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LOCATION 

The Tenmi le  H i l l  7.5 '  q u a d r a n g l e  i s  l o c a t e d   i n   s o u t h w e s t   S o c o r r o  

County   on   the  west s i d e   o f   M i l l i g a n   G u l c h ,  a 15 km w i d e   h a l f   g r a b e n  

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

and   San   Mateo   Ranges) .   Topography  of   the   quadrangle  is dominated  

by a pediment  sur face  s l o p i n g   o f f   t h e  eastern f o o t h i l l s   o f   t h e   S a n  

Mateo  Mountains.  T h r e e  m a j o r   e a s t - f l o w i n g   d r a i n a g e s   ( f r o m   n o r t h   t o  
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south:   Big  Rosa  Canyon,   Rosedale   Canyon,   and  North  Canyon)   dissect  

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

f l o w i n g   M i l l i g a n   G u l c h ,   t h e  a x i a l  f l u v i a l   s y s t e m  of t h e  h a l f  

g r a b e n .  

E l e v a t i o n s  i n  t h e  q u a d r a n g l e   r a n g e   f r o m   5 , 6 0 0 ’  i n  t h e  s o u t h e a s t  

c o r n e r   t o   7 , 4 0 0 ‘  o n   H o r s e   M o u n t a i n   i n   t h e   s o u t h w e s t   c o r n e r .  

V e g e t a t i o n  is d o m i n a t e d   b y   h i g h   p r a i r i e   g r a s s e s   w i t h   s c a t t e r e d  

s t a n d s   o f  w h i t e  o a k ,   j u n i p e r ,   a n d   p i n o n   p i n e   i n  s h e l t e r e d  areas. 

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

p o n d e r o s a   p i n e   c a n  be found.  

G E O L O G I C  S E T T I N G  

The  map a r e a  is i n  t h e  n o r t h e a s t e r n   M o g o l l o n - D a t i l   v o l c a n i c  

f i e l d ,  a m i d d l e   T e r t i a r y  mass o f   c a l c - a l k a l i n e   r o c k   t h a t   b l a n k e t s  

much o f   s o u t h w e s t  New Mexico. Two s e q u e n c e s   c o m p r i s e   t h e  

s t r a t i g r a p h y   o f  t h e  v o l c a n i c  f i e l d ,  t h e  D a t i l  Group  (Osburn  and 

Chap in ,   1983) ,   and  a younger  unnamed  sequence.  The D a t i l  Group is 

a v o l c a n i c l a s t i c   s e q u e n c e   w i t h  some mafic l a v a s   a n d   m i n o r  s i l i c i c  

a s h - f l o w   t u f f s .  The younger   s equence  is d o m i n a t e d   b y   f i v e   w i d e l y  

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

Hells Mesa T u f f ,  La Jenc ia  T u f f ,   V i c k s   p e a k   T u f f ,  Lemitar T u f f ,  and 

South  Canyon  Tuff :   Osburn  and  Chapin,   1983) .   High-precis ion 

4 0 A r / 3 9 A r  s a n i d i n e   d a t e s   o f   t h e s e   a s h - f l o w   t u f f  s h e e t s  w i t h  

r e l a t i v e   e r r o r  of - +0.15 Ma are: 32.04,  28.78,  28.46,  27.97,  and 

27.36 Ma ( M c I n t o s h   a n d   o t h e r s ,   1 9 8 6 ) .   R e l a t i v e l y   m i n o r   v o l u m e s  of 

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

v o l c a n i c l a s t i c s )   o c c u r   l o c a l l y   t h r o u g h o u t  t h e  younger   s equence ,  a n d  

a r e   m o s t l y   r e l a t e d   t o   s o u r c e   c a u l d r o n s  f o r  e a c h   o f  t h e  m a j o r   t u f f  
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u n i t s .  Miocene   and   younger   rocks   o f   the   Santa  Fe Group, a m 2 s t l y  

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

y o u n g e r   v o l c a n i c   s e q u e n c e .  

The s t r a t i g r a p h y   o f   t h e  Tenmile H i l l  q u a d r a n g l e  is dominated   by  

t h e  f i v e  major   ash- f low t u f f  u n i t s  o f  t h e  y o u n g e r   v o l c a n i c  

s e q u e n c e .   D a t i l   G r o u p   r o c k s  are exposed  i n  n e a r b y   a r e a s   t o   t h e  

south   (Atwood,  1 9 8 2 ) ,  and  presumably   occur  i n  t h e   s u b s u r f a c e .  The 

l o w e r m o s t   p a r t   o f   t h e   P o p o t o s a   F o r m a t i o n   ( b a s e   o f  t h e  Santa   Fe  

Group) i s  p r e s e n t   i n   t h e   n o r t h e r n  par t  of t h e   q u a d r a n g l e .  

The  Tenmi le  H i l l  q u a d r a n g l e  is b i s e c t e d   b y  t h e  s o u t h e a s t   m a r g i n  

o f   t h e  M t .  W i t h i n g t o n   C a u l d r o n   ( D e a l   1 9 7 3 ) ,   s o u r c e   o f  t h e  y o m g e s t  

r e g i o n a l   a s h - f l o w  t u f f  i n  t h e  S o c o r r o  area,  t h e  Sou th  Canyon  Tuff 

(Osburn  and  Ferguson,   1986:   Ferguson,   1986) .  The cauldron   m,s rg in  

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

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

S t r u c t u r a l l y ,   s t r a t a  i n  t h e   T e n m i l e  Hill q u a d r a n g l e   a r e   t i l t e d  

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

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

Rio  Grande R i f t  ( C h a p i n ,   1 9 7 9 ) .  

STRATIGRAPHY 

PRE-MT. WITHINGTON CAULDRON UNITS 

Out f low shee t s  o f  t h e  f o u r   o l d e s t   r e g i o n a l   a s h - f l o w  t u f f s  w i t h  a 

c o m b i n e d   t h i c k n e s s   o f   5 0 0   t o   9 0 0  m p r o b a b l y   c o v e r e d   t h e  e n t i r e  map 

area p r i o r   t o   f o r m a t i o n   o f   t h e  M t .  W i t h i n g t o n   c a u l d r o n .  

