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ABSTRACT 

The   O l igocene  t o  M i o c e n e   g e o l o g i c   h i s t o r y   o f   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   h a s   b e e n   d o m i n a t e d   b y   t h e  

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

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

Grande r i f t .  

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  a re  

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

i s  t h e  Hel ls  Mesa T u f f  (32  m.y. ago) .   which was e r u p t e d   f r o m  

t h e   N o r t h   B a l d y   c a u l d r o n ;   r h y o l i t e s  a n d  a s h - f l o w   t u f f s   o f   t h e  

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

c o l l a p s e .   C o l l a p s e   o f   t h e   S a w m i l l  Canyon a n d  Magdalena 

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

A t  l e a s t  2000 f e e t  o f   d e n s e l y   w e l d e d ,   c a u l d r o n - f a c i e s ,  A-L 

Peak   Tuf f  i s  e x p o s e d   w i t h i n   t h e   S a w m i l l   C a n y o n   c a u l d r o n .   T h e  

S a w m i l l   C a n y o n   a n d   M a g d a l e n a   c a u l d r o n s   a r e   j o i n e d  i n  a n a r r o w  

zone  n e a r  t h e  summit   of   South  Baldy  and  form a l a r g e ,  

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

( a n d e s i t i c  l avas ,  r h y o l i t e  l avas ,  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 ,   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 )   p a r t i a l l y   f i l l e d  

t h e   c a u l d r o n s .   A n d e s i t i c  l avas  d o m i n a t e   w i t h i n   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   n o r t h e r n   p a r 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 ,   r h y o l i t e  lavas  i n   t h e   s o u t h .  

D e p o s i t i o n   o f   t h e   o v e r l y i n g   t u f f   o f  Lemitar 

e Mounta ins  was i n f l u e n c e d   b y   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  



vi 

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

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

A n d e s i t i c   t o   d a c i t i c  l a v a s  a n d   t h e   t u f f   o f   S o u t h  Canyon  were 

d e p o s i t e d   o n   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 .  I n  e a r l y   M i o c e n e  

t i m e ,   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   w e r e   d e p o s i t e d   o v e r   m o s t   o f   t h e   s t u d y  

a r e a .  I n  t h e   w e s t e r n   p a r t   o f   t h e   s t u d y   a r e a ,   r h y o l i t e  l avas  

( l a v a s  o f   M a g d a l e n a   P e a k )   o v e r l i e  a n d  a r e   i n t e r b e d d e d   w i t h  

t h e   P o p o t o s a   F o r m a t i o n .  

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

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

m a j o r   s t r u c t u r a l   b r e a k   ( 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 ) .  

The s h e a r   z o n e   t r e n d s   t h r o u g h   t h e   n o r t h e r n   p a r t   o f   t h e   s t u d y  

a r e a .  I n  g e n e r a l ,   s o u t h   o f   t h e   s h e a r   z o n e ,   f a u l t   p l a n e s   h a v e  

b e e n   r o t a t e d   t o   t h e  wes t ,  s t r a t a  d i p   t o w a r d s   t h e   e a s t ,   a n d  

s t e p   f a u l t i n g  i s  down-to- the-west ;  t o   t h e   s o u t h   t h e   o p p o s i t e  

i s  t r u e .  
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I N T R O D U C T I O N  

G e n e r a l   G e o l o g i c   S e t t i n g  

The  Rio  Grande r i f t  t r a n s e c t s   t h e   n o r t h e a s t e r n  

f l a n k   o f   t h e   m i d d l e   T e r t i a r y   D a t i l - M o g o l l o n   v o l c a n i c   p l a t e a u .  

I n   t h e  Socorro- M a g d a l e n a   a r e a ,   t h i s   i n t e r s e c t i o n   h a s   b r o k e n  

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

f a u l t - b l o c k   u p l i f t s  a n d  bas ins .   The   Magda lena   Moun ta ins ,  L a  

-"- '?Jencia  basin,^ -and. -*be S o c o r r a - L e m i t e r   M o u n t a i n s   . a r e   e x a m p l e s  

o f   t h i s   c o m p l e x   b a s i n - a n d - r a n g e   s t r u c t u r e   ( f i g u r e  1). 

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

Socorro-Magdalena  area i s  t h e   i n t e r s e c t i o n   o f   t h e  

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

o t h e r s ,  1978). T h e   t r a n s v e r s e   s h e a r   z o n e  i s  a c t i n g  as  a n  

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

t h e   R i o   G r a n d e  r i f t ,  a n d   s e p a r a t i n g   f i e l d s   o ~ f   t i l t e d   b l o c k s  

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

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

The  Magdalena  Mountains ,  a c o m p l e x   u p l i f t e d   b l o c k  

a p p r o x i m a t e l y  20 miles l o n g   b y  7 m i l e s   w i d e ,   t r e n d  

n o r t h - s o u t h   a l o n g   t h e   w e s t   s i d e   o f   t h e   R i o   G r a n d e   v a l l e y   i n  

c e n t r a l   S o c o r r o   C o u n t y ,  New Mexico .   The   nor thern   Magdalena  

Moun ta ins  i s  a w e s t - t i l t e d   f a u l t   b l o c k ;   t h e   e x t r e m e   s o u t h e r n  

M a g d a l e n a s   a n   e a s t - t i l t e d   f a u l t   b l o c k ;   b o t h   e x h i b i t   h o g b a c k  

t o p o g r a p h y .   T h e   s t r u c t u r 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  
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EXPLANATION 
Oppro.imolc limit OF bedrock 
(uruolly c m p c  boundacy 1 I ." rockc OF Dat i l -Mogol lon t i c 1 4  

Oligocene  fo~corl*  .uioccne "DIC0"iC 

1ete M i 0 S c " C  . i I i C i C  IO"O, 

" . 

Figure 1. General location map showing the   re la t ionship  of the 
s tudy  area  to  major  mountain  ranges  and the   d i s t r ibu t ion  of 
Oligocene t o  Miocene rocks. 
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a i s  g r e a t l y   c o m p l i c a t e d   b y   t h e   p r e s e n c e   o f   f o u r   o v e r l a p p i n g  

c a u l d r o n s   ( C h a p i n   a n d   o t h e r s ,  1978)  a n d   t h e i r   i n t e r a c t i o n  

w i t h  r i f t  f a u l t i n g   a n d   t h e   t r a n s v e r s e   s h e a r   z o n e .   H e r e ,   n o  

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

A r e a   o f   S t u d y  

T h e   s t u d y   a r e a  i s  a r e g i o n   o f   a b o u t  1 7  s q u a r e   m i l e s  

i n   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   c e n t e r   o f   w h i c h  

. . i s 'y loca ted .   approxim-a te ly . .&en  mi le -s .   south .   -of   Magdalena .   The  

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

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

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

a r e a  i s  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 n d   a c c e s s  i s  by  

U.S. F o r e s t   S e r v i c e   r o a d s   a n d  t r a i l s .  

O b j e c t i v e s  

T h e   p r i m a r y   o b j e c t i v e s   o f   t h i s   s t u d y   a r e :  1) t o  

e x t e n d   t h e   r e g i o n a l   s t r a t i g r a p h i c   f r a m e w o r k   t o   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 ;  2 )  t o   e x p l a i n   t h e   g r e a t  

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

Sawmi l l   Canyon   ' a r ea ;   and  3 )  t o   e v a l u a t e   . t h e   e x i s t e n c e   a n d  

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

b e e n   s u g g e s t e d   o n   t h e   b a s i s   o f   r e c o n n a i s s a n c e .  \ 
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Figure 2. Relationship of the study area to stratrgrapnlc ana p~ly~luylaPl~~u 
features, surrounding studies, and routes of access. 
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P r e v i o u s  Work 

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

t h e   S o c o r r o - M a g d a l e n a   a r e a   h a s   b e e n   d e v e l o p e d   o v e r   t h e   p a s t  

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

(Brown,   1972;   Chapin ,   unpubl i shed   maps ;   S imon,  1973; 

Chamber l in ,  1974 ;  W i l k i n s o n ,  1976;  Osburn,  1978; and  

Chamber l in ,  1 9 7 8 ) .  T h e s e   i n v e s t i g a t i o n s  as  w e l l  as  s e v e r a l  

o n g o i n g   s t u d i e s ,   i n c l u d i n g   t h i s   o n e ,   a r e  known as t h e  

Mag .da lena   P ro jec t   and  ,...are supported.;.by..Lhe New Mexico  Bureau 

of   Mines  a n d  M i n e r a l   R e s o u r c e s .  The c h r o n o l o g i c   d e v e l o p m e n t  

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

f i g u r e  3. 

O t h e r   s t u d i e s   ( S t a c y ,  1968;  D e a l ,  1973;  B r u n i n g ,  

1973;  and   Krewed l ,  1974)  h a v e   a d d e d   t o   t h e   u n d e r s t a n d i n g  o f  

t h e   a r e a .  Deal ( 1 9 7 3 )  mapped a p p r o x i m a t e l y  300  s q u a r e  mi les  

i n   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   o n  a r e c o n n a i s s a n c e  

% a s i s .  He p r o p o s e d  a 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  Mount W i t h i n g t o n ,   a n d   s u g g e s t e d   t h a t  i t s  e a s t e r n   m a r g i n  

c o u l d   b e   e x t e n d e d   i n t o   t h e   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  

(1974)  mapped t h e   n o r t h e r n   p o r t i o n  of t h e   p r e s e n t   s t u d y   a r e a  

on  a r e c o n n a i s s a n c e   b a s i s   a n d   S t a c y  (1968)  mapped a b o u t   o n e  

s q u a r e  mi le  i n  t h e   L a n g m u i r   L a b o r a t o r y - S o u t h   B a l d y   a r e a .  

B r u n i n g   ( 1 9 7 3 )   d e s c r i b e d   t h e   o u t c r o p s   o f   P o p o t o s a   F o r m a t i o n  

n e a r   S o u t h   B a l d y .  

Mapping i n   t h e   S o c o r r o - L e m i t a r   M o u n t a i n s  e ( C h a m b e r l i n ,   1 9 7 8 )   a n d   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   ( O s b u r n ,  
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8 1978)  h a s   e s t a b l i s h e d  a d e t a i l e d   s t r a t i g r a p h y   t h a t  i s  b e i n g  

e x t e n d e d  t o  t h e   c e n t r a l   a n d   s o u t h - c e n t r a l   M a g d a l e n a  Mounta ins  

( t h i s   s t u d y ,  D. P e t t y ,  P. A l l e n ,  S.  Roth ,  i n  p r o g r e s s ) .   T h i s  

mapp ing   enab led   Chap in  a n d  o t h e r s  (1978)  t o  show t h e  

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

M o u n t a i n s   a n d   t o   d o c u m e n t  a m a j o r   t r a n s v e r s e   s t r u c t u r e   w h i c h  

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

( f i g u r e  4). 

Methods o f  I n v e s t i g a t i o n  
i P  .. . 

D e t a i l e d   g e o l o g i c   m a p p i n g  was done a t  a s c a l e  o f  

1 : 2 4 , 0 0 0   o n   t h e   S o u t h   B a l d y   t o p o g r a p h i c   q u a d r a n g l e   o f   t h e  

U n i t e d   S t a t e s   G e o l o g i c a l   S u r v e y  7 1 / 2 - m i n u t e   s e r i e s .   U n i t e d  

S t a t e s   F o r e s t   S e r v i c e   a e r i a l   p h o t o g r a p h s   ( 4 - 1 0 - 7 1 )  a t  a s c a l e  

o f  1:12,000 w e r e   u s e d   t o   l o c a t e   o u t c r o p s .   M a p p i n g  was 

c o n d u c t e d   d u r i n g   t h e  summer and  f a l l  of.1977 a n d   t h e   s p r i n g  

and  summer o f  1978. 

E i g h t y   t h i n   s e c t i o n s   o f   r o c k s   c o l l e c t e d  i n  t h e  

s t u d y  area w e r e   u s e d   t o   d e s c r i b e   a n d   c o r r e l a t e   r o c k   u n i t s .  A 

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

s e c t i o n   s t u d y .  A l l  t h i n   s e c t i o n s   w e r e   s t a i n e d   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 a t e   u s i n g   s t a n d a r d   p r o c e d u r e s  (Deer, 

Howie,   and  Zussman,  1966,  p .  311). E t c h i n g  t imes were  

i n c r e a s e d   f r o m   1 5 - 2 0   s e c o n d s   t o   6 0 - 9 0   s e c o n d s .   P e t r o g r a p h i c  

rock   names  a re  f rom  Lipman 's  (1976 ,  f i g .  3 ,  p. 5 )  * c l a s s i f i c a t i o n   f o r   v o l c a n i c   r o c k s   a n d  are  u s e d  i n  a n   i n f o r m a l  



- 

. 
' e Figure 4. Location of major  cauldron  structures  and  the 

transverse  shear  zone  in  the  Socorro-Magdalena  area  as 
proposed by Chapin and others, 1978. Approximate  location 
of this study area  shown by white block. 
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f a s h i o n  a s  c h e m i c a l   a n a l y s e s   f o r   m o s t  of  t h e   r o c k s  i n  t h e  

s t u d y  area a r e   n o t   a v a i l a b l e .  Rock c o l o r s   r e p o r t e d   a r e   f r o m  

t h e  GSA r o c k   c o l o r   c h a r t .  

A s a m p l e  f o r  r a d i o m e t r i c   d a t i n g  was c o l l e c t e d   f r o m  

t h e  .lavas i n t e r b e d d e d  in 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  

Muleshoe   Ranch   a rea .  

, i: 



1 0  

a STRATIGRAPHY AND PETROGRAPHY 

G e n e r a l   T e r t i a r y   S t r a t i g r a p h y   o f   C e n t r a l   S o c o r r o   C o u n t y  

T h e   T e r t i a r y   s e q u e n c e   i n   c e n t r a l   S o c o r r o   C o u n t y  

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

T e r t i a r y   u n i t  i s  t h e  B a c a   F o r m a t i o n   ( E o c e n e )   w h i c h   c o n s i s t s  

o f   a r k o s i c   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 .   O v e r l y i n g   t h e  Baca 

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

: c o 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 ,   v o l c a n i c l a s t i c  

s a n d s t o n e s ,   a n d e s i t i c  l avas ,  a n d  t h r e e   o r  more i n t e r b e d d e d  

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

r e p r e s e n t s   t h e   a l l u v i a l   a p r o n   t h a t   s u r r o u n d e d   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   p r i o r   t o  i t s  Ol igocene  

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

e r u p t i o n s   a r e   r e p r e s e n t e d   b y  a t h i c k   s e q u e n c e  o f  a sh - f low 

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

e 

r h y o l i t e  l avas  (Oligocene- early M i o c e n e ) .   R e g i o n a l   e x t e n s i o n  

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

c r e a t e d   b a s i n s  i n  w h i c h   t h e   c l a s t i c   s e d i m e n t s   o f   t h e   S a n t a   F e  

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

The   rocks   exposed  i n  t h e   s t u d y   a r e a   c o n s i s t   o f  

a s h - f l o w  t u f f s  a n d   l a v a s   o f   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  

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

o v e r l a i n   b y   r h y o l i t i c  l avas .  The  map u n i t s   a r e  shown 

g r a p h i c a l l y   i n   f i g u r e  5. 
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PaPotola  Formation(0-800  ft , 0-244 m ) -IC BRECCUS, CONGL" 
ERliTfS. and  SANDSTONES:  dense,  red,  vell-indurated,  heterolithic 
laharic breccias  at  base(500  ft ) overlain by  and  interbedded with 
Conglmnrerares and  sandstones. Uppelrust  portion  finely  laminated 
sandstones  and  siltstones. 

basaltie andesites overlain  by  rhyodacite lavas vlth large 
Intermediate iaVas(0-400 ft , 0-122 m ) ANDESITES,WODAC~TES: 

d t h  lithic-rich  ash-flow  tuffs  and  liharis  breccias. 
Phenac?rScs Of dhli feldspar  and  quartz.  locally  interbedded 

Tuff  of South  Canyon 26.m.y.(0-100 fr , 0-30 m ) ASB-FLOU TWFS: 
multiple-flow. simple cooling voif  of  rhyolite  ash-flow tuff; 

,. -.phk twpay, .moderately to.denselpvelded, crys.-zich,.dirtinctive 

lava Flows: (OL200 ft , 0-60 m ) AMESITE ULVAS:  dark  red to  gray. 
streaked  pumice. 

dense, basaltic  andesites  vlth  distinctive  oxidized fer-g. 

Tuff of Lemitar Hourains: 28 m.y. (600-1000 ft , 180-305 m 1 ASK- 
phewcqsts. 

FWd TUFFS: rhyolite.  multiple-flow.  densely  welded,  ash-flow  tuff. 

by  med.  red.  crgs.-rieh, qtr. and hiacite rich, 2 felds.  upper 
It.  gray to palered, crys.-poor, lower  member(0-4W ft.) overlain 

member . 
Upper kif of Simile Canyon: 29 m.y.(500-750 ft  ,152-230 m ) ASB- 
naU TUFFS,SANDSTONES,ANDESlTE5: Lwer and uppez members of tuff 
of  Caronita  Canyon overlain by  sandstone  and  andesite. Lower member 

welded. Upper member is gray LO white,  crystal-rich.  vlth  distinetii)e 
is brick-red.crys.-  poor,  multiple-flow. and  poorly to mderately 

hipyramidal  gyartz.  Dverlain  by  qtr.-rich,  bedded.  sandstone  and 
dense,apha*itic,andesites. 

Lower Unit  of Simile Canyon:(800-2000  ft ) ANDESITE to BASALTIC 
ANDESlTE ULVAS, RHYOLITE ULVAS, VOLCANOCLASTICS. AS0 FUW TUFES: 
dark.  aphanitic.  .andesites in northern porelon of  study area 
pinch out to the south  againnst~rhyclite flows and minor inzer- 
bedded ssh-flov-.fuff and:-sandstone; 

A-L Peak Tuff-flow-banded member(7): 32-30 m.y. (2000-2500 ft , 
600-760 m ) ASH F L O W  TUFF: Rhyolite. multiple-flow, crys.-poar, 

propfee often lineated; llegahreccia member consists of large blocks 
densely  welded.  tuff.  Light  gray fo grayish-red  purple: 

of older volcanic  rocks which fell inro the A-L Peak Tllff during 
cavldran collapse. Hod. crye.-rich member locally preserved 
nasr stratigraphic top. Erupted from the Sawmill CnayOn  csuldrou. 

Unit  of  Bardy  Ridge:(500  ft , 152 m ) RHYOLITE ULVAS. ASH-FLOW 
TIFFS, ANDESIIE: Massive, aphanitic, &ire to pink flow-banded 
rhyolite lavae characterized by ovoid  spherulite-like bodies 
(6  in.to 1 ft in d i m . ) .  Lavas intrude and overlie-poorly uelded, 
lithic-rich mffs. locally  underlain by  aphanizie, green, sndesiresl 

Rells Mesa Tuff: 32 my. (900  ft , 275 m ) ASH-FLUJ TUFFS: rhyolite, 
multiple-flow.  simple  cooling  unit of densely  velded.  cry*.-rich. 
qtr.-rich. 2 felds.. massive tuffs.  Erupted from North  Baldy  cauldron. 

. Figure 5: Stratigraphic  section  of  the  thesis  area. Graphic 
section and description modified a f t e r  Chapin and others (1978). 
Thicknesses  are exposed thicknesses and may n o t  ref lect   t rue 
thicknesses of  poorly exposed units. 



1 2  

e- H e l l s  Mesa Tuf f  

The o l d e s t   T e r t i a r y   u n i t   e x p o s e d  i n  t h e   s t u d y   a r e a  

i s  t h e  Hel ls  Mesa Tuf f .   The   He l l s  Mesa i s  c o r r e l a t i v e   w i t h  

t h e   l o w e r ,   c r y s t a l - r i c h ,   q u a r t z - r i c h ,   p o r t i o n   o f   T o n k i n g ' s  

( 1 9 5 7 )  Hel l s  Mesa  member o f   t h e  Dat i l  Forma t ion .  Brown 

( 1 9 7 2 )   c a l l e d   t h i s   u n i t   t h e   t u f f   o f   G o a t   S p r i n g s  Member o f  

t h e   H e l l s  Mesa  Formation.   Three K-Ar d a t e s   h a v e   b e e n  

o b t a i n e d   f o r   t h e   H e l l s  Mesa Tuf f :  1) 30.6  + / -  2.8 m.y. f r o m  

t h e   B e a r   M o u n t a i n s   ( W e b e r   a n d   B a s s e t ,  1963); 2 )   3 2 . 1  + / -  5 

m.y. f r o m   t h e  G a l l i n a s  Moun ta ins ;   and  3 )  32.4 + / -  1 . 5  m.y. 
. .  . . , 9 .  . . , . .  .. . 

f r o m   t h e   J o y i t a  H i l l s  (Burke  a n d  o t h e r s ,  1 9 6 3 ) .  The H e l l s  

Mesa Tuff  w a s  e r u p t e d   f r o m   t h e   N o r t h   B a l d y   c a u l d r o n   ( C h a p i n  

a n d   o t h e r s ,  1 9 7 8 ) ,  a r emnan t  o f  which i s  p r e s e r v 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 .   K r e w e d l  ( 1 9 7 4 )  e s t i m a t e d   t h e  

c a u l d r o n   f a c i e s   t o   b e  as  much as 3850 f e e t   t h i c k .  The 

o u t f l o w   f a c i e s ,   h o w e v e r ,  i s  g e n e r a l l y  400 t o  600  f e e t   t h i c k .  

. .  . A l l  o f - t h e   e x p o s u r e s   i n   t h i s .   s t u d y  area are w i t h i n  

t h e   p r o p o s e d   N o r t h   B a l d y   c a u l d r o n   ( C h a p i n   a n d   o t h e r s ,  1978) .  

I n  t h e   n o r t h e a s t   p o r t i o n   o f   t h e   s t u d y   a r e a ,   t h e   H e l l s  Mesa 

T u f f   c r o p s   o u t   i n  a n  e a s t - t r e n d i n g   b a n d   ( s e c s .  31, 32, T.3S., 

R . 3 W . I  w i t h  no   exposed   base .  I n  t h i s   a r e a ,   t h e   l a c k   o f  a 

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

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

f a c i e s   H e l l s  Mesa Tuff t h a t  i s  c o n t i n u o u s l y   e x p o s e d   t o   t h e  

c a u l d r o n   m a r g i n   o n   N o r t h   B a l d y   ( K r e w e d l ,  1974 ;  B l a k e s t a d ,  * 1 9 7 8 ) .  I n   t h i s   a r e a ,   t h e   H e l l s  Mesa T u f f  i s  t y p i c a l l y  
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b l e a c h e d   t o  a l i g h t - g r a y   t o   b u f f   c o l o r ,   e x h i b i t s   c o l u m n a r  

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

I n   s e v e r a l   p l a c e s ,   t h i n ,   s a n d y   l a y e r s ,   d e r i v e d   f r o m   t h e   H e l l s  

Mesa T u f f ,   a r e   i n t e r b e d d e d  i n  t h e   t u f f .   T h e s e  s a n d  l a y e r s  

a r e   l i m i t e d  i n  l a t e r a l   e x t e n t   a n d  do n o t   e x c e e d   t h r e e   . . i n c h e s  

i n   t h i c k n e s s .  The H e l l s  Mesa Tuff  i s  i n  c o n t a c t   t o   t h e   s o u t h  

w i t h   t h e   y o u n g e r   U n i t   o f   S i x m i l e   C a n y o n   a l o n g  a n  

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

... .On t h e .   e a s t .   f l a n k   o f  . .Hardy  Ridge,  the  Hel1.s Mesa 

T u f f   c r o p s   o u t  i n  a r o u g h l y   t r i a n g u l a r   p a t t e r n   ( s e c .  1 9 ,  

T.hS.,  R.3W.I and i s  a minimum  of 600 f e e t   t h i c k .   H e r e ,  i t  

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

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

N e a r   t h e   s o u t h e r n   e n d   o f   t h i s   o u t c r o p   a r e a ,   i n t e n s e  

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

0 

.. . a l 1 , p h e n o c r y s t s  i n  . h a n d   s p e c i m e n ,   e x c e p t   q u a r t z   g r a i n s   a n d  

. .  c o p p e r y   b i o t i t e .   T h i s . a l t e r t i t i o n  -may b e   r e l a t e d   t o  a l a r g e  

b o d y   o f   r h y o l i t e   t h a t   i n t r u d e s   t h e   H e l l s  Mesa T u f f   a b o u t  1000 

f e e t   s o u t h   o f   t h e   s o u t h e r n   b o u n d a r y   o f   t h e   s t u d y   a r e a .  

On t h e   w e s t   s i d e   o f   H a r d y   R i d g e ,  50 t o  1 0 0  f e e t   o f  

u p p e r m o s t . X e l l s  Mesa T u f f  i s  e x p o s e d   a l o n g  a major  

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

t h i c k e r   s e c t i o n s   o f   t h e   H e l l s  Mesa T u f f   a r e   e x p o s e d  

i m m e d i a t e l y   t o   t h e   s o u t h .   T h e s e  small e x p o s u r e s   o f   H e l l s  

e Mesa  Tuff are  v e r y  s imilar  t o   t h o s e  o n   t h e   e a s t .  



Brown (19721 ,   Chamber l in  (19741 ,  a n d   S p r a d l i n  

( 1 9 7 4 )  h a v e   d e s c r i b e d   t h e   p e t r o g r a p h i c   c h a r a c t e r i s t i c s   o f   t h e  

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

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

i s  r e f e r r e d - t o   t h e i r  work. The H e l l s  Mesa T u f f   i n   t h e   . s t u d y  

a r e a  i s  c o n s i s t e n t l y   c r y s t a l - r i c h ,   a n d   c o n t a i n s  45 t o  55 

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

b i o t i t e .  The a v e r a g e   p h e n o c r y s t   s i z e   r a n g e s   f r o m  2 t o  3 mm, 

a l t h o u g h   q u a r t z   g r a i n s  commonly r e a c h  6 mm i n  d i a m e t e r .   T h e  

p l k g f o c l a s e   p h e n o c - r r y s t s  :.ar.e h i g h l y ’ ~ t i l t . e r e d   a n d  i n  hand 

s p e c i m e n   a p p e a r   e i t h e r   c h a l k y  o r  as s k e l e t a l   r e m n a n t s .  

Pumice i s  i n c o n s p i c u o u s   i n   m o s t   o u t c r o p s .  

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  p a r t i a l l y   a l t e r e d  

t o  s e r i c i t e   a n d / o r   r e p l a c e d  by c a l c i t e .   P l a g i o c l a s e  i s  

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

m i n e r a l s   o c c a s i o n a l l y   r e m a i n .   - Q u a r t z   o c c u r s  as  l a r g e ,  

r o u n d e d   g r a i n s   t h a t   a r e   o f t e n  embayed. B i o t i t e   o c c u r s  as  

l a t h - s h a p e d   c r y s t a l s   t h a t  are  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 .  

S m a l l   m a g n e t i t e   g r a i n s   ( 0 . 2  mm) a r e   f o u n d   t h r o u g h o u t   t h e  

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

U n i t  o f   Hardy   Ridge  

I 
A t h i c k   s e q u e n c e   o f   r h y o l i t e  l avas ,  p o o r l y   w e l d e d  

a s h - f l o w   t u f f s ,   a n d   a n d e s i t e s   w i t h   a s s o c i a t e 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   o v e r l i e   t h e   H e l l s  Mesa  Tuff i n   t h e  



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

i n f o r m a l l y  named t h e   u n i t   o f   H a r d y   R i d g e   f o r   g o o d   e x p o s u r e s  

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

e x t e n s i v e l y   a l o n g   H a r d y   R i d g e   a n d   t o   t h e  west, bu t   no  

o u t c r o p s   a r e   f o u n d   t o   t h e   n o r t h  o r  e a s t .  The c o n t a c t  

r e l a t i o n s h i p s   b e t w e e n   s u b u n i t s   w i t h i n   t h e   u n i t   o f   H a r d y   R i d g e  

a r e   u s u a l l y   o b s c u r e d   b y   t a l u s   a n d  no m a r k e r   h o r i z o n s   w e r e  

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

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

lavas ,  ~ash- . f low  tuf fs   . -wi th .   minor .   ass .oc ia t .ed .   . l avas   , . . and  

a n d e s i t e s   w i t h   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   w e r e   m a p p e d  . 

s e p a r a t e l y .  A minimum t h i c k n e s s  of 800 f e e t  was e s t i m a t e d  

f r o m   c r o s s   s e c t i o n  ( A - A ' ) .  

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

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

a s s o c i a t e 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 .  They d i r e c t l y  

o v e r l i e   t h e   H e l l s  Mesa a n d   c r o p   o u t   i n  a n o r t h - t r e n d i n g   b a n d  

o n   t h e   w e s t   s i d e   o f   H a r d y   R i d g e   a n d  i n  two small a r e a s   o n   t h e  

e a s t   s i d e   ( s e c .  19, T.hS., R.3W.I. M o s t   o f   t h e s e   a n d e s i t e s  

c o n t a i n  5 t o  20 p e r c e n t   o x i d i z e d   p y r o x e n e  ( ? )  p h e n o c r y s t s ;  

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

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

t o p   o f   t h e   a n d e s i t e .  

