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Geologic   quadrangle  maps for   the   Socorro-Magdalena   a rea ,  
SOCOrrO County, New Mexico 

Several   hundred  square  miles  of d e t a i l e d   g e o l o g i c  mapping 
have now been comple t ea   on   t he   vo lcan ic   rocks   o f   t he   no r theas t e rn  
Da t i l -Mogo l lon   vo lcan ic   f i e ld  i n  the  Socorro-Magdalena  area.  
Most of t h i s  mapping  has been a v a i l a b l e   s i n c e   c o m p l e t i o n   a s  New 
Mexico  Bureau  of  Mines  and  Mineral  Resources  open f i l e   r e p o r t s  

Over t h e   y e a r s ,   h o w e v e r ,   t h e   s t r a t i g r a p h i c   n o m e n c l a t u r e   h a s  
c o n s i s t i n g  of i n d i v i d u a l   t h e s i s  maps and  accompanying  texts.  

maps is d i f f i c u l t .   S e v e r a l   p u b l i c a t i o n s   a r e   c u r r e n t l y   b e i n g  
changed   to   the   po in t   tha t   compar ison   be tween  these   ind iv idua l  

p r e p a r e d   t o   h e l p   r e s o l v e  t h i s  s t r a t i g r a p h i c   c o n f u s i o n .  The f i r s t  
o f   t h e s e  is S t r a t i g r a p h i c   C h a r t  1 w h i c h  will p r e s e n t   t h e   c u r r e n t  
s t r a t i g r a p h i c   n o m e n c l a t u r e  i n  i t s  e n t i r e t y   a n c   p r o v i d e  a g l o s s a r y  
and o t h e r   c o r r e l a t i o n   a i d s   t o   r e l a t e   t h i s   n o m e n c l a t u r e  to 
previous ly   used  names. T h i s  mzp-sheet s i z e   c h a r t  s h o u l d  be 
a v a i l a b l e  by December 1 9 8 1 .  

C o n c u r r e n t   w i t h   t h e   p r e p a r a t i o n   o f   S t r a t i g r a p h i c   C h a r t  1, t h e  
t h e s i s  maps are   being  compiled i n  + a i r a n g l e   f o r m a t  and placed  on 
,open f i l e  under  the  umbrella  of ope'n f i l e  1 3 9 .  Each  quadrangle 
. w i l l  be ass igned  a p r e f i x   l e t t e r  ( s u c h  a s  1 3 9  a )  and w i l l  be 
a v a i l a b l e   s e p a r a t e l y .  An explana t ion   and ,  i n  many c a s e s ,  a s h o r t  
t e x t  will b e   a v a i l a b l e   w i t h   t h e  map. Nomenclature  and map 
symbols   for   widespread u n i t s  w i l l  be s t a n d a r d i z e d .  The  mapping 
w i t h i n  t h e s e   a r e a s ,   w h i l e   g e n e r a l l y   e x c e l l e n t ,  is n o t   a l l  of 
u n i f o r m   q u a l i t y ,   p a r t i c o 1 , a r l y  i n  t h e  t r e a t m e n t  of Q u a t e r n a r y  
u n i t s .  Add i t iona l ly ,   mos t   quadrang les   have  unmapped p o r t i o n s ,  
u s u a l l y  i n  a r e a s  of e x t e n s i v e   b a s i n - f i l l   a l l u v i u m .  

I n i t i a l l y   t h e  maps w i l l  be   compi led   as   they   a re  and unmapped 
p o r t i o n s  will remain.  A s  time  becomes a v a i l a b l e ,   h o l e s  will be 
f i l l e d  i n  and problem  a reas   f ie ld   checked  and upgraded. 
O b v i o u s l y   a n y   e r r o r s   i n   g e o l o g y  will remain  and i t  is  i n e v i t a b l e  
i n  recompi l ing  t h i s  much g e o l o g y   t h a t   d r a f t i n g   e r r o r s  w i l l  be 
made. A s h o r t   n o t e   d e s c r i b i n g   t h e  known problem  areas   and  the 
amount  of  checking  that  has  been  done w i l l  be   included w i t h  each 
quadrang le .  W e  ask  you t h e  u s e r s  of t h e s e  maps t o   n o t i f y  us of 
any   p rob lem  a reas   t ha t  you  might   f ind.   Please  send us a n o t e  a s  
t o   t h e   e x a c t   l o c a t i o n  and na tu re  of the  problems  and we will make 
e v e r y   e f f o r t   t o   f i e l d   c h e c k  and c o r r e c t  them. 

I 
Thank  you fo r   your   he lp .  

C. E. Chapin 
ti. R. Osburn 



INTRODUCTION 

g e o l o g i c  mapping  has   been  accumulated  for   the  northeastern  par t  
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  Socorro-Magdalena 
a rea .  T h i s  mapping has  mainly  been  done  by  graduate  students of 
t h e  New Mexico Ins t i t u t e   o f   Min ing  and  Technology  working o n  tne 
N e w  Mexico  Bureau  of  Mines  and Mineral   Resources  Magdalena 
P r o j e c t .  The p r o j e c t   h a s  been s u p e r v i s e d  by C .  E. Chapin  and, 

p rob lema t i c  s t r a t ig rapk ,y ,  t h i s  mapping h a s  n o t  p r e v i o u s l y  been 
s ince  1 9 7 8 ,  G .  R. Osburn. Because  of incomplete   coverage an2 

compiled and publ i shed .  Mapping  and s t r a t i g r a p h i c  s tudies  have 
niw  progressed to the p o i n t   t h a t   s e l e c t e d   a r e a s  c a n  be  compiled 
and   r e l eased   a s   geo log ic   quadrang le  maps. T h e  f i r s t  quadrang le  
t o  be   re leased  is  t h e  Molino  Peak  quadrangle  located 
approximate ly  1 0  mi les   southwes t  of t h e  town of Socor ro .  

Dur ing   t he   pas t  11 y e a r s  a v e r y   l a r g e   d a t a   b a s e  of d e t a i l e d  

Socor;o-MaSc?alfna a r e a ,  i n fo rma l  nanes  have  been used f o r  many of 
I n  p r e v i c u s  s t u d i e s  w i t h i n  t h l . s  a rea  and throughout  t h e  

t h e   v o l c a n i c  u n i t s .  S e v e r a l   p u b l i c a t i o n s   a r e  now i n  p r e p a r a t i o n  
e s t a b l i s h i n g  a formal ,  and h o p e f u l l y   l a s t i n g ,   n o m e n c l a t u r e  for  
v o l c a n i c   r o c k s   i n  t h i s  a r e a .  T h i s  new nomenclature is used o n  
t h i s  map s h e e t ' a n d   f o r   t h a t   r e a s o n   d i r e c t   r e f e r e n c e  to  p r e v l  
s t u d i e s  is p r c b l e m a t i c a l .   P u b l i c a t i o n s  i n  g r e p a r a t i o n  cons is t  of 
a s t r a t i g r a p h i c   c h a r t   d e s i g n e d   t o   i n t r o d u c e  t h e  new nomenclature 
and t o   f a c i l i t a t e   c o m p a r i s o n  to previous ly   used   nomencla ture ,   and  
t h e  i n i t i a l  two c i r c u l a r s   d e s c r i b i n o   i n   d e t a i l   t h e  D a t i l  Group 
( former ly   the   Spears   Format ion  i n  t h i s  a r e a )  and t h e  Hells Nesa 
T u f f .   S t r a t i g r a p h i c   C h a r t  #1, S t ra t ig raph ic   Nomenc la tu re   fo r  
v o l c a n i c   r o c k s  of the  Socorro-Magdalena  area,   Datil-Mogollon 
v o l c a n i c   f i e l d ,  is a p r o t o t y p e  of a new s e r i e s  of New Mexico 
Bureau  of  I4ines and M i n e r a l   R e s o u r c e s   p u b l i c a t i o n s .   S e v e r a l  
l o c a t i o n   f i g u r e s ,   s t r a t i g r a p h i c   c o l u m n s  and a g l o s s a r y   a r e  
provided  on t h i s  s h e e t  which t h e  serious reade r  of t h i s  map will 
f i n d   i n d i s p e n s i b l e .  

' ous 
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Molino Peak  quadrangle .  E a r l i e r  mapping by Kalish  (1953)  and 
Krewedl  (1974)  covered t h e  northwestern corner of t h e  quadrang le  
and  mapping by Miesch  (1956) and Willard  (unpub.)  covered a 
n a r r o w   s t r i p   a l o n g   t h e   e a s t e r n   b o r d e r .  

L i t t l e  p r e v i o u s   g e o l o g i c  work h a s  been  done i n  or n e a r   t h e  

Geologic  mapping  used i n  compiling t h i s  quadrang le   i nc ludes  
most of t h e  M .  S. t h e s i s  maps of Osburn  (1978)  and Pe t ty   (1979)  
and  small  amounts  of t h e  M. S .  t h e s i s  map of Roth  (1980)  and t h e  
d i s s e r t a t i o n  map of  Chamberlin  (1980) - I n  a d d i t i o n ,   t h e  
s o u t h e r n   t h i r d   o f  t h e  quadrangle  was mapped  by  Osburn  during 
1978 and 1 9 7 9  w h i l e  employed by t h e  N e w  Mexico  Bureau of Mines  
and Mineral Resources.  These a r e a s  of  mapping r e s p o n s i b i l i t y   a r e  

su r round ing  areas ,  m a i n l y   a s  t h e s i s  maps o n  open f i l e  w i t h  t h e  
shown on f i g .  1 ( P l a t e  2 ) .  Mapping is  a v a i l a b l e  f o r  much o f  t h e  

