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ABSTRACT 

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 r e   c h a r a c t e r i z e d  

by a t h i c k   p i l e   o f   T e r t i a r y   c a u l d r o n - f a c i e s   v o l c a n i c   r o c k s  

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

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

Rio   Grande  r i f t .  

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

H e l l s  M e s a   T u f f   o f   O l i g o c e n e   a g e .   O v e r l y i n g   t h e   H e l l s  Mesa 

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

A-L Peak  Tuff  a n d  i t s  c a u l d r o n - f i l l   d e p o s i t 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 ,   t h e   t u f f   o f   S o u t h   C a n y o n ,  a n d  t h e   r h y o l i t e  

l a v a s   a n d   p y r o c l a s t i c   r o c k s   o f   t h e   u n i t  of Sawmil l   Canyon.  

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

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

Miocene  age.  

S e v e r a l   o v e r l a p p i n g   c a u l d r o n   s t r u c t u r e s   a r e   l o c a t 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 r e a .  The   Nor th   Baldy   cau ldron  

132 m.y.) u n d e r l i e s   t h e   e n t i r e   s t u d y   a r e a   a n d  i s  l a r g e l y  

b u r i e d   b y   y o u n g e r   r o c k s .  A p o r t 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  (32-28  m.y.1 m a r g i n  i s  l o c a t e d  i n  t h i s  t h e s i s   a r e a  

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

H e g i o n a l   e x t e n s i o n   b e g a n  i n  m i d d l e   O l i g o c e n e   t i m e  

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

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

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



v i i i  

* n o r t h - n o r t h w e s t   t r e n d .  I n  t he   sou the rn   Magda lena   Moun ta ins ,  

b l o c k s   a r e   d r o p p e d  down t o   t h e   w e s t   a n d   s t r a t a  i s  t i l t e d   t o  

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

t h e s e   f a u l t s   a n d   f o l l o w   t h e  same g e n e r a l   t r e n d .  

T h e   s t u d y   a r e a  i s  w i t h i n   t h e   r e g i o n a l  

p o t a s s i u m - m e t a s o m a t i s m   a n o m a l y .   I n t e n s e   h e m a t i t e   s t a i n i n g  i n  

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

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

domes  and A-L P e a k   T u f f   a l o n g   t h e   m a r g i n  of t h e   S a w m i l l  

Canyon  cauldron.  

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

e c o n o m i c   d e p o s i t  a t  p r e s e n t   p r i c e s .  



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

The  Magdalena  Range i s  l o c a t e d   w h e r e   t h e   R i o   G r a n d e  

r i f t  i s  o v e r p r i n t e d   o n   t h e   n o r t h e a s t   c o r n e r  of  t h e  

D a t i l - M o g o l l o n   v o l c a n i c   p r o v i n c e .   T h e   r a n g e  i s  a 

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   w i t h i n   t h e   s o u t h e r n   p o r t i o n  

o f  t h e  r i f t  ( C h a p i n ,  1971a) .  A t r a n s v e r s e   s h e a r   z o n e   t h a t  

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

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

n o r m a l   f a u l t s   t h a t   a r e   s t e p p e d  down t o   t h e   e a s t   a n d  s t r a t a  

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

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

f a u l t s   a n d   s t r a t a   t h a t  a re  t i l t e d   t o   t h e   e a s t .  No 

p r e - T e r t i a r y   r o c k s   a r e   e x p o s e d   i n   t h e   s o u t h e r n   p a r t  of  t h e  

r a n g e ,   a l t h o u g h   P r e c a m b r i a n   a n d   P a l e o z o i c   r o c k s   a r e   e x p o s e d  

i n  t h e   n o r - t h e ~ r n .   p o r t i o n .  .At  : l e a s t  t w o   o v e r l a p p i n g   c a u l d r o n  

s t r u c t u r e s   a r e   p r e s e n t  i n  t he   sou the rn   Magda lena   Range .   The  

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

s o u 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  l o c a t e d  

w i t h i n   t h e   a r e a  mapped. 

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   i n t o   t h e   s o u t h e r n  

Magdalena   Mounta ins ,  2) 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  



of s u g g e s t e d   c a u l d r o n   s t r u c t u r e s ,   a n d  3 )  t o   e v a l u a t e   t h e  

m i n e r a l   p o t e n t i a l  of t h e   a r e a .  

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

The' s t u d y   a r e a  i s  l o c a t e d   a p p r o x i m a t e l y  1 0  m i  ( 1 6  

km) s o u t h   a n d  1 5  m i  ( 2 4  km) w e s t  of S o c o r r o  i n  t h e   s o u t h e r n  

Magdalena   Mounta ins   (F ig .  1). It encompasses  a n  a r e a  of 

a b o u t   2 0   s q u a r e  m i  ( 5 2   s q u a r e   k m ) ,   t h e   b o u n d a r i e s  of which  

a r e   d e f i n e d   b y   t h e  limits of Bowr ing ' s  (1980) s t u d y   t o   t h e  

n o r t h ,   H a r d y   R i d g e  t o  t h e   w e s t ,   a p p r o x i m a t e l y   t h e   e d g e  of t h e  

S o u t h   B a l d y   q u a d r a n g l e  t o  t h e   e a s t ,  a n d  t h e  mouth of Sawmi l l  

Canyon t o   t h e   s o u t h .  The n o r t h e r n   h a l f  of 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 .   P a r t  of t h e   s o u t h e r n   h a l f  

i s  a d m i n i s t e r e d   b y   t h e  U.S. Bureau  of Land  Management; t h e  

r e s t  i s  p r i v a t e l y  owned. F i g u r e s  2 and  3 a r e   a e r i a l  

p h o t o g r a p h s  of t h e   s t u d y   a r e a .  

A c c e s s   f r o m   S o c o r r o  i s  by  way of I n t e r s t a t e   2 5  

s o u t h   t o   t h e   S a n  Marcia1 e x i t ,  t h e n   n o r t h w e s t  on Fores t   Road  

472 t o   t h e  mouth of Sawmil l   Canyon.   From  there ,  a j e e p  t r a i l  

t o   t h e   j u n c t i o n  of t h e  West   Fork   and  Eas t  Fork  of Sawmi l l  

Canyon i s  p a s s a b l e   u s i n g  a f o u r - w h e e l   d r i v e   v e h i c l e .  

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

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

t h e  summer and  f a l l  of 1978 a n d   t h e   s p r i n g  of 1979. The   base  

map c o n s i s t s  of p o r t i o n s  of t h e   S o u t h   B a l d y ,   M o l i n o   P e a k ,  



. 
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Figure L General location map showing relationship of the 
study area to major physiographic features and routes of 
.access i n  Socorro County. 
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Magdalena M o u n t a i n s   a n d   t h e  h.e'ad o f  t h e   S a n  M a r c i a 1  a l l u v i a l  
F i g u r e  .2. Aer ia l  pho tograph ,   l ook ' ing   no r th . ,  o f   t h e  s o u t h e r n  

f a n .  Y-L Ranch is shown by' t h e   w h . i t e   s p o t s   i n  t h e  c e n ' t e r  
of t h e  p h o t o g r a p h .   T h e   t h e s ' i s   a r e a   b e g i n s  j u s t  s o u t h  o f  
t h e  V-L Ranch  and  cov'ers  most o f '  t h e   a r e a '   i n   t h e   ' p h o t o g r a p h  
n o r t h  o f  t h e   r a n c h .   T h e   h i g h ,   b a r e   p e a k   i n   t h e   u p p e r '  
r i gh t -ha 'nd   co rne r  i s  South.   Baldy  Peak t o  t h e   ' n o r t h   o f   t h i s  
s t u d y  a r e a .  T h e   l o n g   r i d g e   t o   t h e  west i s  Hardy  Ridge.  



F i g u r e  3 .  A e r i a l   p h o t o g r a p h ,   l o o k i n g   n o r t h ,  o f  t h e   n o r t h e r n  
h a l f  o f  t h e  t h e s i s  a r e a .  The h i g h   p e a k  i s  S o u t h   B a l d y   P e a k  
a n d   t h e   r i d g e   t o   t h e  wes t  i s  Hardy  Ridge.   Sawmil l   Canyon 

W h i t e   r h y o l i t e   d i k e s  a r e  p r o m i n e n t   i n   t h e   c e n t e r   o f   t h e  
f o r k s  a t  Sawmi l l   R idge  i n  t h e   c e n t e r   o f   t h e   p h o t o g r a p h .  

p h o t o g r a p h  west o f   S a w m i l l   R i d g e .   T h e   n o r t h e r n   b o u n d a r y   o f  
t h e  t h e s i s  a r e a  i s  j u s t  n o r t h  o f  t h e s e   d i k e s .  



b 

P u e r t e c i t o  Gap, a n d  C ienega   Ranch   quadrang les   o f   t he  U.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   ( 1 : 2 4 , 0 0 0 ) .  U.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 n d  4-13-71) a t  a 

s c a l e   o f   1 : 1 2 , 0 0 0   w e r e   u s e d   t o  a i d  i n  s t r u c t u r a l  

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

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

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

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

procedure   descr ibed   by   Deer ,   Howie ,   and   Zussman (1966 ,  p. 

311) t o   h e l p   d i s t i n g u i s h   p o t a s s i u m   f e l d s p a r s   f r o m   q u a r t z   a n d  

t o   e v a l u a t e   p o s s i b l e   p o t a s s i u m   m e t a s o m a t i s m   o f   p l a g i o c l a s e  

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

3 0  s e c o n d s .   P e t r o g r a p h i c   r o c k   n a m e s   a r e   a c c o r d i n g   t o   L i p m a n  

(1975, F i g u r e  3 ) ;  colors a r e   f r o m   t h e   G e o l o g i c a l   S o c i e t y   o f  

America  Rock Color 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  

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

Sixmile   Canyon.  

P r e v i o u s  Work 

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

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

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

a r e a s   o f   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 .   F i g u r e  4 shows 

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

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

* s t u d y ,   a r e   p a r t   o f   t h e   " M a g d a l e n a   P r o j e c t "   t h a t  i s  b e i n g  

c o n d u c t e d   b y   t h e  New Mexico   Bureau   of   Mines   and   Minera l  

R e s o u r c e s .  

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

Magdalena  Mountains i s  a r e s u l t   o f   t h e   i n t e g r a t i o n  o f  many 

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

Socor ro   Coun ty .  The e n t i r e   T e r t i a r y   s e q u e n c e  was o r i g i n a l l y  

named t h e  Da t i l  Format ion   by   Winches te r  (1920) a f t e r   t h e  

Ua t i l  M o u n t a i n s ;   t h e   t y p e   s e c t i o n  was l o c a t e d  a t  t h e   n o r t h e r n  

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

Magdalena  Mountains was c a r r i e d   o u t  i n  t h e   n o r t h e r n   p a r t   o f  

t h e   r a n g e  by  Loughlin  and  Koschmann (1.942) i n  t h e i r   s t u d y   o f  

t h e   K e l l y   m i n i n g   d i s t r i c t .   T o n k i n g  (1957) mapped t h e  

P u e r t e c i t o   q u a d r a n g l e   n o r t h   o f   M a g d a l e n a   a n d   d i v i d e d   t h e  

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

t h e s e   a r e   t h e   S p e a r s ,   H e l l s   M e s a ,  a n d  L a  Jara Peak  Members. 

Weber (1971) l a t e r   s u g g e s t e d   r a i s i n g   t h e   D a t i l   F o r m a t i o n   t o  

g r o u p   s t a t u s ;   t h e   S p e a r s ,   H e l l s   M e s a ,   a n d  L a  Jara Peak 

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

Brown (1972) mapped t h e   s o u t h e r n   B e a r   M o u n t a i n s   a n d  

s u b d i v i d e d   t h e   H e l l s  Mesa F o r m a t i o n   i n t o   t w o   i n f o r m a l  

u n i t s - - t h e   t u f f   o f   G o a t   S p r i n g s   a n d   t h e   t u f f   o f   B e a r   S p r i n g s .  

The H e l l s  Mesa F o r m a t i o n   h a s   s i n c e   b e e n   r e s t r i c t e d  t o  t h e  

t u f f   o f   G o a t   S p r i n g s   o f  Brown ( C h a p i n ,  1974; Deal   and   Rhodes ,  

1 9 7 6 ) ;  t h e   t u f f   o f   B e a r   S p r i n g s  was renamed   t he  A-L Peak 

R h y o l i t e  by  Deal  and  Rhodes ( 1 9 7 6 ) .  P r e s e n t   w o r k e r s   h a v e  

a g r e e d   t o   a b a n d o n   t h e   t e r m  Dat i l  Format ion .  e. 



* Y u r t h e r   s u b d i v i s i o n s   o f   t h e s e   f o r m a t i o n s   h a v e   b e e n  

made  by s u b s e q u e n t   w o r k e r s  a n d  w i l l  b e   d i s c u s s e d   i n  

i n d i v i d u a l   s e c t i o n s .  A 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 s  shown i n  F i g u r e  5. 
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STRATIGRAPHY AND PETROGRAPHY 

R e g i o n a l   S t r a t i g r a p h y  

D u r i n g   t h e   l a t e   E o c e n e ,   t h e   a r e a   o f   S o c o r r o   C o u n t y  

was e r o d e d   t o  a s u r f a c e   o f   l o w   r e l i e f   ( E p i s   a n d   C h a p i n ,  

1 9 7 5 ) .  R e s t i n g   u p o n   t h i s   s u r f a c e   a r e   r o c k s   o f   t h e   O l i g o c e n e  

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

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  m i n o r   a s h - f l o w   t u f f s .  

The S p e a r s   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   w h i c h   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  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 ,  1978). O v e r l y i n g   t h e   S p e a r s   a r e   t h i c k  

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

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

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

c a u l d r o n s .   D u r i n g   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 ,  

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

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 .  

R o c k s   e x p o s e d   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 ,   l a v a s ,  a n d  s e d i m e n t a r y   r o c k s   o f   O l i g o c e n e   a n d   e a r l y  

M i o c e n e   a g e   o v e r l a i n   b y   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 .  

The map u n i t s   a r e  shown g r a p h i c a l l y  on F i g u r e  6. 



"".A_ \ \ U n i t  of Savmil l   Canyon:  (0-lo00 f t ,  305 m) RHYOLITE WHE COHPII 

" " " 

RHYOLITE LAVA €l.ows. MH-FLOW TUFFS: w h i t e  to pink.  dense.  
"7 \ \ o f t e n   f l o v - b a n d e d  rhv.: n o a t  b l o c k s  rare. C r v s L a l - m o r  

,Ed . '"--" "" 

"."- 

_ _  
\ \ L - a s h - f l o w   t u f f s   a n d  vent b r e c c i a s   u n d e r l i e   r h y o l i t e .  ' ' T u f f   o f  SouCh Canyon: 26 m.y. (0-65 f t ,  20 m) ASH-FLOW N F F S f .  

m u l t i p l e - f l o w ,   s i m p l e  cooling unit o f   r h y o l i c e  a s h - f l o w  

xl-rich t u f f  VI c h a t o y a n t   s a n i d i n c   a n d   e u h e d r a l  quarr:. 
Cuff. Dk. g r a y .   m ~ d e r a t e l y  t o  d e n s e l y   v e l d e d .   m d c r a t c l ~  

I \  
\ \  

\ 
Tuff of Leemitar H o u n t a i n s :  2 7 . 9  m.y. (1000 f t ,  305 m) M E -  

n O J  TIJFFS: m u l c i p l c - f l o w ,   c o o p o s i t i o n a l l y   z o o c d ,  sinplc  
Lo compound c o o l i n s  u n i r  o f   d e n s e l y   v e l d c d   t u f f .   L t . - g r a J  \ Co p a l e - r e d ,   x l - p o o r  lover menber; ma.-red. x l - r i c h .  qcz" 

L a n d  b i o c i t e - r i c h ,  2 f e l d .   u p p e r  member. 
" 

7 unit of simne Canyon: (2500 f c .  762 m) RWOLITE MKE m m L q  
\ 
\ 

RKYOLITE LAVA FIOVS. ASH-MW TUFFS, ANDE5ITf U V A S ,  AND 
VOLWrr$XJSTlC SEDIHENThRY RDCKS: r h y o l i t e  dome E O ~ I C X -  
pink .   aph . ,   f low-banded  rhy .   and   over ly ing   debr i s - f lov  
d e p o s i t s ;   s a n i d i n c  rhy. 1-a flov; bravn, vesicular a n d e s l u  

n o w .  s i m p l e   c o o l i n g  uni t  of d e n s e l y   v e l d c d   a s h - F l o v  

rich upper  member; 

\ 
\ 
\ l a v a s ;  a n d  t u f f  of Caronita Canyon: 29.4 m.y.; m u l c i p l c -  

\ r u f f ;  red. x l - p o o r  lover member; v h i c c  co s a y .  xl- 

" 
A-L Peak   Tuff :  32-28 m . y .  ( 0 - 3 O O I w  f t .  914 m) ME-FUIW TUFFS: 

rhy., d e n s e l y   w e l d e d ,   1 - f c l d .  xl-poor t u f f s ;   g r a y   t o  
r e d  bm.; f l o w  banded .   Gray   t o   p ink .   x l -poor  rhJ. - 

"" \ 

\ l a v a s  l n t e r b c d d e d   i n  uppcr p a r r .  
\- - 

Unic of a r d y   R i d g e ;  (1000 ft, 30s m) RKYOLITE AND A N D E S I T E  
U V A  FLOWS: dk.-brn. ,   aph. andes irc ;  bm. porph .  
a n d e s i t e ;   p i n k  to. grsy. r l - p o o r  rhy. Dnc rhy. h a s  a 
trace of b i o ~ l r c  a n d  p l a g i o c l a s c  phenocrysts. . 