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

a a p h a n i t i c   g r o u n d m a s s   c o n t a i n i n g  5 t o  20 p e r c e n t   o x i d i z e d  
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p y r o x e n e   p h e n o c r y s t s ,  2 t o  3 mm l o n g ,   a r e   t h e  most   abundant  

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

m l n e r a l s   a n d   c a l c i t e   a r e  common. 

D e n s e ,   a p h a n i t i c ,   d a r k - g r a y   t o   g r a y i s h - g r e e n  

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

a b o v e   t h e   H e l l s  Mesa  on t h e   w e s t   s i d e   o f   H a r d y   R i d g e ,   i n   t h e  

e x t r e m e   s o u t h e r n   p o r t i o n   o f   t h e  map a r e a .  They  occur  

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

s p e c i m e n ,  some o f   t h e   s a m p l e s   c o n t a i n  smal l ,  0 .5  mm, o v o i d ,  

g r e e n   - b l o t c h e s .  : In.. . . t h i n   . s e c t i o n  ,.,mo.st 0.f. t h e s e   a r e .   s e e n   t o  

b e   c h l o r i t e   a n d   e p i d o t e   a f t e r   o l i v i n e  ( ? I ;  o t h e r s  may b e  

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

m i c r o l i t e s ,  0.2 mm l o n g ,   p a r t i a l l y   o b s c u r e d  by a c l o u d y ,  

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

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

r o u n d e d   m a g n e t i t e   g r a i n s ,  0 .2  mm i n   d i a m e t e r ,  make up  10 t o  

1 5  p e r c e n t   o f   t h e   r o c k .  

a s h - f l o w   t u f f s   O v e r l y i n g   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 n   b o t h  

s i d e s   o f   H a r d y   R i d g e   a r e  a s e r i e s  o f   p o o r l y   w e l d e d   t u f f s   w i t h  

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

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

t h e   s o u t h e a s t e r n   c o r n e r   o f   s e c t i o n  1 9 ,  T.hS., R.3W. The 

c o n t a c t s  a t  t h i s  e x p o s u r e   s u g g e s t   t h a t   t h e s e   r o c k s   w e r e  

d e p o s i t e d   i n  a s c a l l o p ,  or c h a n n e l ,   d e v e l o p e d  on t h e  

u n d e r l y i n g   H e l l s  Mesa. A c r o s s   s e c t i o n  ( X - X ’ )  i n d i c a t e s  a 



minimum t h i c k n e s s   o f  400  f e e t .   S i m i l a r   r e l a t i o n s h i p s   b e t w e e n  

t h i s   t u f f   i n t e r v a l   a n d   t h e   H e l l s  Mesa a r e   s e e n   e x t e n s i v e l y   t o  

t h e   s o u t h  (S. R o t h ,  1978,  o r a l  commun.).  More e x t e n s i v e  

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

f l a n k s   o f   H a r d y   R i d g e .  A t  o n e   . l o c a l i t y  (SW 1 1 4 ,  'set. 1 9 ,  

T.hS.,  R . 3 W . 1 ,  t h e   t u f f s  a re  o v e r l a i n   b y   y o u n g e r   r h y o l i t e  

l avas  o f   t he   Hardy   R idge   Group .  

I 

T h e   a s h - f l o w   t u f f   u n i t   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   f o r m s   e x t e n s i v e   t a l u s   s l o p e s .  The t u f f s   v a r y   i n   c o l o r  

f r o m : T i n k i s h   . g r a y   t o .   v e r y   p a l e   blue ,.-.a.r:e~ p o o r l y   t o   m o d e r a t e l y  

w e l d e d ,   a n d   a r e  commonly  pumice  and l i t h i c   r i c h .  One 

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

R i d g e ,   a n d   i n   t h e   s o u t h e a s t   c o r n e r  o f  s e c t i o n  1 9 ,  c o n t a i n s  

m o r e   t h a n  50 p e r c e n t   l i g h t - c o l o r e d ,   d i s c - s h a p e d   p u m i c e .  I n  

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

f r a g m e n t s  of a p h a n i t i c   a n d e s i t e   t h a t   a v e r a g e  1 t o  2 e m  i n  

d i a m e t e r .   O c c a s i o n a l l y ,   c l a s t s   o f   t h e   u n d e r l y i n g   H e l l s  Mesa 

T u f f ,   r a n g i n g  i n  s i z e -   f r o m  3 cm t o  30 cm c a n   b e   f o u n d  i n  t h e  

t u f f s .  I n  t h e   e x t r e m e   s o u t h w e s t e r n   c o r n e r   o f   s e c t i o n  1 9 ,  a 

p y r o c l a s t i c   b r e c c i a   ( F i s h e r ,   1 9 6 0 )   c r o p s   o u t   w h i c h   c o n t a i n s  

m o r e   t h a n  50 p e r c e n t   l i t h i c   f r a g m e n t s   t h a t   e x h i b i t  a 

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

r h y o l i t e   a n d   a n d e s i t e   t h a t   a v e r a g e  2 io 3 cm i n   d i a m e t e r ,   b u t  

may b e  as l a r g e  as 1 5  cm. A small a m o u n t   o f   c r y s t a l   p o o r  

l ava  i s  a s s o c i a t e d   w i t h   t h e   t u f f s   i n   s e c t i o n  1 9  b u t   a p p e a r s  

e t o  have  a v e r y   l i m i t e d   e x t e n t .  
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The t u f f s   u s u a l l y   c o n t a i n   l e s s   t h a n  1 0  t o  1 5  - 
p e r c e n t   p h e n o c r y s t s   w h i c h   c o n s i s t  o f  a p p r o x i m a t e l y   t w o   t i m e s  

as  much q u a r t z  as s a n i d i n e   a n d  a small a m o u n t   o f   p l a g i o c l a s e .  

T h e   f e l d s p a r s   a r e   p a r t i a l l y   t o   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   t h e   p u m i c e  i s  o f t e n   r e p l a c e d   b y   c a l c i t e .   Q u a r t . 2   g r a i n s  

a v e r a g e   a b o u t   0 . 7 5  mm i n   d i a m e t e r   a n d   a r e   u s u a l l y   r o u n d e d   a n d  

e m b a y e d .   T r a c e   a m o u n t s   o f   m a g n e t i t e ,   p a r t i a l l y   o x i d i z e d   t o  

h e m a t i t e ,  a re  p r e s e n t .  

rhyoL&te-- , lavas  A s e q u - e n c - e . ~   o f   r h y o l i t i c  l avas  t h a t  l o c a l l y  

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

s e c t i o n  23 a n d  24 (T.kS., R.4W.I and  on H a r d y  Ridge.  Mapping 

t o   t h e   s o u t h  (S .  Roth ,  1978, o r a l  commun.) i n d i c a t e s   t h a t  

s imilar l avas  b o t h   i n t r u d e   a n d   o v e r l i e   t h e   H e l l s  Mesa Tuff  

a n d   t h e   l o w e r   s u b u n i t s   o f   t h e  u n i t  of  Hardy  Ridge.  The 

c o n t a c t s   b e t w e e n   t h e   t u f f   a n d  l ava  u n i t s  on  Hardy  Ridge may 

a l . s o   b e   p a r t l y   ~ i n t s u s i v e .   S t e e p   d i p s  a n d  ~a c r u d e   r a d i a l  

p a t t e r n  o f  d i p s   i n   t h e   o u t c r o p   l o c a t e ~ d  i n  s e c t i o n  24 may 

i n d i c a t e   a n   i n t r u s i v e  dome.  The o n l y   c o n s t r a i n t   o n   t h e  

minimum a g e   o f   t h e s e  l avas  i s  t h e   f a c t   t h a t   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   o v e r l i e s   t h e   l a v a s   o n   H a r d y   R i d g e   a n d   t o  

t h e   w e s t   a n d   h a s   b e e n   d a t e d  a t  a p p r o x i m a t e l y  2.7 m.y. ( R . C .  

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

I n   g e n e r a l ,   t h e  l avas  a r e   l i g h t   c o l o r e d ,   c r y s t a l  

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

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

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

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

p l a n e s .   I n   o u t c r o p ,   t h e y   a p p e a r  similar t o   r o u n d e d   c o b b l e s  

a n d   r a n g e   i n   s i z e  f r a m  1 cm t o  0.6 m ;  t h e   a v e r a g e   s i z e  i s  1 0  

t o  20 cm ( f i g u r e  6 ) .  I n  some a r e a s ,   i n d i v i d u a l   f l o w   p l a n e s  

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

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

r h y o l i t e ,   t h e y   o f t e n   a p p e a r  as  c i r c u l a r   l a y e r s ,   l e s s   t h a n   o n e  

m i l l y m e t e r   i n   t . h i - c k n e % s ,   s t a c k e d  on-%.up of   one   anot .her   .wi th  

s u c c e s s i v e l y  smaller b a d i i .  No l i t h o l o g i c  o r  t e x t u r a l  

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

s u r r o u n d i n g  lavas.  However,  a t h i n   r i n d  ( l e s s  t h a n  1 mm 

t h i c k )   s u r r o u n d s  some b o d i e s .   O c c a s i o n a l l y ,   t h e s e   b o d i e s  

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

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

a r e   a l s o  common i n   t h e   l a v a   b u t   u s u a l l y   d o   n o t   e x c e e d  1 cm i n  

d i a m e t e r .  

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

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

m a g n e t i t e   g r a i n s  3 t o  4 mm i n   d i a m e t e r .   I n   o n e   s a m p l e ,  a 

r o u n d e d   g r a i n  (1 m m )  o f   l e u c o x e n e  was noted .   The   groundmass  

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

a g g r e g a t e s   o f   a l k a l i   f e l d s p a r   a n d   s i l i c a   m i n e r a l s .   I n  some 

s a m p l e s ,  3 t o  4 mm c a v i t i e s   a r e   f i l l e d   w i t h   i n w a r d   g r o w i n g  

q u a r t z   c r y s t a l s .   F l o w   p l a n e s  a re  d e f i n e d   b y   z o n e s  1 t o  2 mm 

t h i c k  f i l l e d  w i t h   q u a r t z   c r y s t a l s .  



F i g u r e  6 .  S p h e r u l i t e - l i k e   b o d i e s   a s s o c i a t e d   w i t h   t h e  

r h y o l i t e  l a v a s  o f  t h e   u n i t  o f  Hardy  Ridge.  
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T h e   u n i t   o f   H a r d y   R i d g e  i s  a h e t e r o l i t h i c  

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

r h y o l i t e  lavas  w h i c h   p r o b a b l y   f i l l e d   t h e   t o p o g r a p h i c  

d e p r e s s i o n   c a u s e d   b y   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  

~. ( C h a p i n   a n d   o t h e r s ,  1978) .  ' V o l u m i n o u s   i n t r u s i v e   r h y o l i t e s ,  

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

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

mapping t o   t h e   s o u t h   a n d   w e s t  w i l l  t e s t   t h i s   h y p o t h e s i s .  

.:. A-L Peak  Tuff  

The A-L P e a k   T u f f ,  a c o m p o s i t e   a s h - f l o w   t u f f   s h e e t  

( C h a p i n   a n d  Deal, 19761,  c r o p s   o u t   e x t e n s i v e l y  i n  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   s t u d y   a r e a .   D e a l  ( 1 9 7 3 )  and  Deal 

e and  Rhodes ( 1 9 7 4 )  o r i g i n a l l y  named t h e   t u f f s   t h e  A-L Peak  

R h y o l i t e   f o r   e x p o s u r e s  i n  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 ;  

t h e  name h a s   s i n c e   b e e n   m o d i f i e d   t o  A-L Peak   Tuff   (Chapin   and  

o t h e r s ,  1978) .  The A-L Peak  Tuff  i s  c o r r e l a t l v e   w i t h   t h e  

" b a n d e d   r h y o l i t e "   o f   L o u g h l i n   a n d  Koschmann ( 1 9 4 2 ) ,   t h e  

middle  6 5  f e e t   o f   T o n k i n g ' s  (1957)  H e l l s  Mesa Member, a n d   t h e  

t u f f   o f  Bear S p r i n g s   ( B r o w n ,   1 9 7 2 ) .  E.I. S m i t h   a n d   o t h e r s  

( 1 9 7 4 )  d a t e d   t h e  A-L Peak  Tuff  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  method. 

T h e r e  a re  t h r e e   g e n e r a l l y   r e c o g n i z e d   m e m b e r s   o f   t h e  

A-L P e a k   T u f f - - t h e   b a s a l   g r a y - m a s s i v e ,   t h e   f l o w - b a n d e d ,   a n d  

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

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 ,   c r y s t a l - p o o r ,   a s h - f l o w   t u f f s  
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w i t h  4 t o   1 0   p e r c e n t   p h e n o c r y s t s .   S a n i d i n e ,  3 t o  8 p e r c e n t ,  

and  small r o u n d e d   q u a r t z ,  1 t o  2 p e r c e n t ,   a r e   t h e   m o s t  common 

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

a l s o   f o u n d   ( C h a p i n   a n d   o t h e r s ,  1 9 7 8 ) .  T h e   l o w e r   l i g h t - g r a y ,  

pumice-poor . ,   g ray-mass ive  member g r a d e s   u p w a r d   i n t o   t h e   g r a y  

or reddish-brown  f low-banded member w h i c h   h a s   a b u n d a n t ,  

l i n e a t e d   p u m i c e .  I n  t h e   L e m i t a r   a n d   B e a r   M o u n t a i n s  a t o n g u e  

of b a s a l t i c - a n d e s i t e  l avas  s e p a r a t e s   t h e   u p p e r   p i n n a c l e s  

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

.'The* 3Pnn ;ac l e s   member ,   t yp ica l ly   has . ' .   abxndan t   non- l inea fed  

pumice   and  i s  named f o r  i t s  c h a r a c t e r i s t i c   o u t c r o p   p a t t e r n .  

The t h i c k n e s s  o f  t h e  A-L Peak  Tuff  i n  t h e  

S o c o r r o - M a g d a l e n a   a r e a   g e n e r a l l y   v a r i e s   f r o m  0 t o  700 f e e t  

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

f rom a c r o s s   s e c t i o n  ( B - B ' )  i n d i c a t e s  a minimum t h i c k n e s s  of 

2000 t o  2500 f e e t .   T h i s   t h i c k n e s s  may b e   i n a c c u r a t e   d u e   t o :  

1) n o n - u n i f o r m . . o r i e n t a t i o n  of f o l i a t i o n  i n  t h e  A-L Peak ,  

l a r g e l y   d u e   t o   s e c o n d a r y   f o l d i n g ;  2 )  l a c k  of a n  e x p o s e d   b a s e ;  

and  3 )  d i f f i c u l t y   i n   r e c o g n i z i n g   f a u l t s   w i t h i n  a t h i c k   u n i t  

t h a t   s h o w s   n o   w e l l - d e f i n e d   v e r t i c a l   z o n a t i o n   a n d   h a s   n o  

m a r k e r   h o r i z o n s .  

T h e   s o u r c e   a r e a s  f o r  t h e  A-L P e a k   T u f f   a r e   p o o r l y  

u n d e r s t o o d  a t  t h i s   t i m e .   D e a l  ( 1 9 7 3 )  i n t e r p r e t e d  a  total^ 

t h i c k n e s s  of a b o u t  2000 f e e t  for a l l  t h r e e  members  on A-L 

Peak  t o   r e f l e c t  a s o u r c e   c a u l d r o n   f o r  a t  l e a s t  some o f   t h e  

A-L Peak i n   t h e  San  Mateo  Mountains.   However,  a l l  t h r e e  
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0 members a r e  r e c o g n i z e d   w i t h i n   t h i s   s e c t i o n   ( C h a p i n   a n d   D e a l ,  

19761,  a n d   t h e r e  i s  a g r e a t   d e a l   o f   v e r t i c a l   v a r i a b i l i t y  i n  

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

c o n t e n t .  A v e r y  similar s e c t i o n   o f   a b o u t  1 7 0 0  f e e t  was s e e n  

i n   r e c o n n a i s s a n c e   o f  D e v i l s  B a c k b o n e ,   s o u t h   o f   t h e   M a g d a l e n a  

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

C u r r e n t   t h o u g h t s   a r e   ( C h a p i n ,  1978,  o r a l  commun.) t h a t   n o n e  

o f   t h e   t h r e e   m e m b e r s   w e r e   e r u p t e d   f r o m   t h e  Mount W i t h i n g t o n  

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

. .  - - - ' . : .were   e rupted . : . f rom  . t .he   Mag.da lena~  cauldron   ( f ig .  4 ) .  

T h e   ' e x t e n s i v e   e x p o s u r e s   o f   t h e  A-L Peak   Tuf f  i n  t h e  

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

Sawmi l l   Canyon   cau ld ron .  It c a n n o t   b e   d e f i n i t e l y   c o r r e l a t e d  

w i t h   a n y  o f  t h e  known  members  of t h e  A-L P e a k   r e c o g n i z e d  i n  

t h e   o u t f l o w   f a c i e s .  The c h a r a c t e r i s t i c s   o f   t h e  A-L P e a k   i n  

t h e   s t u d y  area t h a t  a re  s u g g e s t i v e   o f  a c a u l d r o n   f a c i e s   t u f f  

a r e :  1) a n o m a l o u s   t h i c k n e s s ;  2 )  u n i f o r m   n a t u r e   i n   t e r m s   o f  

c r y s t a l   c o n t e n t ,   p u m i c e ,  a n d  d e g r e e   o f   w e l d i n g ;  a n d  3 )  

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

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

e 

I n   t h e   s t u d y   a r e a ,   t h e  A-L Peak   Tuff  i s  w e l l  

e x p o s e d   a l o n g   t h e  Eas t  a n d  West Forks   o f   Sawmi l l   Canyon .  

Good e x p o s u r e s   c o n t i n u e   t o   t h e   s o u t h   w h e r e   t h e  A-L Peak  

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

e q u i v a l e n t   t o   t h e   u n i t   o f   H a r d y   R i d g e  ( S .  Roth ,  1978 ,  o r a l  

commun.). To t h e   n o r t h   a n d   e a s t ,   t h e  A-L Peak i s  o v e r l a i n   b y  
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a t h i c k   s e c t i o n   o f   t h e   u n i t   o f   S i x m i l e  Canyon  which i s  

t h o u g h t   t o   b e   c a u l d r o n  fill  o f   t h e   S a w m i l l  Canyon c a u l d r o n  

( C h a p i n   a n d   o t h e r s ,  1978).  E x t e n s i v e   e x p o s u r e s   o f   b o t h  A-L 

P e a k   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   a r e   f o u n d   t o   t h e   e a s t   i n  

t h e  Ryan H i l l  c a n y o n   a r e a  (D. P e t t y ,  1978 ,  o r a l  commun.). To 

t h e   w e s t ,   t h e  A-L Peak i s  i n  a p p a r e n t   f a u l t   c o n t a c t   w i t h   t h e  

H e l l s  Mesa   Tuf f   and   t he   un i t   o f   Hardy   R idge .  T h i s  a p p a r e n t  

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

The  &-&.Peak  in^ t h e   s t u d y  a-%.ea: i s  d e n s e l y - a e P d e d  

w i t h   n o   o b v i o u s   c o o l i n g   b r e a k s .  It i s  c h a r a c t e r i z e d   b y  

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

o f   l i t h i c   f r a g m e n t s .  Much of t h e  A-L P e a k   p o s s e s s e s  a s t r o n g  

f o l i a t i o n   d e f i n e d   b y   h i g h l y   f l a t t e n e d  a n d  o f t e n   l i n e a t e d  

p u m i c e   f r a g m e n t s .   L o c a l l y   t h e   u p p e r m o s t  0 t o  300 f e e t   o f   t h e  

A-L Peak  shows a g r e a t   d e a l  of  v e r t i c a l   v a r i a b i l i t y   i n  

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

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

s t u d y   a r e a ,   t h e   u p p e r  A-L Peak  Tuff  was n o t  mapped s e p a r a t e l y  

f r o m   t h e   l o w e r  A-L Peak.  Mapping t o   t h e   s o u t h   a n d   e a s t  (D. 

P e t t y ,  S. Roth ,  1978, o r a l  commun.) i n d i c a t e s   t h a t   t u f f s  

similar i n   a p p e a r a n c e   t o   t h e  A-L Peak  may b e   s e p a r a t e d   f r o m  

t h e   l o w e r  A-L P e a k   b y   t h i n ,   r h y o l i t e  l ava  f lows .  

l o w e r  A-L Peak  Tuff   The  lower A-L Peak i s  w e l l   e x p o s e d  

t h r o u g h o u t   t h e   s o u t h - c e n t r a l   p o r t i o n   o f   t h e   s t u d y  a rea ,  
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* e s p e c i a l l y   a l o n g   t h e  West  Fork  of  Sawmill   Canyon  where it 

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

one  or more c l o s e l y   s p a c e d   j o i n t   s e t s ,   o f t e n   n o r m a l   t o   t h e  

f o l i a t i o n ;   j o i n t   s u r f a c e s   a n d   f r a c t u r e s   a r e   u b i q u i t o u s l y  

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

o x i d e s .   O u t c r o p s   t y p i c a l l y   w e a t h e r   t o  small p l a t y   s l a b s .  

The l o w e r  A-L Peak  i s  u s u a l l y   l i g h t   g r a y   t o   g r a y i s h   r e d   i n  

color. I n   m o s t   s p e c i m e n s ,   t h e   p u m i c e  i s  g r a y i s h   r e d - p u r p l e  

a n d   c o n t r a s t s   w i t h  a l i g h t - g r a y   m a t r i x ;   h o w e v e r ,  i n  some 

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

t h e   p u m i c e  is n o t  i m m e d i a t e l y   o b v i o u s .  

Much of t h e   l o w e r  A-L Peak T u f f  p o s s e s s e s  a s t r o n g  

f o l i a t i o n   d e f i n e d   b y   h i g h l y   f l a t t e n e d   a n d   o f t e n   l i n e a t e d  

p u m i c e   f r a g m e n t s .   T h e   p u m i c e   c o n t e n t   v a r i e s   f r o m   l e s s   t h a n  2 

p e r c e n t   t o   g r e a t e r   t h a n  20 p e r c e n t   a n d   a v e r a g e s  1 0  t o  1 5  

p e r c e n t .   T y p i c a l l y   t h e   p u m i c e   a r e  2 t o  6 cm l o n g  a n d  0 .5  mm 

t h i c k .  Where t h e   p u m i c e   a r e   p a r t i c u l a r l y   l a r g e ,   i n d i v i d u a l  

p u m i c e   f r a g m e n t s  a r e  1 t o  2 meters l o n g   a n d  1 t o  2 c m  t h i c k .  

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

t h a n   1 0 0 .   D i f f e r e n t i a l   c o m p a c t i o n  i s  o f t e n   s e e n   a r o u n d  

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

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

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

A-L Peak   and  i n  n o n - l i n e a t e d   p o r t i o n s  o f  t h e   l o w e r  A-L P e a k ,  
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I n  t h i n   s e c t i o n ,   t h e   l o w e r  A-L P e a k   h a s  a n  a v e r a g e  

o f  3 p e r c e n t   p h e n o c r y s t s ;   l o c a l l y ,   t h e   p h e n o c r y s t   c o n t e n t  may 

b e   o n e   p e r c e n t  or l e s s .  S a n i d i n e  i s  f r o m   f o u r   t o   f i v e   t i m e s  

as abundan t  as q u a r t z   a n d   o c c u r s  as  e u h e d r a l   t o   s u b h e d r a l  

c r y s t a l s   a p p r o x i m a t e l y  0 . 5  t o  2.0 mm l o n g .   Q u a r t z  

p h e n o c r y s t s   a r e   r o u n d e d   a n d   a r e   u s u a l l y   l e s s   t h a n  1.0 mm i n  

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

s i z e   f r o m  l e s s  t h a n  0 .05  mm t o  0 . 5  mm o c c u r  i n  t h e   g r o u n d m a s s  

a n d  as  p h e n o c r y s t s .  One t o   t w o   p e r c e n t  small a n d e s i t i c  

: - - l - i t h i c   f r a g m e n t s , . u s u a l l y  l e s s  t h a n   1 ~ c m . i n  .. . . d i a m e t e r ,   a r e  

common i n  t h e   l o w e r  A-L P e a k .   T h e s e   l i t h i c   f r a g m e n t s ,  

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

o f   p l a g i o c l a s e  are  found i n  some samples .  The o r i g i n a l  

v i t r o c l a s t i c   t e x t u r e  o f  t h e  A-L P e a k   h a s   b e e n   d e s t r o y e d   b y  

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

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

t u f f  r e s e m b l e s  a f l o w   b a n d e d , l a v a .  

. 

E l o n g a t e   p u m i c e   f r a g m e n t s   a n d   e l l i p s o i d a l   c a v i t i e s - ~  

f i l l e d   w i t h   q u a r t z   d e f i n e   t h e   f o l i a t i o n .  The e l l i p s o i d a l  

c a v i t i e s   a v e r a g e   a p p r o x i m a t e l y  0.05 mm x 1 . 0  mm and  a re  made 

u p   o f   c o a r s e l y   c r y s t a l l i n e   v a p o r - p h a s e   q u a r t z .   I n  some 

s p e c i m e n s ,   t h e s e   q u a r t z   l e n s e s  make u p  as much as  1 5  p e r c e n t  

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

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

f r a g m e n t s  a re  c o m p o s e d   o f   i n t e r l o c k i n g ,   i n w a r d   g r o w i n g ,  

q u a r t z   a n d   b l a d e d   a l k a l i   f e l d s E a r   c r y s t a l s .   T h e i r   c e n t e r s  



a o f t e n   c o n t a i n   a g g r e g a t e s   o f   e u h e d r a l  ( 0 . 4  m m )  a l k a l i   f e l d s p a r  

c r y s t a l s   s u r r o u n d e d  by l a r g e r   a n h e d r a l   q u a r t z   c r y s t a l s ;   t h e  

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

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

t h e   l o w e r  A-L Peak   Tuff  i n  t h e   s t u d y   a r e a .  The  development 

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

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

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

~ h a i r e . ' b e e n   r e c o g n i z e ' d   i n  many ash-f low:-- tuffs   (Schminke,   an~d 

Swansoii, 1967 ;  Walker   and  Swanson,  1968;  L o w e l l  a n d  Chapin ' ,  

1972 ;  Deal ,  1973; Chap in   and   Lowel l ,  1 9 7 9 ) .  Chapin   and  

. ,.  

Lowel l  ( 1 9 7 9 )  d i s c u s s ,   i n   d e t a i l ,   t h e   m e c h a n i s m s   i n v o l v e d  

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

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

a s h - f l o w   t u f f  w i l l  e x h i b i t   p r i m a r y   f l o w   s t r u c t u r e s :  

a 

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

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

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

p o c k e t s  o f  g a s e s   t r a p p e d   d u r i n g   w e l d i n g .  
l i n e a t i o n   a n d  may c o n t a i n   l e n t i c u l e s   r e p r e s e n t i n g  

If t h e   t e m p e r a t u r e  i s  b e l o w   t h e   s o f t e n i n g   p o i n t ,   t h e  

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

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

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

t e m p e r a t u r e   o f   t h e   g l a s s y   p a r t i c l e s .  The t ime f a c t o r  
i s  a l s o   i m p o r t a n t  i n  t h a t   p a r t i c l e s  a t ,  or  s l i g h t l y  
a b o v e ,   t h e   s o f t e n i n g   p o i n t  may be t o o   r i g i d   t o   a d h e r e  
i n   t h e   l a m i n a r   b o u n d a r y   l a y e r   b u t  may s l o w l y   c o l l a p s e  
a n d   w e l d   a f t e r   d e p o s i t i o n .  The r e s u l t i n g   t u f f  i s  n o t  
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'0 l i n e a t e d   a n d   f o l i a t i o n  i s  by   s econdary   compac t ion .  
T h e   t u f f   l a c k s   c o n s p i c u o u s   g a s   c a v i t i e s   b e c a u s e   m o s t  
o f   t h e   e n t r a i n e d   g a s e s   e s c a p e d   d u r i n g   w e l d i n g  
( e x c e p t i o n s  may e x i s t  i n  t h i c k ,   r a p i d l y   d e p o s i t e d  
t u f f s ) .  . 

F e a t u r e s   o f   t h e  A-L Peak  Tuff  i n  t h i s   s t u d y   a r e a  

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

f l o w  are:  1) f o l i a t i o n   d e f i n e d  by h i g h l y   f l a t t e n e d ,   l i n e a t e d  

p u m i c e   f r a g m e n t s   a n d   e l o n g a t e   c a v i t i e s ;  2 )  f o l d i n g   o f   t h e  

l i n e a t e d   f o l i a t i o n ;  3 )  f o l i a t i o n   d i p s   t o o   s t e e p   t o   h a v e   b e e n  

rormed  by   secondary   compact ion .  
. .  

Chap in '   and   Lowel l  - (1979)  p a i n t - a u t   t h a t   t h e  

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

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

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

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

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

f a b r i c  of t h e   l o w e r  A-L P e a k   r e p r e s e n t   l a r g e   p u m i c e  

r r a g m e n t s .   P u m i c e   f r a g m e n t s  may l o c a l i z e   e s c a p i n g   v o l a t i l e s  

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

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

f r a g m e n t s .   R e g a r d l e s s   o f   t h e i r   o r i g i n ,   t h e   r e d d i s h   s t r e a k s  

a r e   p e r v a s i v e l y   l i n e a t e d   i n   t h e   s t u d y   a r e a .  The l i n e a t i o n  

was f o u n d   t o   c o n s i s t e n t l y  s t r i k e  e a s t - w e s t ,  i n  a p p r o x i m a t e l y  

t h e  same d i r e c t i o n  as t h a t   r e p o r t e d   b y   D e a l  (19731, P e t t y  

(1978,  o r a l  commun.) a n d   R o t h  (1978,  o r a l  commun.).  Such 

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

phenomena  and  must be a p r i m a r y   f e a t u r e   o f   t h e   t u f f .   T h e  

~ 

e 



small q u a r t z - f i l l e d   l e n s e s  seen i n  t h i n   s e c t i o n   p r o b a b l y  

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

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

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

pos t - emplacemen t   compac t ion .  