N e w  Mexico B u r e a u  of  Mines and Minera l  Resources. An index  to  
t h i s  mapping .is inc luzed  o n  S t r a t i g r a p h i c  C h a r t  1 as f i g .  2 .  
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b a s e  whick made p o s s i b l e  ths mappir:g and i n t e r p r e t a t i o 2  of 

e a r l y  workers a r e   e a s i l y   f o r g o t t e n   s i n c e  marly of t h e i r  
s t r s t i g r a p h i c   r e l a t i o n s h i p s  ir, t h i s  vel:\; complex t e r r a i n .  T h e s e  

i n t e r p r e t a t i o n s   h a v e  been changed w i t h . t h e   a c q u i s i t i o n  of 
a d d i t i o n a l   d a t a .   I n d i v i d u a l  workers and t h e i r   s t u d y  areas are 
d e t a i l e d  i n  Osburn  and  Chapi'n,  1981 ( N e w  Mexico Bureau  of Mines 
and Mineral Resources, S t r a t i g r a p h i c   C h a r t  1) . We would a l s c  l i k e  
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t o  map areas i n  which t hey  own t h e  mineral r i g h t s .  T h e  Xew 
Mexico Bureau of   Mines  and  Mineral   Resources   provided  f ie ld  
s u p p o r t  for  t h e s i s  s t u d i e s  and addi t iona l   mapping .  
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STRATIGRAPHIC  UNITS 

T e r t i a r y   v o l c a n i c  rocks or   sed imentary  rocks d e r i v e d  from t h e  
vo lcan ic   rocks .  T h e  o l d e s t  and most voluminous  rocks  are  two 
Ol igocene   cau ld ron- fac i e s   a sh - f low  tu f f s  and t h e i r  r e l a t e d  
c a u l d r o n - f i l l   s e q u e n c e s .   T h e s e   a r e   c l o s e l y   f o l l o w e d  i n  time by 
two major o u t f l o w - f a c i e s   a s h   f l o w s  and  by  interbedded  mafic   lava 
f lows .  The l e s s   vo luminous  Miocene  and P l iocene   vo lcan ic   rocks  

w i t h  w i t h  b a s i n - f i l l  sed iment  of t h e  S a n t a  Fe  Group. S h o r t  
a r e  mostly b a s a l t  and r h y o l i t e  l a v a  f lows  w h i c h  a r e  i n t e r c a l a t e d  

d e s c r i p t i o n s  o f   e a c h   s t r a t i g r a p h i c  u n i t  a r e   g i v e n   i n   t h e  
e x p i a n a t i o n   w i t h  t h i s  map and,  for  most u n i t s ,  a more d e t a i l e d  
s t r a t i g r a p h i c   d e s c r i p t i o n  is n o t  inc luded  i n  t h i s  t e x t .  T h e  
r eade r   s eek ing  more in fo rma t ion  is d i r e c t e d   t o   S t r a t i g r a p h i c  
Chazt  #1, (Osburn and Chapin,  1981)  o r   t o   t h e   a p p r o p r i a t e  
c i r c u l a r   d e s c r i b i n g   t h e   s p e c i f i c  u n i t  ( t h e s e  t o  be r e l e a s e d  i n  
p a r t s   b e g i n n i n g  i n  193lj. 

A l l  of   the   rocks  exposed i n  t h i s  q u a d r a n g l e   a r e   e i t h e r  

f a c i e s   r e l a t i o n s h i p s  which  dominate   the  s t ra t igraphy  of  t h i s  

quadrangle  to  the   sur rounding   cau ldror ,   complex  and f i g .  3 ( P l a t e  
a rea .   F igu re  2 s h o w s   t h e   r e l a t i o n s h i p  of the  Molino Peak 

s i m p l i f i e d  manner t h e   r e l a t i o n s h i p s  of: t h e   r o c k s   r e l s t e d   t o  
2 )  is a g e n e r a l i z e d   g e o l o g i c  map of t h e   q u a d r a n g l e  showing i n  a 

these two c a u l d r o n s .  T h i s  quadrangle  is e n t i r e l y  w i t h i n  t h e  
l a r g e   S o c o r r o   c a u l d r o n  which e r u p t e d   t h e   H e l l s  Mesa Tuff and  was 
f i l l e d  by t h e  L u i s  Lopez  Formation.  These u n i t s ,  t h e   o l d e s t  
rocks  exposed i n  t h e  map a r e a ,   a r e  now r e s t r i c t e d   i n   e x p o s u r e  
because i n  t h e  not t h e r n  two t h i r d s   o f   t h e   a r e a   t h e y   h a v e   b e e n  
downfaulted  by t h e  younger  Sawmill  Canyon  cauldron. The Sawmill 
Canyon cauldron   e rupted   one  member o f   t h e  La Jenc ia   Tuf f  ar,d was 
f i l l e d  by the   Sawmil l  Canyon Formation. 

Ask-flow t u f f   c a c r l d r o n s ,   w h i l e   s t r u c t u r a l  i n  n a t u r e ,   c a u s e  
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FIGLIRE 2 .  Loca t ion  map showicg the r e l a t i o n s h i p  of  major 
v o l c a n i c   s t r u c t u r e s   a n d   t h e   t r a n s v e r s e   s h e a r   z o n e   t o   t o p o g r a p h i c  
and c u l t u r a l   f e a t u r e s .   B a s e  is reproduced  from a NASA Skylab  
in f r a red   pho tograph  ( G X A O 2 6 1 9 5 G O O ) .  S o l i d  l i n e s  mark e x p s e d  
cauldron-wal l   segments ;   ca i l ld ror .   marg in   in te rva ls   in fer red  ' 
beneath  younqer u n i , t s  a r e   d o t t e d .  The margins   o f   the   nor thern  
half   of   the   Nagdalena  cauldron ! 3 b )  a r e  well l o c a t e d   b u t  of 
p r o b l e m a t i c   i n t e r p r e t a t i o n .  'This  m a r ~ i n  is show,  as a dashed 
l i n e .  T h e  Socorro   cau ldron  (1) is  t h e  source f o r   t h e  Hells Mesa 
T u f f ,  and the  composite  Sawxill   Canyon-Magdalena  cauldrons ( 2 ,  3 
and 35) a r e   t hough t   t o   be   t he   sou rces   fo r   t he  La J e n c i a   T u f f .  
The  north  half   of   the   Magdalena  cacldron ( 2bj is a p p a r e n t l y  a 
s t r u c t u r a l  bench which  unde rwen t   r e l a t ive ly  minor c o l l a p s e   a f t e r  
e rup t ion .   Source   cau ld rons   fo r   t he   Lemi ta r  and Chocle   Wel l   Tuffs  
a re   thought  from reconna i s sance  to be i n  the nor the rn  and c e n t r a l  
San Mateo  Mountains.  The t r a n s v e r s e   s h e a r   z o n e   r e p r e s e n t s  a 
domain  boundary  between f i e l d s  of t i l t e d   f a u l t   b l o c k s   t h a t   h a v e  
undergone   ro ta t ion  i n  o p p o s i t e  d i r ec t ions  (see   Chapin  and o t h e r s ,  
1 9 7 8 ) .  
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Socorro CaUldKOn 

compr i se   t he  Socorro  cau ld ron   rocks  exposed i n  t h i s   q u a d r a n g l e .  
Cauldron f a c i e s  Hells Mesa Tuff and t h e  L u i s  Lopez  Formation 

The H e l l s  Mesa T u f f   c r o p s   o u t   s p o r a d i c a l l y   a l o n g  Ryan H i l l  Canyon 
fo r   abou t   t h ree   mi l e s .   The  L u i s  Lopez  Formation is exposed  along 
t h i s  same t r end  and i n   s c a t t e r e d   o u t c r o p s   e a s t w a r d   t o   t h e   e d g e   o f  
t h i s  map. Only  one  thick  exposure  of   Hel ls  Mesa Tuff is p r e s e n t  
i n  t h i s  quadrang le   ( s ec .  7 ,  T. 5 S., R. 2 W.) . T h i s  e x p s u r e  
c o n t a i n s  two d i s t i n c t i v e   z o n e s  w h i c h  a r e   s i m i l a r   t o   z o n i n g  i n  
more e x t e n s i v e   o u t c r o p s  i n  t h e  Chupadera  Mountains   fur ther   east  
( s e e   f i g s .  4 & 5 )  . T h i s   c o r r e l a t i o n   c o n f i r m s   t h a t   t h e   e x t e n s i v e  
ou tc rops  i n  t he   Chupade ra   Moun ta ins   a r e   Xe l l s  Mesa T u f f   r a t h e r  

The  lower  zone is usua l ly   da rk   r ed  to brcwn,  densely  welded,  and 
than  Lemitar  Tuff as   p rev ious ly   hypothes ized   (Ci ramber l in ,  1 9 E O ) .  

q u i t e   l i t h i c  r ich ( 5  t o  30%). Common l i t h i c  f ragment   types  
i n c l u d e   r h y o l i t i c  and a n d e s i t i c   l a v a s  and severa l   Precambr ian  

o v e r l a i n  by a l i gh t -g ray ,   roose ra t e ly   we lded ,  u n i t  which c o n t a i n s  
numerous angu la r  to p a r t i a l l y   f l a t t e n e c !   c l a s t s  Gf Hells Mesa 
l i t h o l o g y ,   b u t  few o t h e r  l i t h i c  f r a q n s n t s .  T h e  c l a s t s   a r e  
t y p i c a l l y   d a r k e r   r e d   t h a n   t h e   m a t r i x ,   b u t   i n d i s k i n g u i s h a b l e  
o the rwise .  T h i s  d e p o s i t   h a s  been in te rpre ted   (Charcber l inr  1 9 8 0 )  
a s  a " l a g - f a l l "   d e p o s i t   ( W r i g h t  and Walker, 1978)  o f   p a r t i a l l y  
s o l i d i f i e d  c lots  of H e l l s  Nesa magma which  were  dropped e a r l y  
f rom  the  ash-f low  c loud  because of t h e i r   g r e a t e r   d e n s i t y .  The 
m a t e r i a l  may h z v e   b e e n   p a r t i a l l y   s o l i d i f i e d   H e l l s  Mesa magma 
which  accumulated i n  a v e n t   o r   m a t e r i a l   d i s r u p t e d  from a 
hypabyssa l   in t rus ive ,   e i ther   o f   which   could   have   formed  dur ing  a 
h i a t u s   i n   e r c p t i o n  and  then  been  fragmented by c o n t i n u i n g  
volcanism. 

