h i c k n e s s  

o f   t h e   l o w e r  member is a b o u t  120 m ( 4 0 0  f t )   b u t   t h e   u n i t  may . * 

b e  much t h i c k e r .  The  upper  member i s  , f o u n d   o n l y  a s  t h i n  

. . ,  . .  . .  

o u t c r o p s   w i t h   1 o w e r . c o n t a c t s   o b s c u r e d '   b y   t a l u s  'or  a l l u v i u m ;  

B r u n i n g  (1973) e s t i m a t e d  an e x p o s e d   t h i c k n e s s   o f  30 m (100 

f t )  for the  upper  member on t h e   s o u t h e a s t   s l o p e   o f  

. . -  

M a g a d a l e n a   P e a k ,   i m m e d i a t e l y  west o f   t h e   t h e s i s  a r ea .  

T h e   b a s i n  . i n  which, the  Popotosa '  ' s e d i m e n t s  

a c c u m u l a t e d  w a s  f o r m e d   a f t e r   t h e   e r u p t i o n   o f   t h e   t u f f   o f  

South   Canyon a t  26 m.y. and  was d i s r u p t e d   b y   i n t r a r i f t  

h o r s t s  somet ime   be tween  7 and 4 m.y. (Chap in ,   Chamber l in ,  

and o t h e r s ,  1978). T h e   p e r i o d   o f   d e p o s i t o n ,   h o w e v e r ,  

p r o b a b l y   v a r i e d   w i t h i n   t h e   b a s i n  a s  a r e s u l t  o f  

p a l e o t o p o g r a p h y   a n d   d i f f e r e n t i a l   s u b s i d e n e e .  

. .  

. .  
. .  

'e 
A t  t h e   n o r t h w e s t   e n d   o f   t h e  Bear M o u n t a i n s ,  the  

l o w e r  member o f   t h e  . P o p o t o s a  i s  i n t e r b e d d e d  w i t h  La  Jara  , .  ' 
. .  .. 

P e a k  B a s a l t i c  A n d e s i t e   ( B r u n i n g ,  1973) w h i c h   h a s   b e e n   d a t e d  .; ~ . 

a t  24 t o  30 m.,y. ( C h a p i n ,   p e r s o n a l   c o m m u n i c a t i o n ,  1979). . .  

D e p o s i t i o n   o f ,  t h e  P o p o t o s a  . F o r m a t i o n  in the  Magdalena . .;.'/ 

M o u n t a i n s  may . :have   begun l a t e r ;  on Water Canyon Mesa the  '.. ' 

l o w e r  member rests unconfo rmab ly  on Water Canyon Mesa 

s i l i c i c  l a v a s  d a t e d  a t  20.0 f- 0.8 m.y. ( O s b u r n ,  1978; .. ' . 

C h a p i n ,   u n p u b l i s h e d   d a t e ) .   B o w r i n g   ( p e r s o n a l   . c o m m u n i c a t i o n ,  : '  ~ 

. .  

' . .  . . .. 

.~ 

. .  . .  . .  .. .. 
. .  

. .  
. .  

1979) h a s   f o u n d  a r h y o l i t e   f l o w   i n t e r b e d d e d  i n  t h e   P o p o t o s a  

F o r m a t i o n  i n  a n  a r ea  a b o u t  2 km (1.5 m i )   s o u t h   o f   t h e  thes i s  

. .  

area'.  A s a m p l e  o f   t h i s   f l o w   h a s   b e e n   d a t e d  a t  18-0 f 0 . 8  

mey. ( C h a p i n ,   u n p u b l i s h e d   d a t e ) .  
, .  
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The   younger   age ,  limit o f   t h e   P o p o t o s a   s h o k s  

s imi la r  v a r i a b i l i t y .  In the  S o c o r r o  area,  v o l c a n i s m   r e s u m e d  

a b o u t  12 m.y. a g o   ( C h a p i n ,   C h a m b e r l i n ,   a n d   o t h e r s ,  1978) 

and, on S o c o r r o   P e a k ,  a t r a c h y a n d e s i t e   f l o w   t h a t .   ' o v e r l i e s  

t h e  P o p o t o s a   F o r m a t i o n   h a s .   b e e n   d a t e d  a t  10.7 f 1 . 5  m.y. 

( B u r k e   a n d   o t h e r s ,  1963). I n  t h e   t h e s i s '  a rea ,  however ,  

r h y o l i t e   f l o w s   t h a t   h a v e   b e e n   d a t e d  a t  14.3 ;.ye  (Weber  and 

Basset t ,  1963) and 13.1 f 0 . 5  m.y. ( C h a p i n ,   u n p u b l i s h e d  

d a t e )  o v e r l i e  t h e   P o p o t o s a .   T h u s ,  i n   t h e  Magdalena  

E o u n t a i n s ,   d e p o s i t i o n   o f  the  P o p o t o s a   F o r m a t i o n  may have 

b e e n   c o n f i n e d '  t o  t h e   p e r i o d   b e t w e e n  2 0  and 14 m.y. 

. .  _ .  
I .  

. .  

. .  

Lower  Member.  The  l.ower  member o f  t h e '   P o p . o t o s a   F o r m a t i o n  is 

c o m p r i s e d  of w e l l - i n d u r a t e d   m u d f l o w   d e p o s i t s   w i t h   m i n o r  

i n t e r b e d s   o f   s a n d s t o n e s .  It c r o p s   o u t   i n  two a d j a c e n t  

areas ,  on , t h e   n o r t h   a n d   s o u t h   s i d e s   o f   c e n t r a l ' H o p   C a n y o n ,  

w h e r e  i t  f o r m s  s m a l i ,  steep-sided c l i f f s   a n d   b r o a d ,   m o d e r a t e  

s l o p e s '   o f   t a l u s .  The t a l u s   f r e q u e n t l y .   o b s c u r e s  . t h e  , b a s a l  .~ . 

\ 

.. . 

c o n t a c t   b u t ,  where i t  i s  e x p o s e d ,  t he '  lower member o v e r l i e s  

t he  a n d e s i t e  t h a t  c o n t a i n s  x e n o c r y s t i c   q u a r t z .  . On Magdalena 

Peak ,   Brun ing  (1973) r e p o r t s  t h a t  t h e   P o p o t o s a   F o r m a t i o n  

o v e r l i e ' s   t h e   a n d e s i t e   o f   L a n d a v a s o   R e s e r v o i r .  .~ 

. .  

. ,  

In o u t c r o p  t he  r o c k  i s  d a r k   b r o w n  t o  v e r y   d a r k  

r e d d i s h   b r o w n ;   . f r e s h .   s u r f a c e s  a r e  p i n k   t o   d a r k   r e d d i s h  

. .  

. .  . .  

brown.   The-  c l a s t s  a r e  p r e d o m i n a n t l y   t u f f   o f   S o u t h   C a n y o n  

a n d   a n d e s i t e s ,   i n c l u d i n g   w h a t   a p p e a r s   . t o   b e   t h e   a n d e s i t e  

w i t h   x e n o c r y s t i c   q u a r t z .  



In t h e   l a h a r i c   b r e c c i a s ,   t h e  c l a s t s  r a n g e   i n   s i z e  ' ~. 

f rom 1 m ( 3  f t ) ,  or g r e a t e r ,   t o  l e s s  t h a n  1 cm,  b u t  commonly . .  

a r e  3 t o  1 0  cm; t h e  c l a s t s  a r e  a n g u l a r   t o   s u b a n g u l a r   a n d  

somet imes   rounded .  The  matr. ix is t y p i c a l l y   r e d d i s h   b r o w n  ' 

and i s  composed   of   sandy mud c o n t a i n i n g   f e l d s p a r ,   q u a r t z ,  

. .  _ .  

. .. 

and small l i t h i c   f r a g m e n t s .   B e d d i n g  var ies  i n   t h i c k n e s s  

f r o m   a b o u t  10 cm t o  a f ew mete,rs; i n  t h e  smailer o u t c r o p s ,  

h o w e v e r ,   b e d d i n g  may n o t   b e   e v i d e n t .  

In t h e   m i n o r   s a n d s t o n e s   t h e  c l a s t s  r a n g e   . i n  s i z e  

f rom less  t h a n  1 mm t o  1 cm; t h e y  a r e  v e r y   p o o r l y   s o r t e d ,  

a n d   r a n g e   f r o m   a n g u l a r   t o   r o u n d e d .   B e d d i n g   r a n g e s   f r o m  less 

t h a n  1 c m  t o  4 cm i n   t h i c k n e s s ; .   c r o s s - b e d d i n g  is. not 

e v i d e n t .  

Upper  Member.  The  upper  member o f  t h e   P o p o t o s a   F o r m a t i o n  i s  

c o m p r i s e d   o f   c o n g l o m e r a t e s   a n d   c o n g l o m e r a t i c   s a n d s t o n e s   . t h a t  

c r o p   o u t   d i s c o n t i n u o u s l y .   i n   t h e   n o r t h w e s t e r n   q u a r t e r  of  t h e  

t h e s i s  area.  , T h e   u p p e r   c o n t a c t   o f   t h e   P o p o t o s a   F o r m a t i o n  is. 

u s u a l l y   o b s c u r e d   b y   t a l u s   b u t ,  where i t  i s  e x p o s e d , '   t h e  . . .  

upper  member l i e s  b e l o w   t h e   r h y o l i t e s   o f   M a g d a l e n a   P e a k .  . .  

The c o n t a c t   b e t w e e n   t h e   u p p e r   a n d   l o w e r   m e m b e r s  is nowhere  

exposed  in t h e   t h e s i s  a r ea .  

. .  

. .  . .  

'. . .. : 

. .. ... . 
.~ .. . : : 

. .  . .. 

' , A p i n k   t o   p i n k i s h - b r o w n   r h y o - l i t e   a p p e a r s   t o   b e  

i n t e r b e d d e d   i n   t h e   u p p e r  member  of t h e   P o p o t o s a   F o r m a t i o n  i n  

t h e  SE 114' o f   s e c t i o n  1 4  ( T 3 S ,  R4W). P o r t i o n s   o f   t h e   f l o w  

. .  

a r e  a u t o b r e c c i a t e d .   ' T h e   r h y o l i t e  i s  m o d e r a t e l y   c r y s t a l  r i c h  

w i t h   p h e n o c r y s t s   o f   q u a r t z ,   p l a g i o c l a s e ,   p o t a s s i u m   f e l d s p a r ,  
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9f t h e  t h e s i s  a r ea .  T h i n - s e c t i o n   a n a l y s i s   i n d i c a t e s  t h a t  

t h e   p l a g i o c l a s e   h a s   b e e n   p a r t i a l l y ' r e p l a c e d   b y  c a l c i t e .  

. .  

The uppe r  member i s  c h a r a c t e r i s t i c a l l y   b u f f  to 

brown  and i s  less  w e l l - i n d u r a t e d   t h a n  the lower  member.  The 

c l a s t s  a r e  p r e d o m i n a n t l y   a n d e s i t e s   a n d   a s h - f l o w   t u f f s ,  

i n c l u d i n g   t u f f   o f   S o u t h   C a n y o n .   T h e   s u b r o u n d e d  c l a s t s  v a r y  

g r e a t l y  i n  s i z e   f r o m   o u t c r o p  t o  o u t c r o p ;   t h e y  may r e a c h  30 

cm in d i a m e t e r   b u t  a r e  g e n e r a l l y   v e r y   c o a r s e - s a n d   t o   p e b b l e  ' 

. .. 

s i z e .  

The c o n g l o m e r a t i c   s a n d s t o n e s  a r e  p o o r l y   t o   v e r y  

p o o r l y   s o r t e d .   S t r a t i f i c a t i o n  i s  m o d e r a t e l y   w e l l - d e v e l o p e d  

w i t h   b e d s   r a n g i n g  in t h i c k n e s s   f r o m  l e s s  t h a k  2 c m  t o  as 

m u c h . a s  20 c m ,  w i t h   a n   a v e r a g e   o f   a b o u t  5 ' t o  '10 cm. 

Cross-bedding .  was n o t   . o b s e r v e d . ,   R e g u l a r   s e q u e n c e s   o f   g r a d e d  

b e d s  are' n o t   p r e s e n t ;  c l a s t  s i z e ,  however ,  is. s i g n i f i c a n t l y  

g r e a t e r  i n  t h e   b a s a l   p o r t i o n s   o f   t h o s e   o u t c r o p s  wi.th l a r g e  ". 

v e r t i c a l  . e x p o s u r e ;  In some   ' exposures ,  the  c o n t a c t   b e t w e e n '  ,' ~, 

t h e   u p p e r  member o f   t h e   P o p o t o s a   F o r m a t i o n   a n d  t h e  o v e r l y i n g '  

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

t h e   f l o w - b a n d e d   r h y o l i t e s ,  i s  n o t   . s h a r p l y   d e f i n e d . .   T h i s  

. .  . .  

. .  
. .. 

, . .  

. ,  . .  
. .  

. .  

. .  .~ 

s u g g e s t s   t h a t  a s h o r t  i n t e r v a l  o f   con temporaneous   vo lcan i sm,  

e r o s i o n ,   a n d   d e p o s i t i o n   e x i s t e d   p r i o r   t o   t h e   e r u p t i o n   o f  t h e  

M a g d a l e n a   P e a k   r h y o l i t e  l a v a s .  

t 



e' 

, .  

L i g h t - b r o w n   t o   b u f f   o u t c r o p s   o f   t h e .  ' . 

F o r z i a t i o n   i n   t h e   n o r t h w e s t e r n   p a r t   o f   t h e   t h e s i s  area,  i n  

s e c t i o . n s  10 and 1 1  (T35, R4W), a r e  d i f f e r e n t   i n   c o m p o s i t i o n  ' .  

t h a n   t h o s b   i n   c e n t r a l  Hop Canyon.   The  rock i s  'a f a i r l y  

w e l l - i n d u r a , t e d ,   p o o r l y   s o r t e d   c o n g l o m e r a t e   t h a . t   c o n t a i n s  

s u b r o u n d e d   p e b b l e s   a n d   c o b b l e s .   t h a t  a r e  p r e d o m i n a n t l y .  

d e r i v e d  from. 'A-L P e a k   T u f f   a n d   a n d e s i t e .  C l a s t s  of t u f f  of 

S o u t h   C a n y o n ,   w h i c h   a p p e a r  . i n   t h e   P o p o t o s a   F o r m a t i o n   i n  

c e n t r a l  Hop Canyon, a r e  a b s e n t .  Many o f   t h e  c l a s t s .  c o n t a i n  

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

b e e n   a l t e . r e d  t o  y e l l o w  or y e l l o w - b r o w n   c o l o r s  , b y  

h y d r o t h e r m a l .   a l t e r a t i o n .   T h e s e   c o n g l o m e r a t e s  a re  similar i n  

a p p e a r a n c e   t o   t h e   T e r t i a r y - Q u a t e r n a r y   g r a v e l s   d e s c r i b e d   b y  

C h a m b e r l i n   ( 1 9 7 4 )   i n   t h e   C o u n c i l   R o c k  area.  T r a n s p o r t  

d i r e c t i o n s   i n f e r r e d   f r o m   p e b b l e   i m b r i c a t i o n   i n d i c a t e s  a 

s o u r c e   a r e a   t o   t h e  w e s t  a n d   n o r t h w e s t .   C h a p i u   ( p e r s o n a l  

c o m m u n i c a t i o n ,   1 9 7 9 )   s u g g e s t s   t h a t   t h e s e   g r a v e l s  were s h e d  

e a s t w a r d   i n t o   t h e   M u l l i g a n   G u l c h   g r a b e n   f r o m   h i g h l ' a n d '  areas . 

i n   t h e  Tres M o n t o s a s - G a l l i n a s   M o u n t a i n s  area.  R o a d c u t s  

a l o n g  U.S. Highway 60 ,  a b o u t  8 .  km ~ ~ ( 5 . 5  m i )   , , w e s t ,   o f ,  

M a g d a l e n a ,   h a v e  . ,  ' e x p o s e d .   c o n g l o m e r a t e s  of s i m i l a r  

c o m p o s i t i o n . .   L a r g e  areas o f  . b l e a c h e d   a n d   h y d r o t h e r m a l l y  

a l t e r e d  Hells Mesa and A-L- P e a k   t u f f s   i n   t h e  Tres. Montosas  

a r e a   p r o v i d e  a l o g i c a l   s o u r c e   r e g i o n   f o r   t h e   a l t e r e d  c las t s .  

I m b r i c a t i o n . o f  c l a s t s  i s  common i n   b o t h   t h e   u p p e r  

and   lower   members .  In t h e   e x p o s u r e s   o f   t h e   P o p o t o s a  

F o r m a t i o n   i n   c e n t r a l  Hop C a n y o n ,   i n   s e c t i o n  2 4  (T35, R4W), 

. .  _ .  

. .  

. 

. .  

. .  ,. . . . .~., . 

. .  
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p e b b l e   i m b r i c a t i o n   i n d i c a t e s   f l o w   d i r e c t i o n  i s  p r e d o m i n a n t l y  

t o w a r d s   t h e   n o r t h   a n d   n o r t h e a s t .  In t h e   n o r t h w e s t e r n  

p o r t i o n   o f  t he  t h e s i s  a r e a ,  i n  s e c t i o n s  11 a n d   1 4  (T35, ' 

R 4 W ) ,  ' t h e  ' f l o w   d i r e c t i o n s .  are t o w a r d   t h e  e a s t  ( f i g .  11). 

T r a n s p p r t   d i r e c t i o n s   o f   t h e   P o p o t o s a   F o r m a t i o n  i n  c e n t r a l  

Hop Canyon a re  c o n s i s t e n t  w i t h  a n   a n c e s t r a l   M a g d a l e n a  

h i g h l a n d  area s h e d d i n g   s e d i m e n t s   n o r t h w a r d   i n t o '  t he  P o p o t o s a  

b a s i n   ( B r u n i n g ,  19.73) - T r a n s p o r t   d i r e c t i o n   a n d   c o m p o s i t i o n  

o f  c las t s  o f   t h e   P o p o t o s a   F o r m a t i o n   i n   t h e   n o r t h w e s t e r n   p a r t  

. . o € ,  t h e   t h e s i s  area i n d i c . a t e   d e r i v a t i o n   f r o m  a h i g h l a n d  area 

1 .  

. .  t o  t h e  w e s t ' &  
. .  

Clasts  o f   t h e   t u f f   o f   S o u t h   C a n y o n  a re  p r e s e n t   i n  

b o t h  t he  uppe r   and   ' l ower   members ;   t hey  a r e  t h e   p r e d o m i n a n t  

c l a s t  i n  t h e   l o w e r  member i n   t h e  c e n t r a l  Hop Canyon area.  In 

t h e   u p p e r   m e m b e r ,  i n  t h e   n o r t h w e s t e r n   p a r t   : o f   . t h e   t h e s i s  

area,. c l a s t s  o f   t u f f  . of   Sou th   Canyon  a r e  n o t  p re sen t  

i n d i c a t i n g  t h a t  a t  t h e  time t h e   u p p e r  member w a s  b e i n g  

d e p o s i t e d ,   t h e   t u f f   o f   S o u t h   C a n y o n   h a d   l a r g e l y   b e e n   e r o d e d  

f r o m   t h e   h i g h l a n d  area t o   t h e  west. 

R h y o l i t e   o f   M a g d a l e n a   P e a k  .. 

T h e  r h y o l i t e   o f   M a g d a l e n a   P e a k   c o n s i s t s  o f  p i n k   t o  

r e d - b r o w n ,   f l o w - b a n d e d ,   r h y o l i t e  l ava  t h a t  was e r u p t e d   f r o m  

a v e n t  on M a g d a l e n a   P e a k .   B u f f   t o   g r a y - b r o w n ,   r h y o l i t e  

ash-f1o.w t u f f s   u n d e r l i e   t h e   r h y o l i t e  l a v a  and  a r e  

o c c a s i o n a l l y   i n t e r b e d d e d   b e t w e e n   o v e r l a p p i n g   l o b e s   o f  the  

. .  



IL' 
. .  

e Figure 11. Map showing transport  directions of the Popotosa 
Formation determined from clast  imbrication. 



.& 

'7 3 . .  

f l o w s -  The r h y o l i t e s   c r o p   o u t   a l o n g  the west f l a n k   o f   t h e  

M a g d a i e n a   M o u n t a i n s '   i n  a b r o a d   p a t t e r n  t h a t  e x t e n d s .  2 0  km 

( 1 2  m i )   f r o m   M a g d a l e n a   P e a k   o n   t h e   n o r t h '   t o   t h e  area o f  

A l a m e d a   S p r i n g   o n   t h e   s o u t h .   T h e   r h y o l i t e s   w e r e . . p o s s i b l y  

e r u p t e d   i n  a n o r t h - t r e n d i n g   t o p o g r a p h i c   d e p r e s s i o n   t h a t  may 

h a v e   c o n t r o l l e d  i t s  ' l a t e r a l   e x t e n t .  W h e r e   t h e   b a s a l   . c o n t a c t  

i s  e x p o s e d ,   t h e   r h y o l i t e s '   o v e r l y   t h e   u p p e r  member   o f   t he  

P o p o t o s a   F o r m a t i o n , .  

f 

. .  

The r h y o l i t e   w a s   f i r s t   d e s c r i b e d   b y   L o u g h l i n   a n d  

Koschmann.   (1942)  who i d e n t i f i e d  i t  a s  " p i n k   r . h y o l i t e "   a n d .  

n o t e d  i t s  o c c u r r e n c e   o n   E l e p h a n t   M o u n t a i n   a n d   M a g d a l e n a  

P e a k .   T h e   " p i n k   r h y o l i t e "   t h a t   t h e y   m a p p e d   i n   t h e   K e l l y  

m i n i n g   d i s t r i c t ;   h o w e v e r ,   w a s   l a t e r  shown b y   B l a k e s t a d  

( 1 9 7 8 )   n o t   t o   b e   t h e   r h y o l i t e   o f   M a g d a l e n a   P e a k .   T h e   f i r s t  

d e t a i l e d   s t u d y   w a s  made  by  Weber  (1957)  on a s u i t e  o f  r o c k s  

f r o m   t h e   S t e n d e l   p e r l i t e   d e p o s i t   l o c a t e d   i n   s e c t i o n   1 4  ( T 3 S ,  

R4W), i n   t h e   n o r t h - c e n t r a l   p o r t i o n   o f   t h e   t h e s i s  area.  

W e b e r   ( 1 9 5 7 )   i d e n t i f i  

o f   t h r e e   i n t e r v a l s  

v i t r o p h y r e   s e p a r a t e d  

D e a l  (1 9 7 3 )  

ed a s e q u e n c e   o f   r o c k s   t h a t   c o n s i s t e d  

o f   r h y o l i t e   l a v a s   a n d   a s s o c i a t e d   b a s a l  

by t h i n   u n i t s   o f   t u f f   a n d   b r e c c i a .  ' 

, i n   t h e   a r e a   s o u t h   o f  Mill Canyon 

( S q u a w   P e a k '   q u a d r a n g l e ) ,   i d e n t i f i e d  a p o r p h y r i t i c   " q u a r t z  

l a t i t e "  l a v a   t h a t   l a y   a b o v e   h i s   B e a r t r a p  Canyon   Forma t ion ;  

h e   c o r r e l a t e d   t h i s   1 , a v a   w i t h   t h e   r h y o l i t e . o f   M a g d a l e n a   P e a k .  