P e t r o g r a p h i c a l l y ,  t h e  o l d e s t   a n d   y o u n g e s t   o f   t h e s e  ( t h e  Hells Mesa 

a n d   L e m i t a r   T u f f s )  are c r y s t a l - r i c h   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 ,  
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a n d   b i o t i t e   b e a r i n g  u n i t s .  These u n i t s  c o n t r a s t   s h a r p l y   w i t h   t h e  

c r y s t a l - p o o r   s a n i d i n e   b e a r i n g  La J e n c i a   a n d   V i c k s   p e a k   T u f f s .  

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

Chap in   (1983b) .  More d e t a i l e d   d e s c r i p t i o n s   o f  t h e  t u f f s  ( e x c e p t  

t h e  Hells Mesa) i n  t h i s  area are  p r e s e n t e d   i n   F e r g u s o n   ( 1 9 8 6 ) .  

S o u r c e   c a u l d r o n s   f o r   t h e   o l d e s t  two u n i t s  (Hel l s  Mesal La J e n c i a  

T u f f s )  are i n  t h e  Magdalena   Mounta ins   to  t h e  eas t  a n d   n o r t h e a s t  

(Osburn   and   Chapin ,   1983b) .   These  u n i t s  are  s p a r i n g l y   e x p o s e d  i n  

t h e  s o u t h e r n   p a r t   o f  t h e  q u a d r a n g l e  (neve r  t o g e t h e r )   w h e r e   t h e y  are  

b o t h   a t   l e a s t  200 m t h i c k .  

The Vicks   Peak   Tuff  was e r u p t e d   f r o m  t h e  Nogal   Canyon  cauldron 

i n  t h e  southern  San  Mateo  Mountains  (Deal and  Rhodes,   1976) .  I n  

t h e  western p a r t   o f  t h e  map a r e a   t h e   V i c k s   P e a k   t h i c k e n s   r a p i d l y   t o  

t h e  s o u t h   ( t o w a r d s   E a s t  Red Canyon)  from 0 t o  a t  l ea s t  300 m 

( F e r g u s o n ,   1 9 8 6 ) .  

A s o u r c e   c a u l d r o n   f o r  t h e  Lemitar T u f f  is n o t   p r e s e n t l y   d e f i n e d ,  

b u t  i s  t h o u g h t   t o   b e  i n  t h e  Magdalena  Mountains.  I n  t h e  e a s t -  

c e n t r a l  San  Mateo  Mountains, Lemitar T u f f   t h i c k e n s   e a s t w a r d   f r o m  20 

m t o  more  than  200 m. T h e  Lemitar T u f f   a l s o  f i l ls  s e v e r a l   e a s t -  

d i r e c t e d   p a l e o c a n y o n s   ( F e r g u s o n ,   1 9 8 6 )   i n  t h i s  a r e a .  The eas t  wall 

o f   o n e   o f  these i s  exposed  i n  t h e  NE/4, sec. 28,  T6S, R5W ( P l a t e  

1). 

T h e  o n l y   o t h e r   O l i g o c e n e   u n i t   i n   t h e  map a r e a ,   n o t   r e l a t e d   t o  

t h e  M t .  W i t h i n g t o n   c a u l d r o n ,  is a b a s a l t i c   a n d e s i t e   l a v a   f l o w   b e l o w  

t h e  La Jenc ia  T u f f   t h a t   p r e s u m a b l y   o v e r l i e s   t h e  Hells Mesa Tuf f .  

MT. WITAINGTON CAULDRON UNITS 

The M t .  W i t h i n g t o n   c a u l d r o n  was o r i g i n a l l y   d e f i n e d   b y   D e a l  
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( 1 9 7 3 )   a s  a c i r c u l a r   s t r u c t u r e   e n c o m p a s s i n g  t h e  e n t i r e  n o r t h   e n d  of 

t h e  San  Mateo  Mountains,  and t h e  s o u r c e   o f   t w o   u n i t s   ( P o t a t o  Canyon 

Tuff   and A-L Peak   Tuff )   whose  names are now c o n s i d e r e d   o b s o l e t e  

Osburn a n d  Chapin ,   1983) .   Osburn   and   Ferguson   (1986)   redef ined  t h e  

M t .  W i t h i n g t o n   c a u l d r o n   a s  a NE-SW e l o n g a t e   s t r u c t u r e   e x t e n d i n g  

from t h e  n o r t h e a s t   S a n   M a t e o   M o u n t a i n s   a c r o s s   M i l l i g a n   G u l c h   t o  t h e  

western Magdalena   Mounta ins   (F igure  l), and a s  t h e   s o u r c e   o f   t h e  

South  Canyon T u f f  which is a t  l e a s t   8 0 0  m t h i c k   i n  t h e  c a u l d r o n .  

Sou th  Canyon  Tuff 

The South  Canyon  Tuff  is a c r y s t a l - p o o r  t o  m o d e r a t e l y - c r y a t a l -  

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

s a n i d i n e  a n d   q u a r t z  i n  r a t i o s   r a n g i n g   f r o m  1:l t o  2 : l .  I t  a l s o  

c o n t a i n s  as  much a s  2% p l a g i o c l a s e   a n d   m i n o r   t o   t r a c e   a m o u n t s   o f  

b i o t i t e ,   s p h e n e ,  and  o p a q u e   m i n e r a l s   ( F e r g u s o n ,   1 9 8 6 ) .   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   g r a d u a l l y   f r o m  2% t o  25%.  I n  some a r e a s ,  

t h e  t o p   o f  t h e  u n i t   c o n t a i n s  more  than 35% p h e n o c r y s t s .  

I n  t h e  Tenmile  B i l l  q u a d r a n g l e ,   t h e   s t r u c t u r a l   m a r g i n   o f   t h e  M t .  

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

a n g u l a r   u n c o n f o r m i t y   b y  a nor thward- th ickening   wedge   of   South  

Canyon  Tuff. Near t h e  c a u l d r o n   m a r g i n ,   d i s c o n t i n u o u s  lenses o f  

c l a s t - s u p p o r t e d   l i t h i c   b r e c c i a s   1 0   t o  100 m t h i c k   o c c u r   v e r t i c a l l y  

t h r o u g h o u t  t h e  South   Canyon  Tuff   (mapped  separa te ly   on  P l a t e  1). 