T h e   f o l i a t i o n  i n  t h e   l o w e r  A-L Peak i s  o f t e n   f o l d e d  

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

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

r a n g e   f r o m  a f e w  m i l l i m e t e r s   t o   s e v e r a l   m e t e r s .   S t y l e s   o f  

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

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

The l a t t e r   a r e   v e r y  similar t o   f o l d s   d e s c r i b e d   b y  Brown 

( 1 9 7 2 )   a n d   C h a m b e r l i n  (1974) i n  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 .   E x c e l l e n t   e x p o s u r e s   o f   t h e s e   f o l d s   c a n   b e   s e e n   o n  

t h e   n o r t h   s i d e   o f   B l a c k   B e a r   C a n y o n  a t  a b o u t   t h e   8 1 0 0   f o o t  

e l e v a t i o n .   I n  many p l a c e s ,   t h e   s t r i k e   a n d   d i p  of t h e  A-L 

Peak v a r i e s  c o n s i d e r a b l y   b e t w e e n   o u t c r o p s   l e s s   t h a n  3 m e t e r s  

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

a m p l i t u d e s   o f  3 t o  1 5  meters. 

D e a l  ( 1 9 7 3 )  r e p o r t e d   l a r g e   f o l d s   w i t h   a m p l i t u d e s  as  

l a r g e  as  30 meters i n   t h e  A-L Peak   Tuff  i n  t h e   S a n   M a t e o  

M o u n t a i n s   a n d   P e t t y  (1978,  o r a l  commun.) r e p o r t s  similar 

f o l d s   i n   t h e  A-L Peak  i n  t h e  Ryan H i l l  Canyon  a rea .   Ash-f low 

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

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

a n d   L o w e l l   ( 1 9 7 9 )   n o t e d   t h a t   t h e  a x i s  o f   s e c o n d a r y   f o l d s  are 
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Figure 7. Photomicrograph  of A-L Peak  Tuff.  Intricate 
folding of foliation  around  phenocryst  is  attributed  to 
laminar  flowage.  Phenocryst  is 1.5 mm in  longest  dimension. 
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p a r a l l e l   t o   t h e   l i n e a t i o n .   U s i n g   t h i s   c r i t e r i a ,   t h e   l a r g e  

f o l d s   d e s c r i b e d  i n  t h e  A-L P e a k   a r e   s e c o n d a r y .  

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

f r a g m e n t s   c a n   b e   s e e n  i n  bo th   hand   spec imen  a n d  t h i n   s e c t i o n .  

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

l i t h i c   f r a g m e n t s ,   w h e r e   i n d i v i d u a l  laminae fo rm  a symmet r i c  

f o l d s   a n d   c r e n u l a t i o n s ,   a r e  a m a j o r   e f f e c t  of t h i s   r o t a t i o n .  

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

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

' r o t . a f i o n  d u r i n g   l a m i n i m  ' . f l o w '  ( f i g u r e  7 ) ;  . T h e s e   f o l d s   a n d  

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

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

t h e   t u f f .  The f o l d i n g  of p r i m a r y   l i n e a t i o n   a n d   t h e  

p r e s e r v a t i o n   o f  small c a v i t i e s   a l o n g   f l o w   p l a n e s   s u g g e s t s  

t h a t   t h e   t u f f   h a d   w e l d e d   p r i o r   t o   f o l d i n g .  

D i p s   c o n s i s t e n t l y   g r e a t e r  t h a n  50 d e g r e e s   a r e  

common o v e r   l a r g e   a r e a s   i n   t h e  A-L Peak.  The r e g i o n a l   d i p  i s  

a p p r o x i m a t e l y  45 t o  50 d e g r e e s   t o   t h e  eas t ;  t h u s   t h e   s t e e p e r  

d i p s   a r e   p r o b a b l y   d u e   t o   f o l d i n g  or w e r e   o r i g i n a l l y   s t e e p   d u e  

t o   p r i m a r y   w e l d i n g   o n   p r e - e x i s t i n g   s l o p e s .  

The e v i d e n c e   p r e s e n t e d   a b o v e   s u g g e s t s   t h a t   t h e  

l o w e r  A-L Peak w a s  d e p o s i t e d . a n d   w e l d e d  i n  l a m i n a r  b o u n d a r y  

l a y e r s   a l o n g   t h e   b o t t o m s  of a s h  flows. The f a c t   t h a t  

deve lopment  of t h e   p r i m a r y  f ea tu re s  v a r i e s   l a t e r a l l y   a n d  

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

e r u p t e d   a s h - f l o w s  v a r i e d .  T h i s   v a r i a t i o n   c o m p l i c a t e s  
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c o r r e l a t i o n   o f   t h e  A-L Peak i n  t h e   s t u d y   a r e a   w i t h   t h e  

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

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

f e a t u r e s   i n   t h e  A-L Peak  Tuff  w i l l  b e   o f   v a l u e   b o t h  i n  

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

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

megabrecc ia  On t h e  wes,t s i d e   o f   T i m b e r   R i d g e   ( n e a r   t h e  

s o u t h e r n   b o u n d a r y  o f  t h e   s t u d y   a r e a )   a n d   o n   t h e   r i d g e   b e t w e e n  

t h e   E a s t   a n d  West   Forks .of S a w m i l l   C a n y o n ,   l a r g e   o u t c r o p s   o f  

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

H a r d y   R i d g e   a r e   c o m p l e t e l y   s u r r o u n d e d   b y   t h e   l o w e r  A-L Peak  

T u f f .   L a r g e   b l o c k s   o f   t h e s e   r o c k s   o n   t h e   r i d g e   b e t w e e n   t h e  

f o r k s   o f   S a w m i l l   C a n y o n   a r e   c o m p o s e d   o f   p o o r l y   t o   m o d e r a t e l y  

w e l d e d   a s h - f l o w   t u f f s ,  l a v a 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 s .  

L a r g e   b l o c k s   o n   T i m b e r   R i d g e   a r e   c o m p o s e d   o f   s a n d s t o n e  

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

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

. .  

e 

u s u a l l y   n o t   c o n f o r m a b l e   w i t h   t h e   s u r r o u n d i n g  A-L Peak.  The 

b l o c k s   a r e  commonly s i l i c i f i e d ,   f r a c t u r 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 .  

The  most common t u f f   w i t h i n   t h e   b l o c k s  i s  g e n e r a l l y  

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

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

i n   t h e  West F o r k  of Sawmil l   Canyon a t  a b o u t   t h e  8100 f o o t  

e l e v a t i o n .   I n   t h i n   s e c t i o n ,   t h e   t u f f s   c o n t a i n  10 t o  25 
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p e r c e n t   p h e n o c r y s t s  a n d  5 t o  1 0  p e r c e n t  smal l ,  a n g u l a r   l i t h i c  

f r a g m e n t s .   Q u a r t z  i s  a p p r o x i m a t e l y   t w i c e  as  a b u n d a n t  as 

s a n i d i n e   a n d   p l a g i o c l a s e ;  it i s  r o u n d e d   a n d   h a s  a n  a v e r a g e  

d i a m e t e r   o f  0 . k  mm. S a n i d i n e   p h e n o c r y s t s   a r e   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 d   s e l d o m   e x c e e d  1 . 0  mm i n  l e n g t h .  

P l a g i o c l a s e  i s  p a r t i a l l y   a l t e r e d   t o   p o t a s s i u m   f e l d s p a r .  

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

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

u n i t  of Hardy  Ridge.  

.. . A-..distinctive.-porphyri+i.c ,and-e 's i te  o r  r h y o d a c i t e  

l a v a  i s  common i n  t h e   l a r g e   b l o c k s   o n ' S a w m i l 1   R i d g e .   I n   t h e  

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

t u f f   a n d  l ava  a r e   i n t e r b e d d e d .  The lava  i s  t y p i c a l l y   g r a y i s h  

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

f rom 4 mm x 1 mm t o  11 mm x 6 mm. No s imilar  lavas  h a v e   b e e n  

s e e n   i n   t h e   u n i t  of Hardy  Ridge i n   t h i s   s t u d y   a r e a   o r   t o   t h e  

s o u t h  (S. R o t h ,  1978, o r a l  commun.). 

1 

e 

I n   t h i n   s e c t i o n ,   l a r g e   p l a g i o c l a s e   p h e n o c r y s t s ,  

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

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

m i c r o l i t e s .   T h e  rims o f   t h e   p l a g i o c l a s e   p h e n o c r y s t s  are 

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

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

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 b o u t  0 .5  mm l o n g   a r e  i n  

v a r y i n g  s tages  of a l t e r a t i o n   t o   m a g n e t i t e   a n d   h e m a t i t e .  

E u h e d r a l   t o   s u b h e d r a l   h o r n b l e n d e  ( ? )  p h e n o c r y s t s   t h a t   r a n g e  a 
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e i n  s i z e   f r o m  0.3 mm t o   4 . 0  mm a r e   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 small  a m o u n t   o f   s e c o n d a r y   q u a r t z  w a s  s e e n   i n  

o n e   t h i n   s e c t i o n .  

On t h e   w e s t   s i d e  o f  T i m b e r   R i d g e   a n d   s o u t h e r n   s i d e  

o f   B l a c k   B e a r   C a n y o n ,   o n e   l a r g e   b l o c k   c o n s i s t s  of 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 u f f s   o v e r l y i n g  a medium- t o   w e l l - s o r t e d  

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

b r e c c i a t e d   f a u l t   p l a n e s   c a n   b e   s e e n   d i p p i n g   i n  many 

d i r e c t i o n s .  It i s  s t a i n e d   b r i g h t   o r a n g e   a n d   c e m e n t e d   w i t h  

:,."..:secondar.y s i l i c a  near t h e . . c . o n t a c t   w i t h  .the.A.-L  Peak.  The 

b l o c k   o n   t h e   n o r t h   s i d e   o f   B l a c k   B e a r  Canyon c o n s i s t s   l a r g e l y  

o f   s a n d s t o n e .  A t  t h e   b a s e   o f   t h e   b l o c k ,   t h e   s a n d s t o n e  i s  

c o a r s e - g r a i n e d  (1 t o  2 mm g r a i n s )  a n d  e x h i b i t s   p l a n a r  

. 

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

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

t a r y  a r e   f o u n d   n e a r   t h e   t o p   o f   t h e   o u t c r o p .  

T h e   c o n t a c t   r e l a t i o n s h i p s   b e t w e e n   m e g a b r e c c i a  

b l o c k s   a n d   t h e   e n c l o s i n g  A-L P e a k   a r e   w e l l   e x p o s e d   a r o u n d   t h e  

b e d d i n g  

A minor  

sedimen 

b l o c k   o n   t h e   s o u t h   f l a n k   o f   B l a c k   B e a r   C a n y o n   a n d   a l o n g   t h e  

b a s e   o f   t h e   l a r g e   e m b a y e d   b l o c k   a l o n g   t h e  West  Fork o f  

Sawmi l l   Canyon   ( ex t r eme  SE 1 / 4 ,  s e c .  18, T a b s . ,  R.3W.I. A t  

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

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

p h e n o c r y s t s .  The A-L Peak  i s  o f t e n   t i g h t l y   f o l d e d   a n d  

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

s t r i a t i o n s   h a v i n g  as much a s  2 mm of r e l i e f .   R o u g h l y  a 



35 

. .  

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

t h e   u n i t   o f   H a r d y   R i d g e ,   a r e   f o u n d   w i t h i n   f i v e   f e e t   o f   t h e  

c o n t a c t   w i t h   t h e   b l o c k s   ( f i g u r e s  8 and  9 ) .  I n   c r o s s   s e c t i o n ,  

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

s u r r o u n d i n g   d e n s e l y - w e l d e d  A-L Peak.  The f o l i a t i o n  i n  t h e  

s u r r o u n d i n g  A-L P e a k   u s u a l l y   c o n t i n u e s   t h r o u g h   t h e  masses a n d  

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

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

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

of : t h e s e   s p b e r u 3 . i t e - l i k a   b o d i e s   a r e   f o u n d .   a r o u n d   t h e   b l o c k  . .  on 

t h e   s o u t h   f l a n k   o f   B l a c k   B e a r   C a n y o n .  W.A. S e a g e r   a n d   o t h e r s  

( 1 9 7 6 )  n o t e d   " s p h e r u l i t i c   b o d i e s  4 t o  6 i n c h e s  i n  d i a m e t e r "  

n e a r   " i n t r u s i v e   c o n t a c t s "   o f   t h e  Dona Ana T u f f   n e a r  L a s  

C r u c e s ,  New Mexico.  The Dona A n a  T u f f  i s  v e r y  similar t o   t h e  

A-L Peak i n   d e g r e e   o f   w e l d i n g ,   p h e n o c r y s t   c o n t e n t ,   a n d  

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

e 

A n o t h e r   c o n t a c t   f e a t u r e ,   a s s o c i a t e d   w i t h   t h e  

e m b a y e d   b l o c k   i n   t h e ~ W e s t   F o r k   o ' f . S a w m i l 1   C a n y o n ,  i s  what  

a p p e a r s   t o   b e   h i g h l y   a l t e r e d  A-L P e a k   t h a t   h a s   b e e n   i n t r u d e d  

b y   t h i n   v e i n s   o f  more A-L Peak.  The r e s u l t i n g   s t r u c t u r e   h a s  

a b o x w o r k   f a b r i c   ( f i g u r e  1 0 ) .  T h e r e  a re  a l s o  many 

a n o m a l o u s l y   s t e e p   d i p s   i n   t h e  A-L Peak  i n  t h e   v i c i n i t y   o f   t h e  

b l o c k .  I t  a p p e a r s   t h a t   l a r g e   b l o c k s   o f   p r e - e x i s t i n g   r o c k s  

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

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

l i n e a t i o n  was d i s t u r b e d   a n d   d i k e l e t s   o f  A-L Peak  were 

i n j e c t e d .  
a 
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F i g u r e  8. S p h e r u l i t e - l i k e   b o d i e s   i n   t h e  A-L Peak T u f f   n e a r  
c o n t a c t   w i t h   m e g a b r e c c i a   b l o c k   o n   t h e   s o u t h   f l a n k  o f  B l a c k  
Bear Canyon. 



Figure 9. Tightly  folded A-L Peak Tuf f  and  spherulite-like 
bodies  from  same  outcrop as figure 8. 



Figure 10. Boxwork  fabric i n  A-L Peak Tuff near  contact  with 
menabreccia  block, West Fork of Sawmill  Canyon. 



39 

e T h e   c o n t a c t   r e l a t i o n s h i p s  of  t h e s e   b l o c k s  of  t u f f s ,  

l a v a s ,   a n d   s e d i m e n t a r y   r o c k s   w i t h   t h e  A-L P e a k ,   t h e i r  

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

p r o x i m i t y   t o   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   ( C h a p i n   a n d  

o t h e r s ,  1978, a n d   f i g .  4 )  s u g g e s t s   t h a t   t h e y   a r e   b l o c k s  of 

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

of t h e  A-L Peak.  Lipman ( 1 9 7 6 )  h a s   d o c u m e n t e d   e x t e n s i v e  

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

o v e r s t e e p e n e d   c a l d e r a  wal ls ,  t h a t   f e l l   i n t o   c a u l d r o n s   i n   t h e  

San  Juan.  v.01cani.w f i e l d   d u r i n g   . e r u p t i o n   and^ c o l l a p s e .  -The 

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

example  o f  L ipman ' s  ( 1 9 7 6 )  m e g a b r e c c i a .  

u p p e r  A-L P e a k   T u f f   L o c a l l y   p r e s e r v e d  a t  t h e   s t r a t i g r a p h i c  

t o p   o f   t h e  A-L P e a k   T u f f   a r e   a s h - f l o w   t u f f s   t h a t   s h o w  a g r e a t  

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

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

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

A-L P e a k   f o u n d   t h r o u g h o u t   t h e   s t u d y   a r e a .  The b e s t   e x p o s u r e s  

o f   t h e   u p p e r  A-L P e a k   a r e :   b e n e a t h   t h e   u n i t  of  S i x m i l e  

Canyon   immedia t e ly   sou th  o f  Langmui r   Labora to ry ;  i n  t h e  E a s t  

Fork   o f   Sawmil l   Canyon a t  a b o u t   t h e   8 6 0 0   f o o t   e l e v a t i o n ;   a n d  

o n   t h e   n o r t h   f l a n k  o f  B l a c k   B e a r   C a n y o n   n e a r   t h e   s o u t h e a s t  

b o r d e r   o f   t h e   s t u d y  area.  I n   t h e s e   a r e a s ,   t h e   t u f f s   a r e  

c h a r a c t e r i z e d   b y   v a r i a b l e   c o l o r ,   l a c k   o f   f l o w   b a n d i n g ,  small 

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

c o n t e n t .  
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The  upper  A-L Peak  shows a g r e a t   d e a l   o f  l a t e r a l  

v a r i a t i o n .  A t  t h e   n o r t h e r n   e n d s   o f   H a r d y   R i d g e   a n d   t h e   r i d g e  

b e t w e e n   t h e  E a s t  and   Wes t   Fo rks   o f   Sawmi l l   Canyon   and   i n   t he  

E a s t  F o r k   o f   S a w m i l l   C a n y o n   a r e   e x c e l l e n t   e x p o s u r e s  of  

m o d e r a t e l y   c r y s t a l - r i c h  (15 t o  30 p e r c e n t   p h e n o c r y s t s ) ,  

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   u p p e r  A-L P e a k .   T h e   t h i c k n e s s  

o f   t h i s  A-L Peak i s  v a r i a b l e   b u t  it i s  a t  l e a s t  200 f e e t  

t h i c k   i n   t h e  Eas t  Fork  of   Sawmil l   Canyon.   Between  Hardy 

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

o u t c r o p .   H e r e ,   t h e   u p p e r  A-L Peak i s  dense l -y   we lded   bu t   no t  

I 

f l o w   b a n d e d ,   c o n t a i n s  5 20 1 0   p e r c e n t   p h e n o c r y s t s ,   a n d   h a s  

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

T h e   c r y s t a l - r i c h   p o r t i o n   o f   t h e   u p p e r  A-L Peak 

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

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

1 t o  2 mm i n   l e n g t h   a r e   v i s i b l e   i n   h a n d   s p e c i m e n .   Q u a r t z  i s  

e a s i l y   r e c o g n i z e d  i n  hand   spec imen   and  i s  u s u a l l y   a b o u t  1 mm 

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

a c c o u n t   f o r  5 t o   1 0   p e r c e n t   o f   t h e   r o c k .   P u m i c e   f r a g m e n t s  

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

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

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

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

~. 

I n  t h i n   s e c t i o n ,   s a n i d i n e  i s  t h e   d o m i n a n t  

p h e n o c r y s t  a n d  o c c u r s  as  b r o k e n   e u h e d r a l   c r y s t a l s ,  many o f  

which are  h i g h l y  embayed. Much o f   t h e   s a n i d i n e  i s  a l t e r e d   t o  
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clay minerals. Quartz  makes  up 1 to 2 percent of the  rock 

and occurs as  rounded, often  embayed  grains, 0.3 to 0.7 mm  in 

. diameter. The  sanidine  content  varies greatly in this  tuff 

while  the  quartz  remains  relatively constant. Pumice 

fragments are  typically 2 cm  in diameter and 3 to 5 mm thick. 

They are usually  completely  replaced by interlocking, 

anhedral  quartz  and  occasionally  alkali  feldspar  crystals; 

although in  some  samples,  the  pumice is filled with  clay 

minerals. The  matrix  of  the  tuff  has recrystallized to 

alkali feldspar. .and...silic.a minerals and is  pervasively 

stained  with hematite. Glass  shards are sometimes  preserved 

and exhibit axiolitic texture. Minor  amounts of highly 

altered  plagioclase  feldspar  were  found in some  specimens. 

On  the  west  side  of Timber  Ridge, the  upper A-L 

Peak  occurs  in  scattered outcrops. On the north  side of 

Black Bear Canyon at  about the  8250-foot  elevation  are 

exposures of a  crystal-poor,  pumiceous, and very lithic-rich 

portion of  the A-L Peak. Its  thickness is a minimum of 200 

feet. Individual  pumice  are  small (2 cm x 1 cm x 0.5 cm) and 

exhibit a fine,  tubular structure. Lithic fragments, 1 to 2 

mm in diameter,  make up 5 to 20 percent of the rock. 

The  discontinuous  and  variable  nature of  the upper 

A-L Peak is  suggestive  of it having  been  deposited  in 

channels or topographic  lows developed on the  lower A-L Peak. 

Mineralogically, it is  similar to  the lower A-L Peak and  may 

-e represent waning  stages of A-L Peak volcanism. Further  work 
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t o   t h e   e a s t   a n d   s o u t h  i s  needed t o   d e t e r m i n e   t h e   e x t e n t   o f  

t h e   u p p e r  A-L Peak   and  i t s  r e l a t i o n s h i p   t o   t h e   l o w e r  A-L 

Peak.  

B l a k e s t a d  (1978)  i n t e r p r e t e d  a l a r g e   b r e c c i a t e d  

z o n e   a l o n g   t h e   w e 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   M o u n t a i n s ,  

j u s t   s o u t h  of t h e  town  of   Magdalena,  as  t h e   m a r g i n   o f  a 

c a u l d r o n   t h a t   e r u p t e d   t h e   f l o w - b a n d e d  member o f  t h e  A-L Peak. 

It i s , l i k e l y   t h a t   t h e   g r a y - m a s s i v e  member was a l s o   e r u p t e d  

f r o m   t h i s   c a u l d r o n  ( C . E .  Chap in ,  1978 ,  o r a l  commun.).  The 

MagdaZeSa" c a u l d r o n .  -is -not   wel l : :e .xpos-ed   &ue; . to   bas in-and-range  

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

margin  i s  t h a t   t h e   p i n n a c l e s  member i s  o f t e n   c o n s p i c u o u s l y  

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

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

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

I 

If t h e   f l o w - b a n d e d  a n d  gray-massive  members   were 

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

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

c a u l d r o n .   T h e   c o n t i n u o u s   s t r a t i g r a p h i c   s u c c e s s i o n   o f  A-L 

P e a k   t h r o u g h   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 ,   e x p o s e d   a l o n g   t h e  

west f l a n k  of T i m b e r   R i d g e ,   s u p p o r t s   t h i s   h y p o t h e s i s .  If t h e  

A-L Peak i n   t h i s   s t u d y   a r e a  i s  t h e   f l o w - b a n d e d   m e m b e r ,   t h e  

a b s e n c e   o f   t h e   p i n n a c l e s  member m u s t   b e   e x p l a i n e d .  

A l t e r n a t i v e l y ,   t h e   a p p a r e n t   a b s e n c e   o f   t h e   p i n n a c l e s  member 

i n   t h e   M a g d a l e n a   c a u l d r o n   m u s t   a l s o   b e   e x p l a i n e d .  
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An o b v i o u s   p r o b l e m   w i t h   a n y   i n t e r p r e t a t i o n  i s  t h a t  

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

c h a r a c t e r   f r o m   t h e  A-L Peak i n  t h e   s t u d y   a r e a .  The o u t f l o w  

f a c i e s   p i n n a c l e s  member i s  u s u a l l y   n o t   f l o w   b a n d e d   a n d  i s  

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

D i f f e r e n c e s   b e t w e e n   c a u l d r o n   f a c i e s  a n d  o u t f l o w   f a c i e s  

a s h - f l o w   t u f f s  i n  t h e   S a n   J u a n   v o l c a n i c   f i e l d   h a v e   b e e n   n o t e d  

by  Lipman (C.E.  Chap in ,  1978, o r a l  commun.) a n d   p r o b a b l y  

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

p o r t i o n s  of t h e   e r u p t i o n .  

F o u r   v i a b l e ’ h y p o t h e s i s   f o r   t h e  A-L P e a k   T u f f   a r e :  

1) t h e   o u t f l o w   f a c i e s   p i n n a c l e s  member r e p r e s e n t s   a n   e a r l y  

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

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

c o n t e m p o r a n e o u s   w i t h   c o l l a p s e ;  2 )  t h e   c a u l d r o n   f a c i e s   t u f f  i s  

n o t   r e l a t e d   t o   t h e   p i n n a c l e s  member and  i s  a n   i n t r a c a l d e r a  

L u f f   n o t   r e p r e s e n t e d   o u t s i d e   o f  i t s  c a u l d r o n ;  3 )  t h e   o u t f l o w  

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

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

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

development  of l a m i n a r  f l o w   s t r u c t u r e s ;   a n d  4 )  t h e   c a u l d r o n  

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

t h e  A-L P e a k   T u f f .   F u r t h e r   s t u d y   o f   t h e  A-L P e a k   T u f f  i s  

r e q u i r e d  t o  s o l v e  some o f  t h e   p r o b l e m s   r a i s e d   i n   t h i s   r e p o r t .  

O f  p a r t i c u l a r   i n t e r e s t  i s  t h e   s i g n i f i c a n c e   o f   t h e   u p p e r  A-L 

Peak  Tuff  - a 
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Uni t   o f   S ixmi le   Canyon  

O v e r l y i n g   t h e  A-L Peak   Tuf f  i n  Sawmill   Canyon 

( s e c s .  5 ,  8 ,  1 7 ,  T.hS., R.3W., u n s u r v e y e d )  i s  a t h i c k  

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

t u f f s ,   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 ,   a n d   l a h a r i c  

b r e c c i a s .   T h i s   s e q u e n c e  was i n f o r m a l l y  named t h e   u n i t   o f  

Sixmile   Canyon  by  Osburn ( 1 9 7 8 ) .  He was n o t   a b l e   t o  

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

t h e  A-L Peak   Tuf f ;   Krewed l  ( 1 9 7 4 )  b e l i e v e d  it was 

s t r a t i g r a p h i c a l l y   b e l o w  A-L P e a k .   I n   t h i s   s t u d y   a r e a   a n d   t o  

t h e   e a s t  (D. P e t t y ,  1978,  o r a l  commun.) t h e   u n i t   o f   S i x m i l e  

Canyon l i e s  d i r e c t l y   a b o v e   t h e  A-L P e a k   T u f f   a n d   b e n e a t h   t h e  

t u f f  of  Lemitar M o u n t a i n s .   C h a p i n   a n d   o t h e r s  (1978)  

i n t e r p r e t e d   t h e   u n i t   o f   S i x m i l e  Canyon t o   r e p r e s e n t  

p o s t - c o l l a p s e  f i l l  o f   t he   Sawmi l l   Canyon   cau ld ron .   The  

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 i m o n ,  1973;  B l a k e s t a d ,  

19789 o c c u r  a t  t h e  &me s t r a t i g r a p h i c   p o s i t i o n  as . t h e   u n i t   o f  

S i x m i l e   C a n y o n   a n d   a r e   p r o b a b l y   e q u i v a l e n t .  

I n  t h e   L e m i t a r   a n d  Bear Mounta ins  as  much as  500 

f e e t   o f   b a s a l t i c   a n d e s i t e   o c c u r s   b e t w e e n   o u t f l o w   f a c i e s  A-L 

P e a k   a n d   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   ( C h a p i n  a n d  o t h e r s ,  

1 9 7 8 ) .  T h i s   s u c c e s s i o n   c o n t r a s t s   w i t h   t h e   t h i c k   c a u l d r o n  

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

I n  t h i s   r e p o r t ,   t h e   u n i t   o f   S i x m i l e  Canyon i s  i n f o r m a l l y  

d i v i d e d   i n t o   u p p e r   a n d   l o w e r   m e m b e r s .   T h e   l o w e r  member i s  
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c h a r a c t e r i z e d   b y  l a t e r a l  v a r i a b i l i t y  i n  r o c k   t y p e  a n d  

t h i c k n e s s   w h i l e   t h e   u p p e r  member i s  a r e l a t i v e l y   c o n s i s t e n t  

s e q u e n c e   o f   t w o   d i s t i n c t i v e   a s h - f l o w   t u f f s   a n d   a n  i n t e r v a l  of  

b a s a l t i c   a n d e s i t e .  

l o w e r  member  The l o w e r   u n i t   o f   S i x m i l e   C a n y o n   c r o p s   o u t   i n  a 

b e l t   o n   t h e  west f l a n k   o f   T i m b e r   R i d g e ;   h e r e ,  it o v e r l i e s   t h e  

A-L P e a k   T u f f   a n d   u n d e r l i e s   t h e   u p p e r   u n i t   o f   S i x m i l e   C a n y o n .  

