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ABSTRACT 

I n  c e n t r a l  New Mexico, t h e  Rio  Grande r i f t   h a s   b r o k e n  a 
no r theas t - t r end ing   cha in   o f   O l igocene   cau ld rons ,   and  a 
s u r r o u n d i n g   v o l c a n i c   p h k e a u ,   i n t o  a series of   nor th- t rending , .  

t i l t e d   f a u l t - b l o c k   r a n g e s   a n d   a l l u v i a l   b a s i n s .  The cau ld rons  
l i e   a l o n g  t h e  a n c i e n t   c r u s t a l   f l a w   o f   t h e   M o r e n c i   l i n e a m e n t ,  
w h i c h   h a s   b e e n   r e a c t i v a t e d   w i t h i n   t h e   r i f t   a s  a deep   s ea t ed  
z o n e   o f   l a t e r a l   s h e a r i n g .   T h i s   t r a n s v e r s e   s h e a r   z o n e  is a 
d i f f u s e  domain  boundary a t   t h e   s u r f a c e ,  where it s e p a r a t e s  
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   a r e   r o t a t e d  and  s tep-  
f a u l t e d   i n   o p p o s i n g   d i r e c t i o n s .  I n  c r o s s   s e c t i o n ,   t h e  
c l o s e l y   s p a c e d ,   n o r m a l   f a u l t   b l o c k s  look s i m i l a r   t o  a t r a i n  
o f   f a l l en   dominoes .  

The Socor ro   Peak   vo lcan ic   cen te r  l ies  w i t h i n   t h e  r i f t ,  
a t  the   ea s t   end   o f   t he   cau ld ron   complex .   O l igocene   vo lcan ic  

s t ra ta  e x p o s e d   h e r e   r e p r e s e n t   t h e   r e m n a n t s   o f   t h e   n o r t h - h a l f  
o f   t h e   r e s u r g e n t   S o c o r r o   c a u l d r o n ,   t e n t a t i v e l y   c o r r e l a t e d  
wi th   e rup t ion   o f   t he   Lemi ta r   Tuf f   abou t  28  m.y. ( m i l l i o n  
yea r s )   ago .   Nea r ly  900  m of cau ld ron- fac i e s   Lemi ta r  (? )  

T u f f ,   w h i c h   c o n t a i n s   c a l d e r a - c o l l a p s e   b r e c c i a s   a n d   b e d d e d  
l a g - f a l l   b r e c c i a s ,  i s  exposed   on   t he   r e su rgen t   b lock .  The 
Lemi ta r   Tuf f   ou t f low  shee t   cove red   domino- s ty l e   f au l t   b locks  
of t h e   e a r l y   r i f t   t h a t   w e r e   l a r g e l y   b u r i e d   b y  wedge-shaped 
p r i s m s   o f   b a s a l t i c - a n d e s i t e   l a v a s .  The  moat  of t h e  Socorro 
c a l d e r a  was f i l l e d   t o   o v e r f l o w i n g   b y   l o c a l   e r u p t i o n s   o f  
l i t h i c - r i c h   r h y o l i t i c   a s h - f l o w   t u f f s ,   i n t e r m e d i a t e   l a v a s ,  
and r h y o l i t e  domes; t h e s e  moat d e p o s i t s   a r e   c o l l e c t i v e l y  
named t h e  L u i s  Lopez  Formation. 

During  Miocene  time, the  n o r t h e r n   p a r t   o f   t h e   S o c o r r o  
cauldron  w a s  uqzonformably  buried by the   Popotosa   Format ion ,  
wh ich   cons i s t s  of h e t e r o l i t h i c  mudflow depos i t s ,   f ang lomer -  
a t e s ,   p l aya   muds tones ,   and   minor   i n t e rbedded   basa l t   f l ows .  
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From 1 2  m.y. t o  7 m-y. ago, numerous  rhyodacite t o  
h i g h - s i l i c a   r h y o l i t e  domes a n d   t u f f s   o f   t h e  Socorro Peak 
Rhyo l i t e  were e r u p t e d   o n t o   t h e   p l a y a   f l o o r   o f   t h e   P o p o t o s a  
b a s i n  as it c o n t i n u e d   t o  f i l l .  These s i l i c i c  domes d e f i n e  
a n o r t h - n o r t h w e s t - t r e n d i n g   i n t r u s i v e  b e l t ,  which i s  w i d e s t  
where it c r o s s e s   t h e   b u r i e d   r i n g   f r a c t u r e   z o n e  of t h e  

Socorro   cau ldron  a t  S o c o r r o  Peak. Between 7 t o  4 m.y. ago,  
cont inued  r if t  f a u l t i n g ,   c o m b i n e d   w i t h   e p e i r o g e n i c   u p l i f t ,  
d i s r u p t e d   t h e  f loor  of the  Popotosa  basin  and  began t o  form 
t h e  modern r a n g e s   a n d   b a s i n s  of the  Socorro  Peak area. About 
4 m.y. a g o ,   b a s a l t i c   l a v a s  were erupted   f rom  vents   southwes t  
of   Socorro  Peak.   These lavas f lowed  eastward across 
ped imen ted   f au l t   b locks   and   on to   channe l   s ands   o f   t he  
a n c e s t r a l  R i o  Grande. E a s t  of Socorro Peak,  t h e   f a c i e s   o f  
t h e  Sierra L a d r o n e s   F o r m a t i o n   c o n s i s t   o f   t h e s e   f l u v i a l   s a n d s  
and   in te r tonguing   p iedmont  gravels shed  from  the  modern 
h igh lands .  

E r u p t i v e   e v e n t s   i n   t h e   S o c o r r o   P e a k   v o l c a n i c   c e n t e r  
have  been  dated a t  28.6,  11.9-10.3, 10.5-9.0, 7.4,   and 4.0 

m.y.  The p r i m a r y   c o n t r o l  of t h i s   r e c u r r e n t  magma i n t r u s i o n  
a n d   r e l a t e d   h y d r o t h e r m a l   a c t i v i t y   h a s   b e e n   t h e   " l e a k y "  
v e r t i c a l  fabr ic  of t h e   M o r e n c i   l i n e a m e n t .   I n   l i g h t  of t h i s  
h i s t o r y ,  it i s  n o t   s u r p r i s i n g   t h a t   g e o p h y s i c a l l y   d e f i n e d  
magma bod ies ,   wh ich   p rov ide  a h e a t   s o u r c e   f o r  the p r e s e n t  
geothermal  anomaly, are a g a i n   r i s i n g   u n d e r   t h e   S o c o r r o   P e a k  
area. 
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IMTRODUCTIOF 

1 

S t a t e m e n t   o f   t h e  Problem 

The   Socorro   Peak   vo lcanic   cen ter  i s  l o c a t e d   i n   c e n t r a l  

N e w  Mexico ( f i g .  1) where t h e  Rio Grande r if t  c u t s  across 

t h e   n o r t h e a s t   f l a n k   o f   t h e   m i d d l e   T e r t i a r y   D a t i l - M o g o l l o n  

volcanic   f ie ld   (Chapin ,   1971a;   Chapin   and   Seager ,   1975) .  

W i t h i n   t h i s   b r o a d   z o n e   o f   i n t e r s e c t i o n ,   t h e   o r i g i n a l  vol- 

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

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

b lock   bas ins   and   ranges .   The   Socorro   Mounta ins ,   nor thern  

Chupadera  Mountains  and  southern t i p  of t h e  Lemitar Moun- 

t a i n s ,  which   toge ther  form one of t h e s e   i n t r a - r i f t   f a u l t -  

b lock   r anges ,  form t h e  main p a r t   o f  a la rge   geothermal  

anomaly   ou t l i ned  by geophys ica l   t echn iques   and   cons t i t u t e  

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

I n t e r p r e t a t i o n s  of microearthquake  seismograms over a 

p e r i o d   o f   y e a r s   b y   P r o f e s s o r  A. R. S a n f o r d   a n d   h i s   g r a d u a t e -  

s t u d e n t   a s s o c i a t e s  a t  N e w  Mexico Tech  have  been  used t o  

i d e n t i f y   a n d   t o  map present-day magma b o d i e s   i n t r u d i n g   t h e  

c r u s t  near Socorro  Peak  (Sanford  and  Long,  1965;  Sanford 

and   o the r s ,   1973 ,   1977a ,  1977b;  Caravella, 1976;   Rinehar t ,  
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pproximate   l imi t  
o f  source areos  I 

F i g u r e  1. Map o f  New Mexico  and  Colorado  showing  locations 
of m i d d l e  T e r t i a r y   v o l c a n i c   f i e l d s  c u t  by b a s i n s  
( s h a d e d   a r e a s )   o f   t h e   R i o   G r a n d e  r if t  (modi f ied  
a f t e r  Chapin   and   o thers ,  1978 ;  E l s t o n ,  1978 ;  and  
Steven ,  1975). Major   vo lcanic  f ie lds  are t h e  
Datil-Mogollon (DMVF) and  the  San  Juan  (SJVF).  
From n o r t h  to  s o u t h   o t h e r   v o l c a n i c  centers  are: 

Mountain (RE.!), West E l k  Mountains ( E M ) ,  C o l l e g i a t e  
Specimen Mountain ( W ) ,  Rabbi t  Ears (F.E),  Red 

Ranbe ( C ) ,  T h i r t y c i n e  Mile (39), S i l v e r  C l i f f -  
R o s i t a  Hills (SC),   Spanish  Peaks (SP), cuesta (Q), 
Ort iz   Mounta ins  ( O M ) ,  S i e r r a   B l a n c a  ( S B ) ,  K h i t e  
Mountains (W7) , C-odsight-Cedar E i l l s  (GI, Organ 
Mountains (O), Fyramid  Mountains (PM), a n d   t h e  
Animas Mountains ( A M ) .  
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1 9 7 6 ;  S h u l e s k i ,  1 9 7 6 ;  F i s c h e r ,  1 9 7 7 ;  San fo rd ,  1977a;  

Shu lesk i   and   o the r s ,   1977) .   F ive   sha l low  (4 -5  km) d i k e - l i k e  

magma b o d i e s   c l u s t e r e d   s o u t h  of Socorro  Peak  and  an  under- 

l y i n g   s i l l - l i k e  magma body a t  2 0  km depth  have  been mapped 

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

Suppor t ing   ev idence   fo r  modern magma b o d i e s   i n   t h e  

Socorro  area comes  from  heat-flow  measurements as h igh  as 

1 1 . 7  H . F . U .  (Reiter and   o the r s ,   1975 ;  Reiter and  Smith, 

1 9 7 7 ;  San fo rd ,  197733) a n d   r e l e v e l i n g   d a t a   i n d i c a t i n g  modern 

u p l i f t  a s  g r e a t   a s   0 . 5   c m / y r  over t h e   d e e p  magma body 

( R e i l i n g e r   a n 6  Oliver, 1 9 7 6 ) .  More t a n g i b l e   e v i d e n c e   o f  

g e o t h e r m a l   a c t i v i t y  i s  found i n   t h e   t h e r m a l   s p r i n g s  (90OF)  

w h i c h   i s s u e  from t h e   m o u n t a i n   f r o n t  4 km s o u t h e a s t  of 

Socorro Peak .   In  1 9 7 6  t h e  U.S. Geologica l   Survey   des igna ted  

a block of 362 km , cen te red   approx ima te ly  a t  Socorro  Peak, 

as  t h e   S o c o r r o  Peak Known Geothermal  Resources Area (KGRA).  

The o b j e c t i v e  of t h i s  d i s s e r t a t i o n  i s  t o   p r o v i d e  

2 

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

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

t h e   S o c o r r o  Peak v o l c a n i c   c e n t e r .   I n   t u r n   t h i s  may be 

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

development i n   t h e   S o c o r r o   P e a k  area. T h e  s a l i en t  aspects 

of t h e   e x p l o r a t i o n  framework of t h e   v o l c a n i c   c e n t e r - -  

n a m e l y   s t r a t i g r a p h i c   a n d   s t r u c t u r a l   c o n t r o l s   o f   p o t e n t i a l  
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geothermal reservoirs and  where  they may occur  a t  a favor-  

a b l e   d e p t h   w i t h   r e s p e c t . t o   t h e   s h a l l o w   d i k e - l i k e  magma 

b o d i e s  -- have been summarized  by  Chapin,  Chamberlin  and 

o t h e r s  ( 1 9 7 8 ) .  A more comprehensive  evaluat ion  of   the  geo-  

thermal   po ten t ia l   o f   the   Socorro   Peak   a rea   would  be beyond 

the   s cope  of t h i s   d i s s e r t a t i o n   a n d  i s  no t   a t t empted   he re .  

The   explora t ion   f ramework   paper   o f   Chapin   and   o thers  was 

based   l a rge ly   on  a s y n t h e s i s  of geo log ic   da t a   f rom  th i s   d i s -  

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

d a t a  from several sources .   The   genera l ized   geologic  map of 

t h e   S o c o r r o   v o l c a n i c  center from  Chapin  and  others  ( 1 9 7 8 )  

i s  i n c l u d e d   h e r e  as  p la te  3 .  The  genera l ized  map cove r s  a 

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

( p l .  1). Comparison of t h e s e  two plates s h o u l d   a i d   t h e  

r e a d e r   i n   u n d e r s t a n d i n g   t h e  more f r agmen ted   ou tc rop   pa t t e rn  

of t h e   d e t a i l e d   g e o l o g i c  map. 

D e t a i l e d   d e s c r i p t i o n s  of several new s t r a t i g r a p h i c  

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

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

u n i t s .  N e w  data on  facies r e l a t i o n s h i p s ,   p a l e o c u r r e n t  

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

unconformi t ies  i n   t h e  Popotosa  Formation  have  been  col-  

l ec t ed .   These  new d a t a   i n d i c a t e  a more complex  evolut ion 

t o  t h e   e a r l y - r i f t   ( M i o c e n e )  Pop tosa  b a s i n ,   t h a n   p r e v i o u s l y  
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descr ibed   by   Bruning   (1973)   o r  by  Chapin  and  Seager  (1975).  

P a r t i c u l a r   e m p h a s i s   h a s   b e e n   g i v e n   d u r i n g   t h i s  i nves t i -  

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

and  t iming of p a s t   e p i s o d e s  of v o l c a n i s m .   F i e l d   r e l a t i o n -  

sh ips   and  K-Ar d a t i n g   i n   t h e   S o c o r r o  Peak a r e a   i n d i c a t e  two 

p e r i o d s   o f  s i l i c i c  volcanism  (29-28 m.y., 12-7 m.y.) and 

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

occur red  4 m.y. ago. Two major s t r u c t u r a l   f e a t u r e s ,  which 

a re  r e l a t e d   t o  magma in t rus ion   and   vo lcan i sm,  are now recog- 

n i z e d   t o   o v e r l a p   i n   t h e   S o c o r r o  Peak a r e a .   T h e s e   s t r u c -  

t u r e s  are: 1) the Socorro  cauldron  (new  name),  a l a r g e l y  

bur ied ,   resurgent ,   ash- f low  tuf f   ca ldera ,   which   formed  about  

( o r   p r i o r   t o )  28 m.y. ago   wi th   Socorro  Peak now on i t s  

northeast   margin;   and 2 )  a t r a n s v e r s e   s h e a r   z o n e   r e l a t e d   t o  

the   eas t -nor theas t - t rending   Morenci   l ineament .   The   t rans-  

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

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

t i ons   (Chap in ,   Chamber l in ,   and   o the r s ,  1 9 7 8 ) .  The   s t ruc-  

t u r e  of t h e  Socorro a r e a  i s  f u r t h e r   c h a r a c t e r i z e d   b y  a com- 

plex p a t t e r n  of both   low-angle   and   h igh-angle   longi tudina l  

normal f a u l t s  of the Rio  Grande r if t  t h a t  repeat s t r o n g l y  

t i l t e d   v o l c a n i c   s t r a t a .  The r e l a t i o n s h i p s   o f  these longi -  

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

between  32 m.y. t o  28 m.y. ago  (Chamberlin,   1976,  1978).  
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Most  of t h e   s t r u c t u r e   s e c t i o n   o f   t h i s   d i s s e r t a t i o n  i s  

devoted t o  a d i s c u s s i o n  of t h e   c h a r a c t e r i s t i c s   a n d   t h e  

development of each of t h e s e   s t r u c t u r a l   f e a t u r e s   a n d  i n  t u r n  

t h e i r   c o n t r o l  of pas t   vo lcan i sm  and   p re sen t  magmatism. 

A . l a r g e   p o r t i o n   o f   t h e  Lemitar Mountains was  mapped as 

par t  o f   t h i s   d i s s e r t a t i o n   i n v e s t i g a t i o n .  However, t h i s   a r e a  

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

( p l .  1) a n d  w i l l  n o t   b e   d i s c u s s e d   i n   d e t a i l .  

Location  and  Geography 

T h e   s t u d y   a r e a   o f   t h i s   d i s s e r t a t i o n   ( p l .  1 a n d   f i g .  3 )  

i s  a r o u g h l y   r e c t a n g u l a r  t r a c t  abou t  1 6  km long  from  north 

t o   s o u t h   a n d   a b o u t  1 0  km wide  from east t o  west. The area 

inc ludes   the   nor thernmost   Chupadera   Mounta ins ,  a l l  of t h e  

Socorro M o u n t a i n s ,   a n d   t h e   s o u t h e r n   t i p  of t h e  Lemitar Moun- 

t a ins .   Socor ro   Peak ,   h igh -po in t  of the   Socorro   Mounta ins ,  

i s  n e a r   t h e   c e n t e r  of t h e   r e c t a n g l e   a n d   a p p r o x i m a t e l y  6 km 

west o f   t h e  town o f   S o c o r r o   i n   c e n t r a l  N e w  Mexico.  The 

r anges  are o n l y   p a r t  of a long   en   eche lon   cha in  of t i l t e d  

f a u l t  blocks, which  form a c o n t i n u o u s   l o o k i n g   u p l i f t   a l o n g  

t h e  west f l a n k  of t h e  Rio  Grande  Val ley  f rom  the  Ladron 

Mountains t o   t h e  Coyote Hills, a d i s t a n c e   o f  70 km. The 

" u p l i f t "  i s  b r o k e n   i n t o  a series of mountain  ranges  by 

several s u p e r p o s e d   t r i b u t a r i e s  of t h e  R i o  Grande ( f i g .  2) ,  
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which c u t  a c r o s s   t h e s e   f a u l t   b l o c k s   i n   t h e   v i c i n i t y   o f  

t r a n s v e r s e   s t r u c t u r e s .  

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

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

g raph ic   l andmarks   i n   t he   Socor ro -Magda lena   r eg ion   ( f ig .  2 )  

o r   t o  l andmarks   w i th in   t he   geo log ic -map   a r ea   ( f ig .  3 ) .  

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

Several minor unnamed t o p o g r a p h i c   f e a t u r e s   i n   t h e  

g e o l o g i c - n a p   a r e a   ( f i g .  3 ,  p l .  1) have  been  given  informal  

"names of c o n v e n i e n c e "   t o   s i m p l i f y   t h e   d i s c u s s i o n   o f   t h e  

complex   geo logy .o f   t he  area. Like  most   place names  which 

have  been  formalized  by common usage,   the   informal   "names 

of convenience"   used   here  are  d e s c r i p t i v e   o f  some a s p e c t   o f  

t h e   t o p o g r a p h i c  feature ,  e i t h e r  as viewed i n   t h e   f i e l d  o r  

on t h e   t o p o g r a p h i c  map. For   example,   these  informal   names 

are der ived   f rom shapes a n d   c o l o r s  -- S p l i t  Peak,  Tripod 

Peak,  Big C l i f f ,  Black Hills, Black Mesa; shapes  and eleva- 

t ion  benchmarks shown on   t opograph ic  maps -- 6 0 0 1  Mesa, 6633 

Peak;  shapes  and man-made a r t i f ac t s  -- Radar  Peak,  Stonewall  

Dome, Shr ine   Va l l ey ;   and   shapes   and   conf igu ra t ions   o f  asso- 

c i a t e d   t a l u s  deposits -- Pinocchio  Peak,  Tepee Town  Moun- 

t a i n ;   a n d   i n  some cases for more s u b t l e   r e a s o n s .  Anyone 

working i n  the  Socorro-Lemi tar   Mounta ins   dur ing . the  summer 

months w i l l  f i n d  t ha t  b i t i ng -gna t s   (Span i sh - - j e j enes )  are a 
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m ranch buildings *'M"  place name of common useage 
fl spr ing  T = thermal Tr ipod informal place name 
X box canyon/road  cut 
A high poin t /e leva t ion  1 1 1 m  approximate  range 

-:___. - - - - intermit tent   drainage 
i n t o  wide arroyo :,'x'5? topographic  feature 

Pea h of  convenience 

7012' 

boundary 

Ficpre 3 .  Geographic   insex  map of the   Socor ro  Peak 
v o l c a n i c   c e n t e r   ( p l .  1). 
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m a j o r   n u i s a n c e   f a c t o r .   T h e   h i l l s  west of  Socorro  Peak seem 

t o  commonly h a v e   t h e   g r e a t e s t   c o n c e n t r a t i o n  of t h e s e   g n a t s  

and   t he re fo re ,   one   has   been   i n fo rma l ly  named J e j e n e s  H i l l .  

Access t o  mst of t h e   d i s s e r t a t i o n  area i s  good via 

numerous  ranch  roads,   nine roads a n d   r o a d s   b u i l t   b y   t h e  N e w  

Mexico I n s t i t u t e   o f  Mining  and  Technology  for   research  pur-  

p o s e s   ( f i g .  3 ) .  L o c a l l y ,   h o w e v e r ,   t h e s e   d i r t   r o a d s   r e q u i r e  

a fou r -whee l -d r ive   veh ic l e   fo r  t r a n s i t .  U.S. Highway 6 0  

traverses t h e   s o u t h e r n   p r t i o n   o f   t h e  area and   provides  

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

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

P r e v i o u s   I n v e s t i g a t i o n s  

Numerous geologic   inves t iga t ions   have   been   conducted  

i n   t h e  Socorro r e g i o n   s i n c e   b e f o r e   t h e   t u r n  of t h e   c e n t u r y .  

Only a few of t h e  more s i g n i f i c a n t   s t u d i e s ,   p a r t i c u l a r l y  

t h o s e   c o n c e r n e d   w i t h   t h e   T e r t i a r y   v o l c a n i c   r o c k s ,  w i l l  be 

men t ioned   he re   i n  order t o   p r o v i d e  a s k e t c h   o f   t h e   h i s t o r i -  

cal  development of geo log ic   knowledge   fo r   t he   r eg ion .  Many 

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

t h e  main body o f  the t h e s i s  when p e r t i n e n t   t o   t h e  topic  of 

d i s c u s s i o n .  

Geologic   s tudy  of southwes tern  N e w  Mexico and  south- 

eas te rn   Ar izona   began   wi th  a r econna i s sance  traverse through 
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t h e  area i n  1873  by G. K. G i l b e r t   ( 1 8 7 5 ) '  a s  p a r t  of t h e  

Wheeler S u r v e y .   G i l b e r t   c o n s i d e r e d   t h e  area to   be   "one  of 

t h e   g r e a t  lava t r a c t s  of t he   wor ld" .   Mos t   r epor t s  of t h i s  

ea r ly   pe r iod   emphas ized   t he   geo logy   a round   min ing   d i s t r i c t s ;  

l o c a l l y ,   t h e  Magdalena ( K e l l y )   a n d   S o c o r r o  Peak d i s t r i c t s  

a t t r a c t e d   t h e  most a t t e n t i o n .   S i l l i m a n  ( 1 8 8 2 )  was f i r s t   t o  

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

of t h e   S o c o r r o  Peak d i s t r ic t .  S i l l i m a n   n o t e d   t h a t  l i t t l e  

was known a b o u t   t h e   a r e a   b e c a u s e   t h e  ". . . danger  from  hos- 

t i l e  bands of wandering  Apaches,  whose  murderous  raids  have 

s l a i n  many adventurous  miners . .  ." had   on ly   " r ecen t ly"   been  

aba ted .  

C.L. Her r ick  ( 1 8 9 9 )  p r o v i d e d   t h e  f irst  r e l a t i v e l y  de- 

t a i l e d   a c c o u n t  of t h e   v o l c a n i c   g e o l o g y  of t he   Socor ro   and  

Lemitar Moun ta ins .   Her r i ck ' s   geo log ic   ske t ch  map of t h e  

Socorro  Mountains ( p l .  I X )  and   h i s   panoramic   v i ew  o f   t he  

-eastern face of Socorro  Peak ( p l .  11, F i g .   3 )  are, wi th  a 

f e w  except ions ,   remarkably  accurate. However, h i s   i n t e r p r e -  

t a t i o n  of t h e   v o l c a n i c   h i s t o r y   r e l i e d   h e a v i l y   o n   t h e  mis- 

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

r e s u l t  of p a s t   v o l c a n i c   e r u p t i o n s .  

I n   h i s  1 9 0 4  book on  N e w  Mexico Mines and  Minerals ,  F. 

A .  J o n e s   b r i e f l y   d e s c r i b e d   t h e   v o l c a n i c   r o c k   t y p e s   a n d  eco- 

nomic  geology of the   Socorro   Peak  si lver d i s t r i c t  (p.  109- 
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111). Jones  a lso made an   a s tu t e   c lo s ing   r emark   conce rn ing  

t h e   v o l c a n i c   o r i g i n s  of Socorro  Peak, 

" C o n s i d e r i n g   t h e   r e c e n t   e a r t h q u a k e   s h o c k s   i n   t h i s  
i m m e d i a t e   s e c t i o n   i n   c o n n e c t i o n   w i t h   t h e   t h e r m a l  

t o  the  f a c t  t h a t  l i f e  i s  n o t   y e t   e x t i n c t   i n   t h a t  
s p r i n g s  a t  t h e  base o f   t he   moun ta in ,   t hese   po in t  

s h a t t e r e d   a n d   r o c k   r i v e n  member." 