The maximum s i z e   o f   l i t h i c   f r a g m e n t s   i n   t h e  breccias decreases from 

200 cm t o  70 cm t o w a r d s   t h e  center  of t h e  c a u l d r o n .  T h e  b r e c c i a s  

are t h o u g h t   t o  be c o - i g n i m b r i t e   l a g - f a l l   d e p o s i t s   ( W r i g h t  and 

W a l k e r ,   1 9 7 7 )   a s s o c i a t e d   w i t h  t h e  c o l l a p s e   o f   n e a r b y   e r u p t i o n  

c o l u m n ( s )   d u r i n g   e r u p t i o n   o f   t h e   S o u t h  Canyon Tuf f .  
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rl New M e x i c o  

N 

4 0 5 IO 15 2 0  km 
t----L--rl--"-Jl 

5 IO 15 m i  I 0 

F i g u r e  1. Map o f   t h e   n o r t h e r n  San Mateo   Mounta ins   and   Maqdalena  
M o u n t a i n s   s h o w i n a   t h e   l o c a t i o n  o f  t h e  M t .  W i t h i n q t o n   c a u l d r o r  
margin   f rom d e t a i l e d  m a p p i n q   ( s o l i d  l i n e ) ,  and i n fe r r ed  ( d o t t e d ) .  
R e c t a n a u l a r   a r e a   r e p r e s e n t s   a r e a   o f ' t h e  T e n m i l e  H i l l  7.5' 
a u a d r a n g l e .  
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The Sou th  C a n y o n   T u f f   c o n t a i n s   e l o n g a t e   p r e f e r e n t i a l l y   o r i e n t e d  

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

a p p r o x i m a t e l y  E-W ( 0 7 5 O   a z i m u t h )   t h r o u g h o u t   t h e   c a u l d r o n .  A? 

e x c e p t i o n  i s  a nar row b e l t  (2-3 km wide)  a l o n g   t h e   s o u t h e a s t   e d g e  

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

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

Sou th  Canyon here.  

C a u l d r o n - f i l l   U n i t s  

Rocks t h a t   a c c u m u l a t e d  w i t h i n  and   a long  t h e  m a r g i n   o f   t h e  M t .  

W i t h i n g t o n   c a u l d r o n  a f t e r  emplacement   o f   the   South   Canyon  Tuff  

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

Red Canyon ( F e r g u s o n ,   1 9 8 6 ) ,  a s e q u e n c e   o f   v o l c a n i c l a s t i c  

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

R h y o l i t e   i n t r u s i o n s ,  some o f  w h i c h  may seal  v e n t s   f o r  t h e  Sou th  

Canyon T u f f  ( F e r g u s o n  and O s b u r n ,   1 9 8 6 ) ,   a r e   c o n c e n t r a t e d   a l o n g   t h e  

s t r u c t u r a l   m a r g i n   o f  t h e  cau ldron .   Most   o f  these r h y o l i t e   l a v a s  

c o n t a i n   b e t w e e n  5% and 10% p h e n o c r y s t s   o f   f e l d s p a e r   ( s a n i d i n e   a n d  

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

amphibole ,  and  opaque   mine ra l s .  One e x c e p t i o n  is t h e  r h y o l i t e  on 

W i l d c a t   P e a k   w h i c h   d o e s   n o t   c o n t a i n   q u a r t z   p h e n o c r y s t s .  

C h e m i c a l l y ,   t h e s e  are  h i g h - s i l i c a ,   h i g h - p o t a s s i u m   r h y o l i t e s   w i t h   a t  

l e a s t   7 7 %  S i 0 2  and 4.5% K20 (Fe rguson ,   1986 ,  p. 8 2 )  

T h e  u n i t   o f  East  Red Canyon c o n s i s t s  of  as much as  200 m of 

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

Wi th ington   cau ldron .   Along t h e  marg in ,  t h e  u n i t   c o n t a i n s   c o a r s e  

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

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

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

c r y s t a l - r i c h  t u f f ,  w h i c h  a p p e a r s  t o  be   Sou th   Canyon ,   and   f a r the r  

s o u t h   c l a s t s   o f   V i c k s   P e a k   T u f f  are common. Minor l i t h i c - r i c h  

unwelded  ash-flow t u f f s  a r e   i n t e r b e d d e d   w i t h   s e d i m e n t s   a l o n g   t h e  

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

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

p l a n a r   c r o s s - s t r a t i f i e d   s a n d s t o n e s ,   i n t e r p r e t e d   a s   e o l i a n .  

P a l e o c u r r e n t   s t u d i e s   o f  t h e  e o l i a n   s a n d s t o n e s   ( F e r g u s o n ,   1 9 8 6 )  

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

t h e   s o u t h w e s t .  The  u n i t  a s  a w h o l e   r e p r e s e n t s  a nor thwes t -d! rec ted  

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

t h a t  may have   b l anke ted  a l a r g e   p a r t   o f  t h e  c a u l d r o n   f l o o r .  T h e  

b a s i n ' s  western edge  is a s y n - d e p o s i t i o n a l   d o w n - t o - t h e - w e s t   f a u l t  

w i t h  a d i s p l a c e m e n t   o f   a b o u t  200 m w h e r e  i t  is exposed  i n  E a s t  Red 

Canyon j u s t  s o u t h w e s t   o f  t h e  map a r e a   ( F e r g u s o n ,   1 9 8 6 ) .  