Hells Xes. Tuff: 32 m.y. ( 1 5 0 W  fL, 457 m) M H - M V  TUFn: 

v c l d c d ,  rl-rich q t z . - r i c h .   2 - f c l d . .  fas s ivc  r u f f a .  P l a t  
rhy., mulC.-flov, sLmplc c o o l i n s - u n i t   o f   d c m c l ~  

t o   r c d  b m .  Hcsobrcccia found in z.ouLh-CcnLral p a n  - "". 
af s t u a y  are=. 

F i g u r e  6 .  S t r a r i g r a p h i c . c o l u m n  o f  this s t u d y  a r e a .  
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H e l l s  Mesa Tuf f  

T h e   o l d e s t   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  

H e l l s  Mesa Tuf f .   The   He l l s  Mesa i s  a m u l t i p l e - f l o w ,   s i m p l e  

c o o l i n g   u n i t  o f  d e n s e l y   w e l d e d ,   c r y s t a l - r i c h   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 ,  1978). Tonking ( 1 9 5 7 )  named t h e   H e l l s  

Mesa  Member o f   t h e  Da t i l  F o r m a t i o n   a f t e r  a p rominen t   l and fo rm 

i n  t h e   e a s t e r n   B e a r   M o u n t a i n s .   C h a p i n  ( 1 9 7 4 )  and   Deal  a n d  

Rhodes ( 1 9 7 6 )  r e s t r i c t e d   t h e   t e r m   H e l l s  Mesa t o   t h e   l o w e r ,  

c r y s t a l - r i c h   i n t e r v a l   o f   t h e   H e l l s  Mesa  Member. The t u f f  i s  

c o r r e l a t i v e   w i t h   t h e   r h y o l i t e   p o r p h y r y  s i l l  of   Loughl in   and  

Koschmann   (1942)   and   t he   t u f f   o f   Goa t   Sp r ings   o f  Brown 

( 1 9 7 2 ) .  K - A r  d a t e s   o b t a i n e d   f o r   t h e   H e l l s  Mesa T u f f   a r e   3 0 . 6  

I 

I 

1 

, + / -  2.8  m.y. (Weber   and   Basse t ,  1 9 6 3 )  and   32 .1  +/-  1.5 m.y. 
I 

and  32.4 +/-  1 . 5  m.y. ( B u r k e   a n d   o t h e r s ,  1963) .  e O u t f l o w   t h i c k n e s s   o f   t h e   H e l l s  Mesa Tuff i s  

normal ly   600  f t  (183 m )  o r  l e s s .   K r e w e d l  ( 1 9 7 4 )  mapped a 

t h i c k n e s s   o f   3 8 5 0   f t  (1173 m )  i n   t h e   c e n t r a l   M a g d a l e n a  

Mountains   where i t  f i l l s  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). Exposures  o f  t h e   u n i t   i n   t h e   s t u d y   a r e a   a r e  

a l l  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 .  The H e l l s  Mesa 

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

l o w e r   c o n t a c t  i s  n o t   e x p o s e d ,   b u t  a minimum t h i c k n e s s   o f   1 5 0 0  

f t  ( 4 5 7  m )  i s  p r e s e n t .   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   s t u d y  

a r e a   ( p o r t i o n s  of S e c s .  9 ,  1 5 ,  and  1 6 ,  T.5S., R . 3 W . ) ,  

o u t c r o p s   o f   t h e   H e l l s  Mesa c o v e r   a b o u t   o n e   s q u a r e  m i  ( 2 . 6  

s q u a r e  km) 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 .   H e r e ,   t h e   H e l l s  



Mesa i s  t y p i c a l l y   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   w e a t h e r s  

a l o n g   j o i n t   p l a n e s   t o  form b locky   ou tc rops .   Co lumnar  

j o i n t i n g  i s  p r e s e n t  i n  some ou tc rops .   Pumice  i s  

incOnsp icuous  i n  m o s t   o u t c r o p s ;   s t r i k e   a n d   d i p   r e a d i n g s   a r e  

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

u s u a l l y  make u p   l e s s   t h a n  10%. of t h e   r o c k ;   h o w e v e r ,  a 

mesobrecc ia   (L ipman ,  1976) i s  p r e s e n t  i n  t h e   s o u t h e a s t  

q u a r t e r   o f   S e c .  9 (T.5S. ,  R . 3 W . ) .  H e r e ,   t h e   l i t h i c   f r a g m e n t s  

a r e  as  l a r g e   a s  3 f t  ( 0 . 9  m )  i n  d i a m e t e r   a n d   c o m p r i s e  as  much 

as  75% of t h e   r o c k .  Common l i t h o l o g i e s   a r e   p o r p h y r i t i c  

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

s c h i s t ,   e a c h   o f   w h i c h  i s  l o c a l l y   a b u n d a n t .   F i g u r e  7 i s  a 

p h o t o g r a p h   t h a t   s h o w s   t h e   t y p i c a l   a p p e a r a n c e   o f   H e l l s  Mesa 

mesobrecc ia .  

I n   t h e   s o u t h e a s t e r n   p a r t   o f   t h e   s t u d y   a r e a  ( S  1/2, 

Sec .  1 4 ,  T.5S., R .3W.1 ,  small s c a t t e r e d   o u t c r o p s   o f   H e l l s  

Mesa T u f f   a r e   f o u n d .   H e r e ,   t h e   H e l l s  Mesa i s  conformably  

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

u n i t   o f   H a r d y   R i d g e   ( T h a l ) .  The t u f f  i s  v e r y   l i g h t   g r a y   t o  

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

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

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

t h e   t u f f .   L i t h i c   f r a g m e n t s   a r e   s p a r s e .  The H e l l s  Mesa Tuff  

i n  t h i s   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 ,   c o n t a i n i n g  

25  t o  45% 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 ,  

b i o t i t e ,   a n d   m a g n e t i t e .   R e l a t i v e l y   l a r g e   ( u p   t o  5 m m ) ,  



15 

Figure 7. Photograph  of  mesobreccia  in  the 
Hel ls  Mesa  Tuff.  Lens  cap  is 4 cm  in  diameter. 
Breccia  fragments  consist  of  andesite  (dark 
clasts)  and  crystal-rich  ash-flow  tuff. 
(E 1 / 2 ,  Sec. 9, T.5S., R.3W.). 
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a n h e d r a l   t o   s u b h e d r a l ,   o f t e n   d e e p l y   e m b a y e d   q u a r t z   c o m p r i s e s  

abou t   40%  o f   t he   phenoc rys t s .   Subequa l   amoun t s   o f   subhedra l  

s a n i d i n e   a n d   p l a g i o c l a s e  make u p   a n o t h e r   4 0 %   o f   t h e  

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

a l t e r e d .   B i o t i t e   a n d   m a g n e t i t e  make u p   t h e   r e m a i n d e r   o f  

p h e n o c r y s t s ;   a b o u t  10% o f   e a c h  i s  p r e s e n t .   M a g n e t i t e  i s  

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

A p a l e - p i n k   a s h - f a l l   t u f f   t h a t  i s  a b o u t  6 i n .  (15 

cm) t h i c k  i s  i n t e r b e d d e d   i n   t h e   H e l l s  Mesa i n  t h e   s o u t h w e s t  

q u a r t e r   o f   S e c .  1 4  (T.5S.,  R . 3 W . ) .  A t h i n   s a n d s t o n e   i n t e r v a l  

(1 f t ,  0 . 3  m )  i s  i n t e r b e d d e d  i n  t h e   H e l l s  Mesa a t  one 

l o c a t i o n   ( c e n t e r ,  NE 1 / 4 ,  SW 1 / 4 ,  Sec .  9 ,  T.5S., R . 3 W . ) .  

D e t a i l e d   p e t r o g r a p h i c   w o r k   h a s   b e e n   d o n e  on t h e  

H e l l s  Mesa Tuff  by Brown ( 1 9 7 2 ) ,  Chamberl in  ( 1 9 7 4 ) ,  and  

S p r a d l i n  (1976); t h e   i n t e r e s t e d   r e a d e r  i s  r e f e r r e d   t o   t h e i r  

w o r k s   f o r   f u r t h e r   i n f o r m a t i o n .  

U n i t  of  Hardy  Ridge 

The un i t   o f   Hardy   R idge  was i n f o r m a l l y  named  by 

Bowring ( 1 9 8 0 )  f o r   e x p o s u r e s   j u s t   n o r t h   o f   t h i s   s t u d y   a r e a .  

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

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

u n i t  i s  n o t   l e s s   t h a n  1 0 0 0  f t  (305  m )  t h i c k .   B o w r i n g  (1980) 



r e p o r t s  a t h i c k n e s s  of 800 f t  (244  m )  on  Hardy  Ridge t o   t h e  

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

The u n i t  of H a r d y   R i d g e   o ' v e r l i e s   % h e   H e l l s  Mesa 

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

s t u d y   a r e a .  W h e r e   e x p o s e d   w i t h i n   t h e   S a w m i l l  Canyon c a u l d r o n  

( S e c s .   3 2   a n d  33 ( u n s u r v e y e d ) ,   T . k S . ,  R.3W.,  a n d  S e c s .  4 and  

>, T.5S., R . 3 W . )  a n d   t o   t h e   s o u t h  of t h e   s o u t h e r n   t o p o g r a p h i c  

margin  of  t h e   S a w m i l l  Canyon c a u l d r o n  ( S  1 / 2 ,   S e c .  1 4  and  N 

1 /2 ,   Sec .   23 ,   T .5S . ,  R . 3 W . ) ,  t h e   u n i t  i s  unconformably  

o v e r l a i n  by A-L Peak T u f f .  To t h e   w e s t  of t h e   w e s t e r n   m a r g i n  

of t h e   S a w m i l l  Canyon  cauldron   (Sec .  30 ( u n s u r v e y e d ) ,   T - 4 S - 9  

R . ~ w . ) ,  t h e   u n i t ,  of Hardy  Ridge i s  d i r e c t l y   o v e r l a i n  by t h e  

u n i t  of Sawmill  Canyon. 

1 

1 

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 .   C o n f o r m a b l y   o v e r l y i n g   t h e  

H e l l s  Mesa Tuff  i s  a s e r i e s  of t h i n   a n d e s i t e   f l o w s .  The 

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

a r e a .  One d i s t i n c t i v e   f l o w   ( T h a 2 )  was mapped s e p a r a t e l y ;   t h e  

r e s t   w e r e  mapped a s   T h a l .   T h a l  i s  t h e   b a s a l  member of 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 .   T h i c k n e s s  o f  t h e  

a n d e s i t e   v a r i e s  from 1 0  f t  ( 3  m )  t o  more t h a n  1 0 0  f t  (30  m ) .  

O u t c r o p s   a r e   r e l a t i v e l y   n o n - r e s i s t a n t ,   o f t e n   m a r k e d  by g r a s s y  

s l o p e s .  The rock  i s  p a l e  brown t o   l i g h t   b r o w n i s h   g r a y  when 

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

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

common l o c a l l y .   P h e n o c r y s t   m i n e r a l o g y  of t h e   a n d e s i t e s  

v a r i e s  l o c a l l y .   I n   t h e   n o r t h e r n   p a r t  of t h e   s t u d y   a r e a  (NE 
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e 1/4, SeC. 30,   T.kS. ,  R . 3 W . ) ,  t h e   a n d e s i t e  i s  d e n s e  a n d  

a p h a n i t i c .  I n  t h e   s o u t h  ( S  1 / 2 ,   S e c .  1 4 ,  T . ~ s . ,  R . ~ w . ) ,  t h e  

a n d e s i t e   l a v a   c o n t a i n s   a b o u t   l O % ; ' p h e n o c r y s t s   o f   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  b i o t i t e .   F i v e   p e r c e n t   o f   t h e   p h e n o c r y s t s  

a r e   p l a g i o c l a s e ,   a b o u t  0 . 5  mm l o n g ,  some  of  which  have a 

"honeycomb" t e x t u r e .  Four p e r c e n t   o f   t h e   p h e n o c r y s t s   a r e  

c l i n o p y r o x e n e   e u h e d r a   t h a t   a r e   a b o u t  0 . 4  mm i n   d i a m e t e r .  The 

r e m a i n i n g  1%; o f   t h e   p h e n o c r y s t s   a r e   s u b h e d r a l   b i o t i t e  

c r y s t a l s   t h a t   a p p e a r   t o   b e   a l t e r e d ' ;   t h e s e   a r e   a b o u t   0 . 3  mm 

l o n g .  One o r  2 % ; m a g n e t i t e  i s  p r e s e n t ,  some as  r e p l a c e m e n t  

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

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

h a s   f i l l e d   i r r e g u l a r   p o r e   s p a c e s .  

A d i s t i n c t i v e   p o r p h y r i t i c   a n d e s i t e   f l o w   ( T h a 2 )  

c o n f o r m a b l y   o v e r l i e s   T h a l   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  ( S  1 / 2 ,   S e c .  14, T.5S., R . 3 W . ) .  T h i s   a n d e s i t e  i s  a b o u t  

4 0 0  f t  ( 1 2 2  m )  t h i c k  a n d  i s  r e l a t i v e l y   r e s i s t a n t ;  i t  forms 

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   h a c k l y ,   a n g u l a r   t a l u s  

f ragments .   The   rock  i s  g r a y i s h   r e d   t o   v a r i o u s   s h a d e s   o f  

g r e e n  a n d  c h a r a c t e r i s t i c a l l y   c o n t a i n s  1 5  t o   2 0 % , 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  ( a s  much as 1 ern i n   l o n g   d i m e n s i o n ) .  

About 5%) 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 ,   b i o t i t e ,   a n d  

h o r n b l e n d e   a r e   p r e s e n t .   E u h e d r a l   c l i n o p y r o x e n e   a v e r a g i n g  1 

mm i n   d i a m e t e r   m a k e s   u p   n e a r l y  5% o f   t h e   r o c k .   T r a c e s   o f  

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

m a g n e t i t e  commonly r e p l a c e   c l i n o p y r o x e n e .  The  groundmass 



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

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

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

r h y o l i t e   l a v a s .  A r ~ h y o l i t e   l a v a   o v e r l i e s   t h e   a n d e s i t e s  i n  

s c a t t e r e d   o u t c r o p s  i n  t h e   s o u t h   p a r t   o f   t h e   a r e a  ( S  1 / 2 ,   S e c  

14, and NW 1 / 4 ,  Sec .  24, T.5S.,  R.3W.). T h i s   r h y o l i t e   ( T h r l )  
\ 

i s  d i s t i n g u i s h e d   f r o m   T h r 2  by t h e   p r e s e n c e   o f   t r a c e s   o f  

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

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

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

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

t h e   r o c k   c o l o r f u l l y   d i s t i n c t i v e  i n  o u t c r o p   a n d   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 ,   a b o u t  1% p h e n o c r y s 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   p r e s e n t  i n  s u b e q u a l   a m o u n t s .   B i o t i t e  i s  

e l o n g a t e   a n d   a v e r a g e s  1 mm i n  l o n g   d i m e n s i o n .   S u b h e d r a l  

p l a g i o c l a s e   p h e n o c r y s t s   r a n g e  i n  l e n g t h   u p   t o  3 mm. The 

groundmass 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   q u a r t z   a n d   f e l d s p a r .  

e 

A s e c o n d   r h y o l i t e   l a v a   ( T h r 2 )   u n d e r l i e s   t h e  A-L 

P e a k   T u f f   i n   t h e   n o r t h   h a l f   o f   t h e   s t u d y   a r e a   ( S e c s .   3 2   a n d  

33 ( u n s u r v e y e d ) ,   T . 4 S . ,  R.3W., a n d   S e c s .  4 and  5 ,  T.5S., 

R.3W.). T h i s   r h y o l i t e  i s  d e n s e  a n d  a p h a n i t i c  a n d  r a n g e s  i n  

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

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

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

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

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

common i n  t h e   r h y o l i t e s   ( F i g .  8 ) .  These   masses   a r e  

sur rounded  by  a r i n d   a b o u t   w h i c h   t h e y   w e a t h e r   o u t .   F o r  a 

more d e t a i l e d   d e s c r i p t i o n  of t h i s   t e x t u r e ,   t h e   r e a d e r  i s  

r e f e r r e d   t o   B o w r i n g  (1980). I n  t h i n   s e c t i o n ,   t h e   r h y o l i t e s  

a r e   v e r y   c r y s t a l   p o o r ;  some c o n t a i n  a t r a c e  o f  m a g n e t i t e .  

A s e d i m e n t a r y   i n t e r v a l   t h a t  i s  a s  much as 5 0  f t  ( 1 5  

m) t h i c k   o v e r l i e s   T h r 2   ( F i g s .  9 and 10). I t  c o n s i s t s  o f  

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

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

t u f f  i s  i n t e r b e d d e d   w i t h   t h e   s a n d s t o n e s .  It c o n t a i n s  5 t o  

l O % > ' 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 ,   a n d   b i o t i t e .   L i t h i c  

f r a g m e n t s  o f  r h y o l i t e  a n d  a n d e s i t e  make up   abou t  5%) of  t h e  

r o c k .  