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

.. c o r n e r  s of t h e   s t u d y .   a r e a   ( s e c s .  5 ..and 6 ,  T. 4S . ,  R .  3W. ) , t h e  

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

t h e   H e l l s  M e s a   T u f f   a l o n g   t h e   e a s t - t r e n d i n g   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 .   N e a r   t h e   h e a d   o f   t h e  E a s t  F o r k   o f   S a w m i l l  

Canyon t h e  1owe.r  member c o v e r s  a minimum t o p o g r a p h i c   i n t e r v a l  

o f   1 2 0 0   f e e t   a n d   c r o s s   s e c t i o n s   i n d i c a t e   t h a t  i t  may b e  as 

t h i c k  as 2000 f e e t .  The l o w e r   u n i t   o f   S i x m i l e   C a n y o n   a l s o  

c r o p s   o u t   o n . t h e   w e s t   f l a n k   o f   S o u t h   B a l d y   i n   t h e -   v i c i n i t y   o f  

H a r d y   S p r i n g   ( s e c s .   1 2 ,  13,  T . h S . ,  R . 4 W . )  Here  it i s  bounded 

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

by t h e   u p p e r   u n i t   o f   S i x m i l e  C a n y o n .   S m a l l   e x p o s u r e s   o f   t h e  

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

w e s t   o f   L a n g m u i r   L a b o r a t o r y   ( s e c s .  7 and  1 8 ,  T-hS. ,  R.3W.I  

a n d   o n   H a r d y   R i d g e   ( s o u t h - c e n t r a l   p o r t i o n   o f   s e c .  18 ,  T.hS., 

R.  3W. 1. 

. .  

I n  t h e   n o r t h e r n   p a r t   o f   t h e   s t u d y   a r e a ,   t h e  lower 

u n i t   o f   S i x m i l e   C a n y o n  i s  c o m p o s e d   l a r g e l y   o f   a n d e s i t i c  
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l a v a s ;  t o  t h e   s o u t h ,   r h y o l i t e   l a v a s   a r e   d o m i n a n t .   T h i s  

r e l a t i o n s h i p   c a n   b e   c l e a r l y  seen on t h e   w e s t   f l a n k   o f   T i m b e r  

R i d g e   w h e r e   t h e   r h y o l i t e  l avas  p i n c h   o u t   t o   t h e   n o r t h   a n d   a r e  

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

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

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

s e e n   t o   t h e   e a s t   ( O s b u r n ,  1978 , ;  P e t t y ,  1978,  o r a l  commun.) 

a n d   t o   t h e   s o u t h   ( R o t h ,  1978,  o r a l  commun.). 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   m a j o r i t y   o f  mafic l a v a s  i n  t h e   l o w e r  

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

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

T h e   a n d e s i t i c  l avas  a n d   a n   i n t e r b e d d e d   l a h a r i c  

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

were mapped s e p a r a t e l y .   I n   a d d i t i o n ,   t w o   o u t c r o p s   o f  

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   a l o n g   t h e   n o r t h e r n   S a w m i l l  

 canyon^ c a u l d r o n   m a r g i n ,   a n d   t w o  smal l  o u t c r o p s   o f   a s h - f l o w  

t u f f  j u s t   s o u t h   o f   L a n g m u i r   L a b o r a t o r y   w e r e   a l s o  mapped. 

a n d e s i t i c  l avas  I n   t h e   n o r t h e r n   s t u d y  area,  e x t e n s i v e  

e x p o s u r e s  o f  a n d e s i t i c   t o   d a c i t i c  l avas  o c c u r   b u t  no v e n t s  

T o r  t h e s e   l a v a s   w e r e   i d e n t i f i e d .  The   ma jo r   ou tc rops  o f  t h e  

a n d e s i t i c  l avas  o c c u r :   i m m e d i a t e l y   s o u t h  o f  Langmuir 

L a b o r a t o r y  ( N W  c o r n e r ,   s e c .  18, T.bS.,  R.3W.);  on t h e  west 

f l a n k   o f   S o u t h   B a l d y  i n  t h e   v i c i n i t y   o f   H a r d y   S p r i n g s   ( s e c s .  

1 2   a n d  13 ,  T-hS . ,  R.kW.); a n d   a l o n g   t h e   w e t   f l a n k  o f  Timber 
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R idge   and  a t  t h e   h e a d   o f   t h e  East  Fork  o f  Sawmil l   Canyon 

( s e c s .  5 and  8 ,  T a b s . ,  R.3W.I. 

S o u t h   o f   L a n g m u i r   L a b o r a t o r y ,   i n   t h e   n o r t h w e s t  

c o r n e r   o f   s e c t i o n  1 8 ,  T.4S., R.3W., d o m i n a n t l y   a n d e s i t i c  

l a v a s  a re  e x p o s e d   o v e r  a minimum t o p o g r a p h i c   i n t e r v a l  o f  1 4 0 0  

f e e t   i n  a t h i n   b a n d   b e t w e e n   e x p o s u r e s  o f  A-L Peak  Tuff .   The  

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

Sixmile   Canyon.   The common l a v a  t h a t  c r o p s   o u t   i n   t h i s   a r e a  

i s  a d a r k - g r a y   t o   g r a y i s h - g r e e n   a p h a n i t i c   a n d e s i t e .  It i s  

u s u a l l y   e x t r e m e l y   u - i i i f o r m  i n  appea rance -   and  i n  p l a c e s  

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

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

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

p o r p h y r i t i c ,   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 b o u t   1 . 0  mm i n  

l e n g t h  make  up as  much as  20 p e r c e n t  o f  t h e   r o c k ;   a l s o  

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

- p h e n o c r y s t s .  The  groundmass i s  made u p   o f   p l a g i o c l a s e  

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

p y r o x e n e .   ' I n ' o n e   s p e c i m e n ,   m a g n e t i t e  made up  15  t o  20 

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

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

e 

.. 

A similar l a v a  c r o p s   o u t  i n  t h e   v i c i n i t y   o f   H a r d y  

S p r i n g ,   a l t h o u g h   h e r e  it c o n t a i n s   a b o u t  2 p e r c e n t   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 t o  1 . 0  mm i n  d i a m e t e r .  I n  t h i n  

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

rims o f  p y r o x e n e  ( ? )  t h a t   h a v e   b e e n   c o m p l e t e l y   r e p l a c e d   b y  0 
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clay  minerals  and calcite. Phenocrysts of pyroxene ( ? I ,  also 

replaced  by  clay  and calcite, make up approximately 5 percent 

o f  the rock. Magnetite  occurs  as  subhedral  phenocrysts  that 

range  in size from 0 . 0 5  mm to 0.3 mm. Also present are  small 

unoriented  patches .of  secondary quart.2 probably  unrelated  to 

emplacement o f  the lava. 

In the East Fork of Sawmill  Canyon are a  variety o f  

aphanitic  to  porphyritic  andesites  that  range in color  from 

gray to  grayish blue. Autobrecciated  flow  tops and bottoms 

with  minor  amounts of:?volcan.iclas.tic sediments are common. 

The  phenocryst  content  ranges  from 0 to 30 percent and 

consists o f :  euhedral  to  subhedral  plagioclase (0.5 to 1.0 

mm); euhedral  to  subhedral  pyroxene,  probably  augite;  and 

euhedral  to  rounded  magnetite  grains (0.05 to 0.25 mm). The 

matrix  is  composed o f  plagioclase  microlites,  finely 

disseminated  magnetite  and trace  amounts o f  augite. 

a 

A dist.inctive lava  that  crops out on the east side 

o f  Timber  Ridge at about  the 8800 foot  elevation (secs. 8 and 

17, T.hS., R.3W.)  is  a light-bluish-gray  andesite  that has 5 

to  10 percent  euhedral  to  subhedral  augite  phenocrysts  that 

range in size from 0.1 mm to 0.3 mm; much of the  augite 

exhibits  glomeroporphyritic texture. . The  groundmass consists 

of altered  plagioclase  microlites  and  minor  amounts of 

augite. 

Above  this  andesite is a medium-  to light-gray 

c dacite which  crops  out  semi-continuously  along Timber Ridge. 
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It c o n t a i n s   a b o u t  35 p e r c e n t   p h e n o c r y s t s :  20 p e r c e n t  

p l a g i o c l a s e   a b o u t  3 mm l o n g ;  5 t o  1 0  p e r c e n t   a l k a l i   f e l d s p a r ;  

5 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   p y r o x e n e ;   a n d   a p p r o x i m a t e l y  1 

p e r c e n t   b i o t i t e .  The   g roundmass   and   phenoc rys t s   a r e   a lmos t  

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

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

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

( s o u t h  sec. 7 ,  T -hS . ,  R . 3 W . I .  T h i s   s e q u e n c e , i s   o f   p a r t i c u l a r  

i n t e r e s t   b e c a u s e   t h e   l o w e r   u n i t   o f   S i x m i l e  Canyon i s  

- i  anomalo .us ly  t b i n  -he're+-dn.d . the   upper : .un i t : .o f   S ixmi le .Ca .nyon i s  

a p p a r e n t l y   a b s e n t .  The   exposures  a r e  v e r y   p o o r   i n   t h i s   a r e a ,  

however it a p p e a r s   t h a t   t h e   l o w e r   u n i t   o f   S i x m i l e   C a n y o n  

o v e r l i e s   t h e  A-L Peak.   Here,  it i s  composed l a r g e l y   o f  

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

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

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

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

f r a g m e n t s ,   u s u a l l y   l e s s   t h a n  1 cm i n   d i a m e t e r ,   i n  a 

d a r k - g r e e n  t o  b l a c k   f i n e - g r a i n e d  m a t r i x .  An e x c e l l e n t  

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

a t  a b o u t   t h e   9 4 0 0   f o o t   e l e v a t i o n   ( s o u t h e a s t   s e c .  7 ,  T.4S., 

R . 3 W . I .  <The  Hardy  Canyon T r a i l  i s  m i s l o c a t e d   o n   t h e   S o u t h  

Baldy  7 112-minu te   quadrang le   map .>   The   t u f f  i s  p a l e   g r e e n ,  

w e l l   b e d d e d   a n d   f o r m s  a c l i f f y   o u t c r o p   t h a t   d i p s  26 t o  45 

d e g r e e s   t o   t h e   s o u t h w e s t .  It c o n t a i n s   a p p r o x i m a t e l y  20 

p e r c e n t   p h e n o c r y s t s   w h i c h   c o n s i s t   o f  1 0  p e r c e n t   p l a g i o c l a s e  

e 



( l a r g e l y   r e p l a c e d   b y   p o t a s s i u m - r i c h   c l a y s  a n d  c a l c i t e ) ,  5 

p e r c e n t   q u a r t z   a n d  5 p e r c e n t   s a n i d i n e .   P u m i c e   m a k e s . u p  

a p p r o x i m a t e l y  1 5  p e r c e n t   o f   t h e   r o c k .   T h e r e   a p p e a r  t o  b e   t w o  

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

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

i n t e r v a l   w i t h i n   t h e   l o w e r   u n i t   o f   S i x m i l e  Canyon   d i scussed  

below.  

r h y o l i t e   l a v a s  T h e   i n t e r m e d i a t e  l avas  t h i n   a P r u p t l y   t o   t h e  

:.< . . s o u t h   where t h e   1 - o u e r . ~  u n i t  o f   .S ixmi le ,   Canyon i s  dominated   by  

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

o v e r l y i n g   u p p e r   u n i t   o f   S i x m i l e   C a n y o n   a n d   t u f f   o f   L e m i t a r  

M o u n t a i n s   o b s c u r e  much o f   t h e   r h y o l i t e   l a v a s .   T h e r e  a re  two 

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

t u f f   a n d   s e d i r n e n 4 a t - y   r o c k s   i n t e r v a l .  

T h e   l o w e r   r h y o l i t e   l a v a  i s  p a l e   r e d   p u r p l e   t o  

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

I n   t h e   s o u t h e a s t   p a r t   o f   t h e   a r e a ,   t h e   l o w e r   r h y o l i t e   h a s  a 

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

s o u t h   s i d e   o f   B l a c k   B e a r   C a n y o n .  I t s  t h i c k n e s s  i s  

a p p r o x i m a t e l y  300 f e e t .   I n   o u t c r o p   t h e  lavas  w e a t h e r   t o  

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

small  c l i f f s .  

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

be tween  5 and  1 5  p e r c e n t .   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  

maximum d i m e n s i o n   f r o m  0.3 t o  2.0 mm a n d   a r e   o f t e n   a l t e r e d   t o  



* clay minerals;  some appear perthitic. Quartz  occurs as 

embayed crystals about 1.0 mm  in  diameter;  sanidine.is  two 

to  three  times  as abundant as quartz. Euhedral  to  subhedral 

magnetite  grains  about 0.1 mm  in  diameter  make  up  one  half to 

one percent  of  the lava. 

The  upper rhyolite is  likely  correlative  with  the 

rhyolite  lava  flow described by  Osburn (1978) in  the  upper 

reaches of Sixmile Canyon (secs. 10, 11, 14, and 15, T.hS., 

R.3W. ). In  this study area,  the  lavas  are  pale pink to 

grayish  pink and"often have  a mott~lea; appearance. They 

weath'er to  small cliffs and steep,  rubble-covered slopes. 

Lithic fragments  of brown and  gray  aphanitic  andesite  are 

abundant  locally and may make up  as much  as 5 percent of the 

rock. Good  exposures of a  lithic-rich  portion of  the  lava 

can  be  seen  in  the vicinity of Hardy  Spring (north  central 

sec. 13, T.bS., R.3W.I. 

e 

In  thin section, the  lava  contains 20 to 40 percent 

phenocrysts  of  sanidine,  quartz and biotite. The  groundmass 

is  spherulitically devitrified and stained  with  hematite; 

this  gives  the  lava  its mottled appearance. Sanidine  occurs 

as  euhedral  to  subhedral  crystals  that  average 1.0 mm in 

largest  diameter,  although  some  are  as  large  as 6.0 mm. 
Sanidine is usually  altered to clay  minerals  but  when 

unaltered, the larger  crystals  exhibit  light-blue  chatoyancy. 

A few  percent of  rounded  and  embayed  quartz  phenocrysts  that 

average 0.5 mm in diameter  and 1 to 2 percent  biotite  make  up 

the  remainder of  the phenocrysts. 



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

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

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

t h e   H a r d y   S p r i n g  area. I n   b o t h   l o c a l i t i e s   t h e   t u f f   a n d  

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

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

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

s e d i m e n t a r y   r o c k s  i s  v a r i a b l e   b u t   s e l d o m   e x c e e d s  60 f e e t .  

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

c l i f f y   o u t c r o p s  a n d  p l a t y   t a l u s ' . .  ,  it^ i s  c h a r a c t e r i s t i c a l l y  

g r a y i s h   y e l l o w   g r e e n ;   l o c a l l y  on   Timber   Ridge ,   the   pumice  i s  

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

s a n d s t o n e ,  1 0  t o  20 f e e t   t h i c k ,   t h a t   a r e   d o m i n a t e d   b y  

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

- 

I n   t h i n   s e c t i o n ,   t h e   t u f f   h a s  20 t o  2 5   p e r c e n t  

p h e n o c r y s t s   a n d  10 t o  1 5  p e r c e n t   p u m i c e .   S a n i d i n e  i s  t h e  

d o m i n a n t   p h e n o c r y s t   w i t h   a b o u t  1 p e r c e n t   q u a r t z   a n d  

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

minera ls  a n d   c h l o r i t e   w h i c h   o f t e n   c o n c e n t r a t e   i n   t h e   p u m i c e .  

s e d i m e n t a r y   r o c k s  I n  t h e   n o r t h e a s t  co.r.ner of t h e   s t u d y  a r ea ,  

t w o   e x p o s u r e s   o f   c o a r s 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  a re  

i n   a p p a r e n t   d e p o s i t i o n a l   c o n t a c t   w i t h   t h e   H e l l s  Mesa Tuff  

a l o n g   t h e   n o r t h e r n   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 .   T h e  

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

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

r o c k s  a r e  e x p o s e d   o v e r  a minimum t o p o g r a p h i c   i n t e r v a l   o f  400 

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

c o u l d   b e   m i s t a k e n   f o r   o u t c r o p .  No o u t c r o p s  o f  t h i s   l a v a   h a v e  

b e e n   f o u n d   i n   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   c o b b l e s   a n d  

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

m a r g i n   t o   t h e  east .  Osburn (1978,  o r a l  commun.) r e p o r t s   t h a t  

c l a s t s  of a similar l a v a   o c c u r  i n  c o a r s e   h e t e r o l i t h i c  

b r e c c i a s   i n   t h e   u n i t ' o f   S i x m i l e X a n y o n   t h a t   a r e   f o u n d   d i p p i n g  

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

f low-banded member o f  t h e  A-L Peak i n   t h e   a r e a   w e s t   o f   N o r t h  

Ba ldy   (Krewed l ,  1978) .  T h i s   p o r p h y r i t i c  lava i s  

l i t h o l o g i c a l l y   - i d e n t i c a l   t o   t h e  l ava  f o u n d   w i t h i n   t h e  

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

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

a n d   e u h e d r a l   p y r o x e n e  ( ? )  t h a t   h a s   b e e n   r e p l a c e d  by 

m a g n e t i t e .  

It i s  l i k e l y   t h a t   t h i s   d i s t i n c t i v e   l a v a  i s  o l d e r  

t h a n   t h e   u n i t   o f   S i x m i l e   C a n y o n ,   p e r h a p s  a p o r t i o n  of t h e  

u n i t   o f   H a r d y   R i d g e ,   a n d   t h a t  it was i n c o r p o r a t e d  i n  b r e c c i a  

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

u p p e r   u n i t  of S i x m i l e   C a n y o n   A b o v e   t h e   l o w e r   u n i t  o f  S i x m i l e  

Canyon i s  a d i s t i n c t i v e   s e q u e n c e  o f  a n  a s h - f l o w   t u f f   c a p p e d  
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w i t h  a s a n d s t o n e   a n d   a n   i n t e r v a l   o f   a n d e s i t e .   L o c a l l y ,   m i n o r  

t u f f s   a n d   s e d i m e n t a r y   r o c k s   o c c u r  a t  t h e   b a s e .  The a s h - f l o w  

t u f f . i s   c o r r e l a t i v e   w i t h   O s b u r n ' s  (1978)  t u f f   a n d   s a n d s t o n e  

i n t e r v a l s   i n   t h e   u n i t  o f  S ixmi le   Canyon a n d  S t a c y ' s  (1968)  

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

Canyon a r e   r e s t r i c t e d   t o   t h e   i n t e r i o r   o f   t h e   S a w m i l l  Canyon 

c a u l d r o n   ( C h a p i n   a n d   o t h e r s ,  1978) .  T h e   u p p e r   u n i t   o f  

S ixmi le   Canyon i s  c o n f o r m a b l y   o v e r l a i n   b y   t h e   T u f f  of L e m i t a r  

Mounta ins .  An a p p a r e n t   a n g u l a r   u n c o n f o r m i t y   e x i s t s   b e t w e e n  

~-A-L Peak : a n d   - t h e   w p p e r   . u n i t   : o f  .Sixm-iL.e:. Canyon. -   the q e g i o n a l ~  

d i p s   o f   t h e  A-L P e a k   a r e  4 5  t o  55 d e g r e e s   t o   t h e   e a s t   w h i l e  

t h a t   o f   t h e   . u p p e r   S i x m i l e  Canyon i s  20 t o  ~ 3 5  d e g r e e s .   T h e  

a n g u l a r   r e l a t i o n s h i p   b e t w e e n   t h e   l o w e r   u n i t  of S ixmi le   Canyon  

a n d   t h e  A-L P e a k   T u f f   c a n n o t   b e   a c c u r a t e l y   d e t e r m i n e d  

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

t h r o u g h o u t   t h e   l o w e r   C a n y o n .   T h i s   a n g u l a r   r e l a t i o n s h i p  

p q r s i s t s   to^ t h e  s o u t h   a n d   e a s t  (D. P e t t y ,  S. R o t h ,  1978, o r a l  

commun. ). 

.. . . .. . 

0 

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

T imber   R idge ,   nea r   Hardy   Sp r ing ,   and   immedia t e ly   sou th   o f  

Langmui r   Labora to ry .   The   uppe r   un i t   o f   S ixmi le   Canyon   has  a n  

a v e r a g e   t h i c k n e s s   o f  500 t o  600 f e e t   i n   t h e   s t u d y  a rea ;  it 

t h i c k e n s   c o n s i d e r a b l y   t o   t h e   s o u t h  (D. P e t t y ,  S. R o t h ,  1978, 

o r a l  colhmun.). I n   t h i s   s t u d y   t h e   u p p e r   u n i t   h a s   b e e n   d i v i d e d  

i n t o   t h r e e  map u n i t s :   u p p e r   a n d   l o w e r   t u f f   o f   C a r o n i t a  

Canyon a n d  a n  o v e r l y i n g   a n d e s i t e   i n t e r v a l .  I. 
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0 t u f f  of Caron i t a   Canyon   The   uppe r   un i t  of Sixmile   Canyon i s  

domina ted   by  a s t r o n g l y   z o n e d ,   m o d e r a t e l y  t p  d e n s e l y . w e l d e d  

a s h - f l o w   t u f f ,   i n f o r m a l l y  named t h e   t u f f   o f   C a r o n i t a   C a n y o n  

f o r   e x p o s u r e s  i n  t h e   s o u t h 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  

( C h a p i n ,  1979, o r a l  commun..).. The t u f f   o f   C a r o n i t a   C a n y o n  

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

s l o p e s ;  it f o r m s   t h e   p r o m i n e n t   c l i f f   a l o n g   t h e   w e s t   f l a n k   o f  

Timber   Ridge a t  a b o u t   t h e  9600 f o o t   e l e v a t i o n .  The t u f f   o f  

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

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

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

w e r e   n o t   m a p p e d   s e p a r a t e l y .  

Good e x p o s u r e s   o f   t h e   s e d i m e n t a r y   r o c k s   c a n   b e   s e e n  

on   Timber   Ridge ,  j u s t  n o r t h   o f   T i m b e r   P e a k  a t  a b o u t   t h e  

1 0 , 1 5 0   f o o t   e l e v a t i o n .   H e r e ,   m e d i u m - g r a i n e d   s a n d s t o n e s   a r e  

i n t e r b e d d e d   w i t h   t u f f a c e o u s  s t r a t a  and   have  a combined 

t h i c k n e s s   o f  1 5 0  f e e t .   J u s t   s o u t h   o f   L a n g m u i r   L a b o r a t o r y ,   i n  

t h e   e x t r e m e   n o r t h e a s t   c o r n e r   o f   s e c .  18, T.hS., R . 3 W . ,  a r e  

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

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

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

o f   S ixmi le   Canyon .  One p o o r l y   w e l d e d , . l i t h i c - r i c h   t u f f   f o r m s  

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

v o l c a n i c l a s t i c   r o c k s .   I n   p l a c e s ,   l i t h i c   f r a g m e n t s  make u p  

m o r e   t h a n  5 0  p e r c e n t   o f   t h e   t u f f   a n d   r a n g e   i n   s i z e   f r o m  

m i c r o s c o p i c   t o  3 t o  4 cm. A n o t h e r   e x p o s u r e   o f  a s imilar ,  e 
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p o o r l y   w e l d e d  t u f f  c r o p s  ou t  a t  t h e   e x t r e m e   s o u t h e r n   e d g e   o f  

t h e   s t u d y   a r e a   o n   T i m b e r   R i d g e  (9100 f e e t )   a n d  was mapped 

s e p a r a t e l y .  

l o w e r  member  The l o w e r  member o f   t h e   t u f f   o f   C a r o n i t a  

Canyon v a r i e s   i n   t h i c k n e s s   f r o m   a b o u t  80 f e e t  a t  t h e   n o r t h e r n  

e n d   o f   T i m b e r   R i d g e   t o  1 5 0  f e e t  a t  t h e   s o u t h e r n   e n d .   T h e  

l o w e r  member i s  t y p i c a l l y   g r a y i s h   r e d   p u r p l e ,   m o d e r a t e l y  

w e l d e d ,   a n d   h a s  l e s s  t h a n  5 p e r c e n t   l i t h i c   f r a g m e n t s .   T h e  

.:..~.b~ase i s  l i g h t   g r a y  .to , p a l e   b l u e ,   . & o a r l y : . t o   m o d e r a t e l y   w e l d e d  

a n d  c o n t a i n s  1 0  t o  15 p e r c e n t   l i t h i c   f r a g m e n t s ’ o f   a p h a n i t i c  

a n d e s i t e   a n d   f l o w - b a n d e d   r h y o l i t e .  Much o f   t h e   l o w e r  member 

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

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

c o n t a i n s  5 t o  1 0  p e r c e n t   p l a g i o c l a s e   p h e n o c r y s t s ,  1 t o  2 

p e r c e n t  small  r o u n d e d   q u a r t z   g r a i n s ,   a n d  1 t o  2 p e r c e n t  

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

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

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

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

u p p e r  member  Welded t o   t h e   l o w e r  member o f   t h e   t u f f  of 

Caron i t a   Canyon  i s  a c r y s t a l - r i c h ,   d e n s e l y   w e l d e d   a s h - f l o w  

t u f f .  It h a s  a t h i c k n e s s   o f ’ 8 O  t o  1 0 0  f e e t  a t  t h e   n o r t h   e n d  

o f   T i m b e r   R i d g e   a n d   n e a r   H a r d y   S p r i n g ;  a t  t h e   s o u t h e r n   e d g e  

o f   t h e   s t u d y   a r e a  it i s  a b o u t  200 f e e t   t h i c k .   I n   p l a c e s ,   t h e  
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u p p e r  member e x h i b i t s   t h i c k   b e d d i n g   w i t h   b e d d i n g   p l a n e s . 6  

i n c h e s   t o  2 f e e t   a p a r t .  Hand s p e c i m e n s   a r e   g r a y i s h   p i n k   t o  

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

l a r g e   ( u p   t o  4 mm), o f t e n   b i p y r a m i d a l ,   q u a r t z   p h e n o c r y s t s .  

I n   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   v a r i e s   f r o m  

25 p e r c e n t  a t  t h e   b a s e   t o  40 p e r c e n t   n e a r   t h e   t o p .   S a n i d i n e  

i s  a p p r o x i m a t e l y  1 . 5  times as a b u n d a n t  as q u a r t z ;   t h e  l a t t e r  

o c c u r s  as  l a r g e ,   s l i g h t l y   r o u n d e d   c r y s t a l s   t h a t   a v e r a g e  2 mm 

i n   l o n g e s t   d i m e n s i o n   o r  as small  r o u n d e d   f r a g m e n t s   t h a t  

a v e r a g e  0 .3  mm i n  d i a m e t e r .  One t o  t w o  p e r c e n t   e u h e d r a l  

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

p h e n o c r y s t s .  

a 
O v e r l y i n g   t h e   u p p e r  member o f   t h e   t u f f   o f   C a r o n i t a  

Canyon i s  a n  i n t e r v a l   o f . p i n k i s h - g r a y   t o   p a l e - r e d   f i n e l y  

l a m i n a t e d   s a n d s t o n e ,   1 0   t o  50 f e e t   t h i c k ,   w h i c h  was n o t  

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

s t u d y   a r e a   a n d   t o   t h e   s o u t h   a n d - e a s t   ( O s b u r n ,  1978; P e t t y ,  

1978,  o r a l  c o m m u n . ) .   T h e   s a n d s t o n e   e x h i b i t s  f i n e  l a m i n a t i o n s  

(1 t o  3 mm) t h a t   a r e   t h e   r e s u l t   o f   a l t e r n a t i n g   c o a r s e   a n d  

f i n e   l a y e r s ;   t h e   b e d d i n g  i s  t h i c k   ( 0 . 1   t o  1 m e t e r ) .   I n   t h i n  

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

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

g r a i n s .  

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

s e q u e n c e   o f   a n d e s i t e   f l o w s   o v e r l i e s   t h e   s a n d s t o n e   o f   t h e   t u f f  
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o f   C a r o n i t a   C a n y o n   a n d   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 .   A l o n g   T i m b e r   R i d g e ,   t h e   a n d e s i t e s   t h i n  t o  t h e  

s o u t h   a n d  a re  n o   l o n g e r   p r e s e n t  a t  t h e   s o u t h e r n   e n d   o f   t ' h e  

s t u d y   a r e a .   O s b u r n  (1978)  n o t e d  similar l a v a s   b e l o w   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   i n   S i x m i l e   C a n y o n   ( s e c .  1 2 ,  T. 4S., 

R.3W.; u n s u r v e y e d ) .   T y p i c a l   e x p o s u r e s   o f   t h e s e   a n d e s i t e s  

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

b e t w e e n   t h e   o v e r l y i n g   t u f f   o f  Lemitar M o u n t a i n s   a n d   t h e  

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

be  f.ound j u s t   n o r t h   o f   T i m b e r   P e a k   w h e r e   . t h e   a n d e s i t e s   a r e  

a p p r o x i m a t e l y   1 6 0   f e e t   t h i c k .  

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

b r o w n i s h   g r a y   t o   g r e e n i s h   b l a c k .   M o s t   o f   t h e   f l o w s   a r e  

p o r p h y r i t i c   w i t h  as  much as  1 0  p e r c e n t  smal l ,  o x i d i z e d ,  

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

a r e  common. 

e 

I n   t h i n   s e c t i o n ,   t h e   g r o u n d m a s s  i s  composed  of '<, 

p l a g i o c l a s e ,   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   m i c r o l i t e s .  