POST-MT. WITHINGTON CAULDRON UNITS 

T u f f   o f   T u r k e y   S p r i n g s  

The t u f f  o f   T u r k e y   S p r i n g s  is a c r y s t a l - p o o r   t o   m o d e r a t e l y -  

c r y s t a l - r i c h   r h y o l i t e   a s h - f l o w   t u f f .  A lower   unwelded  and  upper  

welded member c o m p r i s e  a s i m p l e   c o o l i n g   u n i t   t h a t  i s  100 t o   1 6 0  m 

t h i c k  i n  t h e  map area. The  unwelded member is a d i s t i n c t i v e  c l i f f -  

fo rmer  5 t o  15 m t h i c k .  I t  g r a d e s   u p w a r d   i n t o   t h e   w e l d e d  member, 

i n  which   phenocrys t   and   pumice   percentages   increase   upward   (5-20% 

and  2-15% r e s p e c t i v e l y )   P e t r o g r a p h i c a l l y ,  t h e  u n i t   c o n t a i n s  

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

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

i d e n t i c a l   t o   o u t f l o w   s e q u e n c e s  of t h e  South  Canyon  Tuff   (Ferguson,  

1986), w h i c h   e x p l a i n s  why t h e  u n i t  was o r i g i n a l l y   c o r r e l a t e d   w i t h  

t h e   S o u t h  Canyon  by t h r e e   p r e v i o u s   w o r k e r s .  Deal ( 1 9 7 3 )  map?ed it  

a s   P o t a t o  Canyon ( S o u t h  Canyon equ iva len t :   Osburn ,   and   chap in ,  

1 9 8 3 ) 1  Donze  (1980)  and  Ferguson  (1985)  mapped i t  as  South  Canyon. 

The t u f f  of T u r k e y   S p r i n g s  is d i s t i n g u i s h e d   f r o m  t h e  Sou th  

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

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

p r e c i s i o n  4 0 A r / 3 9 A r  dates  f r o m   s a n i d i n e  make i t  a b o u t  3 Ma younger  

t h a n  t h e  South   Canyon  (McIntosh ,   personal   communica t ion) .  

J u s t   b e l o w  t h e  unwelded member o f  t h e  t u f f  o f  T u r k e y   S p r i n g s  is 

a 20 t o   4 0  m t h i c k   i n t e r v a l   w i t h i n   t h e   u n i t   o f  East Red Canyon  of 

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

t h e   n o r t h e r n  T e n m i l e  Rill q u a d r a n g l e  t h i s  i n t e r v a l  c o n a t i n s  3 t o  5 

t h i n - b e d d e d ,   w e l l - s o r t e d ,   m o s t l y   c o a r s e   a s h r   t u f f   s e q u e n c e s  0.3 t o  

2.0 m t h i c k .   F a r t h e r   s o u t h w e s t ,   i n   t h e   E a s t  Red Canyon a r e a l  t h e r e  

a r e  as  many a s  10 o f   t h e s e   t u f f   s e q u e n c e s   t h a t  are t h i c k e r ,   a n d  

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

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

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

A s o u r c e   f o r  t h e  T u r k e y   S p r i n g s  h a s  n o t   y e t   b e e n   i d e n t i f i e d .  I t  

is i ts  t h i c k e s t ,  160 m w i t h  no   exposed   top ,  i n  East Red Canyon. 

Its known areal  d i s t r i b u t i o n   e x t e n d s   n o r t h   a n d  eas t  f rom  Eas t  Red 

c a n y o n   t o   n o r t h e r n   M i l l i g a n   G u l c h   a n d  t h e  western  Magdalena 

Mounta ins .   South   and  west o f  East Red Canyon, i t  e x t e n d s   i n t o   t h e  

no r the rn   B lack   Range   and   sou thwes t  San Mate0 Mountains   (McIntosh!  

personal   communica t ion) .   Assuming  an   average   th ickness   o f   100  m 
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o v e r   t h i s  NE-SW e l o n g a t e d  area g i v e s  a volume  of   about   100  kn2.  

Popotosa   Format ion  

The t u f f   o f   T u r k e y   S p r i n g s ,   w h i c h   p r e d a t e s  t h e  b e g i n n i n g   o f  t h e  

Miocene   by   abou t   500 ,000   yea r s   (McIn tosh ,   pe r sona l   communica t ion ) ,  

is o v e r l a i n   b y  t h e  Popotosa   Format ion .  T h e  Popo tosa  i s  a s e a p e n c e  

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

u n i t s :  a b a s a l t i c   a n d e s i t e  l a v a ,  and some bedded   unwelded   rh- lo l i te  

ash- f low t u f f s .  A l l  t h r e e   l i t h o l o g i e s  are mapped s e p a r a t e l y  w h e r e  

t h e y   o c c u r  i n  t h e  n o r t h e r n   p a r t   o f   t h e   q u a d .  T h e  s e d i m e n t s   ( 0   t o  

65  m )  a re  d o m i n a t e d   b y   p e b b l y   s a n d s t o n e s   a n d   c o n g l o m e r a t e s ,   a n d  

v i r t u a l l y   v o i d   o f   c l a y - s i z e d   p a r t i c l e s .  They a r e   a l s o  well- 

s t r a t i f i e d ,  commonly i n  medium-bedded c r o s s - s t r a t i f i e d  sets, 

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

p a l e o c u r r e n t   d i r e c t i o n s ,   f r o m  fo rese t s ,  a r e   e a s t - d i r e c t e d .  

B a s a l t i c   a n d e s i t e  l avas ,  up t o   1 2 0  m t h i c k   o v e r l i e  t h e  s e d i m e n t s  

i n  the  Big  Rosa  Canyon-Mil l igan G u l c h ,  b u t   f a r t h e r   n o r t h e a s t   t h e y  

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

sequence   o f  a t  l e a s t  t h r e e  f l o w s  i n  Big  Rosa  Canyon. P a r t  o f  t h e  

l a v a  i s  b l o c k y ,   b u t  massive v e s i c u l a t e d  material is most common. 

E longa ted  ves ic les  a r e   c o n s i s t e n t l y   o r i e n t e d   n o r t h - s o u t h .  