' p l u t o n i c  and metamorphic   l i tho logies .   This   lower   zone  is 

q u a d r a n g l e ,   e x c e p t   f o r   t h e  two n o r t h e r n   o u t c r o p s  i n  Ryan H i l l  
Canyon, a r e  a r e l a t i v e l y   s t r a i g h t - f o r w a r d   l a y e r e d   s e q u e n c e .  They 
consist of a l i t h i c - r i c h ,   p o o r l y   w e l d e d ,   c r y s t a l - p o o r   t u f f ,  
o v e r l a i n   i n  t u r n  by  one or more a n d e s i t i c   l a v a   f l o w s  and a t h i c k  
sequence of r h y o l i t i c   l a v a s  which a re   o f t en   unde r l a in   by   an  
a s s o c i a t e d   a s h - f l o w   t u f f .  The r h y o l i t e   l a v a  i n  Ryan H i l l  Canyon 
p r o b a b l y   r e p r e s e n t s  a dome complex  which is d i s c o r d a n t   t o  t h e  
s ec t ion   desc r ibed   above .  On a l a r g e r   s c a l e ,  t h e  L u i s  Lopez 
F o r m a t i o n   v a r i e s   l a t e r a l l y   i n  a complex  manner. T h i s  complexi ty  
toge ther   wi th   l imi ted   exposures   makes  a d e t a i l e d   u n d e r s t a n d i n g  of 
t h i s   f o r m a t i o n   v i r t u a l l y   i m p o s s i b l e .  The bes t   exposures  of t h e  
L u i s  Lopez  Formation  are i n  t h e  Chupadera  Mountains  and  are 
desc r ibed  i n  d e t a i l  by  Chambe'rlin, 1 9 8 0 ,  Eggles ton ,  i n  p r o g r e s s ,  
and  Osburn  and o t h e r s ,  i n  p r e p a r a t i o n .  

Exposures   of   the  L u i s  Lopez  Formation w i t h i n  t h i s  
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La Jenc ia   Tuf f  
The upper member (outf low)  of  t h e  La J e n c i a   T u f f   c r o p s   o u t  

i n   o n l y  one a r e a  i n  t h e   e x t r e m e   s o u t h e a s t e r n   c o r n e r   o f   t h e  map. 
The  lower member is p r e s e n t  i n  t h i s  o u t c r o p   a r e a ,  and i n   s e v e r a l  
o t h e r   s m a l l   o u t c r o p s   a l o n g   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 .  
The  lower member h a s   s t r o n g l y   l i n e a t e d  pumice w h i c h  y i e l d  
t r a n s p o r t   d i r e c t i o n s   s o u t h  and s o u t h e a s t   ( r a d i a l l y ? )  away from 
the   Sawmil l  Canyon cau ld ron .  

Sawmill  Canyon Cauldron 

Formation comprise t h e  Sawmill Canyon c a u l d r o n  r e l a t e d  rocks  
The cau ld ron- fac i e s  La J e n c i a   T u f f  and t h e  Sawmill  Canyon 

exposed i n  t h i s  quadrang le .   La rge   and   ve ry   t h i ck   exposures  of 
c a u l d r o n - f a c i e s  La Jenc ia   Tuff   a re   found  a long  Ryan H i l l  Canyon 
a long   t he   wes t   s ide  of t h i s   q u a d r a n g l e  and i n  Sawmi l l  Canyon j u s t  
to  t h e   w e s t   ( s e e   f i g .  2 ) .  T h e s e   r o c k s   a r e   t e n t a t i v e l y   c o r r e l a t e d  
wi th   the   lower  member o f   t he  La Jenc ia   Tuf f   because   o f   t he  
p r e s e n c e  of s t r o n g l y   l i n e a t e d  pumice  which is c h a r a c t e r i s t i c  of 
p a r t s  of t he   l ower  member. Both members of t h e  La J e n c i a   T u f f  

d i s c r i m i n a t i o n  method is known. 
h a v e   s i r r i l a r   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  and no s t r a i g h t - f c r w a r d  

I n  c o n t r a s t   t o   t h e   " d i r t y "  ( l i t h i c - r i c h )  c a u l d r o n - f a c i e s  
H e l l s  Mesa T u f f ,   t h e   i n t r a - c a u l d r o n  La J e n c i a   T u f f  is remarkably 
clean  throughout   most  of i ts  exposure.   Al though  few  small  
l i t h i c - f r agmen t s   a r e   p re sen t ,   s eve ra l   l a rge   "mega-b locks"   a r e  
p r e s e n t  i n  the  Sawmil l  Canyon a r e a ,  and i n  bo th   canyons  a t h i n  
rhyo l i t e   l ava   has   been  mapped w i t h i n  t h e  Epper p a r t  of t h e   t u f f .  

o r ,   a l t e r n a t i v e l y ,  may have  been  erupted  during a h i a t u s   i n  
T h i s   l a v a  may cccupy t h e   b r e a k  between  lower  and  upper members 

e r u p t i o n  of t h e  lower member. An anomalous ly   c rys t a l - r i ch  

J e n c i a   T u f f  i n  a few places   (Bowring,  1 9 8 0 ) ;  however, t h i s  zone 
(15-35%) zone is p r e s e n t  at- t h e  t o p  of t h e   c a u l d r o n - f a c i e s  La 

h a s   n o t  been mapped s e p a r a t e l y .  

T h e  c a u l d r o n - f i l l i n g  Sawmil l  Canyon Formation,   where i t  is 
exposed i n  t h e  western t h i r d  of t h e   c a u l d r o n ,  i s  a sequence  of 
a n d e s i t i c  and rhyo l i t i c   l avas ,   s ed imen ta ry   rocks   and   a sh - f low 

m i n   t h i c k n e s s .  Wi th in  t h e  lower two t h i r d s  of t h i s  s e c t i o n ,  
t u f f s .   T o g e t h e r  t h e  u n i t s  a r e   a t  l e a s t  800 m ,  and p o s s i b l y  1 0 0 0  

a n d e s i t i c   l a v a s  which  predominate i n  t h e   n o r t h   i n t e r f i n g e r   i n  a 
complex  manner w i t h  r h y o l i t i c   l a v a s  and t u f f s  which a r e  more 
abundant i n  the  south.   Throughout  most of t h e   a r e a ,  a f a i r l y  
e x t e n s i v e  and t h i c k  " m o a t - f i l l ' '   t u f f ,   t h e   T u f f   o f   C a r o n i t a  Canyon 
makes up t h e  u p p e r   t h i r d   o f   t h e   s e c t i o n .  

t h e  southern   topographic   wal l   o f   the   Sawmil l  Canyon c a u l d r o n .  
T h e  Sawmill  Canyon  Formation  pinches ou t  southward   aga ins t  
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T h i s  nor th-s loping   unconformi ty   t rends   nor theas tward  across t h e  

due to l a t e r  s t r u c t u r a l  o f f s e t  and o r i g i n a l   s c a l l o p i n g .   T h e  
s o u t h e r n  p a r t  of t h i s  map area ,   bu t  is  v e r y   i r r e g u l a r   i n   d e t a i l  

rocks exposed   benea th   th i s   unconformi ty  are t h e  Hells Mesa Tuff 
a n d   t h e   h e t e r o l i t h i c  L u i s  Lopez  Formation. 

A conspicuous  northward  thickening of the  Sawmil l   Canyon 
Forma t ion   o f f   o f   t he   t opograph ic  wall can be  seen  by  comparing 
t h e   s t r a t i g r a p h i c   i n t e r v a l  between the   Luis   Lopez   Format ion  and 
t h e   o v e r l y i n g  lower Lemitar   Tuff   in  sec. 9 ,  T. 5 S . ,  R. 2 W. w i t h  
t h e  same i n t e r v a l   f a r t h e r   n o r t h   a l o n g  Ryan H i l l  Canyon. I n  
s e c t i o n  9 ,  t h i s   i n t e r v a l   c o n s i s t s   o f   a b o u t  50 m o f  L a  Jenc ia  
Tuf f :  whereas, f a r t h e r   n o r t h   a b o u t  800 m of   Sawmil l  Canyon 
F o r m a t i o n   o v e r l i e s  a t  l e a s t  800 m o f  L a  Jenc ia   Tuff   which   has  no 
e x p o s e d   b a s e   ( t h e s e   t h i c k  L a  J e n c i a   T u f f   o u t c r o p s  occur j u s t  o f f  
t h e   w e s t e r n   e d g e  of t h e  Molino Peak  quadrangle ;  see P e t t y ,  
1 9 7 9 ) .  

s een  a t  two l o c a t i o n s  west o f ,   and  one l o c a t i o n   n o r t h e a s t  OE 
Tor reon   Sp r ings  (sec 8 ,  T. 5 S . ,  R .  2 W.). The reader is 
c a u t i o n e d   t h a t   t h e s e   r e l a t i o n s h i p s  show b e t t e r  a t  map scale  than  
on t h e   g r o u n d .  Many c a t c r o p s  are poor i n   t h i s  area of  low r e l i e f  
and ,  more i m p o r t a n t l y ,  t h e  rocks of t h e  L u i s  Lopez Formation and 
the   Sawmi l l   Cayo i l   Fo rma t ion  are quite sirn.lar l i t h o l o g i c a l l y .  A 
d e t a i l e d   u n d e r s t a n d i n g   o f  t h e  local  s t r a t i g r a p h y  is , r e q u i r e d   i n  
o r d e r  t o  p r o p e r l y  separate  t h e   v a r i o u s  rock u n i t s   a n d  to f i l t e r  
ou t  t h e  many pos t -cauldron  s t ructures .  

The actLial pinch-out  of t he   Sawmi l l  Canyon Format ion   can   be  

t o  t h i n  and p inch  out w h i l e  t h e   o v e r l y i n g  Lemitar Tuf f   con t inues  
across t h e  con tac t   a2 :pa ren t ly   unchanged .   Ac tua l ly ,   t he  Lemitar 
T u f f   a p p r o x i m z t e l y   d o u b l e s   i n   t h i c k n e s s   i n  a d i s t a n c e   o f   a b o u t  
one  mile, and thus   se rved  as t h e  l a s t  f i l l  o f   t h e   S a w m i l l  Canyon 
c a u l d r o n .  