P h e n o c r y s t s   o f   c l i n o p y r o x e n e ,   o l i v i n e  ( ? )  a n d   m a g n e t i t e  

a c c o u n t   f o r  1 5  t o  2 0   p e r c e n t   o f   t h e   r o c k .   E u h e d r a l   o l i v i n e  

( ? )  p h e n o c r y s t s  .make  .up 3 p e r c e n t   o f   t h e   r o c k   a n d   a v e r a g e  

about   0 .5  t o  1 .0  mm i n  d i a m e t e r .  The o l i v i n e  '(?I p h e n o c r y s t s  

a r e   p a r t l y   t o   c o m p l e t e l y   a l t e r e d   t o   s e r p e n t i n e  ( ? )  and  

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

p y r o x e n e .   T h e   c l i n o p y r o x e n e   p h e n o c r y s t s   r a n g e  i n  d i a m e t e r  a. 
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f rom 0.3 t o  1 . 0  mm and  make u p   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 ;   t h e y   a r e   o f t e n   z o n e d   a n d   o c c a s i o n a l l y  show 

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

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

m a g n e t i t e   p h e n o c r y s t s ,   a p p r o x i m a t e l y  0 . 1  t o  0.3 mm i n  

d i a m e t e r ,   a c c o u n t   f o r  1 t o  2 p e r c e n t   o f   t h e   r o c k .  I n  most  

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

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

d i s c e r n e d .  

. .  Loca l ly5 ; r l t h in   l enses .   o f~ . . s a=nds tone  f i l l  channe1.s 

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

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

a n g u l a r   q u a r t z   a n d   f e l d s p a r   g r a i n s .  

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

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

t o p   o f   t h e  A-L P e a k   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   C a n y o n  

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

S i x m i l e   C a n y o n   s u g g e s t   t h a t   t h e   l o w e r  member b u r i e d   t h e  

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

The  lower member c o n s i s t s   o f   m a f i c   l a v a s   t h a t   f l o w e d   i n t o   t h e  

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

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

d e p o s i t e d   a d j a c e n t   t o   t h e   c a u l d r o n  wal l .  The u p p e r   u n i t   o f  

S ixmi le   Canyon w a s  d e p o s i t e d   o n   s u b d u e d   t o p o g r a p h y  as  

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

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

s a n d s t o n e  a t  t h e   t o p   o f   t h e   t u f f   o f   C a r o n i t a  Canyon. 
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0 How much of a depression  remained  following 
- 

deposition of  the unit  of  Sixmile  Canyon is not known; 

however,  as  will  be discussed later,  the  Sawmill  Canyon 

cauldron  has  influenced  the  thickness  and  distribution of the 

overlying  tuff  of  Lemitar  Mountains .i.n the study area. 

Tuff of  Lemitar  Mountains 

Following  filling  of  the  Sawmill Canyon cauldron 

with  the  unit  of  Sixmile  Canyon,  the  tuff o f  Lemitar 

Mountains was deposited  over  most  of.the  Socorro-Magdalena 

area. The tuff  is a distinctive, compositionally zoned, 

multiple-flow,  simple cooling  unit, rhyolite  ash-flow tuff 

I 

which  has  been dated at 27.0 +/- 1.1, 26.3 + / -  1.0, and 2 8 - 8  

+/ -  0.7 m.y. by the K-Ar technique on biotite (Chapin, 

unpublished data). The tuff  of  Lemitar  Mountains,  formerly 

tuff of Allen  Well,  has  been described in detail by several 

authors: Simon (1974) described  samples from  the  Crouch 

drill  hole  in  the  Silver  Hill  area (the unit was 

misidentified  as tuff  of  La  Jencia Creek due to its presence 

in  a paleovalley); Osburn (1978)  described a  measured 

section of  the  lower part of  the  tuff of Lemitar Mountains  in 

the eastern  Magdalena  Mountains; and R.M. Chamberlin  (1978, 

oral commun.) has  described a measured  section  in the Lemitar 

Mountains. The  reader  seeking  detailed  petrographic 

information is referred  to  these studies. 

.. 
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The  Tuff   o f   Lemi tar   Mounta ins  i s  d i v i d e d   i n t o   t w o  

members: 1) a m o d e r a t e l y   c r y s t a l - p o o r   l o w e r  member and  2 )  a 

c r y s t a l - r i c h   u p p e r  member. B o t h   m e m b e r s   a r e   b e l i e v 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   S o c o r r o   c a u l d r o n   ( C h a p i n  a n d  o t h e r s ,  

1978,  f i g .  4 ) ,  t h e   w e s t e r n   m a r g i n  of which  i s  n o t   c l e a r l y  

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

f a c i e s   t u f f   o f   L e m i t a r   M o u n t a i n s   d e s c r i b e d   b y   O s b u r n  (1978)  

and   Chamber l in  ( i n  p r o g r e s s )   a n d   t h e   o u t f l o w  ( ? )  e q u i v a l e n t  

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  (D. P e t t y ,  1978,  o r a l  

-~ commun. ).. I. T h i s   r e l a t i o n s h i p   i s - s u g g e s t i v e   o f   " t r a p - d o o r "  

s u b s i d e n c e ,   h i n g e d  down t o   t h e   e a s t ,  of t h e   S o c o r r o   c a u l d r o n .  

T h e   i n f l u 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   o n  

d e p o s i t i o n  of t h e   t u f f  of L e m i t a r   M o u n t a i n s   c a n   b e   c l e a r l y  

s e e n   i n   t h i s   s t u d y   a r e a   w h e r e   t h e r e   a r e   t w o   d o m a i n s  of t u f f  

of L e m i t a r   M o u n t a i n s :  1) w i t h i n   t h e  l imi t s  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   t h e r e  i s  a n o r m a l   s u c c e s s i o n   o f   t h e   l o w e r   a n d  

u p p e r . m e m b e r s   o v e r l y i n g   t h e   u p p e r   u n i t - o f   S i x m i l e   C a n y o n ;   a n d  

2)  o u t s i d e  of t h e   c a u l d r o n   t h e r e  i s  l i t t l e   o r  n o   l o w e r   t u f f  

of L e m i t a r   M o u n t a i n s   p r e s e n t   a n d   t h e   u p p e r  member r e s t s  

u n c o n f o r m a b l y   o n   t h e   u n i t  of Hardy  Ridge.  I n  t h e   l a t t e r  

c a s e ,   t h e   b a s e  of t h e   u p p e r  member o f t e n   e x h i b i t s   p r i m a r y  

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

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

a l m o s t   e x c l u s i v e l y   w i t h i n   t h e  l imi t s  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 ;   h o w e v e r ,   o n e  small e x p o s u r e   o c c u r s   o u t s i d e  of t h e  a 
\ 
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(t 
c a u l d r o n  i n  t h e   s o u t h - c e n t r a l   p o r t i o n  of sec .   24 ,   T .hS. ,  

R.4W. The   l ower  member o v e r l i e s   a n d e s i t e s  of t h e   u p p e r   u n i t  

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

t h e   u p p e r   t u f f   o f   C a r o n i t a   C a n y o n   t o   t h e   s o u t h .  The b e s t  

e x p o s u r e s  a re  a l o n g   T i m b e r   R i d g e   w h e r e   t h e   l o w e r  member h a s  

a n  a p p r o x i m a t e  minimum t h i c k n e s s  of 400 f e e t .   I n   t h e  

v i c i n i t y  of S o u t h   B a l d y   t h i c k n e s s   e s t i m a t e s  a re  h i n d e r e d   b y  

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

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

.thi.ckn.ess-:.:estimates.-r.ange f rom 250 ,.to..&.OO-..feet. Osburn . 

(1978)  f o u n d   t h e   t h i c k n e s s   o f   t h e   l o w e r  member t o   b e  

v a r i a b l e ,   f r o m  200 f e e t   o n  Buck  Peak t o  820 f e e t   i n   S i x m i l e  

Canyon. P e t t y  ( 1 9 7 9 )  r e p o r t s  similar v a r i a t i o n   i n   t h i c k n e s s  

of t h e   l o w e r  member t o   t h e   e a s t   a n d   s o u t h   o f   t h i s   s t u d y   a r e a .  

The l o w e r   t u f f   o f  Lemitar M o u n t a i n s   t y p i c a l l y   w e a t h e r s   t o  

s t e e p   c l i f f s   a n d   e x t e n s i v e   t a l u s   s l o p e s .  

Osburn  ( 1 9 7 8 )  . d e s c r i b e d  a m e a s u r e d   s e c t i o n   o f   t h e  

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

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

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

c o n t e n t ,   a n d   c o l o r .   I n   g e n e r a l ,   t h i s   z o n a t i o n  was o b s e r v e d  

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

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

L e m i t a r   M o u n t a i n s  i s  m o d e r a t e l y   p h e n o c r y s t - p o o r  ( 8  t o  25 

p e r c e n t   r a n g e )   a n d   t y p i c a l l y   c o n t a i n s   a p p r o x i m a t e l y   1 2  

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



6 3  .. S a n i d i n e ,   t h e   m o s t   a b u n d a n t  m i n e r a l ,  i s  a n  a v e r a g e  

o f  1 . 0  mm i n  l o n g e s t   d i m e n s i o n   a n d   e x h i b i t s   a l t e r a t i o n  

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

S m a l l   l e n s e s  o f  p o t a s s i c   c l a y   m i n e r a l s   i n  a p e r t h i t i c - l i k e  

r e l a t i o n s h i p   w i t h   t h e   s a n i d i n e   a r e - p r ~ e s e n t   a n d  may r e p r e s e n t  

a l t e r a t i o n   o f   e x s o l v e d   a l b i t i c   f e l d s p a r .  I n  p l a c e s ,   c l a y  

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

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

0.6 mm i n   d i a m e t e r .   S m a l l   a m o u n t s   o f   p l a g i o c l a s e   p h e n o c r y s t s  

~ ~ l .  a r S - p r k s e n - t ' i n   s o m e ' t h i n   s e c t i o n s  bu.C'%-hes.e a r e   u s u a l l y  

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

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

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

l o w e r   t u f f   o f   L e m i t a r   M o u n t a i n s   ( O s b u r n ,  1978)  i s  n o t  

e v e r y w h e r e   p r e s e n t  i n  t h i s   s t u d y  area.  T h i s   z o n e  i s  l i g h t  

c o l o r e 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 ,   p u m i c e o u s ,   a n d   l o c a l l y  

c o n t a i n s  as  much as 1 5  p e r c e n t   a n d e s i t i c   a n d   r h y o l i t i c   r o c k  

f r a g m e n t s .   W h e r e   p r e s e n t ,   t h e   b a s a l   z o n e   v a r i e s   i n   t h i c k n e s s  

f rom 1 0  t o  40  f e e t .   E x c e l l e n t   e x p o s u r e s   c a n   b e   f o u n d  a t  t h e  

n o r t h e r n   e n d   o f   T i m b e r   P e a k  a t  a b o u t   t h e  1 0 , 4 0 0  f o o t  

e l e v a t i o n .   I n   t h i n   s e c t i o n ,   t h e   b a s a l   z o n e   o f   t h e   l o w e r   t u f f  

o f   L e m i t a r   M o u n t a i n s   c o n t a i n s   a p p r o x i m a t e l y  6 p e r c e n t  

s a n i d i n e ,  4 p e r c e n t   q u a r t z ,   a n d   l e s s   t h a n  1 p e r c e n t   e a c h   o f  

b i o t i t e   a n d   p l a g i o c l a s e .  

O v e r l y i n g   t h e   l o w e r   z o n e  i s  a z o n e   t h a t   m a k e s   u p  

most of t h e   o u t c r o p   i n   t h i s   s t u d y   a r e a .  It i s  t y p i c a l l y  
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g r a y i s h   r e d   a n d   w e a t h e r s   t o   a n g u l a r ,   c l i f f y   o u t c r o p s .   T h i s  

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

a p p r o x i m a t e l y   1 0   t o  1 2  p e r c e n t   p h e n o c r y s t s   o f   s a n i d i n e   a n d  

q u a r t z .  

Above t h i s   m a i n   z o n e ,   t h e   l o w e r   t u f f   o f   L e m i t a r  

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

c o n t e n t   o v e r   a n   i n t e r v a l   o f   a p p r o x i m a t e l y   1 0   t o  40  f e e t .  i n  

t h e   u p p e r   p o r t i o n s   o f   t h e   l o w e r  member, t h e   c o n t r a s t   o f  

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

s t r e a k e d   a p p e a r a n c e .  -"The. c o n t a c t  -.wi;t-h t z h e .   c o n s ' i s t e n t l y  

p h e n o c r y s t - r i c h   u p p e r  member was mapped  when t h e   p h e n o c r y s t  

c o n t e n t   r e a c h e d   a p p r o x i m a t e l y  25 p e r c e n t ,   u s u a l l y   a c c o m p a n i e d  

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

The u p p e r m o s t   l o w e r   t u f f   o f   L e m i t a r   M o u n t a i n s   c o n t a i n s  1 5  t o  

20 p e r c e n t   s a n i d i n e ,  4 t o  6 p e r c e n t   p l a g i o c l a s e   a n d   a b o u t  3 

p e r c e n t   q u a r t z .  

e 

u p p e r  member  throughout mos t   o f   t he   Socor ro -Magda lena  area 

a n d   t h i s   s t u d y  a r ea ,  t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  i s  

welded t o   t h e   l o w e r  member. E x c e l l e n t   e x p o s u r e s   o f   t h e   u p p e r  

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

a n   e l e v a t i o n   o f   a b o u t   1 0 , 5 0 0   f e e t .   I n   t h e   s o u t h w e s t e r n  

p o r t i o n   o f   t h e   s t u d y   a r e a ,   t h e   u p p e r   L e m i t a r  res t s  

u n c o n f o r m a b l y   o n   t h e   u n i t   o f   H a r d y   R i d g e .   I n   t h i s  a r e a ,  t h e  

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

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

w e l d i n g   i n  a l a m i n a r  b o u n d a r y   l a y e r   ( C h a p i n   a n d   L o w e l l ,  * 
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1 9 7 9 ) .  Maximum d e p o s i t e d   t h i c k n e s s   o f   t h e   u p p e r   t u f f   o f  

L e m i t a r   M o u n t a i n s  i s  u n c e r t a i n   s i n c e  it i s  unconformably  

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

however ,  a s  much as  600 f e e t   o f   u p p e r  Lemitar a r e   p r e s e n t  

t h r o u g h o u t   t h e   s t u d y   a r e a .  

T h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  i s  

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

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

small c l i f f y   o u t c r o p s .  The a v e r a g e   p h e n o c r y s t   c o n t e n t  i s  30 

. t o  -35 p e r c e n t .   I n - t h e   s o u t h e a s t   c w r n e r  o f  sec .   24 ,   T .bS. ,  

R.hW.,  t h e   u p p e r  5 0  t o  100 f e e t  OY t h e   u p p e r   t u f f   o f   L e m i t a r  

Moun ta ins  i s  p i n k i s h   g r a y   t o  bu f f  i n   c o l o r  a n d  a p p e a r s  

h y d r o t h e r m a l l y   b l e a c h e d ;   t h i s   z o n e   w e a t h e r s   t o   d i s t i n c t i v e  

b e n c h e s .   T h e   p h e n o c r y s t   c o n t e n t  o f  t h i s   z o n e  may b e  as  much 

as 50 p e r c e n t   a n d  i s  c h a r a c t e r i z e d   b y   1 0   t o  1 5  p e r c e n t   l a r g e  

( u p   t o  4 m m )  q u a r t z   c r y s t a l s   a n d   c o p p e r y   b i o t i t e .   O s b u r n  

(1978)  n o t e d  a s imilar  zone   which  w a s  l o c a l l y   p r e s e r v e d  a t  

t h e   t o p   o f   t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s .  

e 

T h e   u p p e r   o n e - h a l f   t o   o n e - t h i r d   o f   t h e   u p p e r  

L e m i t a r   c a n n o t   b e   c o n s i s t e n t l y   d i s t i n g u i s h e d  i n  hand   spec imen 

o r   t h i n   s e c t i o n  f r o m  t h e   H e l l s  Mesa T u f f  when s t r a t i g r a p h i c  

c o n t r o l  i s  m i s s i n g .  On t h e  west s i d e   o f   H a r d y   R i d g e  (secs .  

13 ,  24,  T.hS.,  R .4W.)  w h e r e   t h e   H e l l s  Mesa  Tuff i s  i n  

a p p a r e n t   f a u l t   c o n t a c t   w i t h   t h e   u p p e r   L e m i t a r ,  it i s  

v i r t u a l l y   i m p o s s i b l e   t o   t e l l   t h e   t w o   u n i t s   a p a r t .  If some 

u n a m b i g u o u s   m e a n s   o f   d i s t i n g u i s h i n g   t h e   t w o   u n i t s  i s  * 
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d i s c o v e r e d ,   t h e   c o n t a c t s  i n  t h i s   a r e a   s h o u l d   b e   r e - e x a m i n e d .  

T h i s   p r o b l e m  may b e   f u r t h e r   c o m p l i c a t e d  by t h e   d i s c o v e r y   t o  

t h e   s o u t h   ( O s b u r n ,  1979, o r a l  commun.) o f   u p p e r   t u f f   o f  

L e m i t a r   M o u n t a i n s   i n   a p p a r e n t   d e p o s i t i o n a l   c o n t a c t   w i t h   H e l l s  

Mesa T u f f .  .~ 

Pumice i n  t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  i s  

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

c o n t a c t   w h e r e   1 , i g h t - c o l o r e d   c r y s t a l - r i c h   p u m i c e   a r e  common 

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

b r o w n ,   p h e n o c r y s t - r i c &  pu-mice a r e '  common. The p h e n o c r y s t  

a s s e m b l a g e  i n  t h e   u p p e r   t u f f   o f ' L e m i t a r   M o u n t a i n s   c o n s i s t s   o f  

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

o f   f a y o l i t e  ( ? )  a n d   m a g n e t i t e .   S a n i d i n e ,   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 ,   v a r i e s   f r o m  1 5  t o  20 p e r c e n t   o f   t h e   r o c k .  It 

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

a v e r a g e  1 . 0  t o  1 . 2  mm i n  l o n g e s t   d i m e n s i o n .   P e r t h i t i c  

e x s o l u t i o n   l a m e l l e a  a re  p r e f e r e n 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 ;   t h e   n a t u r e  o f  t h e   e x s o l u t i o n   p h e n o m e n a  i s  e x t r e m e l y  

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

P l a g i o c l a s e   v a r i e s   f r o m   l e s s   t h a n   o n e   p e r c e n t  t o  

t h r e e   p e r c e n t  a t  t h e   t o p   o f   t h e   l o w e r   t u f f   o f  Lemitar 

Mounta ins  t o  a maximum o f   a b o u t  1 0  t o  1 2  p e r c e n t   t h r e e  

q u a r t e r s   o f   t h e  way u p  i n  t h e   u p p e r   L e m i t a r .  The u p p e r   o n e  

q u a r t e r   o f   t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  i s  marked   by  a 

d r o p  i n  t h e   p l a g i o c l a s e   c o n t e n t   t o  l e s s  t h a n  5 p e r c e n t .   T h e  

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

T h i s   a l t e r a t i o n   h a s   d e s t r o y e d   a l b i t e   t w i n n i n g  i n  most 

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

a l b i t e   t w i n n i n g  was found  i n  a g l o m e r o p o r p h y r i t i c   c l o t  3 .5  mm 

i n  d i a m e t e r .  

Q u a r t z   p h e n o c r y s t s  a re  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   e m b a y e d .   Q u a r t z   c o m p r i s e s  1 t o  3 

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

member; i n   t h e   u p p e r   o n e - t h i r d ,   q u a r t z  makes  up as  much as  1 5  

p e r c e n t   o f   t h e   . r o c k .  One . . t o   two   pe rcen t   r edd i sh -b rown   to  

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

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

p h e n o c r y s t s   a p p r o x i m a t e l y  0 .5  mm i n  d i a m e t e r   a l s o   o c c u r .  The 

g r o u n d m a s s   o f   t h e   u p p e r   t u f f   o f  Lemitar Mounta ins  i s  u s u a l l y  

d e v i t r i f i e d   t o   f i n e - g r a i n e d   a g g r e g a t e s   o f   q u a r t z   a n d   a l k a l i  

f e l d s p a r ;   i r r e g u l a r   p a t c h e s   o f   v a p o r - p h a s e   q u a r t z   a r e   a l s o  

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

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

T h r o u g h o u t   t h e   s t u d y   a r e a ,   t h e   u p p e r   t u f f   o f  

Lemi ta r   Moun ta ins  i s  p e r v a s i v e l y   a l t e r e d ;   t h e   n a t u r e   a n d  

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

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

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

d i s c u s s e d   i n   d e t a i l   b y   O s b u r n  (1978) a n d   C h a p i n   a n d   o t h e r s  
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(1978)  and  i s  b e l i e v e d   t o   b e   t h e   r e s u l t   o f   a l k a l i  

m e t a s o m a t i s m .   O u t s i d e   t h e  limits o f   t h e   c a u l d r o n ,  i n  t h e  

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

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

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

p h e n o c r y s t s   h a v e   b e e n   p a r t i a l l y   a l t e r e d   t o   s e r i c i t e  a n d  some 

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

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

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

In t h e " . s o u ' t h w e s t e r n   p o r t i o n - .   o f ' ' . t h e   s t u d y   a c e a ,   - t h e  

u p p e r   t u f f   o f   L e m i t a r   M o u n t a d n s   l o c a l l y   e x h i b i t s   p r i m a r y  

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

L e m i t a r   M o u n t a i n s  r e s t s  o n   t h e   u n i t   o f   H a r d y   R i d g e  a 

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

c a v i t i e s   o c c u r s   ( f i g u r e  11). The t u f f   m e g a s c o p i c a l l y   a p p e a r s  

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

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

w e l d i n g .   T h i s   z o n e   v a r i e s  i n  t h i c k n e s s   f r o m  1 0  t o  50 f e e t .  

E l s e w h e r e   i n   t h i s   a r e a ,   t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  

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

s t r u c t u r e s   ( f i g u r e  12). 

One o f   t h e   b e s t   e x p o s u r e s   o f   t h e s e   f e a t u r e s  i s  i n  

t h e   e x t r e m e   s o u t h e a s t e r n   c o r n e r   o f   s e c t i o n  1 4  a n d   t h e  

n o r t h e a s t   c o r n e r   o f   s e c t i o n  2 3 ,  T.bS., R.4W. H e r e ,   t h e   u p p e r  

t u f f  of L e m i t a r  M o u n t a i n s   a p p e a r s   t o   h a v e   b e e n   d e p o s i t e d  i n  a 

p a l e o v a l l e y .   R e c o g n i t i o n  a n d  i n t e r p r e t a t i o n   o f  many o f   t h e  
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F i g u r e  11. L i t h i c - r i c h   b a s e  of t h e   u p p e r  tuff of Lemitar 
M o u n t a i n s   w i t h   a b u n d a n t   g a s   c a v i t i e s .   C r o s s   s e c t i o n s  o f  
t h e   g a s   c a v i t i e s   a r e   s h o r t ,   f l a t t e n e d ,   e l l i p s e s .  



F i g u r e  12. Ou tc rop   o f   dense ly   we lded   uppe r  t u f f  o f   L e m i t a r  
M o u n t a i n s   s h o w i n g   r a m p   s t r u c t u r e .   F o l i a t i o n   d i p s   t o   t h e  
l e f t .  



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

w r i t t e n  by   Chap in   and   Lowel l  (1979) t h a t   p r o v i d e s   d e t a i l e d  

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

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

Colorado .  

The small o u t c r o p   o f   u p p e r   t u f f   o f   L e m i t a r  

M o u n t a i n s i n   s e c t i o n s  14 a n d   2 4   a r e   b e l i e v e d   t o   o c c u r  i n  a n  

e a s t - t r e n d i n g   p a l e o v a l l e y .  If t h e   r e g i o n a l   d i p   o f   2 5   t o  3 0  

d e g r e e s   t o   t h e   e a s t  i s  r e m o v e d   f r o m   t h e   m e a s u r e d   a t t i t u d e s  

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

Lemitar M o u n t a i n s ,   t h e   t u Y f  i s  f o u n d   t o   h a v e   p r i m a r y  

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

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

a r e   t o w a r d   t h e   p r e s u m e d   v a l l e y  a x i s .  Chapin   and   Lowel l  

(1979) a r g u e   c o n v i n c i n g l y   t h a t   p r i m a r y   f o l i a t i o n   d i p s   s u c h  as 

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

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

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

s t e e p e r   t h a n   a b o u t  2 2   d e g r e e s .   A f t e r   c o r r e c t i n g   f o r  

p o s t - d e p o s i t i o n a l   r e g i o n a l   t i l t i n g ,   d i p s  as  s t e e p  as  40 t o  4 5  

d e g r e e s   a r e  c o m m o n l y   o b s e r v e d   a l o n g   t h e   p a l e o v a l l e y  wal l .  

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

b o u n d a r y   a l o n g   t h e  w a l l  o f   t h e   v a l l e y .  

0 

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

i n   t h e   v i c i n i t y   o f   t h e   v a l l e y  w a l l  ( f i g u r e  13) a l s o   a r g u e  

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

d e s c r i b e d   b y   C h a p i n  a n d  L o w e l l  (1979). T h e s e   e l o n g a t e  

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

v a l l e y ;  as o n e   t r a v e r s e s   n o r t h   t o w a r d s   t h e   v a l l e y  a x i s ,  t h e  

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

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

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

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

c o l l a p s e d   g a s   c a v i t i e s .  Some i n d i v i d u a l   f l o w   p l a n e s   c a n   b e  

. t r a c e d   f o r  as  much.-as  8 f e e t .  The g a s . c a v i t i e s  may h a v e  

Sormed  when t h e   v o l u m e  of e s c a p i n g   v o l a t i l e s   b e c a m e   t o o   g r e a t  

f o r   s t o r a g e   o n   f l o w   p l a n e s   a n d   p o c k e t s   o f   g a s   f o r m e d   ( C h a p i n  

and   Lowel l ,  1979). 

Also p r e s e n t   i n   t h e   u p p e r   t u f f   o f  Lemitar Moun ta ins  

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

p a r a l l e l   t o   t h e   v a l l e y  a x i s .  T h e y   a r e   b e s t   e x p o s e d   a b o u t  1 0 0  

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

i n t e r p r e t e d  as hav ing   fo rmed  when t h e   t u f f ,   w h i c h  was 

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

s l u m p e d   t o w a r d s   t h e   v a l l e y   b o t t o m .   T h r o u g h o u t   t h e   z o n e   o f  

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

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

b y   u n d i s t u r b e d   p l a n a r   f o l i a t i o n   a n d   t h e   w h o l e   u n i t  i s  we lded  

t o g e t h e r .   C h a p i n   a n d   L o w e l l  (19i9) d e s c r i b e  similar fea tures  

i n   t h e  Wall M o u n t a i n   T u f f   o f   c e n t r a l   C o l o r a d o .  
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a T h e   d i s t r i b u t i o n   o f   t h e  t u f f  o f   Lemi ta r   Moun ta ins  

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

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

b e e n   o b s e r v e d  i n  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   i n   o t h e r  

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

b e   o f   i m p o r t a n c e   i n   r e c o n s t r u c t i n g  i t s  env i ronmen t   o f  

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

z o n a t i o n   o f   t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s ,  as  d e s c r i b e d  

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

. ..- . t h . a t   t h e   t u f f .   w i t ' b t h e .   a n o m a l o u s   . f e a t u r e s  i s  e q u i v a l e n t   t o  

t h e  more   "no rma l"   ubpe r   t u f f   o f   Lemi ta r   Moun ta ins  a n d  t h a t  

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

t e x t u r a l   v a r i a t i o n s .  T h e   m o s t   i m p o r t a n t   v a r i a b l e s  

I 

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   p r i m a r y   w e l d i n g   f e a t u r e s   w e r e  

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

e n t r a i n e d   i n   t h e   a s h   f l o w s   ( C h a p i n   a n d   L o w e l l ,  1 9 7 9 ) -  

T h e   s o u t h w e s t e r n   p o r t i o n   o f   t h e   s t u d y   a r e a   a p p e a r s  

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

f i l l i n g   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   b e c a u s e   t h e  A-L Peak  

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

o f   L e m i t a r   M o u n t a i n s   w e r e   n o t   d e p o s i t e d   t h e r e .   T h e   s u r f a c e  

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

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

M o u n t a i n s   f i l l e d   m o s t   o f   t h e   r e m a i n i n g   d e p r e s s i o 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   a n d   o n l y  small amounts  of it were 

d e p o s i t e d   o u t s i d e   o f   t h e   c a u l d r o n .  The  upper  member w a s  t h e n  0 
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0 e r u p t e d   o n t o   t h e   r e l a t i v e l y   s m o o t h   u p p e r   s u r f a c e   o f   t h e   l o w e r  

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

Sawmi l l   Canyon   cau ld ron   marg in .  A s  t h e   u p p e r  member f l o w e d  

o v e r   t h e  m a r g i n  o n t o  a d i s s e c t e d   b l o c k   o f   t h e   u n i t  of Hardy 

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

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

h o t t e r   e m p l a c e m e n t   t e m p e r a t u r e s .  The r o u g h   t o p o g r a p h y  may 

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

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

t h e   v o l u m e   o f  .gas t i h a t   c o u l d   b e - ~ i . n c o r p o r a t e d   a l o n g   f l o w  

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

t h e s e   c a v i t i e s   o c c u r   n e a r   t h e   b a s e  of t h e   u p p e r  member and  

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

I 

Tuf f   o f   South   Canyon 

The t u f f   o f   S o u t h  Canyon was t h e  l a s t  m a j o r  

a s h - f l o w  t u f f  e r u p t e d  i n  t h e   S o c o r r o - M a g d a l e n a   a r e a .  It i s  

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 ,   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   a n d   o t h e r s ,  1 9 7 8 ) .  I n  t h e   M a g d a l e n a   M o u n t a i n s ,   t h e  

a 

t u f f   o f   S o u t h  Canyon u s u a l l y   o v e r l i e s   b a s a l t i c   a n d e s i t e  lavas  

t h a t   o v e r l i e   t h e   t u f . f   o f  Lemitar Moun ta ins   (Chap in   and  

o t h e r s ,  1978) .  Osburn  ( 1 9 7 8 )  d e s c r i b e d  a m e a s u r e d   s e c t i o n  

620 f e e t   t h i c k   i n   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  (SW 1 / 4 ,  

s e c .  30,  T.3S., R . 3 W . )  for w h i c h   t h e   t u f f  i s  named.  The 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 +/-  1 .0  m.y. ( C h a p i n ,  * 
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u n p u b l i s h e d   d a t a )   a n d  a t  25 .8  + / -  1 . 0  m.y .  (Bochman a n d  

Mehner t ,  1978) b y   t h e  K - A r  method on b i o t i t e .  The s o u r c e  

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

a n d   o t h e r s  (1978) s u g g e s t e d   t h a t  it was e r u p t e d  f rom t h e  Hop 

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

t h r o u g h o u t   t h e   e a s t e r n   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   a n d  

i n ~ t h e  Lemitar M o u n t a i n s .   P e t t y  (1979)  reports a maximum of  

a b o u t  400 f e e t   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   a n d   A l l e n  

9 7 8 , o r a l  commun.). r e p o r t s  a maximum o f  300 f e e t   i n . t h e  

area s o u t h w e s t ' o f   N o r t h   B a l d y .  The o n l y   o u t c r o p   o f   t h e   t u f f  

o f   South   Canyon i n  t h i s   s t u d y   a r e a   o c c u r s   j u s t   e a s t   o f   t h e  

s u m m i t   o f   S o u t h   B a l d y   w h e r e   a p p r o x i m a t e l y   1 5 0   f e e t  of t u f f  i s  

exposed  on a f a u l t   b l o c k .   H e r e ,   t h e   b a s e   o f   t h e   t u f f  i s  

p o o r l y   e x p o s e d ;   h o w e v e r ,  a t  a b o u t   t h e  1 0 , 0 4 0  f o o t   e l e v a t i o n  

a l o n g   t h e   r o a d   t o   L a n g m u i r   L a b o r a t o r y ,  a small o u t c r o p   o f  

r e d d i s h - b r o w n   s a n d s t o n e  i s  f o u n d   b e n e a t h   t h e   t u f f .  The 

o u t c r o p   a r e a   a b o v e  t h e  t u f f   o f  L e m i t a r  Moun ta ins   and   be low 

t h e   t u f f   o f   S o u t h   C a n y o n  i s  o b s c u r e d   b y   c o l l u v i u m ;   t h e   g e n t l e  

s l o p e  i s  s u g g e s t i v e  of a n  a n d e s i t e   i n t e r v a l .   O s b u r n  (1978) 

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

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 .  

e 

Osburn (1978) d e s c r i b e d   t h e   t u f f   o f   S o u t h   C a n y o n   i n  
I 

d e t a i l   a n d   s u b d i v i d e d  it i n t o   t h r e e   z o n e s :  a l o w e r ,  

p o o r l y - w e l d e d ,   c r y s t a l - p o o r   z o n e ;  a l i t h o p h y s a l   z o n e ;   a n d   a n  

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

r 
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* petrographic  information is referred to his study. The tuff 

of  South  Canyon in this study area  is  likely  equivalent to 

Osburn’s  upper  streaked zone. Here the  tuff of South  Canyon 

is grayish  red to  pale red and weathers to angular blocks. 