C. H. Gordon  (p.  213-285) in   L indgren ,   Gra ton ,   and  

Gordon (1910)  -- O r e  D e p o s i t s   o f  New Mex ico ,   accu ra t e ly  de- 

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

( p .   2 3 8 )   a s :   e a r l y   a n d e s i t e   a n d  l a t i t e ,  r h y o l i t e ,   f o l l o w e d  

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

a p p r o p r i a t e  t o  app laud   t he   pe rcep t ive   and   p ro found   obse rva -  

t i o n s  of C. N. Gordon. It  was a s t a r t l i n g   r e a l i z a t i o n   t o  

t h i s  writer t h a t  Gordon (p .  2 1 8 )  and la ter  E. H., Wells 

(1918 ,  p. 71) b o t h   r e c o g n i z e d   t h e   a s s o c i a t i o n  of b lock  

f a u l t i n g   a n d   t i l t i n g  of t h e   T e r t i a r y   v o l c a n i c  s t ra ta ,  and 

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

of  Socorro t o  easterly dips sou th   o f   Socor ro .   Ne i the r  

Gordon  nor Wells commented o n   t h e   s i g n i f i c a n c e  of t h e i r  ob- 

s e r v a t i o n .  However, Gordon c l e a r l y   c o n s i d e r e d  it to  be 

r e l a t e d  t o  t h e   " g r e a t   s t r u c t u r a l   t r o u g h "  of t h e  R i o  Grande 

V a l l e y ,   s i n c e   t h e y  are  b o t h   d i s c u s s e d   i n   t h e  same paragraph.  

Winchester  ( 1 9 2 0 ,  p. 10) was f irst  t o   p u b l i s h  a mea- 

s u r e d   s e c t i o n   ( c o n s i d e r e d   b y  many t o  be a type s e c t i o n )  of 

t h e   v o l c a n i c   r o c k s  of the   Dat i l -Mogol lon   f ie ld .   Al though 
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t h e   s e c t i o n  was measured a t   t h e   n o r t h   e n d   o f   t h e  Bear Moun- 

t a i n s ,   W i n c h e s t e r   f o r m a l l y  named the   vo lcanic   and   sed imen-  

t a r y   r o c k s   t h e  "Datil  Formation"  because as he  stated: t h e y  

a re  " . . . the   mountain  forming series of t h e  Datil Moun- 

t a i n s . . . " .  Wilpolt (Wilpolt a n d   o t h e r s ,  1 9 4 6 )  later renamed 

t h e   b a s a l  684.5 feet  (694.5 feet  a c c o r d i n g   t o   W i l p o l t )   o f  

Winches t e r ' s  Dat i l  F o r m a t i o n   a s   t h e  Baca Formation,  because 

it c o n s i s t s   e n t i r e l y  of arkosic non-vo lcan ic   de t r i t u s .  

Wi lpo l t   cons ide red   t hese   a rkos i c   cong lomera te s   and   s and-  

s t o n e s   i n   t h e  Bear Mounta ins   to  be e q u i v a l e n t   t o   E o c e n e  

a r k o s i c   s t r a t a   i n   t h e   J o y i t a  Hi l ls  and t h e   C a r t h a g e   a r e a ,  

s i n c e   i n  a l l  t h r e e  areas they   ove r l i e   Cre t aceous   rocks   and  

u n d e r l i e  a t h i c k   s e c t i o n  of v o l c a n i c   r o c k s .  

Loughlin  and Koschmann ( 1 9 4 2 )   p u b l i s h e d   t h e   r e s u l t s  of 

a d e t a i l e d   s t u d y  of t h e  geology  and ore d e p o s i t s   o f   t h e  

Magdalena  mining d i s t r i c t .  They s u b d i v i d e d   t h e   T e r t i a r y  

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

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

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

Loughlin  and Koschmann r e a l i z e d   t h a t  a t  l e a s t   o n e  of t h e i r  

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

member o f   t h e  A-L Peak   Tuf f ) ,  i s  r e g i o n a l l y   e x t e n s i v e .  

However, o n l y  a t h i n   v o l c a n i c l a s t i c   s a n d s t o n e   ( o p . c i t . ,  p. 

2 2 )  exposed near   Grani te   Mounta in  was cons idered  a s  a pos- 
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s i b l e   c o r r e l a t i v e   o f   W i n c h e s t e r ' s  Dat i l  Formation. 

Beginning i n  the   midd le  1 9 5 0 ' ~ ~   t h e  New Mexico Bureau 

of  Mines  and  Mineral   Resources  undertook a r econna i s sance  

m a p p i n g   p r o j e c 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  as a 

c o o p e r a t i v e   p r o j e c t   w i t h   t h e   U n i t e d  S ta tes  Geologica l  

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

map o f   t h e  s ta te  o f  New Mexico. W. H. Tonking  (1957) mapped 

i n  d,etail t he   Pue r t ec i to   15 '   t opograph ic   quandrang le ,   wh ich  

i n c l u d e s   t h e   t y p e   a r e a  of t h e  "Dat i l  Formation" i n   t h e  Bear 

Mountains,  a t   t h e   s o u t h e a s t e r n   m a r g i n  of the   Colorado  

P l a t e a u   ( f i g .  2 ) .  Tonking  expanded  and  subdivided  the 

" D a t i l   F o r m a t i o n "   i n t o   t h r e e  members c o n s i s t i n g ,   f r o m   o l d e s t  

t o   y o u n g e s t ,   o f   t h e :  1) Spears Member -- l a t i t i c  t u f f s  

and   conglomera tes ,   2 )  Hells Mesa Member -- welded r h y o l i t e  

t u f f s ,   a n d  3 )  L a  J a r a  Peak Member -- basal t  and basalt ic- 

a n d e s i t e  lavas. Wil lard  (1959)   and Weber (1963)  abandoned 

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

because  they  found areas, toward t h e   c e n t e r   o f   t h e   f i e l d ,  

w h e r e   a n d e s i t e  t o  l a t i t e  l avas   and   s ed imen t s  were strati- 

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

t i o n .  Some of these  "anomalous" areas are now recognized  as 

cauldrons .   Wi l la rd   (1959,  p. 9 6 ,  f i g .   5 )  and other i n v e s t i -  

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

t h e r e f o r e   i n t e r p r e t e d   a n d  mapped the "Dat i l  Formation" as 
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i n t e r t o n g u i n g  time t r a n s g r e s s i v e   f a c i e s   w i t h   o n l y   l o c a l  

la teral  c o n t i n u i t y .  Dane and  Bachnan  (1965)   fol lowed  the 

same f a c i e s   c o n c e p t   f o r   t h e  "Dat i l  Fo rma t ion"   on   t he i r  com- 

p i l a t i o n   o f   t h e   r e v i s e d   g e o l o g i c  map o f  N e w  Mexico. As 

i n d i c a t e d   o n   t h i s  map, r h y o l i t i c   l a v a s  and  domes  capping 

Socorro  Peak were recogn ized  as  o v e r l y i n g   S a n t a   F e  Group 

sedimentary  rocks  (Weber ,   1963,  p. 1 4 0 )  a n d   t h e r e f o r e  

inc luded  as a member o f   t h e  Santa  F e .   B a s a l t i c   a n d e s i t e s  

of t h e  La Ja ra   Peak  member, a n d   " e a r l y   a n d e s i t e s "   i n   t h e  

Magdalena  Mountains were excluded  f rom  the "Dat i l  Formation" 

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

(Willard, 1959, p. 9 4  and p. 9 8 ) .  T h e s e   e x c l u s i o n s   a r e  now 

known t o  b e   i n a p p r o p r i a t e  (see f i g .  7 a n d   f i g .   8 ) .  

During the  1 9 6 0 ' ~ ~  a m a j o r   r e v o l u t i o n   o c c u r r e d   i n   t h e  

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

50's t o  ear ly  6 0 ' s  r a d i o m e t r i c   d a t i n g  of igneous   rocks   us ing  

the-K--Armethod  became  an  economical ly   feasible   and  gener-  

a l l y  reliable c o r r e l a t i o n   t o o l  for  volcanic   rocks .   Radio-  

metric ages  of v o l c a n i c   a n d   i n t r u s i v e   r o c k s   p e r t i n e n t  t o  

t h i s   s t u d y   h a v e   b e e n   p u b l i s h e d  by: Weber and Basset t ,  1963; 

Eurke   and   o thers ,   1963;  Weber, 1 9 7 1 ;  Chapin,   1971b;  Willard,  

1971;  Smith  and  others,   1976;  and Bachman and  Mehnert ,  1978 .  

The mst  impor t an t   e l emen t   o f  t h i s  r e v o l u t i o n  was the wide- 

s p r e a d   p u b l i c a t i o n   a n d   a c c e p t a n c e  of t h e   c o n c e p t  of region-  
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a l l y   e x t e n s i v e   s h e e t s   o f   a s h - f l o w   t u f f   ( S m i t h ,  1 9 6 0 a ;  and 

Ross and  Smith,  1 9 6 1 )  and t h e i r   g e n e t i c   r e l a t i o n   t o   c a u l d r o n  

subs idence   (Smi th   and   Bai ley ,  1 9 6 8 ) .  

Much o f   t h e   p r e s e n t   u n d e r s t a n d i n g  of the   Cenozoic   vo l -  

can ic   s t r a t ig raphy   and   s t ruc tu re   o f   t he   Socor ro -Magda lena  

area has   been   deve loped   ove r   t he   l a s t   decade   t h rough   syn -  

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

1 : 2 4 0 0 0 )  as p a r t   o f   g r a d u a t e   t h e s i s   i n v e s t i g a t i o n s  directed 

by C .  E. Chapin  and  supported  by  the New Mexico  Bureau  of 

Mines  and  Mineral   Resources .   Col lect ively  these past and 

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

have come t o  be known as t h e  "Magdalena Project". A f e w  of 

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

s i t y  of N e w  Mexico s t u d e n t s  (Deal a n d   S p r a d l i n )  were not 

funded as  p a r t  of t h e  Magdalena  Project ;   however ,   they were 

completed as a c o o p e r a t i v e  effor t  w i t h  C. E. Chapin  and  the 

Magdalena  Project .  As s u g g e s t e d   a b o v e ,   t h e   k e y   t o   t h i s  

unders tanding  of t h e   v o l c a n i c   h i s t o r y  of the   Socor ro -  

Magdalena area i s  a s t r a t i g r a p h i c  f ramework   of   reg iona l ly  

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

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

The f i r s t  thes i s   o f   t he   Magda lena   P ro jec t   by  D.M. Brown 

( 1 9 7 2 )   d e s c r i b e d   t h e   d e t a i l e d   s t r a t i g r a p h i c   r e l a t i o n s h i p s  

a n d   p e t r o g r a p h i c   c h a r a c t e r i s t i c s  of s i x  major  ash-flow  cool- 
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i n g   u n i t s   t h a t   h e  mapped i n   t h e   s o u t h e r n  Bear Mountains 

north  of   Magdalena.  Brown subdivided  and named most  of 

t h e s e   a s h - f l o w   u n i t s  as members of   Tonking 's  "Hells Mesa 

member", which   had   been   e leva ted   to   format ion   s ta tus  by 

Chapin  (1971a) .  Most of  Brown's  nomenclature for t h e   a s h -  

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

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

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

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

o n l y   s i g n i f i c a n t   c h a n g e   h a s   b e e n   t h a t   h i s   " t u f f  of La J e n c i a  

Creek" i s  now r e c o g n i z e d   a s   e q u i v a l e n t   t o  -- and i n   t h e  same 

s t r a t i g r a p h i c   p o s i t i o n  -- as  h i s   " t u f f   o f   A l l e n  Well" ( h e r e  

renamed t h e  "Lemitar T u f f " ) .  

Deal ( 1 9 7 3 )  mapped abou t  4 0 0  s q u a r e  miles o f   t h e   n o r t h -  

e r n  h a l f  of t h e  San  Mateo  Mountains  and  studied  the  primary 

l a m i n a r - f l o w   s t r u c t u r e s   i n   t h e  A-L Peak  Tuff,   which is  prob- 

a b l y   t h e  most e x t e n s i v e   a n d   d i s t i n c t i v e   o f  a l l  the ash-flow 

s h e e t s   i n   t h e   S o c o r r o   r e g i o n .   D e a l ' s   m a p p i n g   i n d i c a t e d  a 

g r e a t   t h i c k n e s s  (600m)  o f   t h e   c r y s t a l - p o o r   r h y o l i t e   a s h - f l o w  

t u f f  (A-L Peak  Tuff)   and  an  overlying  sequence,  1350 m 

t h i c k ,  of m o d e r a t e l y   c r y s t a l - r i c h   t o   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   ( P o t a t o  Canyon T u f f ) .  Ceal i n t e r p r e t e d   t h i s  

a r e a  of anomalous ly   th ick  t u f f s  i n   t h e   n o r t h e r n   S a n  Mateo 

Mounta ins ,   cen tered   about  Mount With ington ,  t o  be a l a r g e  
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r e s u r g e n t   c a u l d r o n   t h a t  was t h e   s o u r c e  of b o t h   o f   t h e s e   a s h -  

flow t u f f  s h e e t s .  Pa r t  o f  Deal's "upper Potato Canyon" i s  

now cons ide red  t o  be c o r r e l a t i v e   w i t h   t h e  Lemitar T u f f ,  

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

Socorro   cau ldron .  

The o r i g i n a l   s t r a t i g r a p h i c  framework  of  ash-flow  sheets 

descr ibed   by  Brown (1972)   has   been  corroborated  and  expanded 

through several a d d i t i o n a l   t h e s i s  mapping p r o j e c t s .   T h e s e  

i n v e s t i g a t o r s   a n d   t h e   g e n e r a l   a r e a s   t h e y   n a p p e d  (see f i g .  2 )  

a r e  as fo l lows :   S imon   (1973) ,   S i lve r  Hill a r e a ;  Woodward 

(1973)  , Lemitar Mountains;  Krewedl ( 1 9 7 4 ) ,  n o r t h - c e n t r a l  

Magdalena  Mountains;  Chamberlin ( 1 9 7 4 ) ,  Counci l  Rock d i s -  

t r ic t ;  B lakes t ad   (1976)  , Magda lena   (Ke l ly )   min ing   d i s t r i c t ;  

Wilkinson ( 1 9 7 6 ) ,  Tres Montosas-Cat  Mountain area; S p r a d l i n  

( 1 9 7 6 ) ,  J o y i t a  H i l l s ;  Osburn  (1978) ,   nor theastern  Magdalena 

Moun ta ins ;   Mass ing i l l  ( 1 9 7 8 ) ,  R i l e y - P u e r t e c i t o  area; and 

Pe t ty  ( 1 9 7 9 )  , s o u t h e a s t e r n  Magdalena  Mountains. 

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

maps of v a r y i n g   d e t a i l   o v e r l a p   w i t h   t h e  immediate area o f  

t h i s   d i s s e r t a t i o n .  S. G. Lasky  (1932, p. 1 2 1 )   p u b l i s h e d  

t h e  f i rs t  g e o l o g i c  map i n   t h e   a r e a  of i n t e r e s t .   L a s k y ' s  

d e t a i l e d  map covers approximate ly  3 km2 i n   t h e   i m m e d i a t e  

v i c i n i t y   o f   t h e  s i lver  mines   o f   the   Socorro  Peak d i s t r i c t .  

As par t  o f  a s t u d y  of t h e   L u i s  Lopez  manganese d i s t r i c t ,  
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A.'  T. Miesch ( 1 9 5 6 )  mapped a b o u t  65 km2 o f   t h e   n o r t h e r n  

Chupadera  Mountains  extending from U.S. Highway 6 0  s o u t h   t o  

Nogal  Canyon, west o f   San   An ton io .   Re in t e rp re t a t ion   o f  

Miesch ' s   nap   and   desc r ip t ions  of t h e   v o l c a n i c   r o c k   u n i t s  

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

p o r t i o n  of the   Socor ro   cau ld ron ,   wh ich   has   no t   ye t   been  

r emapped   u s ing   t he   p re sen t   s t r a t ig raph ic   f r amework .  M. E .  

Wi l la rd   had   la rge ly   comple ted  a d e t a i l e d   g e o l o g i c  map 

( 1 : 6 0 0 0 )  and a manuscr ip t   on   the   manganese   minera l iza t ion  

i n  t h e   L u i s  Lopez d i s t r i c t   a t   t h e  time o f   h i s   d e a t h   i n  1 9 7 2  

Eoth are on f i l e  a t  t h e  N e w  Mexico  Bureau of Mines  and Min- 

e r a l   R e s o u r c e s   i n   S o c o r r o .   D e B r i n e   a n d   o t h e r s   ( 1 9 6 3 ,   f i g .  

2 )  publ i shed   an   incomple te   reconnaissance   geologic  map o f  

t he   Socor ro   Va l l ey  area. I n   t h e  same guidebook t o   t h e  

Socor ro   r eg ion ,  C .  T. Smi th   (1963)   publ i shed  a reconnais -  

sance map of abou t   13  km2 cen te red   abou t   Socor ro  Peak  and 

i n c l u d e d   d e t a i l e d   m e a s u r e d   s e c t i o n s  of the   Pennsy lvan ian  

rocks   exposed   on   the   eas te rn   escarpment   o f   the   peak .  Two 

d e t a i l e d   g e o l o g i c  maps have  been  prepared  by N e w  Mexico 

I n s t i t u t e  of Mining  and  Technology  students  (Lowell ,  1 9 6 7 ;  

a n d   B u r t o n ,   1 3 7 1 )   a s   " i n d e p e n d e n t   s t u d i e s "   u n d e r   t h e   s u p e r -  

v i s i o n  O f  C. E .  Chapin. Lowell mapped a b o u t  25 kmL extend-  

i n g  from n o r t h  of U.S. 60 t o   B l u e  Canyon  and west t o  Black 

Mesa. Burton mapped about  10 kmL from  Blue Canyon n o r t h  t o  
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Socorro  Peak  and  compiled a s t r a t i g r a p h i c   c o r r e l a t i o n   c h a r t  

t o  show t h e   r e l a t i o n s h i p   o f   h i s  map u n i t s   t o   t h o s e   o f   L a s k y ,  

Smith,  and Lowell. 

A l l  of t h e s e   i n v e s t i g a t i o n s   i n   t h e   S o c o r r o - C h u p a d e r a  

Mountains area were conduc ted   p r io r   t o   Brown ' s   e s t ab l i shmen t  

o f   t he   r eg iona l   a sh - f low  s t r a t ig raphy   and  some p r e d a t e d   t h e  

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

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

c r i h e   a n d   t h e   d i s t r i b u t i o n  of t h e s e   u n i t s   a s  shown o n   t h e  

geologic  maps a re  most ly   accura te ;   however ,  many o f   t h e i r  

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

a sh - f low  tu f f   s t r a t ig raph ic   f r amework .  

Woodward (1973)   p repared  a s e m i d e t a i l e d   g e o l o g i c  map 

of  t h e   n o r t h e r n  Lemitar Mountains from Red Mountain t o  

Corkscrew  Canyon  (approximately 55 km 1 .  Woodward i n t e r -  

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

s t ra ta  a s   p a l e o v a l l e y  walls b e c a u s e   t h e   p r o j e c t i o n  of t h e s e  

d i s c o n t i n u i t i e s   d i d   n o t   c u t   u n d e r l y i n g   P a l e o z o i c  s t ra ta .  

The a u t h o r ' s   i n i t i a l  mapping i n   t h e   a r e a   s o u t h   o f   C o r k s c r e w  

Canyon i n d i c a t e d   m a j o r   s t r u c t u r a l   c o m p l e x i t i e s   b u t  no s i g -  

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

can ic   sequence .   Therefore ,  I extended  my mapping i n t o  

Woodward's area t o  resolve t h i s   i n c o n s i s t e n c y .  

2 

Osburn ' s   (1978)   de ta i led   mapping   of   the   Water  Canyon 
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t o  Pound  Ranch area i n   t h e   e a s t e r n  Magdalena  Mountains ( 7 0  

km ) h a s   p r o v i d e d   p e r t i n e n t   d a t a  on t h e   n a t u r e   o f   t h e  west- 

ern  boundary of the   Socor ro   cau ld ron .  Also, unconformable 

on lap  of Socor ro   Peak   rhyo l i t e   l avas   ( l a t e   Miocene )  over 

l a t e   O l i g o c e n e   a s h - f l o w   t u f f s ,  mapped by  Osburn i n   t h e  Pound 

Ranch area,  p l a c e   a n   i m p o r t a n t   c o n s t r a i n t   o n   t h e   g e o m e t r y  

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

2 

Most of t h e   e v o l u t i o n  of the  Rio  Grande r i f t  i s  

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

Santa   Fe   Group.   P ioneer ing   s tud ies   o f   these   dominant ly   fan-  

g lomera te -p l aya   and   f l uv ia l   depos i t s  were made by  Kirk 

B r y a n   ( 1 9 3 8 )   a n d ' h i s   s t u d e n t s .  R e c e n t  summaries  of  age re- 

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

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

be  found i n  Eawley  and  others  ( 1 9 6 9 ) ,  and   i n   Ga lusha   and  

Bl ick  ( 1 9 7 1 ) .  

I n   t h e   S o c o r r o  area, t h r e e   i n v e s t i g a t i o n s   h a v e   b e e n  

completed i n  which t h e   S a n t a   F e  Group was s t u d i e d   i n   d e t a i l  

a n d   d i v i d e d   i n t o   f o r m a t i o n s .  Denny ( 1 9 4 0 )  mapped and de- 

s c r i b e d   s t r o n g l y   t i l t e d ,   " p o s t - v o l c a n i c "   ( p o s t - O l i g o c e n e )  

volcanic- r ich   conglomera tes ,   sands tones ,   and   muds tones   in  

t h e  area sou th  of Ladron Peak  a long  the  Rio  Salado.  Denny 

naned   t hese  deposits the  Popotosa  Formation.   Bruning  (1973)  

expand;?d  upon  Denny's  work  and c o r r e l a t e d   o u t c r o p s  of vol- 
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canic-r ich  fanglomerates   and  inter tonguing  playa  mudstones 

in   the   Socorro-Lemi tar   Mounta ins ,   nor thern   Magdalena  Moun- 

t a i n s  and  northwestern Bear Mountains   with  the  Popotosa  For-  

mation.  Bruning  recognized some d i f f i c u l t y  i n  d e f i n i n g   t h e  

t o p  of the  Popotosa  Formation.   Machet te  ( 1 9 7 8 )  h a s  mapped 

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

Grande  and  inter tonguing  fanglomerates   which l i e  i n   a n g u l a r  

unconformi ty   on   Popotosa   s t ra ta   near   San  Acacia. Machette 

h a s  named these   beds   o f   the   uppermost   Santa   Fe   Group,   the  

S ier ra   Ladrones   Format ion .  

Published  papers,   which  summarize much o f   t h e   d a t a  from 

t h e  Magdalena  Project  are: Chap in   and   o the r s ,  1 9 7 4 ,  1975, 

and 1978;  and  Chapin  and  Seager ,   1975.   Three  publ icat ions 

o f   t h e  New Mexico Geological   Society:   Guidebook 14, 1963; 

Special P u b l i c a t i o n  No. 5, 1 9 7 6 ;  and Special P u b l i c a t i o n  

No. 7 ,  1978 ,  c o n t a i n  a weal th  of geo log ic   da t a   conce rn ing  

the   Socor ro   a r ea   and   Cenozo ic   vo lcan i sm of t h e   D a t i l -  

Mogo l lon   f i e ld .  

P r e s e n t   I n v e s t i g a t i o n  

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

p ing  ( 1 : 1 2 0 0 0 )  of approximately  63 m i 2  (163 km ) of t h e  

Lemitar, Socorro   and   nor thern   Chupadera   Mounta ins   ( f ig .  3 ,  

p l .  1). S u p p o r t   d a t a   h a s   b e e n   c o l l e c t e d   i n   t h e  form of mea- 

2 
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s u r e d   s e c t i o n s   ( m o s t l y  i n  t h e  Lemitar Mountains; R. M. 

Chamberlin, 1978 ,  unpub. map) , pebb le   coun t s ,   pa l eocur ren t  

measurements,  paleoflow  measurements i n   v o l c a n i c   r o c k s ,   a n d  

numerous  thickness  estimates o f   s t r a t i g r a p h i c   u n i t s   f r o m  

s t r u c t u r e   s e c t i o n s .  About 150  specimens  selected  f rom mea- 

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

t i o n e d  f o r  pe t rog raph ic   ana lys i s .   Abou t  30 bulk-rock sam- 

ples were c o l l e c t e d   f o r   c h e m i c a l   a n a l y s i s   a n d / o r  K - A r  age 

d a t i n g  . 
T h e  geo log ic  map i s  based  on a t o t a l  of 2 0  m o n t h s   f i e l d  

work d u r i n g   t h e  summers of  1975,  1976, 1 9 7 7 ,  and t h e  f a l l  

t h rough   sp r ing  of 1975-76.  G e o l o g i c   c o n t a c t s   o b s e r v e d   i n  

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

pho tographs   o f   t he  U.S. Geologica l   Survey ,  Series GS-VMA 

(f lown 3-7-56, scale 1 : 4 0 0 0 0 )  and series GS-VCUA ( f lown 

8-13-71, scale 1 : 2 9 0 0 0 ) .  C o n t a c t s   a n d   f a u l t s  were t r a n s -  

f e r r ed   f rom aer ia l  photos   and  compiled  on a 1 : 1 2 0 0 0  topo- 

g raph ic   base  map u s i n g   a n   o p a q u e   p r o j e c t o r ,   c o r r e c t i n g   f o r  

p a r a l l a x  as necessa ry .  The ou tc rop   w id ths  shown o n   t h e  geo- 

l o g i c  map o f   na r row  geo log ic   f ea tu re s   such  as: d i k e s ,   c o l -  

l u v i a l  breccias a t  the   base   o f   the   Popotosa   Format ion ,   and  

exposures  of muds tones   o f . t he   uppe r   Popo tosa   Fo rma t ion   i n  

g u l l i e s   a r o u n d   S o c o r r o   P e a k ,  are commonly exaggera ted  by 2 

o r  3 times t h e i r   a c t u a l   w i d t h .  
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A mylar   topographic  base map (1:12000) was made by 

j o i n i n g   a n d   e n l a r g i n g   p o r t i o n s   o f  U.S. Geologica l   Survey  

topographic  maps of the  Socorro  and  Molino  Peak 7 .5 '  quad- 

rangles ,   and   the   Magdalena   and   San   Antonio  1 5 '  quadrang les .  