A t  t hese   p inch -ou t s ,  t h e  T u f f  o f   Caroni ta   Canyon  can  be seen 

Outflow 

O u t f l o w   s t r a t i g r a p h i c   u n i t s  w h i c h   p o s t - d a t e   t h e   f i l l i n g   o f  
t he   Sawmi l l  Canyon cau ld ron  are t h e   L e m i t a r  and  Chocle   Well   Tuffs  

B o t h   o f   t h e   t u f f s  are t e x t u r a l l y  zoned  upward from crys ta l -poor  
and   an   in te r layered   tongue   of  L a  J a ra  Peak  Basal t ic  Andes i te .  

t o  more c r y s t a l - r i c h .   I n   a d d i t i o n ,   t h e  Lemitar Tuff  shows 
complex  chemical  zoning from a b a s a l   h i g h - s i l i c a   r h y o l i t e  upward 
through a q u a r t z - l a t i t e   i n t e r v a l   b a c k  to a r h y o l i t i c   c o m p o s i t i o n  
a t  t h e   t o p .   T h e   t e x t u r a l   z o n i n g   i n   b o t h   u n i t s   a n d   t h e   c h e m i c a l  
z o n i n g   o f   t h e  Lemitar Tuf f   f rom  rhyo l i t e  upward to q u a r t z  l a t i t e  
can   be   exp la ined   u s ing  a r e l a t i v e l y   s i m p l e  zoned-magma-chamber 
model ( see  Lipman  and o t h e r s ,  1 9 6 6 )  ; however, t h e  c h a n g e   i n   t h e  
upper  p a r t  o f   t h e  Lemitar from q u a r t z - l a t i t e   b a c k  to  r h y o l i t e  



r e q u i r e s  a more complex  explanation. The c o n c u r r e n t   e r u p t i o n  of 
two magma sources  is a p o s s i b l e   e x p l a n a t i o n .  

Bas in-Fi l l   Sedimentary  and i n t e r l a y e r e d   v o l c a n i c  rocks 

Depos i t s   ove r ly ing   t he   Choc le  Well T u f f ,   c o n s i s t i n g   o f  

members,  comprise  the  Santa  Fe  Group w i t h i n  t h i s   q u a d r a n g l e .  I n  
b a s i n - f i l l   s e d i m e n t a r y  rocks and s e v e r a l   i n t e r b e d d e d   v o l c a n i c  

d e t a i l ,   t h e   s e d i m e n t a r y   d e p o s i t s   a r e   q u i t e   c o m p l e x .   T h e   l o w e s t  
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 s  of c o a r s e   r e d ,   w e l l - i n d u r a t e d  
mudflow d e p o s i t s  and   conglomera tes .   These   depos i t s   a re  t h i c k  i n  
t h e   n o r t h e a s t  and s o u t h w e s t e r n   p a r t s   o f   t h e   q u a d r a n g l e  and j u s t  
n o r t h  of t h e   n o r t h w e s t e r n   c o r n e r   o f   t h e  map on  Water  Canyon  Mesa. 
W i t h i n   t h e s e   a r e a s   t r a n s p o r t   d i r e c t i o n s  i n  t h e   n o r t h e r n   a r e a s  is  
northward and i n  s o u t h e r n   a r e a s  is southward.  These  opposing 

c e n t r a l   p a r t  of t h e   q u a d r a n g l e   d u r i n g   e a r l y   S a n t a  Fe time. There 
t r a n s p o r t   d i r e c t i o n s   s u g g e s t   t h e   p r e s e n c e  of a h ighland  i n  t h e  

a r e  a few outcrops of P o p t o s a   w i t h i n   t h e   a r e a  of t h i s   p r o p o s e d  
highland;   however ,   these  appear  to  b e   l o c a l i z e d  i n  p a l e o v a l l e y s .  

I n  t h e   n o r t h e a s t e r n   p a r t  of t h e   q u a d r a n g l e  and i n  a d j a c e n t  
a r e a s   f u r t h e r   n o r t h   ( C h m b e r l i n ,  1980), t h e  red  mudflow d e p o s i t s  
a r e   o r r e r i ? i n   b y   r e d ,  brcwn o r   g r e e n i s h   c l a y s t o n e s .  T h e s e  u n i t s  
a r e  niembers o f   t h e  PoFotosr-.  Formation  (Denny, 1.940; Machet te ,  

mudflow d e p o s i t s   a r e   o v e r l a i n   b y  a w h i t e ,   c r y s t a l - p o o r   t u f f  w h i c h  
1 9 7 8 ) .  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   q u a d r a n g l e   t h e   r e d  

Pound  Ranch R h y o l i t e .  T h i s  t u f f  is o v e r l a i n   b y   b u f f   t o   t a n ,  
i s  t e n t a t i v e l y   c o r r e l a t e d  w i t h  t h e  t u f f s   a s s o c i a t e d  w i t h  t h e  

! poor ly   t o   modera t e ly   i ndura t ed   f ang lomera te s .   S imi l a r  : f a n g l o m e r a t e s   d i r e c t l y  overllr t h e   b a s a l t  of Madera  Canyon i n   t h e  
' s o u t h e a s t e r n   c o r n e r   o f   t h i s   q u a d r a n g l e .   O i p s   w i t h i n   t h e s e  

d e p o s i t s   e x t e n t  to t h e  b a s e   c f   t h e  hi9hes. t  mesa-capping  basal t  
f a n g l o m e r a t e s   f l a t t e n  cpward   t o   nea r ly   ho r i zon ta l  and t h e  

f l o w  i n  t h e   e a s t e r n   p a r t  of t h e   a r e a  and t o  t h e  t o p s  of t h e  
h ighes t   p i edmont   s lopes   i n   t he   wes t .  The o l d e s t  of these   upper  

young a s   p a r t  of t he   S i e r r a   Ladrones   Fo rma t ion .  N c  l i t h o l o g i c  
f a n g l o m e r a t e s   a r e   c l e a r l y   P o p o t o s a  and t h e   t o p s   a r e   a t   l e a s t   a s  

beginning  of S ie r r a   Ladrones   t ime ;   t he re fo re ,   t hese   uppe r  
b reaks  or s h a r p   a n g u l a r   r e l a t i o n s h i p  i s  p r e s e n t  to m a r k  t h e  

g r a v e l s .   T h e s e   g r a v e l s   o v e r l y   t h e  Pound  Ranch R h y o l i t e   t u f f s ,  
f a n g l o m e r a t e s   a r e  mapped a5  a s i n g l e  u n i t  -- upper   Santa  Fe 

b a s a l t  of  Madera Canyon, or t h e   b a s a l t  of  Bear  Canyon and 
Popo tosa   c l ays tones  i n  t h e  sou thwes t ,   sou theas t  and n o r t h e a s t  
p a r t s   o f   t h e   q u a d r a n g l e   r e s p e c t i v e l y .  

w i t h i n  the   Santa   Fe   Group i n  t h i s  a r e a .  The r h y o l i t i c  l a v a s  i n  
Seve ra l   i n fo rma l   vo lcan ic  u n i t s  and one   format ion  a r e  mapped 

t h e   c e n t e r   p a r t  of t h e  quadrang le   a r e  here c a l l e d  t h e  Pound  Ranch 
Rhyo l i t e   fo r   exposures   sou th  of  pound  Ranch. T h i s  r h y o l i t e  
c o n s i s t s  of two s m a l l  domes (lower  member), a f a i r l y   e x t e n s i v e  

- 9 -  



upper   lava  f low  (upper   member) ,   and  thin  associated  ash-f low 
t u f f s .   E x p o s u r e s  of   ash- f low  tuf fs  i n  t h e  southwes tern   corner   o f  
the   quadrangle ,   where   they   a re   in te rbedded  i n  t h e  upper   Santa   Fe  
g r a v e l s  and p h y s i c a l l y   i s o l a t e d   f r o m   t h e   r h y o l i t i c   l a v a s   f l o w s ,  
a r e   t e n t a t i v e l y   c o r r e l a t e d  w i t h  t h e  Pound  Ranch R h y o l i t e   b e c a u s e  
o f   s i m i l a r   p h e n o c r y s t s   c o n t e n t  and s t r a t i g r a p h i c   p o s i t i o n .  

A t  l e a s t   t h r e e   b a s a l t i c   l a v a   f l o w s   a r e   i n t e r b e d d e d  i n  t h e  
Santa   Fe  deposi ts .   The  lowermost  of t h e s e  is h e r e  named t h e  
b a s a l t  of  Madera Canyon fo r   exposures   sou th  and e a s t  of  Madera 
Canyon i n  t h e   c e n t r a l   p a r t  of t h i s   q u a d r a n g l e .  T h i s  b a s a l t  
n o r m a l l y   l i e s ,  w i t h  s l i g h t   a n g u l a r   u n c o n f o r m i t y ,   o n   t h e   e r o d e d  
t o p  of the   Chocle   Wel l   Tuff :   however ,   loca l ly  i t  is u n d e r l a i n   b y  
Popo tosa   s ed imen ta ry   rocks   i n   pa l eova l l eys .  

(Chamberlin,  1980), is in te rbedded   in   Popotosa   Format ion  
c l a y s t o n e s   i n   t h e   n o r t h e a s t e r n   p a r t  of t h e  quadrangle .   This  

Broken Tank i n   t h e   e a s t   c e n t r a l   p a r t   o f  t h e  map and a b a s a l t i c  
b a s a l t i c   l a v a  is t r a c e a b l e   s o u t h w a r d   i n   s c a t t e r e d   o u t c r o p s   t o  

l a v a   f l o w  is found i n  a s i m i l a r   s t r a t i g r a p h i c   p o s i t i o n  j u s t  o f f  
t h e   s o u t h e a s k e r n   c o r n e r   o f   t h e   q u a d r a n g l e .  No c l a y s t o n e s   a r e  
e x p s e d   a t   t h i s   s o u t h e r n   e x - m s u r e  and t h e   t h i n - s e c t i o n   t e x t u r e s  
a r e  s o n e w h a t   d i f f e r e n t ;   t h e r e f o r e ,  no d i r e c t   c o r r e l a t i o n  is 
p o s s i b l e .  