Near t h e  c o n f l u e n c e   o f   M i l l i g a n  G u l c h  and  Big  Rosa  Canyon,  mafic 

l a v a s  are o v e r l a i n   b y   u p   t o   1 1 0  m of   bedded   and  massive unwelded 

l i t h i c - r i c h  a s h - f l o w   t u f f s .  T h e  t u f f s  are  p r o b a b l y   p r o d u c t s  of 

small e r u p t i o n s   f r o m   t h e  B. 0. Ranch r h y o l i t e   l a v a   d o m e ( s )   w h i c h  is 

younger   than   18 .3  Ma (Bobrow  and   o the r s ,   1983) .  
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Q u a t e r n a r y  

The  T e n m i l e  H i l l  q u a d r a n g l e  is domina ted   by   b road ,   coa le s ’yen t  

a l l u v i a l - f a n   d e p o s i t s ,  t h e  uppe r   su r f aces   o f   wh ich   have   unde rgone  

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

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

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

Pa lomas   Format ion  - u p p e r   S a n t a  Fe Group  (Lozinsky  and  Hawley,  

1 9 8 6 ) .  Up t o  40 m o f  these s e d i m e n t s  are e x p o s e d   i n   M i l l i g a n   G u l c h  

a l o n g   t h e   e a s t   e d g e   o f  t h e  q u a d r a n g l e  

Most o f   t h e  map a r e a  is covered   by  a c o n s t r u c t i o n a l   g e o m o r p h i c  

s u r f a c e   t h a t   s l o p e s   a b o u t  1.5O east  ( A  similar w e s t - s l o p i n g   s u r f a c e  

is p r e s e n t  i n  t h e   n o r t h e a s t   c o r n e r   o f  t h e  q u a d r a n g l e ) .   W i t h i n  1 t o  

2 km of t h e  San Mate0 f o o t h i l l s ,   t h e   s l o p e   o f   t h i s   s u r f a c e  

increases  a b r u p t l y   t o   a b o u t  3.0O. T h i s   s t e e p e r   s u r f a c e   p r o j e c t s  

wes tward   t owards   t he   uppe r   r eaches   o f   Roseda le   Canyon ,   Nor th  

C a n y o n ,   a n d   E x t e r   C a n y o n   w h e r e   s i m i l a r   d e p o s i t s   o c c u r .   P a r t i a l l y  

c o n s o l i d a t e d   g r a v e l s   a l s o   o c c u r  a s  i n s e t   t e r r a c e s   a l o n g  t h e  s ides  

o f   E a s t  Red Canyon. T h e  h i g h e s t   o f  t h e  a l l u v i a l - f a n   s u r f a c e s  are  

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

Hawley ,   1986b) .   Inc i s ion   o f  t h i s  s u r f a c e ,  i f  e q u i v a l e n t   t o   t h e  

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

i n i t i a l   e n t r e n c h m e n t   o f  t h e  R i o   G r a n d e   r i v e r   s y s t e m   a b o u t  400,000 

y e a r s   a g o  (Gile a n d   o t h e r s ,   1 9 8 1 ) .  

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

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

cen t r a l  p a r t   o f  t h e  q u a d r a n g l e .  The  o f f s e t  is m o s t   a p p a r e n t   a l o n g  

t h e   n o r t h   s i d e   o f   N o r t h  Canyon w h e r e  t h e   u p p e r m o s t   s u r f a c e  is 

o f f se t   down- to - the -wes t   abou t  8 m .  T o p o g r a p h i c   b r e a k s   i n   t h e  
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a l l u v i a l   s u r f a c e  decrease g r a d u a l l y   t o   t h e   n o r t h  across b o t h   o f  

t h e s e   f a u l t s .   S e d i m e n t s   a l o n g  t h e  s o u t h e r n  wall o f   Nor th   Ca lyon ,  

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

a t y p i c a l   o f  t h e  Pa lomas   Fo rma t ion   i n  t h e  map a r e a .  The c l a y s  

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

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

s e d i m e n t a t i o n  is a l s o   n o t e d   i n   s o u t h e r n   M i l l i g a n   G u l c h   a d j a m n t  t o  

similar d o w n - t o - t h e - w e s t   f a u l t   s c a r p s   ( M a c h e t t e ,  1987).  

T h e r e  is no known b i o s t r a t i g r a p h i c   c o n t r o l   f o r   t h e   a g e  o f  t h e  

P a l o m a s   F o r m a t i o n   i n  t h e  map area.  There  is a chance  t h a t  o . rganic  

d e b r i s  i n   d a r k   c l a y s   s u c h  as  those   men t ioned   above   cou ld   be  

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

U n c o n s o l i d a t e d   g r a v e l s   i n   c a n y o n   b o t t o m s   a r e  mapped s e p a r a t e l y  

a s  a l l u v i u m   t h a t   r e p r e s e n t s  t h e  most recent  v a l l e y - f i l l   e p i s o d e .  

STRUCTURAL GEOLOGY 

S t r u c t u r a l  elements i n   t h e  Tenmile  Hill q u a d r a n g l e   c a n   b e  

d i v i d e d   i n t o  two c a t e g o r i e s :   s y n v o l c a n i c   s t r u c t u r e s ,  and  b a s i n   a n d  

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

R i f t .  

SYN-VOLCANIC STRUCTURES 

S t r u c t u r e s   R e l a t e d   t o  t h e  Vicks   Peak   Tuff  

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

Tenmile  Hill q u a d r a n g l e  is r e l a t e d   t o   e m p l a c e m e n t   o f  t h e  Vicks   Peak  

Tuff .   Ferguson  (1986)  d e s c r i b e s  a z o n e   o f   r o u g h l y  E-W t r e n d i n g  
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(070 '   az imuth)  , s o u t h - s i d e - d o w n   f o l d e d   a n d   c o n t o r t e d   v i c k s   P s a k  

Tuff  i n  t h e   E a s t  Red Canyon area j u s t  s o u t h   o f  t h e  SW c o r n e r   o f   t h e  

map area.  T h e  V i c k s   P e a k   t h i c k e n s   ( f r o m   1 2 0  m t o  215  m w i t h  no 

e x p o s e d   b a s e )   s o u t h w a r d   a c r o s s   t h e   a p p r o x i m a t e l y  1 km wide 

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

t h e   V i c k s   P e a k   c o n s i s t e n t l y   t r e n d i n g   a b o u t  N20OW are p r e s e n t   w i t h i n  

and   sou th   o f  t h i s  S t r u c t u r e ,   b u t   d o   n o t   o c c u r   t o   t h e   n o r t h .  The 

p a l e o m a g n e t i c   p o l e   p o s t i o n   o f   s t e e p l y   f o l d e d   V i c k s   P e a k   T u f f  w i t h i n  