O s b u r n   a n d   D o n z e   ( p e r s o n a l   c o m m u n i c a t i o n ,   1 9 7 9 )   r e p o r t   t h a t  

t h e s e  l avas  e x t e n d   a s   f a r   s o u t h   a s   s e c t i o n  3 6  (T4S, R5W), 

1 . 6  km (1 m i ) ,  west o f   A lameda   Sp r ing .   Bowr ing   ( i n  



found i n  the  Socorro Peak area  (Chamberlin, i n  preparat ion) .  

( 4 3 0  f t ) ;  t h i s  thickness   appears  to  b e  r e p r e s e n t a t i v e  of t h e  

Spring.  In  the  eastern Magdalena Mountains, Osburn ( 1 9 7 8 )  

reports  a minimum 'thickness   of  120 m ( 4 0 0  f t )   f o r   t h e   ' l o w e r  

Ranch l a v a s .  

Apparent  f low  direction,  determined  from  tension 



( f i g .  12).' The source  of the   Magdalena  Peak  rhyol i te   lava 

i n  t h e  n o r t h e r n   p a r t   ' o f   t h e   t h e s i s   a r e a  i s  probab ly   t he .   ven t  

a t  Magdalena  Peak. The  Magda1.en.a Peak  vent   can  be  seen a t  

_ _  I .  

the   prominent   outcrop on t h e   e a s t   f a c e   o f   t h a t   p e a k .  It. i s  

c h a r a c t e r i z e d  by a c e n t r a l   c o r e   o f '   s t e e p l y   d i p p i n g   t o  

v e r t i c a l   i n t r u s i v e  r h y o l i t e   t h a t   g r a d e s   i n t o   f l o w s   o f   m o r e  

Bowring (personal  communication, 1979) found no ev idence  of  

v e n t s  i n  t h e   r h y o l i t e   f l o w s   s o u t h   o f  Mill Canyon. In t h e  

e a s t e r n '  Magdalena  Mountains,  Osburn . (1978; p e r s o n a l  

communication, -1979) i d e n t i f i e d   o n e   v e n t   a n d '   r e p o r t e d   t h a t  

t h e r e  i s  some e v i d e n c e   f o r  a second  vent  in a n   a r e a  o f  

rhyol i . t e   cover ing   about  10 sq km :(4 s q ' m i ) .  In  the  Socorro 

. .  

e Peak-Strawberry  Peak  area,   Chamberlin (in p r e p a r a t i o n )   h a s  
. .  

i d e n t i f i e d  numerous v e n t s   f o r   t h e   r h y o l i t e   f l o w s .  

Dates  for  the  Magdalena  Peak  and similar r h y o l i t e s  

have  be.en  obtained  using  the K-Ar method. P e r l i t e   f r o m   t h e  

S t e n d e l   p e r i i t e   d e p o s i t   h a s   b e e n '   d a t e d   b y  Weber and  Basset 

. .  

. .  (1963) a t  1 4 . 0 ' 2  0.7 m.y.;' a .  sample o f '  r h y o l i t e  from 

Magdalena , Peak  has  been  date'd 'at 13.1 .f 0.5.m.y..  (Chapin, 

J a h n s ,   a n d .   o t h e r s ,  1978). 'A r h y o l i t e '   i n t e r b e d d e d  ' in t h e '  
, .  

Popotosa  Formation, a t   t h e  head of Bear  Canyon,  south  of  the : 
t h e s i s   a r e a ,   h a s   b e e n   d a t e d   a t  18.0 _+ 0.8 m.y. (Chapin,  

unpub l i shed   da t e ) .  In the   eastern  Magdalena  Mountains ,   the  

lower  and  upper Pound Ranch l a v a s   h a v e   b e e n   d a t e d   a t  11-8 2 

, .  

. .  

* 0.5 m.y. and  10.5 2 0 . 4  'm.y. . r q s p e c t i v e l y   ( C h a p i n ,  

u n p u b l i s h e d   d a t e s ) .   F u r t h e r   . e a s t   i n   t h e   S o c o r r o   P e a k   a r e a ,  



Figure 12 .  Map showing transport   direction of t he   rhyo l i t e  
of Magdalena  Peak. Transport axis : - . Transport 
direct ion : - . 
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r h y o l i t e   f l o w s   o f  s i m i l a r . .  l i t h o l o g y   t o   t h e  Pound Ranch 

l a v a s ,  h a v e   b e e n   d a t e d  a t  12 t o  7 m-y. o l d   ( C h a p i n ,  

C h a m b e r l i n ,   a n d   o t h e r s ,  1978). 

.Tuffs .  B u f f .  t o  g r a y - b r o w n   a s h - f l o w   t u f f s  a r e  commonly 

p r e s e n t   d i r e c t l y   b e l o w   t h e   r h y o l i t e   f l o w s .  In  some areas ,  

however,  t h e y  may b e   i n t e r b e d d e d   b e t w e e n   o v e r l a p p i n g   l o b e s  - 

of r h y o l i t e  l ava ,  or t h e   t u f f s  may b e   a b s e n t   a l t o g e t h e r -  

O u t c r o p s  of  the  t u f f s  a r e  g e n e r a l l y   r e s t r i c t e d   t o  small 

areas s u c h  a s  g u l l i e s   a n d  'stream b e d s   w h e r e   e r o s i o n   h a s   c u t  , . 

t h r o u g h   t h e   o v e r l y i n g   t a l u s .   T u f f s   e x p o s e d ' a l o n g  the west 

. .  

. ,  

s i d e  of Bop  Canyon a r e  be tween  8 and 18 m (25 and 6 0  f t )  

t h i c k .  In some o u t c r o p s   t h e   t u f f  i s  a s s o c i a t e d  w i t h  - 

... " e b r e c c i a s   c o m p r i s e d   o f   t u f f s   a n d . v i t r o p h y r e .  A t  t h e   S t e n d e l  

p e r l i t e   d e p o s i t ,   w h e r e   e x p o s u r e s   o f  t h e  r h y o l i t e s  a r e  

p a r t i c u l a r l y   g o o d ,  two i n t e r v a l s  . .  o f   t u f f   i n t e r b e d d e d  i n  

p e r l i t e ,   r h y o l i t e ,   a n d   v i t r o p h y r e   c a n   b e   i d e n t i f i e d .  

In -  h a n d   s p e c i m e n   t h e   t u f f s   c o m m o n l y  ' c o n t a i n   d a r k  

r e d d i s h - b r o w n   l i t h i c   . . f r a g m e n t s   t h a t   r a n g e  i n  s , i z e   f r o m  0.5 ' 

t o  15 mm i n  ' d i ame te r   and   compr i se   be tween  1 a n d  '10 p e r c e n t  

o f '   t h e   r o c k .  ' . O v o i d ,   w h , i t e   t o   b u f f   p u m i c e  i s  a l s o  common- 

P h e n o c r y s t s  a r e  scarce  o r   l a c k i n g   i n   s a m p l e s   w i t h   a b u n d . a n t  

l i t h i c   f r a g m e n t s ;   i n   t h e  l e s s  common, l i t h i c - p o o r   s a m p l e s ,  

. .  I .  

. .  

q u a r t z ,   f e l d s p a r ,   a n d   b i o t i t e  are s o m e t i m e s   p r e s e n t :  

M i c r o s c o p i c a l l y ,  a l l  s a m p l e s  a r e  .' p o r p h y r i t i c  

a l t h o u g h   v a r i a b l e   i n   c o m p o s i t i o n .  In m o s t   s a m p l e s ,   q u a r t z  

i s  l a c k i n g  or p r e s e n t   o n l y   i n  t r a c e  a m o u n t s ;   o n e   s a m p l e ,  

i 



h o w e v e r ,   c o n t a i n s   a b o . u t  3 p e r c e n t   a n h e d r a l ,   r o u n d e d   a n d  

e m b a y e d   q u a r t z   p h e n o c r y s t s  t h a t  a v e r a g e  0 . 7  mm i n  d i a m e t e r .  

P l a g i o c l a s e  i s  a l s o  commonly a b s e n t   o r   f o u n d .   o n l y  i n  amoun t s  

less t h a n  4 p e r c e n t .  When . . p r e s e n t   t h e   p i a g i o c l a s e  i s  

t a b u l a r ,  averages be tween  0 .5   and  1.0 mm i n   l e n g t h ,   a n d  has 

a c o m p o s i t i o n   o f   a b o u t  An33 ( 1 4  g r a i n s ,   M i c h e l - L e v y   m e t h a d ) .  

P o t a s s i y m   f e l d s p a r  i s  t h e   m o s t   a b u n d a n t   p h e n 0 c r y s . t   a n d  

c o m p r i s e s   b e t w e e n  a t r ace  and 8 p e r c e n t   o f   t h e   r o c k .  ' The 

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

embayed ,   and   r anges  f rom 0.3 t o   1 . 5  mm i n   d i a m e t e r ;   c a r l s b a d  

. .  

. .  

t w i n n i a g  i s  i n f r e q u e n t .   G , r e e n i s h - b r o w n   t o   d a r k - b r o w n  

b i o . t i t e .  is p r e s e n t   i n  t r a c e  a m o u n t s ;   . t h e   b i o t i t e  i s  

Xath-shaped  and averages  0.5 mm i n  ' l e n g t h .  One s a m p l e  

c o n t a i n s   a b o u t   2 . p e r c e n t   b i o t i t e ,  a t r a c e  o f   g r e e n i s h - b r o w n  

h o r n b l e n d e ,   a n d  a t race  of r o u n d e d   g r a i n s   o f   m a g n e t i t e .  
.. 

R h y o l i t e   F l o w s .  The r h y o l i t e  l avas  a r e  c o m m o n l y   p i n k ,   b u f f ,  

or g r a y  on f , r e s h   s u r f a c e s   a n d   w e a t h e r   t o  a brown t o  r e d d i s h  

b r o w n .   T h e   r h y o l i t e  i s  f r e q u e n t l y   f l o w - b a n d e d   b u t   m a y   b e  : 
massive i n  a p p e a r a n c e .   T h e   b a s a l   p o r t i o n  o f  r h y o l i t e   f l o w s  

f r e q u e n t l y   g r a d e   d o w n w a r d ,   i n t o  . ' a  b l a c k   to^ d a r k - g r a y  

v i t r o p h y r e ;  i n  some  .ou tcrops  t h e  v i t r o p h y r e  may i n   t u r n  

g rade   downward   t o  a m e d i u m - g r a y   p e r l i t e   ( f i g .  13). Where 

t he  t r a n s i t i o n   b e t w e e n   r h y o l i t e  . a n d   v i t r o p h y r e  is  

g r a d a t i o n a l , .   t h i n  l a m e l l a e .  o f   r e d d i s h - b r o w n   d e v i t r i f i e d  

g l a s s  a r e  commonly i n t e r l a y e r e d  i n  t h e   v i t r o p h y r e   g i v i n g  i t  

a f low-band .e ' d   appea rance .   F ro thy ,   a lmos t   pumiceous ,   f l ows  

. , . . .,. 

. . .  ' , ,  . ,  

. .  
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. .  . .  

Figure 13. Flow-banded r h y o l i t e  of Magdalena  Peak t h a t  
grades downward i n t o  a black  vitrophyre.  Photograph 
t a k e n   i n  SE 114 o f - s e c t i o n   1 0  (T3S, R4W). 
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0 a r e  o c c a s i o n a l l y   p r e s e n t   i n   a s s o c i a t i o n   w i t h   p e r l i t e  o r .  _ _  . _  

v i t r o p h y r e .  

A g o o d   e x a m p l e   o f   t h e   r e l a t i o n s h i p   b e t w e e n .  ' . 

r h y o l i t e ,   v i t r o p h y r e ,   a n d   p e r l i t e  can b e   f o u n d  a t  an o u t c r o p  

1oca te .d  i n  t h e .   s a d d l e   n o r t h w e s t   o f  h i l l  "7494", i n  s e c t i o n  

10 ( T 3 S , R 4 W j .  The b a s e   o f   t h e   p e r l i t e  is a u t o b r e c c i a t e d ;  ' 

c l a s t s  o f   p e r l i t e   a v e r a g i n g  5 t o  15 c m  ( 2  to ' 6 .  i n . )  i n  

d i a m e t e r ,   b u t   r e , a c h i n g  ' a  maximum o f   a b o u t  0.5 m (1.5 f t ) ,  

l i e  in a f i n e l y   c o m m i n u t e d   p e r l i t i c  matr ix  ( f i g .  1 4 ) .  

A u t o b r e c c i a t e d  p e r l i t e  i s  a l s o   f o u n d  i n  t h e   v i c i n i t y  o f  t h e  

S t e n d e l   p e r l i t e   d e p o s i t .  

.. . 

The r h y o l i t e s  a r e  f r e q u e n t l y   v e s i c u l a r .  In the  

m o r e   h o m o g e n e o u s   r h y o l i t e s ,   t h e   v e s i c l e s  a r e  t y p i c a l l y  less 

t h a n  2: mm i n   d i a m e t e r   a n d   i r r e g u l a r  i n  s h a p e ,   s u g g e s t i n g  

t h a t  m o v e m e n t   c o n t i n u e d   a f t e r   e x s o l u t i o n  o f  volat i1e.s .  In. 

t h e   f o l i a t e d   r h y o l i t e s ,  t he  v e s i c l e s  h a v e   m i g r a t e d   t o w a r d  

r e g i o n s   o f   l o w e r   p r e s s u r e   a l o n g   s h e a r   p l a n e s ;  ves ic les  a r e  

f r e q u e n t l y   r o u n d  or o v o i d ,   s o m e t i m e s   f o r m i n g  " t r a ins"  o f  

c a v i t i e s  w i t h i n  t h e   f l o w   p l a n e s .  In the, more' v e s i c u l a r  

r h y o l i t e s ;   l a r g e r   g a s  c a v i t i e s  may a l ' s o   b e   f o u n d .   T h e s e  

' c a v i t i e s ,   . c o m m o n l y   c y l i n d r i c a l  in s h a p e ;  a r e  t y p i c a l l y  0-5 

a 

. .  

. .  

t o  2 cm i n  d i a m e t e r   a n d  3 t o  5 cm (1.5 t o  '2 i n . )  i n  l e n g t h ;  

h o w e v e r ,   t h e y  . may r e a c h  a d i a m e t e r   o f   4 0  cm (16 i n . )   a n d  a 

l e n g t h  of  3 m ( 1 0  f t ) .  A g o o d   e x p o s u r e   o f   t h e s e   c y l i n d r i c a l  

g a s  c a v i t i e s  i s  found  on the  w e s t  - s i d e  of  Hop Canyon i n  

. s e c t i o n  1 4  (T3S, R4W) ( f i g .  15 ) .  
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. .  

Figure 14.  The autobrecciated  basal  portion of a. p e r l i t i c  

taken i n  the SE 114 of sect ion 10 (T3S, R4W). 
flow in  t h e  rhyol i te  of Magdalena Peak. Photograph 
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. .  . .  .~ 
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. .  
. .  

Figure 1 5 .  Cylindrical  gas  cavities  in  the  rhyolite of Magda- 
lena Peak. Photograph taken in  the NE 114 of. section 14 
(T3S, R4W). 

. .  

. .  
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0 .  . P r i m a r y   f o l d , i n g   o f   t h e   f l o w   f o l i a t i o n  i s  common i n  . .  . .  

t h e   m o r e   f l u i d a l   h o r i z o n s   o f   t h e   r h y o l i t e s .  . T h e   f o l d s  a r e  

t y p i c a l l y   r e c u m b e n t   a n d   i s o c i i n a l ;   t h e   u p p e r ,   . l i m b s  are 

s o m e t i m e s   s h e a r e d   a n d   t r u n c a t e d   b y   m o v e m e n t   o f   t h e . o v e r l y i n g  

f l o w .  Axes o f   t h e   p r i m ' a r y   f o l d s  l i e  a p p r o x i m a t e l y  

p e r p e n d i c u i a r   t o   l i n e a t i o n   a n d   i n f e r r e d   t r a n s p o r t   d i r e c t i o n .  ' 

The s ca l e  o f   p r i m a r y   f o l d i n g   r a n g e s   f r o m  a f e w   c e n t i m e t e r s  

t o .  less t h a n  . 0 . 5  m ( . I s 5  f t ) .   F o l d s   w i t h  similar 

c h a r a c t e r i s t i c s   i n  a r h y o l i t e   l a v a   i n   N e v a d a   h a v e   b e e n  

d e s c r i b e d   b y   C h r i s t i a n s e n   a n d   L i p m a n  (1966). 

S e c o n d a r y   f o l d i n g  i s  p r e s e n t   i n  s o m e   o u t c r o p s .  

T h i s   f o l d i n g   a p p e a r s   t o   h a v e   f o r m e d   i n  l ava  t h a t   w a s  i n  a 

m o r e   v i s c o u s  s t a t e  ' t h a n   t h a t   i n   w h i c h   t h e   p r i m a r y   f o l d s  

d e v e l o p e d .   T h e   s e c o n d a r y   f o l d i n g  i s  c h a r a c t e r i z e d   b y   l a r g e  

s c a l e  f o l d s   t h a t   a r e   f r e q u e n t l y   r o l l e d  . .  a n d . b r o k e n ;   g a s  

c a v i t i e s ,  when p r e s e n t ,  a r e  o r i e n t e d   p a r a l l e l   t o   f o l d  axes 

a n d   t h e  cavit ie 's  a r e   t y p i c a l l y   m i s s h a p e n   a n d   d e f . o r m e d -   T h e  

f o l d   a x e s .   c o m m o n l y   p a r a l l e l   t h e   p r i m a r y   , l i n e a t i o n   a n d ,  

h e n c e ,   t h e   o r i g i n a l   t r a n s p o r t '   d i r e c t i o n .  
. ,  

S e c o n d a r y   f o l d i n g   . m a y   h a v e ,   r ' e s u i t e d '   f r o m   t w o  
. . .  

i n d e p e n d e n t   m e c h a n i s m s :  . .  

1.) R h y o l i t e   l a v a s ,   i n   a r e a s   w h e r e   t h e y   w e r e   n o t  

l a t e r a l l y   c o n f i n e d   b y   t h e  w a l l s  o f   p a l e o v a l l e y s ,   f o r m e d  

s t e e p - s i d e d   l o b e s   t h a t   s l u m p e d   a l o n g   t h e i r . .   e d g e s   p r o d u c i n g  

s e c o n d a r y   f o l d s .  The a x e s   o f   t h e s e   f o l d s   t e n d e d   t o  l i e  

. .  

0 . p a r a l l e l   t o   t h e   i n i t i a l   t r a n s p o r t   d i r e c t i o n .  

. 
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2.) The r h y o l i t e  l a v a s  p r o b a b l y   f l o w e d   a l o n g  small  

, p a l e o v a l l e y s   c u t   i n t o   t h e   p i e d m o n t   g r a v e l s   o f   t h e   P o p o t o s a  

F o r m a t i o n .   S e c o n d a r y   f o l d i n g  may h a v e   r e s u l t e d   f r o m  

s l u m p i n g   o f  l a v a  f r o m   t h e s e   v a l l e y  wal ls  t o w a r d s   t h e   v a l l e y  

a x i s  a f t e r  t h e  i n i t i a l  p r i m a r y  f l o w  h a d   c e a s e d .  Chapin 

. .  . _  . .  

. .  ( p e r s o n a l   c o m m u n i c a t i o n ,   1 9 7 9 )   n o t e d  the s i m i l a r i t y   o f   t h e  

s t r u c t u r e s .  i n  t h e   r h y o l i t e s  o f  M a g d a l e q a   P e a k   t o   f l o w  

s t r u c t u r e s  i n  t h e   a s h - f l o w   t u f f s   o f   t h e   G r i b b l e s  Run 

p a l e o v a l l e y ,   i n   c e n t r a l   C o l o r a d o .  T h e   s e c o n d a r y   f l o w  

s t r u c t u r e s   i n   t h e   G r i b b l e s  Run a s h - f l o w   t u f f s  have b e e n  

i n t e r p r e t e d  as  t h e   r e s u l t   o f   s e c o n d a r y ,   p o s t - d e p o . s i l x L o n a 1  

m o v e m e n t   o f   t h e   v i s c o u s   t u f f  down t h e   s i d e s  of  t he  v a l l e y  

. . w a l l .  T h i s   s e c o n d a r y   m o v e m e n t  was p e r p e n d i c u l a r   t o  the 

e d i r e c t i o n   o f   t h e   p r i m a r y   f l o w   w h i c h   f o l l o w e d   t h e  axis  o f   t h e  

v a l l e y   ( C h a p i n   a n d   L o w e l l ,   1 9 7 9 ) .  
. .  

. , k  

T r a n s p o r t   d i r e c t i o n  i s  i n f e r r e d  ' f rom t h e  , 
. I  

o r i e n t a t i o n   o f   f l o w   l i n e a t i o n   a n d   t e n s i o n   f r a c t u r e s .   F l o w  

l i n e a t i o n  i s  c h a r a c t e r i z e d   b y   c l o s e l y   s p a c e d   g r o o v e s   a n d  

r i d g e s   h a v i n g  a c o r r u g a t e d .   a p ' p - e a r a n c e  t h a t  a r e  s o m e t i m e s  

f o u n d  on t h e   r e l a t i v e l y   p l a n a r   e x p o s e d   f o l i a t i o n   p l a n e s   o f '  . . . 

. . .. 

t h e   r h y o l i t e s . '  The s u b p a r a l l e l   c o r r u g a t i o n s  a r e  t y p i c a l l y  1 

cm or l ess  i n  r e l i e f   a n d   r u n   d i s c o n t i n u o u s l y   a c r o s s   e x p o s e d  

f l o w   p l a n e s .   T h e y  a r e  somewhat similar in a p p e a r a n c e   t o  

g r o o v e s   d e s c r i b e d   b y   S c h m i n k e   a n d   S w a n s o n   ( 1 9 6 7 )   f o r   f l o w  

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

0 ( 1 9 6 6 )   f o r   f l o w   s t r u c t u r e s   i n   r h y o l i t e  l ava .  The   g rooves  

d e s c r i b e d   b y   t h e s e   a u t h o r s ,   h o w e v e r ,  were t y p i c a l l y  l e s s  
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than 10 mm long and l e s s   t h a n  1 mm i n   r e l i e f ;   t h e i r   o r i g i n  ,. 

w a s '   a t t r i b u t e d  t o  s co r ing  by phenocrys ts  or l i t h i c  

f ragments .  Flow l i n e a t i o n  ' is d e v e l o p e d   p a r a l l e l   t o  ' 

t r a n s p o r t   d i r e c t i o n .  . .. 

Somet imes   sma l l   t ens ion   f r ac tu res   a r e   found   w i th in  

and pe rpend icu la r   t o   t he   g rooves .  More commonly, t h e  

t e n s i o n   f r a c t u r e s   a p p e a r   a s  a se ' r ies   o f   i r regular ;   somet imes  

r a g g e d ,   s u b p a r a l l e l   t e a r s   a c r o s s   e x p o s e d   p l a n a r   s u r f a c e s ' .  