A-L Peak  Tuff  

The A-L Peak  Tuff  was f i r s t  named A-L P e a k   R h y o l i t e  

by  Deal (1973a)  for e x p o s u r e s   i n   t h e   S a n   M a t e o   M o u n t a i n s ;   t h e  

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   Tuf f   (Chap in -and  

o t h e r s ,  1978). The t u f f  i s  c o r r e l a t i v e   w i t h   t h e   b a n d e d  

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

T o n k i n g ' s  ( 1 9 5 7 )  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   o f  Brown ( 1 9 7 2 ) .  The A-L Peak   has   been   da ted   by  

S m i t h   a n d   o t h e r s  (1976) a t  31.8 + / -  1.7  m.y. b y   t h e  

f i s s i o n - t r a c k   m e t h o d .  
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Figure 8. Photograph o f  botryoidal  masses o f  
coalescing  spherulites, a devitrification  texture 
f o u n d  in  the  crystal-poor  rhvolite l n v n a  i n  t h i s  
study  area. 
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Figure 9. Photograph of the  contact  between 
the  unit of Hardy  Ridge  and  the A-L Peak T u f f  
A l l  contacts  are  depositional.  (r=rhyolite, 
ss=sandstone,  t=tuff) (SW 1 1 4 ,  Sec. 33 
(unsurveyed), T.4S., R.3W.I. 
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Figure 10. Photograph  of  sedimentary  rocks 
underlying  the A-L Peak  Tuff  in  the  north- 
central  part  of  the  study  area  (SW 1 / 4 ,  
Sec.  33  ,(unsurveyed), T.4S.,  R.3W.). 
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The A-L P e a k   T u f f   h a s   t h r e e   r e c o g n i z e d  members 

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

p innac les   members .  A l l  o f   t h e  members a r e   c r y s t a l - p o o r ,  

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

a n d   o t h e r s ,  1 9 7 8 ) .  The   middle ,   pumice- r ich ,   f low-banded 

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

g ray -mass ive  member and   t hese   two   members   a r e   no rma l ly  mapped 

t o g e t h e r .   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 ,   t h e   u p p e r ,  

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

flow-banded member b y   b a s a l t i c - a n d e s i t e   l a v a   f l o w s   ( C h a p i n  

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

The s o u r c e   a r e a s  f o r  members  of t h e  A-L Peak  Tuff  

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  (1973a) o r i g i n a l l y  

p r o p o s e d   t h e  Mount W i t h i n g t o n   c a u l d r o n  i n  t he   San   Ma teo  

Mounta ins  as  a s o u r c e  f o r  t h e  A-L Peak;   however ,  it i s  

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

f rom  the   Magdalena   and   Sawmil l   Canyon  cauldrons .  

T h i c k n e s s  o f  t h e  A-L Peak i n  t he   Socor ro -Magda lena  

a r e a   u s u a l l y   v a r i e s   f r o m  0 t o  700 f t  (213  m ) .  T h i c k n e s s  

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

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

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

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

h o r i z o n s .  The u n i t  i s  e x t r e m e l y   t h i c k ,   h o w e v e r .   B o w r i n g  

( 1 9 8 0 )   e s t i m a t e s  a minimum t h i c k n e s s  o f  2000 f t  ( 6 1 0  m )  t o  

t h e   n o r t h  of  t h i s   s t u d y   a r e a ,   a n d   P e t t y  ( 1 9 7 9 )  r e p o r t s  a 
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similar  t h i c k n e s s  i n  Ryan Hill Canyon;   bo th  o f  t h e s e   a r e a s  

a r e   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 .   I n   t h i s   s t u d y   a r e a ,  

t h e  A-L Peak i s  a t  least  3000 f t  (914 m) t h i c k   w i t h i n   t h e  

Sawmi l l   Canyon   cau ld ron ,   bu t  it t h i n s   a b r u p t l y   a n d   b e c o m e s  

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

o f   t h e   m a i n   r i n g   f r a c t u r e ,   t h e  A-L Peak  Tuff  i s  a b s e n t   a n d  

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

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

margin  of t h e   S a w m i l l  Canyon c a u l d r o n  ( S  1/2, Sec .  1 4 ,  T.5S., 

R . 3 W . ) ,  t h e  A-L Peak i s  a b o u t  200 f t  (61 m )  t h i c k .  

Ou tc rops   o f  A-L Peak   cove r   a lmos t  2 sq m i  ( 5 . 2  sq 

km) i n   t h e   n o r t h   p a r t  of t h e   s t u d y  area,  w h e r e   t h e   u n i t  

a t t a i n s  i t s  maximum t h i c k n e s s   ( S e e s .  28 ,  29 ,  32 ,  a n d  33 

( u n s u r v e y e d ) ,  T . k S . ,  R . 3 W . I .  O u t s i d e   t h e  m a i n  r i n g   f r a c t u r e  

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 ,   t h e   t u f f   c r o p s   o u t  a t  

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

o f   Sawmi l l   Canyon .   Where   t he   basa l   con tac t  i s  e x p o s e d ,   t h e  

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

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

u n d e r l y i n g   r h y o l i t e   l a v a   ( S e c .  33 ( u n s u r v e y e d ) ,  T . b S . ,  R.3W. ,  

and   Sec .  4, T.5S. ,  R . 3 W . )  s u g g e s t s   t h e   p r e s e n c e  of a n  

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

d e p o s i t e d .  The A-L Peak i s  o v e r l a i n  by c a u l d r o n - f i l l  

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

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  A-L 

Peak Tuff i s  s e p a r a t e d   i n t o   t w o   i n t e r v a l s  by a r h y o l i t e   l a v a  
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f l o w   ( T a l r ) .  The p o r t i o n  of t h e   t u f f   t h a t   o v e r l i e s   t h e   l a v a  

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

of w e l d i n g   f r o m   t h e   p o r t i o n   b e l o w   t h e   l a v a   a n d  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 .   B o w r i n g  (1980) r e p o r t s  a s i m i l a r l y  

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

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

l o w e r  member.  The l o w e r  A-L Peak  Tuff  i s  w e l l   e x p o s e d   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   a n d   f o r m s   e x t e n s i v e   o u t c r o p s  

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

c l o s e l y   s p a c e d   s h e e t   j o i n t s   n o r m a l   t o   t h e   f o l i a t i o n   ( F i g .  11) 

c a u s e s   t h e   t u f f   t o   w e a t h e r   t o  small p l a t e l e t s   t h a t   f o r m  

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

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

The  pumice, i n  amounts   up t o  20%;; a r e   h i g h l y   f l a t t e n e d   a n d  

o f t e n   s t r o n g l y   l i n e a t e d   ( F i g .   1 2 ) .  I n  some a r e a s ,   c o a r s e  

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

P h e n o c r y s t s ,  i n  amounts  of 2 t o  lo%>; c o n s i s t  of s a n i d i n e   a n d  

q u a r t z .   S u b h e d r a l   s a n i d i n e ,   a b o u t  1 . 0  mm l o n g ,  i s  g e n e r a l l y  

4 t o  5 t i m e s  as  abundan t  as q u a r t z ,   w h i c h  i s  small ( a b o u t  

0.25 m m )  a n d   a n h e d r a l   ( o f t e n   r o u n d e d ) .   A n h e d r a l   m a g n e t i t e  

p h e n o c r y s t s   a r e   a b o u t   0 . 2 5  mm i n   d i a m e t e r .   P l a g i o c l a s e   a n d  

m a g n e t i t e   a r e   p r e s e n t  i n  t r a c e   a m o u n t s .  One t o   f i v e   p e r c e n t  

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

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

p r e s e r v e d   i n  some t h i n   s e c t i o n s ;   i n   o t h e r s ,   d e v i t r i f i c a t i o n  

h a s   o b s c u r e d   p r i m a r y   t e x t u r e s .  

a 

* 
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Figure  11.  Well-developed  sheet  joints  in  the 
A-L Peak  Tuff  near  the  northern  boundary  of  the ' 
study  area (SE 1/4, Sec. 2 9  (unsurveyed),  T.4S., 
R.3W.). Foliation  in  the  tuff  is  nearly 
perpendicular  to  the  joint  planes. 



2 8  

Figure 12. Photograph  of  lineated  pumice in 

ratio  of  the  pumice is often as much  as 1:lOO. 
the A-L Peak  Tuff.  The  thickness-to-length 

(SW 1 / 4 ,  Sec. 33 (unsurveyed), T.4S., R17W.). 



The  upper  1 0  t o  2 0  f t  ( 3  t o  6 m )  o f   t h e   l o w e r  A-L 

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

p i n k i s h - g r a y   d i s c - s h a p e d   p u m i c e .  A t  o n e   l o c a t i o n  (NW 114, 

Sec.  33 ( u n s u r v e y e d ) ,   T . 4 S . ,  R.3W.1, t h e   t o p   o f   t h e   t u f f  i s  

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

a n o t h e r   o u t c r o p  (NW 1 1 4 ,  Sec .  28 ( u n s u r v e y e d ) ,   T . 4 S . ,  R.3W.), 

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

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

m a g n e t i t e .   N i n 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   s a n i d i n e  

l a t h s ,   a b o u t  1 mm l o n g ,   a n d  l%; ' smal l  ( a b o u t  0 .25  m m ) ,  

a n h e d r a l ,   o f t e n   d e e p l y   e m b a y e d   q u a r t z  make up   mos t   o f   t he  

p h e n o c r y s t s  a t  t h i s   l o c a l i t y .  One t o   Z % . ' a n h e d r a l   t o  

s u b h e d r a l   m a g n e t i t e   a b o u t  0 .25  mm i n   d i a m e t e r  i s  a l s o  

p r e s e n t .   A n d e s i t e   l i t h i c   f r a g m e n t s   c o m p r i s e  as  much as 5% of  

t h e   r o c k   a n d   a r e   s o m e t i m e s   t o o  small t o  be v i s i b l e   i n   h a n d  

s p e c i m e n .   P u m i c e   c o n s t i t u t e s   a b o u t  15% of t h e   r o c k   a n d  

c o n t a i n s   s a n i d i n e  a n d  q u a r t z .   I n   o n e   t h i n   s e c t i o n ,  

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

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

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

groundmass.  

e 

Pr imary  l a m i n a r  f l o w   s t r u c t u r e s   a r e  common i n   t h e  

l o w e r  A-L Peak i n  t h i s   s t u d y   a r e a ;   t h e s e   i n c l u d e  1) l i n e a t e d  

p u m i c e   a n d   g a s   c a v i t i e s ,  2 )  r o t a t e 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 ,  3 )  f o l d e d   a n d   l i n e a t e d   f o l i a t i o n   p l a n e s ,   a n d  4 )  

d i p s   t o o   s t e e p   t o   h a v e   b e e n   c a u s e d  by   secondary   compact ion .  



* Pr imary  laminar f l o w  s t r u c t u r e s   h a v e   b e e n   r e c o g n i z e d  i n  o t h e r  

t u f f s   (Schmincke   and   Swanson ,  1 9 6 7 ;  Walker  and  Swanson, 1968;  

P a r k e r ,  1972; Lowel l   and   Chap in ,  1.972; Deal, 1973a ,  1973b;  

Chap in   and   Dea l ,  1 9 7 6 ;  C o a t s ,  1976; E k r e n   a n d   o t h e r s ,  1978; 

Chap in   and   Lowel l ,  1 9 7 9 ) .  Chapin   and   Lowel l  (1979,  p.  152) 

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

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

. . . i f  . . . below . . ., t h e   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  w i l l  o c c u r  a s  l o o s e  ash .  . . 11 

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

i n   t h i s   a n d   a d j a c e n t   s t u d y  areas ( P e t t y ,  1979; Bowring,  

1 9 8 0 ) .  F o l d s   r a n g e  i n  s c a l e   f r o m   m i c r o s c o p i c   t o   m a c r o s c o p i c .  

O f t e n   t h e  A-L P e a k   t h a t   i m m e d i a t e l y   o v e r l i e s  a f o l d  i s  

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

w i t h o u t   a n y   c o o l i n g   b r e a k s   ( F i g .  1 3 ) .  R a m p - l i k e   s t r u c t u r e s  

( F i g .  14) a n d   c r e n u l a t i o n s  i n  l a m i n a e   a d j a c e n t   t o   r o t a t e 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  r e f l e c t  t h e   v i s c o u s   n a t u r e  

o f   t h e  A-L P e a k   a s h   f l o w s .  

D i p   a n g l e s  of t h e  A-L P e a k   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   g e n e r a l l y   r a n g e  from 40  t o  60 d e g r e e s  

c o m p a r e d   w i t h   d i p s   o f   l e s s   t h a n  4 0  d e g r e e s   i n   t h e   o t h e r  

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



Figure 13. Photograph  of a primary  fold  in 
the A-L Peak  Tuff.  The  axial  plane  of  this 
fold is perpendicular  to  the  lineation  and  to 
the  plane  of  this  photograph. 
(SW 1 / 4 ,  Sec. 33 (unsurveyed), T.4S., R.3W.). 
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Figure  14.  Photograph of the A-L PeakrT,uff 
showing  pumice  that  have  been  deformed  and 
truncated by an  overlying  ash  flow.  Movement 
of  the  flow  was  left  to  right.  Lens  cap  is 
4 cm in diameter. 
(STJ 1.4, Sec. 33 (unsurveyed),  T.4S., R.3W.). 
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p r o b a b l y   r e f l e c t   c o n t e m p o r a n e o u s   d e p o s i t i o n  a n d  downwarping 

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

t h e  A-L Peak was d e p o s i t e d   o n  a s u r f a c e   d i p p i n g  5 t o  25 

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

Canyon  cauldron.   Chapin a n d  Lowel l  (1979) r e p o r t   s t e e p  

p r i m a r y   d i p s  i n  a s h - f l o w   t u f f s   d e p o s i t e d   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  i n  Colorado .  Some o f  t h e   s t e e p   d i p s   i n   t h e  A-L 

Peak may h a v e   b e e n   e n h a n c e d   b y   l o c a l   f o l d s   i n d u c e d   b y   i n w a r d  

s lumping  o f  t u f f .  

r h y o l i t e   l a v a .  The r h y o l i t e   l a v a   i n t e r v a l   w i t h i n   t h e  A-L 

P e a k   c r o p s   o u t  as a 2.5 m i -  (4 .0  km-) l o n g   s t r i p   a l o n g   t h e  

e a s t   s i d e  of Sawmill  Canyon. It i s  700 f t  (213  m )  t h i c k  a t  

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

The r h y o l i t e  is t y p i c a l l y   a p h a n i t i c ,   g r a y   t o   p i n k   i n   c o l o r ,  

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

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

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

exposed .  

u p p e r  member.  The u p p e r  A-L P e a k   c r o p s   o u t   d i s c o n t i n u o u s l y  

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

Sawmill  Canyon f o r  a d i s t a n c e  of  2 .5  m i  (4.0 km). I t s  

maximum t h i c k n e s s  i s  500 f t  ( 1 5 2  m ) .  Good e x p o s u r e s   a r e  

f o u n d   i n   t h e   n o r t h e a s t   q u a r t e r  of  Sec .  4 (T.5S. ,  R.3W.). The 

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

a poor ly   we lded   zone   abou t  1 5  f t  ( 4 . 6  m )  t h i c k  i s  exposed  a t  
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* i t s  b a s e .   T h e   p o o r l y   w e l d e d   i n t e r v a l  i s  l i g h t   g r a y   w i t h  

g ray i sh -g reen   pumice  a n d  w e a t h e r s   e a s i l y   t o   c l a y .  The b a s a l  

1 0  t o  20 f t  ( 3  t o  6 m )  o f  t h e   d e n s e l y   w e l d e d   z o n e  i s  c r y s t a l  

P o o r   a n d   l i t h i c   r i c h ;  t h i s  i n t e r v a l  i s  p a l e   r e d   a n d   w e a t h e r s  

t o   b l o c k y   t a l u s .   I n   t h i n   s e c t i o n ,  1 t o  2%; p h e n o c r y s t s  o f  

s a n i d i n e   ( l a r g e l y   p l u c k e d   o u t   d u r i n g   p r e p a r a t i o n )   a n d   q u a r t z  

a r e   p r e s e n t .  A s  much as  1 5 % , ' a n g u l a r   l i t h i c   f r a g m e n t s   o f  

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   a r e   p r e s e n t   a n d   r a n g e  i n  

s i z e   u p   t o  5 cm. T h e   u p p e r   p o r t i o n   o f   t h e   d e n s e l y   w e l d e d  

zone i s  p a l e   p u r p l e   t o   p a l e   r e d   p u r p l e   a n d   c o n t a i n s  1 2  t o  15%. 