The   second  maf ic   l ava ,   the   basa l t  of Bear  Canyon 

Broken  Tank, i s  he re   i n fo rma l ly  named f o r  Broken  Tank i n  t h e  
e a s t - c e n t r a l   p a r t  of t h e  quadrangle .  Rere, i t  forms  the mesa 
r i m r o c k ,   o v e r l y i n g   s e v e r a l   h u c d r e d   f e e t  of   upper   Santa   Fe 

m a j o r   f a u l t  and d i r e c t l y   o v e r l i e s   t h e  Hells Mesa T u f f   ( f i g .  
g r a v e l s .  One mi l e   t o  t h e  e a s t   t h e   b a s e l t   f l o w   l a p s   a c r o s s  a 

T h i s  same b a s a l t   i n t e r v a l   a l s o  cross o u t  a t  t h e  rimrock  on  mesas 
) .  

j u s t  e a s t  of t h e  s o u t h e s s t e r n   c o r n e r  of t h e   q u a d r a n g l e .  

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

I_ 

th roughout  t h e  a r e a   a r e   m a i n l y   d e p o s i t s   o f   o l d e r   g e n e r a t i o n s   o f  
p r e s e n t l y   e x i s t i n g   d r a i n a g e s  w i t h  s i m i l a r   . s e d i m e n t   s o u r c e   a r e a s .  
A w i d e   s t r i p  of t h e s e   d e p o s i t s   o c c u r s  i n  t h e  va l l ey   be tween   t he  
Chupadera and Magdalena  mountains.   The  oldest  of t h e s e   d e p o s i t s  
have a t h i c k ,  we l l -deve loped   ca l i che   cap  and may be a s   o l d  as 
m i d d l e   P l e i s t o c e n e .  

P i e d m o n t   s l o p e ,   a l l u v i a l   f a n ,  and   s t ream  depos i t s  w h i c h  occur  

STRUCTURE 

two cauldrons  and  have  normal  displacement.  T h e  c a u l d r o n   f a u l t s  
w h i c h  m u s t  be p re sen t   a r e   appa ren t ly   bu r i ed   by   younger   vo lcan ic  
u n i t s .  The dominan t   s t ruc tu ra l   t r end  is  N 1 0  to  25 W and  almost 

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

- 10 - 



a l l  o f   the   fau l t s   a re   down- to- the-wes t .   Smal l   a reas   o f  
down- to - the -eas t   f au l t i ng   a r e   p re sen t   a long   t he   wes t e rn   s ide   o f  

T. 4 S., R. 3 W . ,  unsurveyed) .  The sou the rn  of t h e s e  
t h e  map ( s e c s .  2 and 11, T. 5 S . ,  R.  3 W . )  and ( s e c s .  1,2,11,12, 

down-to- the-east   faul t   zones is  thought   to   be  a s m a l l   a n t i t h e t i c  
h o r s t  and graben  system  caused  by  di la t ion  a long a n o r m a l   f a u l t .  
The l a r g e r   g r a b e n  j u s t  sou th  of S o u t h  Canyon and t h e  
down-to- the-east   faul ts   t rending  south  f rom i t  a p p a r e n t l y  
p e n e t r a t e  from the   nor th .   Grabening  is t h e  t y p i c a l   s t r u c t u r a l  
s t y l e  o n  Water  Canyon Mesa which l i e s  j u s t  across South  Canyon to 
t h e   n o r t h .  I n  t h i s  a r ea ,   Sou th   Canyon   l i e s  o n  t h e   s o c o r r o  

beds   and   f au l t   p l anes  have  been  rotated i n  o p p o s i t e  d i r e c t i o n s  
t r ansve r se   shea r   zone ,  a s t ruc tu ra l   domain  boundary a c r o s s  which 

(Chapin and o t h e r s ,  1 9 7 8 ) .  L o c a l l y ,   r e l a t i o n s h i p s  may  be q u i t e  
complex  along  this  domain  boundary;  the  grabening  along  South 
Canyon is thought   to   be   an   a rea   where   s t ruc tura l   e lements   f rom 
o p p o s i t e   s i d e s  of t h e  zone i n t e r f i n g e r .   A l t e r n a t i v e l y ,   t h e  

e x t e n s i o n s  of t h e   d o w n - t o - t h e - e a s t   f a u l t   t h a t  bounds t h e  east 
nor thern   down- to- the-eas t   fau l t s  may be   younger   s t ruc tures ,  

s i d e   o f   t h e   n o r t h e r n  Magdalena  Mountains. 

t r a c e d  d iagonal ly   nor theas tward   f rom  the   southxes t   corner  of t h i s  
A zone  of   anomalous  northeast- t rending  s t ructures   can be 

map. Most  of t h e s e   f a c l t s   c a n  be fo l lowed  for  Gnly s h o r t  
d i s t a n c e s  anci i n  many c a s e s   t h e   d i s p l a c e m e n t   c a n  be shown t o  join 
a no r th -wes t   t r epd ing   f au l t .  T h e  p r e f e r r e d   i n t e r p r e t a t i o n   f o r  
t h e s e   o f f - t r e n d   f a u l t s  is t h a t   t h e y   a r e   j o g s  where north-west 

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

T h i s  zone c f   t r a n s v e r s e   f a u l t i n g   f o l l o w s   q u i t e   c l o s e l y   t h e   z o n e  
f a c t ,   s e g m e n t s  of  north-west  trending  down-to-the-west  faults.  

betweeil t h e   r i n g   f r a c t G r e s  and  oute:: t opograph ic  r im  of   the  
southern   Sawmil l  Canyon cauldron .  I t ,  t h e r e f o r e ,  seems p robab le  
t h a t   t h e   t r a n s v e r s e   e l e m e n t s  of t h e   y o u n q e r   s t r u c t u r e   a r e  
r e f l e c t i n g   t h e   p r e s e n c e   o f   t h e   o l d e r   c a u l d r o n - r e l a t e d   s t r u c t u r e s .  

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  w i t h i n  t h i s  q u a d r a n g l e   c o n s i s t s  of a w i d e s p e a d  
and  pervasive  alkali   metasomatism  and  minor  areas  of  presumed 
s u p e r g e n e   a l t e r a t i o n   a l o n g  Ryan H i l l  Canyon ( s e c .  1, T. 5 S . ,  R. 

upper member o f   t h e  Pound Ranch R h y o l i t e  and a l l  of t h e  
3 W . ) .  The a l k a l i  metasomatism a f f e c t s  u n i t s  a s  young as t h e  

Canyon  cauldron   margin .   Regional ly ,   the   a rea   o f   a l te ra t ion  
quadrang le   no r th  of t he   approx ima te   t r ace   o f  t h e  southern  Sawmil l  

inc ludes   mos t  of t h e  Magdalena,  Chupadera and Lemi ta r   Mounta ins  
( see   Chapin  and o t h e r s ,  1 9 7 8 ) .  
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d i s t i n c t  p e t r o g r a p h i c  and chemical changes  but   has  a r e l a t i v e l y  
T h i s  form  of a l k a l i  exchange a l t e r a t i o n   c a u s e s  q u i t e  

minor e f f e c t  on  hand spec imen  or   ou tcrop   charac te r i s t ics .   Most  
p l a g i o c l a s e   f e l d s p a r  is a l t e r e d  to c l a y   m i n e r a l s  or t o   a l k a l i  
f e l d s p a r ,  which a r e   u s u a l l y   p l u c k e d   o u t   d u r i n g   t h i n  section 
p r e p a r a t i o n ,  and sphene is a l t e r e d  to leucoxene .   Other   minera ls ,  
i n c l u d i n g   a l k a l i   f e l d s p a r ,   b i o t i t e ,   q u a r t z ,  and m a g n e t i t e   a r e  
apparent ly   unaf fec ted .   Chemica l ly  t h e  major   changes   inc lude   ne t  
a d d i t i o n  of potassium,  and  net  losses of  calcium,  sodium, 
magnesium, 
s t a r t l i n g   t h a t  a rock  which  has  been  changed so much chemica l ly  

(see  DeAndrea,  1 9 8 1 ) .  I t  is somewhat 

l o o k s  so f r e s h .  R o c k  color ,   groundmass  and  pumice  texture ,   and 
most phenoc rys t s   a r e  normal i n  appearance .   Sanid ine  is u s u a l l y  
c l e a r  and b i o t i t e  is b lack  or coppery and sh iny .  

Reasonable   success  i n  f i e l d   i d e n t i f i c a t i o n   o f  t h i s  type   o f  
a l t e r a t i o n   h a s  been p o s s i b l e   u s i n g ,   a s  a c r i t e r i o n ,   t h e   p r e s e n c e  
of two d i s t i n c t   t y p e s  of f e l d s p a r   i n  a r o c k   t h a t   o t h e r w i s e  
appea r s   una l t e red .   The   s an id ine  is c l e a r  to s l i g h t l y   m i l k y  w i t h  
good cleavage w h i l e  t h e   o t h e r   f e l d s p a r   ( p r e s u m a b l y   p l a g i o c l a s e )  
i s  cha lky  w i t h  no c l e a v a g e .  T h i s  a l t e r a t i o n   h a s  been 
hypothesized  to  be t h e  resu l t  of a l k a l i   e x c h a n g e  i n  a n  a n c i e n t  
geothermal  system  (Osburn,  1978;  Chapin and o t h e r s ,   1 9 7 8 ) .  

th roughcut  t h i s  quadrangle .  Most o c c u r r e n c e s   a r e   s m a i l  and have 

from  several   open c u t s  along  Chaves  and Mo1ir.o Canyons.  Another 
been   explored   by   bu l ldozer   t rances .  Some o r e   h a s  been  produced 

prospect   west  of Ryan Eill Canyon ( s e c .  2 ,  T. 5 S . ,  R. 2 W.) may 
have  produce2 some o r e  a's t he re  is a n   a e r i a l  tramway i n  p ~ s i t i o n  
t h e r e ;  however, t h e  amount of excava t ions   nea r   t he   head  of t h i s  
trarnway  does  not  suggest  very much p roduc t ion .  