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

o f   t hese   t opograph ic   quadrang le  maps are  shown a t  the   bo t tom 

o f   p l a t e  1. Outcrop   da ta   such  as s t r i k e   a n d   d i p   m e a s u r e -  

ments were p l o t t e d   d i r e c t l y   o n   f i e l d   c o p i e s  of t h e  t o p -  

g raph ic   base  map. The f i n a l   g e o l o g i c  map ( p l .  1) d o e s   n o t  

i n c l u d e   a n  area o f   a b o u t  30 m i 2  ( 7 8  km ) mapped i n  t h e  

Lemitar  Mountains (see index  map, p l .  1). Throughout   the  

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

map of   the   Lemi tar   Mounta ins ,  it w i l l  b e   c a l l e d   t h e  "Lemitar 

Map" (see r e f e r e n c e  l i s t  f o r   a v a i l a b i l i t y ) .  

2 

S e v e n   c o m p l e t e   s e c t i o n s   a n d   o n e   p a r t i a l   s e c t i o n  of 

O l i g o c e n e   v o l c a n i c   f o r m a t i o n s   e x p o s e d   i n   t h e  Lemitar Moun- 

t a i n s  ( L e m i t a r  map) were measured   us ing   the   b runton   and   tape  

method (Ko t t lowsk i ,  1965,  p. 112-118). Only  measured sec- 

t i o n s  of t h e  A-L Peak Tuf f   and   t he  L e m i t a r  Tuf f ,  w i l l  be 

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

i n   t h e  area o f   t h e   d i s s e r t a t i o n   g e o l o g i c  map ( p l .  1). Thick- 

nes s   va lues   de t e rmined   f rom  these   measu red   s ec t ions  are  con- 

s i d e r e d   a c c u r a t e  t o  +lo percen t .   Th icknesses   o f   fo rma t ions  

d e t e r m i n e d   b y   s k e t c h   s t r u c t u r e   s e c t i o n s  made from t h e  geo- 
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l o g i c  map were estimated t o   t h e  nearest 25 f e e t  ( 1 0  m )  and 

a r e   c o n s i d e r e d  t o  be a c c u r a t e  to  + 2 0  p e r c e n t   f o r   u n i t s  

t h i c k e r   t h a n  1 0 0  fee t  ( 3 0  m )  a n d   t o   + 5 0   p e r c e n t   f o r   t h i n n e r  

u n i t s .  

The o r i e n t a t i o n s  of pa l eo f low  ind ica to r s   and   pa l eocur -  

r e n t   i n d i c a t o r s  were determined  f rom  outcrops  using a brun- 

t o n  compass. Where s t r a t a   h a v e  been t i l t e d  more t h a n  

15-20 ' ,  t h e   o r i g i n a l   o r i e n t a t i o n   o f   t h e   o b s e r v e d  l i n e a r  

element  was found by us ing  a Wulf f - type   s te reonet .  To ro- 

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

t h e   e n c l o s i n g   s t r a t u m  was assumed t o  have   been   ro t a t ed   abou t  

a h o r i z o n t a l  ax is  para l le l  t o  i t s  s t r i k e .  The o r i g i n a l  

a t t i t u d e  of f a u l t s  of va r ious   ages   have   a l so   been   e s t ima ted  

us ing  a s t e r e o n e t   b y   a p p l y i n g  similar assumptions.  The 

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

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

sourceward,  and flow banding i n   t h e  more s i l i c i c  lavas were 

a l l  measured   and   p lo t ted   where   observed   to  a i d  i n   t h e   i n t e r -  

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

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

flow-banded member of t h e  A-L Peak  Tuff  and i n  a t h i n   a s h -  

f l o w   t u f f   u n i t   i n   t h e . L u i s  Lopez  Formation were no ted  a t  

several o u t c r o p s  a s  a c h e c k   o n   t h e i r   s o u r c e  areas. 

Where o b s e r v e d ,   t h e   a t t i t u d e  of imbr i ca t ed   pebb les ,  
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f e s toon   t rough  axes, cross bedd ing ,   pa r t ing   l i nea t ions   and  

log  axes have been measured t o  e s t i m a t e   p a l e o c u r r e n t   d i r e c -  

t i o n s   ( P o t t e r   a n d   P e t t i j o h n ,  1 9 7 7 ) .  These   pa leocurren t   vec-  

tors and  azimuths,   which  have  been  plot ted on t h e   g e o l o g i c  

map ( p l .  11, are c o n s i d e r e d   t o   b e   w i t h i n  ?30° of t h e   t r u e  

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

t ive  abundance in   San ta   Fe   cong lomera te s   have   been   mos t ly  

determined by v i s u a l   e s t i m a t e s ,   a n d   i n  a few i n s t a n c e s  by 

means of coun t ing  c las ts  of d i s c e r n a b l e   l i t h o l o g y   w i t h i n  a 

square  meter o n   s e l e c t e d   e x p o s u r e s .  

P e t r o g r a p h i c   i n t e r p r e t a t i o n s  are  based   l a rge ly   on   rou -  

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

es t imates   o f   modal   composi t ions  of approximately 1 5 0  t h i n  

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

area. Modal a n a l y s e s   o f  5 t h i n   s e c t i o n s  were made u s i n g  a 

S w i f t  a u t o m a t i c   p o i n t   c o u n t e r   w i t h  a g r i d   s p a c i n g  of 1/3 mm 

by  2/3 mm. S t a t i s t i c a l l y   a c c u r a t e   a n a l y s e s   r e q u i r e  a mini- 

m u m  of 1 0 0 0  t o t a l   p o i n t s   c o u n t e d  for phenocrys t - r ich   rocks  

and 2 0 0 0  t o t a l   p o i n t s  for  phenocryst-poor   rocks.  Modes 

l i s t e d   o n l y   t o   t h e   n e a r e s t   p e r c e n t   c o n c e n t r a t i o n  are from 

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

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

using  the  method of Chayes  (1952) t o   a i d   i n   t h e   i d e n t i f i c a -  

t i o n   o f   p o t a s s i u m   f e l d s p a r .   T h e s e   s t a i n e d   s e c t i o n s   a l s o  
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proved t o   b e   v a l u a b l e   i n   t h e   s t u d y  of widespread  potassium 

metasomat i sm  recent ly   recognized   in   the   Socorro-Magdalena  

area (Chap in   and   o the r s ,   1978) .  

Most s ta ted composi t ions   o f   phenocrys t   minera ls  are 

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

Zeiss b inocu la r   pe t rog raph ic   mic roscope .  Estimates of t h e  

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

c l inopyroxene  were made from opt ical  da ta   de te rmined   on  a 

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

n iques  (Emmons, 1 9 4 3 ) .   P l a g i o c l a s e   c o m p o s i t i o n s   ( + 3   p e r c e n t  

a n o r t h i t e ,   o p  c i t ,  p. 133)  were determined  from maximum 

e x t i n c t i o n   a n g l e s  (XI) p e r p e n d i c u l a r   t o  0 1 0 ,  u s i n g   t h e   h i g h -  

t e m p e r a t u r e   c u r v e s  of the  Ri t tman  zone  method  (Troger ,   1959,  

0.111). A m b i g u i t i e s   i n   e x t i n c t i o n   a n g l e s   f o r   c o m p o s i t i o n s  

between Ano - An3o were r e s o l v e d   b y   d e t e r m i n i n g   o p t i c  axial  

a n g l e s  (2V) (Emmons, 1943,   p .   23-41)   and  checking  against  

2V v e r s u s  percent a n o r t h i t e   c u r v e s  for  v o l c a n i c   p l a g i o c l a s e  

(Slemmons, 1 9 6 2 ,  ~1.11). 

T h e  a lka l i  feldspars, s a n i d i n e  -- a n o r t h o c l a s e  -- 
o r t h o c l a s e ,  were d i f f e r e n t i a t e d   o n   t h e   b a s i s   o f  2V measure- 

ments  and a commn  phys ica l  t r a i t .  A l t h o u g h   n o t   e n t i r e l y  

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

r o c k s   s a n i d i n e   a n d   a n o r t h o c l a s e   a r e   c h a r a c t e r i s t i c a l l y  clear 

w h i l e   o r t h o c l a s e  i s  usua l ly   c louded .  
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Approximate  compositions of c l inopyroxene   phenocrys ts  

were determined  from a combinat ion of 2 V  a n d   e x t i n c t i o n  

a n g l e  ( Z A C )  measurements   (Heinr ich,   1965,  p. 218) .  Nomen- 

c l a t u r e  of Ca-Mg-Fe c l inopyroxenes   used   here  i s  a f t e r  

Poldevaar t   and  Hess (1951,  p.   472).  

S e v e r a l  new whole-rock  major-element  chemical  analyses 

r epor t ed   he re   have   been  made by D. L. White   using X-ray 

f l u o r e s c e n c e   t e c h n i q u e s .  These a n a l y s e s  are  t a b u l a t e d   i n  

Appendix 1 of t h e  N e w  Mexico  Bureau of Mines  and  Mineral 

Resources  open f i l e  r e p o r t  number 88 ,  a v a i l a b l e   o n   r e q u e s t  

a t  Socor ro .   These   p re l imina ry   ana lyses  do n o t   i n c l u d e   t h e  

q u a n t i t y  of H20-,  H 2 0 +  o r  C 0 2  i n   t hese   rocks '   and   shou ld  

t h e r e f o r e   n o t  be compared d i r e c t l y - w i t h   o t h e r   c h e m i c a l   a n a -  

l y s e s   r e c a l c u l a t e d   t o  1 0 0  p e r c e n t   o n  a vo la t i l e  free b a s i s .  

O the r   chemica l   ana lyses   o f   vo lcan ic   rocks   f rom  the   Socor ro -  

Magdalena area r e p o r t e d  i n  several p r i o r   i n v e s t i g a t i o n s  

(Lindgren   and   o thers ,  1 9 1 0 ;  Loughlin  and  Koschmann, 1 9 4 3 ;  

Miesch,  1952;  Tonking,  1957; Weber, 1963a;  Deal,  1973;  and 

S p r a d l i n ,  1 9 7 6 )  are  i n c l u d e d   i n   t h e  t e x t  where   pe r t inen t .  

N e w  K-Ar r a d . i o m e t r i c   d a t e s   r e p o r t e d   h e r e  for  v o l c a n i c  

% g o   v a l u e s   r e p o r t e d   a r e  of u n c e r t a i n   a c u r a c y   a n d   t h e  lar-  

g e s t   a n a l y t i c a l   e r r o r  i s  p robab ly   w i th  respect t o  Si02  con- 

t e n t .  
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r o c k s   i n   t h e   S o c o r r o  area were determined  by  Geochron  Labo- 

r a t o r i e s   D i v i s i o n  of Kruege r   En te rp r i se s ,   Inc .  K - A r  ages  

of t h e  Grefco p e r l i t e  and 6 0 0 1  Mesa r h y o d a c i t e  dome were 

determined  by A. Leroy Odon a t   F l o r i d a  S t a t e  Un ive r s i ty .  

To re la te  r a d i o m e t r i c   a g e s   t o   C e n o z o i c  time u n i t s ,   t h e  Ceno-  

z o i c  time s c a l e  as c u r r e n t l y   a c c e p t e d   b y   t h e  U.S. Geologic 

Survey   (Bishop  and   o thers ,  1 9 7 8 ,  p. 1 5 0 )  has   been  used  here .  

The e n t i r e   s e q u e n c e  of major   geologic  time d i v i s i o n s   f o r  

the  Precambrian  and  Phanerozoic   eons i s  shown i n   f i g u r e  4 .  

The  terminology  and  nomenclature  used  here i s  g e n e r a l l y  

i n  a g r e e m e n t   w i t h   t h e   A m e r i c a n   G e o l o g i c a l   I n s t i t u t e  -- 
Glossary   o f   Geology  (Gary   and   o thers ,   1972) .  A few terms 

used.   here  may n o t  be found i n   t h i s  comprehensive  glossary.  

The usage  of terms such as  " c a l d e r a "   ( t o p o g r a p h i c   v o l c a n i c  

d e p r e s s i o n )   a n d   " c a u l d r o n "   ( v o l c a n i c   s u b s i d e n c e   s t r u c t u r e )  

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

a n 8   E a i l e y  ( 1 9 6 8 1 ,  and  Steven  and  Lipman ( 1 9 7 6 ) .  The clas- 

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

i s  from  Dennis ( 1 9 6 7 ) .  The nomenc la tu re   o f   a sh - f low  tu f f s  

used i n   t h i s   d i s s e r t a t i o n ,   w i t h  some mod i f i ca t ions ,  i s  gen- 

e r a l l y   t h a t   o f  R. L. Smith  (smith,   1960a,   1960b;  Ross and 

Smith, 1 9 6 1 ) .  S i n c e   S m i t h ' s   c l a s s i f i c a t i o n  scheme p rov ides  

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

t u f f s ,   t h e   f o l l o w i n g   m o d i f i e r s  are used  here: v e r y   c r y s t a l -  
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Era Period Epoch  Boundary age 
( i n  m.y.1 

Quaternary Holocene 

Cenozoic 

P le i s tocene  

Pliocene 
1.8 

5.0 
~ 

Miocene 
26.0 ' 
37.5 

53.5 

65 

136 

190-1  95 

Tertiary  Oligocene 

Eocene 

Paleocene 

Cretaceous 

Mesozoic Ju ras s i c  

T r i a s s i c  

Permian 

Pennsylvanian 

Mississippian 

-, 
280 

320 

345 

395 

430-440 

500 

570 

800 

Paleozoic  Devonian 

S i l u r i a n  

0rd.ovician 

Cambrian 

Precambrian 21 

Precambrian Precambrian Y 
1600 

Precambrian X 

Precambrian W 
2500 

F i q u r e  4 .  C h a r t  of major   geoloqic  time d i v i s i o n s   c u r r e n t l y  
i n   u s e  by t h e  G.S. Geoloqica l   Survey  (Bishop, Pckel 
a n 6   o t h e r s ,  1 9 7 8 ) .  

The  Oligocene-Miocene  boundary a t  26  .O n .y . ,  from 
Ear l and   and   o the r s  (1964), i s  u s e d   h e r e  t o  provide 
c o n s i s t e n c y   w i t h   F r i o r   s t u 6 i e s   i n  the  Socorro   reg ion .  
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poor (0-3 p e r c e n t   p h e n o c r y s t s ) ,   c r y s t a l - p o o r  (3-10 p e r c e n t ) ,  

m o d e r a t e l y   c r y s t a l - r i c h   ( 1 0 - 2 5   p e r c e n t ) ,   a n d   c r y s t a l - r i c h  

( >  25 p e r c e n t ) .  The l i t h i c   c o n t e n t   a n d   p u m i c e   c o n t e n t  of 

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

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

specimens o r  t h i n   s e c t i o n s .  Also, t he   appa ren t   abundance  

of  pumice i s  p a r t l y  a func t ion   o f   t he   deg ree   o f   we ld ing .  

L o o s e l y   d e f i n e d   m o d i f i e r s   f o r   l i t h i c   c o n t e n t  are:' l i t h i c -  

poor ( ~ 2  p e r c e n t )   a n d   l i t h i c - r i c h   ( > 5   p e r c e n t ) .  Some ex- 

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

less t h a n  50 p e r c e n t   m a t r i x .  Most c r y s t a l - r i c h   t u f f s   a r e  

pumice-poor   containing less t h a n  2 percent   pumice   in   mos t  

exposures .   Pumice - r i ch   t u f f s  commonly c o n s i s t   o f  5 t o  25 

percent   pumice l a p i l l i .  

The c l a s s i f i c a t i o n   a n d   n o m e n c l a t u r e   o f  a l l  rock   t ypes  

desc r ibed  here, except f o r   t h e   v o l c a n i c   r o c k s ,  i s  after 

Travis  (1955) .  Lipman (1975,  p. 5 )  p r e s e n t s  a simple a l -  

though  "somewhat arbi t rary" c l a s s i f i c a t i o n  system for vol- 

c a n i c   r o c k s   o f  the  s o u t h e a s t e r n   S a n   J u a n   v o l c a n i c  f i e l d  wi th  

d i v i s i o n s   b a s e d   o n   p e r c e n t  Si02: 

Rock name 

basal t  
a n d e s i t e  

q u a r t z  l a t i t e  
r h y o d a c i t e  

r h y o l i t e  

Pe rcen t  S i 0  2 
C 52 
52-60 
60-65 
65-70 
>70 
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As Lipman p o i n t s  o u t ,  a major   advantage of h i s  scheme i s  

t h a t  "for S a n   J u a n   r o c k s " ,   t h e   d i v i s i o n s   c o i n c i d e   a p p r o x i -  

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

i n   t h e  f i e ld  ( f i g .  5 ) .  Pre l iminary   compar ison  of chemical 

a n a l y s e s   a n d   a s s o c i a t e d  modal  compositions  of  Cenozoic  vol-  

c a n i c   r o c k s   i n   t h e   S o c o r r o   P e a k  area i n d i c a t e   t h a t   L i p m a n ' s  

c l a s s i f i c a t i o n  scheme  can a l s o  be a p p l i e d   h e r e .   W i t h i n   t h e  

a b o v e   c l a s s i f i c a t i o n   s y s t e m   b a s e d   o n   p e r c e n t  S i 0 2 ,  average  

b a s a l t i c - a n d e s i t e s   c o n t a i n  52-56 p e r c e n t  S i 0 2 ,  (Chapin  and 

Seager ,  1975 ,  p. 3 0 8 ,  Fig.  B )  a n d   h i g h - s i l i c a   r h y o l i t e s   c o n -  

t a i n  more t h a n   a b o u t  76  p e r c e n t  S i 0 2  (Byer s   and   o the r s ,  

1 9 7 6 ) .  

One i m p o r t a n t   i n t r o d u c t o r y   n o t e   r e m a i n s  t o  be made. 

I n   c o n t r a s t  t o  t h e   S a n   J u a n   f i e l d ,  much of t h e  Dat i l -  

Mogollon f i e l d  r e m a i n s   e s s e n t i a l l y  unmapped i n  terms o f  a 

regional   ash-f low  and  cauldron  f ramework.  As a l l  g e o l o g i s t s  

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

re l ies  h e a v i l y   o n   a n   a c c u r a t e   u n d e r s t a n d i n g  of t h e  local 

and   r eg iona l   s t r a t ig raphy .   Thus ,  much d a t a   o n   t h e   n a t u r e  

of o v e r p r i n t i n g  of the   Rio   Grande  r if t  on  the  Dat i l -Mogollon 

v o l c a n i c   s t r u c t u r e s   i n   t h e   S o c o r r o - M a g d a l e n a  area, h a s   o n l y  

become a v a i l a b l e   r e c e n t l y   a n d  i s  l i m i t e d   i n   a r e a l   e x t e n t .  

The d e t a i l s  of r e g i o n a l   s t r a t i g r a p h y ,  facies  r e l a t i o n s h i p s ,  

and   pa leobas in   topographic   deve lopment  of t h e   S a n t a  Fe Group 
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Quartz " 

Sanidine " 

Plagioc lase  " - 
B i o t i t e  " 

Rornblende 
Augite 
Olivine 

" - -  
- -  " 

" 

I I I I I I I 

45 50 55 60 65  70 75 80 
I 

Si02 i n   p e r c e n t  

F i g u r e  5. Approx ima te   r e l a t ionsh ip   be tween   phenoc rys t i c  
m i n e r a l s   a n d   S i 0   c o n t e n t  of v o l c a n i c   r o c k s  of t h e  
sou theas t e rn   San  2 Jcan  Mountains  (Lipaan, 1 3 7 5 ) .  
Volcanic   rock  narces u s e d   i n   t h i s  report follow t h i s  
f i e l d   c l a s s i f i c a t i o n  scheme. 
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b a s i n - f i l l  d e p o s i t s  i s  even more poor ly   unders tood   and  com- 

p l i c a t e d   b y   t h e   g e n e r a l   a b s e n c e  of marker  horizons.  Conse- 

q u e n t l y ,  many of t he  conclus ions   p resented   here ,   which  may 

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

t i o n   o f  a l i m i t e d  data base  and  should  be  regarded a s  pre- 

l iminary .  
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manager C. E. Wallace,  by T.E.R.A. r e s e a r c h   e n g i n e e r  J. P. 

McLain,  and  by t h e   C i t y  of Socorro .  

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

review b y   t h e   f o l l o w i n g   i n d i v i d u a l s :  C. E .  Chapin,  R.  C .  

Ep i s  and G. R.  Osburn. - 

I e s p e c i a l l y   t h a n k  my "on   s cene"   adv i so r ,   Cha r l e s  E .  

Chapin, who has   s e rved  as c a t a l y s t ,   f i n a n c i e r ,   d i r e c t o r   a n d  

s y n t h e s i z e r   d u r i n g   t h i s   ' p r o j e c t .   W i t h o u t  h i s  acute  observa-  

t i o n s   s u c h  as  " b e   o n   t h e   l o o k o u t   f o r  a c a l d e r a " ,   h i s   c o n -  

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

t i o n   c o u l d   n o t   h a v e   b e e n   c o m p l e t e d .  As i n d i c a t e d   a b o v e ,  
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many' of t h e   k e y   i n t e r p r e t a t i o n s  of t h i s   d i s s e r t a t i o n  were 

i n i t i a t e d  o r  d e v e l o p e d   j o i n t l y   w i t h   h i s  own o b s e r v a t i o n s .  
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PREVOLCANIC ROCKS 

Eocks t h a t  l i e  below the  Dat i l -Mogollon  volcanic  p i l e  

r a n g e   i n   a g e  from Precambr ian   t o . l a t e   Eocene .  The o l d e s t  

rocks   exposed   i n   t he   Socor ro   a r ea   cons i s t   o f   P recambr ian  

low-grade  netasedimentary  and  metavolcanic   rocks,   most ly  

p h y l l i t e   a n d   q u a r t z i t e ,   i n t r u . d e d  by small weakly  metarmr- 

phosed  gabbroic  stccks and laroe unmetamrphosed   g ran i t e  t o  

q u a r t z   m n z o n i t e   p l u t o n s   ( C o n d i e   a n <  Eudc?ing, 1 9 7 9 ) .  The 

e n t i r e   n e t a r c o r p h i c - g r a n i t i c  complex i s  cut  hy  numerous pre- 

Miss i ss ippian   (Precambr ian?)   d iabase   d ikes .   I sochrons  

c o n s t r u c t e d  from Rb-Sr i s o t o p i c   d a t a   o n   P r e c a m b r i a n   p l u t o n i c  

r o c k s   i n   c e n t r a l  New Mexico i n d i c a t e  a l a t e   P r o t e r o z o i c   a g e ,  

1.5-1.2  b.y. (Wlite, 1 9 7 8 ) .  

I n   c e n t r a l   a n d   n o r t h e r n  New Mexico t h e   F r e c a n b r i a n  

basement  complex i s  unconformably  overlain  by  widespread 

Miss i ss ippian ,   Pennsylvanian   and   Permian   l imes tones ,   sha les  

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

c o n t i n e n t a l  red beds   i n   t he   l ower   Pe rmian   (Ko t t lowsk i ,  

1 9 6 3 ) .  T h i n   M i s s i s s i p p i a n   s t r a t a  of the   Caloso   Eormat ion  

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

Lemitar Mountains  and.  northern  Magdalena  Moutains, are  
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a b s e n t   o n   S o c o r r o  Peak  and east o f   t h e  Rio Crande (Goorion, 

1907a ;  Armstrong,  1958,  1963). 

I n  t h e   S o c o r r o   a r e a ,   t h e   c 5 s t r i k u t i o n   o f   l a t e   P a l e o -  

zo ic ,  Mesozoic   and  ear ly  Te r t i a ry  (Eocene)   sedimentary 

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

c e n t e r e d  t o  the southwest  of Socorro. For  example; i n   t h e  

Lemitar Mountains ,   the   northern  Magdalena  Mountains ,   and 

n e a r  Tres K o n t o s a s   ( f i g .  2 ) ,  basal vo lcan ic   cong lomera te s  

o f   t h e   S p e a r s  Forrratj.cn rest unconformably  on l a t e  Pa leozoic  

l imes tones  and. sapds tones   (Wi lk inson ,  1 9 7 6 ;  Blakes tad ,  1 9 7 6 ;  

Krewedl,  1974;  Chamberlin, L e m i t a r  P a p ) .   I n   c o n t r a s t ,   a l o n g  

the   sou the rn   marg in  of the   Colorado   F la teau   (Bear   and  

Gal l inas   mounta ins)   and  east  of t h e  R i o  Crande   ( Joyi ta  Hills, 

Tomas S i l v a  Well, and Cerro Colorado)   the   Spears   Format ion  

l i es  conformably  on l a t e  E o c e n e   a r k o s i c   s e d i m e n t s   o f   t h e  

Baca Formation. The Baca  Formation, i n  t u r n ,  overlies a 

t h i c k  section o f   Cre t aceous   s ands tones   and   sha l e s ,  Triassic 

r e d   b e d s ,   a n d   l a t e   P a l e o z o i c  s t r a t a  (Tonking,  1957; 

S p r a d l i n ,  1 9 7 6 ;  Wilplt and Wanek, 1 9 5 1 ) .  