The wid th   o f   t he   f r ac tu re s  i s  u s u a l l y  leas t h a n . 2 -  mm. When 

v iewed   i n   c ros s -eec t ion ,   t he  ' t e n s i o n  ' f r a c t u r e s  l i e  a long  

shear   p lanes   tha t   deve loped   be tween  more   v i scous   l ayers  of  

t he   f l ow.  The t e n s i o n   f r a c t u r e s  d i p  t oward   t he   d i r ec t ion   o f  

movement (Chapin  and  .Lowell, 1 9 7 9 ) .  T r a n s p o r t   d i r e c t i o n s   o f  

t h e   r h y o l i t e s   o f  Magdalena  Peak,  infer.red  from f l o w '  

l i n e a t i o n  and t e n s i o n   f r a c t u r e s ,   a r e  shown . i n   f i g u r e  1 2 .  

. .  

. .  
. .~ The l a r g e   c y l i n d r i c a l   g a s   c a v i t i e s   f o u n d  on t he  

west s i d e  of Hop Canyon, i n   t h e  SW 1 / 4  of s e c t i o n  11 (T3S, 

R4W),  p r o b a b l y   l i e   p a r a l l e l  ' t o  t h e   i n i t i a l   t r a n s p o r t  

d i r ec t ion .   Chap in ' and   Lowel l  ( 1 9 7 9 )  n o t e '   t h a t   w i t h i n   t h e  

f o l i a t i o n   o f   t h e   a s h - f l o w   t u f f   i n   t h e   G r i b b l e s  Run 

p a l e o v a l l e y ,   s t r e t c h e d   g a s   c a v i t i e s   p r o d u c e d  a l i n e a t i o n  

t h a t   p a r a l l e l e d   t h e   t r a n s p o r t   a x i s .  They conc luded   t ha t  

' c o n c u r r e n t   w i t h   t h e   c o l l a p s e . o f   t h e   a s h - f l o w   t u f f ,   g a s e s  

1 .  

. .  

. .  

. .  

wer.e concentrated  a long  shear   planes  and  gas   pockets   formed.  

where  the  volume  of  gas  exceeded.  that   which  could  be 

accomodated on t he   shea r   p l anes .  The gas   .pockets   were  

pu l l ed   i n to   e longa te   fo rms  by subsequent .   laminar  f l o w  o f   t h e  
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welded  tuff ' .  A g a s   c a v i t y   f o r m e d   i n   t h i s  manner  would l i e  

pa ra l l e .1  t o  t h e   t r a n s p a r t   a x i s .  . .  

An a d d i t i o n a l  mechanism may have   opera ted   dur ing  

formation  of   secondary  foiding  during  s lumping.  . .  As t h e s e  

fo lds   deve loped   i n   r e sponse   t o   shea r ing  of t h e  somewhat 

'cooler .   more  viscous magma, reg ions   o f  l o w  pressure.   formed 

along t h e  fo ld   axes .   Vo la t i l e s ,   wh ich  had already  migratecl  

t o   s h e a r   p l a n e s ,   w e r e   c o n c e n t r a t e d   i n   t h e s e   r e g i o n s   o f  l o w  

p r e s s u r e   a l o n g .   f o l d   f r o n t s  and  formed  e longate ,   cavi t ies  

which   were   perpendicular   to   the   secondary   f low  d i rec t ion   and  

g e n e r a l l y   p a r a l l e l   t o   t h e .   i n i t i a l   t r a n s p o r t   d i r e c t i o n   o f   t h e  

l a v a .  The s i z e  of t h e   c a v i t i e s   a p p e a r s   t o   b e   d e p e n d e n t  upon 

t h e  amoun t   o f   vo la t i1e . s   p re sen t   i n   t he   f l ow,   t he   v i scos i ty  

of the  f low,  and  the  magnitude and wavelength  of   the  folds .  

The r h y o l i t e   l a v a s   t y p i c a l l y   f o r m   s t e e p ,   s o m e t i m e s  

v e r t i c a l   c l i f f   f a c e s   t h a t  may reach  1 2 0  m (400 f t )   i n  

r e l i e f .  . Ramp s t r u c t u r e s   a r e   f o u n d   i n   t h e  more v i scous  

r h y o l i t e s ,   e s p e c i a l l y   i n   t h e   s o u t h e r n   p o r t i o n   o f   t h e   , t h e s i s  

a r e a .  ' A good exposure   o f   t hese   s t ruc tu res  i s  found a t   t h e  

e n t r a n c e   t o  Mill 'Canyon in   t he  N W ,  1 / 4  of ' s e c t i o n .  35 ( T 3 S ,  

R4W). The r h y o l i t e   w e a t h e r s   t o   b l o c k y   t a l u s   t h a t  commonly 

obscures   t he   base  of the   sequence   of   tu f f   and   rhyol i te  

l a v a s .  % .  

. . . .  . 

. .  

Ib hand   spec imen   t he   rhyo l i t e s   and   v i t rophyres   a r e  

v a r i a b l e   i n   a p p e a r a n c e .  On f r e s h   s u r f a c e s   t h e   r h y o l i t e s   a r e  

l i g h t  brown t o   p i n k i s h   g r a y   a n d ,   i n f r e q u e n t l y ,   l i g h t   p i n k   t o  

whi te ;   ' they   range   f rom  mass ive  t o  . v e s i c u l a r  and may b e  

. .  

.. 

. j. 

. .~ 

.. 

. .  
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e fl'ow-banded o r  homogeneous in  appearance.,  The r h y o l i t e s ,  

which  are commonly' porphyrit ic ,   contain  phenocry,sts  ' of 

quartz ,   f e ldspar ,  and b i o t i t e ' .  The v i trophyres   are   b lack,  

reddish   b lack,  and d a r k   g r a y ;   t h e   p e r l i t e s   a r e   l i g h t   g r a y  t o .  . . 

. .  

speckled  with dark-brown b i o t i t e .  

. .  
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I q u a r t z   p h e n o c r y s t s   a v e r a g e .  1.0 mm in d i a m e t e r   a n d   c o m p r i s e  . . 
. .  

b e t w e e n  a t r ace  and 6 p e r c e n t  o f  t h e   r o c k ;   q u a r t z   g r a i n s  ,. 

t y p i c a l l y   s h o w   i n t e r n a l .   f r a c t u r e .   P l a g i o c l a s e  i s  the most . '  

a b u n d a n t   p h e n o c r y s t ,   c o m p r i s i n g   a b o u t  8 p e r c e n t  of t h e   r o c k .  

T h e   s u b l i e d r a l  to a n h e d r a l   p l a g i o c l a s e  i s  u s u a l l y   s t r o n g l y  

z o n e d   a n d   r e s o r b e d ;  s i e v e  s t r u c t u r e  is  common. ' S m a l l e r ,  

f r e s h - a p p e a r i n g   . p h e n o c r y s t s  a r e  somet imes   found .   The  

p l a g i o c l a s e  i s  p r e s e n t   b o t h  a s  d i s c r ' e t e   g r a i n s   a v e r a ' g i n g  1 . 2  

mm in l e n g t h   a n d  as  g l o m e r o p o r p h y r i ' t i c   c l u m p s .   T h e  

c o m p o s i t i o n   o f   t h e   p l a g i o c l a s e  i s  a b o u t  An38 ( 2 0  g r a i n s ,  

Michel -Levy  method) .  

, A n h e d r a l   s a n i d i n e   p h e n o c r y s t s   a v e r a g e  1 . 2  'mm i n  

d i a m e t e r   a n d   c o m p r . i s e   b e t w e e n  0 and 3 p e r c e n t   o f   t h e  

s a m p l e s .   L a t h - s h a p e d ,   b r o w n  t o  g r e e n i s h - b r o w n   b i o t i t e  

a v e r a g e s  0.6 mm i n   l e n g t h   a n d  i s  found  in a m o u n t s  of i e s s  

t h a n  1 p e r c e n t .   E u h e d r a l  t o  s u b h e d r a l ,  brown t o  

r e d d i s h - b r o w n   h o r n b l e n d e   p h e n o c r y s t s  are  p r e s e n t  in t race 

a m o u n t s ;   t h e   h o r n b l e n d e  i s  u s u a l l y   f r e s h   i n .   a p p e a r a n c e   b u t .  

i t .  i s  s o m e t i m e s   m o d e r a t e l y   t o   i n t e n s e l y   a l t e r e d .   T r . a c e  

a m o u n t s   o f  small r o ' u n d e d   m a g n e t i t e   g r a i n s   a r e   a l s o   p r e s e n t . .  . 

R e g i o n a l   R e l a t i o n s h i p s .  . T h e   r e l a t i o n s h i p   b e t w e e n  the 

Magda lena   Peak ,   Pound   Ranch ,   and   Socor ro   Peak-S t r awber ry  

P e a k  l avas  i s  u n k n o w n .   C e r t a i n   c h a r a c t e r i s t i c s ,   h o w e v e r ,  

a r e  common t o  a l l   t h r e e  l avas :  1) t h e   l a v a s  a r e  r h y o l i t i c   t o  

r h y o d a c i t i c  in c o m p o s i t i o n ;  2 )  t h e y  a r e  p o o r l y   t o   m o d e r a t e l y  

c r y s t a l   r i c h ;  3 )  e a c h   o f   t h e .   l a v a s  i s  a s s o c i a t e d   w i t h  a 
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i *  ! cauldron;   4 )   the   l avas   pos tda te   the   cau ldrons   in   which   they  
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l i e   b y   a b o u t  16  to   18  m.y. (and   thus   can   no t   be   cons idered  . 

r ing - f r ac tu re   vo lcan i sm  a s soc ia t ed   w i th   cau ld ron   r e su rgence  

Of the   type  des 'cr ibed by  Smith  and  Bailey,  1968);. :'5) t h e  

. .  

. .  . _  

major p o r t i o n  of t he   l avas   were   p robab ly   ex t ruded   i n   t he  ' 

i n t e r v a l  1 4  t o  1 0  m.y. ago;  and '6) t h e   t h r e e   . a r e a s  of 

r h y o l i t e   f l o w s   l i e   a l o n g   t h e   S o c o r r o   t r a n s v e r s e   s h e a r   z o n e  

(Chapin,   Chamberlin,   and  others,   1978). .  
. .  

The p r o x i m i t y   o f   t h e   r h y o l i t e   l a v a   f l o w s  t o  t h r e e  

s t u c t u r a l   f e a t u r e s :   t h e   S o c o r r o   J r a n s v e r s e   s h e a r   z o n e ,   t h e  

r ing - f r ac tu re   zones  o f  t h e i r   r e s p e c t i v e   c a u l d r o n s ,   a n d  

no r th - t r end ing   ex tens ionax   f au l t s   o f   t he   R io   Grande   r i f t ,  

s u g g e s t   t h a t   t h e   e x t r u s i o n  of t h e s e   l a v a s  was . p r o b a b l y  

c o n t r o l l e d  by t h e   i n t e r a c t i o n   o f   t h e s e   s t r u c t u r e s   ( f i g :   1 6 ) .  

The proximi ty  of t h e   t h r e e   r h y o l i t e   f i e l d s   t o   e a c h   o t h e r  and 

, .  

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

t race-e lement   da ta .  .. 

. .  

Alluvium 
. 

. .  
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0.34 
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Tab.le 1. ' Table of chemical  analyses of rhyo l i t e  flows from the. Magdalena 
Peak, Pound Ranch, and Socorro Peak areas .  
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'abandoned  stream  course o f  Pliocene  ag.e.  
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T e r t i a r y   I n t r u s i v e   R o c k s  

T e r t i a r y  d i k e s   a n d   d o m e s  a r e  f o u n d   i n   t h e  eas te rn  

h a l f   o f   t h e   t h e s i s  area w h e r e   t h e y   i n t r u d e   r . o c k s   o f  

O l i g o c e n e , a g e ;   d i k e s   h a v e   n o t   b e e n   f o u n d   i n   t h e   P o p o t o s a  

F o r m a t i o n  or t h e   M a g d a l e n a   P e a k   r h y o l i t e s ,   b o t h   o f   M i o c e n e  

a g e .   T h e   p e r i o d   o f   i n t r u s i o n  of t h e   d i k e s  i s  n o t  known; 

t h e r e  i s  e v i d e n c e ,   h o w e v e r ,   t o   s u g g e s t   t h a t   i n t r u s i o n  

o c c u r r e d   p r e d o m i n a n t l y   i n   t h e  i n t e r v a l  3 0 .  t o  20 m.y. A 

d i s c u s s $ o n .   o f   t h i s   e v i d e n c e  - w i l l  b e   f o u n d  a t  t h e   e n d  of t h i s  

s .ect ion.  
. I  

In. t h e   t h e s i s   a r e a  tlie d i k e s  a r e  p r e d o m i n a n t l y  

n o r t h - t r e n d i n g .  ' a n d   i n t r u d e   b o t h   e x t e n s i o n a l   f a u l t s  

a s s o c i a t e d   w i t h   t h e   R i o   G r a n d e   r i f t   a n d   r i n g   f r a c t u r e s   o f  

t h e   M a g d a l e n a   c a u l d r o n .   T h e   i n t r u s i v e s   c a n   b e   c l a s s i f i e d  

inro t h r e e   g r o u p s :   t h e  l a t i t e  p o r p h y r y   o f   M i s t l e t o e   G u l c h ,  

wh i t e  r h y o l i t e   d i k e s   a n d  d o m e ,   a n d   b a s a l t i c   a n d e s i t e   d i k e s .  

I 
L a t i t e  P o r p h y r y   o f   M i s t 1 , e t o e   G u l c h  

T h e ' .  1a t . i t e  . p o r p h y r y  , o f   M i s t l e t o e   G u l c h   i n t r u d e s  

t h e  Hel ls  Mesa 'Tuff  i n   t h e   n o r t h e a s t '   c o r n e r   o f   t h e ,   t h e s i s  
. .  

area.  I n . '  t h e   K e , l l y   m i n i n g   d i s t r i c t ,   i m m e d i a t e l y   t o   t h e  

n o r t h ,   t h e   l a t i t e - p o r p h y r y , i s  a m a j o r   i n t r u s . i v e   t h a t   a t t a i n s  

'a maximum w i d t h   o f  305 m ( 1 0 0 0  ft). T h e   l a t i t e - p o r p h y r y  

n a r r o w s   , t o w a r d s   t h e   s o u t h   a n d  i s  f u r t h e r   r e d u c e d   a f t e r  it 

c r o s s e s   t h e   e a s t - t r e n d i n g   N o r t h   F o r k   C a n y o n   f a u l t   ( t h e   N o r t h  

B a l d y   c a u l d r o n   r i n g   f a u l t )  - In t h e   t h e s i s  area t h e   d i k e  i s  
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be tween  0.5 t o  1.5 m ( 2  t o  5 f t )  i n  w i d t h   a n d   s t a n d s   a b o u t .  , .  . 

0.5 m (1.5 f t )   a b o v e   t h e  l e s s  r e s i s t a n t   c a u l d r o n   f a c i e s  o f  

t h e  Hells . Mesa T u f f .   T h e   d i k e   . e x t e n d s   s o u t h w a r d   i n t o  the 

t h e s i s   a r e a '   o n l y   a b o u t  800 m ( 2 6 0 0  f t )   b e f o r e  i t '  becomes  
. .  

o b s c u r e d   b y   t a l u s   i n   t h e   v i c i n i t y   o f   t h e   n o r t h  Zork o f  Hop . 

C a n y o n .   B e c a u s e   o f   t h e   s h a r p l y '   r e d u c e d  s i z e  o f   t h e  

i n t r u s i o n  a s  i t  moves   southward  i t  i s  p r o b a b l e   t h a t   t h e   d i k e  

d o e s   n o t   e x t e n d   . f u r t h e r   s o u t h   t h a n  ' is  o b s e r v e d   i n   o u t c r o p .  

In h a n d   s p e c i m e n   t h e   r o c k  i s  g r e e n i s h   g r a y  on 

f r e s h   - s u r f a c e s   a n d   g r a y   t o   l i g h t   r e d d i s h   b r o w n   o n   w e a t h e r e d  

s u r f a c e s .  T h e   t e ' x t u r e  i s  p 0 r p h y r i t i . c   a n d  i s  c h a r a c t e r i z e d  

b y   d i s t i n c t i v e   d a r k - b r o w n ,   p l a t y   b i o t i t e   p h e n o c r y s t s   t h a t  

r e a c h  5 t o  8 mm i n   l e n g t h   a n d   c o m p r i s e   a b o u t  7 p e r c e n t  of 

t h e   r o c k .   P l a g i o c l a s e   a n d   h o r n b l e n d e   p h e n o c r y s t s  were n o t  

o b s e r v e d   t h o u g h   B l a k e s t a d   ( 1 9 7 8 )   r e p o r t e d   t h e i r   p r e s e n c e   i n  

s a m p l e s   f r o m   t h e   K e l l y   d i s t r i c t .  

I n   t h e   K e l l y '   d i s t r i c t ,   t h e  l a t i t e  p o r p h y r y  

o c c u p i e s   f a u l t s   a l o n g  a m a j o r   n o r t h - t r e n d i n g   z o n e   t h a t   h a s  

b e e n   i n t e r p r e t e d  as r i n g   f r a c t u r e s   o f   . t h e   M a g d a l e n a  

c a u l d r o n ;   d i s p l a c e m e n t   a l o n g   t h e  . f a u l t   o c c u p i e d   b y   t h e  

p o r p h y r y   h a s   b e e n   e s t i m a t e d   t o   b e   a b o u t  457 m (1500 f t )  

( B l a k e s t a d ,   1 9 7 8 ) .  I n  t h e   t h e s i s   a r e a   s o u t h   o f  the N o r t h  

Fork Canyon f a u l t ,   t h e   p o r p h y r y   h a s   b e e n   i n t r u d e d   i n t o   t h e  : 

Hel ls  Mesa Tuff   which  shows l i t t l e  o r  no v e r t i c a l  

d i s p l a c e m e n t .  

. . . .  

. .  

. .  

. .  

. .  

. .  
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W h i t e   R h y o l i t e  _ .  . _  

W h i t e   r h y o l i t e   d i k e s  a r e  c o n f i n e d   t o   t h e  eas te rn  

q u a r t e r   o f   t h e   t h e s i s  area w h e r e   t h e y   i n t r u d e   t h e  H e l l s  Mesa 

Tuf f  S i m i l a r   w h i t e   r h y o 1 , i t e   d i k e s   a r e   f o u n d   t o   t h e   n o r t h ,  

i n  t h e  K e l l y  m i n i n g   d i s t r i c t   ( B l a k e s t a d ,   , 1 9 7 8 j   a n d  Bear 

Mounta ins   (Brown,   .1972) ,   and  t o  t h e  e a s t  i n   N o r t h   F o r k  . and  

C o p p e r   c a n y o n s   o f   t h e   n o r t h - c e n t r a l   M a g d a l e n a   M o u n t a i n s  

' ( K r e w e d l ,   1 9 7 4 ) .   W h i t e   r h y o l i t e   d i k e s  a r e  less common,' or 

a b s e n t ,   i n   t h e   s o u t h - c e n t r a l   M a g d a l e n a   M o u n t a i n s   ( O s b u r n ,  

1978; P e t t y ,  1 9 7 9 ;  B o w r i n g ,   i n '   p r o g r e s s ) .  

. .  

. ,  

Because  of  c r o s s - c u t t i n g   r e l a t i o n s h i p s , .   B l a k e s t a d  

( 1 9 7 8 )   i n   t h e   K e l l y   d i s t r i c t   a n d   K r e w e d l   ( 1 9 7 4 )   i n   t h e  

c e n t r a l   M a g d a l e n a   M o u n t a i n s   b o t h   c o n s i d e r e d   t h e   . w h i t e  

r h y o l i t e   d i k e s   t o   b e   t h e   y o u n g e s t  o f  t h e   i n t r u s i v e s .  In khe 

t h e s i s  a rea ,  h o w e v e r ,   t h r e e   l i n e s   o f   e v i d e n c e   - s u g g e s t   t h a t  

t h e   r h y l o i t e s  a r e  n o t   t h e   y o u n g e s t   i n t r u s i v e :  1) t h e   w h i t e  

r h y o l i t e   d i k e s  a r e  n o t   f o u n d  ' i n   r o c k s  of. 2.7 m.y. a g e  or 

y o u n g e r ;   2 )   w h e r e   e x p o s e d ,   t h e   a t t i t u d e   o f   t h e   w h i t e  

r h y o l i t e   d i k e s   h a s   b e e n   r o t a t e d   b e t w e e n  0 a n d   2 5   d e g r e e ' s   t o  

t h e  wes t ,  w h e r e a s ,   t h e   a t t i t u d e s   ' o f   a n d e s i t e   d i k e s   h a v e  .not 

b e e n   r o t a t e d ;  3) t h e   a n d e s i t e   d i k e s   i n t r u d e   . f a u l t s  

. 

. .  
i ' .... . 

. .  

a s s o c i a t e d   w i t h   u p l i f t  o f  t h e   M a g d a l e n a   R a n g e ,   . t h e   w h i t e  . .  

r h y o l i t e   d i k e s  d o  n o t .  .. 

The d i k e s .   a r e   , t y p i c a l l y   n a r r o w   a n d   l o n g ;   t h e y  

r a n g e   i n   t h i c k n e s s   f r o m  1 . 5  t o  3 m (5  t o  10 f t )   a n d   e x t e n d  

as much a s  4 km ( 2 . 5   m i )   i n   l e n g t h . .   T h e y   p r e d o m i n a n t l y  



' 9 6  

. .  ., - 
, 

..  

* i n t r u d e   n o r t h   t r e n d i n g   f a u l t s ,   h o w e v e r ,   d e p a r t u r e   f r o m  t h i s  

t r e n d .  i s  n o t   i n f r e q u e n t   a n d   t h e   c h a r a c t e r   o f   t h e   d i k e s  i s  

s i n u o u s .  The  d i k e s   d i p   s t e e p l y   t o  the east ,  r o u g h l y  

p e r p e n d i c u l a r   t o   t h e   d i p   o f   t h e  Hells Mesa T u f f   w h i c h ,   t h e y  

i n t r u d e .  

_ .  

. .  

. .  

The d i k e s  commonly   c rop   ou t  as res i s tan t  ' w a l l s  

t h a t  r i se  as much as 7 . 5  m ( 2 5  f t )   a b o v e   t h e  H e l l s  Mesa Tuff  

( f i g .  1 7 ) .  Hex ,agona l   and   r ec t angu la r   shaped   co lumnar  

j o i n t i n g ,   p e r p e n d i c u l a r   t o   t h e   i n t r u d e d   s u r f a c e s ,  i s  found  

a t  s o m e   o u t c r o p s   ( f i g s .  18 and 19): W h e r e   ' j o i n t i n g  is 

p r e s e n t ,   t h e   w h i t e   r h y o l i t e   w e a t h e r s   t o  a b l o c k y   . t a l u s .  

F low  band ing  i s  a l s o  p r e s e n t  . a t  some   exposures .  A w h i t e  

r h y o l i t e  dome o f  s i m l l a r  l i t h o l o g i c   c h a r a c t e r i s t i c s   i n t r u d e s  

' t h e  He l l s  'Mesa T u f f   n e a r   t h e   h e a d   o f  Mill Canyon; i t  al 'so 

p r o d u c e s  a b l o c k y   t a l u s ,   w i t h  s o m e   b l o c k s   r e a c h i n g  a 

d i a m e t e r   o f  a meter ( 3  f t )  or more. 