Macaanese-oxide  mineral izat ion occurs a t .   s c a t t e r e d   l o c a t i o n s  

The  manganese m i n e r a l i z a t i o n  occurs m a i n l y   a s   f r a c t u r e   a n d  
b r e c c i a   f i l l i n g s   o f  manganese  oxides,   black and w h i t e  c a l c i t e  and 
q u a r t z .  Minor ga l ena  is p r e s e n t   a t  one  prospect  (SeC. 2 ,  T. 5 

m i n e r a l i z a t i o n  w i t h  t h e   a l k a l i   m e t a s o m a t i s m   s u g g e s t s  a g e n e t i c  
S . ,  R. 3 W . )  . The spac ia l   co inc idence   o f   t he   manganese  

r e l a t i o n s h i p  between t h e  two. 
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EXPLANAT ION 

Q u a t e r n a r y   A l l u v i a l   D e p o s i t s  

[El 
w i t h i n  t h i s  map have been   separa ted   in to  
ALLUVIAL DEPOSITS: Q u a t e r n a r y   a l l u v i a l   d e p o s i t s  

geomorpho log ic   c l a s ses   ( such   a s   a l l uv ia l   f an ,  
p i e d m o n t   s l o p e ,   o r   v a l l e y   a l l u v i a l   d e p o s i t s )   a s  much 
as was p r a c t i c a l .  Most d e p o s i t s ,   e x c e p t   f o r  
c o l l u v i a l  and t a l u s  deposits, have  also  been 
separa ted   by   age .  A l l  t h o s e   d e p o s i t s   w i t h   l i t t l e   o r  
no s o i l  development are c l a s s e d   a s  young wi th   t he  
a d d i t i o n  of a s u f f i x   l e t t e r   " y " .   O l d e r   d e p o s i t s  
w i t h  apprec i eb le   so i l   deve lopmen t   a r e   c l a s sed   a s   o ld  
and denoted w i t h  a n  " 0 " .  $.$e sequences   wi th in  
p i edmont   s lope   depos i t s   a r e   nmbered  from  youngest 
to o l d e s t .  Most u n i t s  a r e   g r e a t e r   t h a n  1 mete r  

a l l u v i a l   d e p o s i t s  of   other   morphologies .  
t h i c k  where mapped and l o c a l l y   i n c l u d e  minor 

[Qty] Valley F.lluviurr, (0-50 f t ,  15 111) S X P J  CR?A'.7EL, ALT [E] FINE-GRAIND COLLGVIFL DEPCS7TS: Sa!lds ccd   g rave l  
i n  a c t i v e   s t r e a m   c h a n n e l s ,   o r   f i n e r   g r a i n e d   d e p o s i t s  
(mainly s i l t  and c l a y )  i n  a l l u v i a t e d   v a l l e y s .  

[ Q f y l  ALLUVIAL FAN DEPOSITS:  Minor a l luvium w i t h  a l l u v i a l  
fan   'morphologies   a long   s teep   scarps .  

PIEDMONT SLOPE DEPOSITS (0-150 f t ,  45  m )  
CONGLOMERATES, SANDSTONES, AhG BOULDER ALLUVIUM: 
Fang lomera te s ,   con ta in ing  mixed c l a s t s   o f   a l l  major 
rocks  types  exposed i n  p r e s e n t   h i g h l a n d s  

[=I p i edmont   s lope   depos i t s  w i t h  l i t t l e ,   i f  any, s o i l  
development 

[Qpol] o l d e r   p i e d m o n t   s l o p e   d e p o s i t s   w i t h   a p p r e c i a b l e   s o i l  
development. 

[Qp02] Map u n i t s  w i t h i n  t h e s e   d e p o s i t s   a r e   s e p a r a t e d   b y  s o i l  
development   and  re la t ive  topographic  level. These 
u n i t s  are numbered from  youngest   to   oldest .  

[Qtc] t a lu s / co l luv ium -- unconso l ida t ed   t a lus ,  
s o i l - s t a b i l i z e d   t a l u s   a n d   s l o p e  wash d e p o s i t s .  



[Q_nl unass igned   g rave l s  -- mainly  piedmont and v a l l e y  

r e a d i l y   a s s i g n a b l e  to am ther  map u n i t .  
a l luv ium,  now i s o l a t e d  w i t h i n  bedrock  areas   and n o t  

SANTA FE GROUP -- T e r t i a r y   B a s i n - F i l l   S e d i m e n t s  

[x] Upper S a n t a   F e   g r a v e l s   u n d i v i d e d  (0-500 f t ,  150 m )  
FANGLOMERATES and SANDSTONES: Buff t o  t a n ,  poorly 
indurated,   pebble   to   cobble   cohglomerates   and 

Formation  (Osburn,   1978;   Pet ty ,  1 9 7 9 ) .  The l a c k  of 
sandstones.   Formerly mapped a s   S i e r r a   Ladrones  

a c lear -cu t   unconformi ty   wi th   the   under ly ing  
Popotosa   Format ion   prevents  t h i s  c o r r e l a t i o n .  

Popotosa  Formation  [Denny, 19401  (0 -3000  f t ,  9 0 0  m )  
FANGLOMERATES,  MUDFLOW DEPOSITS, MUDSTONES, and 
SAKDSTONES: Bo l son   depos i t s   i n t e rbedded   l oca l ly  
w i t h  contemporaneous  volcanic  rocks. W i t h i n  t h i s  

we l l - indura t ed  mudflow d e p o s i t s  which a r e   o v e r l a i n  
quadrang le ,  t h e  lowermost rocks a r e   u s u a l l y  red 

by a t h i c k  sequence   of   p laya   c lays tones ;  

or i r ' ter tongue with, o ther  f a c i e s .  One Iozr.;atioris 
regional ly ,   however ,   th .ese  li t h o i c g i e s   g r a d o  i n t o ,  

2nd severa l .   in formal   vo lcenic  members havs been 
mspped iriterbedded w i t h  the   Popotssa   Format ion .  

[ T p p l  p l a y a   f a c i e s  -- red ,  brown or Green  c laystones  with 
minor  gypsum.  These d e p s i t s  become t h i n n e r  and 
poss ib ly   ' i n t e rbedded  w i t h  o t h e r  li t h o i o o i e s   t o  t h e  
south .  

[ T p l ]  Lower Popotosa -- r e d ,  well indura t ed  mudflow 
d e p o s i t s  and  minor conglomera tes .  

VOLCANIC ROCKS INTERBEDDED I N  BASIN-FILL SEDIMENTARY ROCKS 
" 

Pound Ranch R h y o l i t e  
[E] upper member [Osburn,  19781 10.5 + 0 . 4  m.y. (0-650 

f t ,  200  m )  QUARTZ LATITE LAVA FLOES: Dense, 
p o r p h y r i t i c ,   q u a r t z - l a t i t e   l a v a   f l o w s .   T e x t u r a l l y  

f i n e l y  f l o w - f o l i a t e d   i n t e r v a l ,   t o   u p p e r   p a l e - r e d ,  
zoned f rom  basa l   b l ack   v i t rophyre ,  t o  middle r e d ,  

phenoc rys t s  of p l a g i o c l a s e ,   b i o t i t e ,  and hornblende. 
c r u d e l y  f l o w - f o l i a t e d   i n - x r v a l .   C o n t a i n s  10-25% 



lower member [Osburn,1978] 11 .8  + 0 . 5  m.y. l a v a s  
( 0 - 4 0 0  f t ,  120m)  RHYOLITE LAVAS: Dense, 
c rys t a l - r i ch ,   pa l e - r ed -b rown   rhyo l i t e   l avas .  
A p p a r e n t l y   c o n s i s t s  of  two s m a l l  domes or t h i c k  l a v a  
f lows .   Crude ly   f l ow- fo l i a t ed .   Con ta ins  25-40% 
p h e n o c r y s t s  of p l a g i o c l a s e ,   q u a r t z ,   s a n i d i n e ,  
b i o t i t e  and a t race   o f   hornblende .  

a s h - f l o w   t u f f s   a s s o c i a t e d  w i t h  t h e  Pound  Ranch 
Rhyo l i t e  -- ASH-FLOW  Ah13 AIR-FALL  TUFFS: TWO 

p laces ,   bu t   usua l ly   compi led   toge ther .   Lower ,   bgf f ,  
sequences w i t h  d i s t i n c t   l i t h o l o g i e s   p r e s e n t  i n  many 

poor ly   we lded   i n t e rva l   has   mine ra log ica l   compos i t ion  
s i m i l a r  to  t h e   l o w e r   l a v a ;   t h e   u p p e r ,   u s u a l l y  
v i t r i c ,   d e n s e l y  welded t u f f  is s i m i l a r   i n   m i n e r a l o g y  
to  t h e   u p p e r   l a v a .  

- 

ASH-FLOW  TUFFS (0-150 f t ,  45 m )  : Ligh t -co lo red ,  
crystal-poor ,   poorly  welded  ash-f low tuffs. Con ta in  
1 0  t o  20 p e r   c e n t  t o t a l  p h e n o c r y s t s   c o n s i s t i n g  of 
q u a r t z ,   p l a g i c c l a s e ,   s a n i d i n e ,   b i o t i t e ,  and 
ho rnb lende .   P robab ly   co r re l a t ive  w i t h  T p r t .  

m) SILICIC LilS'h FLONS: Pink to g r s y i s h - r e d ,  
Rhyo l i t a  1airs.s of Water Cacyon Pies?. (0-560 f t ,  150 

phenocrys t - r ich ,   quar  t z - l z k i t e  l avas .   Con ta ins   15  
t o  40 p e r  cent  t o t a l   p h e n o c r y s t s   c o n s i s t i n g - o f  
p l a g i o c l a s e ,   b i o t i t e ,   h o r n b l e n d e  and t r a c e s   o f  
q u a r t z .  Most of t h i s   u n i t   h a s  been   s t ronc j ly   a l t e r e2  
by Kt0 metasomatism. 