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

m a g n e t i t e .   E u h e d r a l   s a n i d i n e   a b o u t  1 mm l o n g  i s  4 t i m e s  as 

abundan t  as q u a r t z ,   w h i c h  i s  small, a n h e d r a l ,   a n d   d e e p l y  

embayed.  Pumice  average 1.5 cm i n  l e n g t h   a n d   a r e   o f t e n  

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

p r e s e n t .  

e 
O u t c r o p s   o f  A-L P e a k   T u f f   t h a t   a r e   p r e s e n t   b e y o n d  

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

w i l l  b e   d e s c r i b e d   s e p a r a t e l y .   O u t c r o p s  i n  s e c t i o n s  3 and  1 0  

(T.5S. ,  R.3W.) a r e   p o o r   d u e   t o   t h e   a b u n d a n c e . o f   t a l u s   f r o m  

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

as  f l o a t   b l o c k s  i n  t h e   r h y o l i t e  dome complex o f  t h e   u n i t  of 

S i x m i l e   C a n y o n .   W h e r e   o u t c r o p s   a r e   p r e s e n t ,   t h e   b a s e  of  t h e  

A-L P e a k   c o n s i s t s  o f  t h i n ,   ( a b o u t  15 f t  ( 4 . 6  m )  t h i c k )  

m o d e r a t e - b r o w n   v i t r o p h y r e   t h a t   c o n t a i n s   d a r k - r e d d i s h - b r o w n  

( o f t e n   s p h e r u l i t i c )   p u m i c e .  The u n i t   t e n d s   t o   c r u m b l e  when 

m 
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a b r o k e n .   O v e r l y i n g   t h e   v i t r o p h y r e  i s  a dense ly   welded   zone   of  

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

o n e   o u t c r o p  (NW 1/4, Sec .  1 0 ,  T .5S. ,  R.3W.1, t h e   t u f f  

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

found i n  t h e   r h y o l i t e   o f   t h e   u n i t   o f   H a r d y   R i d g e   ( p .  19; F i g .  

0). 

The A-L Peak  Tuff i n  S e c s .  1 4 ,  2 2 ,  and   23  i 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   a n d   w e a t h e r s   t o   a n g u l a r   b l o c k s .  

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

v e r y - l i g h t - g r a y   p u m i c e   t h a t   a r e   t y p i c a l l y  1 0  cm by 0 .5  cm i n  

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

t o  5% p h e n o c r y s t s   o f   s a n i d i n e ,   b i o t i t e ,   a n d   q u a r t z   a r e  

p r e s e n t .   S a n i d i n e  i s  3 t o  4 t i m e s  as abundan t  as q u a r t z .  A 

t r a c e  of b i o t i t e  i s  p r e s e n t .   M a g n e t i t e  commonly r e p l a c e s  

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

A-L Peak. 

a 

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

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

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

When p r e s e n t ,   t h e   g e n e r a l   t r e n d  of t h e   l i n e a t i o n s  i s  

n o r t h - s o u t h  i n  c o n t r a s t   t o   t h e   g e n e r a l   e a s t e r l y  or 

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

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

l a r g e l y   t o   t e m p e r a t u r e   v a r i a t i o n s   d u r i n g   e r u p t i o n .  
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A t  t h e   p r e s e n t   t i m e ,   t h e   g r a y - m a s s i v e  member of  t h e  

A-L Peak  Tuff  i s  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  

Magdalena  cauldron.   The  f low-banded  and  pinnacles   members  

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

S a w m i l l   C a n y o n   c a u l d r o n s ,   r e s p e c t i v e l y .   H o w e v e r ,   t h e  

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

c a u l d r o n s   m a k e s   t h i s   c o r r e l a t i o n   u n c e r t a i n .   A l t e r n a t i v e l y ,  

t h e   S a w m i l l  Canyon  and  Magdalena  cauldrons may h a v e   s u b s i d e d  

c o n c u r r e n t l y ,  i n  p a r t ,  w i t h  t he   f l ow-banded  A-L Peak   having  

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

Uni t   o f   S ixmi le   Canyon 

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

t h e   S a w m i l l  Canyon c a u l d r o n ,  f i r s t  named t h e   S i x m i l e  Canyon 

A n d e s i t e  by  Krewedl ( 1 9 7 4 )  a f t e r   e x p o s u r e s   i n   t h e   e a s t e r n  

Magdalena  Mountains .   Osburn (1977) c h a n g e d   t h e  name t o   u n i t  

of   Sixmile   Canyon t o   i n d i c a t e  i t s  h e t e r o l i t h i c   n a t u r e .  The 

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

f l o w s ,   s e d i m e n t a r y   r o c k s ,   a n d   t h i n ,   l o c a l  t u f f s  and  i s  capped  

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

of   Caroni ta   Canyon.  

The 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   c o n t i n u o u s l y  

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

o v e r l i e s   t h e  A-L Peak   Tuf f   and   t he   un i t   o f   Hardy   R idge .   The  

u p p e r   i n t e r v a l   o f   t h e   u n i t  i s  r e p e a t e d  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 i s   s t u d y   a r e a  by a l a rge   down- to - the -wes t   no rma l  

f a u l t .  
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e The   un i t   o f   S ixmi le   Canyon  i s  a t  l e a s t  2500 f t  (762  

m )  t h i c k   f o r  much of i t s  e x t e n t ;   P e t t y  (1979) r e p o r t s  a 

similar t h i c k n e s s  i n  Ryan H i l l  Canyon.  Bowring (1980) h a s  

i n f o r m a l l y   s u b d i v i d e d   t h e   u n i t   i n t o  two members  based  upon 

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

t h i c k n e s s e s ;   h i s   m e t h o d   o f   d i v i s i o n  w i l l  be   u sed  i n  t h i s  

s tudy .   The   l ower  member o f   t h e   u n i t   o f   S i x m i l e  Canyon i s  

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

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

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

Canyon. 

l o w e r  member.  The l o w e r  member o f   t h e   u n i t   o f   S i x m i l e  Canyon 

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

f l o w 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  minor   ash- f low 

t u f f s .  
e 

r h y o l i t e  dome complex ( T x r l ) .  A r h y o l i t e  dome 

complex ( T x r l )  i s  l o c a t e d  i n  t h e   c e n t r a l   p a r t   o f   t h e   s t u d y  

a r e a .  It i s  i n t r u s i v e   i n t o   t h e   H e l l s  Mesa T u f f ,   t h e   u n i t  o f  

Hardy   R idge ,   and   t he  A-L Peak  Tuff   and i s  o v e r l a i n  by 

c a u l d r o n - f i l l   d e p o s i t s   o f   t h e   S a w m i l l  Canyon  cauldron.  

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

a r e a   f r o m   s e v e r a l  s q  ft  t o  0.08 s q  m i  ( 0 . 2 1  sq km).  The 

f l o a t   b l o c k s   a r e  composed  of a c r y s t a l - p o o r   a s h - f l o w   t u f f ,  a 

p o r p h y r i t i c   a n d e s i t e ,   H e l l s  Mesa m e s o b r e c c i a ,  A-L Peak   Tuf f ,  

and  A-L Peak  mesobrecc ia .  e 
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The r h y o l i t e s   a r e   v e r y   r e  s i  s t a n t  

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

a n d   o f t e n   f o r m  

s h e e t   j o i n t s   a n d  

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

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

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

( p .  1 9 ;  F i g .  8 )  a r e   a l s o   p r e s e n t .  The r h y o l i t e s   a r e   p a l e   r e d  

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

P h e n o c r y s t s   a r e   u s u a l l y   a b s e n t ,   b u t  a t r a c e   o f   q u a r t z  i s  

l o c a l l y   p r e s e n t .  

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  t u f f s  ( T x s ) .  

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

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

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

a r e a .  T h e   s e d i m e n t a r y   i n t e r v a l   o v e r l i e s   t h e   r h y o l i t e  dome 

complex ( T x r l )  a n d   c o n s i s t s   l a r g e l y  o f  b l o c k s   o f   r h y o l i t e  

t h a t   w e r e   e r o d e d   f r o m   t h e   d o m e s ;   t h e   c o n t a c t   b e t w e e n   t h e  

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

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

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

near   Sawmil l   Canyon  Windmil l   (Sec.  15, T.5S., R.3W.l. The 

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

p o o r l y   s o r t e d ,   a n d   r a n g e   u p   t o  1 m i n  d i a m e t e r .  A t  t h e   b a s e  

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

r h y o l i t e   ( F i g .  1 5 ) .  F r a g m e n t s   o f   a n d e s i t e   i n c r e a s e  i n  

abundance  upward,   and a t r a c e   o f   c l a s t s   o f  A-L Peak  Tuff  i s  

p r e s e n t .  The m a t r i x  i s  u s u a l l y   d a r k   r e d d i s h   b r o w n   b u t  i s  



3 9  

Figure 15. Photograph  of  debris-flow  deposits 
(Txs)  found  in  the  unit of Sixmile  Canyon. 
Clasts  are  crystal-poor  rhyolite  lava. 
(SE 1/4,  Sec. 10, T.5S., R.3W.). 
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a u s k y   y e l l o w   g r e e n   w h e r e   p r o p y l i t i z e d .   I n t e r b e d d e d  

s a n d s t o n e s   a r e   u s u a l l y   l e s s   t h a n  20 f t  ( 6  m )  t h i c k   a n d   a r e  

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

An i n t e r b e d d e d   w a t e r - l a i d  ( ? )  t u f f ,   a b o u t  10 f t  (3 

m )  t h i c k ,   c r o p s   o u t   i n   t h e   s o u t h e a s t   q u a r t e r  of Sec.  10 

(T.5S. ,  R.3W.). T h i s   t u f f  i s  w h i t e  i n  c o l o r   a n d   c o n t a i n s  

a b o u t  5%; b i o t i t e ,  10%. f e l d s p a r s   a n d  a t r a c e  of q u a r t z  

p h e n o c r y s t s .   S m a l l   ( l e s s   t h a n  1 m m )  l i t h i c   f r a g m e n t s  make up 

a l a r g e   p o r t i o n  of t h e   g r o u n d m a s s .  A sample of t h e   t u f f  was 

c o l l e c t e d  f o r  r a d i o m e t r i c   d a t i n g .  

a s h - f l o w   t u f f   ( T x t ) .  One o u t c r o p  of T x t  i s  p r e s e n t  

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

a b o u t   2 O % > ' p h e n o c r y s t s  of s a n i d i n e   a n d  a t r a c e  of q u a r t z .  The 

t u f f  i 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 Q e   t u f f   ( T x t )  mapped 

t o   t h e   n o r t h  by  Bowring (1980). 

s a n i d i n e   r h y o l i t e   ( T x r 2 ) .  A t  t h e   t o p  of t h e   l o w e r  

member of t h e   u n i t  o f  Sixmile   Canyon i s  a s a n i d i n e - b e a r i n g  

r h y o l i t e   ( T x r 2 )   t h a t   c r o p s   o u t  f o r  a d i s t a n c e  o f  a l m o s t  4 m i  

( 6 . 4  k m ) .   T h i s   r h y o l i t e  i s  a p p r o x i m a t e l y  1 0 0 0  f t  (305 m) 

t h i c k   a t  i t s  s o u t h e r n   e x t r e m i t y  ( N  1 / 2 ,   S e c .  10, T.5S., 

R.3W.I a n d   t h i n s   t o   l e s s   t h a n  20 f t  ( 6  m )  a t  t h e   n o r t h e r n  

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

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

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

r h y o l i t e  i s  l i g h t   b r o w n i s h   g r a y   t o   g r a y i s h   r e d   p u r p l e  when 
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fr=sh. A m o d e r a t e - r e d d i s h - b r o w n   v i t r o p h y r e   t h a t  i s  1 0  t o  2 0  

f.% ( 3  t o  6 m )  t h i c k  i s  p r e s e n t  a t   i t s  u p p e r   c o n t a c t  a t  one 

k t i o n  (SW 1/4, SE 1/4, Sec .  28 ( u n s u r v e y e d ) ,   T . b S . ,  

3.m. ). J u s t   n o r t h   o f   t h e   v i t r o p h y r i c   z o n e ,   t h e   r h y o l i t e  i s  

p n p y l i t i z e d   t o  a g r a y i s h - g r e e n   c o l o r .   F i v e   t o  1570, 

p k 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   a r e   p r e s e n t  i n  s u b e q u a l  

m u n t s .   I n   t h i n   s e c t i o n ,   s a n i d i n e   e u h e d r a  as  much as 1 cm 

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

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

f m m  0 . 2  mm t o  1 . 0  mm a r e   o f t e n   d e e p l y   e m b a y e d .   M a g n e t i t e  . i s  

-ely d i s s e m i n a t e d   t h r o u g h o u t   t h e   d e v i t r i f i e d   g r o u n d m a s s .  

w e r  member.  The  upper  member  of t h e   u n i t   o f   S i x m i l e  Canyon 

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

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

Cvcyon c a u l d r o n   ( S e c .  14, T.5S.,  R.3W.). I t  c o n s i s t s   o f  1) 

z-msal a n d e s i t e   l a v a   i n t e r v a l   t h a t   c o n t a i n s   i n t e r b e d d e d  

s a r d s t o n e s   a n d  2 )  a n   a s h - f l o w   t u f f   i n t e r v a l  known as  t h e   t u f f  

d C a r o n i t a  Canyon. 

a n d e s i t e   l a v a s .   T h e   a n d e s i t e  l ava  i n t e r v a l  i n  t h e  

q p e r  member  of t h e   u n i t   o f   S i x m i l e  Canyon i n t e r f i n g e r s   w i t h  

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

a i t h e   s t u d y   a r e a   ( S e c .  2 8  ( u n s u r v e y e d ) ,  T.kS., R.3W.I. 

S e d i m e n t a r y   r o c k s   ( u s u a l l y   s a n d s t o n e s )   t h a t   a r e   i n t e r b e d d e d  

E t h   t h e   a n d e s i t e   l a v a s  are  r e l a t i v e l y   a b u n d a n t  i n  t h e  

I t e t h e r n   p a r t   o f   t h e   s t u d y   a r e a ,   m a k i n g   u p   m o r e   t h a n   5 0 % .   o f  
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t h e   t h i c k n e s s  of  t h e   u n i t .  Toward t h e   s o u t h ,   t h e  

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

a n d e s i t e  makes  up a t  l e a s t  9 0 % , o f  t h e   t h i c k n e s s  of  t h e   u n i t .  

Ou tc rops  of  a n d e s i t e   a r e   v e r y   n o n - r e s i s t a n t   a n d   u s u a l l y  

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

a n d   b r o w n i s h   g r a y   i n   c o l o r .   V e s i c l e s   a r e  common a n d  a r e  

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

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

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

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

a r e  more r e s i s t a n t  a n d  a r e   f o u n d  as  e l l i p s o i d a l   b o d i e s .  

O f t e n   t h e s e   b o d i e s   a r e   c o a t e d   w i t h  a t h i n ,   g r a y i s h - g r e e n  

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

t r a c e   o f   p l a g i o c l a s e   t h a t   a v e r a g e s   a b o u t  1.5 mm l o n g .  

P l a g i o c l a s e   e u h e d r a ,   a v e r a g i n g  0 . 4  mm i n  l e n g t h ,   c o m p r i s e  

a b o u t  25%j of  t h e   g r o u n d m a s s ;   c l i n o p y r o x e n e   a n h e d r a   l e s s   t h a n  

U . l  mm i n  d i a m e t e r  make up   abou t  5%,. The   remain ing  

groundmass i s  c r y p t o c r y s t a l l i n e   a n d   i n t e n s e l y  

h e m a t i t e - s t a i n e d .  

Tuf f  o f  C a r o n i t a   C a n y o n .   O v e r l y i n g   t h e   a n d e s i t e  

i n t e r v a l  i s  t h e   t u f f  o f  Ca ron i t a   Canyon ,  a m u l t i p l e - f l o w ,  

s i m p l e   c o o l i n g   u n i t   w h i c h  was i n f o r m a l l y  named 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   b y   P e t t y  (1979). 

P e t t y  (1979) r e p o r t s  a r a n g e  i n  t h i c k n e s s   o f  200  t o  1 0 0 0  f t  

(61 t o  305 m ) .  However, h i s   e s t i m a t e d   t h i c k n e s s  of 1000  f t  

( 3 0 5  m )  on I t a l i a n  Peak i s  somewhat  low, as t h e   l o w e r  member 



* t h e r e  i s  a t  l e a s t  750 ;h i ck .   Osburn  (1978)  mappe d 

a t h i n   t u f f   i n t e r v a l  i n  S i x m i l e  Canyon t h a t  i s  e q u i v a l e n t   t o  

p a r t   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 ;   B o w r i n g   ( 1 9 8 0 )  mapped a 

t u f f   u n i t   3 5 0  f t  (107 m )  t h i c k  on Timber  Ridge t o   t h e   n o r t h  

o f   t h i s   s t u d y   a r e a .   B i o t i t e   f r o m  a sample  of  t h e   t u f f   o f  

C a r o n i t a  Canyon c o l l e c t e d  on   Mol ino   Peak   has   been   da ted  a t  

29.4 +/-1.1 m.y. by t h e  K - A r  method ( C . E .  Chapin,   unpub.  

d a t e ) .  