Thus ,   the  base of the   O l iqocene   vo lcan ic   s equence  evi- 

d e n t l y  rests on  a post-Larar . ide la te  Eocene   sur face  of low 

relief and   reg iona l   ex ten t .   (Epis   and   Chapin ,   1975;   Chapin  

a n d   o t h e r s ,   1 9 7 8 ) .  The  change  from  unconformable t o  conform- 

able r e l a t i o n s h i p s   p r o v i d e s   t h e   g e n e r a l   o u t l i n e  of t h e  
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Laramide u p l i f t  and t h e  a d j a c e n t   e a r l y   T e r t i a r y  Baca h a s i n  

(Snyder,  1 9 7 0 ,  1 9 7 1 ) .  

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

p r e v o l c a n i c   r o c k s   i n   t h e   S o c o r r o   v o l c a n i c   c e n t e r   a r e  summar- 

i z e d   i n   t h e   c o m p o s i t e   s t r a t i g r a p h i c  column f o r   t h e   a r e a  

( f i g .  6 ) .  FTithin t h e   s t u d y   a r e a   p r e v o l c a n i c   o u t c r o p s   a r e  ,. 

rest r ic ted t o  a s t r u c t u r a l l y   h i g h   b l o c k   o n   t h e  east  face o f  

Socorro Peak t h a t  marks t h e   n o r t h e a s t   m a r g i n   o f   t h e   S o c o r r o  

cauldron.  

Precambrian  Rocks 

A small   pentagon-shaped  outcrop of f i n e  grained  meta-  

sed imentary   rocks  i s  exposed on t h e   s t e e p   e a s t e r n   e s c a r p m e n t  

of   Socorro  Peak  ahout  225 m west of t h e  Woods Tunnel portal  

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

g r a y   a r g i l l i t e  t h a t  i s  p e r v a s i v e l y   a n d   i n t e n s e l y   j o i n t e d   i n  

comparison t o  sur rounding   sands tones   o f   the   Sandia  Forma- 

t i o n .  Where well e x p s e d  i n  a small r a v i n e   t h a t  b isects  

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

g r a i n e d   q u a r t z i t e   a n d  s i l t i t e .  The re l ic t  bedding   d ips  

abou t  6 0  d e g r e e s  t o  t h e   s o u t h .   C h l o r i t e   a n d   q u a r t z  are  t h e  

dominan t   mine ra l s   v i s ib l e   i n   hand   spec imen .  

A small d i k e - l i k e   h d y  of f ine-gra ined  mafic m n z o n i t e ( ? )  

i s  c l e a r l y  exposed c u t t i n g   t h e   a r g i l l i t e   i n   t h e   r a v i n e   a k o u t  
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1" - ""I 

I - - " " I  

Figure  6 .  C o r n p s i t e   s t r a t i g r a p h i c  column of t h e   S o c o r r o  
Feak v o l c a n i c   c e n t e r  (from Chapin  and  otherz ,  1 9 7 8 ) .  
A s t e r i s k s  are n e x t   t o   u n i t s   n o t   e x p o s e d   i n   s t u d y   a r e a  

T h i c k n e s s e s   n o t   t o  scale. Xap symkols are Iceye6 t o  
h u t   i n t e r p r e t e d  a s  l o c a l l y  present i n  subsurface. 

Plate 3 .  
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30  m from t h e  west edge   o f   t he   ou tc rop .  The  body i s  t o o  

small t o  show on t h e   g e o l o g i c  map. Th i s   f i ne -g ra ined   d ike  

i s  mst l i k e l y  a small apophysis   of   the   medium-grained  plu-  

t o n i c   r o c k   i n t e r s e c t e d  i n  Woods Tunnel ,  ahout 6 0  III below 

and  45 m s o u t h   o f   t h e   a r g i l l i t e   e x p o s u r e  ( C .  T. Smith,  1 9 6 3 ,  

F. 1 8 6 ) .  

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

c r o p  are  formed  ky a nor th- t rending ,   low-angle   rormal   fau l t  

d ipp ing   approx ima te ly  45 d e g r e e s   t o   t h e  E a s t .  Koods  Tunnel 

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

1 0 0  III west of i t s  p r t a l  a n 3   t h e n   c o n t i n u e s   a n o t h e r  300 m 

i n to   t he   noun ta in .   In spec t ion   o f   numerous  pieces of dump 

m a t e r i a l   i n d i c a t e s  ms t  o f   t h e   t u n n e l  was d r iven   t h rough  a 

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

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

ments  show a v e r y   c r u d e   f o l i a t i o n   i m p a r t e d   b y   l e n t i c u l a r  

masses of g r e e n i s h - b l a c k   c h l o r i t e .  One specimen was found 

e x h i b i t i n g  a a r a d a t i o n a l   c o n t a c t   b e t w e e n  a medium-grained 

monzoni te   an2 a f i n e - g r a i n e d   m n z o n i t e   t h a t  i s  s i m i l a r   t o  

t h e   d i k e - l i k e   b d y   e x p o s e d   o n   t h e  surface. One samFle  of 

med.ium-grained  monzonite  salrpled from t h e  dump was t h i n   s e c -  

t i o n e d .  The r o c k   h a s  a well developed mortar t e x t u r e .  It 

c o n s i s t s  of s t rong ly   shea red   p ink   o r thoc la se   and   l enses   o f  

c h l o r i t e   w i t h   m i n o r   d i s s e m i n a t e d   a n d   b r o k e n   c r y s t a l s   o f  
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p l ag ioc la se ,   qua r t z ,   ep ido te ,   and   magne t i t e .   T races   o f  

c l inopyroxene   and   hornblende  were observed  a long with a few 

v e i n l e t s  of q u a r t z ,  ser ic i te  a n d   p y r i t e .  

Prev ious   inves t iga tors   (Lasky ,   1932;   Smi th ,   1963;  

Burton,  1 9 7 1 )  a n d   t h i s   a u t h o r  a l l  c o n s i d e r   t h e   a r g i l l i t e   t o  

be  Precambrian i n  age .  An anau la r   unconfo rmi ty ,   ove r l a in  

by   Pennsy lvan ian   s ands tones ,   a long   t he  west f a c e  of t h e  

pentagon and. t h e  me tamorph ic   cha rac t e r   o f   t hese   rocks  are 

t h e   b a s i s   o f   t h i s   c o n c l u s i o n .   L a s k y   a n 2   S m i t h   d i s a g r e e ,  

however, with respect to  t h e   a g e   o f   t h e  Koods Tunnel   in t ru-  

sive. Lasky  (1932, p. 122-123, f i g .   1 3 )   i n t e r p r e t e d   t h e  

m n z o n i t e   i n  Voods  Tunnel t o  be   o f   Te r t i a ry   aqe .  S m i t h  de- 

s c r i b e d   t h e s e  sar?e  rocks as g r a n o d . i o r i t e   g n e i s s  of 

Precambrian  age. A. J. Budding ( o r a l  commun., 1 9 7 8 )  h a s  

obse rved   amph ibo l i t e  masses w i t h i n   t h e   i n t r u s i v e  body i n  

Wood's Tunnel. These r e l a t i o n s   s u g g e s t   t h e  Wood's Tunnel 

i n t r u s i v e  i s  m s t  l i k e l y   P r e c a m b r i a n   i n   a g e .  

Pennsylvanian  Rocks 

W e l l - s t r a t i f i e d   l i m e s t o n e s ,   s h a l e s   a n d   s a n d s t o n e s  of 

recognized  Pennsylvanian  age [Herrick, 1899,  p. 75;  Needhap, 

1937, p. 1 2 ;  Kott lowski ,   1960,  p. 5 6 )  are  exposed i n  a 

r o u g h l y   r e c t a n g u l a r  area, 1 .5  by 0.75 km, on   the   lower   nor th-  

east face of Eocorro  Peak.  These  rocks are subd iv ided   he re  
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( p l .  1) i n t o   t h e   d o m i n a n t l y   t e r r i g e n o u s   s t r a t a  of t h e  Sandia 

Formation  and  the  conformably  overlying Madera  Limestone. 

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

by t h e  U.S. Ceological   Survey (Dane and Bachman, 1965) .  

Cordon  (1907b) named these   fo rma t ions   and   de f ined  them 

a s   p a r t  of t h e  Magdalena  Croup  from a t y p e   s e c t i o n   i n   t h e  

K e l l y   d i s t r i c t  of the  Nagdalena  Mountains.  For deta i l s  on 

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

l a t ionsh ips ,   and   env i ronmen t s   o f   depos i t i on  of t h e  

Pennsylvanian  system i n  c e n t r a l   a n d   s o u t h e r n  New Ilexico; 

t h e  writer recommmends the  comprehensive  works of Kott lowski  

( 1 9 6 0 )  and Siemers ( 1 9 7 8 ) .  

Many g e o l o g i s t s  (Needham, 1937,  p. 1 4 ;  Kot t lowski ,  

1 9 6 0 ,  p. 136; e t c . )  i n c l u d i n g  Gordon  himself  (1907b,  p. 811) 

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

and  Madera  formations  in   southern  and,   eastern N e w  Mexico. 

Siemers (1978, p. 9 )  i n d i c a t e s   t h i s   r e c o g n i t i o n   p r o b l e m  

r e s u l t s  f rom  rap id  facies and   th ickness   channes .   This   p ro& 

lem, however, i s  n o t   e n c o u n t e r e d   f o r   t h e   S o c o r r o  Peak a r e a ,  

which i s  o n l y  2 4  km from t h e   t y p e  section. A reference sec- 

t i o n   o f  the Pennsylvanian  s t ra ta   measured  on  Socorro  Peak 

(Appendix A, S e c t i o n  1) i n d i c a t e s  a l i t h o l o g i c   s e q u e n c e   v e r y  

similar to t h e  type sec t ion   (Cordon,  1907b, p. 8 0 7 )   i n   t h e  

Nagdalena  Mountains.  Recent work by S i e m e r s   ( o r a l  conmun. , 
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1978)  has  shown Gordon's type s e c t i o n  t o  be   f au l t ed   and   i n -  

complete. The t o t a l  o f  1 1 0 2  fee t  (335.9 m )  of   Pennsylvanian 

s t r a t a   m e a s u r e d  a t  Socorro  Peak  must be regarded a s  a mini- 

mum t h i c k n e s s ,   s i n c e   t h e   s e c t i o n   h a s  a f a u l t   c o n t a c t  a t  t h e  

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

2s  suggested  by Siemers ( 1 9 7 8  I p. 1 4 7 )  t h e   g r a d a t i o n a l  

Sandia-Madera  contact  i s  p l a c e d  a t  the  horizon  below  which 

t e r r i g e n o u s  c las t ic  rocks  predominate  and  above  which micri- 

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

a break i n   s l o p e   b e l o w   c l i f f -  and. hoghack-forming  l imestones 

of   the   lower  Madera, and above s lope - fo rming   sha le s   o f   t he  

upper  Sandia (Wilpolt and V7anek, 1951)  . . 

Sandia  Formation 

F7es t -d ipping   beds   o f   the   Sandia   Format ion   c rop   ou t   to  

the   nor th   o f   Pa thway Canyon i n  a wide nor th- t rending  be l t  

n e a r   t h e   f o o t  of Socorro  Peak ( p l .  1, f i g .   3 ) .  The g e n e r a l  

1 i t h o l . o g y   o f   t h e   S a n d i a   F o r m a t i o n   i n   t h i s   a r e a  i s  summarized 

by the   measured   sec t ion   surveyed  a t  t h e   s o u t h   e n d   o f   t h e  

ou tc rop   be l t   (Append ix  A ,  S e c t i o n  1). The formation i s  

in fo rma l ly  d i v i d e d  i n t o  a lower ledge- forming   un i t  of dark-  

brown s i l i c e o u s   q u a r t z   s a n d s t o n e s   ( q u . a r t z i t e s ) ,  9 1 . 1  m 

t h i ck ;   and   an   uppe r   s lope - fo rming   un i t   o f   b l ack   ca rbonaceous  

s h a l e ,  62.5 m t h i c k .  The  uppermost  25 m o f   t h e   s h a l e   u n i t  
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t y p i c a l l y   c o n t a i n s  3 o r  4 l e d g e - f o r r i n g ,   f o s s i l i f e r o u s   d o l o -  

mitic l imes tone   beds   about  1 t o  3 m . t h i c k   t h a t   w e a t h e r   t o  a 

ye1 lowish-brown color. 

The  measured  thickness   of   the  lower q u a r t z i t e   u n i t  i s  

a minimum t h i c k n e s s   s i n c e  the lower   cop tac t  i s  a f a u l t .  

About  250 m . n o r t h  of t h e   l i n e   o f   m e a s u r e d   s e c t i o n   t h e   b a s e  

of t h e   q u a r t z i t e   u n i t  i s  exposed a t  a n  angular   unconformity 

c u t   o n   F r e c a m b r i a n   a r g i l l i t e .  Above t h e   a n g u l a r  unconform- 

i t y ,   t h e   q u a r t z i t e   f o r m s  a c l i f f  r ep resen t ing   approx ima te ly  

3 0  m of sands tones .   Th i s   appa ren t   chanae   i n   t h i ckness  i s  

p robab ly   no t  real h u t   r a t h e r   t h e   r e s u l t   o f  a t r u n c a t i o n   o f  

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

forms   the   southwes t  edoe o f   t he   P recambr ian   ou tc rop   (p l .  1). 

The lower q u a r t z i t e   u n i t  i s  n o t   e x p o s e d   t o   t h e   n o r t h  

o f   t he   P recambr ian   ou tc rop ,  except for  a small t r i a n g u l a r  

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

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

by a l o n g   s i l l - l i k e  body   o f   wh i t e   rhyo l i t e  ( T i r l ,  p l .  1) t h a t  

c u t s   a c r o s s   t h e   S a n d i a   h e d s  a t  a small ang le .  The i n t r u s i v e  

c o n t a c t   o f   t h e   r h y o l i t e  i s  w e l l  exposed a t  i t s  south  end 

where it p i n c h e s   o u t   a q a i n s t  a q u a r t z i t e  bed. n e a r   t h e  m i d d l e  

o f   t h e   S a n d i a  Formation. The q u a r t z i t e   h a s   b e e n   b l e a c h e d  

w h i t e ,   s i l i c i f i e d ( ? )  and   con ta ins   minor   amun t s  of a r g i l -  

l i z e d   f e l d s p a r   a n d   s m a l l   f l e c k s  of p y r i t e ( ? )   o x i d i z e d   t o  
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l i m o n i t e .  Prev ious  invest igators   (Lasky,   1932;   Smith,   1963;  

Bur ton ,  1971) mapped t h i s   b l e a c h e d   q u a r t z i t e  bed of t h e  

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

l i t e .  . S a n d i a   q u a r t z i t e s  are  s t r o n g l y   b r e c c i a t e d ,  s i l ic i -  

f i e d   a n d   m i n e r a l i z e d   w i t h  bar i te  and   ga l ena   a lo r?g   t he   f au l t  

zone  which c u t s  t h e   P r e c a m b r i a n   a r g i l l i t e   o n  i t s  e a s t  side. 

The  conformable  contact a t   t h e   t o p   o f   t h e   S a n d i a  

Format ion   wi th   the   over ly in9  Eladera Limestone i s  well ex- 

p s e d  an?  expressed  by a topographic   break a t   a n   e l e v a t i o n  

of 5350 f e e t  on t h e   n o r t h e a s t   e n d  of t h e   S o c o r r o  Peak escarp-  

ment ( W i d ,  Sect. 4 ,  T3S, F.1W). Below t h i s   p r a d a t i o n a l  

c o n t a c t ,   t h e   b l a c k   s h a l e  slopes a r e   b r o k e n   b y   s e v e r a l ' l e d g e s  

o f   l imes tone   abou t  15 t o  30 m a p a r t .  This seauence  of 

s h a l e s   a n d   i n t e r b e d d e d   l i m e s t o n e s   i n   t h e  upper Sandia  

Formation i s  repea ted  twice by  low-angle   normal   faul ts  j u s t  

west of t h e   a l l u v i a l  toe o f  t h e  mounta in   f ront  (p l .  1). 

A small f a u l t   b l o c k  of s lope-forming  shales   (mudstones?)  

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

a b u t  300 m n o r t h w e s t   o f   t h e  Woods Tunne l   po r t a l  ( p l .  1). 

Th,e c o r r e l a t i o n  of these  poorly  exposed  s lope-forming  beds 

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

t h e  e n t i r e  ou tc rop   cou ld   be  upper Paadera Limestone,   includ-  

i n g   a n   i n t e r v a l   o f   s l o p e   f o r m i n g   i n t e r b e d d e d   m u d s t o n e s   a n 3  

l imes tones ,   such  as u n i t s  7 and 9 o f   S e c t i o n  1, Appendix A .  

I 
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Needham (1937, p. 1 2 ,  14-15)  and Siemers ( 1 9 7 8 ,  p. 147)  

cons ide r   t he   Sand ia   Fo rma t ion  t o  be   en t i r e ly   A tokan ,   (uppe r  

lower  Pennsylvanian) i n   age .   S i emers   (op .  c i t . )  h a s  demon- 

strated the   approx i r a t e   co inc idence   o f   t he   Pand ia -Madera  

contact   wi th  the  Atokan-Cesmoinesian  faunal  break i n   t h e  

Socorro area.  

Madera Limestone 

The Madera   L imes tone   forms   wel l - s t ra t i f ied   l igh t -qray  

r idoes  and c l i f f s  on t h e   F i d d l e   s l o p e  of Socorro  Peak 's  

e a s t e r n   f a c e  ( p l .  1). These   bo ld   ou tcrops  are predominant ly  

gray ,  massive, t h i c k y b e d d e d ,   m o d e r a t e l y   f o s s i l i f e r o u s ,  micri- 

t i c  l imestones  (Appendix A ,  S e c t i o n  1 ) .  Zones  of  black 

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

E e l o w  Big C l i f f  ( f i g .  3 ,  p l .  1) t h r e e   c l i f f y   i n t e r v a l s  

of   l imes tone ,   each  30  t o  4C m t h i c k ,  a re  separa ted   by  two 

s lope-fo,rming  uni ts  of r h y t h m i c a l l y  ( ? )  i n t e rbedded ,   g ray ,  

calcareous  mudstone  and micrite wi th  some sandy  l imestones.  

The l o w e r   m u d s t o n e - l i r e s t o n e   u n i t   ( u n i t   7 ,   s e c t i o n  1, 

Appendix A )  occurs a t  e s s e n t i a l l y   t h e  same hor izon  a s  1 0  m 

o f   a rg i l l aceous   t o   f e ldspa th i c   s ands tones   desc r ihed   by   Smi th  

(1963,  p. 1 8 3 ,   f i g .  4 ,  u n i t s  3 ,  1 0  and 11) i n  a measured 

s e c t i o n  750 m t o   t h e   n o r t h .  The  Mad,era-Sandia c o n t a c t   i n  

S m i t h ' s   S e c t i o n  I1 (op. c i t )  is a t  t h e   b a s e   o f   h i s   u n i t  2 6 ,  
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abou t  4 3  m below t h e   f e l d s p a t h i c   s a n d s t o n e s .   T h i s   a b r u p t  

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

facies change similar t o   t h a t   d e s c r i b e d   b y   K o t t l o w s k i  ( 1 9 6 0 ,  

F;. 5 7 ) .  

A t  the  upper  end  of  Pathway  Canyon, on i t s  n o r t h   s i d e ,  

s e v e r a l  limestone beds a t   t h e   t o p   o f   t h e  Eladera have  been 

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

l imes tones  are recognized  by a h a r d   f l i n t y   c h a r a c t e r ,   l i m o -  

n i t e   s t a i n i n ?   ( f r o m   o x i d i z e d   p y r i t e ? )   a n d  a lack   of  effer- 

v e s c e n c e   i n   a c i d .  They  do,  however, r e t a i n   t h e   d i s t i n c t i v e  

th i ck   an8   uneven   bedd ing   o f   t he   o r ig ina l   l imes tones ;   a l so  

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

The s i l i c i f i e d  zone a t  t h e   t o p   o f   t h e  Madera ( u n i t  1 0 ,  Sec- 

t i o n  1, Appendix A )  g r a d u a l l y   t h i n s  a n d  ends  850 n; n o r t h   o f  

Fa thway Canyon'. 

On Socorro  Peak,   the  Madera Formation i s  unconformably 

o v e r l a i n   b y   t h e   l o w e r   l i t h i c - r i c h   t u f f  member ( T l t l ,  p1. 1) 

of t h e   L u i s  Lopez  Formation,  which f i l l e d   t h e   S o c o r r o  

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

c a l d e r a  wall l o c a l l y   o v e r l a p s  a more widespread  late-Eocene 

e r o s i o n   s u r f a c e   a t   t h e  base of t h e  O l igocene   Da t i l   vo lcan ic  

p i l e  (Chapin   and   o thers ,   1975) .   Kot t lowslc i  ( 1 9 6 0 ,  p. 57) 

s u o g e s t s   t h a t  as  much as  250 m o f   V i r g i l i a n ,   M i s s o u r i a n   a n d  

Eesmines ian   (middle   and   upper   Pennsylvanian)   l imes tones  



T-2274 49 

a n $   a r k o s i c   l i m e s t o n e s   o f   t h e   u p p e r  Madera were removed  from 

the Socorro Peak s e c t i o n   b y   T e r t i a r y   e r o s i o n .  

Outcrops of s i l i c i f i e d  l i m e s t o n e s   i n   t h e  Woods Tunnel 

a r e a   a r e  a.lmost c e r t a i n l y   t h e   d o w n f a u l t e d   e q u i v a l e n t  of t h e  

s i l i c i f i e d  upper Madera l i m e s t o n e s   i n  Pathway  Canyon, sou th  

of Big C l i f f .  This  downfaulte?  block shows a n o t e a b l e  simi- 

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

o f   t h e  Pathway  Canyon a r e a   ( c o m p a r e   r h y o l i t e   d i k e   p a t t e r n s  

and  dip  changes of Madera  beds as  shown on p l .  1). I n  COE- 

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

s i l i c i f i e d   l i m e s t o n e s  are  loca l ly   b recc i a t ed   and   cemen ted  

by a s e c o n d   s i l i c i f i c a t i o n   e v e n t .   L a s k y  ( 1 9 3 2 ,  p l .  4 )  an6 

Bur ton   (1971)   had   prev ious ly  mapped t h e s e   s i l i c i f i e d  lime- 

stones a t  Woods Tunnel a s  Sandia   Formation,   prok,ably  inter-  

p r e t i n g  them as  q u a r t z i t e s .  
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The C a t i l - K o g o l l o n   v o l c a n i c   f i e l d   r e p r e s e n t s   t h e   l a r g -  

es t  e ros iona l   r emnan t   o f  a c o n t i n u o u s   O l i c o c e n e   t o   e a r l y  

Miocene   vo lcanic   p la teau   tha t   once   covered   mos t   o f   south-  

wes tern  New Mexico  and  extend.ed i n t o   s o u t h e a s t e r n   A r i z o n a  

( f i g .  1). On a c o n t i n e n t a l  scale, t h e   C a t i l - K o S e l l o n   f i e l d  

i s  a small f r a c t i o n  of a g r e a t  midd le  T e r t i a r y   v o l c a n i c   b e l t  

t h a t   f o l l o w s   t h e  western f lank   of   Nor th  America from  south- 

e r n  Mexico t o  Oregon  (Lipman  and  others,  1 9 7 2 ,  f i g .  2b; 

E l s ton ,   1976 ,   f i g .  1). 

The   Socorro-Magdalena   a rea   compr ises   about   f ive   percent  

of   the  Cat i l -Pioqol lon f i e l d  on  i t s  n o r t h e a s t e r n   f l a n k .  