B a s a l t i c   L a v a s  

B a s a l t  of Broken Tank (0-150 f t ,  45 m )  6ASALTIC LAVA 
FLOWS: G r a y i s h - b l a c k ,   m i c r o - v e s i c u l a r ,   s l i g h t l y  
p o r p h y r i t i c   b a s a l t i c   l a v a   f l o w .   C o n t a i n s   s p a r s e  
phenoc rys t s  of p l a g i o c l a s e  and c l inopyroxene  i n  a 
coarse-gra ined   groundmass   wi th   subophi t ic   t ex ture .  

b a s a l t  of  Bear Canyon [Chamberlin,  19801 (0-50 f t ,  
15 m )  BASALTIC LAVA FLOW: Dense,   b lack,  
f i n e - g r a i n e d   b a s a l t  w i t h  we l l -deve loped   oph i t i c  
t e x t u r e .  

b a s a l t  of Madera  Canyon [ N e w  Name] (0-600 f t ,  185 m )  
BASALTIC LAVA FLOWS: Gray to b l a c k ,   d e n s e   b a s a l t i c  
to b a s a l t i c   a n d e s i t e   l a v a s   c o n t a i n i n g  a few p e r c e n t  
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pyroxene   and   p lag ioc lase   phenocrys ts .   Loca l ly  some 
f l o w s   c o n t a i n i n g   a b u n d a n t   o l i v i n e  c lots  to 2 cm. 

TERTIARY ASH-FLOW  TUFFS AND REGIONAL LAVAS 

C h o c l e  Well   Tuff 26 m.y.  (0-650 f t ,  2 0 0  m ) ASH-FLOW 
TUFFS: Simple  to  compound c o o l i n g   u n i t  of 
q u a r t z - r i c h ,   o n e - f e l d s p a r   r h y o l i t e   t u f f  - Lower 
member of l i g h t - g r a y  to brownish-gray,   crystal-poor  
( 1 - 4 % )  t u f f  and an upper member of  medium-gray  to 

o n e - f e l d s p a r   t u f f  w i t h  abundan t   cha toyan t   s an id ine  
purp le-gray ,   modera te ly   c rys ta l - r ich   (15-25%) 

and euhedra l   qua r t z .   The  two members a r e  mapped 
toge the r .   Source  unknown. 

La J a r a  Peak   Easa l t ic   ARdes i te  Tongue  (0-500 f t ,  150 
m j  BASALTIC ANDESITE LAVAS: Dark g r a y  to p u r p l e ,  
f i n e - g r a i n e d ,   m a f i c   l a v a   f l o w s   U s u a l l y   c o n t a i n  1-5% 
red ,   a l t e r ed   f e r ro -mag .   and   occas iona l ly   p l ag ioc la se  
phenocrys ts .  .. 

RHYOZITIC LAVA FLOWS (0-250 f t ,   7 5  m ) :  P i n k  t o   g r a y ,  
c r y s t a l - p o o r ,  s i l i c ic  l a v a  flows. Contains  few, i f  
any ,   phenocrys ts ,   bu t   usua l ly  con tz ins  prominent 
s p h e r u l i t e s .   C r o p s  o u t  i n  two s m a l l   s e p a r a t e   a r e a s  

3' w. j . These   separa te   ou tcrops   may:be  two s m a l l  
(sec. 19, T, 4 S . ,  R .  2 W., and  sec: 5 ,  T. 4 S . ,  R. 

dcmss  or p a r t s  of a l a v a   f l o w  which was l o c a l i z e d   i n  

The s o u t h v e s t e r n  of t h e s e  two ou tc rops  is u n d e r l a i n  
a pa l eo -va l l ey .  

by as  mucn a s  300  fee t   o f   p ink   to   b rown,  
c rys t a l -poor  .. l i t h i c - r i c h   a s h - f l o w   t u f f s  and 

conyiomera tes .  
interbedded  coarse-grained,   immature  sandstones  and 

Lemitar  Tuff 28  m.y. (500 t o  1500 f t ,  450 m )  ASH- 
FLOW TUFFS: S t rongly   zoned ,   s imple   cool ing  u n i t  of 
ash- f low  tuf f .   Div ided  i n t o  two members a t  an 
i n c r e a s e  i n  p h e n o c r y s t   c o n t e n t .  

UPPe r member - Medium-red t o  
l i g h t - y e l l o w i s h - g r a y ,   r e v e r s e l y   z o n e d ,   c r y s t a l - r i c h  

quartz-poor  ' q u a r t z   l a t i t e   a t   b a s e  which  contains  
t u f f s .  Zoned from l o w e r ,   p l a g i o c l a s e - r i c h ,  

p l a g i o c l a s e ,   b i o t i t e ,   s a n i d i n e  and hornblende,  and 
25 t o  35% t o t a l  p h e n o c r y s t s   c o n s i s t i n g  of 
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t r a c e s  of magnet i te ,  to  q u a r t z - r i c h   r h y o l i t e   a t  
t o p  which c o n t a i n s   s a n i d i n e ,   q u a r t z ,   b i o t i t e ,  
p l a g i o c l a s e  and t r a c e s   o f   m a g n e t i t e  and sphene. 

q u a r t z - l a t i t i c  magma s i m i l a r  to t h e   l o w e r   p a r t s  of 
R h y o l i t e  commonly c o n t a i n s   r e d   c l o t s  of 

t h e  membe r . 
Lower member - Light -gray   to   pa le - red ,  
c rys t a l -poor  (5-15%), homogeneous r h y o l i t i c   t u f f s ,  
commonly c o n t a i n i n g  a l i t h o p h y s a l  zone  near   the 
middle .   Contains  5 t o  1 5 %   s a n i d i n e ,   q u a r t z  
and b i o t i t e  and t r a c e s   o f   p l a g i o c l a s e ,   s p h e n e  
and magnet i te .  

f t ,  200 m--outflow,  >3000 f t ,  9 0 0  m--cauldron 
LA J E N C I A  TUFF [ N e w  Name] 30-32 m.y. (0 -650 

f a c i e s )  ASH-FLOW TUFFS: TWO coo l ing  u n i t s  of 
d e n s e l y   w e l d e d ,   c r y s t a l - p o o r ,   o n e - f e l d s p a r   t u f f .  
Both members conta i r :  3 t o  10% s a n i d i n e ,  minor 
sma l l   rounded   qua r t z   phenoc rys t s  and t r a c e s  pf 

w h i l e  q u i t e   s i a i l a r   l i t h o l o g i c a l l y   c a n   u s u a l l y  be 
p l a g i o c l a s e ,   b i o t i t e  and magne t i t e .  The  members, 

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

d e n s e l y  welZe.3 t u f f  cante.:ir!Ing l a r g e   p r r t i a l l y  
uppar member -- 5 r a y  to p u r p l e   g r a y ,   p o o r l y  to 

collapsed  pumice  which commonly h a v e   i n t e r i o r   p a r t s  
r ep laced  b y  l a r g e   e u h e d r a l   v a p o r   p h a s e   c r y s t a l s  of 
q u a r t z  and f e ldspa r .   These   pumice   t yp ica l ly   a r e  
surrounded by a 1ir ;ki t -colored  r ind.  

lower member -- l i g h t - p i n k i s h - g r a y   t o   l a v e n d e r   t u f f  
t h a t  is commonly d e n s e l y  welc?ed to t h e   b a s e .  
U s u a l l y   h a s   s t r o n g l y   l i n e a t e d   p u m i c e  and gas  
c a v i t i e s  i n  r e n t e r   p a r t s   o f  u n i t .  F J i t h i n  t h i s  
q u a d r a n g l e   t h e   l i n e a t i o n s   t r e n d   b e t w e e n  N 20 W and N 
50 W. 
cau ld ron- fac i e s  La J e n c i a   t u f f  -- Extremely   th ick  

pumiceous  ash-f low  tuff .  Commonly l i g h t   t o  
s e c t i o n  of dense ly   welded ,   very   c rys ta l   poor ,  

medium-gray w i t h  dark-reddish-brown to  p u r p l e  
pumice.  The  pumice a r e   u s u a l l y   s t r o n g l y   l i n e a t e d  i n  

c o r r e l a t e d  w i t h  the  lower member because   o f   the  
a g e n e r a l l y   e a s t   w e s t   d i r e c t i o n .   T e n t a t i v e l y  

l i n e a t e d  pumice. 

HELLS MESA TUFF: (Chapin,  1 9 7 4 )  33 m.y. (>1600 f t ,  

u n i t  of c r y s t a l - r i c h  (25 -50%)  , q u a r t z - r i c h ,  
500 m) ASH-FLOW TUFFS: S imple   to  compound coo l ing  
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t w o - f e l d s p a r ,   r h y o l i t e   t u f f s .   P i n k  to reddish-brown 
when f r e s h  and  densely  welded,   gray when p o o r l y  
welded or p r o p y l i t i c a l l y   a l t e r e d   ( m a i n l y   i n   w e s t e r n  
ha l f   o f  t h e  c a u l d r o n ) .   L i t h i c - r i c h   z o n e s ,  
mesobrecc ias   and   la rge   exot ic   b locks  common, a s  a r e  
" l a g - f a l l ' '   b r e c c i a s   ( s e e   t e x t )   n e a r   t h e   t o p  of t h e  
s e c t i o n .  

CAULDWN F I L L  UNITS 

Sawmill  Canyon-Xagdalena  cauldron f i l l  - 

m )  ANDESITE LAVAS, 2ISYOLITE LAVAS,  ASH-FLOW TUFFS, 
Sawmill Canyon Formation [New Name] (0-2500 f t ,  750 

CONGLOMERATES, and MCDFLOW DEPOSITS:  H e t e r o l i t h i c  
f i l l  o f   Szdmi l l  Canyon C a u l d r o n .   I n   n o r t h e r n   p a r t ,  
t h e   f i l l  cons is t s  l a r g e l y  of a n c i e s i t i c   l a v a s  znc2 

s o u t h ,  a n d e s i t e  l a v a s  i n t e r f i n g e r  w i t h   r h y o l i t e  
in te rbedded  mud- a d  deb r i s - f low d e s o s i t s .  TO t h e  

lavas   and   conglomera t ic   sands tones ,   and   a re   over la in  
by a t h i c k  i n t r a - c a l d e r a   a s h - f l o w   t u f f ,   t h e   C a r o n i t a  
Canyon Tuff  [New  Name] 29 .4  m.y. 