The t u f f   o f   C a r o n i t a  Canyon c r o p s   o u t   c o n t i n u o u s l y  

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

of  4 m i  ( 6 . 4  km) a n d   c o n t i n u e s   s o u t h e a s t w a r d   i n   s c a t t e r e d  

o u t c r o p s  f o r  1 . 5  m i  (2 .4   km).   Here,  i n  t h e   s o u t h e r n   p o r t i o n  

of   Sec.  1 4 ,  T.5S., R . 3 W . ,  t h e   t u f f   o f   C a r o n i t a  Canyon  pinches 

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

t o p o g r a p h i c   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 .   E x p o s u r e s  

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

( S e c s .  1 6  and   21 ,   T .5S,   R .3W.) ,   where   the   un i t  i s  r e p e a t e d   b y  

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

The t u f f   o f   C a r o n i t a  Canyon i,s t h e   y o u n g e s t  member 

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

a n d e s i t e  l avas  ( T x a 2 )   e x c e p t   n e a r   t h e   s o u t h e r n   t o p o g r a p h i c  

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 .   H e r e ,   t h e   u n i t  

o v e r l i e s  a r h y o l i t e   l a v a   f l o w   ( T x r 5 )   a n d   p i n c h e s   o u t   a g a i n s t  

t h e   o l d e r   u n i t  of  Hardy   Ridge .   The   tu f f  i s  conformably  

o v e r l a i n   b y   t h e   t u f f  o f  Lemi ta r   Moun ta ins  or unconformably  

o v e r l a i n  by t h e  Lower  Popotosa  Formation.  However,  a t h i n  
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l e n s  of s a n d s t o n e   o v e r l i e s   t h e   t u f f  i n  o n e   l o c a l   a r e a  ( N E  

1 / 4 ,  Sec.  11, T.5S.,  R.3W.). 

l o w e r  member.  The l o w e r  member of  t h e   t u f f  of 

C a r o n i t a  Canyon i s  r h y o l i t i c   t o   q u a r t z   l a t i t i c  i n  

c o m p o s i t i o n .   T h r e e   t o   2 O % , ' p h e n o c r y s t s  of p l a g i o c l a s e ,  

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

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

a b o u t  75% of  t h e   p h e n o c r y s t s .  Some p l a g i o c l a s e   p h e n o c r y s t s  

show a m a r k e d   z o n a t i o n .   S u b h e d r a l   b i o t i t e   m a k e s   u p   a b o u t  15%; 

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

c o n s t i t u t e s   a b o u t  10%; of t h e   p h e n o c r y s t s   a n d  i s  sometimes 

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

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

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

u s u a l l y   s p h e r u l i t i c .  

P e t t y  (1979)  h a s   d i v i d e d   t h e   l o w e r  member i n t o  

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

t h e s i s .   T h e s e   z o n e s ,  i n  a d d i t i o n   t o  a v i t r o p h y r i c   z o n e ,   a r e  

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

The z o n a t i o n   b e c o m e s   l e s s   d i s t i n c t   t o   t h e   s o u t h  as t h e  

b e c o m e s   t h i n n e r .  

Where e x p o s e d ,   t h e   b a s e  of t h e   u n i t   c o n s i s t s  

g r a y i s h - p i n k ,   p o o r l y   w e l d e d   z o n e  1 0  t o  20 f t  ( 3  t o  6 m )  

o v e r l a i n  by a b l a c k   v i t r o p h y r e   e x h i b i t i n g   e u t a x i t i c  

u n i t  

o f  a 

t h i c k  

-* s t r u c t u r e .  Good o u t c r o p s   o f   t h e s e   z o n e s   a r e   f o u n d  i n  t h e  
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s o u t h - c e n t r a l   p a r t   o f   t h e   s t u d y   a r e a  ( N W  1 1 4 ,  SW 1 1 4 ,  Sec.  

11, T.5S., R.3W). O v e r l y i n g   t h e   v i t r o p h y r e  i s  a l i g h t   t o  

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

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

f l o w - b a n d e d   r h y o l i t e .  

The u p p e r ,   c r y s t a l - r i c h   z o n e   o f   t h e   l o w e r  memb’er i s  

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

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

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

u p p e r  member.  The c o n t a c t   b e t w e e n   t h e   u p p e r   a n d  

l o w e r   m e m b e r s   o f   t h e   t u f f  o f  C a r o n i t a  Canyon was mapped a t  a 

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

mine ra logy .  An i n c r e a s e   f r o m  20% t o  30 o r  40%  phenoc rys t s  

a l s o   o c c u r s   a c r o s s   t h i s   b r e a k .  The u p p e r  member w e a t h e r s   t o  

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

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

member i s  m o d e r a t e l y   t o   d e n s e i y   w e l d e d  a n d  c o n t a i n s  30 t o  45% 

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

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

p r e s e n t  i n  subequa l   amoun t s  a n d  c o n s t i t u t e  90% of  t h e  

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

10% of t h e   p h e n o c r y s t s .   P l a g i o c l a s e  i s  p r e s e n t  i n  t r a c e  

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

o f t e n   s p h e r u l t i c .  
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T h e   u p p e r   t u f f  o f  C a r o n i t a  Canyon v a r i e s  f rom 0 t o  

as  much as 1100 f t  (335 m )  t h i c k  i n  t h e   s t u d y   a r e a ,   a l t h o u g h  

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

Many o u t c r o p s   s u g g e s t  a t h i c k n e s s  of a t  l e a s t  500 f t  ( 1 5 2  m ) .  

Tuff o f  Lemi ta r   Moun ta ins  

The t u f f  o f  Lemi ta r   Moun ta ins  i s  a m u l t i p l e - f l o w ,  

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

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

(1980) d e s c r i b e d  a s e c t i o n  i n  t h e   L e m i t a r   M o u n t a i n s ,   a f t e r  

w h i c h   t h e   t u f f  i s  named.  Using t h e  K - A r  m e t h o d   o n   b i o t i t e ,  

s amples  of t h e   t u f f  o f  Lemi ta r   Moun ta ins   f rom  the   San   Ma teo  

Moun ta ins   and   t he   Lemi ta r   Moun ta ins   have   been   da t ed  a t  27.0 

+/-  1.1 m.y. and   26 .3  + / -  1.0 m.y., r e s p e c t i v e l y  ( C . E .  

C h a p i n ,   u n p u b .   d a t e ) .   T h r e e   d a t e s   f r o m   t h e   s a m e   o u t c r o p   i n  

t h e   J o y i t a  Hills y i e l d e d   a g e s  o f  28.8 +/-0.7 m.y.,  27.6 

+/-1.1 m.y.,   and  28.1 + / -  1 . 2  m.y. ( C . E .  C h a p i n ,   o r a l  

commun.).  The  26.3 m.y. d a t e   c a n   b e   e l i m i n a t e d   d u e   t o  

p o t a s s i u m   m e t a s o m a t i s m ;   t h e   r e m a i n i n g   d a t e s   a v e r a g e   2 7 . 9  m.y. 

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

was t h e   s o u r c e  of t h e   t u f f  o f  L e m i t a r   M o u n t a i n s ,   b u t   t h i s  

a s s i g n m e n t  i s  now i n   q u e s t i o n .  

The 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 o n g   t h e  

w e s t   s i d e  o f  Sawmill   Canyon  where it f o r m s   e x t e n s i v e   d i p  

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

e a s t  o f  t he   canyon .   The  tuff i s  d i v i s i b l e   i n t o   t x o  members 
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* oased   upon   phenoc rys t   con ten t - - a  l o w e r ,  m o d e r a t e l y  

c r y s t a l - p o o r  member and  a n  u p p e r ,   c r y s t a l - r i c h  member.  The 

con tac t   be tween   t he   two   members  i s  g r a d a t i o n a l   o v e r  5 t o  50 

f t  ( 1 . 5  t o  1 5  m )  and  was mapped a t  t h e   a b r u p t   i n c r e a s e  i n  

c r y s t a l  

v a r i a b l e  

t h e  t u f f  

a r e a - - a s  

exposed  

C o n t e n t .   R e l a t i v e   t h i c k n e s s  o f  t h e  members i s  h i g h l y  

as i s  t h e   t o t a l   t h i c k n e s s   o f   t h e   u n i t .   H o w e v e r ,  

of Lemi ta r   Moun ta ins  i s  v e r y   t h i c k  i n  t h i s   s t u d y  

much as 1 0 0 0  f t  (305  m )  where a c o m p l e t e   s e c t i o n  i s  

Sec .  2 1 ,  T.5S., R . 3 W . ) .  P e t t y  (1979) r e p o r t s  

t h i c k n e s s e s   u p   t o  1 8 0 0  f t  ( 5 4 9  m )  i n  Ryan Hill Canyon.  The 

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

Lemi ta r   Moun ta ins  i s  p r o b a b l y   d u e   t o   p o n d i n g   o f   t h e   t u f f   i n  a 

d e p r e s s i o n   l e f t  by c o l l a p s e  o f  t h e   S a w m i l l  Canyon  cauldron.  

Donze (1980) r e p o r t s  a t h i c k n e s s  o f  2000 f t  ( 6 0 0  m )  o f  

L e m i t a r  a n d  i n t e r b e d d e d   m e s o b r e c c i a s   a n d   m e g a b r e c c i a s   t o   t h e  

wes t  of  t h i s   s t u d y   a r e a .  He s u g g e s t s   t h a t   t h e   s o u r c e  

c a u l d r o n   f o r   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  may b e   l o c a t e d  i n  

t h a t   a r e a ,   b u t   u n e q u i v o c a l   p r o o f   h a s   n o t   b e e n   d o c u m e n 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   c a u l d r o n ,   t h e   t u f f  of 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   t u f f  o f  Ca ron i t a   Canyon .   E l sewhere ,  

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

c o n t a c t   w i t h   t h e   y o u n g e r   r h y o l i t e s   o f   t h e   u n i t  of Sawmil l  

Canyon. 

Osburn (1978) measured   and   desc r ibed  a 

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

Lemi ta r   Moun ta ins  i n  S i x m i l e   C a n y o n ;   s e e   h i s   t h e s i s   f o r  a 
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* d e t a i l e d   d e s c r i p t i o n   o f   z o n a t i o n   a n d   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 .  Donze (1980) d e s c r i b e d  a 1500-f t   (450-m) 

t h i c k   i n t e r m e d i a t e   z o n e   t h a t   h a s   n o t   b e e n   r e c o g n i z e d  i n  t h i s  

s t u d y   a r e a .  

l o w e r  member.  The l o w e r  member of t h e   t u f f   o f   L e m i t a r  

Mounta ins  i s  d e n s e l y   w e l d e d   a n d   o f t e n   b r e a k s   w i t h  a h a c k l y  

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

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

The  lower member i s  m o d e r a t e l y   c r y s t a l   p o o r ,   c o n t a i n i n g  1 0  t o  

1 5 %  p h e n o c r y s t s .   Q u a r t z   a n h e d r a   t h a t   a r e  1 t o  2 mm i n  

d iameter   and   somet imes   embayed make up   abou t   25%>  o f   t he  

p h e n o c r y s t s ;   a n o t h e r  75%: a r e   s a n i d i n e   e u h e d r a   t h a t   a r e   0 . 5   t o  

2 .5  mm l o n g .  A t r a c e   o f   b i o t i t e   a n d   e u h e d r a l   s p h e n e   a r e  

p r e s e n t  as p h e n o c r y s t s .   L i t h i c   f r a g m e n t s   o f   v a r i o u s  

c o m p o s i t i o n s   c o m p r i s e  2 t o  5%j of t h e   r o c k .   S h a r d   s t r u c t u r e  

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

u p p e r  member.  The u p p e r  member o f  t h e   t u f f   o f   L e m i t a r  

M o u n t a i n s ' i s   d e n s e l y   w e l d e d  a n d  w e a t h e r s   t o   s l a b s  o r  rounded  

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

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

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

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

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

t h o s e   f o u n d  i n  t h e   H e l l s  Mesa T u f f ;   h o w e v e r ,   t h e   f r a g m e n t s  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   a r e   q u a r t z - f r e e .   F i g u r e  



a 1 6  i s  a p h o t o g r a p h   o f   a n   o u t c r o p   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   t h a t   c o n t a i n s   t h e s e   f r a g m e n t s .  The l e n t i c u l a r  

masses  may b e   p u m i c e ;   t h e y   a r e  small a n d   u s u a l l y  i n  

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

t o  3 f t  (1 m )  a n d  a r e   p r o b a b l y   l i t h i c   f r a g m e n t s .  Good 

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

f o u n d   a l o n g   t h e   w e s t   s i d e   o f   S a w m i l l  Canyon  (Sec. 32 

\unsu rveyed) ,   T . " iS . ,  R.3W.). 

The 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  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  20 t o  $%i . ' phenoc rys t s .   Quar t z  

p h e n o c r y s t s   a r e   u n u s u a l l y   l a r g e   a n d  may be as much as  5 mm i n  

d i a m e t e r ,   a l t h o u g h   t h e   a v e r a g e   s i z e  i s  1 . 5  mm. The q u a r t z  i s  

a n h e d r a l   t o   e u h e d r a l ,   o f t e n   e m b a y e d ,   a n d  makes  up 30 t o  50% 

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

a r e  1 t o  2 mm l o n g   c o m p r i s e  5 0  t o  7 0 % . ' o f   t h e   p h e n o c r y s t s .  

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

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

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

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

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

e s t i m a t e ;   h o w e v e r ,  it i s  a p p r o x i m a t e l y  3:l. B i o t i t e   e u h e d r a  

compr i se  2 t o  5%; of  t h e   r o c k ;  a l l  a r e   p a r t i a l ' l y   a l t e r e d   t o  

m a g n e t i t e .   T r a c e s   o f   s p h e n e   a n d   c l i n o p y r o x e n e  ( ? )  a r e  

p r e s e n t  i n  some samples .  

e 
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Figure 16. Photograph  of  angular  and  lenticular 
cognate  fragments  in  the  tuff'of  Lemitar 
Mountains. 
(NE 1 / 4 ,  Sec. 32 (unsurveyed), T.4S., ,R.3W.). 



Tuff  of  South  Canyon 

The t u f f   o f   S o u t h  Canyon i s  a m u l t i p l e - f l o w ,   s i m p l e  

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

s e c t i o n  a t  t h e  mouth  of   South  Canyon  (Osburn,  1 9 7 8 ) .  The 

t u f f   o f   S o u t h  Canyon i s  c o r r e l a t i v e   w i t h   t h e   u p p e r   P o t a t o  

Canyon   Tuf f   o f   Sp rad l in  ( 1 9 7 6 ) .  C h a p i n   a n d   o t h e r s  (1978)  

h a v e   s u g g e s t e d   t h a t   t h e   t u f f   o f   S o u t h  Canyon was e r u p t e d   f r o m  

t h e  Hop Canyon   cau ld ron   ( s ee   Chap in  a n d  o t h e r s ,  1978 ,  F i g .  

2 ) .  The t u f f   o f   S o u t h  Canyon  has   been  dated a t  26.2 + / -  1.0 

m.y. u s i n g   t h e  K-Ar method  on b i o t i t e   f r o m   r o c k s   c o l l e c t e d  i n  

t h e   J o y i t a  H i l l s  ( C . E .  C h a p i n ,   u n p u b .   d a t e ) .   T h e   t u f f   h a s  

a l s o   b e e n   d a t e d  a t  25.8 +/-  1.0 m.y. by t h e  K - A r  method  on 

s a n i d i n e  i n  a v i t r o p h y r e ,   a l s o   f r o m   t h e   J o y i t a  H i l l s  (Bachman 

and   Mehner t ,  1 9 7 8 ) .  

O n l y   t h r e e  small o u t c r o p s   o f   t h e   t u f f   o f   S o u t h  

Canyon a r e   p r e s e n t  i n  t h i s   s t u d y   a r e a ;   t h e s e   o u t c r o p s   a r e  a t  

t h e   s o u t h e r n   b o u n d a r y   o f   t h e   a r e a ,  i n  Sees .  21 and  22  (T.5S. ,  

R . 3 W . ) .  H e r e ,   t h e   t u f f   a t t a i n s  a maximum t h i c k n e s s   o f  65  f t  

( 2 0  m ) .  P e t t y  ( 1 9 7 9 )  r e p o r t s   t h i c k n e s s e s   u p   t o   7 5 0  f t  ( 2 2 9  

m )  i n  Ryan H i l l  Canyon,  and  Donze (1980) r e p o r t s   t h a t   t h e  

t u f f  is 425 f t  (130 m )  t h i c k   t o   t h e   w e s t   o f   t h i s   s t u d y   a r e a .  

The   absence   o f  a t h i c k e r   s e c t i o n   o f   t h e   t u f f   o f   S o u t h  Canyon 

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

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

Canyon o v e r l i e s   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  i s  

u n c o n f o r m a b l y   o v 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 .  



e The t u f f   o f   S o u t h  Canyon i s  modera t e ly   we lded   and  

w e a t h e r s   t o   c r u m b l y   b l o c k s .  The  rock i s  p i n k i s h   g r a y   w i t h  

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

s p h e r u l i t i c   s t r u c t u r e s   a n d  make up  3 t o  5%; of t h e   r o c k .  

Q u a r t z   a n d   s a n i d i n e   e a c h   c o m p r i s e   a b o u t  lO%;of t h e   t u f f .  

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

S a n i d i n e   e u h e d r a   a r e   a b o u t  1 .5  mm l o n g .   T r a c e s   o f   b i o t i t e  

, uhedra   occu r  as  p h e n o c r y s t s   a n d   a r e   p a r t i a l l y   r e p l a c e d   b y  

m a g n e t i t e .  A t r a c e  of h o r n b l e n d e  was o b s e r v e d   i n   t h i n  

s e c t i o n .  The  groundmass i s  e x t e n s i v e l y   a l t e r e d   t o  

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

F o r  a d e t a i l e d   d e s c r i p t i o n  of z o n a t i o n   a n d   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 ,   s e e   O s b u r n  (1978). 