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

i n d i c a t i n g   t h a t  it coo led   be low t h e  C u r i e   t e m p e r a t u r e   a f t e r  

de fo rma t ion   (McIn tosh ,   1983 :   McIn tosh ,   pe r sona l   communica t ion ) ,   and  

t h a t  a s o u t h - f a c i n g   s c a r p   e x i s t e d  here  d u r i n g  t h e  Vicks   Peak  

e r u p t i o n .   A l o n g   s t r i k e   t o  t h e  east  a p r o b a b l y   t i m e - e q u i v a l e n t  

s t r u c t u r e  is exposed   in   Nor th   Canyon  a long  t h e  s o u t h - c e n t r a l   e d g e  

of t h e  q u a d r a n g l e .  I n  t h i s  area,  a n  o l d e r  u n i t  (Hel ls  Mesa T u f f )  

i s  b r e c c i a t e d   i n t o   l a r g e   b l o c k s   a n d   t i l t e d   t o   t h e   s o u t h  20' t o  70O 

i n   a n  E-W t r e n d i n g   b e l t  a t  l ea s t  0.5 km wide .   Pa l eomagne t i c   po le  

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

below t h e  C u r i e  t e m p e r a t u r e   ( M c I n t o s h ,   p e r s o n a l   c o m m u n i c a t i o n ) .  

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

d e f o r m a t i o n  here, and i t s  probable   syn-Vicks   Peak   Tuff   age .  

B r i t t l e  south-s ide-down  deformat ion  of t h e  Hells Mesa T u f f ,  i n  a 

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

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

s c a r p   r a t h e r   t h a n   e r o s i o n a l   s c a r p   ( F e r g u s o n ,   1 9 8 6 ) .   T h i s  is 

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

been   r ecogn ized   i n   Co ld   Sp r ing   Canyon  j u s t  t o  t h e   s o u t h   ( O s b r r n ,  

1 9 8 2 ) .   T h i s   a d d i t i o n a l   s t r u c t u r a l   e v i d e n c e   c o m b i n e d   w i t h   t h e  

a b r u p t   t h i c k e n i n g   a n d   c h a n g e s   i n   r h e o l o g y   o f  t h e  v i c k s   P e a k  T u f f  
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s o u t h   o f  t h e  s t r u c t u r e   s u g g e s t   t h a t  i t  is  an   impor t an t   vo lca?o -  

t e c t o n i c   z o n e  re la ted to   emplacemen t   o f  t h e  Vicks   Peak   Tuff .  

S t r u c t u r e  of t h e  M t .  Wi th ing ton   Cau ld ron  

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

mapped i n  t h r e e  areas ( F i g .  1). I n  t h e  n o r t h e r n  San Mateo 

Mounta ins   near   Monica   Saddle ,  t h e  margin i s  a n e a r   v e r t i c a l   s o u t h -  

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

o u t f l o w   s h e e t s   o f   o l d e r   u n i t s   ( O s b u r n   a n d   F e r g u s o n ,  1986) .  I n  t h e  

western Magdalena  Mountains a w e s t - f a c i n g   s t r u c t u r e   p a r t i a l l y  

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

v e r t i c a l   f a u l t   b o u n d i n g   t h i c k   c a u l d r o n - f a c i e s   S o u t h  Canyon t o   t h e  

n o r t h w e s t .  A t h i r d   e x p o s u r e   e x t e n d s   f r o m  t h e  s o u t h w e s t   c o r n e r   o f  

t h e   T e n m i l e  R i l l  q u a d r a n g l e   t o w a r d s   t h e   c e n t r a l   S a n   M a t e o   M o u n t a i n s  

s a d d l e .  T h i s  margin  segment is n o t  a v e r t i c a l   f a u l t ,   b u t  a g e n t l y  

s l o p i n g  (15' NW) m o n o c l i n a l   s a g   c o m p o s e d   o f   n o r t h w e s t - t i l t e d  ( 2 0 O  

t o  60') b l o c k s   o f   p r e - c a u l d r o n   s t r a t a   r e p e a t e d   b y   c l o s e l y - s p a c e d  

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

C ' ) .  The y o u n g e s t   u n i t   o f f s e t   b y   t h e s e   f a u l t s  i s  t h e   b a s a l  

unwelded member o f  t h e  Sou th  Canyon Tuf f .  Welded Sou th  Canyon is 

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

f o l i a t i o n   c o n s i s t e n t   w i t h   t h e   r e g i o n a l  t i l t  o f  1 5 0  east. T h i s  

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

Cave  Peaks w h e r e  i t  is b u r i e d   b e n e a t h   t h e   u n i t   o f   E a s t  Red Canyon. 

To t h e   n o r t h e a s t ,   t h e   m a r g i n  is bur i ed   benea th   Pa lomas   Fo rma t ion  

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

e s s e n t i a l l y  a s t r a i g h t   l i n e   b e t w e e n  t h e  c e n t r a l  San  Mateo  and 

w e s t e r n   M a g d a l e n a   s e g m e n t s .   I n   t h e   e a s t e r n   p a r t   o f  t h e  q u a d r a n g l e ,  
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c r o s s - s e c t i o n  B-B' ( P l a t e  2 )  shows t h e  c a u l d r o n   m a r g i n  w i t h  a 

s t r u c t u r a l  s t y l e  similar t o   t h a t  known t o   t h e  west. T h e  o n l y  

e v i d e n c e   o f  a sagged   margin   here  is two small h i l l s  o f   n o r t h v e s t -  

t i l t e d   w e l d e d   t u f f r   p r o b a b l y  t h e  Sou th  Canyon  Tuff o r   t u f f   o f  

T u r k e y   S p r i n g s   ( m a p p e d   a s   T u r k e y   S p r i n g s   o n   P l a t e  1). T h e s e  o c c u r  

j u s t  n o r t h w e s t   o f   v i r t u a l l y   f l a t - l y i n g   e x p o s u r e s  of L e m i t a r   T u f f .  