Light-gray to  pink  pumice, 2 to 5 cm.long, make up  from 10 to 

20 percent of  the  rock and  give it a  pronounced  eutaxitic 

foliation. The  tuff  contains  approximately 20 percent 

phenocrysts  of  sanidine and quartz  in  roughly equal 

proportions. 

Quartz  occurs as euhedr.al t .o subhedral, 

occasionally  embayed, phenocrysts that  average 1.0 mm  in 

diameter. Sanidine  occurs as subhedral  to  euhedral  tabular 

crystals  approximately 1.0 mm in length. Exsolution  lamellae 

within the  sanidine  are commonly altered to  potassium-rich 

clays. Also  noted  were  less  than 1 percent  relict 

phenocrysts  that  have been  completely  replaced by clay 

e 

minerals. These phenocrysts..closely  resemble  altered 

plagioclase  phenocrysts  in  the  tuff of Lemitar  Mountains. 

One to  three  percent lithic  fragments of  aphanitic  andesite 

also occur. 

The  obvious  lack of tuff of South  Canyon  in  this 

study area  is  1ikely.the result of a  combination  of  erosion, 

faulting, and lack  of deposition. The top  of  the  unit 

elsewhere  in the Socorro-Magdalena area  is  usually  eroded and 

greater thicknesses  may have  been present. 

Large-displacement, down-to-the-west faults  along  the  western 



par t  o f   t h e   s t u d y   a r e a   h a v e   n o t   e x p o s e d   t h e   s t r a t i g r a p h i c  

i n t e r v a l   w h i c h   c o n t a i n s   t h e   t u f f   o f   S o u t h  Canyon.  Thus t h e  

t u f f  may b e   p r e s e n t   b e n e a t h   t h e   i n t e r m e d i a t e   l a v a s  i n  

s e c t i o n s  1 0  and  12 (T .&S. ,  R . 4 W . I .  On S o u t h   B a l d y ,   w h e r e   t h e  

i n t e r m e d i a t e   l a v a s   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 e  

t u f f  of   South  Canyon was p r o b a b l y   n o t   d e p o s i t e d .   F u r t h e r  

mapping t o   t h e  west i s  n e e d e d   t o   d e t e r m i n e   t h e   a r e a l   e x t e n t  

a n d   t h i c k n e s s   o f   t h e   t u f f  o f  S o u t h   C a n y o n   i n   t h e   w e s t e r n  

Magdalena  Mountains .  

I n t e r m e d i a t e  Lavas 

Above t h e   - t u f f  of Lemi ta r   Moun ta ins  i s  a s e q u e n c e  

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

f r o m   a n d e s i t e   t o   q u a r t z  l a t i t e .  These  l avas  c r o p   o u t   i n  

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

b a n d   a l o n g   t h e  west s i d e  o f  t h e   r a n g e   ( s e c s .  1, 12, 13, 1 4 ,  

T.hS., R . 4 W . I .  L o c a l l y   ( s e c .   2 4 )   p o o r l y   w e l d e d   a s h - f l o w  

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

o v e r l i e   t h e  lavas .  The s t r a t i g r a p h i c   p o s i t i o n   o f   t h i s  

s e q u e n c e   o f  l avas  a n d   t u f f s   w i t h   r e s p e c t   t o   t h e   t u f f   o f   S o u t h  

Canyon   canno t   be   unambiguous ly   de t e rmined  i n  t h i s   s t u d y   a r e a .  

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

a n d   t h e   s u r r o u n d i n g  areas s u g g e s t   t h a t   t h e   l a v a s  may b e  

y o u n g e r   t h a n   t h e   t u f f   o f   S o u t h   C a n y o n :  1) a l o n g   t h e   w e s t e r n  

f l a n k  of t h e   r a n g e   t h e  l avas  a r e   c o n f o r m a b l y   o v e r l a i n   b y  

l a h a r i c   b r e c c i a s   o f   t h e   l o w e r   P o p o t o s a   F o r m a t i o n   w h i c h  
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* contain abundant  clasts of the  tuff  of  South  Canyon; 2 )  

Osburn (1979,  oral commun.) reports  very  similar  intermediate 

lavas  above the  tuff  of South  Canyon  to  the  southwest  of  this 

study area; 3) on Water  Canyon Mesa,  Osburn (1978) reports 

scattered outcrops  of similar intermediate  lavas  above  the 

tuff of South  Canyon; and 4) Simon (1973) described 100 feet 

of variable  porphyritic  lavas,  now believed to be above  the 

tuff of South  Canyon,  in  the  Silver  Hill area. 

In  this study  area thickness estimates  for the 

lavas  range  from 100 feet on South  Baldy  to  300  feet  along 

the  western  flank  of  the range. Two types  of  lavas  were 

mapped within  the intermediate lavas. These  are: 1) 

aphanitic andesites  that are  similar  to  basaltic  andesites 

found above  the  tuff  of Lemitar Mountains  elsewhere  in  the 

Socorro-Magdalena  area; and 2) a  sequence  of  variable 

porphyritic lavas  which overlie and are  interbedded  with  the 

aphanitic  andesites.  Local ash-flow tuffs and  volcaniclastic 

sedimentary  rocks  were also mapped  in this interval. 

andesitic lavas The  summit of South Baldy is composed of 

approximately 400 feet of andesitic  lava  which  is  in  apparent 

depositional  contact  with  the.tuff  of  Lemitar Mountains. 

Multiple flows  of grayish-red to brownish-gray  aphanitic 

andesite are marked  by  autobrecciated  flow  tops  and bottoms. 

Excellent exposures  of  the  andesites  can be seen  along the 

road  to  Langmuir  Laboratory  at an elevation of about 10,500 0 
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f e e t .   S c o r i a c e o u s   z o n e s  a re  common a n d  v e s i c l e s   a r e   u s u a l l y  

f i l l e d   w i t h   c l a y   m i n e r a l s   a n d   c a l c i t e .  The a n d e s i t e , w e a t h e r s  

t o   s t e e p   r u b b l y   s l o p e s .  

I n   t h i n   s e c t i o n ,   t h e   a n d e s i t e  i s  composed   main ly   o f  

p l a g i o c l a s e   m i c r o l i t e s   ( 0 . . 2  mm i n  l o n g e s t   d i m e n s i o n )   w h i c h  

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

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

p h e n o c r y s t s   o f   p y r o x e n e   a n d / o r   a m p h i b o l e   ( 0 . 2   t o  0 . 6  mm i n  

d i a m e t e r )  make u p  5 t o  7 p e r c e n t   o f   t h e   r o c k .   A b o u t   1 0   t o  1 5  

. . . p   e r c e n t   f . i n e l y   . d . i s s e m i n a t e . d   m a g n e t i t e ,  now l a r g e l y   . o x i d i z e d ,  

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

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

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

M o u n t a i n s   a l o n g  t h e  w e s t e r n   e d g e   o f   s e c t i o n   2 4 ,   T . h S . ,  R.4W. 

S i m i l a r   l a v a s   c r o p   o u t  i n  t h e   n o r t h w e s t   c o r n e r   o f   s e c t i o n  24 

w h e r e   t h e y  are  o v e r l a i n   b y   t h e   p o r p h y r i t i c   l a v a s ;  t h e  c o n t a c t  

between  t,h.e  .two. is i n t e r b e d d e d   t h r o u g h  i an i n t e r v a l   o f   a b o u t  6 

m e t e r s .   A p h a n i t i c   a n d e s i t e s   a l s o   c r o p   o u t  i n  a band i n  

s e c t i o n s  1 a n d   1 2   ( T . h S . ,  R . 4 W . ) .  H e r e   t h e y   a r e   o v e r l a i n   b y  

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

F o r m a t i o n .   L o c a l l y ,   c h a n n e l s   f i l l e d   w i t h   a n d e s i t i c   s a n d s t o n e  

a re  f o u n d   i n   t h e   a n d e s i t e .  Two l a r g e   o u t c r o p s   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   a r e   f o u n d   w i t h i n   t h i s   o u t c r o p   o f   a n d e s i t e .  

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

o f   t h e   t u f f  of L e m i t a r  Moun ta ins .  
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I n  t h i n   s e c t i o n ,   t h e s e   l a v a s   a r e  similar t o   t h e  

a n d e s i t e   o n   t h e   s u m m i t   o f   S o u t h   B a l d y   b u t   a r e   i n t e n s e l y  

a l t e r e d .  A f e w   r e l i c t   p y r o x e n e  ( ? )  p h e n o c r y s t s   a l t e r e d  t o  

m a g n e t i t e   a r e   v i s i b l e   b u t ,  i n  g e n e r a l ,  a l l  t h a t   c a n   b e   s e e n  

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

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

p o r p h y r i t i c  l avas  Sou thwes t   o f   t he   summi t   o f   Sou th   Ba ldy  i s  

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

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

may h a v e   i n f l u e n c e d   t h e   d e p o s i t i o n  o f  t h e  l a v a s  as  was 

r e p o r t e d   b y   O s b u r n  ( 1 9 7 8 ) .  S t a c y  (1968)  mapped t h i s   o u t c r o p  

as  t h e  Mohawk P e a k   r h y o l i t e .  It v a r i e s   f r o m   g r a y i s h   r e d  

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

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

t o p   o f   t h e   o u t c r o p .  

I n  t h i n   s e c t i o n ,   t h e  l ava  v a r i e s  i n  p h e n o c r y s t  

c o n t e n t   f r o m  2 t o  5 p e r c e n t   w i t h   a l k a l i   f e l d s p a r s ,   q u a r t z ,  

p l a g i o c l a s e ,   r e l i c t   p y r o x e n e  ( ? )  a n d   m a g n e t i t e   p r e s e n t .  I n  

m o r e   p h e n o c r y s t   r i c h   s p e c i m e n s ,   q u a r t z  makes up  1 t o  5 

p e r c e n t   o f   t h e   r o c k .  It o c c u r s ' t i s   r o u n d e d ,   o f t e n   d e e p l y  

e m b a y e d ,   g r a i n s   t h a t   a r e  a s  much as 4 .0  mm i n   d i a m e t e r .  

. A l k a l i   f e l d s p a r   o c c u r s  as e u h e d r a l   t o   r o u n d e d   a n d  

e m b a y e d   p h e n o c r y s t s   t h a t   a v e r a g e   a b o u t  2.0 mm i n   l e n g t h .  

Many o f   t h e   a l k a l i   f e l d s p a r   p h e n o c r y s t s  a r e  s u r r o u n d e d   b y  
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r e a c t i o n  r i m s ,  now r e p l a c e d   b y   c l a y   m i n e r a l s .  The a l k a l i  

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

t o   c o m p l e t e   r e p l a c e m e n t   b y   c l a y   m i n e r a l s .  Many o f  t h e   a l k a l i  

f e l d s p a r s   e x h i b i t   p e r t h i t e - l i k e   t e x t u r e s ;   t h i s   t e x t u r e  may b e  

z h e   r e s u l t   o f   a l t e r a t i o n .   M i n o r   a m o u n t s  of p l a g i o c l a s e  

p h e n o c r y s t s  a re  a l s o  s e e n .  Some of t h e   p l a g i o c l a s e   a p p e a r s  

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

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

R e l i c t   p y r o x e n e  ( ? )  p h e n o c r y s t s  make up  5 t o  8 

pal percent o f  t h -e  l a v a ; .  t h e y   h a v e  .a s h o r h ,   s t u b b y   h a b i t   w i t h  

h e x a g o n a l   c r o s s   s e c t i o n s .  The rims of t h e s e   p h e n o c r y s t s   a r e  

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   t h e   c o r e s   b y  a brown,  

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

u r a l i t e .   G l o m e r o p o r p h y r i t i c   c l o t s  as  much as 3 mm i n  

d i a m e t e r   o f   a l k a l i  ( ? )  f e l d s p a r   a n d   r e l i c t   p y r o x e n e   a r e  s e e n  

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

C a r l s b a d - t w i n n e d   p l a g i o c l a s e   m i c r o l i t e s ,   w h i c h   h a v e   b e e n  

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 ,  a n d  a b o u t  10  t o  15 

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

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

n o r t h e a s t   c o r n e r   o f   s e c t i o n  23 ,  T.4S., R-bW. A s  much as 30 

p e r c e n t   l i g h t - c o l o r e d   f e l d s p a r   p h e n o c r y s t s ,  as  much as 1 .0  cm 

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

g roundmass .   The   l ava  i s  i n   f a u l t   c o n t a c t   w i t h   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 l o n g   t h e   s o u t h e r n   m a r g i n   o f   t h e  

p a l e o v a l l e y   d e s c r i b e d   a b o v e .  The c o n t a c t   r e l a t i o n s h i p s   w i t h  
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t h e   u n i t   o f   H a r d y   R i d g e   a r e   u n c e r t a i n   b u t  may b e   p a r t l y  

i n t r u s i v e .   F l o w   f o l i a t i o n s  i n  t h e   l a v a   a r e   q u i t e   v a r i a b l e .  

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

o u t c r o p s   o f   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  i n  s e c t i o n   2 3  

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

d u r i n g   d e p o s i t i o n   o f   b o t h   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  

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

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

of H a r d y   R i d g e .   L o c a l l y ,   t h e   l a v a   c o n t a i n s   a b u n d a n t  

f r a g m e n t s ,  as  much 'as 20 cm i n  d i . a? l l e t e r ,   . o f   aphan i t i c~ .  

' andes i t e .   The  l a v a  f o r m s   s t e e p   c l i f f s   a n d   l e d g y   o u t c r o p s .  

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

c r o p   o u t  i n  t h e   n o r t h w e s t   c o r n e r   o f   s e c t i o n   2 4 ,   T . h S . ,  R.4W. 

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

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

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

s e c t i o n  2 3 .  

I n   t h i n   s e c t i o n ,   t h e   p o r p h y s i t i c   l a v a   c o n t a i n s  

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 ,   r e l i c t   a m p h i b o l e  (?I, 

b i o t i t e ,  a n d  a l k a l i   f e l d s p a r .   Q u a r t z   o c c u r s  as  l a r g e  ( U p  t o  

4 mm) e m b a y e d   p h e n o c r y s t s .   O f t e n ,   t h e   q u a r t z   p h e n o c r y s t s   a r e  

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

may b e   s u r r o u n d e d   b y  many s m a l l e r   f r a g m e n t s .   Q u a r t z   m a k e s   u p  

3 t o  8 p e r c e n t   o f   t h e   r o c k .  

P l a g i o c l a s e   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 o c r y s t   a n d   m a k e s   u p   a b o u t  1 0  p e r c e n t   o f   t h e   l a v a .   ' T h e  
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p l a g i o c l a s e  i s  u s u a l l y   a l t e r e d   t o   s e r i c i t e   a n d   c l a y  m i n e r a l s  

a n d   o f t e n   h a s  a pockmarked or s i e v e   t e x t u r e .  I n  many 

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

v i s i b l e .   T h e   p l a g i o c l a s e   o c c a s i o n a l l y   o c c u r s  as  

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

A l k a l i   f e l d s p a r   p h e n o c r y s t s  make  up  f rom  one t o  

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

s e r i c i t e   a n d   c l a y   m i n e r a l s .  One p h e n o c r y s t   m e a s u r e d  1.0 c m  

i n  l o n g e s t   d i m e n s i o n .  Some o f   t h e   p h e n o c r y s t s   e x h i b i t  

: c o n c e n t r i c   z o n i n g  ( ? )  and  a n  i n d i s t i n c t  wavy e x t i n c t i o n ;  

o t h e r s   h a v e   u n m i x i n g   t e x t u r e s .   O s b u r n  (1978)  i n t e r p r e t e d  

similar f e a t u r e s  i n  the   Water   Canyon Mesa l avas  t o   b e  

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

p l a g i o c l a s e .  It i s  p o s s i b l e   t h a t   t h e   " a l k a l i   f e l d s p a r  

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

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

e 

Two t o   t h r e e   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  

amph ibo le  (?I now r e p l a c e d   b y   m a g n e t i t e   a l s o   o c c u r .   B i o t i t e  

i n   v a r y i n g   s t a g e s   o f , a l t e r a t i o n   t o   m a g n e t i t e  makes u p   a b o u t  

o n e   p e r c e n t   o f   t h e   l a v a .  The  groundmass i s  composed  of  

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   a r e   l a r g e l y   r e p l a c e d   b y   c l a y  

m i n e r a l s   a n d   s e r i c i t e .  

a s h - f l o w  t u f f  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   I n   t h e  

n o r t h w e s t   c o r n e r   a n d   a l o n g   t h e   w e s t e r n   m a r g i n   o f   s e c t i o n  2 4 ,  

T..4S., R-hW. p o o r l y   w e l d e d ,   l i t h i c - r i c h   a s h - f l o w   t u f f s ,  * 



laharic  breccias,  and  volcaniclastic  sedimentary  rocks  crop 

out. Lithic  fragments of aphanitic  andesite,  phenocryst-poor 

rhyolite  lavas, and  a  distinctive,  phenocryst-rich  ash-flow 

tuff are  common  in  this interval. The ash-flow tuff 

fragments  are very  similar  to  the  upper  tuff of  Lemitar 

Mountains. The thickness o f  the  tuffs and volcaniclastic 

rocks  is a maximum o f  about 200 feet  in  the  northeast  corner 

of  section 24. They  weather  to  rubble-covered  slopes  and 

ledgy outcrops. 

In  thin  section, the.  tuffs are  made up of  10 to 15 

percent  phenocrysts o f  quartz,  plagioclase, and alkali 

feldspar. Quartz occurs  as  embayed phenocrysts and varies 

from 3 to 5 percent o f  the tuff. The  original  vitroclastic 

texture of  the  groundmass  has  been  completely  destroyed  by 

devitrification. 

Popotosa  Formation 

In  the  Socorro-Magdalena  area,  the  basal unit of  

the  Santa  Fe  Group  consists of laharic  breccias, 

conglomerates,  sandstones, and playa mudstones. This 

assemblage  was  named  the  Popotosa  Formation by Denny (1940) 

for  exposures  along  Arroyo  Popotosa,  southwest of the  Ladron 

Mountains. The Popotosa  Formation  was  deposited  as  alluvial 

fans  in  a  broad  sedimentary  basin  which spanned the  Rio 

Grande rift in the  Socorro  region  during  the  interval  from 

about 26 may.  to 7 m.y. ago  (Chapin  and  Seager, 1975)- 
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S o u r c e   r e g i o n s   f o r  much o f   t h e   P o p o t o s a   F o r m a t i o n   w e r e   t h e  

C o l o r a d o   P l a t e a u   a n d   t h e   L a d r o n   M o u n t a i n 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 ,   M a g d a l e n a ,   a n d   S a n   M a t e o   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 .  

K - A r  d a t e s   o b t a i n e d  on lava  f l o w s   - w h i c h   o v e r l i e   a n d  

a r e   i n t e r b e d d e d   w i t h   t h e   P o p o t o s a   F o r m a t i o n   i n d i c a t e   t h a t  i t s  

d e p o s i t i o n   s p a n n e d   t h e   p e r i o d   f r o m   a b o u t  26 m.y. a g o  t o  a b o u t  

7 m.y. a g o   ( C h a p i n ,  1978,  o r a l  commun.). I n  t h e   e a s t - c e n t r a l  

Magdalena   Mounta ins ,   Osburn  (1978) r e p o r t s   t h a t   t h e   l o w e r  

' -  .' P o p o t o s a   F o r m a t i o n  r e s t s  unconformabJy  on  Water   Canyon.Mesa 

l a v a s   w h i c h   h a v e   b e e n   d a t e d   a t  20 .0  + / -  0.8 m.y. I n   t h e  

western p a r t   o f   t h i s   s t u d y   a r e a   ( s e c .  11, T.4S.,  R.4W. ) ,  

r h y o l i t e  lavas o f  M a g d a l e n a   P e a k   o v e r l i e  a n d  a re  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 .  A sample  of t h e   i n t e r b e d d e d   l a v a  

h a s   b e e n   d a t e d  a t  18.0 +/-  0.8 m.y. ( C h a p i n ,   u n p u b l i s h e d  

d a t a ) .   T h e   d a c i t e s  of D e e r   P l o t   T a n k   i n t r u d e   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   e x t r e m e   s o u t h w e s t e r n   p o r t i o n  o f  t h e   s t u d y  

a r e a  (SW 1 1 4 ,  s e c .  23 ,  T.hS., R . 4 W . ) ;  t h e s e  l avas  h a v e   n o t  

b e e n   d a t e d .  

B r u n i n g  (1973)  d i v i d e d   t h e   P o p o t o s a   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 .   C h a p i n  a n d  o t h e r s  (1978) 

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

upper   members .   The  lower member i s  c h a r a c t e r i z e d   b y  

i n t e r t o n g u i n g   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   m i n o r  

l a c u s t r i n e   d e p o s i t s ;   t h e   u p p e r  member, i n  t h e   S o c o r r o   a r e a ,  

i s  d o m i n a t e d   b y   m u d s t o n e s ,   s i l t s t o n e s ,   a n d   s a n d s t o n e s .  * 



I n   t h i s   s t u d y ,   t h e   P o p o t o s a   F o r m a t i o n  was 

i n f o r m a l l y   d i v i d e d   i n t o   t h r e e  map u n i t s :  1) l o w e r   l a h a r i c  

b r e c c i a s ;  2 )  i n t e r b e d d e d   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  3 )  

f i n e - g r a i n e d ,   l a m i n a t e d ,   s a n d s t o n e s   a n d   s i l t s t o n e s .  The 

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

w i t h   C h a p i n   a n d   o t h e r s '  (1978) l o w e r  member a n d   t h e   l a m i n a t e d  

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

member. 

l a h a r i c   b r e c c i a s .   L . a h a r i c   b r e c c ' i a s   c r o p   o u t  i n  two 

f a u l t - b o u n d e d ,   n o r t h - t r e n d i n g   s t r i p s  near t h e   s u m m i t   o f   S o u t h  

B a l d y .   H e r e ,   t h e y   w e r e   d e p o s i t e d   o n   t h e   u p p e r   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   t h e   " i n t e r m e d i a t e  lavas" .  The l a h a r i c  

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

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

350 f e e t   t h i c k .  

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

c r o p   o u t  i n  a. n o r t h - t r e n d i n g   b a n d   ( s e c s .  1, 12, T. 4S. ,  R.4W. ) 

a n d   f o r m   v e r y   s t e e p ,   r u b b l e - c o v e r e d   s l o p e s .   H e r e   t h e y   a r e  a 

maximum of   of  500 f e e t  i n  t h i c k n e s s .  The l a h a r i c   b r e c c i a s  

w e r e   d e p o s i t e d   o n   a n d e s i t e s   a n d   " i n t e r m e d i a t e  lavas". I n  

Bea r   Canyon   ( s ec .  1, T . h S . ; R . h W . ) ,  t h e   l o w e r   c o n t a c t  of t h e  

P o p o t o s a   F o r m a t i o n  i s  o b s e r v e d   t o   b e   g r a d a t i o n a l   o v e r   o n e  

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

a n d e s i t e .  



aa 

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

r e d d i s h   b r o w n   t o   g r a y i s h   r e d   a n d   a r e  so w e l l   i n d u r a t e d   t h a t  

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

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

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

A v e r a g e   c l a s t   s i z e   v a r i e s   f r o m   c o b b l e   t o   b o u l d e r   a n d  some 

b l o c k s   o f   t h e   t u f f  of Sou th   Canyon   a r e  as  much as  2 m e t e r s  i n  

d i ame te r .   The   mos t  common c l a s t   l i t h o l o g i e s   a r e   t u f f  of 

S o u t h   C a n y o n ,   a p h a n i t i c   a n d e s i t e s ,   a n d   p o r p h y r i t i c  

i n t e r m e d i a t e  lavas. I n  p l a c e s . ,   t h e .   l a h a r i c   b r e c c i a s   e x h i b i t  

c r u d e   b e d d i n g   w i t h   i n d i v i d u a l   b e d s   a p p r o x i m a t e l y  5 cm i n  

t h i c k n e s s ;   - h o w e v e r ,   i n t e r n a l   s t r a t i f i c a t i o n  i s  u s u a l l y   n o t  

p r e s e n t .  

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   T h e   m a j o r i t y   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 i s   s t u d y   a r e a   c o n s i s t s  of i n t e r b e d d e d  

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 .   T h e y   c r o p   o u t   e x t e n s i v e l y  i n  

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

t h i c k n e s s  of a b o u t  800 f e e t .  The l avas   o f   Magda lena   Peak  a n d  

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

t h e   e a s t e r n   e d g e   o f   s e c t , i o n  11 (T.bS. ,  R . L W . ) ,  l a v a s   o f  

M a g d a l e n a   P e a k   a r e   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 .  

E x c e l l e n t   e x p o s u r e s   o f   t h e   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   c a n  

b e   s e e n   a l o n g   B e a r   C a n y o n  (secs.  1, 11, T . b S . ,  R . 4 W . ) .  
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T h e   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   w e l l   i n d u r a t e d  

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

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

r e d  i n  c o l o r .   I n   g e n e r a l ,   c l a s t   s i z e   d e c r e a s e s   w i t h  

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

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

l a v a 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 h e   t u f f  of South  Canyon 

a n d   t u f f   o f   L e m i t a r   M o u n t a i n s .   P e b b l e   i m b r i c a t i o n s  i n  t h e  

c o n g l o m e r a t e s   i n d i c a t e   t h a t  much o f  it w a s  d e r i v e d   s o u t h w e s t  

 of t h e   s t u d y  area.  

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

s t u d y   a r e a   ( s e c .   2 4 ,   T . 4 S . ,  R.bW.), f i n e - g r a i n e d   s a n d s t o n e s  

a n d   s i l t s t o n e s   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 .  The 

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

a r e a .   S m a l l   a m o u n t s   o f  similar s a n d s t o n e s   w e r e   o b s e r v e d   n e a r  

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

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

p r e s e r v e d   P o p o t o s a   F o r m a t i o n   i n   t h e   s t u d y   a r e a .  