Uni t   o f   Sawmi l l  Canyon 

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

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

Mounta ins  i n  t h e   n o r t h w e s t e r n   p a r t  of t h e   s t u d y   a r e a .  The 

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

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

p y r o c l a s t i c   d e p o s i t s  ( T s t ) .  The b a s a l   p y r o c l a s t i c   d e p o s i t s  

of t h e   u n i t   o f   S a w m i l l  Canyon d i r e c t l y   o v e r l i e   t h e   u n i t  of 

Hardy  Ridge i n  t h e   n o r t h w e s t e r n   p a r t   o f   t h i s   s t u d y   a r e a ;  

Donze (1980) r e p o r t s   t h a t   t h e  same r e l a t i o n s h i p   e x i s t s  on t h e  

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

of a s h - f l o w   t u f f s ,   a n d e s i t e 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  
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r o c k s ,   a n d   v e n t   b r e c c i a s .  The p y r o c l a s t i c   u n i t  i s  as much as  

4 5 0  f t  ( 1 3 7  m )  t h i c k  i n  t h i s   s t u d y   a r e a .  I n  Sec.  5 (T.5S.,  

R.3W.)  t h e   o u t c r o p s   c o n s i s t   o f   p o o r l y   t o   d e n s e l y   w e l d e d   t u f f s  

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

> O  f t  ( 1 5  m )  t h i c k   a n d   a p p e a r s   t o   h a v e   f i l l e d   t o p o g r a p h i c  

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

Mounta ins .   The   rocks   range  i n  c o l o r   f r o m   l i g h t   g r a y   t o  

m o d e r a t e   r e d  a n d  c o n t a i n  a s  much as l O % ; ' p u m i c e   t h a t   w e a t h e r  

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

a n d   c o n t a i n s  a t r a c e   o f  small q u a r t z   a n h e d r a .   L i t h i c  

f r a g m e n t s   a r e   u s u a l l y   a b s e n t   b u t  make u p   2 0 % i ' o f   t h e   t u f f ' s  

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

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

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

a n d e s i t e   a r e   a b u n d a n t  i n  some u n i t s   a n d   c o n s t i t u t e  as  much a s  

5 0 % , ' o f   t h e   r o c k ;   l i t h i c   f r a g m e n t s   o f   c r y s t a l - r i c h   a s h - f l o w  

t u f f ,   a s   l a r g e  as  25  cm, a r e  common l o c a l l y .  

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

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

a rea   (Sec .   30 ,   T .bS . ,  R . 3 W . ) .  A r h y o l i t e   l a p i l l i   b r e c c i a  

( M a c d o n a l d ,   1 9 7 2 ,   p . 1 3 1 )   c r o p s   o u t   i n   t h e   n o r t h e a s t   q u a r t e r  

of  S e c .   3 0   a n d   w e a t h e r s   t o   b l o c k y   t a l u s .  The u n i t   c o n s i s t s  

o f   5 0 % , ' v e r y - p a l e - o r a n g e   p u m i c e   t h a t   a p p e a r   r a g g e d   i n   t h i n  

s e c t i o n   a n d   a b o u t  5% a n g u l a r   l i t h i c   f r a g m e n t s  of r h y o l i t e .  

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

o u t   j u s t   s o u t h   o f   t h e   r h y o l i t e   l a p i l l i   b r e c c i a  (SE 1/4, NE 
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1 / 4 ,  Sec .  3 0 ,  T.hS., R . 3 W . ) .  The t u f f  i s  d e n s e l y   w e l d e d   a n d  

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

c o n t a i n s  15%; p h e n o c r y s t s .   S a n i d i n e ,   p a r t i a l l y   r e s o r b e d   a n d  

l a r g e l y   a l t e r e d   t o   s e r i c i t e ,   c o m p r i s e s   a b o u t  10%.  o f   t h e  

phenoc rys t s .   Subequa l   amoun t s   o f  small a n h e d r a l   q u a r t z   a n d  

b i o t i t e  make u p   a b o u t  5%. o f   t h e   r o c k .  A t r a c e   o f   a n h e d r a l  

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

a n d e s i t e  make up   about   2% of t h e   r o c k .  

I 
An a n d e s i t e   l a v a   c r o p s   o u t  a t  o n e   l o c a t i o n   ( S e e .   3 2  

( u n s u r v e y e d ) ,   T . k S . ,  R . 3 W . ) .  I t  i s  d e n s e ,   a p h a n i t i c ,   a n d  

medium g r a y   i n   c o l o r .  

A v e n t   b r e c c i a  i s  exposed  i n  t h e   s o u t h w e s t   q u a r t e r  

of   Sec .   32   (T .bS. ,  R.3W.I. I t  c o n t a i n s   c l a s t s   o f   a n d e s i t e  

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   t h a t   a r e  as  l a r g e  as  3 f t  

(1 m )  i n   d i a m e t e r .  The c l a s t s   a r e   e n c l o s e d  i n  a f r a g m e n t a l  

r h y o l i t e  m a t r i x .  

r h y o l i t e  l avas .  A c r y s t a l - p o o r   r h y o l i t e   i n t r u d e s   a n d  

o v e r l i e s   t h e   H e l l s  Mesa T u f f ,   t h e   u n i t   o f   H a r d y   R i d g 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 ,   a n d   t h e   p y r o c l a s t i c   r o c k s   o f   t h e  

un i t   o f   Sawmi l l   Canyon .  Good e x p o s u r e s  of  i n t r u s i v e   c o n t a c t s  

c a n   b e   s e e n   i n   t h e   n o r t h e a s t   q u a r t e r   o f   S e c .  30  and i n  t h e  

s o u t h e a s t   q u a r t e r   o f   S e c .   3 2   ( u n s u r v e y e d ) ,   T . 5 S . ,  R . 3 W . ) .  

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

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

100 f t  (305  m )  o f   l a v a s   a r e   p r e s e n t .  The l a v a s   c o v e r  more 

t h a n  2 s q  m i  ( 5 . 2  sq km)  on 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 



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

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

u s u a l l y   f o r m   s t e e p   c l i f f s   ( F i g .  1 7 ) .  The l a v a s   a r e   o f t e n  

f low-banded a n d  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   a n d  commonly 

c o n t a i n   t h e   d e v i t r i f i c a t i o n   t e x t u r e   t h a t  is found  i n  t h e  

c r y s t a l - p o o r   r h y o l i t e s   o f   t h e   u n i t   o f   H a r d y   R i d g e   ( p .  19, 

F i g .  8 ) .  

Popo tosa   Fo rma t ion  

The   Popotosa   Format ion  was named  by  Denny (1940) 

for e x p o s u r e s   i n   A r r o y o   P o p o t o s a   s o u t h e a s t   o f   t h e   L a d r o n  

Moun ta ins .   The   Popo tosa   cons i s t s   o f   mudf low  depos i t s ,  

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

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

s e m i - a r i d   c l i m a t e   ( B r u n i n g ,  1 9 7 3 ) .  I n  t h i s   s t u d y   a r e a ,   t h e  

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

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

t h i s   a r e a   a r e   i n   t h e   f a n g l o m e r a t e   f a c i e s  of Brun ing  (1973) .  

A l a t e r a l l y   d i s c o n t i n u o u s   a s h - f l o w   t u f f   ( T p t )  i s  i n t e r b e d d e d  

i n  Sec.  12 (T.5S.,  R.3W.  1. 

The P o p o t o s a   F o r m a t i o n   c r o p s   o u t   a t   s c a t t e r e d   s i t e s  

i n   t h e   s o u t h e r n   p a r t   o f   t h i s   s t u d y   a r e a .  It was d e p o s i t e d   o n  

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

u n i t s   o f   d i f f e r e n t   a g e s ;   t h e   y o u n g e s t   o f   t h e s e  i s  t h e   t u f f   o f  

S o u t h   C a n y o n   a n d   t h e   o l d e s t  i s  t h e  A-L Peak  Tuff.  The 

Popo tosa   beds   were   beve led   by  a p e d i m e n t   s u r f a c e   a n d   a r e  now 
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Figure '17. Photograph of  cliff-forming  rhyolite 
lavas in the  unit  of  Sawmill  Cadyon. 
(NW 1 / 4 ,  Sec. 32 (unsurveyed), T.4S., R.3W.). 



i n  c o n t a c t   w i t h   y o u n g e r   Q u a t e r n a r y   u n i t s .  An e s t i m a t e d  

t h i c k n e s s   f o r   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 rea  i s  

400 f t  ( 1 2 2  m ) ,  a l t h o u g h   t h e   l a c k   o f   c o n t i n u o u s   e x p o s u r e s  

makes it d i f f i c u l t   t o   o b t a i n   a n   a c c u r a t e   t h i c k n e s s .  

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

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

w e a t h e r s   t o   n a r r o w   l e d g e s .  The   lower   Popotosa  i s  p e r v a s i v e l y  

a l t e r e d  t o  m o d e r a t e   r e d  or r edd i sh   b rown .   Chap in   and   o the r s  

(1978) s u g g e s t e d   t h a t   t h e   r e d   c o l o r   a n d   d e g r e e   o f   i n d u r a t i o n  

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

sys tem.  

The   mudf low  depos i t s   a r e   unso r t ed ,  

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

bedd ing  i s  l o c a l l y   p r e s e n t .  Clas t s  t h a t   r a n g e  i n  s i z e   u p   t o  

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

Moun ta ins .   The   rock   becomes   i nc reas ing ly   he t e ro l i t h i c   upward  

i n  t h e   s e c t i o n  as  s t r a t i f i c a t i o n  becomes  more  pronounced. 

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

and   minor   c ros s -bedd ing .  

a s h - f l o w   t u f f .  A l o c a l   a s h - f l o w   t u f f   t h a t  i s  r h y o l i t i c   t o  

q u a r t z   l a t i t i c   i n   c o m p o s i t i o n   o v e r l i e s   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 i t h   a n g u l a r   u n c o n f o r m i t y   i n   S e c .  12 ( T . 5 S . ,  

R.3W.). H e r e ,   t h e   t u f f  i s  l e s s   t h a n  100 f t  (305 m )  t h i c k .  

G.R. O s b u r n   ( o r a l  commun.) r e p o r t s   t h a t  a similar t u f f   c r o p s  



* o u t   j u s t   o u t s i d e   t h i s   s t u d y   a r e a .   D e p o s i t i o n   o f   t h i s   t u f f  

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

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 .  

The t u f f  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   a n d  

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

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

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

t o  2 0 % ;   o f   t h e   r o c k .   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 ,   a n d  

s a n i d i n e  make u p   a b o u t  10%.'of t h e   r o c k .   Q u a r t z   a n h e d r a   a b o u t  

0 .3  mm i n   d i a m e t e r   c o m p r i s e  70%. of t h e   p h e n o c r y s t s ,   a n d  

p l a g i o c l a s e   a n h e d r a ,  0 . 3  mm l o n g ,  make up   20%. 'of   the  

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

a n h e d r a   a b o u t  0 . 3  mm l o n g .   T r a c e s  o f  b i o t i t e   a n d   h o r n b l e n d e  

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

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

d e p o s i t i o n   o f   t h e   l o w e r  member.  The r o c k  i s  p o o r l y   t o  

m o d e r a t e l y   i n d u r a t e d   a n d   v e r y   n o n - r e s i s t a n t ;   e x p o s u r e s   a r e  

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

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

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

of L e m i t a r   M o u n t a i n s   a n d   c r y s t a l - p o o r   r h y o l i t e   l a v a s ,  

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

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

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

s e v e r a l   m e t e r s   i n   d i a m e t e r .   T h e   m o s t  common p a r t i c l e  s i z e  i s  

l e s s   t h a t  1 cm. 

i 



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

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

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

u s u a l l y  made  on s e t s  of 2 o r  3 p e b b l e s  i n  c o n t a c t   w i t h   e a c h  

o t h e r .   F i v e   t o  1 0  measurements   were made a t  e a c h   o u t c r o p  a n d  

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

r e s u l t s   a r e   p l o t t e d  on P l a t e  1 a n d   i n d i c a t e  a g e n e r a l  

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

S a n t a   F e   G r o u p   ( u n d i f f e r e n t i a t e d )  

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

found  a t  t h e  mou th   o f   Sawmi l l   Canyon   con ta in   no   ou tc rops .  

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

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

p r o b a b l y   t h e   u p p e r   P o p o t o s a   a n d   l o w e r   S i e r r a   L a d r o n e s  

Forma t ions .  

e 
T h e   S i e r r a   L a d r o n e s   F o r m a t i o n  was named  by  Machette 

(1.978) f o r   t h e  low f o o t h i l l s  of t he   Ladron   Moun ta ins .   The  

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

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

f l o o d - p l a i n ,   a n d  a x i a l  s t r e a m   d e p o s i t s   ( M a c h e t t e ,  1978). 

T e r t i a r y   i n t r u s i v e   r o c k s  

D i k e s   a n d   p l u g s   o f   T e r t i a r y   a g e  are  found  a t  

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

t h e i r   t r e n d  i s  i n  a n o r t h - n o r t h w e s t e r l y   d i r e c t i o n   w h e r e   t h e y  
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0 
i n t r u d e   e x t e n s i o n a l   f a u l t s   t h a t   a r e   a s s o c i a t e d   w i t h   t h e   R i o  

Grande r i f t .  The i n t r u s i v e s   c a n   b e   c l a s s i f i e d  i n t o  5 g r o u p s :  

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

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

a n d  dome. 

a n d e s i t e   d i k e s .   A n d e s i t e   d i k e s   a r e   i n t r u s i v e   i n t o   t h e   H e l l s  

Mesa Tuf f  i n  t h e   s o u t h w e s t   q u a r t e r  of  Sec.  9 (T.5S., R.3W. ). 

#Yhey c o n t a i n   a b o u t  3% p h e n o c r y s t s   o f   e u h e d r a l   p l a g i o c l a s e ,  

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

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

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

l a t i t e   d i k e s .  One small l a t i t e   d i k e  was f o u n d   o n   t h e  

n o r t h e r n   b o u n d a r y   o f   s e c t i o n  3 2  ( u n s u r v e y e d )   ( T . 4 S . ,  R.3W.). 

T h i s  r o c k   h a s  a l i g h t - b l u i s h - g r a y   g r o u n d m a s s   a n d   c o n t a i n s  1 5  

t o  20% l a r g e   p o t a s s i u m - f e l d s p a r   p h e n o c r y s t s   t h a t  are as l o n g  

as  1 . 5  cm. A t r a c e   o f  small q u a r t z   p h e n o c r y s t s  was a l s o  

obse rved .  

p o r p h y r i t i c   r h y o l i t e   d i k e s .   S e v e r a l   c r y s t a l - r i c h   r h y o l i t e  

d i k e s  ( T r l )  a r e   f o u n d  i n  t h e   n o r t h - c e n t r a l   p a r t   o f   t h e   s t u d y  

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

c o l o r  a n d  a r e   v e r y   d e n s e ;   t h e y   w e a t h e r   t o   b l o c k y   t a l u s .  

P h e n o c r y s t s  make up  1 5  t o  2 0 %  of  t h e   r o c k   a n d  

c h a r a c t e r i s t i c a l l y   c o n t a i n   l a r g e   q u a r t z  ( a s  much as 5 mm i n  

d i a m e t e r ) .   S a n i d i n e   a n d   b i o t i t e   a r e   a l s o   p r e s e n t .  The 

q u a r t z - t o - s a n i d i n e   r a t i o  i s  a b o u t  3:l a n d   o n l y  a t r a c e   o f  

b i o t i t e  was o b s e r v e d .  
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A n o t h e r   p o r p h y r i t i c   r h y o l i t e   i n t r u s i v e   ( T r 2 )   c r o p s  

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

(NW 1/4, Sec .  11, T.5S., R.3W.). T h i s   r h y o l i t e  i s  v e r y  

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

i s  l i g h t   b r o w n i s h   g r a y   t o   l i g h t   r e d   a n d   c o n t a i n s  1 0  t o  15%. 

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

s a n i d i n e  i s  a b o u t  1 mm l o n g   a n d   d e e p l y   e m b a y e d   q u a r t z  

a v e r a g e s   a b o u t  1 . 5  mm l o n g ;   t h e   s a n i d i n e - t o - q u a r t z   r a t i o  i s  

1:l. A t r a c e  of small ,  a n h e d r a l   b i o t i t e  i s  p r e s e n t .  

S i l i c i f i c a t i o n  i n  t h e   f o r m  of small q u a r t z   v e i n s  was s e e n  i n  

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

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

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

s t u d y   a r e a .   T h e s e   r h y o l i t e s   a r e   i n t r u s i v e   i n t o   u n i t s  as 

young as  t h e   t u f f  of Lemi ta r   Moun ta ins .  Some of t h e  

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

t u f f  ( T r f )  t h a t   a r e  as  l o n g  as  2000 f t  ( 6 1 0  m). 