Deta i led   rapping   and  K-Ar  d a t i n g   o f   t h e   K a g d a l e n a   P r o j e c t  

have  provided a v o l c a n i c   h i s t o r y  of t h e   S o c o r r o   r e g i o n   t h a t  

i s  remarkably similar t o   t h a t  of t h e  well documented,  San 

J u a n   v o l c a n i c   f i e l d   i n   C o l o r a d o   ( L i p p a n   a n d   o t h e r s ,  1970 ;  

Lipman, 1 9 7 5 ) .  Both areas a p p e a r   t o   f o l l o w   t h e  same q e n e r a l  

magmatic e v o l u t i o n ,  as summarizee by L i p a n   ( 1 9 7 5 ,  p. 6 1 ,  

b e a i m i n g   w i t h  ". . . in te rmedia te -composi t ion  lavas and 

b r e c c i a s   f o l l o w e d   c l o s e l y   i n . t i m e   b y  mre s i l i c i c  ash-flow 

t u f f s   a n d   e n e i n g   w i t h  a compos i t iona l ly   b imoda l   a s soc ia t ion  
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o f   b a s a l t   a n d   r h y o l i t e . "  Bowever, some impor t an t  d i f f e r -  

ences be tween  these   contenporaneous   vo lcanic  f ields are  

becominp  conspicuous.  Each o f   t h e   t h r e e   m a g m a t i c   s t a g e s  

desc r ibed   above   fo r   t he   San   Juan   f i e ld   bep ins   abou t  2 o r  3 

m.y. e a r l i e r   i n   t h e  Dat i l  f i e l d .  Alsd, t he   a sh - f low  shee t s  

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

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

which i s  r a r e   i n  most of t h e  S a n   J u a n   t u f f s .   I n   a d d i t i o f i ,  

i n   t h e   S o c c r r o  a rea ,  b a s a l t i c - a n d e s i t e   l a v a s   a p F e a r   e a r l y  

i n   t h e   v o l c a n i c   s e q u e n c e ,   a r e   p o r e   v c l u n i n o u s ,  an.d are 

most ly   in te rbedded   wi th   the   major   ash- f low  shee ts ' ,   ra ther  

than   capping   thef i ,  as occurs  i n  t h e  Ean Juen   f i e ld .   Excep t  

for  t h e   t i r i n g  of i n i t i a l   v o l c a n i s n l ,   t h e s e   d i f f e r e n c e s  may 

b e   i n t e r p r e t e d  as t h e   r e s u l t  of r e g i o n a l   c r u s t a . 1   e x t e n s i o n  

beginning   about  3 2  m.y. ago i n   c e n t r a l  N e w  Mexico  durinp 

the   peak   of   middle   Ter t ia ry   vo lcanism  (Chapi f i ,   1978) .  S'igns 

o f   r e g i o n a l   e x t e n s i o n   i n   t h e   S a n . J u a n   r e g i o n   a p p e a r  a t  about 

26  r .y .   ago   dur ing   the   waning   s tage  of t h e   m i d d l e   T e r t i a r y  

magmatic  event  (Lipman  and  Mehnert,  1975). 

Gene ra l   S t r a t in raph ic   Sequence  

I n   t h e   S o c o r r o  are&, the   Da t i l -Mogo l lon   vo lcan ic  p i l e  

is commonly r e p r e s e n t e d   b y  C.9 t o  1 . 5  km of c a l c - a k l a l i n e ,  

mafic t o  s i l i c i c  flows and   vc l can ic l a s t i c   s ed imen ta ry   rocks .  
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The r e g i o n a l   s e q u e n t i a l   a n d  la te ra l  r e l a t i o n s h i p s   o f   t h e  

D a t i l   v o l c a n i c   s t r a t a  as e s t a b l i s h e d   t h r o u g h   t h e  Magdalena 

P r o j e c t ,   a n d   t h e i r   c o r r e l a t i o n  t o  t h e   s u b d i v i s i o n s  of 

Tonking ( 1 9 5 7 ) ,  are shown i n   f i g u r e  7. 

The Datil  v o l c a n i c s  are d i v i s a b l e   i n t o   t h r e e   m a j o r  

p e t r o l o g i c - s t r a t i g r a p h i c   u n i t s   c o m p r i s e d   b y :  1) e a r l y  

i n t e r m e d i a t e   c o m p o s i t i o n ,   a n d e s i t e   t o   q u a r t z   l a t i t e  ( ? )  

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

Formation  (37-32  m.y.); 2 )  m a j o r   s i l i c i c ,   r h y o d a c i t e   t o  

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

(32-26 P .Y. ) ;  and   3 )   w idesp read   basa l t i c - andes i t e   l avas   o f  

t h e  La Zara Peak B a s a l t i c   A n d e s i t e  ( 30-24 n.y. ) .  T h i s  . 

sequ.ence  and  subdivis ion of t h e   v o l c a n i c  s t ra ta  i s  essen-  

t i a l l y   t h a t   d e t e r m i n e d  by Tonking (1957); however, h i e  

th ree- t ie r   l ayer -cake   geometry  i s  now recognized   to   change  

. l a t e r a l l y   i n t o   a n   i n t e r t o n g u i n g  p i l e  of   vo lcanic  s t r a t a .  I t  

i s  s i g n i f i c a n t ,   h o w e v e r ,   t h a t   t h e   i n t e r t o n g u i n g  s t r a t a  main- 

t a i n   t h e  same genera l   sequence .  

A f o u r t h   t y p e  of p e t r o l o g i c - s t r a t i g r a p h i c   u n i t  now rec- 

ognized i s  of lesser volume  and r e s t r i c t e d   t o  calderas and 

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

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

s i t i o n .  Some of t h e   c a l d e r a s  were e v i d e n t l y   f i l l e d  to 
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nar i   hern 
Magdaleno  southern 
Mountains; 
Blahesiad,1976 

Be0 r 
Mountoins; 

Krewedl, 1974 Brown, I972   Moun ta ins  
Osburn, 1978 Simon, 1973 

Santa  Fe 

Paleozoic  
base 

exposed 
nor 

bosal t   to   basal t ic -ondesi te  lovas 

E8 ondes l te   to   rhyo l i te  lavas and   va l can ic las t i cs   ( ca lde ra   f i l l )  

c] rhyodoc i te   to   h igh-s i l i ca   rhyo l i te   ash- f law  tu t fs  

a n d e s i t i c  10 q u a r t z   I o t i t i c   c o n g l o m e r a t e s  ond  sondstanes 

ondes i te   to   quor tz   Io t i te  (? )  l o v o s  (without  phenocrystic  quartz) 

F i g u r e  7. N o r t h - s o u t h   s t r a t i g r a p h i c  cross s e c t i o n ,  
a I j F l i c a b l e   i n   q e n e r a l  t o  the  Socorro-Magdalena  area,  

c a j o r  Fetro1ogi.c-stratigraphic u n i t s   w i t h i n   t h e  
i l l u s t r a t i n g   t h e   s e q u e n c e   a n d  la te ra l  r e l a t i o n s h i p s  of 

Olioocene Ca t i l   vo lcan ic s .   Arb i t r a ry   da tum i s  tOF Of 
t h e  A-L Peak  Tuff.   Thicknesses of u n i t s  estimated 
from g e o l o s i c  maps o f   a u t h o r s  c i ted;  t u f f   t h i c k n e s s e s  

r e c o n .   s e c t i o n   a t  Hells Nesa). See t e x t  for d iscus-  
i n   n o r t h e r n   B e a r  Mountains  from C. E.  Chapin (unpub. 

s i o n .  Ash flow t u f f s  are:  1) t u f f  of South  Canyon, 2 )  
Lerritar Tuff  , 3 ) P--L Peak Tuff -- p i n c a c l e s  ( ? )  member, 
4 )  A-L Feak  Tuff -- flow  banded member, 5 )  A-L Peak 

t u f f  of Grani te   Mountain,   and 8 )  t u f f  of Nipple  Moun- 
Tuff  --gray massive member, 6 )  Hells Mesa T u f f ,  7 )  

t a i n .  
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overf lowing so t h a t   i n t e r m e d i a t e  lavas a r e   i n t e r b e d d e d   w i t h  

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

v e r s e l y ,  some r e g i o n a l  lavas of t h e  L a  J a r a  Peak Basal t ic  

Andesite  and some younger   ash- f low  shee ts  were p n d e d   i n  

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

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

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

a s  sugoes t ed   by   f i gu re  7 are  prokably   no t   suhequal .  A t  most 

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

are a t  least  twice a s   t h i c k  as t h e   o v e r l y i n g  s i l i c i c  ash -  

f lows .   Younger   basa l t i c - andes i t e   l avas   a r e   u sua l ly   equa l  

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

ash- f lows;   however ,   the   maf ic   l avas   p robably   cover  less than  

a o u a r t e r   a s  much area, i n   t h e   C a t i l - M o g o l l o n   f i e l d  i n  com- 

p a r i s o n   t o   t h e   a s h - f l o w s .   E l s t o n   a n d   o t h e r s  ( 1 9 7 6 ,  f i a .  
10) show t h a t  these b a s a l t i c - a n d e s i t e s  are  r e s t r i c t e d  t o  a 

wide   be l t   a long   t he   sou the rn   marg in  of the   Colorado   P la teau  

and do n o t   o c c u r  across t h e   e n t i r e   v o l c a n i c   f i e l d  as  do t h e  

a sh - f low  shee t s .   F igu re  7 i s  a l s o   m i s l e a d i n g   w i t h   r e s p e c t  

t o  O l i g o c e n e   s t r u c t u r e s .  AOrupt th ickness   changes ,   which  

h a v e   b e e n   o b s e r v e d   a c r o s s   c a u l d r o n   r i n g   f r a c t u r e s   a n 2   a c r o s s  

r e g i o n a l   f a u l t s ,  are  n o t  shown i n   t h i s   f i g u r e .  
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The h i s t o r y  o f  t he   deve loFmen t   o f   s t r a t ig raph ic  nomen- 

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

t h e   n o r t h e a s t e r n   D a t i l - M o g o l l o n   f i e l d  i s  a long  and  complex 

s t o r y   t h a t  reflects t h e   n a t u r e  of t h e   v o l c a n i c   p i l e   i t s e l f .  

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

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

the   "P rev ious  Work" s e c t i o n   o f   t h e   I n t r o d u c t i o n .  F chrono- 

l o g i c a l  summary o f   t h e   s u b d i v i s i o n  of the   vc j l can ic   p i l e   and  

a s soc ia t ed   changes   i n   nomenc la tu re  up t h r o u g h   t h i s  r e p r t  

i s  shown i n   f i g u r e  8 .  Table  1 summarizes   the  general  

T e r t i a r y   v o l c a n i c   s t r a t i g r a p h y  of t h e   S o c o r r o  Peak area. 

Th i s   t e rmino logy   fo l lows   t he   gene ra l   fo rma t   fo r   vo lcan ic  

s t ra ta  used  by t h e  U.S. Geological  Survey as exempl i f ied  by 

t h e   g e o l o g i c  map of t h e  Valles c a l d e r a  i n  t h e  Jemez 

Nountains  of K e w  Mexico  (Smith  and  others ,  1970;  see a l s o  

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

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

ash- f low  tuf f   form  the   key   e lements   o f   the   vo lcanic  strati- 

qraphy i n   t h e  Socorro r e g i o n .  The d i s t i n c t i v e   n a t u r e   o f  

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

r e l a t i o n s h i p   t o  a dynanic   system of e r u p t i o n   a n d   d e p o s i t i o n  

i n  which t h e   f i n a l  make up of t h e   a s h - f l o w   c o o l i n g   u n i t  i s  

determined  by several variables. These   va r i ab le s   p rohab ly  



I.", 0500 
t- 

L 

r 
'LU, omg 



T-2274 5 8  

Table 1 - Generalized  Cenozoic  volcanic  stratigraphy  of t h e  Socorro Peak 
volcanic  center. 

LATE BASALTS AND RHYOLITES: 

basal=  of  Sedillo H i l l  (4 .0  m.y.) 
m 
" 9  
2 "  

Sie r ra  Ladrones  Formation: 

Y U  
m o  

rn 
Popotosa  Formation 

basa l t  of  Bear Canyon 
Socorro Peak Rhyolite (7.4-11.9 m.y.1 1 
b a s a l t  of  Kelly Ranch 

MAJOR ASIC-FLOW  TUFFS: 
t u f f  of  South Canyon (26.2 m.y.) 
Lemitar Tuff 127.9 m.y.)2 
A-L Peak tuff   (base,  31.8 m.y.) 

pinnacles I?) member 
(upper  tuff   of Bear Springs,  
Brown, 1972) 

flow-banded member 
*Hells Mesa Tuff (32.2 m.y.) 
"Spears  Formation 

2 

*tuff   of   Grani te  Mountain member 

LAVAS AND ASSOCIATED~ROCKS PENECON- 
TEMPOIUNEOUS wITa ASH-FWW TUFFS: 
1) La Jara Peak Basaltic  Andesite 

and th ick   p i le  of basalric- 
(-30-23.8 m.y.)': widespread 

andesite lavas erupted from 
vents  mostly  north  of 34O15'; . 
forms three  tongues,  respective- 
l y  below the  pinnacles (?) men-  
ber  of  the A-L Peak Tuff, L e m i t a r  
Tuff, and tuff  of  South Canyon 

2) Caldera  f i l l ing  andesi te   to  
rhyolite  lavas and associated 
volcaniclastic  rocks  inter-  
tonguing  with  major  ash-flow 
sheecs: 

Luis Lopez Formation (28.6 m.y.) 
unit of S i m i l e  canyon 

(sandstones of Tower  Mine 
drill hole) 

EARI 9 1NTEP-h 

*Spears  Formation 134.5-37.1 m.y.)l mudflow deposits,  conglomerates 
and sandstones  derived from andesi te   to   quartz   la t i=e(?)   (without  
phenocrystic  quartz)  lavas,   with minor  interbedded  lavas;  inter- 
rongues  with  lower  part  of major ash-flow tu f f  sequence. 

EDIATE LAVA2 AND VOLCANICLASTIC  SEDIMENTARY Rxw: 

1 age range  of   mult iple   f low  uni ts  

2  average  af  analytically  synchronous  dates  that  have  overlapping  error  bars 

units not  exposed in   s tudy  area, bur. present  in  the  subsurface  of.Strawberry . 
Peak area (Lemi ta r  Map) 
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i n c l u d e   t h e   r a t e   a n d   i n t e n s i t y   o f   e r u p t i o n ,   t e m p e r a t u r e ,  

magma composi t ion -- i n c l u d i n g   p h e n o c r y s t   a n d   v o l a t i l e   c o n -  

t e n t ,   v i s c o s i t y ,   a n d  volume o f   t h e   e r u p t e d  material. R. L. 

Smith (1960L, p. 153)  summarized t h i s   i m p o r t a n t   c h a r c t e r -  

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

w i t h   t h i s   s t a t e m e n t :  

"Any s y s t e m   t h a t   i n c l u d e s   s e v e r a l   v a r i a b l e s   w h e r e  
o n e   v a r i a b l e   c a n   c h a n g e   t h e   e n t i r e   a p p e a r a n c e  of a 
rock body, or  a n y   p a r t  of i t ,  i s  a v e r y   f l e x i b l e  
system,  and  must be t r e a t e d   a s   s u c h .  The chance 
t h a t  two o f  more welded  ash flows w i l l  show no d i f -  
f e r e n c e s  as a whole i s  e x t r e m e l y   s l i g h t .  Cn t h e  
o t h e r   h a n d ,   t h e   c l o s e   s i m i l a r i t i e s   t h a t   c o n m n l y  
e x i s t  between some welded  ash flows nay  be  confus- 
ing   and  it may b e   i m p o s s i b l e   t o   d i s t i n g u i s h   b e t w e e n  
t h e i r   e q u i v a l e n t   z o n a l   f a c i e s .   C i f f e r e n t i a t i o n  
may t h e r  be dependent upon d e t a i l e d   p e t r o g r a p h i c  
s t u d i e s  of phenoc rys t i c   mine ra l s   coup led   w i th  care- 
f u l  f i e l d   s t u d y . "  

Reg iona l   co r re l a t ion   o f   a sh - f low  shee t s   be tween   t he  

f a u l t - b l o c k   r a n g e s  of the  Eocorro-Kagdalena  area i s  based 

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

of mst of the   ma jo r   a sh - f low  shee t s   p re sen ted   i n   Brown ' s  

t h e s i s  ( 1 9 7 2 )  o n   t h e   s o u t h e r n  Eear Mountains. A t  least  

seven   ash- f low  shee ts  of s u f f i c i e n t   t h i c k n e s s   a n d   e x t e n t   t o  

r e q u i r e   c a u l d r o n   c o l l a p s e   a p p e a r  t o  have   been   e rupted  from 

a complex   o f   ove r l app ing   and   nes t ed   ca lde ras   i n   t he  

Magdalena,  Chupadera  and  San  Mateo  Mountains  (Chapin  and 

o t h e r s ,   1 9 7 8 )   ( f i g .  9). The g e n e r a l   p e t r o l o g i c   c h a r a c t e r i s -  

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



Figure  9. Complex of   seven   over lapping   and   nes ted   Ol igocene  
caulc?rons   in   the   Socorro-Magdalena   a rea .  From o l d e s t  
t o   y o u n g e s t   t h e   c a u l d r o n s   a n d   t h e i r   a s s o c i a t e 2   a s h - f l o w  
t u f f   s h e e t s  are 1) North  Baldy -- Hells Mesa, 2 )  
Mount Withington -- A-L Peak Tuff ,   gray-massive mefiber, 

Sawnil1  Canyon -- A-L Peak T u f f ,  ( ? )  p i n n a c l e s  member, 
3 )  l lagdalena -- A-L Peak T u f f ,  flow-handed member, 4 )  

5 )  Mount Withington -- P o t a t o  Canyon T u f f  , 6 )  
Socorro  -- L e d t a r   T u f f ( ? ) ,  7 )  €?OF Canyon -- t u f f  of 

Canyon c a u l d r o n   m d i f i e d  a f t e r  P e t t y   ( 1 9 7 9 ) ;  smaller 
South  Canyon. From C h a p i n   a n e   o t h e r s   ( 1 9 7 8 ) .  Sawmi l l  

Len i t a r   Tuf f   and   younger   bas in  f i l l .  
dots i n d i c a t e  projected eas t e rn   marg in   bu r i ed   by  

T-2274 6 9  
107' 
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are  summarized i n  Table 2 .  C o r r e l a t i o n   p r o b l e m   r e l a t e d   t o  

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

r e l a t e d   t o   h y d r o t h e r m a l  a l t e r a t i o n  a re  d i s c u s s e d   i n   t h e  fol- 

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

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

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

sequence a t   d i f f e r e n t   h o r i z o n s  are o f t e n   i n d i s t i n g u i s h a b l e  

e x c e p t   f o r   t h e i r   p o s i t i o n s  re la t ive  t o   t h e   t u f f s .  The t h r e e  

widespreac?  tonques  of La t a r a  Peak B a s a l t i c   A n d e s i t e   a r e  

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

l a v a s   o f   c a l d e r a - f i l l  menbers i n  the  Luis  Lopez Formation 

are m i n e r a l o g i c a l l y   a n d   t e x t u r a l l y   i c ? e n t i c a l  t o  t h e   e a r l y  

i n t e r m e d i a t e   l a v a s   o f   t h e  Spears Formation.  Specimens of 

2 0  n.y.-old q u a r t z   l a t i t i c   l a v a s  of Water Canyon Mesa t h a t  

o c c u r   a t   t h e   b a s e  of the  Popotosa  Formation  (Osburn,  1978, 

p. 6 0 )  a r e   i n s e p a r a b l e   l i t h o l o g i c a l l y  from t h e  1 0 -  t o  1 2 -  

m.y.-012 q u a r t z  l a t i t es  o n  Socorro Peak t h a t   a r e   i n t e r b e d d e d  

i n  the upper   Popotosa  Fornat ion.  

A-L Peak  Tuff 

A c o n t i n u o u s   s e c t i o n  of we lded   c rys t a l -poor   rhyo l i t e  

ash- f low  tuf fs   about   603  m t h i ck   and   exposed   on  A-L Peak i n  

the   no r the rn   San  Mateo E f o u n t a i n s   h a s   b e e n   b r i e f l y   d e s c r i t e d  

and  name2 t h e  A-L Peak Rhyolite  by  Deal  and  Rhodes  (1376, 



Number 
Of percent' percent midine content  content  age6 7 2 quartz- 

feldspar 
plagioclase- p,,,,,ice5  lit),ic5 radiometric 

Unit  analyses  Si02  phcnocrysts  ratio  (mode)  ratio  (mode) (m.y.) polarity 

tuff of south  Canyon 1 78 3-21  0.4-1.5(1.1) 0-.1 (.06) A P-A 26.2-1.0 t 

magnetic 

I - R 

Lemitar  Tuff: 
upper  member 
lower  member 

A-L Peak  Tuff: 

6 64-71  27-45 .01-.3 (.2) 
3  74-77 

.2-1.1 (.6) p-A . R-A 
8-15 

27.9  (avg.) N 
.l-.7 (.2) 0-.2 (.05) R-M, .N 

- 
P" 

pinnacles ( 7 )  member 
(upper  tuff of Bear  Springs) ' 1 75 0-7 3.1-.3 ( . 2 )  R-A#M R,M (top)  31.8-1.7(base) R 

3 
-. 02 

flow-banded  member  73-76  6-11  .03-.2 (.1) -.OS 

4 
4 

t - - 
A - R-P R 

1) data  from  Miesch,  1956;  Deal,  1973;  Spradlin,  1976;  and D. L. White,  unpublished  (see p. 251 
2) moZal data  from  Brown,  1972; simon, 1973;  Osburn,  1978.  and  this  report 
3)  excluding  very  crystal-poor  basal zone, Q/F = o - 1.0 
4)  based on estimate  of  plagioclase  in  perthite-like  feldspars  (Brown,  1972) 
5 )  visual  estimates of volume  percent: A = abundant  (>5  percent), n = modcrate (2 -5  percent), P = poor 

6) data  from  Burke  and  othors,  1963; E. 1. Smith  and  others,  1976;  and C. E. Chapin,  unpublished 

7) preliminary  unpublished  data  from  observations in Joyita  Hills  by G. R. osburn, 1978; correlation  with 

(2-0.2 Percent), R = rare (<0 .2  percent);  the  most common occurrence  is  underlined. 

units  and  data  of  Strangway  and  others  (1976) are uncertain 

a 
N 
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p. 5 4 ) .   T h i s   r e p o r t   a d o p t s   t h e   s u b s e q u e n t   t e r m i n o l o g y   o f  

"A-L Peak  Tuff" later a p p l i e d   t o   t h i s   u n i t   ( C h a p i n   a n d  Eeal, 

1 9 7 6 ;  Chapin   and   o thers ,  1 9 7 8 ) .  

P r io r  t o   t h e  work o f  Eeal and  Rhodes, Brown and  ChaFin 

had   measu red   and   desc r ibed   i n   de t a i l ,   i nc lud inq  modal ana ly -  

s e s ,  e q u i v a l e n t s  of t h e  A-L Peak  Tuff  exposed i n   t h e  

Southern  Bear  Mountains  (Brown, 1 9 7 2 ,  p.  31-45). Erowr? 

observed two c o o l i n g   u n i t s   t h a t   h e   i n f o r m a l l y  named t h e  

"lower -- and  upper -- t u f f  of Eear   Spr ings" .  They a r e  

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

On t h e   b a s i s   o f  a s t r a t i g r a p h i c   s e c t i o n  ( C .  E .  Chapin, 

1975 ,   unpub . )   r econno i t e red   on   t he   no r theas t   f l ank   o f  A-L 

Peak,  Chapin  and Deal ( 1 9 7 6 )   s u b d i v i < e d   t h e  A-L Peak Tuff  

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

u s i n g   t h e  descriptive te rminology of Brown ( 1 9 7 2 ) .  I n fo rn -  

a l l y  named and  given m e m b e r  s t a t u s ,  t h e   u n i t s   c o n s i s t  of 

(1) a lower gray-massive member ( I b i d . ,  p 3 7 )   t h a t  i s  

p a r t i a l l y   t o   d e n s e l y  welded, pumice-poor,  and  ranges from 

p i n k i s h   g r a y   t o   g r a y   i n   c o l o r ;  ( 2 )  a media l ,   p r inary   welded ,  

"flow-banded member" ( I b i d . ,  p 3 8 )  con ta in ing   abundan t  

e x t r e m e l y   f l a t t e n e d   a n d   l i n e a t e d   p u m i c e   t h a t  gives t h e   t u f f  

t he   appea rance   o f  a f low-banded  lava;  and ( 3 )  ar? upper 

"p innac le s  member" ( I b i d . ,  p. 4 2 )  t h a t  i s  densely  welded,  

c r aggy ,   c l i f f - fo rming ,   and   l oca l ly   con ta in ing   abundan t  l i n e -  
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a t e d  pumice  but  not  flow-banded in   appearance .   Chapin   and  

Ceal ( 1 9 7 6 )  cor re la ted   the   g ray-pass ive   and   f low-banded 

members w i t h   t h e  "lower t u f f   o f  Bear S p r i n g s "   a n d   t h e   p i n -  

n a c l e s  memher w i t h   t h e   " u p p e r   t u f f  of Zear   Spr inss"  as  used 

by Brown. T h i s   h a s   l e a d   t o   t h e   i n t e r p r e t a t i o n   o f   t h e  A-L 

Peak  Tuff as a cor ipos i te  sheet ( R .  L. Smith, 1 S 6 C b ,  F. 1 5 8 ) .  

A r e a p p r a i s a l  of t h i s   c o r r e l a t i o n   h a s   c a s t  some doubt ,  pres- 

e ~ t l y   i r r c s o v a b l e  ( C .  E. ChaFin,   1979,   oral  C C K P ~ .  ),  on 

t h e   e q u i v a l e n c e   o f   t h e   " p i n n a c l e s   m e n h e r "   o n  A-L Peak t o  

t h e   " u p p e r   t u f f  of Bear S p r i n g s " .   F o r   t h i s   r e a s o n ,   t h e  

u n d o u b t a b l e   e q u i v a l e n t   o f   t h e   " u p p e r   t u f f   o f   Z e a r   S p r i n g s "  

i n   t h i s   s t u d y  area i s  r e f e r r e d  t o  as  t h e   " p i n n a c l e s  ( ? )  

m e m k e r "  o f   t h e  A-L Peak  Tuff. 