In h a n d   , s p e c i m e n   t h e   w h i t e   r h y o l i t e  i s  white  . t o  

p a l e - p i n k i s h   g r a y  on f r e s h  s u r f a c e s ' a n d  weathers t o  .a b u f f  

t o   l i g h t   g r a y .  The w h i t e   r h y o l i t e  is, p o r p h y r i t i c ;   t h o u g h  a 

f l o w - f o l i a t e d ,   a p h a n i t i c   w h i t e   r h y o l i t e ' w a s   o b s e r v e d  a t  one 

o u t c r o p .   Q u a r t z  i s  t h e   m o s t   a b u n d a n t   p h e n o c r y s t ,   c , o m p r i s i n g  

be tween  5 and 1 0  p e r c e n t   o f   t h e   r o c k ;   t h e   p h e n 0 c r y s t . s  a r e  

s u b h e d r a l   t o   a n h e d r a l   a n d   a v e r a g e   a b o u t  1 mm i n  d i a m e t e r -  

In t h e   w h i t e   r h y o l i t e   f r o m   t h e   d o m e ,   q u a r t z   p h e n o c r y s t s  a r e  

somewhat l ess  a b u n d a n t   a n d   a p p e a r   m o r e   r o u n d e d .   P o t a s s i u m  

f e l d s p a r ,   a v e ' r a g i n g   a b o u t  1 mm i n   l e n g t h ,   c o m p r i s e s   b e t w e e a  

3 and 7 p e r c e n t   o f   t h e   s a m p l e s .   L i m o n i t e   p s e u d o m o r p h s  a f t e r  

- _  

.. 
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Figure 17 .  North-trending white  rhyolite  dike  along  the  east 
' . side.of  the  ridge between  North and South  Baldy peaks. 

White exposure on upper far  right i s  the prominent.out- 

North  Baldy Peak. 
crop of  Hells Mesa Tuff ( f ig .  5) that l i e s  adjacent to 
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. .  
. .  

. .  

. .  

/ 
+Figure  18. White rhyolite  dike showing its resistant nature 

(relative  to  the surrounding Hells Mesa Tuff. ' Columnar I 
(jointing is perpendicular t o  the bounding surfaces. 

Y 

is looking  south, i n . t h e  NE 114 of  section 

. .  
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p y r i t e . ,   a b o u t  0.3 mm i n   d i a m e t e r ,   g i v e  t he  r o c k  a . s p e c k l e d  

a p p e a r a n c e ;   t h e   p s e u d o m o r p h s  are.  p r e s e n t   i n  most samples in 

amounts  less  than 5 p e r c e n t .  

.. 

The a s s o c i a t i o n   o f  , l i m o n i t e   p s e u d o m o r p h s  a f t e r  

p y r i t e  has b e e n .   o b s e r v e d   b y   B l a k e s t a d   ( 1 9 7 8 )  i n  t h e  Kel ly  

d i s t r i c t ,  . and   Kr . ewed1   (1974) ,   Osburn   (1978) ,   ' and   Pe t ty  

( 1 9 7 9 )  i n  t h e   c e n t r a l   M a g d a l e n a   M o u n t a i n s ;   t h e s e  . a u t h o r s  

h a v e  also n o t e d  , t h e   a s s o c i a t i o n   o f  these . d i k e s   w i t h  l a t e r  

h y d r o t h e r m a l   a l t e r a t i o n .   B l a k e s t a d  '. ( 1 9 7 8 )  s ta tes  t h a t  

e v i d e n c e   i n   t h e   K e l l y   m i n i n g   d i s t r i c t   s u g g e s t s   t h a t  t he  same 

e x t e n s i o n a l   f a u l t s   t h a t  were i n t r u d e d   b y   d i k e s   a c t . e d  as 

c o n d u i t s   f o r   h y d r o t h e r m a l   s o l u t i o n s .   O s b u r n   ( 1 9 7 8 )   n o t e s  

t h a t   i n   t h e  c e n t r a l  Magdalena   Mounta ins  the  d i k e s   f r e q u e n t l y  

show s i l i c i c  a l t e r a t i o n ;  a t  the   head   o f   Sou th   Canyon   one   o f  

these s i l i c i f i e d   d i k e s   h a d   b e e n   m i n e d   f o r   g o l d .  In t h e  

t h e s i s  area t h e  white  r h y o l i t e   d i k e s  a r e  a l s ;  f r e q u e n t l y  

s i l i c i f i e d   a n d   g o l d   h a s   b e e n   m i n e d   f r o m   t h e  w a l l  of a d i k e  

n e a r   t h e   s a d d l e   b e t w e e n  Mill and  Copper   Canyons .   The   r idge  ' .  , 

which  ' r u n s   b e t w e e n  . N o r t h   B a l d y   a n d  ' S o u t h   . B a l d y ~   P e a k s  . '  ' . 

p a r a l l e l s ' ,   o r  i s  capped   by ,  a w h i t e   r h y o l i t e   d i k e :  

t h r o u g h o u t   m o s t   o f  i t s  l e n g t h  small p r o s p e c t s   ' h a v e   b e e n   c u t  

i n t o   t h e   m o r e   s i l i c i f i e d   o u t c r o p s   o f   t h e   d i k e  . ' o r  t h e  

a d j a c e n t  Hel l s  Mesa T u f f .  A f u r t h e r   d i s c u s s i o n   o f  

h y d r o t h e r m a l   a l t e r a t i o n   a s s o c i a t e d  w i t h  t h e   d i k e s  w i l l  b e  

f o u n d   i n   t h e -   s e c t i o n   o n   e c o n o m i c   g e o l o g y .  

. .  

- 

. .  

. .  

. .  . .  
. .  
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* B a s a l t i c   A n d e s i t e  

B a s a l t i c - a n d e s i t e   d i k e s   c r o p   o u t  a t .  a f e w  

s c a t t e r e d   l o c a t i o n s  on b o t h   s i d e s   o f  Hop Canyon., On the 

n o r t h   s i d e   o f   t h e   C a n y o n ,   d i k e s   c u t   t h e  Hel ls  Mesa Tuf f   and  

t h e   t u f f   o f   L e m i t a r   M o u n t a i n s   w i t h  . its o v e r l y i n g   a n d e s i t e ;  

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

s e p a r a t e s   t h e   t u f f   o f  Lemitar M o u n t a i n s   f r o m   t h e   t u f f  of 

South   Canyon.  

. .  

T h e   d i k e s   r a n g e   b e t w e e n  1.5 and 3 m ( 5  and 1 0  f t )  

in w i d t h   a n d   e x t e n d   f r o m  a few m t o  400 m (1300 f t )  i n  

l e n g t h .   T h e y   h a v e   b e . e n   i n r r u d e d   a l o n g   f a u l t s   t h a t   t r e n d  

p r e d o m i p a n t l y   n o r t h - s o u t h .  ' In o u t c r o p   t h e   b a s a l t i c  

a n d e s i t e s  a r e  d a r k   b r o w n   t o   d a r k   o r a n g e   b r o w n ;  on f r e s h  

s u r f a c e s   t h e y  a re  d a r k   r e d d i s h   g r a y  t o  p u r p l i s h   g r a y .  

In h a n d   s p e c i m e n   t h e  ' a n d e s i t e  i s  commonly 

p o r p h y r i t c ,   h o w e v e r ,   p h e n o c r y s t s   v a r y   i n   a b u n d a n c e   a n d   t y p e .  

A s l i g h t l y   p o r p h y r i t c   s a m p l e   c o n t a i n s  small ,  l a t h - s h a p e d   a n d  

r o u n d ,   r e d d i s h . ' f e r r o m a g n e s i a n   p h e n o c r y s t s   i n   a n   a p h a n i t i c  

g r o u n d m a s s ;  a g o r e   p o r p h y r i t i c   v a r i e t y  i s  c h a r a c t e r i z e d   b y  

l a r g e   c h a l k y ,   w h i t e   p h e n o c r y s t s   o f   p l a g i o c l a s e   t h a t   v a r y  .in 

l e n g t h   f r o m  0 . 8  t o  4 mm. 

In t h i n - s e c t i o n   t h e   p l a g i o c l a s e ,   w h i c h   c o m p r i s e s  

b e t w e e n  4 a n d  7 p e r c e n t   o f   t h e   r o c k ,  i s  i n t e n s e l y   a l t e . r e d  

and  i t s  c o m p o s i t i o n   c o u l d   n o t   b e   d e t e r m i n e d .  A 

f e r r o - m a g n e s i a n   m i n e r a l ,   p r o b a b l y  a p y r o x e n e ,   c o m p r i s e d  

a b o u t  5 p e r c e n t   o f   t h e   s a m p l ' e s ;  t h e  p h e n o c r y s t s   w e r e . r o u n d e d  
. .  



. .  . . .  . .  . . .  . 

, 
1'02 

or   l a th-shaped  and c o m p l e t e l y   a l t e r e d   t o   c l a y s   a n d   c a l c i t e .  

Pale-brown b i o t i t e   p h e n o c r y s t s  Khat average  0.'4 mm i n   l e n g t h  

comprise  about 2 p e r c e n t  of  the  rock.   Small ,   rounded  grains  

o f  magne t i t e ,   ave rag ing  0.3 mm i n   . l e n g t h ,   a r e   p r e s e n t   i n  

t r ace  amounts. The groundmass i s  t r a c h y t i c   i n   t e x t u r e .  

. I  
. _  

t 

. .  

Sources 

. The source  and  t imes o'f emplacement of t h e   d i k e s  

and dome a r e   n o t  known; however ,   in   the  northern  Magdalena 

M o u n t a i n s , t h e   d i k e s   a p p e a r   t o   b e   s p a t i a l l y   r e l a t e d   t o   s t o c k s  

o r  in fer red   s tocks   (Krewedl ,  1974;. Blakes tad ,  1978)(fig. 

20) - Two l a r g e   s t o c k s ,   t h e  Anchor  Canyon  and the  N i t t ,  a r e  

l o c a t e d   i n   t h e   : K e l l y   m i n i n g   d i s t r i c t   ( L o u g h l i n   . a n d  

Koschmann, 1942; Blakes t ad ,  1978)- - E i g h t  km ( 5  mi)  north  of  

t h e  K e l l y  d i s t r i c t ,  Brown (1972) i d e n t i f i e d  a monzonite 

s toc .k ,   in t ruding  a n o r t h - t r e n d i n g   f a u l t   z o n e ,   t h a t  he named 

t h e  La Jenc ia   s tock   and   no ted  i t s  s i m i l a r i t y   t o   t h e  N i t t  and 

Anchor  Canyon' s tocks .   These   s tocks  a r e  c o n s i d e r e d .   t o   b e  

p a r t   o f  a l a rge ' compos i t e '   p lu ton   ca l l ed   t he   Magda lena   p lu ton  ,. ' . .  

w h i c h   v a r i e s  i,n composi t ion  f rom  andesi te .   through  mafic .  

monzoni te   to   granophyre  (Park,  1971; Chapin  and  others,  

1974); i t  i s  about  6 . 5  km ( 4  mi)  wide  and.  extends 10.5 km 

(6.5 mi) i n  a n o r t h - s o u t h   d i r e c t i o n   ( B l a k e s t a d ,  1978; 

Chapin,   Jahns,   and  others ,  1978). T h r e e   s m a l l e r   i n t r u s i v e s  

i n   t h e   K e l l y   m i n i n g   d i s t r i c t ,   t h e   V i n d i c a t o r   i n t r u s i v e ,   t h e  

.L inchburg   s tock ,   and   the   Nor th   Baldy   s tock ,   have   a l so  b.een 

i d e n t i f i e d   ( B l a k e s t a d ,  1978). 

.. 

, .  

. .  

. . ._ 

. .  . .  

. .  
. .  

. 
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Figure 20: Location of Tertiary  stocks and prominent dikes i n  
the  northern Magdalena Mountains and the i r   re la t ionship  
to   d ikes  in the   eas te rn  p a r t  of t h e   t h e s i s  area. Composi- 
t i ons  of dikes  range from la t i te  to   rhyo l i t e .  The la rger  
in t rus ives  are as follows: 

(1) La Jencia Creek stock, 
C2) Anchor Canyon stock, 
(3) N i t t  'Monzonite, 
(4)  Vindicator  intrusive (1, 2, 3, and 4 are parts 

(5) Linchburg  stock  (subsurface), 
( 6 )  North Baldy stock  (subsurface), 
(7) Water Canyon stock. 

. .  

of t h e  Magdalena composite  pluton), 

Locations of intrusives outside of t he   t hes i s  area are 
from: Brown (1972),  Chapin  (unpublished map), Blakestad 
(1978), Sumner (in progress), and Krewedl (1974). . .  

.. 

' .  '. 
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A n o t h e r   l a r g e   ' s t o c k   o f   q u a r t z   m o n z o n i t e  . 

c o m p o s i t i o n  i s  found  in   Water   Canyon  (Krewed.1,  1974). 

Between   t he  Water C a n y o n   s t o c k   a n d   t h e   M a g d a l e n a   p l u t o n  is a 

h e a v y   c o n c e n t r a t i o n   o f   w h i t e   r h y o l i t e ,   m a f i c ,   a n d  

l a t i t e - m o n z o n i t e   d i k e s ;   K r e w e d l  (1974) h a s   . p r o p o s e d   t h e  

e x i s t e n c e   o f  a b u r i e d   N o r t h   F o r k   C a n y o n   s t o c k   t o   e x p l a i n  

t h i s '   c o n c e n t r a t i o n .   T h e   r e l a t i o n s h i p   b e t w e e n   t h e  Water ' 

C a n y o n   a n d   i n f e r r e d   ' N o r t h   F o r k   C a n y o n   s t o c k s   a n d   t h e  

M a g d a l e n a   p l u t o n   a r e   n o t  known. 

T h r e e   s t o c k s   f r o m   t h e   n o r t h e r n   M a g d a l e n a   M o u n t a i n s  

h a v e   b e e n   ' d a t e d   b y   t h e  K-Ar m e t h o d ;   t h e  N i t t  and   Anchor '  

C a n y o n   s t o c k s  a t  2 8 . 0  _+ 1.4 m.y. and   28 .3  2: 1 . 4  m-y., 

r e s p e c t i v e l y   ( W e b e r   a n d   B a s s e t t ,  1963), a n d   t h e  Water Canyon 

s t o c k  a t  30.5 _+ 1 . 2  m.y. ( C h a p i n   a n d ,   o t h e r s ,  1974). . , 

' T h e   s t o c k s  o f  t h e   M a g d a l e n a   p l u t o n - a r e   1 o c a . t e d  

a l o n g   t h e   M a g d a l e n a   c a u l d r o n   m a r g i n  ( 3 2 - 2 8  m.y.1 wh ich  

p r o b a b l y   a c t e d  a s  t h e   d o m i n a n t   s t r u c t u r a l   c o n t r o l .   T h e  

Water C a n y o n   s t o c k  is s i m i l a r l y   l o c a t e d   a l o n g :   t h e   N o r t h  

B a l d y   c a u l d r o n   m a r g i n .   I f   t h e   d i k e s .   i n   t h e   t h e s i s  area a r e  

g e n e t i c a l l y   r e l a t e d   t o   t h e   c o m p o s i t e   , p l u t o n   a n d  i t s  ' s t o c k s ,  

t h e y   w e r e   i n t r u d e d  no e a r l i e r   t h a n  3 2 - 2 8  m.y. On h i l ' l  

\ 

. .  

" 8 6 4 8 "  west o f   N o r t h   B a l d y   P e a k ,  i n  s e c t i o n  I3 (T3S, R4W), 

t h e   t u f f  of Lemitar M o u n t a i n s  ( 2 8  m.y.) is' s i l i c i f i e d   a n d  

c u t   b y   s m a l l . v e i n s   o f   b a r i t e   a n d   q u a r t z .   T h i s   i n d i c a t e s  

t h a t  s o m e   o f   t h e   m i n e r a l i z a t i o n  is , y o u n g e r   t h a n  2 8  m.y- .On 

Water Canyon  Mesa,  Osburn (1978; p e r s o n a l   c o m m u n i c a t i o n ,  

1979) n o t e s   . t h a t  a w h i t e   r h y o l i t e   d o m e ,   o v e r l a i n  by' t h e  



* P o p o t o s a   F o r m a t i o n ,   a p p e a r s .   t o   i n t r u d e   t h e  Water Canyon Mesa 

l avas  d a t e d   a t  2 0  m.y. 

In t h e   S a n   J u a n   M o u n t a i n s ,   C o l o r a d o ,   L i p m a n   a n d  

o t h e r s  ( 1 9 7 6 )  r e p o r t e d   t h a t   t h e   m i n e r a l i z a i i o n   a n d  

a s s o c i a t e d   i n t r u s i o n s   o c c u r r e d   a l o n g   c a l d e r a   s ' t r u c t u r e s  5 t o  

15 m.y. a f t e r   t h e   c a l d e r a   f o r m e d .  T h i s  s u g g e s t s   t h a t   t h e  

i n t r u s i o n   o f   d i k e s   a n d   d o m e s   i n   t h e   n o r t h e r n   M a g d a S e n a  

M o u n t a i n s   p r o b a b l y   o c c u r r e d   i n   t h e   p e r i o d   b e t w e e n   2 8   m . y e  

a n d   s o m e t i m e   a f t e r   2 0   m a y .   ' C h a p i n   ( p e r s o n a . 1   c o m m u n i c a t i o n ,  

1 9 7 9 )  n o t e s   t h a t  some of t h e   u n d a t e d   s t o c k s   i n   t h e  

s u b s u r f a c e ,   s u c h  a s  t h e   L i n c h b u r g ,   c o u l d   b e   s u b s t a n t i a l l y  

y o u n g e r   t h a n   2 8  m.y. 

\ 

e The c h a r a c t e r  of  t h e   i n t r u s i v e s  in t h e   s o u . t h e r n  

Bear  ' M o u n t a i n s ,   t h e   K e l l y   d i s t r i c t ,   a n d   t h e   n o r t h e r n  

Magda lena   Moun ta ins  i s  d i f f e r e n t   t h a n   t h a t  i n  t h e   s o u t h e r n  

Magda lena   Moun ta ins .  In t h e   n o r t h ,   t h e   i n ' t r u s i v e s  a r e  

t y p i c a l l y   l i n e a r .   w h i t e   r h y o l i t e   a n d   m a f i c   d i k e s   o f  a g e n e r a l  

n o r t h e r l y   t r e n d .  In t h e   s o u t h ,   h o w e v e r ,   t h e s e  l i n e a r  

f e a t u r e s   l a r g e l y   - d i e   o u t   a n d   t h e   w h i . t e   r h y o l i t e ,   w h e r e  

p r e s e n t ,   t a k e s   t h e   f o r m   o f   d o m e s   a n d   r e l a t i v e l y   s h o r t   r a d i a l  

. 

. .  

d i k e s .  . .  

T h e   m a j o r   s t r u c t u r a l   f e a t u r e   t h a t   s e p a r a t e s   t h e  

n o r t h e r n   5 r o m   . t h e   s o u t h e r n   M a g d a l e n a   M o u n t a i n s  . ' i s  t h e  

S o c o r r o   s h e a r   z o n e .   T h i s   s u g g e s t s   t h a t   t h e   p r i m a r y   s o u r c e  

o f   t h e   i n t r u s i v e s   i n   t h e   n o r t h e r n   M a g d a l e n a   M o u n t a i n s   w a s  

. . t h e   M a g d a l e n a   p l u t o n   a n d   0 t h e . r   s t o c k s   a l o n g   c a u l d r o n  

m a r g i n s ;   L a t e r a l   m o v e m e n t   o f   t h i s  magma t o w a r d s   t h e   s o u t h ,  



107 

a t  m i d -   a n d   u p p e r - c r u s t a l   d e p t h s ,  may h a v e   b e e n   p r e v e n t e d  by 

t h e  . t r ansve r se  s h e a r . .   z o n e  i n  a manner  similar t o  t h a t  

s u g g e s t e d   b y   C h a p i n ,   C h a m b e r l i n ,   a n d  o the r s  ( 1 9 7 8 )  f o r  the  

p ' r e s e n t  magma b o d y   t h a t   u n d e r l i e s   S o c o r r o .   A n o t h e r '   f a c t o r  

may b e   t h e  much   deepe r  l e v e l  of e r o s i o n  i n  the n o r t h e r n  

' _.. . . 

Magdalena   Mounta ins .   The   abundance  of s t o c k s   a n d   d i k e s  

seems t o  increase  w i t h   d e e p e r  l e v e l s  of e r o s i o n .  

. .  

. . . .  . .  
. .  

. .  . 

. .  . .  . .  . .  . . .  . .  . .  
.. 
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Q u a t e r n a r y - T e r t i a r y   D e p o s i t s  
_ -  " 

Piedmont  Gravels 

Gentle,  w e s t w a r d - s l o p i n g   s u r f a c e s  of 

u n c o n s o l i d a t e d   p i e d m o n t   g r a v e l s   g r a d e  f r o m ,  m o d e r a t e  

c o l l u v i u m - c o v e r e d   s l o p e s   d o w n w a r d   i n t o  stream terraces and  

stream b e d s .   T h e s e   s u r f a c e s  a r e  d e v e l o p e d   f r o m   i n d i v i d u a l  

o r   c o a l e s c i n g   a l l u v i a l   f a n s .  The g r a v e l s  a r e  comprised-   of  

p o o r l y   s o r t e d   c o b b l e - ,   p e b b l e - ,   a n d   s a n d - s i z e d  c las t s  - o f  

p r e d o m i n a n t l y   a s h - f l o w   t u f f ,   r h y o l i t e ,   a n d   a n d e s i t e  ' 

l i t h o l o g i e s .  

Q u a t e r n a r y   D e p o s i t s  

A l l u v i u m  . .  . 
\ 

U n c o n s o l i d a t e d   d e t r i t a l  material  d e p o s i t e d  by 

r u n n i n g  water  i n  stream b e d s   a n d  on stream t e r r aces  i s  

mapped as  Q u a t e r n a r y   a l l u v i u m .   T h e   l a r g e s t  a r eas .  .-.' o f  

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

Hop C a n y o n ,   a n d   i n   l o w e r  Agua F r i a  Canyon. 

. .  . .  

. .  
. 

. .  

. .- . . .  . .  . .  
. .  

. 
. . .  

L a n d s l i d e   D e p o s i t s  
.. . 

. 
A l a n d s l i d e ,   c o m p r i s e d   l a r g e l y   o f   d e b r i s   f r o m   t h e  

. .  

r h y o l i t e   o f .   M a g d a l e n a   P e a k ,  i s  found  on t h e   n o r t h e a s t   s i d e  

o f   E l e p h a n t   M o u n t a i n ,   i n   s e c t i o n  2 ( T 3 S ,  R 4 W ) .  T h e   s o u r c e  

' o f   t h e   l a n d s l i d e   c a n   b e   s e e n   i n   t h e   r h y o l i t e   t h a t   c r o p s   o u t  
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l a n d s l i d e .  