O u t c r o p s  of T r 3  a r e   v e r y   d e n s e   a n d  form b o l d  

o u t c r o p s   n e a r   t h e   b a s e  of S a w m i l l   C a n y o n .   D i s t o r t e d  flow 

b a n d i n g  i s  common i n   t h i s   i n t r u s i v e .  A t r a c e  of q u a r t z  i s  

p r e s e n t .  

T r 4  i s  i n t r u s i v e   i n t o  T r 3 .  O u t c r o p s  o f  T r 4  a r e  

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

T r 4  h a s  a d i s t i n c t i v e   a p p e a r a n c e  a n d  c o n t a i n s   a l t e r n a t i n g  

c o l o r   b a n d s  of .b rownish   g ray  a n d  l i g h t   g r a y .   E a c h   b a n d  i s  

a b o u t  5 mm t h i c k .   Q u a r t z   p h e n o c r y s t s ,  i n  a m o u n t s   l e s s   t h a n  
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* 2%,, a r e   s u b h e d r a l ,   o f t e n   d e e p l y   e m b a y e d ,   a n d   a v e r a g e   0 . 5  mm 

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

most   samples .  A t r a c e   o f   s u b h e d r a l   b i o t i t e   a v e r a g i n g  0 .2  mm 

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

Sec .  1 4  (T.5S., R.3W.). The  groundmass 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  i n  a l i g n m e n t  w i t h  t h e   f l o w   b a n d i n g .  A mosa ic   o f  

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

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

w h i t e   r h y o l i t e   d i k e s   a n d  dome. W h i t e   r h y o l i t e   d i k e s   a n d  a 

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

a l o n g   t h e   S a w m i l l  Canyon F a u l t .   T h e   d i k e s   a r e   a r r a n g e d  i n  a 

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

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

r h y o l i t e   d i k e s   h a v e   b e e n   t i l t e d   t o   t h e   e a s t   ( F i g .  18) a n d ,  

t h e r e f o r e ,   p r e d a t e  some  of t h e  r i f t  f a u l t i n g .  
e 

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

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

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

sometimes  f low-banded a n d  u s u a l l y   c r y s t a l   p o o r   b u t  may 

c o n t a i n  a t r a c e   o f   s a n i d i n e   a n d   q u a r t z .  One spec imen 

c o n t a i n e d  2%. i r o n - s t a i n e d   c a s t s  t h a t  p r o b a b l y   r e p r e s e n t  

o x i d i z e d   p y r i t e   c r y s t a l s .  
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Figure 18. Photograph of a white  rhyolite 
dike  that  has  been  rotated  to a subhorizontal 
position.  The  dike  was  intruded  into  the A-L 
Peak Tuff, rotated  to  its  present  position,  and 
overlain  by  Quaternary  terrace  gravels. 
(NW 1 / 4 ,  Sec. 29 (unsurveyed), T . 4 S . ,  R.3W.). 



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

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

s t r a n d e d   h i g h   a b o v e   t h e   p r e s e n t   s t r e a m   l e v e l s  a t  t h e  mouth o f  

Sawmill  Canyon  were  mapped as Q u a t e r n a r y - T e r t i a r y   g r a v e l s  

(Q-Tg).  T h e s e   d e p o s i t s  may be e q u i v a l e n t   t o   p a r t   o f   t h e  

. S i e r r a   L a d r o n e s   F o r m a t i o n   ( J . W . ' H a w l e y , '   1 9 8 0 ,   o r a l  commun.). 

R e f e r   t o  p. 59 f o r   : f u r t h e r   i n f o r m a t i o n   a b o u t   t h e   S i e r r a  

L a d r o n e s   F o r m a t - i o n .   T h e s e   d e p o s i t s   a r e   f o u n d  as i s o l a t e d  

p a t c h e s  where t h e y   h a v e   b e e n . d i s s e c t e d  by s t r e a m   e r o s i o n .  

r i  .r 

Q u a t e r n a r y   d e p o s i t s  

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

(, 
the   Magdalena   Mounta ins   were   mapped as p i e d m o n t   g r a v e l s .  

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

h a v e   b e e n   d i s s e c t e d ~ t o  some d e g r e e   b y   s u b s e q u e n t   s t r e a m  

' e r o s i o n .  . 

t e r r a c e ~ g r a v e l s .   T e r r a c e   g r a v e l s  i n  t h i s  s t u d y  area c o n s i s t  

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

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

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

a n d  c a n   be^ seen a t  e l e v a t i o n s  as h i g h  as 7600 f t  (2316 m )  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 .   F i g u r e  18 i s  a * p h o t o g r a p h   o f  a p a r t i c u l a r l y  good  exposure  of t e r r a c e   g r a v e l s  

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

. .  



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

were  mapped t o g e t h e r  as  o n e   u n i t .   T a l u s   o c c u r s  on 

o v e r s t e e p e n e d   s l o p e s   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   c o n s i s t s  

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

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

more s o i l   t h a n   d o e s   t a l u s .  

s lump   b lock .  A l a r g e   s l u m p   b l o c k   o f   t u f f   o f   L e m i t a r  

Mounta ins  i s  found  i n  t h e   n o r t h w e s t   q u a r t e r   o f   S e c .  9 (T.5S. ,  

R.3W.). The  block i s  s u r r o u n d e d   b y   t a l u s   a n d  n o  c o n t a c t s  

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

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

a b o v e   t h e   b l o c k .  

e a l l u v i u m .   A l l u v i u m  i n  t h i s   s t u d y   a r e a  i s  Holocene i n  a g e   a n d  

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

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

c l a s t s .  

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

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

wal ls  was mapped as  v a l l e y   a l l u v i u m .   T h e s e   d e p o s i t s   u s u a l l y  

a r e   n o t   r e s t r i c t e d   t o   n a r r o w   s t r e a m   b e d s .   V a l l e y   a l l u v i a l  

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

The   Magdalena   Mounta ins   a re   loca ted  a t  t h e  

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

c o r n e r   o f   t h e   D a t i l - M o g o l l o n   v o l c a n i c   f i e l d .  The 

w e s t - t r e n d i n g   C a p i t a n   a n d   t h e   n o r t h e a s t - t r e n d i n g   M o r e n c i  

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

Magdalena   Range   ( see   Chapin   and   o thers ,  1978,  F i g .  1). These  

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

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

R e g i o n a l   S t r u c t u r e  

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

a c t i v i t 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 .  The a n c e s t r a l  Rocky 

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

t i m e .   F o l d i n g   a n d   r e v e r s e   f a u l t i n g  of  P a l e o z o i c   a n d   M e s o z o i c  

r o c k s  i n  w e s t - c e n t r a l  New M e x i c o   o c c u r r e d   d u r i n g   t h e   L a r a m i d e  

o r o g e n y   ( L a t e   C r e t a c e o u s   t o   M i d d l e   E o c e n e   t i m e ) .  The 

Magdalena   Mounta ins   a rea  was on t h e   f l a n k   o f  a b road   La ramide  

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

a r e a  was e r o d e d   t o  a s u r f a c e   o f  low r e l i e f   ( E p i s   a n d   C h a p i n ,  

1975). D e t r i t u s  from e r o s i o n  of t h e   L a r a m i d e   u p l i f t   i n   t h e  

Magdalena   Mounta ins   a rea  was s h e d   n o r t h w a r d   i n t o   t h e   B a c a  

b a s i n   a n d   i n c o r p o r a t e d   i n t o   t h e   E o c e n e  ( ? )  Baca   Format ion .  

No p r e - O l i g o c e n e   r o c k s   a r e   e x p o s e d   i n   t h i s   t h e s i s   a r e a .  



0 V o l c a n i c   a c t i v i t 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  

began i n  e a r l y   O l i g o c e n e   t i m e   w i t h   d e p o s i t i o n  o f  t h e   S p e a r s  

F o r m a t i o n   u n c o n f o r m a b l y   u p o n   r o c k s   r a n g i n g   i n   a g e  from 

P r e c a m b r i a n   t o   l a t e   E o c e n e   ( C h a p i n   a n d   o t h e r s ,  1978). Major  

p y r o c l a s t i c   a c t i v i t y   b e g a n   a b o u t   3 2  m.y. a g o  i n  t he   Magda lena  

M o u n t a i n s   a r e a   w i t h   t h e   e r u p t i o n  of  t h e   H e l l s  Mesa Tuf f   and  

s u b s e q u e n t   c o l l a p s e  of  t h e   N o r t h   B a l d y   c a u l d r o n .   S e v e r a l  

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

f r o m   3 2   t o   2 6  m.y. a g o ;   t h i s   s t u d y   a r e a  i s  l o c a t e d   w i t h i n   t h e  

Nor th   Baldy   and   Sawmil l   Canyon  cauldrons .  

The Rio  Grande r i f t  b e g a n   d e v e l o p i n g   a b o u t   3 2  m.y. 

a g o   a l o n g   p r e e x i s t i n g   c r u s t a l   w e a k n e s s e s   ( C h a p i n ,  1978). 

Chamber l in  (1978) h a s   d o c u m e n t e d   t h e   e x i s t e n c e  o'f h i g h - a n g l e  

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

32  and  23 m.y. ago .  H e  s u g g e s t s  tha t  t h e   p e r i o d   o f  3 2  t o   2 8  

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

e x t e n s i o n .  The Rio  Grande R i f t  i s  r e p r e s e n t e d   b y  a s e r i e s  of 

n o r t h - t r e n d i n g   b a s i n s   t h a t   b e g i n   i n   c e n t r a l   C o l o r a d o   a n d  

widen 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 o   p r o d u c e   s e v e r a l  

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

( C h a p i n ,  1971a a n d  1978). 

The  Capi tan  a n d  M o r e n c i   l i n e a m e n t s   i n t e r s e c t  i n  t h e  

Socor ro -Magda lena   a r ea ,   and  a t r a n s v e r s e   s h e a r   z o n e  of  t h e  

M o r e n c i   l i n e a m e n t   d i v i d e s   t h e   M a g d a l e n a   R a n g e   i n t o   t w o  

s t r u c t u r a l   f i e l d s .  To t h e   n o r t h  o f  t h e   s h e a r   z o n e ,  movement 

a l o n g   f a u l t s  i s  down t o   t h e   e a s t   a n d   t h e   s t r a t a   d i p   t o   t h e  
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west .  S o u t h  o f  t h e  shear z o n e ,  down-to- the-west  f a u l t s  a n d  

e a s t w a r d - d i p p i n g  s t r a t a  p redomina te .  F o r m a t i o n  of  t h e  

t r ansve r se  shear zone  was concurrent  w i t h  t h e  development of  

a n  e x t e n s i o n a l  s t r e s s  f i e l d  i n  t h e  a rea .  C h a p i n  (1978)  

sugges t s  t h a t  t h e  s h e a r  z o n e  f o l l o w s  a n  e a r l i e r  z o n e  o f  

weakness i n  t h e  Precambr ian  basement.  

By 26  m.y. ago ,  a s h a l l o w  b a s i n  i n  t h e  

Socorro-Magdalena  area had  begun a c c u m u l a t i n g  s e d i m e n t s  of  

t h e  P o p o t o s a  Forma t ion .  U p l i f t  o f  t h e  a n c e s t r a l  Magdalena 

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

f o r  some o f  t h e s e  s e d i m e n t s .  The  a n c e s t r a l  Magdalenas were 

l a r g e l y  b u r i e d  i n  t h e i r  own deb r i s  by m i d d l e  Miocene t i m e  

( B r u n i n g ,  1 9 7 4 ) .  

Be tween  7 a n d  4 m - y .  a g o ,  t h e  P o p o t o s a  b a s i n  was 

broken  i n t o  a se r ies  of na r row,  p a r a l l e l  bas ins  a n d  ranges 

t h a t  r e f l e c t  t h e  p r e s e n t  t opography  i n  t h e  s o u t h e r n  R i o  

Grande  r i f t  (Chap in  a n d  o t h e r s ,  1 9 7 8 ) .  S e d i m e n t s  o f  t h e  

uppe r  S a n t a  Fe Group were d e p o s i t e d  w i t h  angu la r  u n c o n f o r m i t y  

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

Local S t r u c t u r e  

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

shear  z o n e  o f  t h e  Morenci  l i n e a m e n t  a n d  i s  c h a r a c t e r i z e d  by 

down-to-the-west normal  f a u l t s  a n d  e a s t w a r d - d i p p i n g  T e r t i a r y  

r o c k s .  The a rea  mapped i s  e n t i r e l y  w i t h i n  t h e  N o r t h  Baldy  

c a u l d r o n  ( F i g .  19). The s o u t h w e s t e r n  margin  of  t h e  S a w m i l l  
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Canyon c a u l d r o n  i s  l o c a t e d   w i t h i n   t h e   s t u d y   a r e a   a n d   g r e a t l y  

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

Nor th   Ba ldy   cau ld ron .  The o l d e s t   d o c u m e n t e d   c a u l d r o n   i n   t h e  

Magdalena  Mountains i s  t h e   N o r t h   B a l d y   c a u l d r o n .  The 

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

N o r t h   B a l d y   P e a k   a n d   t h e   s o u t h e r n   m a r g i n   c r o s s e s   t h e   D e v i l s  

Backbone t o   t h e   s o u t h   o f   t h i s   s t u d y   a r e a .  The s o u t h e r n  

margin  i s  unmapped  and i t s  e x a c t   l o c a t i o n  i s  u n c e r t a i n .  The 

e a s t e r n  a n d  w e s t e r n   m a r g i n s   a r e   b u r i e d   u n d e r   y o u n g e r   r o c k s .  

E r u p t i o n  of t h e   H e l l s  Mesa T u f f   i n i t i a t e d   t h e  

c o l l a p s e  o f  t h e   N o r t h   B a l d y   c a u l d r o n .  The H e l l s  Mesa i s  as  

much as 3850 f t  (1173 m )  t h i c k   w i t h i n   t h e   c a u l d r o n   ( K r e w e d l ,  

1.974). E v i d e n c e   t h a t   t h i s   s t u d y   a r e a  i s  w i t h i n   t h e   N o r t h  

B a l d y   c a u l d r o n   a r e :  

1) The H e l l s  Mesa Tuff  i s  u n u s u a l l y   t h i c k   h e r e  

(1500 f t ,  457 m )  as  c o m p a r e d   w i t h   o u t f l o w - f a c i e s   H e l l s   M e s a ,  

which i s  u s u a l l y  600 f t  ( 1 8 3  m )  t h i c k ;  

2 )  C a u l d r o n - f i l l   d e p o s i t s   a r e   r e c o g n i z e d  i n  t h e  

a r e a   a n d   a r e  known as  t h e   u n i t   o f   H a r d y   R i d g e .   S c a t t e r e d  

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

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

3 )  A mesobrecc ia   (Lipman,  1976) i s  found  i n  t h e  

H e l l s  Mesa Tuff 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   s t u d y   a r e a  

(SE 1 / 4 ,  Sec .  9, T.5S.,  R.3W. ) .  



Sawmil l   Canyon  cauldron.   The  southwestern  margin o f  t h e  

Sawmil l   Canyon  cauldron i s  l o c a t e d   w i t h i n   t h i s   s t u d y   a r e a   a n d  

c o n t i n u e s   n o r t h   i n t o   t h e   a r e a  mapped  by  Bowring ( 1 9 8 0 ) .  The 

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

T imber   Peak   by   Pe t ty  (1979). The e a s t e r n   m a r g i n  i s  l a r g e l y  

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

I n   t h i s   s t u d y   a r e a ,   t h e   r i n g - f r a c t u r e   z o n e  o f  t h e  

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

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

bo t tom of Sawmil l   Canyon  (F ig .  1 9 ) .  I n   t h e   s o u t h e r n   h a l f  o f  

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

zone i s  n a r r o w   i n   t h e   n o r t h   a n d  i s  c h a r a c t e r i z e d   b y   r e c u r r e n t  

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

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

s t u d y  area.  This   wide   zone  was i n t r u d e d   b y  a r h y o l i t e  dome 

complex ( T x r l )  d u r i n g   t h e   e a r l y   s t a g e s  of c a u l d r o n - f i l l  

a c t i v i t y  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   r i n g - f r a c t u r e  

zone was a t  l e a s t  1 m i  ( 1 . 6  km) i n  w i d t h   a l o n g   t h e  

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

of t h e  dome complex   a r e  of t h i s   m a g n i t u d e .  A s  t h e   r h y o l i t e  

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

marked  by a c o m p l e x   f a u l t   z o n e   a n d   t h e   p r e s e n c e  of  l a t e r  

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

a r e a ) .  

Osburn (1979, unpub.   maps)   has   documented  the 

r emnan t s  o f  t h e   s o u t h e r n   t o p o g r a p h i c  rim of t h e   S a w m i l l  

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

a r e a .   R e l a t i o n s h i p s  similar t o   t h o s e  mapped  by  Osburn a r e  

found i n  t h e   s o u t h e r n   h a l f  of  t h i s   s t u d y   a r e a .   H e r e ,  

h o w e v e r ,   c o n t a c t s   a r e   n o t   e x p o s e d   w e l l   e n o u g h   t o  make a 

d e f i n i t e   c o r r e l a t i o n .  