Detai led  mapping of the   Magda lena   P ro jec t   has  demon- 

s t ra ted   the   g ray-mass ive ,   f low-banded,   and   p innac les (?)  mem- 

bers o f   t h e  A-L .Peak  Tuff t o  be widespread   and   la rge ly  

c o e x t e n s i v e   a s h - f l o w   s h e e t s   t h a t   t y p i c a l l y   f o r m  two mappable 

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

G a l l i n a s  - Bear - Lemitar   mounta ins   and   Joyi ta  Hills, t h e  

p i n n a c l e s ( ? )  member o c c u r s  as  s imple -coo l ing   un i t   app rox i -  

mately 75 t o  1 0 0  m t h i c k   t h a t   h a s  a d i s t i n c t i v e   v e r y   c r y s t a l  

poor  (0-3 p e r c e n t )  basal zone. I t  i s  normally separated 

from t h e  lower c o o l i n ?   u n i t   b y  1 0  t o  50 1;1 o f   b a s a l t i c   a n d e -  

s i te lavas. The lower c o o l i n g   u n i t ,   g e n e r a l l y  1 5 0  t o  200 m 
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t h i c k ,  o n  t h e   o u t f l o w   s h e e t  i s  l a r g e l y  a compound c o o l i n g  

u n i t   c o n s i s t i n g  of the  f low-banded member welded ,   across  a 

p a r t i a l   c o o l i n g   b r e a k ,  t o  t h e   t o p  of the  gray-massive mem- 

ber. P o o r l y   w e l d e d ,   l i t h i c - r i c h   t u f f s   a r e  common a t  t h e  

top   an2   base  of t h e   l o w e r   c o o l i n g   u n i t .  

I n  a l l  o f   t h e   i n v e s t i g a t i o n s  of t h e  Magdalena P r o j e c t  

the  contact   between  the  gray-massive  and  f low-banded members 

has   no t   been  mapped e v e n   t h o u g h   t h e y   a r e   i n t e r p r e t e d   t o   b e  

s e p a r a t e   a s h   f l o w   s h e e t s .   F o r   t h i s   r e a s o n  it i s  n o t  com- 

monly   recognized   tha t   the   f low-banded  ash- f low  shee t   has  a 

basa l   and  a top zone t h a t  are  n o t   f l o w   b a n b e d   o r   l i n e a t e d  

but   which   grade   in to   the   f low-banded  core   o f   the   shee t  (see 

Appendix A ,  s e c t i o n  2 ,  u n i t  4 ,  fo r  d e s c r i p t i o n   o f   t h e   f l o w -  

banded member i n   t h e  Lemitar Moun ta ins ) .   Th i s   p rog res s ive  

v a r i a t i o n  from a random f a b r i c  t o  a l i n e a t e d   f a b r i c  i s  

i n t e r p r e t e d  a s  a z o n a l   v a r i a t i o n   i n   a s h  flows t h a t   g r a d e  

from  ".hot". s e c o n d a r y   w e l d e d   t u f f  t o  a "hot te r"   p r imary   welded  

t u f f .  

The o r i g i n   a n d   c h a r a c t e r i s t i c s  of p r imary   we lded   t u f f s  

are d i s c u s s e d   i n   d e t a i l   b y   C h a p i n   a n d   L o w e l l  (1979). 

An abnormally  high  emplacement   temperature  i s  e v i d e n t l y   t h e  

c r i t i c a l   f a c t o r   i n   t h e   d e v e l o p m e n t  of primary  welded  ash- 

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

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

t i o n   ( i n  a laminar-f low  boundary  layer)   and  before   forward 

motion ceases. The  flow-banded member of t h e  A-L Peak  Tuff 

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

geometry  and i t s  g rada t iona l   boundar i e s   w i th   "no rma l"  

( secondary )  welded t u f f ,   t h a t  commonly r e t a i n s  i t s  o r i g i n a l  

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

spa r se   b roken   phenoc rys t s  are small  scale i n d i c a t i o n s  of 

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

A l l  t h r e e  members  of t h e  A-L Peak  Tuff   contain  about  5 

t o  1 0  percent   phenocrys ts   wi th   medium-gra ined   san id ine   be ing  

abou t  f ive  times more  abundant  than small, bu t   omnipresent ,  

quartz  (Brown,  1972, p. 34, 4 4 ) .  Chemical   analyses  of f i v e  

bulk-rock  samples of t h e  A-L Peak  Tuff  range  from  73.2 t o  

76 .1   percent   S i02   (Deal ,   1973;  D. L. White, unpub. d a t a ,  

see p. 2 8 ) .  When c o r r e c t e d  for water con ten t ,   mos t  of t h e  

a n a l y s e s  are 'very close t o  76 percent   S i02 .   The   un i form 

c h e m i s t r y   o f   t h e s e   h i g h - s i l i c a   r h y o l i t e s  para l le l s  t h e i r  

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

A separa te   o f   sphene   f rom a l o c a l   o c c u r r e n c e  of r e d d i s h  

brown v i t r o p h y r e  a t  t h e   b a s e  of t h e   s e c t i o n   o n  A-L Peak h a s  

b e e n   d a t e d   b y   t h e   f i s s i o n   t r a c k   m e t h o d  a t  31.8 t 1 . 7  m.y. 

( E .  I. Smi th   and   o the r s ,  1 9 7 6 ) .  T h i s   a g e  i s  i n  good  agree- 

men t   w i th   b racke t ing   ages  of 32.1  and  32.4 m.y. (Burke  and 
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o t h e r s   1 9 6 3 )   o n   t h e   u n d e r l y i n g  Hells Mesa Tuff  and a 27.0 

and  28.8 m.y. dates (Appendix .B) o n   t h e   o v e r l y i n g  Lemitar 

Tuff .  A K - A r  a g e   o f  2 7 . 4  m.y. f 1 . 2  m.y. (Appendix B) on 

sanid ine   f rom a sample  of  the  f low-banded member i n   t h e  

s o u t h e a s t  Lemitar Mountains i s  almost c e r t a i n l y   t o o   y o u n g .  

This   sample was t a k e n  from a n   a r e a   o f   p e r v a s i v e  potassium 

metasomatism  (Chapin  and  others ,  1 9 7 8 ) .  

Deal  and  Rhodes ( 1 9 7 6 )  p r o p o s e   t h e  A-L Peak  type sec- 

t i o n   t o   b e  a ca ldera- fac ies   accumula t ion   e rupted   f rom  the  

Mount Wi th ing ton   cau ld ron   ( f ig .  9 ) .  Ongoing  mapping  of  the 

Magdalena P r o j e c t   h a s  shown t h a t   t h e  Magdalena  and Sawmil l  

Canyon c a u l d r o n s  may a l s o   b e   i n t e r p r e t e d  as s o u r c e s   f o r  mem- 

b e r s   o f   t h e  A-L Peak  Tuff   (Chapin  and  others ,   1978) .  

A s m a l l   t r i a n g u l a r   a r e a  of A-L Peak  Tuff i s  exposed a t  

t h e  f a r  n o r t h w e s t e r n   c o r n e r   o f   t h e   s t u d y  area ( p l .  l), j u s t  

n o r t h e a s t   o f  Bug Mountain.   These  complexly  faul ted  outcrops 

occur  a t  t h e   s o u t h   e n d   o f  a n o r t h - t r e n d i n g   b e l t   o f  A-L Peak 

Tuff t h a t   g e n e r a l l y   f o r m s   t h e   b a c k b o n e   o f   t h e   w e s t e r n   r a n g e  

o f   t h e  Lemitar Moun ta ins .   De ta i l ed   desc r ip t ions  of strati- 

g r a p h i c   u n i t s   t h a t  make up t h e  A-L Peak Tuff i n   t h e   c e n t r a l  

Lemitar  Mountains are  p r e s e n t e d   i n  a composite  measured  sec- 

t i o n   ( s e c t i o n   2 )   i n  Appendix A. 

I n   t h e  Bug Mountain area o n l y   t h e   p i n n a c l e s ( ? )  member 

(Talp,  p l .  l), a t h i n   t o n g u e  of in t e rbedded  basal t ic  ande- 
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s i tes  (Tala ,  p l .  1) and  the  f low-banded member ( T a l f ,   p l .  1) 

a r e  exposed.  Tuffs  found  below  the  f low-banded member i n  

t h e   c e n t r a l  Lemitar Mountains are  not  exposed  here.   About 

1 km n o r t h  of t h e  map boundary,  the  f low-banded member rests 

d i r e c t l y   o n  massive pyroxene  andesi te   and  hornblende  rhyoda-  

c i t e  ( ? )  l a v a s ,   w h i c h   i n   t u r n  overlie t h e  Hells Mesa Tuff .  

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

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

the   g ray   mass ive  member, t h e   m o t t l e d   t u f f ,   a n d   l o w e r   l i t h i c -  

r i c h   t u f f   o f   t h e  A-L Peak T u f f  (Appendix A ) .  T h i s   r e l a t i o n -  

s h i p   s u g g e s t s   t h a t   t h e   i n t e r m e d i a t e  lavas formed a pa leo top-  

o g r a p h i c   h i g h ,   a b o u t  7 0  m h i g h e r   i n   e l e v a t i o n   t h a n   t h e  area 

t o   t h e   n o r t h ,  p r ior  t o   d e p o s i t i o n  of t h e   l o w e r   c o o l i n g   u n i t  

of t h e  A-L Peak T u f f .  

The r e a d e r  is  r e f e r r e d  t o  Appendix A ,  s e c t i o n  2 ,  f o r  

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   p i n n a c l e s ( ? )  member a n d   t h e  

-: flow-btinded m e m b e r ; ,  t h e s e   . g e n e r a l l y   a p p l y   t o   t h e  Bug 

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

t h e  Bug Mountain area t h e   s t e e p l y   d i p p i n g ,   d e n s e l y  welded, 

ash-flows do n o t  form t h e   t y p i c a l   h o g b a c k s   a n d  c l i f f s  found 

t o  t h e   n o r t h .  

P e t r o g r a p h i c   s t u d y  of samples from t h e  measured   sec t ion  

of A-L Peak Tuff i n  the  Lemitar Mountains  has shown some 

s u b t l e   d i f f e r e n c e s   i n   c o m p a r i s o n  t o  e q u i v a l e n t   r o c k s   i n   t h e  
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southern  Bear Mounta ins   and   o ther   a reas .  Estimates o f   t o t a l  

p h e n o c r y s t   c o n t e n t   a n d   v a r i a t i o n  i n  abundance are i n  good 

agreement with modal   data   of  Brown (1972, p. 34 and p. 4 4 ) .  

In   most   samples   subhedral   sanidine  forms  about  5 t o  1 0  per- 

c e n t  of t he   rock   and   sma l l ,   r ounded   qua r t z   abou t   one   pe rcen t .  

Outs ide  of t h e  Lemitar Mounta ins ,   the  A-L Peak T u f f s  

commonly c o n t a i n   m i n o r   t o  trace amounts   o f   p lag ioc lase  some 

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

d i n e  (Brown, 1 9 7 2 ,  p .   33) .  No p l a g i o c l a s e  was o b s e r v e d   i n  

any of t h e  A-L Peak  samples  from the   Lemi tar   Mounta ins  sec- 

t i o n .   T h i s   a p p a r e n t   a h s e n c e   o f   p l a g i o c l a s e  i s  now recog- 

n i zed  as  a man i fe s t a t ion   o f   pe rvas ive   po ta s s ium  me tasomat i sm 

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

secondary   po ta s s ium  f e ldspa r   have   ub iqu i tous ly   r ep laced  

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

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

. i n g   t h e i r   p r e p a r a t i o n . . '  A minor  volume of "washed-out"  holes 

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

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

c o n t a i n   p l a g i o c l a s e .  

Honeycomb- l ike ,   ske le ta l   san id ine   phenocrys ts  are com- 

monly observed i n  hand  specimens  of   the A-L Peak t u f f s .  

These   unusua l   looking   c rys ta l s  are  i n t e r p r e t e d  t o  be 

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

weather ing.  

A b o u t   o n e   t h i r d  of t h e  samples from t h e  measured sec- 

t i o n   c o n t a i n  trace a m o u n t s   o f   b i o t i t e ,   w h i c h   i n  most i n s t a n -  

ces i s  c o m p l e t e l y   a l t e r e d   t o   d i s s e m i n a t e d   i r o n   o x i d e s .  The 

r e a s o n   f o r   t h i s   a l t e r a t i o n  i s  n o t  clear,  s ince   po ta s s ium 

metasomat i sm  appa ren t ly   does   no t   v i s ib ly  a f f ec t  pr imary 

p o t a s s i c   m i n e r a l s   ( C h a p i n   a n d   o t h e r s ,  1 9 7 8 ,  p. 1 2 4 ) .  

V i t r o c l a s t i c   t e x t u r e s  are c o n s p i c u o u s   i n   p o o r l y   t o  

densely  welded  samples  of t h e   l o w e r   l i t h i c   t u f f ,   u p p e r  

l i t h i c   t u f f   a n d   t h e   p i n n a c l e s ( ? )   t u f f   ( f i g .  1 0 ) .  I n   t h e  

primary-welded  zone  of  the  flow-banded member a l l   s h a r d  

s t r u c t u r e s  have   been   comple te ly   e rased  by f lowage   to   p roduce  

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

( f i g .  1 0 ) .  V a p o r - p h a s e   c r y s t a l l i z a t i o n   h a s   l a r g e l y   d e s -  

t r o y e d   g l a s s   s h a r d   t e x t u r e s   i n   t h e   g r a y - m a s s i v e  member. 

Small-scale chevron   fo lds ,   b road   open   fo lds ,   and  vari-  

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

flow-banded member. The o r i g i n   o f   t h e s e   f o l d s  i s  u n c e r t a i n .  

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

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

t i o n .  The o t h e r   t y p e s  seem t o  occur a d j a c e n t   t o   " e a r l y  

rift" low-angle   normal   faul ts ,   which may have  formed  while 
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F i g u r e  1 0 .  P h o t o m i c r o g r a p h s   i n   p l a n e   p o l a r i z e d   l i g h t   o f  

f rom  dense ly   welded   contac t   be tween lower l i F h i c   t u f f  
a n d   t h e   m o t t l e d   t u f f   ( A p p e n d i x  A ,  s e c t i o n  2 ,  u n i t s  1 
and 2 ) .  T h e   c r y s t a l - p o o r   t u f f   c o n t a i n s   a b o u t  5 p e r c e n t  
subhedra l   s an id ine (S)   and  traces o f   a n g u l a r   q u a r t z ,  

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

p e r p e n d i c u l a r   t o   f o l i a t i o n   p l a n e .  B,  Primary-welded, 
t o   d i f f e r e n t i a l   c o m p a c t i o n .   S e c t i o n   a p p r o x i m a t e l y  

t u r e  of pumice  bands  wrapped  around a l a r g e   e u h e d r a l  
flow-banded member showing   t yp ica l   i amina r   f l ow  s t ruc -  

c l a s t i c   o r i g i n  i s  n o t   p e r c e p t i b l e .  Flow  laminae 
s a n i d i n e ( S )   a n d  a semiopaque l i t h i c   f r a g m e n t .  Vitro- 

comparison t o  r h y o l i t e   l a v a s   b u t   t h i s  i s  n o t   e n t i r e l y  
formed  by   s t re tched   pumice   t end   to  be l e n t i c u l a r   i n  

d i a g n o s t i c .  

A-L Peak T u f f  f rom  the  Lemitar Mountains. A ,  Specimen 
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t h e  t u f f  was s t i l l  hot   and plast ic .  More d a t a  i s  needed  on 

t h e s e  flow s t r u c t u r e s   t o   v e r i f y   t h e i r   o r i g i n .  

La J a r a  Peak Easa l t ic  Andes i t e  

A t h i c k  series (350-750 m )  o f   b a s a l t i c - a n d e s i t e   l a v a  

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

t h e   D a t i l   v o l c a n i c s   i n   t h e   n o r t h e r n  Bear Mountains was named 

t h e  " L a  J a r a  Peak Member" o f   t h e  Dat i l  Formation  by  Tonking 

(1957, p. 30) .   Chapin   (1971b)   repor ted  a r a d i o m e t r i c   d a t e  

(23.8k1.2  m.y.) f o r   t h e s e  mafic lavas and   e leva ted   them  to  

f o r m a t i o n   s t a t u s   g i v i n g  them t h e  name "La Jara Peak 

Andes i t e " .   In  a l a te r  pape r   (Chap in   and   Seage r ,   1975) ,   t h i s  

fo rma t ion  was r e f e r r e d   t o  as  t h e  L a  Jara Peak B a s a l t i c  

Andes i te  t o  bet ter  reflect  t h e   r e s u l t s  of numerous  chemical 

ana lyses .   Seven   chemica l   ana lyses   (Tonking ,   1957;  D. L.  

White, unpub.; see p. 2 8 )  a v a i l a b l e   f o r  La  J a r a  Peak lavas 

range - f rom 48  t o 5 7   p e r c e n t   S i 0 2 .  The  average  value  of  

approx ima te ly   53   pe rcen t   S i02  i s  p r o b a b l y   r e p r e s e n t a t i v e   o f  

t h e   b u l k   c o m p o s i t i o n   o f   t h e s e  mafic l a v a s .  

The o r i g i n a l   d e f i n i t i o n  of t h e  L a  Jara Peak l a v a s   b y  

Tonking as  the   uppermost   s t ra tum of t h e  Dat i l  vo lcan ic s   mus t  

now be   r ev i sed .   Reg iona l   mapp ing   has   demons t r a t ed   t ha t   t he  

t h i c k   c o n t i n u o u s  pi les  o f  basal t ic  a n d e s i t e ,   g e n e r a l l y  t o  

t h e   n o r t h  of 34' 1 5 '  N (from  San  Acacia t o  Hells'Mesa) 
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i n t e r t o n g u e  t o  t h e   s o u t h   w i t h  'A-L Peak Tuf f ,  Lemitar T u f f ,  

a n d   t h e   t u f f  of South   Canyon  ( f ig .  7 ) .  S p a t i a l   r e l a t i o n -  

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

s p r e a d   s t r a t i g r a p h i c   i n t e r v a l s  of b a s a l t i c   l a v a s   t h a t  are  

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

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

" lower ,   middle ,   and   upper   tongues   o f  La J a r a  Peak Basalt ic 

Andesi te" .   These  tongues are  e q u i v a l e n t   t o   t h e  map u n i t s  

( p l .  1): Tala,   Tbal ,   and Tba2  r e s p e c t i v e l y .  

Excluded a r b i t r a r i l y  from t h e  La J a r a  Peak B a s a l t i c  

Andesite,  a s  d e f i n e d   h e r e ,  a re  minor   vo lumes   of   basa l t ic  

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

t h e   J o y i t a  Hills ( S p r a d l i n ,  1 9 7 6 )  and i n   t h e   n o r t h e r n  Bear 

Mountains  (Tonking,  1957, F. 2 3 ,   v e s i c u l a r  s i l l ) .  Rela- 

t i v e l y   t h i n  s t r a t a  of b a s a l t   a n d   b a s a l t i c   a n d e s i t e  lavas 

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

i n   t h e   S o c o r r o   P e a k   a r e a  are l i k e w i s e   n o t   i n c l u d e d   w i t h   t h e  

La J a r a  Peak  Formation. 

A s  i l l u s t r a t e d   i n   f i g u r e  7 ,  t h e  La J a r a  Peak  tongues 

t h i c k e n   n o r t h w a r d   t o w a r d   t h e i r   s o u r c e   a r e a s   a n d   a l s o  become 

p r o g r e s s i v e l y   t h i c k e r   t h r o u g h  time. I n   t h e   L e m i t a r  Moun- 

t a i n s ,   t h e  maximum t h i c k n e s s  of t h e   t h r e e   t o n g u e s   i n c r e a s e s  

upwards  from approximately 3 3  m ,  t o  1 7 0  m ,  t o  335 m (Lemitar 

Map). The  wide d i s t r i b u t i o n  of t h e  lower tongue of t h e  L a  
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l l i n a s  Mountains t o   t h e   J o y i t a  Hills 

( a b o u t  8 0  km), i n   c o n j u n c t i o n   w i t h  i t s  a v e r a g e   t h i c k n e s s   o f  

approximate ly  30  m ,  s u g g e s t s   t h a t   t h e s e  lavas were e r u p t e d  

from  numerous  vents scattered widely  over  a r e l a t i v e l y   e v e n  

s u r f a c e .  

The n a t u r e  of t h e   b a s a l   c o n t a c t   o f   t h e  La J a r a  Peak 

has   been   i n t e rp re t ed   bo th  as  conformable  (Tonking,  1957) 

and as an  angular   unconformity  (Wil lard,   1959;   Chapin,  

1 9 7 1 b ) .   R e c o g n i t i o n   o f   t h e   i n t e r f i n g e r i n g  of t h e   b a s a l t i c  

l avas   w i th   t he   younger   ma jo r   a sh - f low  shee t s   has   p rov ided  

t h e   s o l u t i o n  t o  t h i s   c o n t r o v e r s y .  The i n t e r t o n g u i n 9  rela- 

t i o n s h i p  i t s e l f  n e c e s s i t a t e s  a conformable   assoc ia t ion  

de r ived  from penecontempraneous  erupt ions.  However, when 

mapped i n   d e t a i l ,   t h e   i n t e r b e d d e d  Lemitar Tuff  forms a key 

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

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

. -sequence.   . -Abrupt   changes  - in   thickness ,  as much a s  300 m ,  

o f   the   middle   and   upper   tongues  of t h e  L a  J a r a  Peak p l u s  

t h e   i n t e r b e d d e d  Lemitar Tuf f   occu r   ac ross   no r th - t r end ing  

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

Lemitar Mountains (Lemitar M a p ) .   T h i s   r e l a t i o n s h i p  

r e q u i r e s   t h e s e   f a u l t s  t o  have  been  developed  contemporane- 

ously w i t h   t h e   e r u p t i o n  of t h e   v o l c a n i c   s t r a t a   ( C h a m b e r l i n ,  

1976,   1978) .   Consequent ly   the  L a  J a r a  Peak Basalt ic Ande- 
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s i t e  a n d   i n t e r b e d d e d   t u f f s  are  c l e a r l y   d e f i n a b l e  as  s y n r i f t  

v o l c a n i c s ;  a conc lus ion   r eached  earlier by  Chapin  and  Seager 

(1975,  p.   307)  through a d i f f e r e n t   l i n e   o f   e v i d e n c e .  

North  and west o f   t h i s   s t u d y   a r e a ,   t h e   y o u n g e s t  La J a r a  

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

r i c h   c o n g l o m e r a t e s  of t h e  basal Santa   Fe   Group  ass igned   to  

the   Popo tosa   Fo rma t ion .   Wi th in   t h i s   s tudy   a r ea ,   t he  L a  

Jara Peak lavas are  e i t h e r   c o n f o r m a b l y   o v e r l a i n   b y   t h e   t u f f  

of  South  Canyon o r  unconformably   over la in   by   conglomera t ic  

mudflow d e p o s i t s  of the   basa l   Popotosa   Format ion .  

The  age of t h e  La J a r a   P e a k   B a s a l t i c   A n d e s i t e   i n   t h e  

Socorro area i s  bracke ted  by t h e  31.8-m.y.-old A-L Peak  Tuff 

(Smi th   and   o the r s ,  1 9 7 6 )  and t h e  26.2-m.y.-old t u f f  of South 

Canyon  (Appendix B). S e v e r a l  K-Ar  a g e s  of La Jara Peak 

whole-rock  samples are g e n e r a l l y ,   h u t  n o t  e n t i r e l y ,   i n  

agreement   with  these  brackets .   The  23.8 m.y. K-Ar  age pub- 

. l i shed   by   Chapin   (1971b)   . sugges ts  a c o n t i n u a t i o n  of L a  J a r a  

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

of  South  Canyon.  These  younger  flows  would  presumably be 

minor i n  v o l u m e   s i n c e   t h e   t u f f  of South  Canyon  normally caps 

t h e   t h i c k   b a s a l t i c - a n d e s i t e   s e q u e n c e   i n   t h e  Lemitar and 

Magdalena  mountains. A K-Ar  age of 26.3 m.y. has   been  

r e p o r t e d  by Machet te  ( 1 9 7 8 )  f o r  a b a s a l t i c - a n d e s i t e   f l o w  

o c c u r r i n g  a t  t h e  top  o f  a t h i c k  lava series immediately 
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below  the  Popotosa  Formation a t  C e r r i t o s   d e  L a s  Minas. 

Whole rock K - A r  da t e s   o f   30 .2  m.y. and 26 .6  m.y. (C.E.  

Chapin,  unpub. da tes )  for La  J a r a  Peak  samples  from the   Bea r  

Mountains f i t  well w i t h i n   t h e   a s h - f l o w   t u f f   a g e   b r a c k e t s ,  

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

r e l a t i o n s h i p s .  

A v a i l a b l e   d a t a   i n d i c a t e   t h a t   t h e  L a  J a r a  Peak B a s a l t i c  

Andes i tes  were l a r q e l y   e r u p t e d   f r o m   d i k e  swarms along  what 

i s  now the   sou the rn   marg in  of the   Colorado   P la teau .   Tonking  

( 1 9 5 7 )  and   Mass ingi l l   (1978)   have  mapped a na jo r  swarm of  

no r th - t r end ing  basa l t ic  d ikes   i n t rud ing   Mesozo ic  s t r a t a  near  

t h e   s e t t l e m e n t  of R i l e y ,   n o r t h e a s t  of t h e  Bear  Mountains. 

Diabasic t e x t u r e s   i n  many of t h e   l a r g e r   d i k e s   ( M a s s i n g i l l ,  

1978, p. 131)  a t t e s t  t o  a p r e s e n t   e r o s i o n   l e v e l   t h a t  i s  s i g -  

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

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

are n o t  a s  conspicuous ;   Mass ingi l l   (op .  c i t .  p l .  1) d i d   f i n d  

o n e   d i k e   t h a t   c u t   t h e  A-L Peak  Tuff as shou ld   be   appropr i a t e  

f o r  a L a  Jara Peak f e e d e r   d i k e .  Two K - A r  ages   on   t hese  

d i k e s  of 24.3  and  24.8 m.y. (C. E .  Chapin,   unpub.  data) 

ind ica te   the i r   emplacement   contemporaneous   wi th   the   waning  

s t a g e   o f   t h e  L a  J a r a  Peak e r u p t i o n s .  