C o l l u v i u m   a n d   T a l u s  

U n c o n s o l i d a t e d   s o i l   a n d   r o c k   f r a g m e n t s   d e p o s i t e d  

by m a s s  w a s t i n g   a r e  mapped as c o l l u v i u m - t a l u s .   . T a l u s '  i s  

. .  

f o u n d   m a n t l i n g   s t e e p   s l o p e s ;  i t  is commonly l i t h o l o g i c a l l y  

. h o m o g e n e o u s   a n d   a s s o c i a t e d   w i t h   s p e c i f i c   o u t c r o p s   o f   t u f f   o r  

l ava .  C o l l u v i u m   m a n t l e s   m o r e   m o d e r a t e   s l o p e s   a n d   t y p i c a l l y  

. .  

g r a d e s   i n t o   p i e d m o n t  s l o p e s   o r  stream terraces.  

. ... 

. . .  
\ .  

. . .  
, . .  

. .  

. .  . .. 

.. 

. .  
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STRUCTURE 

The s t ructural   devel .opment   of   the   Magdalena 

Mol in ta ins   can   be   d iv ided   in to   four   per iods :   Laramide   up l i f t  

and  e r o s i o n '   ( a b o u t  75-45 ~ . y . ) ,   O l i g o c e n e   v o l c a n i s m  . and 

. ca lde ra   co l l apse  (37-26 m.y'.), . e x t e n s i o n a l   f a u l t i n g  and 

development o f  t h e  Rio  Gradde r i f t  ( 3 2  m.y- to   'Recent ) ,   and  ' 

r e g i o n a l   u p l i f t  , and  block '   faul t ing  of   the  Magdalena 

Mountains  (about 7-4 m.y.). . .  

. .  

. .  

.Laramide  Uplift   and  Erosion 

.Driring the  Laramide  orogeny  the  Magdalena 

Mountains   area was s i ' tua ted  on a b road ,   no r th - t r end ing  

u p l . i f t   o r   s e r i e s   o f   u p l i f t s   t h a t   e x t e n d e d   f r o m  San  Acacia, 

35.5 km ( 2 2  ' mi)  northeast   of   Magdalena,   south  to   the San 

Mateo  Mountains  (Chapin, 1974; Chapin,  Chamberlin,  and 

o t h e r s ,  1978) .. 

T h e r e   a r e   a t   p r e s e n t  no a c c u r a t e   c o n t r o l s  on t h e  

t iming  o f   t he  u p l i f t  of   the   ancestral   Magdalena  Mountains  '. 

during  the  Laramide. .  In southern   Colorado ,   ' the   Laramide  

u p l i f t  o f  t h e   s o u t h e r n  Rocky Mountains wa.s t runca ted .  by. a 

la te -Eocene   e ros ion   sur face   (Epis   and   Chapin ,  1975), and 

u p l i f t  i s  considered  to   have  ceased  between  middle   and '   la te  . , 

Eocene  (Tweto, 1975). Woodward and o t h e r s  ( 1 9 7 2 )  n o t e d   t h a t  

U p l i f t   o f  ' the  north-trending  Nacimiento  Mountains  of 

n o r t h - c e n t r a l  New Mexico also ceased  during  the  Eocene. . 

Slack  and  Campbell ( 1 9 7 6 )  and Cal lender   and   Zi l insky  ( 1 9 7 6 )  

J, 

. .  . . .  

. .  . . .  

. .  

. .  

. .  

' ,  

_ .  
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r e p o r t e d ,   h o w e v e r ,   t h a t   t h e   u p l i f t   o f   t h e   L u c e r o  . monocline,  

65 .km (40 mi)  north o f  Magdalena, may h a v e   c o n t i n u e d   i n t o  , 

ear ly   Ol igocene   t ime.  

. .  

-In cen t r a l   Socor ro   Coun ty ,   e f fo r t s  to .  -da ' te-   the  

Baca  Formation,  which  provides  an  upper limit t o   t h e  

. .  

, 

. .  . .  _ .  

-.. . 

Laramide   up l i f t   i n   t he   Magda lena   a r ea ,   have  shown mixed 

r e s u l t s .  Snyder   (1969)   r epor t ed   t he   i den t i f i ca t ion   o f .  two 

f o s s i l s   t h a t   i n d i c a t e d   t h e  Baca  Formation was of  Eocene  age. 

S.C. Hook and D.L. Wolberg  (personal  communication,  1979) . , 

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

t h a t   t h e  Baca  Formation  has not been   accu ra t e ly   da t ed .  

Laramide   up l i f t   in   the   Magdalena   a rea   p robably   ceased   dur ing .  

. .  

e 
t h e  m i d d l e  Eocene,  .however, i t  may have   con t inued   i n to   t he  

l a t e  Eocene. 

In the  Magdalena  Mountains  area,   the  Laramide 

u p l i f t  was eroded . down t o   l a t e - P a l e o z o i c   ' r o c k s ;   t h e  

r e s u l t i n g   d e t r i t u s  was d e p o s i t e d   t o   t h e   n o r t h   i n   t h e  . 
west- t rending Baca b a s i n  wher'e i t  bu r i ed   rocks   o f   uppe r ' . .  . 

Cretaceous  age  (Blakestad,   1978;  Chapin,   Chamberlin,   'and , . .  

o the r s ,   1978) .  I n  t h e  K e l l y   m i n i n g   d i s t r i c t ,   l o c a t e d '  on t h e  

no r the rn   f l ank   o f   t he   Magda lena   up l i f t ,   t he   Spea r s   Fo rma t . ion  

a t  the   base   o f   t he   O l igocene   vo lcan ic   s equence   r e s t s  on - t h e  . .. , 

Ab0 fo rma t ion   o f .   Pe rmian   age ;   no r th   o f   t he   up l i f t ,   i n   t he  

northern  Bear   Mountains ,   the   base of t h e   v o l c a n i c   r o c k s  ' .  

. .  .. . . . .  
. .  .~ 

. .  . .  . 

. .  , 

i . .  . . .. , .  

i 
I r e s t s  on the  Baca  Formation. In t he   t hes i s   a r ea , ' .   r ocks  

ear l ie r   than ,   the   Ol igocene   a re   no t   exposed .  



1.1 2 
. .  

Oligocene  Volcanism 
. .. 

The pe r iod  of Oligocene  volcanism  'began  about 37 

m.y. a g o   w i t h   t h e   e r u p t i o n  of t he  ' a n d e s i t i c  t o  l a t i t i c  

magmas of. t h e  ', Spears  Formation  (Chapin,  1974aJ.. 'In t h e  

Ma'gdalena  Mountains,  explosive  volc,anic  activit 'y  began  about 

32 m.y. a g o   w i t h   t h e   c o l l a p s e  of the   ,Nor th   Baldy   ca ldera ;  

t h i s  was fo l lowed,   over   the   next  7 m.y. , .by  the  formation  of 

a t  l e a s t   f o u r   a d ' d i t i o n a l   o v e r l a p p i n g   c a u l d r o n s .   i n   t h e   a r e a  

between  Socorro  Peak  and  the  southern San Mateo  Mountains, a 

d i s t a n c e  of SO km ( 5 0  mi)  (Chapin,   Chamberlin,   and  others,  

1978). The cau ld rons  l i e  on or n e a r   t h e   e a s t - n o r t h e a s t  

t r e n d i n g   t r a n s v e r s e   s h e a r   z o n e   t h a t   h a s   h a d ,  a ' major 

a : i n f l u e n c e  on t h e   d i s t r i b u t i o n  of  magmatism in   t he   Socor ro  

area  (Chapin,   Chamberlin,   and  others,   1978).  The t h e s i s  

a r e a  l i e s  on t h e   m a r g i n s   o f   t h r e e   o f   t h e s e   s t r u c t u r e s ,   t h e  

North  Baldy,  Magdal.e.na,  and  Sawmill Canyon cauldrons ,   and  . ' 

p o s s i b l y  on the  margin  of a t h i r d ,   t h e  Hop Canyon cau ld ron  
' * .  

( f i g .  2 1 ) .  '; . , .  ' . .  . .  

The. North  .Baldy  cauldron was formed  about 32 m-y.' ,, 

. .  

. .  
. .  . .  

, .  ago  foll 'owing .. t h e   . . e r u p t i o n  of  t 'he  Hells Mesa Tuff.  ,The . . '  

nor the rn   marg in   o f . . t he   cau ld ron  i s  def ined  by  the  North  Fork 

Canyon ' and  Unity . f a u l t s   ( B l a k e s t a d ,  -1978) t h a t   t r e n d  

. .  . .  . .  

west -nor thwes t   a long   the   boundary   be tween  t .he   thes i s   a rea  

a n d   t h e   K e l l y   d i s t r i c t   ( f i g .  2 2 ) .  Though t h e   f u l l   a r e a l  

e x t e n t   o f   t h e   c a u l d r o n   h a s   n o t   b e e n   f i r m l y   i d e n t i f i e d ,   t h e  

e .  western   margin   o f   the   cau ldron   probably   l i es   somewhere  in 

.. 

. . .. 
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Figure  21. Map showing  normal faulting and the  location of 
the Magdaleha,  North  Baldy, and S a m i l l  Canyon cauldrons. 
Location of cauldron margins outside  of  the  thesis  area 
from Krewedl (1974) and Blakestad (1978). 
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. .  

. .  
. .  

.. ., 
2 . .  
. .  . .  

. .  . .  
. ,  . 

Figure 22. Photograph  showing locations of  the Magdalena  and 
North Baldy cauldron margins and the prominent white 
outcrop of Hells Mesa Tuff. View is  to  the north  with 
h i l l  "9618" i n  the center and North  Baldy  Peak  on the -  - 
skyline at far  right. 

. .  

. .  
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1 .a. t h e   s u b s u r f a c e   o f   t h e   t h e s i s   a r e a .  , L e n s e s  o f   v o l c a n i c l a s t i c  

b r e c c i a  a re  i n t e r b e d d e d   i n   t h e   u p p e r  Hel ls  Mesa Tuff a n d  

e x t e n d   f r o m   N o r t h   B a l d y   P e a k ,   i n   t h e   n o r t h ,   s o u t h w a r d  4 km ' ' 

F o r k   C a n y o n ' f a u l t   h a s   b e e n   e s t i m a t e d  to b e   a b o u t  425 m (1400  

e x p o s e d  on t h e   c a u l d r o n  w a l l ;  p a r t i a l   c o l l a p s e   o f  t h e  wal l  

T h e   n o r t h - t r e n d i n g '   r i n g   f r a c t u r e   z o n e   , t h a t   m a r k s  

e a s t e r n   q u a r t e r  o f  t h e   t h e s i s   a r e a .  I n  t h e   K e l l y   d i s t r i c t  

. .  
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* t o   t h e   n o r t h ,   t h i s   m a r g i n '  i s  d q l i n e a t e d   b y   f o u r   b r o a d  . ' .  _ .  

s t r u c t u r a l - l i t h o l o g i c   z o n e s ,   e a c h   d o w n - f a u l t e d   t o   t h e  west ' .  

w i t h   r e s p e c t   t o   t h e   o t h e r   ( B l a k e s t a d ,   1 9 7 8 ) .   T h e s e   b r o a d  

f a u l t  z o n e s ,   h o w e v e r ,   t e r m i n a t e .  a t  t h e   N o r t h   F o r k   C a n y o n  

f a u l t ;   s o u t h   o f   t h a t   f a u l t   t h e   c a u l d r o n   m a r g i n  i s  marked.  .by .. 

a s i n g l e   f a u l t   o r   b y  a n a r r o w '   f a u l t   z o n e   ( p l a t e .  1). Bowring 

(in p r o g r e s s )   r e p o r t s   t h a t   t h e   M a g d a l e n a   r i n g   f r a c t u r e   z o n e  

c o n t i n u e s   s o u t h  ,of t h e   t h e s i s   a r e a   i n t o   t h e   w e s t - c e n t r a l  

Magda lena   Moun ta ins .  

. ,  

. .  

The Hells Mesa Tuf f  l i e s  on t h e   e a s t   s i d e   o f   t h i s  

r i n g   f r a c t u r e   z o n e   a n d   t h e   u n i t   o f   S i x m i l e   C a n y o n  on th.e 

west, o r  M a g d a l e n a   c a u l d r o n   s i d e .  In t h e   c e n t r a l   M a g d a l e n a  

M o u n t a i n s   t h i s  same r e l a t i o n s h i p  i s  f o u n d   a l o n g   t h e   n o r t h e r n  

m a r g i n   o f   t h e   S a w m i l l   C a n y o n   c a u l d r o n   ( P e t t y ,   1 9 7 9 ) ;   t h i s  

s u g g e s t s   t h a t   t h e   M a g d a l e n a   a n d   S a w m i l l   C a n y o n   c a u l d r o n s  ' 

a 

s h a r e d   c a u l d r o n   f i l l   i n   t h e   a r e a   w h e r e   t h e y   j o i n e d - ,   i n   t h e  

v i c i n i t y   o f  Mill Canyon. 

The p r e s e n t   a t t i t u d e   o f   t h e   M a g d a l e q a   r . i n g   . f a u l t  . 

in t h e   t h e s i s  ' a rea  is p r o b a b . l y   v e r t i c a l  or s t e e p l y   d i p p i n g ;  
. _  . .  

t h e   f , a u l t ,   h o w e v e r ,  i s  e v e r y w h e r e   o b s c u r e d   b y   t a l u s   a n d  i t s  

a c t u a l   a t t i t u d e  is u n k n o w n .   B l a k e s t a d   ( 1 9 7 8 )   r e p o r t s   t h a t  

m o s t   o f   t h e  ' f a u l t s   i n  ' t i e  Waldo-Madera f a u l t   z o n e   d i p  

s t e e p l y   e a s t w a r d  as  a r e s u l t   o f  l a t e r  r o t a t i o n   d u r i n g  

u p l i f t ;   t h e   o r i g i n a l   a t t i t u d e  w a s   p r o b a b l y   v e r t i c a l  o r  

d i p p i n . 8   s t e e p l y   w e s t w a r d ,   t o w a r d s   t h e   c e n t e r  o f  t h e  

. .  

0~ c a u l d r o n .  The. d i s p l a c e m e n t   a l o n g   t h i s   f a u l t   i n   t h e   t h e s i s  

a rea  is  p r o b a b l y   b e t w e e n  550 and 600 m ( 1 8 0 0   a n d  2000 f t ) ;  

. .  

. .  
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' , i n   t h e   K e l l y   d i s t r i c t   t h e   t o t a l   o f f s e t  may b e  as much a s  760 

m ( 2 5 0 0  f t )   ( B l a k e s t a d ,  1978). 
. .  .. 

The l a t i t e  p o r p h y r y   o f   M i s t l e t o e   G u l c h   f o r m s  an 

a rcua te  band .  in t h e  K e l l y  d i s t r i c t   a n d  i s  i n t e r p r e t e d  by 

B l a k e s t a d  (1978) t o  b e  a r i n g   d i k e   m a r k i n g  t h e  e a s t e r n  

m a r g i n  o f  t h e   M a g d a l e n a   c a u l d r o n .   I n   t h e  thes i s  a r e a ,  s o u t h  

of t h e   N o r t h   F o r k  Canyo'n f a u l t   ( t h e   N o r t h   B a l d y   c a u l d r o n  

r i n g   f r a c t u r e ) ,   t h e  l a t i t e  p o r p h y r y   i n t r u s i o n   d e p a r t s   f r o m  

t h e   c a u l d r o n   m a r g i n   f a u l t   a n d   q u i c k l y   d i e s   o u t .   T h o u g h  the 

M a g d g l e n a   c a u l d r o n   t r u n . c a t e d   t h e   N o r t h   B a l d y   c a u l d r o n ,   t h e  

d e e p - s e . a t e d   r i n g   f r a c t u r e  of t h e   N o r t h   B a l d y   c a u l d r o n  

p r o b a b l y   e x e r t e d   s o m e   c o n t r o l   o v e r   t h e   s o u t h w a r d   m o v e m e n t   o f  

i n t r u s i v e  .magma a n d   h y d r o t h e r m a l   f l u i d s .  

', 

T h e   ' k x i s t e n c e   o f  a '  c a u l d r o n   n e s t l e d   w i t h i n   t h e  

M a g a a l e n a   c a u l d r o n ' h a s   b e e n   s u g g e s t e d   b y   C h a p i n ,   J a h n s ,   a n d  

o t h e r s  (1978) t o   a c c o u n t   f o r   t h e   a p p a r e n t   t e r m i n a t i o n   o f  

; . M a g d a l e r i a   ' c a u l d r o n   r o c k s   w i t h i n   t h e   M a g d a l e n a   c a u l d r o n .   T h e  

p r o p o s e d   c a u l d r o n   h a s   b e e n   n a m e d   t h e  Hop Canyon  cau ' ld ron .  

It h a s   b e e n   s u g g e s t e d   t h a t   t h e  Hop C a n y o n   , c a u l d r o n  i s  t h e  . ' 

s o u r c e   o f   t h e  26-?.y.-old t u f f   o f   ' S o u t h   C a n y o n   a n d ,  

t h e r e f o r e ,   t h e   y o u n g e s t  of . t h e   c a u l d r o n s   i n  . t h e ,  

. .  

' Socorro-Magdalena-San   Mateo   Mounta ins  area ( C h a p i n ,   J a h n s ,  

a n d   o t h e r s ,  1978). A d d i t i o n a l   e v i d e n c e  is n e e d e d  to 

e v a l u a t e   t h e   e x i s t e n c e   a n d   a r e a x   ' e x t e n t .   o f   t h e   c a u l d r o n .  

> 



O l i g o c e n e   E x t e n s i o n a l   F a u l t i n g  
. .  _ .  

In t h e   M a g d a l e n a   M o u n t a i n s   a n   e x t e n s i o n a l  stress 

f i e l d   e x i s t e d  a t  t h e  time o f   t h e   e r u p t i o n   o f   t h e  A-L P e a k  

T u f f   . w h o s e   a g e  is b r a c k e t e d   b e t w e e n   t h e  32 and   28  m.y. a g e s  

o f  u n d e r l y i n g   a n d   o v e r l y i n g   t u f f s ,   r e s p e c t i v e l y   ( C h a p i n ,  

C h a m b e r l i n ,   a n d   o t h e r s ,   1 9 7 8 ) .   T h e   f a u l t i n g   a s s o c i a t e d  w i t h  

t h i s   e x t e n s i o n   f o l l o w e d '   n o r t h - t r e n d i n g -   z o n e s   o f   w e a k n e s s  

t h a t   h a d   d e v e l o p e & -   d u r i n g   t h e   L a t e   P a l e o z o i c   a n d   e a r l y  

T e r t i a r y   o r o g e n i e s   ( C h a p i n ,   1 9 7 8 ) .  In' t h e  Lemitar 

M o u n t a i n s ,   2 4  km ( 1 5   m i )  e a s t  o f   M a g d a l e n a ,   C h a m b e r l i n  

( 1 9 7 8 )   h a s   d o c u m e n t e d   t h e   d e v e l o p m e n t   o f   n o r t h - t r e n d i n g ,  

h i g h - a n g l e   n o r m a l   f a u l t s   b e g i n n i n g   b e t w e e n  32 a n d   2 8  m.y. 

a g o ;   h e   s u g g e s t s   t h a t   t h i s   s t y l e   o f   f a u l t i n g ,   w h i c h  

c o n t i n u e d   u n t i l  2 0  m.y.  a g o ,   w a s   p r o b a b l y   a s s o c i a t e d   w i t h  

h i g h   h e a t   f l o w   a n d   r a p i d  r a t e s  o f   c r u s t a l   e x t e n s i o n .  . '  
. .  

In t h e   n o r t h e r n   M a g d a l e n a   ' M o u n t a i n s ,  . t h e  
\ 

e x t e n s i o n a l  s tress f i e l d  . p r o d u c e d  a . se r i e s  . . :  o f ,  

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

f a c i l i t a t e d   t h e .   i n t r u s i o n  o f  t h e  28-m.y.-old s t o c k s  of t h e  

M a g d a l e n a   c o m p o s i t e   p l u t o n   a l o n g   t h e  e a r l i e r -  formed . . .  . 

M a g d a l e n a   c a u l d r o n   r i n g   f r a c t u r e   z o n e .   ( C h a p i n   a n d   o t h e r s ,  

1 9 7 4 a ;   K r e w e d l ,  , 1974 ;  B l a k e s t a ' d ,   1 9 7 8 ) .   S t o c k s   o f  similar 

a g e   a n d   c o m p o s i t i o n   h a v e   b e e n   f o u n d   i n   t h e   L u c e r o   u p l i f t   b y  

C a l l e n d e r   a n d   Z i l i n s k y   ( 1 9 7 6 ) ,   w h e r e   t h e y   h a d   b e e n   ' i n t r u d e d  

. 

. .  : 

. .  . .. 

. . .  . . .  

a l o n g   n o r t h - . t r e n d i n g   f a u l t s .  
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T h e   n o r t h - t r e n d i n g   f a u l t s   i n   t h e   n o r t h e r n  

Magda lena   Moun ta ins  were a l s o   i n t r u d e d   b y  magmas o f   m a f i c ,  

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

d e r i v e d   f r o m   t h e   s t o c k s   o f   t h e   u n d e r l y i n g   M a g d a l e n a  

c o m p o s i t e   p l u t o n   ( K r e w e d l ,  1 9 7 4 ;  B l a k e s t a d ,   1 . 9 7 8 ) .  ' In t h e  

. .  . . 

t h e s i s  area t h e s e   O l i g o c e n e   f a u l t s  a r e  m a r k e d   b y   w h i t e  

r h y o l i t e   a n d   m a f i c   d i k e s   t h a t   i n t r u d e   t h e  Hells Mesa T u f f .  

T h o u g h   t h e   d i k e s   a n d   a d j a c e n t  Hel ls  Mesa Tuff  are  f r e q u e n t l y  

s i l i c i f i e d ,   t h e r e  is no e v i d e n c e   o f   p o s t - i n t r u s i v e   m o v e m e n t .  ' 

In t h e   K e l l y   d i s t r i c t ,   B l a k e s t a d ' ( l 9 7 8 )   a l s o   f i n d s  l i t t l e  

o r  no p o s t - i n t r u s i v e   m o v e m e n t   a l o n g   f a u l t s   o c c u p i e d   b y  

d i k e s ;   h e   n o t e s ,   h o w e v e r ,   t h a t   t h e   f a u l t i n g   a s s o c i a t e d   w i t h  

t h e  l a t e r  u p l i f t   o f   t h e   M a g d a l e n a   R a n g e   r o t a t e d   r h e  

. .  

e O l i g o c e n e   f a u l t s   a b o u t  30 d e g r e e s   t o   t h e  west.  T h i s  

r o t a t i o n  i s  a l s o   s e e n   i n   t h e   t h e s i s  area:  t h e   l o n g   w h i t e  

r h y o l i t e   d i k e   i n   s e c t i o n s  30 and 3 1  (T3W, R 3 S ) ,   p r o b a b l y  

o r i g i n a l l y   v e r t i c a l ,   p r e s e n t l y   d i p s   b e t w e e n  0 and 7 0  d e g r e e s  

t o   t h e  ea s t .  

C h a p i n   ( 1 9 7 8 )   h a s '   d i v i d e d   t h e   R i o   G r a n d e   r i f t   i n t o  

t h r e e   s e g m e n , t s   t h a t   d i f f e r   s o m e w h a t   i n '   s t r u c t u r a l   , h i s t o r y . .  . 