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

members o f  t h e  A-L P e a k   T u f f   c a u s e d   t h e   s i m u l t a n e o u s   c o l l a p s e  

of t he   Sawmi l l   Canyon   and   Magda lena   cau ld rons   t o   fo rm a 

d u m b b e l l - s h a p e d   d e p r e s s i o n   ( A l l e n ,  1979). T h i s   d e p r e s s i o n  

was f i l l e d   w i t h  moat d e p o s i t s  o f  t h e   u n i t  o f  S i x m i l e  Canyon 

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

(1979)  r e p o r t s   t h a t  similar d e p o s i t s   o v e r l i e   t h e  A-L Peak 

Tuf f  i n  t h e   M a g d a l e n a   c a u l d r o n   a n d  may h a v e   i n t e r f i n g e r e d  

w i t h   t h e   S i x m i l e  Canyon d e p o s i t s .  

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

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

Magdalena   Range .   This   s tudy   a rea  i s  s o u t h  o f  t h e   t r a n s v e r s e  

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

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

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

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

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

c a u l d r o n .  F o r  e x a m p l e ,   t h e   S a w m i l l   C a n y o n   f a u l t   m a r k s   t h e  

approx ima te   boundary  o f  t h e   r i n g - f r a c t u r e   z o n e  of  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   t h e   n o r t h e r n   p a r t  o f  t he   canyon .   The  

c o l l a p s e  o f  t h e   c a u l d r o n  was downward t o   t h e   e a s t   a l o n g   t h i s  
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f a u l t .   R e c u r r e n t  movement a l o n g   t h i s   r i n g   f r a c t u r e   d u e   t o  

r e g i o n a l   e x t e n s i o n   w a s  down t o   t h e   w e s t   w i t h   t h e   a m o u n t  of 

d i s p l a c e m e n t  i n  e x c e s s  of 6000 f t  (1829 m ) .  T h e   t r e n d  of t h e  

S a w m i l l   C a n y o n   f a u l t  i s  n o r t h - n o r t h w e s t  i n  t h e   n o r t h e r n   p a r t  

of  t h e   t h e s i s   a r e a   a n d  makes a r a t h e r   s h a r p   b e n d  i n  t h e   s o u t h  

(Sec .  1 6 ,  T.5S., R.3W.j t o   f o l l o w   t h e   t r e n d  o f  t h e  

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

t h e   S a w m i l l   C a n y o n   f a u l t   a l s o  show t h i s   t r e n d ,  f o r  example ,  

t h e   f a u l t   t h a t   o f f s e t s   t h e   a n d e s i t e  o f  t h e   u n i t  of  S i x m i l e  

Canyon  (Txa2) i n   s e c t i o n s  1 4  and  1 5  (T.5S. ,  R . 3 W . ) .  T h i s  

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

Canyon  cauldron ( S  1/2, Sec .  1 4 ,  T . 5  R . 3 W . j .  D i sp lacemen t  

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

c a u l d r o n - f i l l   d e p o s i t s  o f  t h e   u n i t  o f  Sixmile   Canyon  were 

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

margin .  I n  map v i e w   ( P l a t e  l), t he   down- to - the - sou th  

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

of down- to- the . -nor th   d i sp lacement .  

A f a u l t   i n   s e c t i o n  33 (unsu rveyed)   (T .hS . ,  R . 3 W . j  

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

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

r e p r e s e n t s   r e c u r r e , n t  movement a l o n g   p r e e x i s t i n g   r i n g  

f r a c t u r e s  o f  t h e   S a w m i l l  Canyon  cauldron .   Complex   fau l t ing  

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

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

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



74 

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

u s u a l l y   f o u n d  i n  the   Magdalena   Range .   Examples   o f   th i s  

c o m p l e x   f a u l t i n g   c a n   b e   f o u n d   i n   S e c s .  11 a n d  1 2  (T.5S., 

X. 3W. ). 

One s m a l l   b l o c k   o f   w e s t w a r d - d i p p i n g   t u f f   o f   L e m i t a r  

Mounta ins  was found  i n  S e c s .  1 5  a n d  22  (T .5S . ,  R . 3 W . I .  The 

b lock   p robab ly   s lumped  o f f  t h e   l a r g e   o u t c r o p s  of  t u f f   o f  

L e m i t a r   M o u n t a i n s   t o   t h e   w e s t   a n d  was l a t e r   b u r i e d   b y  

s e d i m e n t s   o f   t h e   u p p e r   P o p o t o s a   F o r m a t i o n .   E v i d e n c e   f o r   t h i s  

o r i g i n   i n c l u d e  1) c h a o t i c   a t t i t u d e s   w i t h i n   t h i s   b l o c k   a n d  2 )  

u n d i s t u r b e d   o v e r l y i n g   P o p o t o s a   F o r m a t i o n .  

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

a r e   u s u a l l y   a b o u t  60 d e g r e e s   t o   t h e   w e s t   b u t  may be as  s t e e p  

as  7 0  d e g r e e s  i n  t h e   w e s t  o r  a s   s h a l l o w  as  45  d e g r e e s  i n  t h e  

e a s t .   S h a l l o w   d i p s   o f  1 0  t o  3 0   d e g r e e s  as  r e p o r t e d   b y  

Chamber l in  (1978) i n   t h e   L e m i t a r   M o u n t a i n s   h a v e   n o t   b e e n  

documented i n  t h i s   s t u d y   a r e a .  

. 
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ALTERATION AND M I N E R A L I Z A T I O N  

A l t e r a t i o n  

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

r o c k s   i n   t h e   S a w m i l l  Canyon a r e a   a n d  i n  s u r r o u n d i n g   a r e a s .  

T h e   e f f e c t s  o f  t h e   m e t a s o m a t i s m   w e r e  a n e t   i n c r e a s e   i n   t h e  

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

i n   t h e  amoun t   o f   sod ium  (Chap in   and   o the r s ,  1978). Rocks 

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

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

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

t o  p. 6 )  o f   t h i n   s e c t i o n s   o f   p o t a s s i u m - m e t a s o m a t i z e d   r o c k s  

r e v e a l s  a s t r o n g   y e l l o w  s t a i n .  The i n t e n s e   y e l l o w  s t a i n  

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

o f  t h e   r o c k .  
e 

T h i s   e v e n t  i s  b e l i e v e d   t o   h a v e   b e e n   c a u s e d   b y  a n  

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

e x t e n t   o f   t h e   p o t a s s i u m   a n o m a l y  i s  n o t  known, b u t  it i s  

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

a r e a 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   s e e m s   t o   h a v e   b e e n  more 

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

E x t e n s i v e   h e m a t i t e   s t a i n i n g  i s  p r e s e n t   a l o n g   t h e  

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

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

a i r  ( F i g .  3 ) .  The h e m a t i t e  i s  a r e s u l t   o f   t h e   o x i d a t i o n   o f  

” 



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

r h y o l i t e  dome complex   and   t he  A-L Peak  Tuff .  A s  much as 5%, 

v e r y  small ( l e s s   t h a n  1 mm) o x i d i z e d   p y r i t e   c u b e s   c a n   b e  

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

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

complex. 

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

h e m a t i t e  s t a i n  a r e  1) i n  t h e  A-L Peak  Tuff a t  i t s  

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 n d e r l y i n g   r h y o l i t e  of Hardy 

R i d g e   ( T h r 2 )   a n d  2 )  i n   t h e   r h y o l i t e  dome complex i n  t h e   u n i t  

of  S i x m i l e  Canyon ( T x r l ) ,  e s p e c i a l l y   n e a r  i t s  i n t r u s i v e  

c o n t a c t s   ( F i g .  2 0 ) .  The p l a t y ,   s h e e t - j o i n t e d  A-L Peak Tuf f  

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

c o m p l e x   w e r e   v e r y   p e r m e a b l e .   T h i s   p e r m e a b i l i t y  was f a v o r a b l e  

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

However, t h e   a g e   a n d   s o u r c e  of t h e s e   s o l u t i o n s  i s  

unknown.  The p y r i t e  i s  l i m i t e d   t o   t h e   v i c i n i t y  of t h e  

r i n g - f r a c t u r e   z o n e  o f  t h e   S a w m i l l  Canyon   cau ld ron .   Poss ib l e  

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

p y r i t e   a r e  1) l a t e - s t a g e   e m a n a t i o n s   f r o m  a c o o l i n g  magma 

a s s o c i a t e d   w i t h   t h e   S a w m i l l  Canyon  cauldron o r  2 )   h e a t e d  

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

c o n d u i t s   p r o v i d e d  by t h e   S a w m i l l  Canyon  cauldron 

r i n g - f r a c t u r e   z o n e .  



Figure 20. Intensely  hematite-stained  outcrop 
of the  rhyolite  dome  complex in the  unit of 
Sixmile  Canyon. 
(SE 1 / 4 ,  NE 1 / 4 ,  Sec. 9, T.5S., R.3W.). 



M i n e r a l i z a t i o n  

M i n e r a l i z a t i o n  i n  t h e   S a w m i l l  Canyon a r e a   o f   t h e  

Magdalena  Mountains i s  s p o r a d i c   a n d   c o n s i s t s   e n t i r e l y   o f  

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

s t u d y   a r e a   a r e   b u l l d o z e d   c u t s .  Some o f   t h e s e   p r o s p e c t s   w e r e  

c u t  i n  a n d e s i t e s   t h a t   c o n t a i n   c e l a d o n i t e - s t a i n e d   c h a l c e d o n y  

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

d e p o s i t s .  I n  o t h e r s ,  n o   m i n e r a l i z a t i o n  was e v i d e n t  i n  

ou tcrop .   However ,   o re   has   been   removed  f rom  two  loca t ions  i n  

t h i s  s t u d y   a r e a .  

The g rea t e s t   amoun t   o f   o re   has   been   r emoved   f rom 

t h e   p r o s p e c t  i n  t h e   H a u n t e d   S p r i n g   a r e a   ( S e c .  1 7 ,  T.5S.,  

R.3W.). Here ,  a t  t h e   i n t e r s e c t i o n   o f   t w o   m a j o r   f a u l t s ,   t h e  

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

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

( T x a 2 )  i s  a l t e r e d   a n d   c e l a d o n i t e  i s  abundant  on j o i n t  f a c e s  

a n d  c a l c i t e   a m y g d u l e s .  A v i s u a l   e s t i m a t e   s h o w s   t h e   p i t ' s  

d i m e n s i o n s   t o   b e   a p p r o x i m a t e l y   2 5  x 5 0  x 1 0 0  f t .  

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

s e c t i o n s  11 and 1 2 ,  T.5S., R.3W. Here,   manganese  oxides   have 

formed a c e m e n t   f o r   f a u l t - b r e c c i a   f r a g m e n t 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 .   A c c o r d i n g   t o   F a r n h a m  (1961), t h e s e   a r e  

t h e   B u r r i s   u n p a t e n t e d   c l a i m s ,  owned  by B.O. B u r r i s   o f  

Socorro .   Farnham  goes  on t o   s t a t e :  

The   c l a ims   were   l oca t ed  i n  t h e   e a r l y  

t h e r e a f t e r   c o n s i d e r a b l e   e x p l o r a t o r y  
1950's by B.O.  B u r r i s ,  a n d  s h o r t l y  

work was comple ted .   The   on ly  known 



p r o d u c t i o n  was a f e w   t e n s   o f   t o n s   o f  
h a n d - s o r t e d   o r e   t h a t  was s o l d   t o  
Socorro  Manganese Co. by l e s s e e  M.V; 
Dempsey. 

The  work c o n s i s t e d   o f  1 2  or more 
s c a t t e r e d   b u l l d o z e r   t r e n c h e s  a n d  
o p e n - c u t s .  . . The  openings  

l e n g t h ,  a n d  f rom a f e w   f e e t   t o  8 
ranged   f rom 2 5  t o  200  f e e t  i n  

r e p o r t e d l y   c o n t a i n e d   a b o u t  2 0  p e r c e n t  
f e e t  i n  depth .   The   ore   p roduced  

mangasese ,   and  was h a n d   s o r t e d   f r o m  
t h e  dumps of  some o f   t h e   e x c a v a t i o n s .  

The   manganese   depos i t s  i n  t h i s   s t u d y   a r e a   a r e  small 

and   l ow  g rade  a n d  do n o t   c o n s t i t u t e   a n   e c o n o m i c   d e p o s i t  a t  

p r e s e n t   p r i c e s .  
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CONCLUSIONS 

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

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

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

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

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

Rocks i n  t h i s   t h e s i s   a r e a   a r e  a l l  T e r t i a r y  i n  a g e  

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

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

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

s t r a t i g r a p h y   d e f i n e d  by  Chapin a n d  o t h e r s  (1978). I m p o r t a n t  

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

made  by t h i s  s t u d y   a r e :  

1) O u t c r o p s  of  c a u l d r o n - f a c i e s   H e l l s  Mesa T u f f   a r e  

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

as  much as 1 5 0 0  f t  ( 4 5 7  m )  t h i c k .  A m e s o b r e c c i a ,  as d e f i n e d  

by  Lipman (1976), i s  p r e s e n t  i n  t h e   H e l l s  Mesa T u f f .  Moat 

d e p o s i 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   o v e r l i e   t h e   H e l l s  Mesa 

T u f f   i n   t h i s   t h e s i s   a r e a .  

2 )  The A-L Peak  Tuff i s  a t  l e a s t  3 0 0 0  f t  (914 m )  

t h i c k   i n   S a w m i l l  Canyon  and i s  usua l ly   f l ow-banded .   The  u n i t  

o f   S i x m i l e   C a n y o n ,   c a u l d r o n - f i l l   u n i t   o f   t h e   S a w m i l l  Canyon 

c a u l d r o n ,  i s  a t  l e a s t  2500 f t  ( 7 6 2  m )  t h i c k .  A r h y o l i t e  dome 

complex ( T x r l )  i s  i n t r u s i v e   a l o n g   t h e   r i n g   f r a c t u r e  of t h e  
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S a w m i l l   C a n y o n   c a u l d r o n ,   a n d   c o m p l e x   f a u l t   p a t t e r n s   a r e  

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

3 )  The 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 u s u a l l y   t h i c k  

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

c o l l a p s e   o f   t h e   S a w m i l l  Canyon  cauldron.  

4) A l a r g e   r h y o l i t e  dome c o m p l e x   p o s t - d a t i n g   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 o v e r s  more t h a n  2 sq m i  (5 .2  sq 

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

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

h e r e i n   d e s i g n a t e d  as  t h e   u n i t   o f   S a w m i l l   C a n y o n ;   t h e y   a r e  

b e l i e v e d   t o   h a v e   b e e n   e x t r u d e d   a l o n g   c o n d u i t s   p r o v i d e d   b y   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  Canyon  cauldron.  

5 )  The   lower   Popotosa   Format ion  was depos i t ed   upon  

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

Mounta ins .  

n) V o l c a n i c   a c t i v i t y   c o n t i n u e d   a f t e r   i n i t i a t i o n  of 

P o p o t o s a   d e p o s i t i o n  as  i n d i c a t e d   b y   t h e   p r e s e n c e   o f  a n  

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

7 )  F l o w   d i r e c t i o n s   i n   t h e   u p p e r   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  a h i g h l a n d   s o u r c e  was p r e v i o u s l y   l o c a t e d   t o   t h e  

n o r t h e a s t   o f   t h e   m o u t h   o f   S a w m i l l   C a n y o n .  

S t r u c t u r e  

M a j o r   s t r u c t u r a l   f e a t u r e s   o f   t h e   S a w m i l l  Canyon 

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

* r e l a t e d   t o   t h e  X i 0  Grande r i f t  a n d   s t r o n g l y   c o n t r o l l e d   b y   t h e  
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r i n g - f r a c t u r e  z one   o f   t he   Sawmi l l   Canyon   cau ld ron .  

S t r u c t u r a l   e l e m e n t s  i n  t h i s   t h e s i s   a r e a   a r e :  

1) T h e   s t u d y   a r e a  i s  e n t i r e l y   w i t h i n   t h e   N o r t h  

B a l d y   c a u l d r o n   a n d   c o n t a i n s   t h e   H e l l s  Mesa Tuff   and  

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

2 )  The   southwes tern   margin   o f   the   Sawmil l   Canyon 

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

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

Canyon a r e a   a n d   l a r g e l y   c o n t r o l s   l a t e r   e x t e n s i o n a l   f a u l t  

p a t t e r n s .  

3 )  E x t e n s i o n a l   f a u l t s   g e n e r a l l y   t r e n d  

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

z o n e   o f   t h e   S a w m i l l   C a n y o n   c a u l d r o n .   F a u l t   b l o c k s   a r e  

usually down t o   t h e   w e s t  a n d  s t r a t a  i s  t i l t e d   t o   t h e   e a s t .  

A l t e r a t i o n   a n d   M i n e r a l i z a t i o n  

C o n c l u s i o n s   r e g a r d i n g   a l t e r a t i o n   a n d   m i n e r a l i z a t i o n  

i n   S a w m i l l  Canyon a r e :  

1) T h i s   s t u d y   a r e a  i s  l o c a t e d   w i t h i n   t h e   r e g i o n a l  

p o t a s s i u m   a n o m a l y ,  

2 )  I n t e n s e   h e m a t i t e   s t a i n i n g  i s  t h e   r e s u l t  of t h e  

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

s u r f a c e s  i n  r h y o l i t e   a n d  A-L Peak  Tuff .   The   age   and   source  

of t h i s   p y r i t e  i s  unknown. 

3 )  M a n g a n e s e   m i n e r a l i z a t i o n  i s  s p a r s e   a n d   d o e s  n o t  

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