Some re la t ive ly  o b s c u r e   v e n t   a r e a s   f o r  t he  middle or  

upper   tongues   o f  L a  Jara Peak are p r e s e n t   i n   t h e  Lemitar 
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Mountains.  About 2 km southwes t  of Polvadera  Mountain 

(Lemitar Map), a 200-m-long exposure of basal t ic  agglomera te  

and   b recc ia   abou t  1 5  m t h i c k   s t r i k e s   a n o m a l o u s l y   i n   a n  east- 

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

b a s a l t i c - a n d e s i t e   ( S E / 4 ,  N E / 4 ,  NW/4, S e c t .  1, T 2.5, R2W), 

300  m t o   t h e   n o r t h   o f   t h i s   a g g l o m e r a t e ,  i s  i t s  most l i k e l y  

source.  

N o r t h e a s t  of Bug Moun ta in ,   and   w i th in   t h i s   s tudy   a r ea ,  

a poor ly   expose2   basa l t i c - andes i t e   d ike   and  a l a r g e r   p l u g -  

l i k e  body are  a p p a r e n t l y   i n t r u s i v e   i n t o   t h e   f l o w - b a n d e d  mem-  

b e r   o f   t h e  A-L Peak Tuff .   The   la rger   body i s  well exposed 

a l o n g   t h e   n o r t h   s i d e   o f  a small r a v i n e  (.SW/4, N E / 4 ,  NW/4, 

Sec. 2 6 ,  TZS, R2W). It i s  v a r i a b l e   i n   l i t h o l o g y   a n d   g r a d e s  

from a b l ack  t o  med ium-gray ,   dense ,   aphan i t i c ,   o l iv ine  

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

d i a b a s e   t o w a r d   t h e   c e n t e r .   S p a r s e ,  small o l i v i n e  pheno- 

c r y s t s  are p r e s e n t   i n . b o t h   r o c k   t y p e s   a n d   r a n g e  from f r e s h  

t o  comple te ly  a l tered to  r edd i sh -b rown   idd ings i t e   and  hema- 

t i t e .  The   aphan i t i c   p lug  ( ? )  r o c k s   m a t c h   t h e   l i t h o l o g y  of 

t h e   n e a r l y   c o n t i g u o u s   d i k e   a n d   a d j a c e n t  flows t h a t   o v e r l y  

t h e  A-L Peak  Tuff.   Exposures i n   t h e   a r e a  are  not  good 

enough t o   e l i m i n a t e   t h e   a l t e r n a t i v e   i n t e r p r e t a t i o n   t h a t   t h e  

l a rge r   body  i s  a down- fau l t ed   b lock   o f   t he   ove r ly ing  flows 

(Tbal, p l .  1). 
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Abrup t   t h i ckness   changes   i n   t he   midd le   and   uppe r  La 

Jara Peak   t ongues   occu r   i n   t he  Bug Mountain  area ( p l .  1) i n  

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

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

of t h e  Socorro   cau ldron .  Here the   midd le   t ongue   p inches  

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

tongue  wedges o u t  toward   t he   no r th ,   where   t he   h inge   s t ruc -  

t u r e  i s  t runca ted   by   an   unconformi ty  a t  t h e   b a s e  of t h e  

Popotosa  Formation. 

La Jara Peak l a v a s   i n   t h e   s t u d y   a r e a  are  g e n e r a l l y  

poor ly   exposed  as rubb le   cove red   s lopes   o r   l ow- rounded   h i l l s  

mant led  by  col luvium. A t  e a c h   l o c a l i t y   o f   e x p o s u r e  -- Bug 

Mounta in ,   nor theas t  of S t rawberry   Peak ,   and   the  Tower Mine 

area -- t h e   l i t h o l o g y   o f   t h e s e   t o n g u e s  i s  e s s e n t i a l l y   t h e  

same. Fragments of l a v a   o n   t h e s e   s l o p e s   a r e   d o m i n a n t l y  

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

: a few -pe rcen t . . o f  small, reddish  brown;altered  ferromag- 

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

a l s o  commn; o f t e n   t h e y   c o n t a i n   a m y g d a l o i d a l  ca lc i te  and 

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

i s  rare i n  these l a v a s .  

. The  middle   and  upper   tongues are unusua l ly  well exposed 

a b o u t  2 k m  no r theas t   o f   S t r awber ry   Peak  (SE/4 Sect. 2 4 ,  TZS, 

R2W). Measured   sec t ions   o f   bo th   tongues  were surveyed   here  



T-2274   80  

and samples were c o l l e c t e d   f o r   p e t r o g r a p h i c   s t u d y  (Lemitar 

Map, measured   sec t ions  LM-5 and  LM-7). After b e i n g   c o r r e c t e d  

for  r e p e t i t i o n  by a low-angle  normal f a u l t ,  t he   midd le  

tongue   has   been   es t imated  t o  be 1 7 0  m t h i c k .  The  upper 

tongue i s  1 7 9  m t h i c k   h e r e .  The m i d d l e   t o n g u e   c o n s i s t s   o f  

as  nany a s  40  t h in   f l ows   r ang ing   f rom 2 t o  10 m i n  t h i c k -  

ness ,   most  are o n   t h e   o r d e r   o f  6 m th ick .   F lows  near t h e  

t o p  of the   upper   tongue  are  t h i c k e r  ( 1 5  m )  and   separa ted   by  

2-5-n- th ick   in te rva ls   o f   c rude ly   bedded ,   ca lc i te -cemented  

c i n d e r s   a n d   a s h .  The uppe r   t ongue   con ta ins   a s  many as  35 

i n d i v i d u a l   f l o w s .  

I n   b o t h   t o n g u e s ,   t h e   m a s s i v e   c o r e s   o f   f l o w s  are  gener- 

a l l y   s e p a r a t e d   b y  0 . 1  t o   1 . 5  m o f   r edd i sh -b rown ,   ves i cu la r ,  

au tob recc ia t ed   zones .  The c o r e s   o f  flows are  dense,   'dark- 

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

o r   b l o c k y   j o i n t i n g .  Calci te ,  which i s  u b i q u i t o u s   i n  many 

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

Pe t rog raph ic   s tudy   o f  5 samples  from the   measured  sec- 

t i o n s ,   a n d  2 samples   co l lec ted   nearby  for c h e m i c a l   a n a l y s i s ,  

show t h a t  mos t   o f   the   l avas  are  a p h a n i t i c   b a s a l t s  o r  b a s a l -  

t i c  a n d e s i t e s .  They t y p i c a l l y   c o n t a i n  5 t o  15 p e r c e n t  small 

(0.2-2 mm) p h e n o c r y s t s   o f   o l i v i n e   i n   v a r i o u s   d e g r e e s  of a l -  

t e r a t i o n   t o  a reddish-brown t o  yellowish-brown,  weakly  pleo- 

c h r o i c ,   o p t i c a l l y  homogenous ,   phase   w i th   t he   p rope r t i e s  of 
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i d d i n g s i t e  as descr ibed   by  Brown and  Stephen  (1959) .  I n  

many s p e c i m e n s ,   t h e   u b i q u i t i o u s  small ferromagnesian  pheno- 

c r y s t s  are c o m p l e t e l y   a l t e r e d   t o   i d d i n g s i t e ,   w h i c h  may be 

f u r t h e r   a l t e r e d   s u c h   t h a t  it i s  commonly rimmed with  opaque, 

r edd i sh -b rown   hemat i t e   ( f i g .  11 A ) .  T h i s   r e l a t i o n s h i p  i s  

t h e   a p p a r e n t  cause of t h e  comnon i n t e r p r e t a t i o n   o f   t h e s e  

phenocrysts   as   hematized  pyroxene  (or thopyroxene?)   (Brown,  

1972, p. 5 3 ;  Chapin  and  Seager,   1975, p. 308; Osburn, 1 9 7 8 ,  

p. 4 7 ) .  I n t e r p r e t a t i o n  of t h e s e  a l tered phenocrys ts  as 

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

p a r a l l e l   e x t i n c t i o n   o f  the i d d i n g s i t e .   I d d i n g s i t e  may be 

d i s t i n g u i s h e d , f r o m   o r t h o p y r o x e n e s  by i t s  deep   r ed   co lo r   and  

a low 2Vx of 30 t o  4 0  deg rees .  Several t h i n   s e c t i o n s  show 

rel ic t  c o r e s  of m a g n e s i a n   o l i v i n e   w i t h   f i n g e r - l i k e  lamellae 

of i d d i n g s i t e   e x t e n d i n g   o u t   i n t o   s o l i d  rims o f   i d d i n g s i t e .  

I n   t e x t u r a l l y  similar crystals ,  s u c h   l i g h t   c o l o r e d   c o r e s  

are also commonly a l t e r e d  t o  v e r m i c u l a r  masses of a n t i g o r -  

i t e .  

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

o l i v i n e ,   o c c u r s  as  an abundant   groundmass  mineral ,   and  of ten 

as  sparse p h e n o c r y s t s   t h a t  are g r e e n i s h   g r a y   i n   t h i n  sec- 

t i o n .   U n i v e r s a l   s t a g e   m e a s u r e m e n t s   i n d i c a t e  it i s  mostly 

a u g i t e   w i t h  a 2Vz of 58 t o  6 2  degrees   and  Z A  C of 45 t o  47 
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F i g u r e  11. Photomicrographs of La J a r a  Peak B a s a l t i c  
Andes i t e   f rom  the  Lemitar Mountains. A ,  Glomeropor- 
p h y r i t i c  basa l t ic  a n d e s i t e  (medium  power, p l ane  
p o l a r i z e d   l i g h t )   w i t h   s m a l l   p h e n o c r y s t s   o f   p l a g i o c l a s e ,  
An48-An5f ( l i g h t   g r a y ) ,   a n d   e u h e d r a l   o l i v i n e  ( ? )  
complete  y altered to  i d d i n g s i t e  (medium gray   wi th  
l a m e l l a r  or m i c a c e o u s   c h a r a c t e r ) .   I d d i n g s i t e  i s  
rimmed by  opaque  hemati te   (black)   formed  by  secondary 
a l t e r a t i o n .  Top of middle  tongue  (Tbal,  Lemitar Map) 

49 .7  p e r c e n t  S i O z ,  wi th  typical s p a r s e  small pheno- 
2 km n o r t h e a s t   o f  Strawberry  Peak. B ,  O l i v i n e   b a s a l t ,  

c r y s t s  of o l i v i n e   p a r t i a l l y   a l t e r e d   t o   i d d i n g s i t e   a n d  
hemat i t e   and  a f e w  una l t e red   aug i t e   ( a r rows)   pheno-  
c r y s t s .   P i l o t a x i t i c   g r o u n d m a s s   o f   l a b r a d o r i t e   ( A n 6 o ) ,  
g ranu la r   aug i t e ,   and   magne t i t e .  A small pa t ch   o f  
c a l c i t e  ( C )  a n d   d e u t e r i c ( ? )  b io t i t e  (B) f i l l  a vug i n  
t h e  matrix. Crossed   n ico ls .   Near   base   o f   upper  
tongue  (Tba2, L e m i t a r  Map) same l o c a l i t y  a s  11A. 
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degrees .  No orthopyroxene  was  found  in   any of t h e s e   t h i n  

s e c t i o n s .  

The  groundmass  of a l l  t h e   r o c k s   c o n s i s t s   d o m i n a n t l y  

. (50-75   percent )  of f e l t e d   t o   p i l o t a x i t i c   p l a g i o c l a s e   m i c r o -  

l i t es  ( A n 4 5 - 6 5 ,   u s u a l l y   l a b r a d o r i t e )   w i t h  lesser volumes of 

f ine ly   g ranu1a . r   augi te   and   very- f ine   magnet i te .   Sone  sam- 

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

Where c l inopyroxene  i s  more  abundant, some t e x t u r e s   a p p r o a c h  

i n t e r g r a n u l a r .   X e n o c r y s t s  of quar tz   and   c louded   carbonate  

jacke ted   by   f ib rous   masses  of a u g i t e   o c c u r   s p a r s e l y   i n  two 

samples. 

One lava f low,   about  20 m below t h e   t o p   o f   t h e   m i d d l e  

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

because of t h e   p r e s e n c e  of modera t e ly   abundan t   phenoc rys t i c  

p l a g i o c l a s e .   T h e   p l a g i o c l a s e   p h e n o c r y s t s  are  normally  zoned 

f r o m   s o d i c   l a b r a d o r i t e  t o  calcic andes ine  (An t o  An45) 

and   t he   g roundmass   p l ag ioc la se  i s  andesine.   Cl inopyroxene 

phenoc rys t s  are a l s o  more   abundan t   t han   u sua l   and   o l iv ine  

i s  r e l a t i v e l y  sparse. The rock   has   no t   been   chemica l ly  

ana lysed   bu t  i s  p e t r o g r a p h i c a l l y   s i m i l a r   t o   a n d e s i t e s  ( -  56 

p e r c e n t  S i 0 2 )  o f   t he   Spea r s   Fo rma t ion .  

55 

Two samples of L a  Jara Peak B a s a l t i c   A n d e s i t e   f r o m   t h e  

Lemitar Moun ta ins   y i e lded   ana lyses  of 49.6 and  51.7  percent  

S i 0 2  with  1 .7  t o  1 .9  p e r c e n t  K20, r e s p e c t i v e l y  (D. L. White, 
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unpub.; see p .   28) .   Both   conta in   abundant  o l iv ine  and a 

85 

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

modera t e   b rown ,   p l eochro ic   b io t i t e  ( 2 V  = 28 degrees)   and  

t r a c e s   o f   g r e e n i s h   c h l o r i t e  (see f i g .  1 1 B ) .  Similar s p o t t y  

o c c u r r e n c e s  of ca lc i te  and b i o t i t e   h a v e   b e e n   f o u n d   i n   t h e  

m i d d l e ( ? )   M i o c e n e   b a s a l t   o f   K e l l y   R a n c h   a n d   t h e   b a s a l t   o f  

S e d i l l o  H i l l  ( 4  m .y . ) .   I n   one   ca se ,   t he   pa t chy   coa r se -  

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

f i n e l y   d i s t r i b u t e d  groundmass  magnet i te ,   thus   demonstrat ing 

t h a t  i s   i s  n o t  a pr imary   phenocrys t ic   minera l .   S ince  it is  

found i n   b a s a l t s   r a n g i n g  from 28 m.y. t o  4 n . y .   o l d ,   t h i s  

n o n - p h e n o c r y s t i c   b i o t i t e  i s  mst l i k e l y  a low(?) tempera ture  

d e u t e r i c   a l t e r a t i o n  phenomena. Th i s   unusua l   occu r rence   o f  

d e u t e r i c ( ? )   b i o t i t e   h a s   n o t   b e e n   r e p o r t e d   i n   p r e v i o u s  

s t u d i e s  of t h e  Magdalena Project. 

X 

A rhyol i t ic ,   reddish-brown,   medium-gra ined   sands tone ,  

about  5 m t h i c k   o c c u r s   a e t h e  base o f   t h e  upper La  Jara Peak 

tongue east  o f  Bug Moun ta in   and   has   no t   been   d i f f e ren t i a t ed  

from t h e  L a  Jara Peak.  Osburn ( 1 9 7 8 )  has   obse rved  a similar 

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

T u f f ,   i n   t h e   S o u t h  Canyon area. The   mine ra logy ,   t ex tu re  

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

it was d e r i v e d   f r o m   t h e  Lemitar Tuf f .  A l i t h o l o g i c a l l y  

s i m i l a r   s a n d s t o n e  as much as  2 5  m t h i c k  f i l l s .  c h a n n e l s   c u t  
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i n   t h e   t o p  of t h e   L u i s  Lopez  Formation i n   t h e   n o r t h e r n  

Chupadera  Mountains.  The r h y o l i t i c   s a n d s t o n e  i s  here   over -  

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

t i c  a n d e s i t e .   F o r   t h i s   r e a s o n ,   t h e   s a n d s t o n e   i n   t h e  

Chupadera  Mountains i s  a r b i t r a r i l y   i n c l u d e d   i n   t h e   L u i s  

Lopez  Formation ( T l s r ,  p l .  1) .  

S a n d s t o n e s   o f   t h e  Tower  Mine D r i l l  Hole 

(Uni t   o f   S ixmi le   Canyon)  

I n   t h e   e a r l y  1950's ( ? ) ,  a d iamond-d r i l l   exp lo ra t ion  

h o l e  was d r i v e n  433 m a t  a 60-degree  angle   under   the  open 

c u t  of t h e  Tower mine  manganese  vein t o  t e s t  t h e  down-dip 

p r o j e c t i o n   o f   t h i s   n e a r l y  ver t ica l  v e i n .  The c o r e   f r o m   t h i s  

d r i l l   h o l e  i s  h e l d   i n   s t o r a g e   b y   t h e  N e w  Mexico  Bureau  of 

Mines  and Mineral Resources  a t  Socor ro   unde r   t he  name 

"Mountain  Copper  hole #1". It w i l l  be referred t o   i n   t h i s  

report a s  the  "Tower  mine d r i l l   h o l e " .  A l og  of t h i s   c o r e  

was made by t h e   a u t h o r   a n d  G .  R. Osburn i n  November of 1 9 7 6  

and i s  summarized h e r e   i n   f i g u r e  1 2 .  

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

t h e  Tower  mine d r i l l   h o l e  are  shown o n   t h e   g e o l o g i c  map 

( p l .  1) nea r  i t s  southwes tern   corner .   The   genera l  strati- 

g r a p h i c   a n d   s t r u c t u r a l   i n t e r p r e t a t i o n  of t h e   d r i l l   h o l e  i s  
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Appn. true 
thickness 

in m Unit Descriptions 

'+"- L".d 

4 

5 

6 

19.2 LA JARA PEAK BAS.4LTICAh'DESITE (upper  tongue, Tba,) :  red  and 
gray aphanitic  basaltic-andesite hvas, vesicular zones, sparse  small  Fehlg 
phenocrysts altered to hemarite. 

98.5 L€.lflTAR TUFF: CRYSTAL-RICH ASH-FLOW TUFFS  (uooer  member. ~~ . ~~~ ~ . .. 
25115 percent  phenocrysts) 
A. Upper g a y ,  crystal-rich.  mod.  welded  zone (3.7). 

C. Red,  densely  welded.  pumiceous  (vapor  phase  minerals in pumice) 
B. Red.  densely  welded  zone  with  large  qtz.  phen.  (80.8). 

(16.8). 

zone (4.6). 
D. Red and gray,  mottled,  densely  welded,  pumiceous  transition 

~~ 

NOTE: - 0.6 m  breccia  zone  with h l n 0 2  veinlets a t  36.6  m; - sheared  upper  Lemitsr  Tuff  cemented by red  jasperoid at 97.5 m 
depth. 

111.9 LE.lIITAR TUFF; CRYSTAL-POOR  ASH-FLO\\'TUFFS (lower member. 
5-15 percent  phenocrysts) 
A. Mottled  red  and g a y ,  pumiceous,  mod.  crystal  Content  (48.8). 
B. Mottled  red  and pin!'. massive, Iirhophysal (?)zone (32.0). 
C. Pur.-p?. pumice in a reddish  matrix,  mod.  welded,  mottled  small- 

D. Lt.-pr!'., c~ys~al -poor .  mod. IO poorly  melded zone, rvirh dark-pray 

E. Cl~slky,  white, basal  unulclded Zone (2.1). 

pumice  zone  (4.0). 

botryoidal  pumice  (36.6). 

NOTE: - Lemitar  Tuff  is  potassium  memamatized. Plagioclase (abundant 
in upper  member) is altered to chalky clay or milky  white  potassic 

leucasene (?). Sanidine  and  biorire are fresh. 
feldspr.  Traces of  diamond  shaded  sphene  altered to yellowish 

65.5 W I T  OFSIXAIILE CAh'Y0.V: ASH-FLO\\'TTCFF (?): Lithic-rich, 
qtz.-rich.  crystal-rich  tuff  thnr ma? be a boulder of Hells hlesa or ma? 
be  equivalent to the  tuff interval in the  unit  of  Sixmile  Canyon  (0.6). 
TGFFACEOUS  SANDSTONES AND HETEROLITHIC  CONGLOMERATES: 
Possibly  correlarive  with  parts  of the unit  of Sixmile Canyon. 
A. Massive, red,  med.-prsined.  tuffaceous  sandstone  which  grader  down- 

ward  into  red  and p y  laminared and  cross-laminated  sandstones  with 
minor  conglomeratic  beds  (25.6). 

mush as 15 c m  xross.  Grades  downward inlo brecciated  beds 
o i t h e  underlyinp  tuffs (48.21. 

B. Red,  con@omrratic Sandstones  and  conglomeiates  with  clasts as 

NOTE. - - Snndstones are immarure and of rhyolitic to andeshic  composition. 
Drusy  cavity  with  barite at 254.2 m (\Villard, unpub.  report). Slicken- 
sides a t  296.0 m. 

93.0 

- 
.4.L PEAK TUFF(?): CRYSTAL-POOR  ASH-FLOU'TUFFS:  Gray 
and massive to pur.-gny 3nd pumiceous.  crystal-poor  ash-flow  tuffs. 
Rocks arc extensively  brecciated (fragments a few mm to few  cm in 
l engh)  to an extent not seen in the  overlying  Lemitai  Tuff.  Feldspars. 
altered to clays (5%): small  qtz.  phen. (IC), andesite  lithics (1%). 
Since  vitrochstic  textures are not apparent, these rocks  could  be 
mzssive rhyolite b a s .  

Total Intercept: 432.8 m 
*maximum angle  between  foliation  and a plsne  normal to core axis. 

Figure  1 2 .  Log of t h e  Tower nine d r i l l   h o l e  (XTG/4, K R / 4  
Sec. 7 ,  T4S, RlW). I n t e r c e p t   l e n g t h s  of unit:, i n  

P.evise2 a f t e r  O s h r n  ( 1 9 7 8 ,  p. 143). 
m e t e r s ,   g i v e n   i n   p a r e n t h e s e s .  See t e x t  f o r   6 i s c u s s i o n  
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shown p r o j e c t e d  t o  t h e   c r o s s   s e c t i o n  H-H' of p l a t e   2 .   T h i s  

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

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

Approximately 6 5  m 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  

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

Tuff .  A d e n s e l y   w e l d e d   c r y s t a l - r i c h   t u f f  ( 0 . 6  rn i n t e r c e p t ) ,  

which  occurs  a t  t h e   b a s e  of the   Lemi ta r   Tuf f ,  i s  of uncer-  

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

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

t h e  Lemitar T u f f   o r   p o s s i b l y  a v e r y   t h i n   a s h  flow e q u i v a l e n t  

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

mile Canyon nea r  Buck Peak  (Osburn, 1 9 7 8 ) .  The sed imentary  

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

p u r p l i s h - g r a y   a n d e s i t i c   s a n d s t o n e s  ( 2 2  m )  t h a t   g r a d u a l l y  

coarsen  downward in to   r edd i sh -b rown ,  muddy, h e t e r o l i t h i c  

vo lcanic   conglomera tes   about  43 m t h i c k .  Clasts as  much as 

15 cm across i n   t h e   l o w e r   c o n g l o m e r a t e  are of t h r e e   d i s t i n c t  

l i t h o l o g i e s   t h a t   a r e  similar i n   a p p e a r a n c e  t o  1) crystal-  

poor A-L P e a k   T u f f ,   2 )   p o r p h y r i t i c   a n d e s i t e  lavas of t h e  

Spears   Formation,   and 3 )  q u a r t z - r i c h ,   c r y s t a l - r i c h ,  Hells 

Mesa T u f f .   T h e   b a s a l   c o n t a c t  of t h e   c o n g l o m e r a t e   u n i t   ( u n i t  

5 B ,  f i g .  1 2 )  is  g r a d a t i o n a l   a n d   t y p i c a l  of a local e r o s i o n a l  

unconformity.   Angular c las t s  o f   c r y s t a l - p o o r   r h y o l i t e  pro- 

g r e s s i v e l y   i n c r e a s e  a t  t h e   e x p e n s e  of t h e  muddy matrix and 
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f i n a l l y   g r a d e   i n t o  a brecc ia   o f   g ray ,  massive, c r y s t a l - p o o r  

r h y o l i t e  (A-L Peak   Tuf f? ) .  

T h i s   S e d i m e n t a r y   i n t e r v a l   a n d   t h i n   c a p  ( ? )  of moder- 

a t e l y   c r y s t a l - r i c h   t u f f   b e t w e e n   t h e  Lemitar Tuff   and  an A-L 

P e a k   T u f f   ( c o r r e l a t i o n   t e n t a t i v e ,  see below) i s  a t   t h e  same 

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

t o   t h e   " u n i t   o f  Sixmile Canyon" a s   d e f i n e d  by  Osburn ( 1 9 7 8 ) .  

The middle   tongue of L a  J a r a  Peak Basa l t i c   Andes i t e   (Tba l ,  

p l .  1) i s  contemporaneous  with  the  uni t   of   Sixmile   Canyon.  