H e  n o t e d   t h a t   t h e   s o u t h e r n   . s e g m e n t - ,   i n   w h i c h   t h e   M a g d a l e n a  . 

M o u n t a i n s  l i e ,  i s  c h a r a c t e r i z e d   b y  a r e l a t i v e l y   w i d e r  r i f t  

compr i sed   o f  a se r ies  o f   p a r a l l e l ,   n o r t h - t r e n d i n g   b a s i n s   a n d  

. r a n g e s .   D i f f e r e n t i a l   s p r e a d i n g   o f   t h e   r i f t   h a s   r e s u l t e d   i n  

:. '. 
. 

. .  

t h e   d e v e l o p m e n t   o f   t r a n s v e r s e   s h e a r   z o n e s   t h a t   h a v e   a c t e d   a s  

i n c i p i e n t   t r a n s f o r m   f a u l t s ;   t h e s e   s h e a r   z o n e s   t r e n d  

n o r t h e a s t   a n d   f o l l o w  ear l ie r  z o n e s   o f   w e a k n e s s   i n   t h e  
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Precambr ian   basement   (Chapin ,   1978) .  . Chapin,   Chamberl in ,  

a n d . o t h e r s   ' ( 1 9 7 8 )   h a v e  shown t h a t   t h e s e   s h e a r   . z o n e s   . s e p a r a t e  

f i e l d s   w h i c h   h a v e   u n d e r g o n e   - o p p o s i t e   d i r e c t i o n s   o f   r o t a t i o n  

a n d   s t e p   f a u l t ' i n g .   F o r   e x a m p l e , .   i n  t h e  Magdalena  Mountains 

n o r t h   o f   t h e   M o r e n c i   S i n e a m e n t ,   t h e   r o t a t i o n  i s  toward   t he  
. .  

west a n d   s t e p   f a u l t i n g  is down t o  t h e ,   e a s t ;   s o u t h   o f   t h e  

l i n e a m e n t ' ,   t h e   r e v e r s e  is t r u e .  The r e a c t i v a t i o n   o f   t h e  

Morenc i   l i neamen t   and   fo rma t ion '  of t h e   t r a n s v e r s e   s h e a r   ' z o n e .  

was c o n c u r r e n t   w i t h   t h e   d e v e l o p m e n t  o f  a n   e x t e n s i o n a l  stress 

c . 
. .  

f i e l d .  As s e p a r a t i o n   a l o n g   t h e  r i f t  p r o g r e s s e d ,  a s h a l l o w  

b a s i n   d e v e l o p e d  in t h e  Socdrro a r e a ,   t h a t   b y  26  m.y. ago  

began  accumuLating  sediments   of   the   lower member of t h e .  . 

Popotosa  Formation  (Chamberl in ,   1978;   Chapin,   1978) .  

In  the   Lemi ta r   Moun ta ins ,   Chamber l in   (1978)   has  

. .  
b l o c k   r o t a t i o n   t o  r a p i d  e x t e n s i o n  'of a r e l a t i v e l y   t h i n ,  
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f a u l t s   o f   h i g h e r   d i p   a n g l e   a n d   t h e r e  was r e l a t i v e l y  l i t t l e  

, b l o c k   r o t a t i o n .  

The r e l a t i o n s h i p  b ' e t w e e n   b l o c k   r o t a t i o n   a n d   n o r m a l  

f a u l t s   d e s c r i b e d   b y   C h a m b e r l i n   ( 1 9 7 8 ) ,   a n d  l a t e r  found  by  

O s b u r n   ( 1 9 7 8 )   a n d   P e t t y   ( 1 9 7 9 )  i n  the e a s t e r n   M a g d a l e n a  

M o u n t a i n s ,  was n o t   o b s e r v e d  in t h e   t h e s i s  a r ea .  F a u l t s  i n  

t h e   n o r t h w e s t e r n   M a g d a l e n a   M o u n t a i n s ,   w h e r e   e x p o s e d ,  .are  

v e x t i c a l  o r   d i p   s t e e p l y   t o  ' t h e  ' west;  f a u l t   b l o c k s  a r e  

r o t a t e d   t o w a r d   t h e   d i p   o f  t h e  f a u l t .  ' With o n e   e x c e p t i o n ,  

s t r a t a  d i p   - t o   t h e   n o r t h w e s t   a n d   w e s t - n o r t h w e s t   b e t w e e n   1 5  

and 35 d e g r e e s ;   t h e r e  i s  no c o n s i s t e n t   v a r i a t i o n  w i t h  a g e  a s  

w a s  f o u n d   i n   t h e  L e m i t a r  M o u n t a i n s .  S imi l a r  d i p s   a n d  

o r i e n t a t i o n  a r e  f o u n d   t o   t h e   n o r t h   i n   t h e   K e l l y   d i s t r i c t  

( B l a k e s t a d ,   1 9 7 8 ) .  The o n e   e x c e p t i o n   t o   t h e   g e n e r a l   p a t t e r n  

i s  t h e   u p p e r  member o f   t h e   P o p o t o s a   F o r m a t i o n  which 

. .  

0 
. 
\ 

g e n e r a l l y   h a s   d i p s   o f  l e s s  t h a n   1 0   d e g r e e s .   E x p o s u r e s   o f  

t h e .   u p p e r  member l i e  t o  the west of  t h e   m a j o r   r a n g e - b o u n d i n g  , '  

f a u l t s   a n d  were n o t   s u b j e c t   t o   s i g n i f i c a n t   r o t a t i o n ; ,  s t r a t a  

o f   t h e   u p p e r ,  member t h a t  may h a v e   e x p e r i e n c e d .   r o t a t i o n '  

d u . r i n g   u p l i f t   h a v e   b e e n   e r o d e d   f r o m   t h e   u p t h r o w n   b l o c k s .  

. .  

~ . .  
. .  

. .  
W e s t - d i p p i n g   f a u l t s   a n d   a s s o c i a t e d   w e s t - d i p p i n g  

f a ' u l t   b l o c k s   f o u n d   i n   b o t h   t h e   t h e s i s  area and i n  t h e   K e l l y  . 

m i n i n g   d i s t r i c t   t o   t h e   n o r t h   o c c u p y  an a rea  o f   a b o u t   1 2  km 

(7 .5  m i )   l o n g   b y  2 km ( 1 . 5   m i )   w i d e .   P o r t i o n s  of t h i s  a rea  

h a v e   b e e n   s t r u c t u r a l l y   d o m i n a t e d   b y   t h e   M a g d a l e n a   c a u l d r o n  
e 
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e m a r g i n ;   f a u l t i n g   a s s o c i a t e d   w i t h   r e g i o n a l   e x t e n s i o n   i n   t h i s  

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

s t y l e   o f   t h e   n o r t h e r n  Magdalena  Mountains. 
. .  

. .  

Late-Miocene and P l i o c e n e   U p l i f t '  
. .  

. .  
. , . .  

Between  about 7 and 4 m-y. the.   Popotosa  basin was 

broken up i n t o   t h e   s e r i e s   o f   n a r r o w ,   p a r a l l e l   b a s i n s  and 

r a n g e s   t h a t   p r e s e n t l y   c h a r a c t e r i z e   t h e   s o u t h e r n   , s e g m e n t   o f  

t h e   r i f t   ( C h a p i n ,  1 9 7 8 ) .  The no r th - t r end ing  b1,ock f a u l t i n g  

tha t   f r agmen ted   t he   bas in  and elevated '   the   Magdalena 

~.. .. 

Mountains was p a r t   . o f  a b r o a d '   e p e i r o g e n i c   u p l i f t   t h a t  

occu r red   i n   t he   sou the rn  Rocky Mo'untains  and  adjacent areas 

0 
(Chapin,   1978).  Th'e r a t e  of u p l i f t  may have  been '   rapid a t  

times; i n   t h e   K e l l y   d i s t r i c t ,   B l a k e s t a d   ( 1 ' 9 7 8 ) .   h a s  mapped 

r e m n a n t s   o f   l a r g e   l a n d s l i d e s   ' w h i c h  , w e r e   t h e   r e s u i t  of 

over-steepened  slopes.   In  the  northwestern. '   .Magdalena 

Moun ta ins ,   s ign i f i can t   d i sp l acemen t   a long   no rma l   f au i t s '  may 

have   taken   p lace   in  a s t r e s s   f i e l d  i n  which v e r t i c a l   . f o r c e s  

.. . 
. .  

. .  

. .  
'were   p redominant   and , 'hor izonta l   forces   subord ina te . .  , ..:. . 

.. , 

. .  . .  . .  ..: : 

The ' disp iacement   . . a long   the   ,nor thwes tern   ,marg in   o f  

t h e  Magdalena  Mountains  occurred p r imar i ly ' :  .: . a long  

north- t rending,   range-bounding  faul ts .   These  range-bounding 

.. . .  . . 

> .  . . , . .  . .  . .  . , .. . ~ >  . . .  

. .  

f a u l t s   c o n t i n u e   s o u t h   o f   t h e  ' t h e s i s   a r e a   a l o n g   t h e   w e s t  

f lank  of   the  central   Magdalena  Mountains   (Bowring,   in  

p r o g r e s s ) .  In t he   Ke l ly   d i s t r i c t ; 'B lakes t ad   (1978)   r epor t s  

t h a t   d i s p l a c e m e n t   f o l l o w s   t h e  Waldo and  South Camp f a u l t s  

w i th   an   e s t ima ted   o f f se t   o f   abou t  4 6 0  m (1500 f t ) ;  a t  t h e  
d 

. .  , 

_ .  . .  . , 

. .  
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. .  

s o u t h   e n d   o f   t h e -   K e l i y  . d i s t r i c t   t h i s   d i s p l a c e m e n t  i s  _ _  . .  

d i s ' t r i b u t e d   a l o n g  ' t he  S o u t h  Camp and ' S m i t h   f a u l t s .  

D i s p l a c e m e n t   a l s o   o c c u r r e d   a l o n g  a p r o b a b l e   n o r t h - t r . e n d f n g  

f . a w l t   t h a t   c u t s  t he  r h y o l i t e s  o f  Magda lena   ' Peak   be tween  

E lephaa t   Moun ta in   and   Mugda lena   Pea 'k   (p l a t e  1, f i g .   2 1 ) .  

Th,e n o r t h - t r e n d i n g   r i n g   f r a c t u r e   z o n e   o f   t h e  

M a g d a l e n a   c a u l d r o n   p r o b a b l y   e x p e r i e n c e d   r e n e w e d  movem.ent a t  . . 

t h i s '  t ime,  e s p e c i a l l y   s o u t h   o f   t h e   N o r t h   F o r k -   C a n y o n   f a u l t .  

In ' t h e  thes i s  a rea ,  t o t a l   d i s p l a c e m e n t   a l o n g  the  

r a n g e - b o u n d i n g . f a u l t s  i s  p r o b a b l y   i n  excess  o f  8 8 5 ,  m (2900 

. ft.).  In th,e s i e s t - c e n t r a l   M a g d a l e n a   M o u n t a i n s ,  an es t imate  

b a s e d   u p o n   t h e   p o s i t i o n   o f   t h e   P o p o t o s a   F o r m a t i o n   e x p o s e d  

s o u t h  o f  S o u t h   , B a l d y   P e a k   g i v e s  a d i s p l a c e m e n t   o f   a b o u t  820 

m (2700 S t ) ;  h o w e v e r ,   t h e   t u f f   o f   S o u t h   C a n y o n  i s  m i s s i n g  i n  

t h i s   s e c t i o n   a n d   t h e   d i s p l a c e m e n t  i s  p r o b a b l y   g r e a t e r  

( B o w r i n g ,   p e r s o n a l   c o m m u n i c a t i o n ,  1979). 

. .  

., : 

In the  Hop Canyon area t h e   . r a n g e - b o u n d i n g   f a u l t s  

o c c u p y  a z o n e  t h a t  is a b o u t  3.0. km (2.0 m i )  w ide ; , '   sou th  of 

Hop Canyon t h i s . f a u l t   z o n e   n a r r o w s   t o   a b o u t   1 . 5  km (1 .0  m i ) ,  

t h e   e a s t e r n   . e d g e  '  of which  i s  marked   by   t he   Magda lena  

' c a u l d r o n  r i n g  f r a c t u r e   ( p l a t e  1, f i g .  1). N o r t h   o f  Hop' , 

C a n y o n ,   t h e  west s l o p e   o f   h i l l  "8649'1 i s  c h a r a c t e r i z e d  b.y a 

se r ies  o f   d o w n - t o - t h e - w e s t   s t e p   f a u l t s ,   e a c h   o f  small  

d i s p l a c e m e n t .  A f e w   f a u l t s ,  on b o t h   s i d e s   o f   . H o p   C a n y o n ,  

a r e  o c c u p i e d   b y   n a r r o w  mafic d i k e s ,   W h i t e   r h y o l i t e  was n o t  

o b s e r v e d   t o   i n t r u d e   r a n g e - b o u n d h i   f a u l t s .  

. .  
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F a u l t s   o r i e n t e d   . t r a n s v e r s e   t o   t h e   n o r t h - t r e n d i n g  . _ .  
f ab r fc   were   found   i n ,   and   no r th   o f , .  Hop Canyon; t h e s e  

t r a n s v e r s e   . f a u l t s .   a p p e a r   t o   h a v e   d e v e l o p e d .   i n   r e s p o n s e   t o  

l o c a l   d i f f e r e n t i a l  movement of the   range-bounding   fau l t s .  A 

l o c a l   t r a n s v e r s e   s h e a r   z o n e   a l s o   a p p e a r s   t o   f o l l o w   t h e   u p p e r  

p o r t i o n  . of Mill. Canyon. . Displacement   a long   t ransverse  

f a u l t s  was l o c a l ;  no aggrega te   d i sp lacement   be tween  the  

n o r t h  and   sou th   po r t ions   o f   t he   t hes i s .   a r ea  was observ.ed. 

A n o r t h - t r e n d i n g   f a u l t   t r u n c a t e s   t h e   e a s t e r n   e d g e  

of t h e  . r h y o l i t e   f l o w s  o f  Magdalena  Peak. .. A .  second 

n o r t h - t r e n d i n g   f a u l t  i s  probably   loca ted   immedia te ly  west of 

Elephant  Mountain and a l o n g   t h e   c e n t r a l   p o r t i o n  of ,  Agua F r i o  

Canyon. The r h y o l i t e '   f l o w s   t o   t h e   e a s t   o f   t h i s   f a u l t   f o r m  

d i s t i n c t i v e   , f l a t - t o p p e d   b e n c h e s   o f   s i g n i f i c a n t l y   g r e a t e r  

e l e v a t i o n   t h a n   t h e   e x p o s u r e s   o f   r h y o l i t e   t o .   t h e  west.  

Outcrops  of   rhyol i te   tuff   and '   the   Popotosa  Formation 

under ly ing   the   f low-banded  rhyol i te  ' a l s o   . o c c u r   a t   l o w e r  

e l e v a t i o n s   w e s t  of the   fau l t .   The .   Magdalena   Mounta ins   a re  

s t i l l  u n d e r g o i n g   u p l i f t   a s  i s  shown b y  r e c e n t   f a u l t  scarps . .  

t o  t h e   n o r t h  and eas t   o f   t he .   p re sen t   r ange .   Ra te s ' o f  

u p l i f t ,  however ,   a re  l o w  compared t o   ' t h e   p e r i o d  7 to 4 m-y. 

(Chapin, 1979). 
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E C O N O M I C  GEOLOGY 

The t h e s i s  area l i e s  i m a e a i a t , e l y   s o u t h   o f  t h e  

K e l l y   m i n i n g   d i s t r i c t   w h e r e   o r e  'was  f i r s t   d i s c o v e r e d  i n  

1866. Between. 1881 a n d   1 9 3 9 ,   t h e   d i s t r i c t   p r o d u c e d   a b o u t  

234 m i l l i o n  p o u n d s ' o f   z i n c ,  88 m i l l i o n   p o u n d s  o f  l e a d ,  12 

m i l l i o n  pounds  of c o p p e r ,  4 m i l l i o n   o u n c e s   o f  s i l v e r ,  and 

minor   amoun t s  of g o l d .   T o t a l   p r o d u c t i o n   t o   t h e   p r e s e n t ,  a t  

o r i g i n a l   p r i c e s ,   h a s   b e e n   o v e r   5 2   m i l l i o n   d o l l a r s   ( L o u g h l i n  

and   Koschmann,   1942;   Chapin ,   Jahns ,   and  o t h e r s ,  1 9 7 8 ) .  

P r o d u c t i o n  came p r e d o m i n a n t l y   f r o m   z i n c - l e a d   r e p l a c e m e n t  

b o d i e s  i n  t h e   M i s s i s s i p p i a n   K e l l y   L i m e s t o n e   ( B l a k e s t a d ,  

1978). 

T h e r e  a re  n o   s u r f a c e   e x p o s u r e s   o f   l i m e s t o n e   i n ,   t h e  

thesis a rea ;  h o w e v e r ,   t h e   h y d r o t h e r m a l   s y s t e m s   t h a t   p r o d u c e d  

t he  r e p l a c e m e n t   d e p o s i t s  i n  the . K e l l y   d i s t r i c t .  are a l s o  

e v i d e n t   i n   t h e  a rea  t o  the s o u t h  o f  t h e   d i s t r i c t .   C o n t i n u e d  
' \  

;*' 

r , e f e r e n c e  w i l l  b e   m a d e   t o   t h e   K e l l y   d i s t r i c t   i n   e x a m i n i n g  

m i n e r a l i z a t i o n   a n d .  the  e c o n o m i c   p o t e n t i a i  i n  t he  thes i s  

area.  . .  . .  
, .  

C o n t r o l s   o f   M i n e r a l i z a t i o n  
. .  . .  

T h e   m a j o r   s t r u c t u r a l ' .   c o n t r o l s   o f   m i n e r a l i z a t i o n  

a re  t h e   r i n g   f r a c t u r e   z o n e s   o f   t h e   N o r t h   B a l d y ,   M a g d a l e n a ,  

a n d   S a w m i l l .   C a n y o n   c a u l d r o n s   a n d   t h e  ' l a t e  O l i g o c e n e  

n o r t h - t r e n d i n g   e x t e n s i o n a l   f a u l t s .  In t h e   K e l l y   d i s t r i c t ,  

. 

* B l a k e s t a d   ( 1 9 7 8 )   h a s   n o t e d   t h e   a s s o c i a t i o n   b e t w e e n   s t o c k s  
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and m i n e r a l i z a t i o n ;   t h e   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  was 

f o u n d ,   i n   g e n e r a l ,  t o  b e   i n v e r s e l y   p r o p o r t i o n a l   t o '  . t h e  .. 

d i s t a n c e   ' f r o m   t h e   i n t r u s i v e   b o d i e s .  The areas   showing t h e -  . 

g r e a t e s t   d e g r e e   o f   a l t e r a t i o n   i n   , t h e   t h e s i s   a r e a  lie in Hop . .  

and Mill Canyons,  and  along'  Baldy  Ridge.  Central Hop Ca,npon 

l i e s   ad j acen t   t o   t he   Nor th   Ba ldy   s tock   and   t he   hydro the rma l  

f l u i d s  wh ich   a l . t e r ed   t he   t u f f s  and a n d e s i t e s   i n   t h a t   a r e a  

may have  been  der ived  f rom  that   source.  

. .  . .  

- 

Loughlin  and Koschmann (1942) and Blakestad  (1978) 

h a v e   n o t e d   t h e   s p a t i a l   r e l a t i o n s h i p   b e t w e e n   w h i t e   r h y o l i t e  

d i k e s  and  exposed  stocks i n  t h e   K e l l y   d i s t r i c t .  In t h e  

n.orth-central'  Magdalena  Mountains,  Krewedl (1974). ,has  

sugges ted   the   ex is tence   o f  a North  Fork  Canyon  stock to. 

e x p l a i n   t h e   h i g h   c o n c e n t r a t i o n   o f   w h i t e   r h y o l i t e  and 

monzoni te   d ikes  in t h a t   a r e a .  The wh i t e   rhyo l i t e   d ' i kes  

a long   the   f lank   of   Baldy   Ridge   a re  a southwes t .   ex tens ion  o f  

t h e   d i k e s  i n  the  N o r t h  Fork Canyon a r e a ;  .the hydrothermal- 

f l u i d s   t h a t   l a t e r   s i l i c i f i e d   t h e s e   d i k e s  a.nd a d j a c e n t  H e l l s  

Mesa Tuff may h a v e   o r i g i n a t e d   f r o m   t h i s   i n f e r r e d   s t o c k -  

. .  

e 

." . 

. .  
. .. . . .  

. . 

In t h e   K e l l y   d i s t r i c t   t h e   p r i m a r y   , ' s t r a t i g r a p h i c .  

c o n t r o l  t o  . m i n e r a l i z a t i o n ,  i s  the  react ive  .Kel ly   Limestone 

(Blakes tad ,   1978) .  T h i s  l imes tone  i s  n o t  : exposed   in   the  

t h e s i s   a r e a ;   h o w e v e r ,  i t  may s t i l l  a c t   . a s . a . f a v o r a b l e  

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

. . .. 

. .  ! 

. .  
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A l t e r a t i o n  . .  .. 

The  two  mo'st common t y p e s   o f   a l t e r a t i o n  in the 

t h e s i s   a r e a  . a re  p r o p y l i t i z a t i o n   a n d   s i l i c i f i c a t i o n .  

P r o p y l i t i z a t i o n  i s  b e s . t   d e v e l o p e d   i n   t h e  Hells Mesa 'Tuff   and  

t h e   i n t e r b e d d e d   m u d f l o w   d e p o s i t s ,   c o n g l o m e r a t e s ,   a n d '  

s a n d s t o n e s   e x p o s e d   s o u t h w e s t   o f   N o r t h   B a l d y   P e a k   i n   s e c t i o n  

18 (T3S, R3W). A l t e r a t i o n   p r o d u c ' t s  a r e  g e n e r a l l y   e p i d o t e ,  

c h l o r i t e ,  ca lc i te ,  and s e r i c i t e ;  t h e   c h l o r i t e   a n d   e p i d o t e  

f r e q u e n t l y   g i v e   t h e   r o c k s  a g r e e n i s h - g r a y   t i n g e .   P r o p y l i t i c  

a l t e r a t i o n .  i s  less commonly  found i n   t h e   a n d e s i t e s   a n d  

s a n d s t o n e s   o f   t h e   u n i t   o f   S i x m i l e   C a n y o n ;   a l t e r a t i o n  when 

p r e s e n t   i n   t h i s   u n i t  i s  r e s t r i c t e d   t o  small areas. 

, t  

S i l i c i f i c a t i o n   t e n d s   t o   b e   l o c a l i z e d   a l o n g   f a u l t s  

and  i s  f o u n d   i n   a l l   r o c k   u n i t s   o f   O l i g o c e n e   a g e .  

S i l i c i f i c a t i o n   o c c u r s   i n  two . g e n e r a l   a r e a s .  In t h e   e a s t e r n  

q u a r t e r   o f   t h e   t h e s i s  .area,  h y d r o t h e r m a l   f l u i d s   r o s e   a l o n g  

n o r t h - t r e n d i n g   e x t e n s i o n a l   f a u l t s   a n d   d i k e s   t h a t  l i e  i n   t h e  

H e l l s  Mesa T u f f   t o   t h e  eas t  o f   t h e   M a g d a l e n a   c a u l d r o n  . 

m a r g i n .   T h e   m o s t   c o n s p i c u o u s  'area o f   s i l i c i f i c a t i o n  is the 

z o n e   w h i c h   p a r a l l e l s   t h e   l o n g   w h i t e   r h y o l i t e   d i k e  along t h e  

\ 

. .  