B A S I N  AND RANGE F A U L T I N G  

The Least P r i n c i p a l   S t r e s s   D i r e c t i o n  

B a s i n   a n d   R a n g e   e x t e n s i o n   r e l a t e d   t o   f o r m a t i o n   o f  t h e  Rio  Grande 

R i f t  ( C h a p i n r   1 9 7 9 )   h a s   a f f e c t e d  a l l  T e r i a r y  s t r a t a  i n   t h e  map 

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

t h e  O l i g o c e n e   w a s   o r i e n t e d   a b o u t  N ~ ~ O E .  T h i s  d i r e c t i o n  is from t h e  

t r e n d s   o f   f o u r   r h y o l i t e   d i k e s  j u s t  s o u t h w e s t   o f  t h e  map area 

(FergUSOnr  1986r p. 111). Two of t hese  d i k e ' s   a g e s  are  c l o s e l y  

c o n s t r a i n e d   b e t w e e n  t h e  v i c k s   p e a k   a n d  Lemitar T u f f s ,  28.46 Ma and 

27.97 Ma ( M c I n t o s h   a n d   o t h e r s ,   1 9 8 6 ) .   T h i s  stress d i r e c t i o n  is 

s i m i l a r   t o  a P l i o c e n e   d i r e c t i o n   o f  N70°E repor t ed   by   Zoback   and  

o t h e r s   ( 1 9 8 1 r  p. 4 2 3 ) .  I n t r u d i n g   t h e   S o u t h  Canyon a l o n g  t h e  

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

t r e n d i n g  N55'E. T h i s  t r e n d  is i n t e r p r e t e d   a s  a l o c a l i z e d  l e a s t  

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

margin of t h e  c a u l d r o n .  
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F a u l t   P a t t e r n s  

Normal f a u l t s   i n   m o s t   o f   t h e  map a r e a  are  g e n e r a l l y   p a r a l l e l   t o  

each o t h e r   a n d  t r end  a b o u t  N300W. An e x c e p t i o n  is i n  t h e  so. l thwest  

c o r n e r  of t h e   q u a d r a n g l e   t o   t h e   s o u t h   o f   t h e  M t .  Wi th ing ton  

cau ld ron   marg in .  Two se t s  of o f   no r th - sou th   (wes t - s ide -down)   and  

e a s t - w e s t   ( s o u t h - s i d e - d o w n )   t r e n d i n g   f a u l t s   o c c u r  here.  T h i s  

o r t h o g o n a l   s t r a i n   p a t t e r n   p r e v a i l s  i n  t h e  E a s t  Red Canyon a r d a  

( F e r g u s o n l   1 9 8 6 ) 1   a n d  is t h o u g h t   t o  r e f l e c t  t h e   i n f l u e n c e   o f   o l d e r  

b a s e m e n t   s t r u c t u r e s  on t h e  N ~ ~ O E  l e a s t  p r i n c i p a l  stress d i r e c t i o n .  

F a r t h e r   n o r t h l   w i t h i n   t h e  M t .  W i t h i n g t o n   c a u l d r o n !   f a u l t s  are  

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

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

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

e x t e n s i o n   f o r   b o t h  f a u l t  p a t t e r n s  is g e n e r a l l y   p a r a l l e l  t o  t h e  

l e a s t  p r i n c i p a l  stress d i r e c t i o n   ( F e r g u s o n ,   1 9 8 6 ) .  

Magnitude and D u r a t i o n   o f   E x t e n s i o n .  

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

t h e  map area.  T h e  d e g r e e  of t i l t  increases  d r a m a t i c a l l y   f r o m  10- 

15' t o  40-50' n o r t h w a r d   a c r o s s   t h e  M t .  W i t h i n g t o n   c a u l d r o n  

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

from  about  20% t o  as  much a s  100%. T h i s  p l a c e s   i n t r a c a u l d r o n   S o u t h  

Canyon  Tuff w i t h i n  t he   modera t e ly   ex tended   domain   o f   Chamber l in   and  

Osburn ( 1 9 8 4 ) .  Younger   rocks !   i nc lud ing  t h e  t u f f   o f   T u r k e y  

S p r i n g s l   t h a t   o v e r l i e  t h e  Sou th  Canyon are t i l t e d   o n l y  5-15O 

s u g g e s t i n g   t h a t  t h e  i n t e r i o r  of t h e  M t .  Wi th ing ton   cau ld ron   was  

e x t e n d e d  as much a s  80% between  27.4 Ma ( a g e  o f  the   South   Canyon)  

16 



~ 

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

t h e  end   o f   t he   Miocene   abou t  24 Ma ( M c i n t o s h   a n d   o t h e r s r  19815). 

Deal (1973)  i n t e r p r e t e d  t h i s  a n g u l a r   u n c o n f o r m i t y  as  evidencm? f o r  

r e s u r g e n c e  of t h e  Plt. W i t h i n g t o n   c a u l d r o n r   a n d   s u g g e s t e d   t h e   h i g h  

a r e a s   o f   t h e   n o r t h e r n   S a n   M a t e 0   M o u n t a i n s  as  b e i n g  a remnant   o f  

t h i s  u p l i f t .  

The  l a c k   o f   r e l i a b l e   m a r k e r   h o r i z o n s   i n  t h e  Sou th  Canyon  Tuff 

makes i t  d i f f i c u l t   t o   d e s r i b e  how l a r g e   a m o u n t s   o f   e x t e n s i o n  was 

ach ieved .   Numerous   no rma l   f au l t s  are n e e d e d   t o   r e p e a t  t h e  s t e e p l y -  

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

i s  no i n d i c a t i o n   o f   t h e   d i p   o f  these  f a u l t s .   C r o s s - s e c t i o n  A-A' 

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

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

u n i t s .   Y o u n g e r   h i g h - a n g l e   f a u l t s ,   t h a t   o f f s e t  t h e  u n i t  o f  East  Red 

Canyon, are shown as s t e e p e r   f a u l t s   c u t t i n g  

of t h e s e   f a u l t s  ( e a s t  edge   o f  sec. 2 4 ,  T5Sr 

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

p robab ly   h igh -ang le .  

i 

t h e  o l d e r   f a u l t s .  One 

R5W) o f f s e t s  a 

t is  f a i r l y  young  and 

L a r g e   d e g r e e s   o f   e x t e n s i o n  may a c c o u n t   f o r  t h e  ob long   shape   o f  

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

p r i n c i p a l  stress d i r e c t i o n .  However,  flow-banded  pumice i n  t h e  

South  Canyon  Tuff are o r i e n t e d   p a r a l l e l   t o   t h e   c a u l d r o n ' s   l o n g   a x i s  

i n d i c a t i n g   t h a t  i t  may have  formed a s  a n   e l o n g a t e   d e p r e s s i o n .  