Jus t  s o u t h   o f   D e e r   P l o t  T a n k  ( s e c .  231, a s e q u e n c e  

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

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

a minimum of 800  f e e t   t h i c k .  The s a n d s t o n e s   a n d   s i l t s t o n e s  

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

a r e   u s u a l l y   w e l l   i n d u r a t e d   a l t h o u g h  some h o r i z o n s   a r e   v e r y  

f r i a b l e .  



* The d i s t r i b u t i o n   o f   l i t h o l o g i e s   w i t h i n   t h e   P o p o t o s a  

F o r m a t i o n   i n   t h i s   s t u d y   a r e a   i n d i c a t e s   s t r u c t u r a l   c o n t r o l  of 

t h e i r   e n v i r o n m e n t s   o f   d e p o s i t i o n .   S o u t h   o f   H a r d y   C a n y o n ,   o n  

t h e   s t r u c t u r a l   b l o c k   w h i c h  i s  l a r g e l y  made  up of t h e   u n i t   o f  

H a r d y   R i d g e   o v e r l a i n   - b y   t h e   u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s  

( s e c s .  23 ,  2 4 ,  T.4S. ,  R . 4 W . 1 ,  t h e   l a h a r i c   b r e c c i a s   a n d  

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

r e l a t i o n s h i p   s u g g e s t s   t h a t   t h i s   s t r u c t u r a l   b l o c k  was h i g h  

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

8 0 0   f e e t   o f   f i n e l y - l a m h a t e d   s a n d s t o n e s  a n d  s i l t s t o n e s ,  

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

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

Thus it s e e m s   l i k e l y   t h a t  a s t r u c t u r a l   z o n e ,   r o u g h l y  

c o i n c i d e n t   w i t h   H a r d y   C a n y o n   s e p a r a t e d  a b a s i n  t o   t h e   n o r t h  

f rom a h i g h l a n d   t o   t h e   s o u t h .  The b a s i n  was f i l l e d   w i t h  

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   t h e   w h o l e   a r e a  was t h e n  

b l a n k e t e d   w i t h   f i n e - g r a i n e d   b a s i n - f l o o r   d e p o s i t s .  The 

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

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

r e l a t e d   t o  i t .  

Lavas o f  Magdalena  Peak 

I n  t h e   n o r t h w e s t   p o r t i o n   o f   t h e   s t u d y   a r e a ,  a 

s e q u e n c e   o f   r h y o l i t i c  l a v a s  a n d   m i n o r   a s h - f l o w   t u f f s   o v e r l i e 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  of t h e   P o p o t o s a   F o r m a t i o n .   J u s t  

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   a r e   e x c e l l e n t   e x p o s u r e s   o f  * 



similar l a v a s   w i t h   w h i c h   t h e   l a v a s  i n  t h i s   a r e a   a r e  

t e n t a t i v e l y   c o r r e l a t e d .  The r h y o l i t e   l a v a s  i n  t h i s   s t u d y  

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

a l o n g   t h e   w e s t   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 ,   f r o m  

Mag-dalena  P.eak  .on t h e   n o r t h   t o  A l a m e d a   S p r i n g   o n   t h e   s o u t h .  

Weber ( 1 9 5 7 )  p r o v i d e s   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   a n d  

c h e m i c a l   a n a l y s e s   f o r   r h y o l i t e 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   n o r t h  o f  t h e   s t u d y   a r e a   ( s e c s .  1 4 ,  2 3 ,  T.3W., R.4S. ). 

Samples  o f  t h e   l a v a s   o f   M a g d a l e n a   P e a k   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   a n d   t h e   t y p e   l o c a l i t y   h a v e   b e e n   d a t e d  

a t  14 .0  + / -  0.7 m.y. ( W e b e r   a n d   B a s s e t t i  1 9 6 3 )  a n d  13.1 +/ -  

0.5 m.y. ( C h a p i n ,   J a h n s ,   a n d   o t h e r s ,  1978)  r e s p e c t i v e l y .  A 

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

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   h a s   b e e n   d a t e d  a t  1 8 . 0  

+/-  0.8 m.y. ( C h a p i n ,   u n p u b l i s h e d   d a t a ) .   T h i s   l a v a   h a s   b e e n  

t e n t a t i v e l y   c o r r e l a t e d   w i t h   t h e   l a v a s  o f  Magdalena  Peak 

a l t h o u g h  i t s  a g e   s u g g e s t s   t h a t  it may r e p r e s e n t  a n  o l d e r  

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

s t u d y   a r e a .  

A commonly   obse rved   ou tc rop   s equence  i n  t h e  lavas 

of   Magdalena  Peak i s :  1) w e l l - i n d u r a t e d   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   o f   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 a i n   b y  2 )  t h i n ,  

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

l i t h i c - r i c h   a s h - f l o w  t u f f  o v e r l a i n   b y   3 )   h i g h l y   v e s i c u l a r  

" f r o t h "   r h y o l i t e  l ava  w h i c h   g r a d e s   u p w a r d   i n t o  4 )  a l t e r n a t i n g  

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



e x p o s u r e s  o f  t h i s   s e q u e n c e   c a n   b e   s e e n  i n  Bear  Canyon a t  a n  

e l e v a t i o n   o f  8000 f e e t .  

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

a s h - f l o w . . t u f f   a r e  commonly  found a t  t h e   b a s e   o f   t h e   r h y o l i t e  

l avas .  S i m i l a r   t u f f s ,   w h i c h   a r e   l o c a l l y   w a t e r l a i d ,   a r e   f o u n d  

i n   s e v e r a l   l a r g e   o u t c r o p   b l o c k s   i n   s e c t i o n s  1 and 2 ,  ThS., 

R.4W. H e r e ,   t h e   c o n t a c t s   b e t w e e n   t h e   l a v a s   a n d   t u f f s   a r e   n o t  

w e l l   e x p o s e d .   H o w e v e r ,   w h e r e   e x p o s e d ,   t h e  l ava  h a s   n e a r l y  

v e r t i c a l   f o l i a t i o n   a n d   t h e   c o n t a c t s   a r e  marke.d  by  abundant 

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

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

i n t r u s i v e .  

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

c o n t a i n s   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  

d i a m e t e r   f r o m  0.05 t o  1 . 5  cm. L i t h i c   f r a g m e n t s  make u p   f r o m  

5 t o  20 p e r c e n t   o f   t h e   r o c k .  The t u f f   o f t e n .   c o n t a i n s   l a r g e ,  

e q u i d i m e n s i o n a l   ( u p   t o  5.0 cm) y e l l o w i s h - g r a y   p u m i c e  

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

it h a s   b e e n   r e w o r k e d ,   e x h i b i t s   g r a d e d   b e d d i n g .  

I n   t h i n   s e c t i o n ,   t h e   t u f f   c o n t a i n s   p h e n o c r y s t s   o f  

q u a r t z ,  a l k a l i  f e l d s p a r ,   p l a g i o c l a s e   a n d   b i o t i t e ;   t h e  

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

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

embayed   phenoc rys t s  a s  w e l l  as  a n g u l a r   f r a g m e n t s ;   q u a r t z  

makes  up 2 t o  5 p e r c e n t   o f   t h e   r o c k .   A l k a l i   f e l d s p a r  

I 
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c o m p r i s e s  1 t o  5 p e r c e n t   o f   t h e   t u f f ;  it o c c u r s  as  e u h e d r a l  

t o   s u b h e d r a l   p h e n o c r y s t s   w h i c h   r a n g e   f r o m  0 .2  t o  1 . 5  ,mm i n  

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

amounts a n d   o c c u r s  as  t a b u l a r   c r y s t a l s  1 t o  2 mm i n  l e n g t h .  

r h y o l i t e   f l o w s  The l avas  of  Magdalena  Peak a r e  m a s s i v e ,  

p o r p h y r i t i c   f l ~ o w s .   M i n e r a l o g i c a l l y ,   t h e  l avas  v a r y   f r o m  

q u a r t z   l a t i t e   t o   r h y o l i t e ;   c h e m i c a l l y ,   h o w e v e r ,   t h e y   a r e  

r h y o l i t e s   ( W e b e r ,  1957). The r h y o l i t e s   a r e   o f t e n   p a r t i a l l y  

v i t c i c  ~. a n d -   d n t e r l a y e r e d   v i t r o p h y x e s .   a r e   c h a r a c t e r i s - t i c .   T h e  . 

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

g r a d a t i o n a l .   T h e   b a s a l   p o r t i o n s   o f   i n d i v i d u a l   f l o w s ,  

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

t o t a l   t h i c k n e s s  o f  t h e  l avas  i s  d i f f i c u l t   t o   e s t i m a t e   b e c a u s e  

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

minimum o f  500 f e e t .  Ramp s t r u c t u r e s   a n d   c o n v o l u t e d   f l o w  

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

t h e  west a t  1 0  t o  20 d e g r e e s .  The l avas  w e a t h e r   t o  

r l a t - t o p p e d   h i l l s   w i t h   v e r y   s t e e p   s l o p e s .   O u t c r o p s   a r e  

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

f r a c t u r e s   a n d   c a v i t i e s .  

I n   h a n d   s p e c i m e n ,   t h e  l avas  v a r y  i n  c o l o r   f r o m  

l i g h t   g r e e n i s h   g r a y   t o   g r a y i s h   o r a n g e   p i n k  or l i g h t   b r o w n .  

P h e n o c r y s t s  o f  f e l d s p a r ,   h o r n b l e n d e ,   b i o t i t e ,   a n d   q u a r t z  are  

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

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



devitr 

94 

times 

In thin  section,  the  rhyolites commonly  have a 

,ified  groundmass and spherulitic  textures  are .some 

preserved. The vitrophyres  have  both  perlitic and 

spherulitic textures. Plagioclase is the most abundant 

phenocryst and makes u p ~ 7  to 10 percent  of  the  rock; it 

exhibits albite,  Carlsbad,  and  pericline  twins and is  often 

strongly zoned. The plagioclase  occurs  as rounded 

phenocrysts  which  average 1.0 to 1.5 mm  in  length and as 

glomeroporphyritic  clots  as  much  as 5 mm in diameter. 

- ..Quartz  comprises-ti  trace to 5 percent of the  rock; 

it occurs  as r'ounded and  embayed  phenocrysts  which average 1 

to 2 mm in diameter. In some  samples,  coarse  aggregates of 

secondary  quartz  fill  fractures  and cavities. Alkali 

feldspar  is not present  in  some  samples  and,  where  present, 

seldom  exceeds 2 percent. The alkali feldspar  occurs as 

anhedral, corroded  phenocrysts  which  average 1 to 1.5 mm in 

longest dimension. Hornblende  comprises 1 to 2 percent of 

the  rhyolite and occurs as  euhedral  to.subhedra1  phenocrysts 

which  average 1.5 mm in  length; it has often been partially 

replaced  by magnetite. Biotite  occurs as lath-shaped 

phenocrysts  about 1.0 mm  in length and  makes up 0.5 to 1 

percent of the rock. 

i 1 

a 

The  lavas  of  Magdalena  Peak are part of  the  bimodal 

suite of rhyolitic  to  rhyodacitic  and  basaltic  lavas  that 

were erupted in the  Socorro-Magdalena  area  over  the  interval 

from about 20 m.y. to 7 m.y. ago. These  lavas  are  much 

I 

8 
r 
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y o u n g e r   t h a n   t h e   m a j o r   a s h - f l o w   t u f f   c a u l d r o n s  i n  t h e   a r e a .  

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

p r o x i m i t y   t o   t h e   t r a n s v e r s e   s h e a r   z o n e   ( f i g u r e  4) which  

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

( C h a p i n   a n d   o t h e r s ,  1978). The l a v a s   o f   M a g d a l e n a   P e a k   a r e  

a l s o   l o c a t e d   v e r y   c l o s e   t o   t h e   w e 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   a n d   t h e i r   e r u p t i o n  was a l s o   l i k e l y  

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

T e r t i a r y   I k t r u s i v e   R o c k s  

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

o f   t h e   s t u d y  a rea ;  t h e y   a r e   c o n c e n t r a t e d  i n  t h e   c e n t r a l  

p o r t i o n   o f   t h e  area a n d   a r e   a b s e n t   f r o m   t h e   n o r t h w e s t   q u a r t e r  

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

D e e r   P l o t   T a n k   w h i c h   i n t r u d e   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  

s o u t h w e s t e r n   c o r n e r  o f  t h e   s t u d y   a r e a  (SW 1/4, s e c .  23 ,  

T.kS., R.4W. ). A l s o  p r e s e n t   a r e   " 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   w h i c h   i n t r u d e   m o s t   o f   t h e   u n i t s   o l d e r   t h a n  

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  SW 1/4, NW 1/4, s e c .  23 (T.bS.,  R.bW.1, two 

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

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

muddy m a t r i x .  T h e s e   o u t c r o p s ,   d o w n f a u l t e d   t o   t h e   e a s t ,  

s u g g e s t   t h a t   t h e   P o p o t o s a  was a t  l e a s t   l o c a l l y   d e p o s i t e d   o n  

t h e s e   i n t r u s i v e s .  



96 

d a c i t e s   o f   D e e r   P l o t   T a n k  A p o r p h y r i t i c   d a c i t e   l a v a   c r o p s  

o u t  i n  t h e   s o u t h w e s t e r n   c o r n e r   o f   s e c t i o n  23 (T.4S.,,  R - 4 W . ) -  

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

t h e   s t u d y   a r e a .   E x c e l l e n t   e x p o s u r e s   o f   t h e  lava a r e   f o u n d  

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

c e n t e r   o f   t h e   o u t c r o p .  A t  t h e   s o u t h e r n   e n d   o f   t h i s   c a n y o n ,  

a b u n d a n t   v e i n l e t s  of j a s p e r o i d   c u t   t h e   l a v a .   C o n t a c t s   w i t h  

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

s u g g e s t   t h a t   t h e  lavas  a r e   i n t r u s i v e .  The l avas  o f   D e e r   P l o t  

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

I 

' , I n   h a n d   s p e c i m e n ,   t h e  l ava  i s  p a l e   r e d   p u r p l e   t o  - 
w h i t e   a n d  i s  o f t e n   f l o w - b a n d e d .  It c o n t a i n s   1 0   t o  20 p e r c e n t  

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

may a p p e a r   c h a l k y   i n   h a n d   s p e c i m e n   o r ,  i n  some c a s e s ,   o n l y  

s k e l e t a l   r e m a i n s   a r e   p r e s e n t .   S e v e r a l   p e r c e n t   d a r k   t o  

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

I n , t h i n   s e c t i o n ,   t h e   l a v a   c o n t a i n s  1 0  t o  20 p e r c e n t  

p h e n o c r y s t s   o f   q u a r t z ,   a l t e r e d   p l a g i o c l a s e ,   s a n i d i n e  ( ? ) ,  and 

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

t h a t   a v e r a g e   a b o u t  0.5 mm i n  d i a m e t e r   a n d  make up 1 0  t o  20 

p e r c e n t   o f   t h e   r o c k .  

P l a g i o c l a s e   f e l d s p a r   p h e n o c r y s t s ,  0 .5  t o  1 .0  mm i n  

l o n g e s t   d i m e n s i o n ,   m a k e s   u p   a b o u t  5 p e r c e n t  of t h e  l avas ;  

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

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

o p t i c a l l y   c o n t i n u o u s   m i n e r a l ,   w h i c h  may b e   a l k a l i   f e l d s p a r ,  
\ 
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0 have  replaced the plagioclase  in most samples. These 

secondary  minerals  have  often  been  plucked out during thin 

section  preparation. In some  specimens,  small, 

inward-growing  quartz  crystals  line  cavities  where 

plagioclase  phenocrysts  once existed. 

Biotite makes up 3 to 5 percent of the  rock  and 

occurs  as  lath-shaped  phenocrysts  which  are  aligned 

subparallel  to  the  flow structure. Some of  the  biotite, 

which  occurs  within highly altered phenocrysts,  appears  to be 

secondary. The  groundmass of the.-Lava  has  been  replaced by 

clay  minerals  and silica  indicating  intense  hydrothermal 

alteration. 

white  rhyolite  intrusives White  rhyolite  dikes  are very 

common  in  the  northern Magdalena  Mountains (Blakestad,  1978; 

Allen, 1979; Sumner,  in progress). These  dikes  are  thought 

to be  related  to  the numerous  Tertiary  granitic  plutons in 

the northern  Magdalenas. In  this study area  and  to  the south 

and east,  the  dikes are much less common  and  often appear  to 

be  related to  small domal  intrusions  (Osburn, 1978; Petty, 

1979; Allen, 1979; Roth’, in progress). 

The  majority  of  the dikes  in this  area, and 

elsewhere in  the Magdalenas,  intrude  north-trending faults. 

The  dikes are  typically less than 1 5  meters  in  thickness; 

however, in  the southwestern part of  the  area,  the  outcrops 

are  suggestive  of a larger  intrusive body. The  dikes  are * 



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

t a l u s .   S i l i c i f i c a t i o n  i s  common w i t h i n   s e v e r a l   f e e t , o f  

i n t r u s i v e   c o n t a c t s .  

I n   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 s   a r e   w h i t e  t o  

l i g h t   g r a y   i n   c o l o r .  Most a r e   p o r p h y r i t i c   a l t h o u g h  some a r e  

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

p h e n o c r y s t s   o f   q u a r t z   a n d   s a n i d i n e ,   w h i c h   a v e r a g e   a b o u t   1 . 0  

mm i n   d i a m e t e r ,  make u p  1 5  t o  20 p e r c e n t  o f  t h e   r o c k .   I n  a 

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

found.  

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

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

i n t r u s i v e   c e n t e r   m a r k e d   b y  a w h i t e   r h y o l i t e  dome j u s t   s o u t h  

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

o f  d i k e s   h a s   b e e n   o b s e r v e d   a b o u t   t h i s   i n t r u s i v e   ( R o t h ,   o r a l  

commun., 1978) .  I n  t h e   s o u t h w e s t e r n   p a r t  o f  t h e   a r e a  ( N W  

1 / 4 ,  sec., 23, T.hS., R . b W . ) ,  a n   e l l i p t i c a l   o u t c r o p  of w h i t e  

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

l i t h i c - r i c h   v a r i e t y   o f   w h i t e   r h y o l i t e   a r e   s u g g e s t i v e   o f  a 

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

t h e   h y p o t h e s i z e d   s o u t h 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 .  

a 

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

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

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

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

a common s t r u c t u r e .  
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In  thin  section,  the  dikes consist of  plagioclase 

microlites with  about 5 to 10 percent  plagioclase  phenocrysts 

and less  than 5 percent  relict  pyroxene (?I; the  Plagioclase 

1 s  largely  altered  to  sericite  and  the  pyroxene ( ? )  to 

-chlorite.  Trace  amounts o f  magnetite  are  also present. 

Tertiary-Quaternary  Deposits 

piedmont gravels Extensive  westward-sloping  piedmont 

deposits of  unconsolidated  gravels  are found along  the 

western  flank of the  Magdalena Mountains. The  deposits 

consist of  coalescing  alluvial  fans  derived  largely  from  the 

western  flank o f  th'e Magdalena Mountains. They  have  been 

partially  dissected and thicknesses  in excess of  5 meters 

have  been  observed  in arroyos. Immediately to  the west o f  

the study area (sec. 22, T.hS., R.bW.), the  gravels  rest 

unconformably  on  conglomerates o f  the  Popotosa Formation. 

The  gravels  consist of cobble  to sand-sized clasts 

of  ash-flow  tuffs and andesitic lava;  the  tuff of Lemitar 

Mountains is  the most common  clast  lithology.  Large  blocks 

of the  tuff of Lemitar  Mountains  are  often  found  protruding 

from  these  surfaces and are  believed  to  be  large  talus  blocks 

which  have  come  to  rest on the  alluvial fans. 
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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   S t r e a m   s e d i m e n t s  i n  a c t i v e   d r a i n a g e s   w e r e   m a p p e d  as  

a l l u v i u m .   T h e   l a r g e s t   a r e a s   a r e  i n  s t r e a m   b e d s   w h i c h   d i s s e c t  

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

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

s t r e a m   f l o w s .  

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

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

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

a l o n g   t h e   E a s t   F o r k   o f   S a w m i l l  Canyon a r e   c o m p o s e d   c h i e f l y   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   - w h i c h   f o r m s   s t e e p   c l i f f s   a b o v e  

t h e   t a l u s .   C o l l u v i u m   c o v e r s   g e n t l e r   s l o p e s   a n d   g r a d e s   i n t o  e p i e d m o n t   g r a v e l s .   I n   g e n e r a l ,   t a l u s / c o l l u v i u m  was mapped 

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

o b s c u r e d .  

t e r r a c e   g r a v e l s   o f  u n k n o w n   a g e   A l o n g   t h e   w e s t   f l a n k   o f   t h e  

West F o r k   o f   S a w m i l l   C a n y o n   a r e   s e v e r a l   o u t c r o p s   o f  

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

g r a v e l s  a re  i n  e x c e s s   o f  1 0 0  f e e t   t h i c k   ( f i g u r e  15). They 

a r e   t y p i c a l l y   p r e s e r v e d   o n   r e m n a n t s   o f   o l d   t e r r a c e s  as much 

as  250 f e e t   a b o v e   t h e  p r e s e n t  c a n y o n   f l o o r .   S i m i l a r   t e r r a c e s  

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

t h e  East Fork o f   S a w m i l l   C a n y o n .   B e l o w   t h e s e   t e r r a c e s ,   t h e  * canyon wa l l s  a re  much s t e e p e r   a n d   r e f l e c t  a p e r i o d   o f   r a p i d  
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d o w n - c u t t i n g .   T h i s   p e r i o d  may b e  a t  l e a s t  i n  p a r t   d u e   t o   t h e  

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

t i m e .  

The g r a v e l s   c o n s i s t   o f   r o u n d e d   t o   s u b r o u n d e d  

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

m a t r i x  o f   c o a r s e   t o   f i n e   s a n d .  The c l a s t   l i t h o l o g i e s  a r e  

d o m i n a t e d   b y   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 ,   H e l l s  Mesa T u f f ,  

a n d e s i t e ,   a n d   t h e   P o p o t o s a   F o r m a t i o n .  

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

a n d   j u s t   s o u t h   o f   L a n g m u i r   L a b o r a t o r y   s e v e r a l   l a r g e   l a n d s l i d e  

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

o f   S i x m i l e  Canyon  which  have  moved down s l o p e   a l o n g   l o w   a n g l e  

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

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

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

The f a u l t   s l i c e s   b e c a m e   d e t a c h e d   a n d  moved  down 

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

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

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

k n o w n ;   h o w e v e r ,   t h e   b l o c k s   o n   t h e  east  f l a n k   o f   S a w m i l l  

C a n y o n   a p p e a r   t o   - r e s t   o n   Q u a t e r n a r y  t a l u s  d e p o s i t s .  
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STRUCTURAL GEOLOGY 

Regional  Structure 

The structural  development of the  Magdalena 

Mountains  reflects three  distinct  periods  of  regional 

tectonic  activity: 1) Laramide uplift and erosion; 2) 

Oligocene  calc-alkaline  volcanism; and 3 )  regional  extension 

and block-faulting  related to  the Rio Grande rift. 

Laramide  uplift  and  erosion  During Late Cretaceous to middle 

Eocene a  regional  compressional stress field gave  rise to 

large  north-trending uplifts  in  the Socorro-Magdalena area. 

The  area of  the present day Magdalena  Mountains  lay on  the 

flank of  a  major  north-trending  uplift  (Loughlin  and 

Koschman.n, 1942; Chapin  and  others, 1978). In middle  Eocene 

time  (approximately 4 5  m.y. ago), relaxation of  compressional 

stresses  brought an end to  uplift;  erosion'leveled  topography 

and formed a  regional  surface  of  low  relief  (Epis and Chapin, 

1975). In  the  northern  Magdalena Mountains area,  erosion of 

the  Laramide  uplift  exposed  Late Paleozoic rocks  and 

sediments  which  were shed northward into the  west-trending 

Baca  Basin to  form  the  Baca  Formation of Eocene  age (Chapin, 

1978; and  oral commun., 1979). 

Oligocene  volcanism  About 37 m.y. ago  calc-alkaline  volcanic 

rocks  were  erupted onto  the  late Eocene regional  erosion 
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s u r f a c e .  I n  C o l o r a d o   a n d , N e w   M e x i c o   t h e s e   e r u p t i o n s   b e g a n  

t h e   c o n s t r u c t i o n  of t h e  wel l  known San   Juan   and  

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 s .  I n  t h e   S o c o r r o - M a g d a l e n a  

area,  t h e   S p e a r s   F o r m a t i o n   m a r k s   t h e   b a s e  of t h e  

D a t i l - M o g o l l o n   f i e l d .  The S p e a r s   F o r m a t i o n   c o n s i s t s   o f  

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

a s h - f l o w   t u f f s   ( C h a p i n   a n d   o t h e r s ,  1978) .  Betw.een 32 and  26 

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

i n  t h e   S o c o r r o - M a g d a l e n a   a r e a   a n d   b l a n k e t e d   t h e   S p e a r s  

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

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

A m a j o r   f e a t u r e   o f   t h e   R i o   G r a n d e  r i f t  i n  N e w  

M e x i c o   a n d   C o l o r a d o   a r e  a s e r i e s   o f   n o r t h e a s t - t r e n d i n g  

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

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

h i s t o r y  of  t h e  r i f t .  A s  t h e   R i o   G r a n d e  r i f t  o p e n e d ,  it b r o k e  

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

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

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

c o n n e c t  e n  e c h e l o n   s e g m e n t s  of t h e  r i f t .  The p o r t i o n s   o f   t h e  

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

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

t r a n s v e r s e   s h e a r  a t  d e p t h   ( C h a p i n ,  1978) .  Some o f  t h e s e  

t r a n s v e r s e   s t r u c t u r e s   h a v e   b e e n   t h e   s i t e   o f   e x t e n s i v e  

v o l c a n i c   a c t i v i t y .  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  of 

C h a p i n   a n d   o t h e r s  (1978)  i s  o n e   o f   t h e s e   l i n e a m e n t s   a n d   t h e  
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five  overlapping  cauldron  complexes  recognized in the 

Socorro-Magdalena  area  lie  on or near this shear zone,  as do 

Miocene and Pliocene  rhyolite  domes and flows. 

Regional  extension 'Between 32 and 27 m.y. ago,  a  regional, 

extensional,  stress field  reactivated  the southern Rocky 

Mountains  which  is  a  north-trending  zone of weakness that 

developed  during  late  Paleozoic and early Tertiary orogenies. 

This  extension  marks  the  beginning of  the Rio Grande rift 

i .  (Chapsn  and^ Seager, 1975). Chapin (1978) divided the  rift 

into  three  segments,  each  with  its  own  structural  style  and 

history. The Socorro-Magdalena  area is within the southern 

segment of  the  rift  which  has  undergone  the most extension 

a and is  wider  than  the  two  northern segments. The rift 

bifurcates  near  Socorro and a  weaker  arm (San Augustin rift) 

extends  southwestward  into  Arizona  (Chapin, 1971). The 

Socorro-Lemitar  Mountains  and the Magdalena Mountains lie  in 

a triangular  area  between  the  San  Augustin arm  and the  main 

rift. Much of  this  triangular  area  is characterized by 

closely  spaced,  subparallel  normal  faults  which have 

undergone  progressive  rotation  of  as  much  as 60 degrees 

(Chamberlin, 1978; Osburn, 1978). Chamberlin (1978) termed 

this  kind  of  faulting "domino-style'' faulting and related it 

1.0 shallow  levels of ductile  horizontal extension within  the 

crust  during  periods of high  heat flow. Domino-style 

faulting  was  common  in the  Lemitar  Mountains and the e 



e Magda lena   Moun ta ins   f rom  abou t   29   t o   20  m.y. a g o  a n d  a g a i n  

f rom 1 2  t o  7 m.y. a g o   a n d  was a c c o m p a n i e d   b y   l o c a l   s i l i c i c  

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

o f   e x t e n s i o n  ( 2 0  t o  1 2  m.y. a g o ,   a n d  7 m.y. ago  t o   p r e s e n t ) ,  

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

l i t t l e   o r  n o   r o t a t i o n   o f   f a u l t   b l o c k s   ( C h a m b e r l i n ,  1 9 7 8 ) .  

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

.. t h e   R i o   G r a n d e  r i f t  be twen 7 and  4 m.y. ago  and  formed  much 

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

m o u n t a i n   r a n g e s   a n d   n a r r o w   b a s i - n s   ( C h a p i n ,  1 9 7 8 1 . ~  

E p i o r o g e n i c   u p l i f t   h a s   c o n t i n u e d   s i n c e  4 m.y. a g o   b u t  a t  a 

much r e d u c e d   r a t e .  The m a j o r i t y   o f   s t r u c t u r e  i n  t h i s   s t u d y  

area i s  t h e   r e s u l t   o f   i n t e r a c t i o n   b e t w e e n   t h e   S o c o r r o  

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

f a u l t i n g .   ( F i g u r e  1 4  shows t h e   l o c a t i o n   o f   c a u l d r o n  

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

area. ) 

L o c a l   S t r u c t u r e  

a s h - f l o w   t u f f   c a u l d r o n s   D u r i n g   t h e   p e r i o d   f r o m   a b o u t  32  t o  

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

formed i n  t he   Magda lena   and   San   Ma teo   Moun ta ins  area ( C h a p i n  

a n d   o t h e r s ,   1 9 7 8 ) .   P o r t i o n s   o f   t h r e e  o f  t h e s e   c a u l d r o n s   a r e  

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

a n d   M a g d a l e n a   c a u l d r o n s .  
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Nor th   Ba ldy   cau ld ron   The   Nor th   Ba ldy   cau ld ron  was formed 

a b o u t  32 m.y. a g o   d u r i n g   t h e   e r u p t i o n   o f   t h e   H e l l s  Mesa T u f f .  