, e a s t e r n   b o u n d a r y   o f   t h e   t h e s i s   a r e a .   T h e  Hells ' Mesa  Tuff , 

i n t r u d e d   b y   t h e   d i k e  i s  f r e q u e n t l y   c u t   b y   q u a r t z   v e i n s   a n d  

b o t h   t h e   d i k e   a n d   t h e   t u f f  a r e  p a r t i a l l y   r e p l a c e d   b y  s i l i c a .  

S m a l l  c u b e s   o f   p y r i t e ,  now a l t e r e d   t o   l i m o n i t e ,  a r e  found  on 



zones.  

Mineral  Occurrences 

Hop Canyon 

Hop Canyon i n   s e c t i o n  19 (T3S,R3W) and i n   s e c t i o n  24 

(T3S,R4W). .In 1905, C . H .  Gordon (Lindgren and o thers ,  1910) 

reported  vigorous  prospecting  operations b y  the ‘Hop Canyon 
\ 
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l o c a t i o n  .and s i z e  o f  mine ' ,  dumps o b s e r v e d  i n  t h e   f i e l d ,  

however;  have.  b e e n   c o r r e l a t e d   w i t h   L a s k y ' s ,  ( 1 9 3 2 )  and 

G o r d o n ' s   ( L i n d g r e n   a n d   o t h e r s ,  1910)  d e s c r i p t i o n s   a n d  a 

t e n t a t i v e   l o c a t i o n   f o r   t h e s e   p r o s p e c t i n g  a c t i v i t i e s  : i s  shown 

i n  f i g u r e  23 .  The o n l y   m i n e r a l i z a t i o n   f o u n d  a t  p r e s . e n t  is  

m i n o r   m a l a c h i t e   o n , a n d e s i t e .   f r o m  one:mine dump.. 

. _  _. 

. .  

. .  

A d j o i n i n g   t h e  Hop C a n y o n   p r o p e r t i e s B ,  down t h e  

c a n y o n  t o  t h e   n o r t h w e s t ,  a r e  t h e   C a l u m e t   a n d  N e w  Mexico 

Mining  Company c la ims  a n d   t h e   R e r y   P r o s p e c t   ( L a s k y ,  1932) . . '  ' 

P t o s p e c t i n g   ' a c t i v i t y  was c o n f i n e d  .to. d r i v i n g  severa l  a d i t s , ,  

e a c h   a b o u t  3 0  m (100 f t )   l o n g ,  on b o t h   s i d e s   o f   t h e   c a n i . o n  

( L a s k y ,  , 1932) .  M i n e r a l i z a t i o n  o b s e r v e d   b y   L a s k y  ( 1 9 3 2 )  f r o m  

t h e   R e r y   P r o s p e c t '  dump was c o n f i n e d  t o  s o m e   c o p p e r   s u l f i d e  

a n d   c o p p e r   c a r b o n a t e - s t a i n e d   p e b b l e s .  A l l  ' m i n i n g  a c ' t i v i t y  

had   been   abandoned  when  Lasky  ( 1 9 3 2 )  v i s i . t e d  Hop Canyon in 

1 9 2 9 .  

. .  

. .  

.. . 

X '  

B a l d y   R i d g e  
. .  

. .. 
* .  

I A . n u m b e r   o f   m i n e s   a n d   ' p r o s p e c t s   t h a t '   h a v e "   b e e n  
. .  

e x c a v a t e d  ' a l o n g   t h e   m a r g i n s   ' o f   w h i t e   r h y o l i t e   d i k e s   a n d  i n  

t h e   a d j a c e n t   s i l i c i f i e d   z o n e s  a r e  l o c a t e d ,  On * t h e   r i d g e  

e x t e n d i n g   f r o m   N o r t h   B a l d y   t o   S o u t h , B a l d y   p e a k s . ( f i g .  2 3 ) .  

P r o s p e c t s  i n  the s i l i c i f i e d  Hel l s  Mesa Tuff  a r e  f r e q u e n t ,  

b u t  commonly o n l y  1 t o  2 m d e e p ' ;   m i n i n g   a c t i v i t y   a l o n g .   t h e  ' 

d i k e s ,   h o w e v e r ,  was m o r e   s u b s t a n t i a l .   T h e   l a r g e s t  o f  ' t h e s e  

mines;  t h e   C r e s t o n e   L o d e   a n d   G o l d e n   S u n r i s e  No. 1 and No. . 2  

p a t e n t e d  claims, was d e v e l o p e d   a l o n g   t h e   c o n t a c t   o f  a w h i t e  

. .  

. .  

a 
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* 

! 

. .  

e .  

Figure 23. Map'showing locations of the Stendel   per l i te  
deposit and selected raining claims i n  Hop and Mill 

is on ly  approx. . Tine, claims are: :Lookout.-(1) ,. Lucien (2) . 
canyons. The locat ion of the Hop Canyon Mining Co. claims 

Mountain Queen (39, Oshkosh ( 4 ) ,  Lucy (5) , Marguerite 
(6), Mabel (7), Slide Rocks Mining claim (8), Old 
Soldier vein (9), Wheel of Fortune ( lo ) ,  Crestone.Lode 
(11), Golden Sunrise (12), and  Copper  Lode  (131, t he  

deposit  (15). 
l a rge   per l i te   p rospec t  (14), and the  Stendel  perli te. .  

- x , .  

. .  . .  

, I  

. .  . :. 
. . .. . :.I , .  .. . 

. .  .. . 

. .  .. . . , ..,__ 
. .  . . .. 

. .. . .  
. 
. .  . .  

. .  

.. 
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r h y o l i t e   d i k e   a n d   t h e  Hel l s  Mesa T u f f   j u s t   s o u t h e a s t  of  the 

s a d d l e   d i v i d i n g  Mill and  Copper  Canyons.  An a d i t   a n d   s h a f t  

h a d   b e e n   d r i v e n  a t  o n e   l o c a l i t y   i n   t h e   C r e s t o n e .  c l a i m ;  i t s  

l e n g t h   c o u l d   n o t   b e   d e t e r m i n e d   b u t  i t  i s  p r o b a b l y  l e s s  than 

3 0 ,  m ( 1 0 0  f . t ) .  A number o f  c u t s  were a l s o   d r i v e n   a l o n g  the  

_. 

c o n t a c t   b e t w e e n   t h e   d i k e   a n d   t h e   t u f f .  
! 
1 T h e   m i n e r a l i z a t i o n   o c c u r s   a l o n g   t h e  wal l s  and i n  i 
j 

f r a c t u r e s  i n  t h e   d i k e .   S m a l l   s p e c k s   o f   w h a t   a p p e a r s   t o   b e  

g o l d  a r e  somet imes   found  i n  small g r a i n s   o f   l i m o n i t e -  

pseudomorphs  a f t e r  p y r i t e .  . Gold i s  a l s o   r e p o r t e d   t o   h a v e  

b e e n   f o u n d   i n   t h e   q u a r t z ' v e i n s   t h a t   f i l l   f r a c t u r e s  i n  the 

d i k e   ( K r e w e d l ,  1974). S i m i l a r   r e l a t i o n s h i p s  a r e  r e p o r t e d   b y  

P e t t y  (1979) f o r   t h e   T i m b e r   P e a k   g o l d  mine i n  the c e n t r a l  

0 Magda lena   Moun ta ins .  

T h e   C r e s t o n e  claim a p p e a r s   t o   h a v e   h a d  a s p o r a d i c  

h i s t o r y .  The claim was p a t e n t e d   i n  1905 a n d   w o r k e d   f o r  an 

unknown l e n g t h   o f  time. I n  t h e   e a r l y  1970'9, a n   a t t e m p t  t'o 

r e o p e n   t h e   m i n e   f a i l e d .   I n  1978, a r o a d  w a s  b u i l t   t o  the  

C r e s t o n e  claim from Mill Canyon,   and i n  1979 work  was b e g u n  

t o   d e v e l o p   t h e   p r o p e r t y .  
. .  

. .  

A s e c o n d   m i n e   a s s o c i a t e d   w i t h  t he  white r h y o l i t e  

d i k e  i s  t h e   C o p p e r   L o d e   p a t e n t e d  claim l o c a t e d  on B a l d y  

R i d g e   a b o u t  1.5 km (1.0 mi) s o u t h   o f   t h e   C r e s t o n e  claim. 

The c l a im l ies  j u s t   s o u t h  of t h e   t h e s i s  a rea  where  t he  

n o r t h - t r e n d i n g   d i k e   t e r m i n a t e s   a g a i n s t   t h e   w e s t - t r e n d i n g  

r i n g   f r a c t u r e   z o n e   o f   t h e  S a w m i l l  Canyon   cau ld ron .   The  

i n t e r s e c t i o n   o f   t h e   d i k e   a n d   t h e   r i n g   f r a c t u r e   z o n e   p r o b a b l y  
e 

r . .  

t .. 



p a r t i a l l y   c a v e d   s h a f t   m a r k s   t h e   e n t r a n c e   t o   t h e  mine; . t h e  

s i z e  o f   t h e  dump i n d i c a t e s   t h a t   t h e   u n d e r g r o u n d   w o r k i n g s  may 

h a v e   r e a c h e d  9 0  meters ( 3 0 0   f t )  in l e n g t h .  No economic  

m i n e r a l i z a t i o n  was s e e n  on t h e  .dump. 

Mill Canyon 

. .  
T h e   m i n e s   a n d   p r o s p e c t s  i n  Mill Canyon were 

l a r g e l y   p r o s p e c t e d   a n d   d e v e l o p e d   b y   A u g u s t  R iv ie re  i n  t h e  

f i r s t  h a l f   o f   t h i s   c e n t u r y .   T h e   f i r s t   r e c o r d   o f  Riv iere ,  

r u m o r e d   t o   h a v e   b e e n  a v e t e r a n   o f   t h e   F r a n c o - P r u s s i a n  War, 

a i s  a q u i t c l a i m   d e e d   o f   1 9 0 3   w h e n   h e   a c q u i r e d   o n e   h a l f  

i n t e r e s t   i n   t h e  Gold  Rock  and  Gold  King claims i n   t h e   n o r t h  

f o r k   o f  Mill C a n y o n .   T h e   m a j o r   p r o s p e c t s   a n d   m i n e s   w h i c h   h e  

w o r k e d ,   h o w e v e r ,  were t h e   I r o n  Cap v e i n ,   t h e  Wheel   of  

F o r t u n e .   m i n e , ,   a n d   t h e   O l d   S o l d i e r   v e i n ,  a l i  l o c a t e d   i n  

s e c t i o n  3 6  ('T3S. R4W) a n d   s e c t i o n  31 ( T 3 S ,  R3W). 

The Iron Cap v e i n  i s .  " s i t u a t e d  i n  Mill Canyon 
. .  

M a i n e   B r a n c h e   1 2  Mile s o u t h   o f   M a g d a l e n a   n e a r   t h e   D i v i d e   i n  

' N o r t h  West s i d e   o f   t h e   c r e e k   f a c i n g  east" ( R i v i e r e ,   1 9 2 6 ) .  

The p r o s p e c t s ,   w h i c h   c o n s i s t   o f   c u t s ,   s h a f t s ,   a n d   s h o r t  

a d i t s ,  a r e .  l o c a t e d   a l o n g  a n o r t h e a s t - t r e n d i n g  mafic d i k e  i n  

H e l l s  Mesa T u f f   ( p l a t e  1) .  The d i k e   a n d   t u f f  are  f r e q u e n t l y  
. .  .. - 

. b r e c c i a t e d   a n d   s i l i c i f i e d   a n d   l o c a l l y   s h o w   i r o n   s t a i n i n g .  

. I n  1 9 2 9 ,  w h e n   L a s k y   ( 1 9 3 2 )   v i s i t e d   t h e   p r o s p e c t ,   h e   f o u n d  

traces o f   p y r i t e ,   c h a l c o c i t e ,  c a v e l l i t e ;  and m a l a c h i t e  i n  
i i. * 

- 
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c o n t r o l l e d   t h e   a l t e r a t i o n ;   t h e   s u r f a c e   e x p o s ' u r e s  of t h e   d i k e .  . .  . .  

a n d   s u r r o u n d i n g  Hells Mesa T u f f   a r e   s t r o n g l y   s i l i c i f i e d .  A 

t h e   a d i t   a t  a d e p t h   o f  1.0 m ( 3 5  f t )   b e l o w   t h e   o u t c r o p .  
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c 

. .  

0 

. .  

The  Wheel   o f   For tune   mine  i s  l o c a t e d   a b o u t  0.8 k m  
- .  

( 0 . 5  m i )   n o r t h w e s t   o f   t h e   I r o n  Cap v e i n ,  i n  t h e  -SE 1 / 4  of. 
_ .  

s e c t i o n . . 2 5   ( T 3 S ,  R4W) ( f i g .   2 3 ) .   T h e   m i n e  , was f i r s t  

d e s c r i b e d   b y   G o r d o n   i n   1 9 0 5   ( L i n d g r e n   a n d '   o t h e r s , .   1 9 1 0 ) ;  he 

n o t e d   t h a t   t h e   o r e   o c c u r r e d   a , l o n g  a n o r t h w e s t - t r e n d i n g  

f i s s u r e   z o n e ,   a b o u t  8 m (25 f t )   w i d e ,   i n   " b i r d s e y e   p o r p h y r y "  

a n d e s i t e .  When L a s k y   ( 1 9 3 2 )   v i s i t e d   t h e   m i n e   i n   1 9 2 9 ;  the  

o r e  b 0 d . y   h a d   a l r e a d y   b e e n   w o r k e d   o u t ;   3 0 0   t o n s   o f  ore 

c o n t a i n i n g  6 t o  9 p e r c e n t   c o p p e r   a n d   s o m e   g o l d  were s a i d   t o  

h a v e   b e e n   s h i p p e d   b e f o r e  I 9 1 9  t o  smelters a t  E l  Paso,  Texas, 

a n d   D o u g l a s ,   A r i z o n a .  

L a s k y   ( 1 9 3 2 )   n o t e d   t h a t   t h e   o r e   o c c u r r e d  a s  

f r a c t u r e   f i l l i n g s   i n   s h a t t e r e d   p o r p h y r y   a n d   c o n s i s t e d  of 

c h a l c o c i t e ,   ' c o v e l l i t e ,   m a l a c h i t e ,   a n d   c h r y s o c o l l a ;   s o m e  

s p e c i m e n s   c o n t a i n i n g   f r e e   g o l d  were a l s o   s a i d   t o   h a v e  come 

f r o m   t h e   m i n e .   L a s k y   ( 1 9 3 2 )   r e p o r t e d   t h a t  t$e " p i p e l i k e  

o r e b o d y  was a b o u t  '15 m ( 5 0  f t )   l o n g ,  3 t o  8 m (10 ' to  2 5  f t )  

w i d e ,   a n d  a t  l e a s t   2 3  m ( 7 5  f t )   d e e p .  An a d ' i t  was ' d r i v e n  a t  

a 1 3 7  m (450 f t )  lower  e l e v a t i o n   s o ' i n t e r s e c t   t h e  downward 

. .  

e x t e n s i o n .   o f   t h e   v e i n   b u t -   w a s ' a b a n d o n e d   b e c a u s e   o f   ' s w e l l i n g  

a n d   c a v i n g   g r o u n d   ( L a s k y ,   1 9 3 2 ) .   T h o u g h .   t h e   ' l o c a t i o n  o f  

t h a t   a d i t  i s  n o t   d e f i n i t e l y   k n o w n ,  . a  c a v e d   a d i t   w h i c h   f i t s  

t h e   g e n e r a l   d e s c r i p t i o n   g i v e n   b y   L a s k y   ( 1 9 3 2 )  i s  l o c a t e d   o n  

t h e   n o r t h   s i d e  o f  t h e   n o r t h   f o r k   o f  Mill C a n y o n   ( p l a t e  1). 

T h e   O l d   S o l d i e r   v e i n   s t r i k e s   n o r t h - n o r t h w e s t   a b o u t  

0 .5  km ( 0 . 2 5  m i )  west o f   F renchy ' s .  ( R i v i e r e ' s ) .  c a b i n -  

M i n e r a l i z a t i o n   o c c u r s   a l o n g  a s h e a r   z o n e ,   a b o u t  8 m ( 2 5  f t )  

. .  

. .  

.. 
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w i d e ,   i n   w h a t   a p p e a r s   t o   b e  a h i g h l y   f r a c t u r e d   a n d   a l t e r e d  

a n d e s i t e ;   t h e   s h e a r  zone l i e s  on  or n e a r ,   t h e . M a g d a 1 e n . a  
. .  

c a u l d r o n   r i n g   f r a c t u r e   z o n e .   L a s k y   ( 1 9 3 2 )   r e p o r t s   t h a t  the 

m a i n   w o r k i n g s  on t h e   s o u t h   s i d e   o f  Mi.11 C a n y o n   c o n s i s t e d  of 

a p p r o x i m a t e l y   3 0 5  m (1000 f t )  o f   s h a f t s ,   d r i f t s ,   a n d  

c r o s s - c u t s ;  a t  t h e   p r e s e n t  time t h e   o p e n i n g s   t o   t h e   m i n e  

h a v e   b e e n   c a v e d   a n d   o n l y  a l a r g e   p i t   r e m a i n s .   T h e   c h i e f  

g a n g ' u e   m i n e r a l  was' c a l c i t e   s t a i n e d   b l a c k   w i t h   m a n g , a n e s e  

o x i d e s ;   m i n o r   g a l e n a   w a s   f o u n d   w i t h   t h e   c a l c i t e   ( L a s k y ,  

1 9 3 2 ) .  A t  t h e   p r e s e n t   t i m e ,  samples t a k e n   f r o m   t h e  dump of 

t h e   l a r g e   p i t   c o n t a i n   b l a c k   c a l c i t e ,   g a l e n a , ,   a n d   m i n o r  

c h a l c o p y r i t e .  A small p r o s p e c t   a b o u t  0.5  km (0 .25   mi )  s o u t h  

a l o n g   t h e   f a u l t   z o n e   a l s o   s h o w e d   b l a c k - s t a i n e d  c a l c i t e  b u t  

no g a l e n a .  A t  t h e   p r e s e n t  time a n   a t t e m p t  i s  b e i n g  made to 

r e o p e n   t h e   m a i n   w o r k i n g s .  

e 
\ 

Agua F r io   Canyon  

On t h e   n o r t h w e s t   s i d e  o f  Agua F r i o   C a n y o n ,   . i n  

s e c t i o ' n s  10, 11, 14,  a n d   1 5  (T3S,R3W),  numerous p e r l i t e  . . 

p r o s p e c t s   h a v e   b e e n   c u t   i n   t h e   r h y o l i t e   f l o w s   o f   m i d - M i o c e n e  . ' 

a g e .   T h e   l a r g e s t   o f   t h e s e   p r o s p e c t s  l i e s  on t h e ' n o r t h ' s l o p e  .. ' 

o f   h i l l   " 7 4 9 4 "   . w h i c h  i s  l o c a t e d  on t h e  common c ' o r n e r   ' o f   t h e  

s e c t i o n s   l i s t e d   a b o v e .   ( f i g .   2 3 ) .  The n o r t h   a n d .   n o r t h e a s t  

s l o p e s   o f   t h e   h i l l   h a v e   b e e n   p a r t i a l l y   s t r i p p e d   o f  

o v e r b u r d e n   i n   o r d e r  ' t o   e x p o s e   t h e   u n d e r l y i n g   r h y o l i t e ,  

. .  

. .  

. .  . .  

e v i t r o p h y r e ,   a n d   p e r l i t e .  In  t h e   s a d d l e   b e l o w   t h e   n o r t h  

s l o p e   a n   a d i t   h a s   b e e n   d r i v e n   a b o u t  2 5  m ( 8 5  f t )  S30E i n t o  
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* p e r l i t e   b r e c c i a .  It . is  n o t ,  known  if a n y   p e r l i t e  was s h i p p e d  

f rom t h i s  area,  b u t  t he  p r e s e n c e  o f  s i g n i f i c a n t   a m o u n t s   o f  

h o r n b l e n d e   a n d   b i o t i t e   p h e n o c r y s t s   s u g g e s t   t h a t   t h e   p e r l i t e  

was uneconomic .  I '  

_ .  . _  

About 1 . 2 -  km ( 0 . 7 5  m i )  s o u t h e a s t  of h i l l  " 7 4 9 4 " ,  

i n  s e c t i o n  1 4  ( T 3 S ,  R3W), l i e s  the  S t e n d e l   p e r l i t e   d e p o s i t  

wh ich  was p r o s p e c t e d   i n  1 9 5 0  b u t  never mined  (Weber,. 1 9 5 7 ) ' .  

A d e t a i l e d   s t u d y   o f   t h e   p e r l i t e   f r o m   t h a t   d e p o s i t .   a n d  i t s  

r e l a t . i o n s h i p .   t o   o v e r l y i n g   r h y o l i t e s   a n d   v i t r o p h y r e s  was made 

b y  Weber ( 1 9 5 7 ) .  

E c o n o m i c   P o t e n t i a l  

E x p l o r a t o r y   d r i l l i n g  on t h e  f l a n k s  o f   N o r t h   B a l d y  

P e a k   h a s   i n d i c a t e d   t h e   p r e s e n c e   o f   a p p r o x i m a t e l y  5 0 , 0 0 0  t o n s  
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n o t   a p p l i c a b l e   s o u t h   o f   t h e   N o r t h   F o r k   C a n y o n   f a ' u l t   ( t h e  

N o r t h   B a l d y   c a u l d r o n   m a r g i n ) .   S i g n ' i f i c a n t   m i n e r a l i z a t i o n  

may n ' o t   e x t e n d   s o u t h   o f   t h e   f a u l t ,   a n d '   f a v o r a b l e   r e p l a c e m e n t  

h o r i z o n s ,   i f   t h e y  e x i s t ,  may , h a v e  . b e e n   d r o p p e d "   b y   t h e  

c o l l a p s e   o f   t h e   N o r t h   B a l d y   c a u l d r o n   t o o   d e e p   b e n e a t h   t h e  

s u r f a c e   f o r   e c o n o m i c   r e c o v e r y .  

T h e   N o r t h   F o r k   C a n y o n   f a u l t   a p p a r e n t l y   a c t e d  a s  a 

v e r t i c a l  c o n d u i t   f o r  magmas a n d   h y d r o t h e r m a l   f l u i d s .  