Tuff of C a r o n i t a  Canyon [ P e t t y ,  19791  2 9 . 4  + 1.1 
m.y. (0 -1200  f t ,  355 m )  ASH-FLOW TUFFS: 
Mul t ip l e - f low,   s imp le -coo l ing -cn i t  of a s h - f l o w   t u f f s  
showing s t r o n g   r e v e r s e   z o n i n g .   U s s a l l y   d i v i d e d   i n t o  
two members a t  a s h a r p l y   g r a d a t i o n a l  upward i n c r e a s e  
in   phenoc rys t   con ten t   and   change  to r h y o l i t i c  
m i  neraiogy . 
upper member-- w h i t e  t o  medium g r a y ,   c r y s t a l - r i c h ,  
modera te ly   to   dense ly   welded   tu f f .   Conta ins  30-50% 
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 ,   b i o t i t e  and  minor 
magne t i t e .   Quar t z  i s  o f t e n   l a r g e  and p rominen t ly  
d ipyramidal .   Loca l ly  (secs.  5 & 6 ,  T. 5 S . ,  R. 2 
W.) c o n t a i n s   a t   l e a s t  one t h i n   s a n d s t o n e   p a r t i n g .  

lower member -- Brown to r e d d i s h ,   m o d e r a t e l y  
c rys ta l -poor ,   poor ly   to   dense ly   welded   ash- f low 

b i o t i t e ,   m a g n e t i t e ,  and t r a c e s  of c l inopyroxene ,  
t u f f s .   C o n t a i n s  5 2 0 %  p h e n o c r y s t s   o f   p l a g i o c l a s e ,  

q u a r t z ,  and s a n i d i n e .   L o c a l l y   h a s   b l a c k   b a s a l  
v i t r o p h y r e .  

- 
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[Txrp] - p o r p h y r i t i c   r h y o l i t e   l a v a  (0-1200 f t ,  265 rn) 

[Txrpt]  Brown to  p i n k i s h - g r a y ,   p o r p h y r i t i c   l a v a  flow. 
RHYOLITIC LAVA FLOWS : 

Contains  5-30% phenocrys t s  of s a n i d i n e ,  q u a r t z ,  and 
minor magne t i t e  and b i o t i t e .   U s u a l l y   c o n t a i n s  1 to 
a few per c e n t   b r o w n i s h - g r a y ,   p a r t i a l l y  embayed 
a n d e s i t e  l i t h i c   f r a g m e n t s .  

CRYSTAL-POOR  RHYOLITIC LAVAS, and DOMES ( 0 -  1 0 0 0  f t ,  
300 rn):  
F ine-gra ined ,   p ink ,   g ray  or brown,   crystal-poor  to  
c r y s t a l - f r e e ,   f l o w - b a n d e d   r h y o l i t i c   l a v a s ,   l o c a l l y  
o v e r l y i n g   m i n o r   t u f f s   o f  s imi la r  l i t h o l o g y  . 
C o n s i s t s   o f   s e v e r a l   i n t r u s i v e   p l u g s   i n   S a . m i 1 1  
Canyon (Iioth,  198  0 )  and   l ava  flows i n   b o t h   S a w m i l l  
and  Ryan H i l l  Canyons. 

ANDESITIC LAVAS (0-1500 f t ,  450 m )  : V a r i a b l e  
sequence  of andes i t ic  l a v a s   i n c l u d i n g   b o t h  
f ine -g ra ined  and p . o r p h y r i t i c   l i t h o l o g i e s .  
P l a g i o c l a s e   p o r p h y r i t i c   l a v a s   a r e   c o n c e n t r a t e d   i n  
t h e  nor t h e r n   p a r t  o f  t h e   c a u l d r o n   e l o n g   S i x m i l e  and 
Socth  Canyons.   The uppermost a n d e s i t e s  are   s imilar  
to  t h e  L a  J z r a  Peak Base l t ic  ARdesite.  

MiJDFLO'N' DEPOSITS, CONGLOMERATES, AND SANDSTGNZS 

c o a r s e ,   a n g u l a r ,   h e t e r o l i   t h i c  mudflow d e F s i t s  and 
(0-650 f t ,  2 0 0 m ) :  Nor thern  e x p s u r e s  c o n s i s t  of 

minor  conglomerates  shed frcm t h e  nor  tk'ern  cauldron 
margin. These are i n t e r b e d d e d   w i t h   a r d c s i t e  l a v a s .  
Southern deposits c o n s i s t  of conglomerates,   ntudflosj  
d e p o s i t s   a n d   s a n d s t o n e s   i n t e r b e d d e d   w i t h   r h p l i t e s  
as  weli as a n d e s i t e s .  C l a s t  l i t h o l o g i e s   i n  t h e  

Hells Mesa Tuff  and r h y o l i t i c   l a v a s .   S o u t h e r n  
no r the rn  Zeposits i n c l u d e   S p e a r s - t y p e   a n d e s i t e s ,  

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

Formation  which crops o u t  j u s t  to  t h e   s o u t h .  
north  plus   numerous c las t s  of t h e   L u i s   L o p e z  

~ " _  

" 

[El L u i s  Lopez  Formation [NEW  NAME] (0 -3500  f t ,  1 1 0 0  m )  
RHYOLITE  LAVAS,  MAFIC  LAVAS,  ASH-FLOW TUFFS, AND 
SEDIMENTARY  ROCKS: H e t e r o l i t h i c  f i l l  of t h e   S o c o r r o  
Cauldron. Occurs be tween  under ly ing   cau ldron-fac ies  
H e l l s  Mesa and t h e   o v e r l y i n g  L a  J e n c i a   T u f f .  

[ E ]  R h y o l i t e   l a v a s  (0- lG00 f t ,  5 0 0  m )  C rys t a l -poor ,  
v a r i e g a t e d   ( w h i t e ,   t a n ,   p i n k ,  or g r a y ) ,   r h y o l i t i c  
l a v a s .   U s u a l l y   c o n t a i n s   a b u n d a n t   r e d   s p h e r u l i t i c  
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Conta ins   t r aces  of b i o t i t e  and   s an id ine   phenoc rys t s .  
d e v i t r i f i c a t i o n   s t r u c t u r e s   a n d   l o c a l   v i t r i c   z o n e s .  

Loca l ly   unde r l a in  by: 
[ S I  a n   a s h - f l o w   t u f f   o f   s i m i l a r   l i t h o l o g y  

[=I A n d e s i t i c   l a v a s  (0-150 f t ,  45 m )  One o r   l o c a l l y  
more d a r k - s r a v ,   t o   P u r p l e ,   P l a s i o c l a s e - m r u h v r i t i c  
a n d e s i t i c   i a v a - f l o w s .   C o n t a i n s   f r o m  5 to.i5;% 
p lag ioc la se ,   c l i nopyroxene  and b i o t i t e   p h e n o c r y s t s .  

" 

[E] Ash-f low  tuffs  (0-200 f t ,  6 0  m )  Whi t e   t o   t an ,  

Common clast  l i t h o l o g i e s  i n c l u d e   a n d e s i t i c  and 
c rys t a l -poor  pumiceous, and l i t h i c - r i c h  t u f f s .  

r h y o l i t i c   l a v a s ,   H e l l s  Mesa Tuff   and  several  
var ie t ies   o f   Precambr ian   p lu tonic   and   metamorphic  
rocks .  The c l a s t s   a v e r a g e   a b o u t  6 i nches ,   bu t  may 
be a s   l a r g e   a s  1 mete r .   Tuf f   ma t r ix   con ta ins  a few 
p 2 r   c e n t   q u a r t z  and s a n i d i n e   p h e n o c r y s t s ,   b u t   t h e  
pumice a r e   l a r g e l y   c r y s t a l - f r e e .  

[E] TL'FFACEOUS SANDSTONES ( 0-200 f t ,  6 0 m )  : Yellow  to  
bu f f ,   c ros s -bedded ,   t u f f aceous   s ands tones   and   t u f f s .  
NaL/ be b + s e   s u r g e   6 e L w s i t s   a s s o c i a t e d  w i t h  T z r .  - 

INTRUSIVE ROCKS 

[ T r i l  - RHYOLITE  INTRUSIONS: P i n k  t o   t a n ,   m o d e r a t e l y  
phenocryst-poor flow-bcp.ded r h y o l i t i c   i n t r u s i o n s .  
C o n s i s t s   o f  two smal l   p lug- l ike   masses  ( t o  5 0 0  f t 

Conta in  a few p e r   c e n t   s u b h e d r a l   t o   e u h e d r a l  
across)   ana  A t  l e a s t  two small dike- l ike   masses .  

s2nid i r .e   phenocrys ts .  

[w] WHITE-RHYOLITE DIKES: White to l i g h t - g r a y ,  
f i n e - g r a i n e d   r h y o l i t e   i n t r u s i o n s .   T y p i c a l l y   h a v e  a 
l i g h t  c o l o r  and s i l i c i f i e d   t e x t u r e .   T h e r e   a r e  

phenoc rys t s .  
s e v e r a l   v a r i e t i e s   c o n t a i n i n g   v a r y i n g   a m o u n t s  of 

[ T m i l  - MAFIC D I K E S :  S e v e r a l   t h i n  (1 - 20 f t ,  6 m )  f i n e  
g ra ined   d ikes   occu r   a long  S i m i l e  Canyon. These   a re  
u s u a l l y   b a d l y   a l t e r e d .  
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geologic   contact ,   dashed  where  approximate 

covered ,   bar   and   ba l l  o n  downthrown  block, 
faul t ,   dashed  where  approximate,   dot ted  where 

arrow and number g i v e   d i p   d i r e c t i o n  and a n g l e  
o f   f a u l t   p l a n e  

o f f  s e t  
shea r  zone w i t h  no p r o v a b l e   s t r a t i g r a p h i c  

g r a v i t y   s l i d e   b l o c k  ' 

s t r i k e  and d i p  of  bedfiing or compactior. 
f o l i a t i o n  i n  a s h - f l o w   t u f f s  

h o r i z o n t a l  and v e r t i c a l   b e d d i n g  

s t r i k e  and d i p  of f l o w   f o l i a t i o n  i n  l a v a s  and 
i n t r u s i o n s .  

h o r i z o n t a l  and v e r t i c a l   f o l i a t i o n  

and l a v a s  
f low  l i nea t ion   i n   f l ow-banded   a sh - f low  tu f f s  

t r a n s p o r t   d i r e c t i o n  i n  conglomerates   (pebble  
imbr i ca t ions )  

a d i t  

p rospec t ,   mos t   a r e   bu l ldoze r   t r enches  

upen p i t   e x c a v a t i o n  

- 1 -  
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