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

i t s  f u l l  a r e a l  e x t e n t  i s  n o t  w e l l  known. Two r e m n a n t s   o f   t h e  

N o r t h   B a l d y   c a u l d r o n   a r e   e x p o s e d   i n   t h i s   s t u d y   a r e a ;   b o t h  

o c c u r   a l o n g   t h e   m a r g i n   o f   t h e   S a w m i l l  Canyon c a u l d r o n .  

I n   t h e   n o r t h e a s t   c o r n e r  of t h e   a r e a ,  a minimum o f  

1 0 0 0   f e e t   o f   g e n t l y   d i p p i n g   c a u l d r o n - f a c i e s   H e l l s  Mesa Tuf f  

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

n o r t h w a r d  t o  N o r t h   B a l d y .   I n   t h e   s o u t h - c e n t r a l   a n d . . s o u t h w e s t  

pa r t s  o f   t h e   s t u d y   a r e a   ( s e c .  19, T.hS.,  R . 3 W . 1 ,  H e l l s   M e s a -  

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   a r e   e x p o s e d ;   t h e   u n i t  of 

H a r d y   R i d g e   r e p r e s e n t s   c a u l d r o n  fill ( l a r g e l y   r h y o l i t i c )   o f  

t h e   N o r t h   B a l d y .   c a u l d r o n .  

Sawmil l   Canyon  and   Magdalena   cau ldrons   The   major i ty   o f  

t h i s   s t u d y  area i s  l o , c a t e d   w i t h i n   t h e   S a w m i l l   C a n y o n   a n d  

Magda lena   cau ld rons   wh ich   were   fo rmed   be tween   32   and   28   m-y .  

a o w i t h   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 .   T h i s   s t u d y  

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

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

Baldy .   Chapin  a n d  o t h e r s  (1978)  b e l i e v e   t h a t   t h e   f l o w - b a n d e d  

member o f   t h e  A-L Peak  was e r u p t e d   f r o m   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   p i n n a c l e s  member f rom  the   Sawmi l l   Canyon  

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

r l o w - b a n d e d   m e m b e r   c o m p l i c a t e s   t h i s   i n t e r p r e t a t i o n .   H o w e v e r ,  
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t h e   p r e s e n c e   o f   t h e  same  members o f  t h e   u n i t   o f   S i x m i l e  

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

Magda lena   and   Sawmi l l   Canyon   cau ld rons  was a p p r o x i m a t e l y  

con temporaneous .  

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  

i s  w e l l   e x p o s e d  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   s t u d y   a r e a  

where it c a n  b e   t r a c e d   e a s t w a r d   t o w a r d s  Buck  Peak  (Osburn, 

1978;  P e t t y ,  1978). Due n o r t h   o f   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  (sec.  5 ,  T.bS.,  R.3W.), t h e   e x p o s e d   m a r g i n  i s  a n e a r  

v e r t i c a l   c o n t a c t   b ~ e t w e e n   c a u l d r o n   f a c i e s   H e l l s  Mesa T u f f  on 

t h e   n o r t h   a n d   a n d e s i t e   a n d   s e d i m e n t a r y   r o c k 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   o n   t h e   s o u t h ;   f u r t h e r   t o   t h e   w e s t ,  

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   j u x t a p o s e   t h e   u p p e r   t u f f   o f  

L e m i t a r   M o u n t a i n s   a g a i n s t   H e l l s  Mesa T u f f .  

T h e   c o n t a c t   b e t w e e n   t h e   H e l l s  Mesa T u f f   a n d   t h e  

u n i t   o f   S i x m i l e  Canyon i s  d e p o s i t i o n a l   a n d   t h u s   r e p r e s e n t s  

t h e   t o p o g r a p h i c  wa l l  o f   t he   Sawmi l l   Canyon   cau ld ron .   The  

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

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

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

t h e   u n i t   o f   S i x m i l e  Canyon. To t h e   e a s t   o f   t h i s   s t u d y   a r e a ,  

s imilar 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   O s b u r n  (1978) .  I n  t h e  

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 ,   t h e   H e l l s  Mesa T u f f  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   a r e  i n  d e p o s i t i o n a l   c o n t a c t   a l o n g   t h e  

w e 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   ( A l l e n ,  1 9 7 9 ) .  
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T h e   s o u t h w e s t 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   c a n   b e   t r a c e d   a l o n g   t h e   w e s t   s i d e   o f   t h e   W e s t   F o r k  

o f   S a w m i l l   C a n y o n   a n d   n o r t h w e s t w a r d   o v e r   t h e   c r e s t   o f   H a r d y  

Ridge.   The  margin i s  r e p r e s e n t e d  by a n o r t h w e s t - t r e n d i n g  

- d o w n - t o - t h e - e a s t   f a u l t   w i t h   t h e '   u n i t   o f   H a r d y   R i d g e   a n d   t h e  

H e l l s  Mesa T u f f   o n   t h e   w e s t   a n d   c a u l d r o n  fac ies  A-L Peak   Tuf f  

o n   t h e  ea s t .  T h i s   f a u l t  i s  p o o r l y   e x p o s e d ,   h a s   l i t t l e   o r  no  

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

To t h e   s o u t h   o f  t h i s  s t u d y  area,  a l a r g e   r h y o l i t e  dome h a s  

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

a l t e r a t i o n   o f   t h e  A-L P e a k   T u f f .   J u s t   w e s t   o f   t h e   c r e s t   o f  

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

d o w n - t o - t h e - w e s t   f a u l t s   h a v e   j u x t a p o s e d   t h e   u p p e r   t u f f   o f  

L e m i t a r   M o u n t a i n s   a g a i n s t   t h e   u n i t   o f   S i x m i l e   C a n y o n .   H e r e ,  

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   j o i n s   t h e  

s o u t h w e s t - t r e n d i n g   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 u s ,   t h e  t w o  

c a u l d r o n s   a r e   j o i n e d   i n  a n a r r o w   z o n e   a n d . f o r m  a c r u d e  

d u m b b e l l   s h a p e   ( f i g u r e  14). 

P a r a l l e l   t o   H a r d y  Canyon i s  a g e o l o g i c a l l y   c o m p l e x  

zone   which  I b e l i e v e   t o   b e  a n  e x p r e s s i o n   o f   t h e   s o u t h 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 .   T h i s   s o u t h w e s t - t r e n d i n g  

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

s e d i m e n t a r y   u n i t s   y o u n g e r   t h a n   H e l l s  Mesa Tuff .   Rocks t o   t h e  

n o r t h  of t h i s   z o n e   a r e   d o m i n a t e d   b y   t h e   M i o c e n e  lavas  o f  

M a g d a l e n a   P e a k ,   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   u n i t   o f  

Sixmile   Canyon.  To t h e   s o u t h ,   t h e   u p p e r   t u f f   o f   L e m i t a r  
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M o u n t a i n s   a n d   t h e   i n t e r m e d i a t e   l a v a s   r e s t   u n c o n f o r m a b l y   o n  

t h e   u n i t  o f  Hardy   Ridge .   Thus ,  it a p p e a r s   t h a t   t h e   s o u t h e r n  

b l o c k  w a s  s t r u c t u r a l l y   h i g h   f o l l o w i n g   e r u p t i o n   o f   t h e  A-L 

P e a k   T u f f .  The a b s e n c e   o f   l o w e r   P o p o t o s a   F o r m a t i o n  on t h i s  

b l o c k   s u g g e s t s   t h a t  it r e m a i n e d   h i g h   d u r i n g   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 .   A n o t h e r   p r o m i n e n t   f e a t u r e   o f   t h i s   z o n e  

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

l a v a s  a n d  t u f f   r e s t i n g   a g a i n s t  a b u t t r e s s   o f   t h e   u p p e r   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   t h e   u n i t   o f   H a r d y   R i d g e   ( s e c .   2 4 ,  

' T.4S.,  R.4W. ). - Many o f   t h e   - r o c k s  i n  t h e   , v i c i n i t y   o f   t h i s  

' z o n e   a r e   h i g h l y   s i l i c i f i e d ;   n u m e r o u s   a n d   c l o s e l y   s p a c e d   s h e a r  

z o n e s  g i v e  t h e   r o c k s  a b r e c c i a t e d   a p p e a r a n c e .   T h i s   z o n e   h a s  

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

w e l l  as  t h e   i n t r u s i v e  l a v a s  of   Deer   P lo t   Tank.   Recent   work  

t o   t h e   s o u t h w e s t   ( D o n z e ,  i n  p r o g r e s s )   h a s   r e v e a l e d  more 

r h y o l i t i c  domes  on t h e  same t r e n d  as  t h e   s t r u c t u r e  i n  t h i s  

a r e a .  

e 

The  Magdalena   and   Sawmil l   Canyon  cauldrons   a re  

j o i n e d  i n  a na r row  zone   abou t  2 .5  m i l e s   l o n g  by 1 m i l e   w i d e  

a l o n g   t h e   r i d g e   c r e s t   b e t w e e n   S o u t h   B a l d y   a n d   L a n g m u i r  

L a b o r a t o r y .   T h i s   z o n e  i s  c h a r a c t e r i z e d   b y  a d r a m a t i c  

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

n o r m a l   f a u l t s ;   t h i n n i n g   o f   t h e   u n i t   o f   S i x m i l e  Canyon 

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

e r u p t i o n   o f   t h e  A-L Peak   Tuf f   f rom  the   Sawmi l l   Canyon  

c a u l d r o n .  To t h e   e a s t   a n d   w e s t   o f   t h i s   z o n e ,   t h e   u n i t   o f  .- 
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Sixmi le   Canyon   has  a minimum t h i c k n e s s   o f  2000 and  900 f e e t ,  

r e s p e c t i v e l y .  

A t  l e a s t   t h r e e   e x p l a n a t i o n s   a r e   p o s s i b l e   t o   e x p l a i n  

t h i s   z o n e   b e t w e e n   t h e   S a w m i l l   a n d   M a g d a l e n a   c a u l d r o n s :  1) it 

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

r o s e   d u r i n g   e r u p t i o n   o f   t h e   u n i t   o f   S i x m i l e ' C a n y o n ;  2 )  it i s  

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

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

d i v i d e   b e t w e e n   t h e  two d e p r e s s i o n s ;   a n d  3 )  it r e p r e s e n t s  a 

b l o c k   t h a t  was " c a u g h t "   i n  a nar row  zone  a n d .  d i d - - n o t   s u b s i d e  

as  much as t h e   a d j a c e n t   c a u l d r o n s .  

A l t h o u g h   t h i s   b l o c k  may h a v e   b e e n   r e s u r g e n t l y  

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

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

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

J a n   v o l c a n i c   f i e l d  i n  C o l o r a d o   ( S t e v e n   a n d   L i p m a n ,  1976). I n  

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

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

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

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

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

t h i c k   c a u l d r o n  fill t o   t h e   w e s t  i s  not   exposed.   However ,  

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

A-L P e a k   T u f f   a g a i n s t   t h e   s e p t u m .   T h e   t h i r d   e x p l a n a t i o n  

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

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

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

b l o c k   c o u l d   b e   " c a u g h t "   b e t w e e n   t h e   m a j o r   d e p r e s s i o n s   a n d  

c r e a t e  a t o p o g r a p h i c   h i g h   f o l l o w i n g   e r u p t i o n  of t h e  A-L Peak  

T u f f .  

e x t e n s i o n a l   f a u l t i n g  I n  t h i s   s t u d y  a rea ,  most of t h e   f a u l t s  

a r 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 .  The 

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

w h i c h - h a s   b e e n   d o c u m e n t e d  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 ,  1978) a n d   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  

(Osburn ,  1978; P e t t y ,  1978) c a n n o t   b e   w e l l   d o c u m e n t e d   i n  

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

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

s u g g e s t   t h a t  many o f   t h e   f a u l t s   d i p   t o w a r d   t h e   w e s t ;   s o m e   a r e  

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

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

w e l l  c o n s t r a i n e d .   E x t e n s i o n a l   f a u l t i n g   r e l a t e d   t o   t h e   R i o  

Grande r i f t  b e g a n   b e t w e e n   a b o u t  32 and  28 m.y. ago  a n d  h a s  

c o n t i n u e d   t o   t h e   p r e s e n t   ( C h a p i n ,  1978). 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 ,  1978) a n d   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  

( O s b u r n ,  1978) n o r t h - t r e n d i n g   f a u l t s   h a v e   b e e n   d o c u m e n t e d  

p r i o r   t o   t h e   e r u p t i o n  of t h e   t u f f  of Lemi ta r   Moun ta ins .  

T h e s e   f a u l t   p l a n e s   h a v e   s u b s e q u e n t l y   b e e n   r o t a t e d  25 t o  60 

d e g r e e s   ( O s b u r n ,  1978; C h a m b e r l i n ,  1978). Chamber l in  (1978) 

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

M i o c e n e   a n d   P l i o c e n e  ( 7  t o  4 m.y. a g o ) ,   t h e   p r e s e n t - d a y  

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   a l o n g   m a j o r   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 ;   t h e s e   f a u l t s   h a v e   b e e n  

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

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

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

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

which  were  mapped i n  t h i s   s t u d y   a r e a   a r e   t h e   r e s u l t   o f  

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

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

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

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

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

u n i t s .  

F a u l t i n g  i n  t h i s   s t u d y  area h a s   b e e n   s t r o n g l y  

i n f l u e n c e d . ~ b y   . 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   a n d   b y  

c a u l d r o n   r e l a t e d   s t r u c t u r e s .   N e a r - s u r f a c e   m a n i f e s t a t i o n   o f  

t h e   S o c o r r o   s h e a r   z o n e   c o n s i s t s  o f  a c o m p l e x   i n t e r m e s h i n g  

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

s t r i k e - s l i p   f a u l t i n g   ( C h a p i n ,  1978). I n   t h e  

S o c o r r o - M a g d a l e n a   a r e a ,   t h e   s h e a r   z o n e   s e p a r a t e s   f i e l d s   o f  

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

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

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

t o w a r d s   t h e  west ,  a n d   s t e p   f a u l t i n g  i s  down-to- the-west ;  t o  

t h e   s o u t h ,   t h e   r e v e r s e  i s  t r u e .  



The S o c o r r o   s h e a r   z o n e   p a s s e s   t h r o u g h   t h e   n o r t h e r n  

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

r o c k s  i s  o b s e r v e d  i n  s e c .  6 ,  T.kS.,  R.4W. I n  most o f  s e c t i o n  

6 ,  t h e   t u f f  of L e m i t a r   M o u n t a i n s   d i p s   t o w a r d s   t h e   w e s t   w h i l e  

t o   t h e   s o u t h   t h e   d i p  i s  t o w a r d s   t h e   e a s t .   I n   a d d i t i o n ,  a 

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

mapped i n  t h e   w e s t e r n   p o r t i o n  o f  s e c t i o n  6. To t h e   n o r t h  of 

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

a n d   t h e   f a u l t s   h a v e   d o w n - t o - t h e - w e s t   d i s p l a c e m e n t   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 l l e n ,  1979) .  

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

z o n e   a r e   t w o   m a j o r   s p r i n g s   w h i c h   o c c u r   a l o n g  it. Ba ldy  

S p r i n g  (SW c o r n e r ,   s e c .  5 ,  T.4S., R.3W.) i s  a p e r e n n i a l  

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

w a t e r .  The s p r i n g  i s  u n u s u a l   b e c a u s e  i t  o c c u r s  a t  a n  

e l e v a t i o n   o f   n e a r l y  1 0 , 0 0 0  f e e t   a n d   t h u s   h a s   v e r y  l i t t l e  

r e c h a r g e   a r e a .   A n o t h e r   s p r i n g   o c c u r s   d u e   w e s t  of  Ba ldy  

S p r i n g  a t  a n  e l e v a t i o n  of  8800 f e e t   a n d   p r o d u c e s  a y e a r - r o u n d  

s u p p l y   o f   w a t e r   f o r   m o s t  o f  the   Muleshoe   Ranch .  Two t h e r m a l  

s p r i n g s   n e a r   S o c o r r o   a l s o   o c c u r   a l o n g   t h e   s h e a r   z o n e .   T h e  

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

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

zone.  

a 

C a u l d r o n   s t r u c t u r e s   h a v e  a l s o  had  a m a j o r   i n f l u e n c e  

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

a l o n g   t h e   w e s t   f l a n k   o f   t h e  E a s t  F o r k  of  Sawmill   Canyon a e 
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rotated,  down-to-the-west  fault with at  least 3000 feet of 

displacement  turns sharply to  the  west  and  joins  the  northern 

margin of  the  Sawmill Canyon cauldron. A  possible 

explanation is that  the great thickness  of  cauldron  facies 

Hells  Mesa Tuff,'which  occupies  the crest of  the  range 

between North  and  South  Baldy, behaved as  a  coherent  block 

and resisted faulting. Alternatively,  the fault may have 

followed the  structural margin of  the  Sawmill Canyon  cauldron 

for  some  distance  before  continuing on to  the north. 

The  effect of- the  -Sawmill Canyon-Magdalena  cauldron 

margin on  other faults  can be  seen  in sec'. 13, T . b S . ,  R.hW.,  

where the  two  cauldrons are joined. Here,  the  displacement 

on several  large  faults is offset  and/or  redistributed  along 

the  cauldron margin. A down-to-the-west fault  from  the 

north,  which  juxtaposes  the  lower  tuff  of Lemitar  Mountains 

and A-L Peak  Tuff,  joins  the west-trending  cauldron  margin 

fault  and bends nearly 90 degrees. Original  displacement on 

both  faults  is difficult to  estimate;  however, it is  apparent 

that  the  displacement on one of  the  faults  dies out. 

The  area immediately to  the  north and south  of  the 

southern  Magdalena  cauldron  margin is characterized  by 

east-west transverse faults  which are  subparallel  to  the 

cauldron margin. This  type of faulting  is not common  in  the 

rest of  this study  area or elsewhere in the  Magdalena 

Mountains and  is  thought  to be related  to  the  cauldron 

margin. 
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E C O N O M I C  GEOLOGY 

T h i s   s t u d y   a r e a  i s  u n u s u a l  i n  t h a t  it l a c k s   t h e  

a b u n d a n t   p r o s p e c t s   a n d   m i n e s   w h i c h   c h a r a c t e r i z e  much of t h e  

Socor ro -Magda lena   a r ea .   Mos t  of t h e   p r o s p e c t s   i n   t h i s   a r e a  

a r e ' l o c a t e d   n e a r   t h e   n o r t h e a s t - t r e n d i n g   S a w m i l l  Canyon 

c a u l d r o n  m a r g i n .  

T h e   o n l y   m i n e   l o c a t e d   i n   t h i s   s t u d y   a r e a  i s  t h e  

C o p p e r   L o d e   p a t e n t e d   c l a i m  ( P .  A l l e n ,   o r a l  commun., 1978)  

which i s  l o c a t e d   o n   B a l d y   R i d g e  a t  t h e   e x t r e m e   n o r t h e r n   e n d  

of t h e   s t u d y   a r e a   ( s e c .  6 ,  T. 4S., R.4W. ). The  mine i s  

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

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

margin.  A s h a f t   e s t i m a t e d   t o   b e  a minimum of 1 0 0  f e e t   d e e p  

was s u n k   a l o n g   t h e   d i k e ,   h o w e v e r   t h e r e  i s  no s i g n   o f   e c o n o m i c  

m i n e r a l i z a t i o n  i n  t h e   m i n e   d u m p s ;   t h e   H e l l s  Mesa T u f f  i n  t h e  

v i c i n i t y  of t h e   d i k e  i s  h i g h l y , a i l i c i f i e d .  Numerous   sha l low 

p r o s p e c t   p i t s  a n d  s h o r t   a d i t s   a r e  common i n   t h e   H e l f s  Mesa 

T u f f   a l o n g   t h e   c a u l d r o n   m a r g i n ,   h o w e v e r  no 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  i s  v i s i b l e .  

a 

Smal l   amoun t s  of c o p p e r   m i n e r a l i z a t i o n   ( m a l a c h i t e ? )  

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

S o u t h   B a l d y .   S e v e r a l   s h a l l o w   p i t s   a r e   p r e s e n t   o n   t h e   s o u t h  

f l a n k  of S o u t h   B a l d y   a n d  a 3 0 - f o o t   a d i t  i s  l o c a t e d   a l o n g  a 

n o r t h - t r e n d i n g   f a u l t   z o n e   i n   t h e   s a d d l e   d u e  east  of S o u t h  

B a l d y .   S m a l l   a m o u n t s   o f   m a l a c h i t e  ( ? )  w h i c h   o c c u r s  as e 



f r a c t u r e   f i l l i n g s  may b e   f o u n d  i n  t h e  dumps  of t h e s e  

p r o s p e c t s .  

H y d r o t h e r m a l   v e i n s   f o r m e d   l a r g e l y   o f   q u a r t z   a n d  

c a r b o n a t e   h a v e   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   i n  

t h e   v i c i n i t y   o f   S o u t h   B a l d y   a n d   i m m e d i a t e l y   t o   t h e   w e t   i n  

s e c t i o n s  1 a n d  1 2  (T.hS. ,  R . 4 W . ) .  T y p i c a l l y ,   t h e   v e i n s  

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

f i l l e d   w i t h   d r u s y   m i n e r a l s .  The v e i n  i n  s e c t i o n  1 and 1 2  h a s  

numerous small  p r o s p e c t   p i t s   d u g   o n  i t ,  h o w e v e r   t h e r e  i s  no 

v i s i b l e   e c o n o m i c   m i n e r a k i z a t i o n .  
... . . .  . . . .  X . ” . .  ‘. . I 
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CONCLUSIONS 

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

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

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

T e r t i a r y   a s h - f l o w   t u f f s ,   a n d e s i t i c   l a v a s ,   a n d   r h y o l i t e  l avas .  

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

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

S o c o r r o - M a g d a l e n a   a r e a   ( C h a p i n ,  1974; C h a p i n   a n d   o t h e r s ,  

1 9 7 8 ) .  H o w e v e r ,   t h e r e  are  a s p e c t s   o f   t h e   s t r a t i g r a p h y   w h i c h  

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

1) A s e q u e n c e   o f   d i s t i n c t i v e ,   p h e n o c r y s t - p o o r ,  

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

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

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

i n f o r m a l l y  named t h e   u n i t   o f   H a r d y   R i d g e   a n d  i s  c o n s i d e r e d   t o  

b e   c a u l d r o n  fill o f   t h e   N o r t h   B a l d y   c a u l d r o n .  

2 )  A t h i c k ,   u n i f o r m ,   s e q u e n c e  ( a t  l e a s t  2500 f e e t )  

o f   d e n s e l y   w e l d e d ,   f l o w - b a n d e d  A-L P e a k   T u f f   c r o p s   o u t   i n  t h e  

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

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

f l o w   f o l d s .  The A-L P e a k   i n   t h i s   s t u d y   a r e a  i s  t h o u g h t   t o  

h a v e   b e e n   e r u p t e d   f r o m   t h e   S a w m i l l  Canyon c a u l d r o n   a n d  may b e  



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

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

a r e   f o u n d   w i t h i n   t h e  A-L P e a k   T u f f   a n d   a r e   i n t e r p r e t e d  a s  

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

3 )  The u n i t   o f   S i x m i l e   C a n y o n  i s  a t h i c k ,  

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

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 a t  

f i l l e d   t h e   S a w m i l l  C a n y o n   c a u l d r o n   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  A-L P e a k   t u f f .   A n d e s i t i c   l a v a s   p r e d o m i n a t e  i n  a n a r r o w  

b a n d   p a r a l l e l   t o   t h e   n o r t h e r n   S a w m i l l  Canyon  cauldron   margin  

a n d   t h i n   d r a m a t i c a l l y   t o   t h e   s o u t h ;   r h y o l i t e   l a v a s   a r e  common 

e l s e w h e r e  i n  t h e   c a u l d r o n .  A d i s t i n c t i v e   s e q u e n c e   o f  

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

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

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

4 )  T h e   S a w m i l l   C a n y o n   c a u l d r o n   i n f l u e n c e d   t h e  

d e p o s i t i o n   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  i n  t h i s   s t u d y  

a r e a .  Two d o m a i n s   o f   t h e   t u f f  a r e  p r e s e n t :  1) w i t h i n   t h e  

Sawmi l l   Canyon   and   Magda lena   cau ld rons  a n o r m a l   s u c c e s s i o n   o f  

lower   and   upper   members  i s  f o u n d   o v e r l y i n g - t h e   u n i t   o f  

Sixmile   Canyon.  2)  O u t s i d e   o f   t h e   c a u l d r o n s   t h e r e  i s  l i t t l e  

o r  no l o w e r   t u f f   o f   L e m i t a r   M o u n t a i n s   p r e s e n t   a n d   t h e   u p p e r  

member r e s t s   u n c o n f o r m a b l y   o n   t h e   u n i t   o f   H a r d y   R i d g e .   T h e  

u p p e r   t u f f   o f   L e m i t a r   M o u n t a i n s   o u t s i d e   o f   t h e   c a u l d r o n s  was 
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d e p o s i t e d   o n  a s t r u c t u r a l l y   h i g h   b l o c k .   H e r e ,   t h e   t u f f   h a s  

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

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

i n  t h e   S o c o r r o - M a g d a l e n a   a r e a .  

-. 

5 )  . I n t e r m e d i a t e   l a v a s   a n d   m i n o r   a s h - f l o w   t u f f s  

t h a t   a r e   p r o b a b l y   y o u n g e r  t h a n  t h e   t u f f   o f   S o u t h   C a n y o n   o c c u r  

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

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

t h e   l a v a s   a r e   o v e r l a i n   b y   p o o r l y   w e l d e d   l i t h i c - r i c h   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 x i c   s e d i m e n t a r y   r o c k s .   T h i s   s e q u e n c e  i s  

o v e r l a i n   b y   l o w e r   P o p o t o s a   F o r m a t i o n   l a h a r i c   b r e c c i a s .  
i 

6 )  The d i s t r i b u t i o n   o f   l i t h o l o g i e s   w i t h i n   t h e  

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

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

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

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

m a r g i n ,  as much as  8 0 0   f e e t  o f  f i n e l y   l a m i n a t e d   s a n d s t o n e s  

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

Mounta ins .  

7 )  R h y o l i t i c   l a v a s ,   t e n t a t i v e l y   c o r r e l a t e d   w i t h  

t h e   l a v a s   o f   M a g d a l e n a   P e a k ,   o v e r l i e   a n d   a r e   i n t e r b e d d e d   w i t h  

t h e   P o p o t o s a   F o r m a t i o n   i n   t h i s   s t u d y   a r e a .  A sample   o f  a n  

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

s a m p l e s   o f   t h e  lavas  o f   M a g d a l e n a   P e a k   f r o m   t h e   t y p e   l o c a l i t y  

a n d   t h e   S t e n d e l   P e r l i t e   d e p o s i t .  
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Structure 

The  major  structural  features  of  this  study  area 

are  the Magdalena and  Sawmill  Canyon  cauldrons,  the  Socorro 

transverse  shear  zone, and  north-trending  extensional  faults 

associated  with  the  Rio  Grande rift. 

1) The  northern  topographic  margin  of  the  Sawmill 

r Canyon  cauldron is well  exposed  just  north of the  Langmuir 

Laboratory  access  road  in the  northeast portion o f  the study 

area. The  topographic  margin  is  marked by the unit of 

Sixmile  Canyon in depositional  contact  with  the  Hells  Mesa 

Tuff and  by  large  blocks of  older  volcaniclastic  sedimentary 

rocks  which  fell  into  the  cauldron.  The  western  margin of 

the  Sawmill  Canyon  cauldron  is  represented by a  steeply 

dipping  fault between  cauldron  facies A-L Peak Tuff and Hells 

Mesa Tuff. Megabreccia  deposits  are found in  the A-L Peak 

Tuff  adjacent  to  the margin. 

0 

2) The Sawmill  Canyon  cauldron and the  Magdalena 

cauldron are joined  in a narrow  zone near  the  summit of  South 

Baldy  and  form  a crude  dumbbell shape. This zone  probably 

did not subside  as  much  as the adjacent  cauldron  and  is 

characterized by a dramatic  thinning of:the unit of  Sixmile 

Canyon. 

3 )  The  southern  margin of  the Magdalena cauldron 

is represented by a  geologically  complex  zone,  parallel  to 

Hardy Canyon. This  southwest-trending  zone has influenced -e the  deposition  of  the  major  volcanic and sedimentary units 
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e younger  than  the Hells Mesa Tuff and  has  localized  dacite to 

rhyolite  intrusive rocks. 

4) In  the  Socorro-Magdalena  area,  the  Socorro 

transverse  shear  zone  separates  fields  of  tilted  blocks  which 

have  undergone  rotation and step  faulting  in  opposite 

directions. The  transverse  shear zone passes through  this 

study  area  in  the  vicinity  of  South Baldy. South  of  the 

shear  zone,  east-dipping  strata,  and down-to-the-west normal 

faults  predominate;  to the north, west-dipping  strata  and 

down'-tb-the-east- normal-  faults  are found. 

I 
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