Nor th   and  west o f   t h e  T e n m i l e  H i l l  q u a d r a n g l e  l i e s  a n  e x t r e m e l y  

rugged  area ( M t .  W i t h i n g t o n   W i l d e r n e s s )  u n d e r l a i n  b y   t h i c k  

c a u l d r o n - f a c i e s   S o u t h  Canyon Tuf f .  The s t r u c t u r a l   g e o l o g y   o f  t h i s ,  

e s s e n t i a l l y  unmapped a r e a ,  is poor ly   unde r s tood .   Fu r the r   mapp ing  

i n  t h i s  a r e a  may h e l p   a n s w e r   a t  l eas t  two c r i t i c a l  q u e s t i o n s   a b o u t  

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

t h e s e ?  What is t h e   n a t u r e   o f  t h e  t r a n s i t i o n   f r o m   m o d e r a t e l y  

e x t e n d e d   t o   w e a k l y   e x t e n d e d   S o u t h  Canyon  Tuff t o  t h e  west. I n  t h e  

Grassy  Lookout  7 . 5 '  q u a d r a n g l e ,   t h i s   c h a n g e   o c c u r s   a b r u p t l y   a c r o s s  

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

o f   t h e   h i g h   c r e s t   o f   t h e   n o r t h e r n   S a n  Mate0 Moun ta ins   j ux tap (7s ing  

" b o t t o m l e s s "   s t e e p l y - t i l t e d   S o u t h  Canyon t o   t h e  east  a g a i n s t  

g e n t l y - d i p p i n g   S o u t h   C a n y o n   o v e r l y i n g   L e m i t a r   T u f f   t o   t h e  west 

( F e r g u s o n ,   1 9 8 6 ) .  

N e o t e c t o n i c s  

Two n o r t h - s o u t h   t r e n d i n g   f a u l t s   t h a t   e x t e n d   a c r o s s   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 o f f s e t   P l i o - P l e i s t o c e n e   P a l o m a s   F o r m a t i o n  

d e p o s i t s .  T h e  s c a r p s   a s s o c i a t e d   w i t h  these  f a u l t s   a r e   v e r y   s u b d u e d  

and   p robab ly  were l a s t  a c t i v e  100,000 t o  200,000 y e a r s   a g o  

(Mache t t e ,   1987 ;  p. 15). The e a s t e r n   f a u l t   o c c u r s  j u s t  west o f  a 

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

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

accommodates a t  l e a s t  600 m o f   wes t - s ide -down   d i sp l acemen t   i n  

O l i g o c e n e   u n i t s .  It is p o s s i b l e   t h a t   P a l o m a s   F o r m a t i o n   d e p o s i t s  

are v e r y   t h i c k   t o   t h e  west o f  t h e  f a u l t ,   e v e n   t h o u g h  a minimum 

amount is shown  on c r o s s - s e c t i o n  C-C' .  

ECONOMIC GEOLOGY 

P r a c t i c a l l y   n o t h i n g  i s  known a b o u t   p r e - T e r t i a r y   g e o l o g y  of t h e  

T e n m i l e  H i l l  q u a d r a n g l e .   T e r t i a r y   D a t i l - G r o u p   r o c k s   t o   t h e   s o u t h  

o v e r l i e  a t h i n   s e q u e n c e   o f   u p p e r   P a l e o z o i c  s t r a t a  above   Precambr ian  
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c r y s t a l l i n e   b a s e m e n t   ( A t w o o d ,   1 9 8 2 ) .  T h e  p e t r o l e u m   r e s o u r c e  

p o t e n t i a l   o f  t h e  a r e a  i s  t h e r e f o r e   v e r y   l o w ,   e v e n   t h o u g h  Grayt and 

F o s t e r   ( 1 9 8 8 )   s u g g e s t  t h e  p o s s i b i l i t y   o f   g r e a t   t h i c k n e s s e s   o f  

C r e t a c e o u s  s t r a t a  here.  

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

Sou th  Canyon  Tuff! is l o c a t e d  3-4 km west o f  t h e  q u a d r a n g l e  

( F e r g u s o n ,   1 9 8 6 ) .  The d i s t r i c t  is sur rounded  .by  a h a l o   o f  

a r g i l l i c a l l y  a l tered rock   wh ich  e x t e n d s  a l o n g   f a u l t s   t o  t h e  n o r t h  

a n d   s o u t h   o f  t h e  m i n e .   T h i s   k i n d   o f   a l t e r a t i o n  was n o t   o b s e r v e d   i n  

t h e  map area.  P a l o m a s   F o r m a t i o n   s e d i m e n t s   a l o n g   t h e  west edge   o f  

t h e   q u a d r a n g l e  were d e r i v e d   f o r m   e r o s i o n   o f  t hese  rocks!   and may 

con ta in   economic  placer d e p o s i t s .  

A n o t h e r   p o s s i b l e   e c o n o m i c   r e s o u r c e  of t h e   a r e a  i s  z e o l i t e  

m i n e r a l i z a t i o n  t h a t  e f f e c t s  pumice   f r agmen t s   i n   unwe lded   a sh - f low 

t u f f s   o f   t h e   P o p o t o s a   F o r m a t i o n  i n  Big  Rosa  Canyon. T h e  c o n t a c t  

between b a s a l t i c  andes i t e  l a v a s   a n d   P o p o t o s a   s e d i m e n t s   i n   t h i s   a r e a  

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

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

be  of i n t e r e s t   t o   c o l l e c t o r s .  
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All subsurface contacts and faults  are  interpretive. Solid lines  indicate 
there  is  surface evidence  for the  author's  interpretation. Bashed lines 
indicate  that  there is no surface evidence  for the  interpretation. Cross- 
section A-A' uses surface information from mapping to  the north (Donze, 
1980, NMBMScNlR Open-file Report 123) as well as information from this 
quadrangle. 
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