A d j a ' c e n t   t o   t h e   f a u l t   t h e  Hel l s  Mesa Tuff  i s  s t r o n g l y  

p r o p y l i . t i z e d ;   t h i s   a l t e r a t i o n ,   h o w e v e r ,   s i g n i f i c a n t l y ,  

d e c r e a s e s   t o   t h e   s o u t h   a w a y   f r o m   t h e   . f a u l t .  T h e   w h i t e  

r h y o l i t e   d i k e s   a s s o c i a t e d   w i t h   t h e   N o r t h   B a l d y   s t o c k  

t e r m i n a t e   a g a i n s t   t h e .   N o r t h   F o r k .   C a n y o n   ' f a u l t ;   t h e   f a u l t  

a l s o   s h a r p l y  l imi t s  t h e   s o u t h w a r d   e x t e n s i o n  of t h e  l a t i t e  

p o r p h y r y   o f   M i s t l e t o e   G u l c h ' .   T h i s   s u g g e s t s   t h a t   t h e   f a u l t  

p e r m ' i t s  v e r t i c a l  movement  of magma a n d   h y d r o t h e r m a l .   f l u i d s  

b u t  l imits t h e i r   n o r t h   t o   s o u t h   h o r i z o n t a l :   m o v e m e n t .  

. .  

S i g n i f i c a n t   m i n e r a l i z a t i o n   o f   t h e   K e l l y   L i m e s t o n e  may n o t  

e x i s t  s o u t h - o f   t h e   ' N o r t h   F o r k   C a n y o n   f a u l t . .  - .  . 
. .  

, .  

. :. 

The maximum t h i c k n e s s   o f   t h e   M a d e r a   L i m e s t o n e  i n  .~ 
, ~. 

. .  . .  .. . 

t h e   n o r t h e r n ,   M a g d a l e n a   M o u n t a i n s   h a s  b.een e s t i m a t e d   t o   b e  

550 m ( 1 8 0 0   f t )   f r o m  a d r i l l   h o l e  1.5 km (1 m i ) '  west  o f  

N o r t h   B a l d y   P e a k   ( K r e w e d l ,  1 9 7 4 ) .  T h i s   t h i c k n e s s   w o u l d  

p l a c e   t h e   K e l l y   L i m e s t o n e   m o r e   t h a n   1 8 3 0  m (6000 . f t )   b e l o w  

t h e   t o p  o f  t h e  Hells Mesa Tuff  i f   t h e - f o l l o w i n g   t h i c k n e s s e s  

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

s o u t h  o f  Nor th   Ba ldy   Peak :  Hel l s  Mesa Tuff, 610 m (2000 
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(500  f t ) ;  and   Madera  L 
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457 m (1500 f t ) ;  Abo F o r m a t i o n  

i m e s t o n e   a n d   S a n d i a   F o r m a t i o n ,  

152 m 

610 m 

(3'000 f t )  - I f   t h e   K e l l y   L i m e s t o n e   h a d   b e e n   m i n e r a l i z e d   b y  

h y c t r b t h e r m a l   s o l u t i o n s   f r o m   t h e   N o r t h   B a l d y   s t o c k ,   t h e  

r e p l a c e m e n t   d e p o s i t s   w o u l d  l i e  a t  t o o   g r e a t  a d e p t h '   t o   b e   o f  

e c o n o m i c   i m p o r t a n c e .   E x p l o r a t i o n   p o s s i b i l i t i e s  in t h e  

t h e s i s  a rea  ' a d j a c e n t   t o   N o r t h   B a l d y   P e a k  a r e  p r o b a b l y  n o t  

. .  
f a v o r a b l e   u n l e s s   l i m e s t o n e  i s  p r e s e n t  a t  ' s h a l l o w e r   d e p t h s   o n  

s t e p - f a u l t e d   b l o c k s  . o r  i n   b r e c c i a   z o n ' e s .  
. .  

M i n e r a l i z a t i o n   o f   p o s s i b l e   e c o n o m i c   i m p o r t a n c e  

occurs a l o n g ,   B a l d y   R i d g e  a s  g o l d - b e a r i n g   q u a r t z   f o u n d   i n  

. .  f r a c t u r e   f i l i i n g s   a n d  .on t h e   w a l l s   o f   t h e   w h i t e   r h y o l i t e  
. .  . .  

d i k e .   W h e r e   t h e   p r e s e n c e  o f  t h e   g o l d - b e a r i n g   q u a r t z   h a s  

.. b e e n   o b s e r v e d ,   h o w e v e r ,  i t s  l i m i t e d   q u a n t i t y   a n d .   e r r a t i c  . .  

. . . .  na tu r ' e  h a v e   b e e n   s t r e s s e d   ( P a r d e e ,  '1.978). , The l a r g e   n u m b e r  

o f   a b a n d o n e d   p , r o s p e c t s   a n d   m i n e s   a l o n g   t h e   d i k e . a l s o  a t t e s t  

to . t h e  e r r a t i c  n a t u r e   o f   t h e   m i n e r a l i z a t i o n .  Work h a s   b e g u n  

t o  r e o p e n   t h e   C r e s t o n e  L0d.e claim; t h e   e c o n o m i c   p o t e n t i a l   o f  

t h e  claim, however , . , i s   no t ' ,known ' . '  

.. 

. .  

. ,  
. .  

M i n e r a l i z a t i o n  in u p p e r '  Mill Canyon,  both a l o n g  

t h e  mafic d i k e   a n d ,  in t h e   s h e a r '   z o n e s  in t h e   a n d e s i t e s  

i n t e r b e d d e d  in t h e  H e l l s  Mesa' T u f f ;   a p p e a r s   t o   b e   o f   l o c a l  

o c c u r r e n c e   a n d   o f  no  economic^ i m p o r t a n c e .   M i n e r a l i z a t i o n  in 

, .  ,:. . . .  . .  

. .  
. .  

, .  

a n d e s i t e   b o t h  a t  ' t h e   W h e e l .   o f   F o r t u n e  mine and a t  t h e   O l d  

S o l d i e r   v e i n   d e s e r v e s   f u r t h e r .   e x a m i n a t i o n .   M i n e r a l i z a t i o n  

in b o t h   m i n e s   f o l l o w s  a n o r t h - n o r t h w e s t   t r e n d   t h a t  i s  a l s o  

s e e n  in o t h e r  small  p r o s p e c t s  on b o t h   s i d e s   o f  Mill C.anyon. 

.. . 

a .  
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. .  

Mineral izat ion may thus   extend  la teral ly   between  the  Wheel . .  . _. . . .  

presence o f  ' a,  porphyry  with  quartz  phenocrysts. 

Minera l i za t ion   in   the   andes i t e s  o f   t h e  u n i t  o f  S F x m F l e  

Canyon i n .  Hop Canyon, however, d o e s  not  appear  ,to  have any 

economic   potent ia l .  
. .  
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. .  

SUMMARY AND CONCLUSIONS 

T h e   f o l l o w i n g   c o n c l u s i o n s   c a n   b e   m a d e   f r o m   t h i s  

s t u d y   o f   t h e   w e s t e r n   f l a n k   o f   t h e   n o r t h e r n   M a g d a l e n a  

M o u n t a i n s   s o u t h   o f   t h e   K e l l y   m i n i n g   d i s t r i c t .  

S t r a t i ' g r a p h y  

T h e   r o c k s   i n   t h e   t h e s i s   a r e a  a.re p r e d o m i n a n t l y  

a s h - f l o w   t u f f s ,   i n ' t e r b e d d e d   a n d e s i t e   l a v a s ,   a n d   a n   o v e r l y i n g  

r h y o l i t e   f l o w ,  or f l o w s ,   a l l   o f   O l i g o c e n e   t o   M i o c e n e   a g e .  

In a s c e n d i n g   o r d e r ,   f r o m   o l d e s t   t o   y o u n g e s t ,   t h e   f o l l o w i n g  

u n i t s   h a v e   b e e n   i d e n t i f i e d :   S p e a r s   F o r m a t i o n ,  Hel l s  Mesa 

Tuf f ,   f l ow-banded   member   o f   t he  A-L P e a k   T u f f ,   u n i t   o f  

S ixmi le  C a n y o n ,   t u f f   o f  Lemitar M o u n t a i n s ,   a n d e s i t e  f l o w s ,  

t u f f   o f   S o u t h   C a n y o n ,  a x e n o c r y s t i c   a n d e s i t e ,   t h e   i o w e r   a n d  

u p p e r   m e m b e r s   o f   t h e   P o p o t o s a   F o r m a t i o n ,   a n d   t h e   r h y o l i t e   o f  

M a g d a l e n a   P e a k .   W i t h   m i n o r   a d d i t i o n s   a n d   m o d i f i c a t i o n s   ' t h i s  

s e q u e n c e   f o l l o w s   t h e   s t r a t i g r a p h y   p r e v i o u s l y   d e v e l o p e d   f o r .  

t h e   M a g d a l e n a   M o u n t a i n s - S o c o r r o   P e a k .  area ( C h a p i n ,  1974; 

C h a p i n ,   C h a m b e r l i n ,   a n d -   o t h e r s ,  1 9 7 8 ) .  C h a r a c t e r i s t i c s   o f  

t h e   s t r a t i g r a p h y   t h a t  a r e  u n i q u e   t o   t h e   t h e s i s   a r e a  are  t h e  

f o l l o w i n g :  

1.) O u t c r o p s  o f  H e l l s  M e s a   T u f f   b e t w e e n   N o r t h .  

B a l d y   P e a k   a n d  Mill C a n y o n   c o n t a i n   i n t e r b e d d e d   1 e n s e . s   o f  

l a h a r i c   b r e c c i a s   a n d   a n d e s i t e '   f l o w s .   S o u t h w e s t   o f   N o r t h  

B a l d y   P e a k   t h i s   s e q u e n c e   o f   t u f f   a n d   b r e c c i a  i s  o v e r l a i n   b y  

s a n d s t o n e s   a n d   c o n g l o m e r a t e s .   T h e   m a t e r i a l   f o u n d   i n '   t h e  
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b r e c c i a s  i s  o f   S p e a r s   F o r m a t i o n   l i t h o l o g y   a n d  was p r o b a b l y  

s h e d   f r o m   t h e   t o p o g r a p h i c   c a u l d r o n  ,wa l l  and . i n t e r b e d d e d  i n  

t h e  Hel l s  Mesa T u f f   d u r i n g   c o l l a p s e  of  t h e   N o r t h   B a l d y  

c a u l d r o n "  . .  

2 . )  T h e   a n d e s i t e   o f   L a n d a v a s o   R e s e r v o i r ,   c a u l d r o n  

f i l l  o f   t h e   M a g d a l e n a   c a u l d r o n ,   a n d   t h e   u n i t   o f   S i x m i l e  

C a n y o n ,   c a u l d r o n  fill o f   t h e   S a w m i l l   C a n y o n ,   c a u l d r o n ,  a r e  

c o n s i d e r e d   c o r r e l a t i v e .  The c o l l a p s e  o f  t h e   S a w m i l l   C a n y o n  

c a u l d r o n ,   c l o s e l y   f o l l o w i n g   t h a t   . o f   t h e   M a g d a l e n a   c a u l d r o n ,  

b r e a c h e d   t h e  wall  o f   t h e   M a g d a l e n a   c a u l d r o n   a n d   c r e a t e d  a 

c o m p o s i t e ,   d u m s e l l - s h a p e d   d e p r e s s i o n .  In t h e  a r ea  where  the 

c a u l d r o n s   j o i n e d ,  near  t h e   h e a d   o f  Mill C a n y o n ,   a n d e s i t e   o f  

L a n d a v a s o   R e s e r v o i r   f . r o m   t h e  west met a n d   i n t e r f i n g e r e d  wi th .  

t h e   u n i t   o f   S i x m i l e   C a n y o n   f r o m   t h e  ea s t .  

3 . )  An a n d e s i t e   c o n t a i n i n g   q u a r t z   x e n o c r y s t s  

a p p e a r s . a b o v e   t h e   t u f f   o f   S o u t h   C a n y o n .   I f   t h e '   x e n o c r y s t s  

a r e  r e m o v e d ,   t h e   a n d e s i t e  i s  c o m p o . s i t i o n a l l y  s imi la r  t o  L a  

Jara Peak  B a s a l t i c  A n d e s i t e   a n d  it may r e p r e s e n t .  a l o c a l l y  

c o n t a m i n a , t e d   f l o w   o f   t h e  La  Jara P e a k .   T h e   a n d e s i t e  is a l s o  

s imi l a r :  t o   O s b u r n ' s   ( 1 9 7 8 )   i n t e r m e d i a t e  l ava  f rom Water 

Canyon Mesa and  i s  i n   a p p r o x i m a t e l y   t h e  ' .same s t r a t i g r a p h i c  

inter.va1. 

. .. . . .  

. .  . .  

4. )  F l o w '   d i r e c t i o n s   f o r   t h e   d e p o s i t i o n   o f   t h e  

u p p e r  member o f   t h e   P o p o t o s a   F o r m a t i o n  were i n f e r r e d   f r o m  

p e b b l e   i m b r i c a t i o n .   O u t c r o p s   i n   t h e   n o r t h w e s t e r n   p a r t  o f  

t h e   t h e s i s  a r e a  h a v e   e a s t - t r e n d i n g   f l o w   d i r e c t i o n s ,  

c o n s i s t e n t   w i t h  a Tres M o n t o s a s - G a l l i n a s   M o u n t a i n s   h i g h l a n d  

. .  

.. 
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shedding  sediments   eastward-   into  the  Mull igan  Gulch  graben . 
I n   c e n t r a l  Hop Canyon, f l o w   d i r e c t i o n s  i n  the  lower member' 

w e r e   n o r t h e a s t - t r e n d i n g ,   c o n s i s t e n t   w i t h   ' a n   a n c e s t r a l  
.- 

Magdalena  highland  area  shedding  sediments   northward  into 

t h e  Papotosa   bas in .  . .  

5 . )  The flow-banded rhyol i te .   of   Magdalena  Peak 

c r o p s   o u t   i n  a b r o a d   b e l t   a l o n g   . t h e   w e s t   f l a n k  of t h e  

Magdalena   M0unta in . s .   In   the   nor th   por t ion   o f   the  f l o w ,  or 

f lows ,   t r anspor t   d i r ec t ions   a r e   ma in ly   sou thward .   Magda lena  

Peak is t h e   i n f e r r e d   s o u r c e .  The l o c a t i o n   o f   o t h e r   v e n t s ,  

. .  . .. 

. 

t o  t h e -   s o u t h ,   h a s   n o t   b e e n   e s t a b l i s h e d .  

6 . )  The rhyo l i t e   o f   Magda lena   Peak   sha res .   s imi l a r  

c h a r a c t e r i s t i c s   w i t h   t h e  Pound Ranch and Socorro 

P .eak-St rawberry   Peak   rhyol i t ic   l avas .  The e x t r u s i o n  o f  

t h e s e   l a v a s  was p r o b a b l y   c o n t r o l l e d   b y   t h e   i n t e r a c t i o n  of 

the   Morenci   l ineament ,   cau ldron   r ing- f rac ture   zones ,   and  
\ 

n o r t h - t r e n d i n g   e x t e n s i o n a l   f a u l t s  of the  Rio  Grande r i f t .  

The p r o x i m i t y   o f   t h e   t h r e e   l a v a .   f i e l d s   a n d   t h e ' .   o v e r a l l  

s i m i l a r i t y   o f   c o m p o s i t i o n s   s u g g e s t  a s i m i l a r   o r i g i n .  
. .  

. .  

7.) C y l i n d r i c a l   g a s   c a v i t i e s  were observed in some 

areas   o f   the   f low-banded  rhyol i te .  The o r i e n t a t i o n   of^ t h e s e  

c a v i t i e . s  , appea r s  ., t o   b e   g e n e r a l l y   p a r a l l e l   t o   i n i t i a l  

t r a n s p o r t   , d i r e c t i o n  and  they  are   probabley  pr imary  f low 

f e a t u r e s .  , Some c a v i t i e s ,   h o w e v e r ,  may have  developed 

concurrent   with  s lumping  and  secondary  folding.  

8.) In t h e   e a s t e r n   h a l f   o f   t h e   t h e s i s   a r e a ,  

T e r t i a r y   d i k e s  and a dome in t rude   Ol igocene   rocks . '  The 

. .  . .  

. .  

. .  
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o l d e s t   o f   t h e s e   i n t r u s i o n s .  i s  p r o b a b l y   t h e  l a t i t e  . p o r p h y r y  

o f   M i s t l e t o e   G u l c h ,   w h i c h   o c c u p i e s  a r i n g   f r a c t u r e   o f   t h e  

M a g d a l e n a .   c a u l d r o n   i n   t h e   K e l l y   d i s t r i c t   t o   t h e   n o r t h .   T h e  

eas.tern m a r g i n  of t he  area is.. i n t r u d e d   b y  a w h i t e   r h y o l i t e  

d i k e   a l o n g   w h i c h  l a t e r  m i n e r a l i z a t i o n   o f   t h e  H e l l s  Mesa Tuf f  

was l o c a l i z e d .  A l a r g e   w h i t e   r h y o l i t e   p l u g   i n t r u d e s  H e l l s  

Mesa Tuff n e a r   t h e   h e a d   o f  Mill Canyon,. 

S t r u c t u r e  

The' major  s t r u c t u r a r   f e a t u r e s   o f   t h e   t h e s i s  a rea  

a re  n 0 r t . h - t r e n d i n g   e x t e n s i o n a l   f a u l t s   a s s o c i a t e d   w i t h   t h e  

B io   Grande  r . if t ,  a n d   t h e   N o r t h   B a l d y ,   M a g d a l e n a ,   a n d  S a w m i l l  

C a n y o n   c a u l d r o n s .  

1.): T h e   n o r t h - t r e n d i n g ,   e a s t e r n   m a r g i n  o f  t h e  

M a g d a l e n a   c a u l d r o n   c u t s   t h r o u g h   t h e   e a s t e r n   h a l f   o f   , t h e  

t h e s i s  .area whe,re i t  t r u n c a t e s   t h e   w e s t - t r e n d i n g   N o r t h   B a l d y  

c a u l d r o n   m a r g i n   a n d   e x p o s u r e s  o f  t h e  Hel l s  Mesa T u f f .  

. . 2 . ) - , A  s h o r t   s e g m e n t   o f   t h e   S a w m i l l   C a n y o n   c a u l d r o n  

m a r g i n  meets t h e   M a g d a l e n a   c a u l d r o n  a t  t h e   s o u t h e a s t   c o r n e r  

o f   t h e   t h e s i s  a r e a  where  i t  t r u n c a t e s   e x p o s u r e s  0.f . t h e  H e l l s  

Mesa T u f f .  , . . .  

. . . . . . ... . .. . 

. .  

3..) Movement a s s o c i a t e d .   w i t h   r e g i o n a l   . u p l i f t   a n d  

b l o c k   f a u l t i n g   . o f   . t h e   M a g d a l e n a   M o u n t a i n s   b e t w e e n   a b o u t  7 

and 4 m.y. a g o   p r o b a b l y   r e a c t i v a t e d   s o m e   o f   t h e   m a g d a l e n a  

c a u l d r o n   m a r g i n   f a u l t s .  
. .  
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Economic  Geology 

N u m e r o u s   m i n e s   a n d   p r o s p e c t s   a r e   f o u n d   i n  Hap a n d  

Mill c a n y o n s ,   a n d   a l o n g   B a l d y   R i d g e .  

1.) T h e   m a j o r   s t r u c t u r a l   c o n t r o l s   o f  

m i n e r a l i z a t i o n   a r e   t h e   ' r i n g - f r a c t u r e  , z o n e s   o f   t h e   N o r t h  

Ba ldy ,   Magda lena ,   and  S a w m i l l .  C a n y o n   c a u l d r o n s ,   a n d   t h e  l a t e  

O l i g o c e n e   n o r t h - t r e n d i n g   e x t e n s i o n a l   f a u l t g .  

. .  ,. 

2 . ) .  P r o s p e c t i n g   a c t i v i t y   i n  Hop ,Canyon was l a r g e l y  

c o n f i n e d   t o   t h e   f i r s t   q u a r t e r   o f .   t h e   c e n t u r y .  

M i n e r a l i z a t i o n   i n   a n d e s i t e   w a s   l o c a l   a n d   m i n o r ;   n u -  

l a r g e - s c a l e   m i n i n g  was u n d e r t a k e n .  

3 . )  A number of  s m a l l   m i n e s   a n d   p r o s p e c t s   h a v e  

b e e n   e x c a v a t e d   a l o n g   t h e   s i l i c i f i e d   m a r g i n s   o f   t h e   w h i t e  

r h y o l i t e   d i k e  on t h e   e a s t  s i d e  o f   B a l d y   R i d g e .   I n t e r e s t  was 

l a r g e l y   d i r e c t e d   t o w a r d s   g o l d   i n   q u a r t z   v e i n s   a n d   i n  small 

l i m o n i t e   p s e u d o m o r p h s  a f t e r  p y r i t e .  A f o r m e r l y   a b a n d o n e d  

m i n e  i s  p r e s e n t l y   b e i n g   d e v e l o p e d .  

4 . )  M i n e s   a n d   p r o s p e c t s   i n  Mill Canyon  have   been  

, m i n e d   o u t  or a b a n d o n e d .   T h e r e   h a s   b e e n   s o m e   r e c e n t  a c t i v i t y  

a t   t h e  O l d   S o l d i e r   v e i n   w h i c h   l i e s  on or n e a r   t h e   M a g d a l e n a  

c a u l d r o n   m a r g i n .   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   t h e   W h e e l  

o f   F o r t u n e   m i n e   a n d   t h e   O l d   S o l d i e r   v e i n   d e s e r v e s   f u r t h e r  

e x a m i n a t i o n .  

5.) P r o s p e c t s   h a v e   b e e n   c u t   i n   t h e   p e r l i t e  

i n t e r v a l s   o f   t h e   r h y o l i t e   o f   M a g d a l e n a   P e a k   i n   t h e  Agua F r i o  

C a n y o n   a r e a .  No s i g n i f i c a n t   m i n i n g   a c t i v i t y   h a s   t a k e n  

p l a c e .  

. .  
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6.) E c o n o m i c   p o t e n t i a l   f o r   t h e  area i s  v a r i a b l e :  

a )   ' t h e   f a v o r a b l e   b a s e  metal  r e p l a c e m e n t   h o r i z o n s   f o u n d   i n  

t h e   K e l l y   d i s t r i c t   h a v e   b e e n   d o w n f a u l t e d   i n   t h e   t h e s i s  area 

_ .  

b y  the c o l l a p s e   o f   t h e   N o r t h   B a l d y   c a u l d r o n   a n d   : r e c o v e r y  

w p u l d   p r o b a b l y   b e   u n e c o n o m i c ,   b )   m i n e r a l i z a t i o n   o f .   e c o n o m i c  

i m p o r t a n c e   a l o n g   B a l d y   R i d g e   a p p e a r s   l i m i t ' e d   a n d   e r r a t i c , .  c) 

t h e   m i n e r a l i z a t i o n   i n . t h e  Mill Canyon area d e s e r v e s   f u r t h e r  

examina t ion  b e c a u s e   o f   f a v o r a b l e   s t r u c t u r a l   a n d   i n t r u s i v e  

c h a r a c t e r i s t i c s ,   a n d   d )   W e b e r ' s  ( 1 9 5 7 )  s t u d y   o f   t h e   S t e n d e l  

. d e p o s i t   c o n c l u d e d   t h a t   d e v e l o p m e n t  of c o m m e r c i a l   g r a d e  

p e r l i t e  w o u l d   b e   d i f f i c u l t   b e c a u s e   o f   t h e   p r e s e n c e   o f  

n o n - e x p a n d a b l e   p h e n o c r . y s t s .  

. .  
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