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

geneous  volcanic   and  sedimentary f i l l  o f . t h e   S a w m i l l  Canyon 

c a l d e r a   ( f i g .  9 ) ,  which i s  cen te red   abou t   15  km t o   t h e  west 

of t h e  Tower mine. Mudflow b r e c c i a s   w i t h  Hells Mesa Tuff 

c l a s t s   o c c u r   n e a r   t h e  base o f   t h e   u n i t  of S ixmi le  Canyon a t  

t h e   h e a d  of South  Canyon;  and 5 t o  15 m of p a r a l l e l   l a m i -  

n a t e l !   r h y o l i t i c   s a n d s t o n e   o c c u r   n e a r  i t s  t o p  i n  Sixmile Can- 

yon  (Osburn,  1978, p l .  1). The major  volume  of t h i s  300- t o  

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

t r a l  Magdalena  Mountains   consis ts  of basa l t ic  a n d e s i t e  ( L a  

Jara Peak t y p e )  t o  p o r p h y r i t i c  andesi te  (Spea r s  type) lavas 

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

p h y r i t i c   r h y o l i t e  lavas and domes (Osburn, 1 9 7 8 ,  p. 19-31; 

D. P e t t y ,  1 9 7 9 ) .  If t h e   c o r r e l a t i o n  from t h e  Sixmile Canyon 

area t o  t h e  T o w e r  mine   ho le  i s  c o r r e c t ,   t h e n   t h e   a b s e n c e  of 
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t he   t h i ck   l ava   s equence   and  overall t h i n n i n g   o f   t h e   u n i t  

may i n d i c a t e   t h a t   t h e  Tower mine area lies n e a r   t h e   b u r i e d  

eastern topograpbic   wal l  of t h e  Sawmill   Canyon  caldera.  

T h i s   i n t e r p r e t a t i o n  would a l s o   h e l p   e x p l a i n   t h e   a n o m a l o u s l y  

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

Peak T u f f  ( ? )  t h a t   o c c u r s  as  t h e   l o w e s t   s t r a t i g r a p h i c   u n i t  

i n   t h e  T o w e r  mine   ho le .   The   b recc ia t ion   and   a l t e r a t ion  

might   then be a s s o c i a t e d   w i t h   t h e   e a s t e r n   s e g m e n t   o f   t h e  

r i n g - f r a c t u r e   z o n e  of t h e  Sawmill Canyon cau ld ron   b lock .  

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

s l i d e   b l o c k s   d e r i v e d  from an   ove r - s t eepened   ca lde ra   wa l l .  

The c o r r e l a t i o n  of t h e   b r e c c i a t e d   a n d  altered c r y s t a l -  

p o o r   r h y o l i t e   t h a t   f o r m s   t h e   b o t t o m  93 m of t h e  Tower  mine 

h o l e   w i t h  a member o f   t h e  A-L Peak  Tuff i s  somewhat  tenuous 

because   o f  a l a c k   o f   d e f i n i t e   v i t r o c l a s t i c   t e x t u r e s .  A sam- 

ple  from a dep th  of 417 .6  m was s e c t i o n e d   f o r   p e t r o g r a p h i c  

"study t o  check  on  this  problem.  The s l ide c o n t a i n s   a b o u t  6 

pe rcen t   subhedra l  feldspar p h e n o c r y s t s   ( s a n i d i n e  ? )  about  

0.5 t o  2.5 mm i n   l eng th   and   comple t e ly   r ep laced   by  calci te  

and sericite. Small  rounded  and embayed qua r t z   phenoc rys t s  

make up   another  % t o  1 percent   o f   the   rock .   The   groundmass  

c o n s i s t s  of anhedra l   b lobs   (averaging   0 .25  nun a c r o s s )   o f  

mic roc rys t a l ine   qua r t z ,   f e ldspa r ,   and   amorphous  ( ? )  clays. 

T h i s   t e x t u r e  i s  s i m i l a r   t o   t h a t   f o u n d   i n   h o r n f e l s e d   o u t c r o p s  
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o f   t h e   t u f f   o f  Nipple Mountain  exposed a t  t h e   e a s t e r n  peri- 

p h e r y   o f   t h e  Tres Montosas   s tock,  west of Magdalena 

(Chamberlin,   1974, p. 2 0 ) .  Some r e l a t i v e l y   n o n - b r e c c i a t e d  

i n t e r v a l s   o f  core from t h i s   u n i t   e x h i b i t  what  appear t o  be 

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

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

o f   t h i s  u n i t  is  wi th   t he   g ray -mass ive  m e m b e r  o f   t h e  A-L Peak 

Tuff .  The absence  of the  normally  overlying  f low-banded 

and   p innac le s  ( ? )  members cou ld   be   exp la ined   by   t he i r   e ro -  

s i o n  from t h e   p o s t u l a t e d   e a s t e r n  wall of  the  Sawmill  Canyon 

c a l d e r a   ( f i g .  9 ) .  T h e  o n l y   r e a s o n a b l e   a l t e r n a t i v e   c o r r e l a -  

t i o n  i s  w i t h   t h e   r h y o l i t e   l a v a  member o f   t h e   u n i t  of S i x m i l e  

Canyon  which seems u n l i k e l y   b e c a u s e   t h e   c o r e   i n   q u e s t i o n  

c o n t a i n s  no v i s ib le  flow-banding or  s p h e r u l i t e s   t y p i c a l  of 

these lavas. The b r e c c i a t e d   z o n e s   i n   t h e   b o t t o m   9 3 . 0  m o f  

co re   p robab ly  do n o t   r e p r e s e n t   a u t o b r e c c i a t e d   l a v a s .  The 

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

approximate ly  2 mm t o  2 cm across; and   appa ren t ly  are cemen- 

ted  by  minor  amounts of s i l ica .  

The T o w e r  mine  hole  d id  n o t   i n t e r s e c t  a major v e i n  as  

it was a p p a r e n t l y   i n t e n d e d  to  do. A s l i c k e n s i d e d   s e c t i o n  

of sands tone  a t  296.0 m d e p t h  i s  t h e  m o s t   l i k e l y   p o t e n t i a l  

p r o j e c t i o n  of t h e  Tower mine  vein.  The absence of a v e i n  

may be due t o   t h e   i n a b i l i t y  of the  r e l a t i v e l y  plast ic  s e d i -  
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ments   t o   ho ld   an   open   space   a long   t he   minor   f au l t .  The 

b r i t t l e ,   d e n s e l y   w e l d e d  Lemitar Tuff   in   comparison  makes  an 

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

Lemitar Tuff 

The Lemitar  T u f f  i s  named h e r e   f o r  numerous  hogback 

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

wes tern  Lemitar Mountains   (Leni tar   Map),   approximately 1 0  km 

west of   the   town of L e m i t a r   ( f i g .  2 ) .  The most   proninent  

of these   hogbacks   forms   the  crest  o f   t h e   w e s t e r n  Lemitar 

Mountains (SW/4, S e c t .  11, T 2 S ,  R2W, elev. 6 8 0 0  f ee t )  about 

1.5 km n o r t h   o f   t h e   h e a d   o f   C a n o n c i t o   d e l   P u e r t i c i t o   d e l  

Lemitar. 

A r e f e r e n c e   m e a s u r e d   s e c t i o n  of t h e  L e m i t a r  Tuff, \   sur- 

veyed i n   t h e   e a s t - c e n t r a l  Lemitar Mountains, i s  p resen ted  

i n  Appendix A ,  s e c t i o n  3. The measured   sec t ion  i s  summa- 

r i z e d   g r a p h i c a l l y  i n  F i g u r e  13 .  Modal d a t a   f r o m   t h i s  mea- 

s u r e d   s e c t i o n  are r e p o r t e d   i n  Table 3 and  chemical data i n  

Tab le  4 .  

The Lemitar Tuf f  i s  a d i s t i n c t i v e ,   c o m p o s i t i o n a l l y  

zoned ,   a sh - f low  shee t   t ha t   occu r s  as  a moderately  widespread 

s imple -coo l ing   un i t   i n   t he   Socor ro -Magda lena  area. Three 

compos i t iona l   subun i t s  are r e c o g n i z e d   h e r e   c o n s i s t i n g  of:  

1) a basal, 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 ,  s i l i c i c  
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Figure  13. Graphic   measured   sec t ion   of   the  Lemitar 
T u f f   i n   t h e   e a s t - c e n t r a l  Lemitar Mountains  showing 

parameters .  Modal da ta  i s  from T a b l e  3 and s i l i ca  
z o n a l   v a r i a t i o n s   i n   c o m p o s i t i o x ,  w e l s i n g  a n d  o t h e r  

Sata   f rom Table 4 .  See Appendix A ,  s e c t i o n  3 ,  for  
d e t a i l e s   d e s c r i p t i o n   o f   i p d i v i d u a l   z o n e s .  
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Table 3 - Modal d a t a   i n  volume p e r c e n t   f o r   t h e  Lemitar Tuff   re fe rence   measured   sec t ion ,   eas t -cent ra l  
Lemitar Mountains (SE6 Sec.  12, T2S, R2W) 

To ta l  
Height  above Sample Pheno- Sani-   Plagio-   Quartz  Biotite Opaques p o i n t s  pumice5  Lithics 2 5 

base  i n  m NO. c r y s t s   d i n e  clase Counted 

25.9 LM-6-8l 43.0  15.1  18.0  6.3  2.8  0.8 2792 tr . 0 

16.4 LM-6-5l 36.6  10.2  23.5  0.3  1.9  0.7  2395 4-1 0 3 

upper member 

- 
lower member 

10.4 LM-6-3l 18.1  11.8 3.8  1.5 1.0 0.03  2740 5-8 tr . 
8.8 LM-6-2c 15.2  10.5 2.6 1.0 0.5 0.6  2579 3-5 0 

1.8 LM-6-2 8.4  6.2  0.4 1 . 4  0.2  0.2  6941 2-4 <$ 4 

. I analys is   by  G. R. Osburn 

2 
P l a g i o c l a s e   e n t i r e l y   a l t e r e d  to po tas s i c   c l ay   and   f e ldspa r ,   occu r s  as washed-out 

holes   and  skeletal   remnants  

may inc lude   very  small vesicles (0.2-0.5 Imn) t ha t   compr i se  1-3% of t h i s   r o c k  

1/3 x 1/3 nun g r id   u sed   ve r sus   s t anda rd   g r id   o f  1/3 x 2/3 mm 

5 
est imated from hand  specimen  and  outcrop 



Table 4 - Chemical  data  in  weight  percent  for  the  Lemitar  Tuff  reference  measured  section,  east-central 
Lemitar  Mountains (SEk Sect. 12,  T2S, R2W). Analyses by D. L.  White  using  x-ray 
fluorescence  methods at the  New  Mexico  Bureau  of  Mines  and  Mineral  Resources.  (See p. 28) 

I3 

N 
I 

Height  above  Sample 

base  in m NO. (total) My0  CaO  Na20 X201 TiO, TOTAL 

N 
-4 
& Fe 0 2 3  S io2 A12 3 

id 36.0 LM-6-8b 70.13  15.75 
T I  4J 
0 0  

.A rl 33.8 r i  .r( L”6-8a 
100 

63.16  18.28 

O N  3 . c  
rl 

I h  (mafic  pumice) 

28.9 L”6-8 70.88  16.15 

23.5 
N 0  +Jo 
FI 16.4 m o  

LM-6-6b 65.85  15.47 

L”6-5  64.47  17.89 

$2 upper  member 
lower  member 

d 
.?I 0 10.4  L”6-3  74.73  14.86 
A +  
.d -4 

7.6 LM-6-2b 74.02  14.54 
gg 
.A c 1.8 LM-6-2 77.13  13.34 

2.71 

3.88 

2.26 

2.78 

3.11 

2.42 

1.01 

2.02 

0.78  0.56  1.97  9.46 

0.70  1.06  1.57  11.57 

1.16 0.72 1.54 8.67 

0.71 1.73 1.79 9.55 

0.38 0.81 2.75 10.63 

0.63  0.58  2.63  5.80 

0.71  0.57 2 .22  8.12 

0.08  0.73  1.98  7.94 

0.57  101.93 

0.:70 100.92 

0.50  101.88 

0.57  98.45 

0.61 100.65 

0.35 ’ 102.00 

0.29  101.48 

0.25  103.47 

PR-1-77b2 76.51  12.75 1.88 (0.01 0.53  3.63  5.97  0.32. 100.60 
(felsic 
pumice) 

abnormally  high K 0 contents  reflect  potassium  metasomatism:  plagioclase  is  entirely  altered  to 
potassic  clay  and  feldspar  in  all of these  samples 2 

W 
ln 

felsic  crystal-rich  pumice  from  uppermost  quartz-rich zone of the  Lemitar  Tuff  in  the  eastern  Magdalena 
Mountains  (Osburn, 1978, p. 145) petrologically  similar  felsic  pumice  occur  in  association  with  the 
mafic  pumice  (LM-6-8a)  at  the  measured  section. 
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r h y o l i t e ,  2 )  a m e d i a l ,   c r y s t a l - r i c h ,   q u a r t z - p o o r ,   q u a r t z  

l a t i t e ,   a n d   3 )   a n  upper, c r y s t a l - r i c h ,   q u a r t z - r i c h ,   r h y o -  

l i t e .  For   mapping  purposes ,   the   middle   and  upper   subuni ts  

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

m e m b e r "  (Tlu, p l .  1) of the   Lemi tar   Tuff   and   the  lower sub- 

u n i t  i s  mapped s e p a r a t e l y  as  t h e   c r y s t a l - p o o r  "lower-member'' 

(T11, pl .  1) of t h e  L e m i t a r  T u f f .   I n   t h e  Lemitar Mountains, 

t h e   a p p r o x i m a t e   l o c a t i o n  of the   con tac t   be tween  members i s  

e a s i l y  mapped, s i n c e   t h e   u p p e r  member forms a d i s t i n c t i v e  

d a r k   r e d d i s h   c a p r o c k   t h a t  i s  welded t o   t h e   m o s t l y   l i g h t - g r a y  

lower member. A more exact d e f i n i t i o n   o f   t h i s   g r a d a t i o n a l  

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

t i o n  t i t l ed  " o u t f l o w   f a c i e s " .  The shee t - l ike   geometry   o f  

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

g e n e r a l l y  less e x t e n s i v e  lower member b e c a u s e   o f   g r e a t e r  

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

m e m h e r  . 
I n   p r i o r   i n v e s t i g a t i o n s   o f   t h e  Magdalena P r o j e c t ,   t h e  

e q u i v a l e n t   o f   t h e  upper member of   the   Lemi tar   Tuff   has   been  

mapped as t h e   " t u f f   o f   A l l e n  Well" (Blakes tad ,  1 9 7 6 ;  Brown, 

1971 ;  Simon,   1973;   and  Spradl in ,  1 9 7 6 )  a n d   t h e   " t u f f  of La  

Jenc ia   Creek"   (Rrown,   1971;   S imon,   1973) ;   these   s t ra t i -  

g r a p h i c  terms have now been  abandoned  by members of t h e  

project. The lower member of the  Lemitar   Tuff   where ob- 
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served  by some earlier i n v e s t i g a t o r s  was e r r o n e o u s l y   c o r r e -  

l a t e d   w i t h  various members of t h e  A-L Peak  Tuff:  "gray- 

massive member" as  used  by  Simon  (1973, p. 1 8 )  a n d   t h e  

"pumiceous member" ( p i n n a c l e s ( ? )  member) as used  by  Spradl in  

( 1 9 7 6 ,  p. 41). 

I n   t h e   t y p e   a r e a ,   t h e   L e n i t a r   T u f f  i s  n o r m a l l y   i n t e r -  

bedded  between  the  middle   and  upper   tongues  of   the  L a  J a ra  

Peak Basa l t ic  Andesite.   This  "sandwich" of b a s a l t i c   l a v a s ,  

w i t h   L e m i t a r   T u f f   a s   t h e   f i l l i n g ,  rests o n   t h e   p i n n a c l e s ( ? )  

member o f   t h e  A-L Peak Tuff  and i s  l o c a l l y   o v e r l a i n  by t h e  

t u f f  of South  Canyon.  North of the   e roded   edge   o f   t he   Sou th  

Canyon ash- f low  shee t ,   the   "sandwich"  i s  unconformably  over- 

l a i n  by the  lower  Popotosa  Formation.  

Exposures   in   the   nor thern   Magdalena   Mounta ins ,   south-  

e r n  Bear Mountains  and Joyi ta  H i l l s ,  which are now reas- 

s igned  t o  t h e   o u t f l o w  facies L e m i t a r   t u f f  , have strati- 

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

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

Magdalena  Mountains  the Lemitar Tuf f   ove r l i e s   complex ly  

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

r o c k s   t h a t   f i l l e d   t h e   N o r t h   B a l d y   a n d   S a w m i l l  Canyon cal- 

d e r a s   ( f i g .  9 )  (Osburn,   1978;   Pet ty ,   1979;   and  Bowring,   in  

prep.  1 . 
The p r e f e r r e d  K-Ar r a d i o m e t r i c   a g e   o f   t h e  Lemitar T u f f  
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i s  27.9 m.y. B i o t i t e   s e p a r a t e s   t a k e n  from samples  of un- 

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

no r the rn   San  Mateo  Mountains,  and a t  R o s a   d e l   C a s t i l l o  

Arroyo i n   t h e   J o y i t a  Hills, h a v e   b e e n   d a t e d   r e s p e c t i v e l y   a t  

27.0 & 1.1 m.y. and 2 8 . 8  & 0 . 7  m.y. (Appendix B ) .  The  pre- 

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

o v e r l a p p i n g   e r r o r   b a r s .  A b i o t i t e  separate from a potassium 

metasomatized  sample  of   the  Lemitar T u f f   c o l l e c t e d   i n   t h e  

t y p e  area has   been   da ted  a t  26.3 2 1.0 m.y. (Appendix B ) ;  

t h i s  date  may b e   s l i g h t l y  young. 

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

the  Lemitar Tuff,  summarized i n   F i g u r e  1 4 ,  i n d i c a t e   t h a t  

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

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

Magdalena  Mountains  and  the  adjacent  Chupadera  Mountains.  

These areas l i e  wi th in  the Socorro   cau ldron ,   which   has   been  

p r o p s e d  as  t h e   s o u r c e  of t h e  L e m i t a r  Tuff  (Chapin  and 

o t h e r s ,   1 9 7 8 ) .  Some aspects o f   t h i s   i n t e r p r e t a t i o n  are  

problematical ,   namely:  1) apparen t   subs idence   o f  1 5 0  m 

a long   the   wes te rn   margin  i s  r e l a t i v e l y   m i n o r ,  2 )  appa ren t  

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

Chupadera  Mountains  from t h e  T o w e r  Mine area ( 2 1 0  m) t o  t h e  

Elack   Canyon  a rea   (grea te r   than  8 8 0  m )  are  unusua l ly   ab rup t  

and   la rge ,   and  3 )  t h e   c o r r e l a t i o n  of t h e  880-m-thick 
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v' H - c o r r e l a t i o n  
t e n t a t i v e  

340 

- - . "" - 
Figure  1 4 .  C u t c r o p   c o n t r c l   p o i n t s ,   a p p r o x i n a t e   t h i c k n e s s e s ,  

. " . " . - . . ~ 

a n d   t h e   i n f e r r e d   o r i g i n a l   e x t e n t  of t h e  Lemitar Tuff 
o u t f l o w   s h e e t   ( l i n e d ) .   C r o s s   h a t c h e d   a r e a   w i t h i n   t h e  
Socor ro   cau ld ron  (SOC)  i s  i n t e r p r e t e d  as cauldron-  
facies  t u f f .   S m a l l e r   d o t s   r e p r e s e n t   t h e   p r o j e c t e d  

which i s  b u r i e d   b y   t h e   L e m i t a r   T u f f .   C o n t r o l   p o i n t  
e a s t e r n   m a r g i n  of the   Sawni l1  Canyon cau ld ron  (SMC),  

d a t a   a r e  from B l a k e s t a ? ,  1 9 7 6 ;  Bowring, i n   p r e p . ;  
Brcwn, 1 9 7 2 ;  Gsburn, 1 9 7 8 ,  1 ? 7 ? ,   o r a l  conmun.; P e t t y ,  

t h i s   r e p o r t   a n 6  t h e  " L e n i t a r  Nap". 
1 9 7 9 ;  Simon,   1373;   Spradl in ,  1 9 7 6 ;  Wilkinson,   1976;  
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c a u l d r o n - f a c i e s   t u f f   s o u t h e a s t  of Black  Canyon  with  the 

Lemi ta r   Tuf f   mus t   be   cons ide red   t ena t ive   and ,   a l t e rna t ive ly ,  

it could   be   cau ldron-fac ies  Hells Mesa Tuff ( G . R .  Osburn, 

o r a l  commun., 1 9 7 9 ) .  The f irst  two  problems a r e   r e a s o n a b l y  

exp la ined  by i n t e r p r e t i n g   t h e   S o c o r r o   c a u l d r o n   a s :  1) a 

t rap-door   cauldron  (Lipman  and  Steven,  1 9 7 6 ,  p .  31) h inged  

a long  i t s  western  margin  (Osburn,   1378;   Pet ty ,  1 9 7 9 ) ;  and 

2 )  as a cauldron   formed  concurren t ly   wi th   reg iona l   ex ten-  

s i o n a l  stress such t h a t   p r e e x i s t i n g ,   n o r t h - t r e n d i n g ,   e a r l y -  

rift f a u l t s   ( C h a m b e r l i n ,  1 9 7 6 ,  1 9 7 8 )  a l l o w e d   d i f f e r e n t i a l  

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

Lemitar a s h   f l o w s .   C a u l d r o n - f a c i e s   t u f f s   s o u t h e a s t   o f   B l a c k  

Canyon, t h a t  are c r y s t a l - r i c h ,   q u a r t z - r i c h   a n d   l o c a l l y  

l i t h i c - r i c h  may b e   i n t e r p r e t e d  as t h e   e q u i v a l e n t  of the 

u p p e r   q u a r t z - r i c h   r h y o l i t e   s u b u n i t   o f   t h e   L e m i t a r   o u t f l o w  

facies (F ig .   13 ) .   Th i s   anonmus ly .   l a rge   t h i ckness  of t h e  

u p p e r   r h y o l i t e   s u b u n i t  may have   been   caused   by   l a te -s tage  

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

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

amount   o f   subs idence ,   which   typ ica l ly   occurs   concurren t   wi th  

a l l  major ash-f low  erupt ions  (Steven  and  Lipman,   1976,  p. 

31), t a k e s   p l a c e   i n   t h e  f i n a l  s t a g e  of t h e   e r u p t i v e   c y c l e  

a f t e r  t h e   u n d e r l y i n g  magma chamber  has   been  near ly   emptied 

(Lipman, o r a l  commun., 1 9 7 8 ) .  The  Socorro  cauldron may be 
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similar i n   t h i s   r e s p e c t   t o   t h e  Long V a l l e y   c a l d e r a  of C a l i -  

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

tu f f   and   younger  f i l l  d e p o s i t s   t h i c k e n   a b r u p t l y ,   b y  as much 

as a k i lometer ,   where  a major range-boundin9  normal f a u l t  

p r o j e c t s   a c r o s s   t h e   c a u l d r o n   b l o c k   ( B a i l e y ,  1 9 7 6 ,  p. 7 3 1 ) .  

Outf low  Facies  

A s  much as  80 m o f   o u t f l o w - f a c i e s  Lemitar Tuff  forms 

a low hogback i n   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   s t u d y  area 

near  Bug Mountain.   Both  the  lower  and  upper members are 

exposed  here.   The  lower member, 4 5  m t h i c k   a t   t h e   s o u t h e r n  

end of t h e   o u t c r o p ,  wedges o u t   a b o u t  5 @ 0  m t o   t h e   n o r t h  

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

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

upper member here is  r e l a t i v e l y   u n i f o r m   i n   t h i c k n e s s  a t  

about  35 m.  It i s  t runca ted   by   an   e ros iona l   unconfo rmi ty  

a t  t h e   b a s e  of the  Popotosa  formation  where it i s  s h a r p l y  

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

The r e a d e r  i s  r e f e r r e d   t o   A p p e n d i x  A, s e c t i o n  3 ,  f o r  

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

a p p l i c a b l e   t o   t h e  Lemitar Tuff  o u t f l o w   s h e e t   t h r o u g h o u t   t h e  

L e m i t a r   F o u n t a i n s ,   i n c l u d i n g   t h e  Bug Mountain area. The 

f o l l o w i n g   d e s c r i p t i o n s  of the  lower  and  upper  members of 

t h e  Lemitar Tuf f  on t h e   o u t f l o w  sheet are f rom  pe t rographic  
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s tudy   o f   s amples   f rom  the   measu re2   s ec t ion   and   qene ra l  ob- 

s e r v a t i o m   i n   t h e   a r e a .  

Lower member. Zona l   va r i a t ions   and   pe t rog raph ic   da t a  

fcr t h e  lower melr,l-.er o f  the Lemitar Tuff  have  been  described 

for  a measured   sec t ion   in   the   eas te rn   Magdalena   Mounta ins  

(Osburn, 1 9 7 8 ,  p. 36)   and   for   the   "Crouch  dri l l  h o l e "   o f  

t h e   S i l v e r  E i l l  a r e a  west of Magdalena  (Simon,  1973, 

p. 21-22;  h i s   "gray-aass ive   member") .   These   da ta   a re   gener -  

a l l y   i n  9006 agreement   wi th   observa t ions  a t   t h e  measured 

s e c t i o n   i n   t h e   t y p e   a r e a   o f   t h e  Lemitar Mountains. 

A t  t h e   r e f e r e n c e   s e c t i o n ,   t h e   l o w e r  member c o n s i s t s  of  

1 1 . 6  m of c r y s t a l - p o o r   t o   p o d e r a t e l y   c r y s t a l - r i c h ,   h i g h  

s i l i ca  r h y o l i t e .   T o t a l   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  

upwards,  from 8 p e r c e n t   n e a r   t h e   b a s e ,  t o  akou t  1 8  percent 

a t  t h e   t o p .  S i l i c a  con ten t   dec reases   f rom 77 p e r c e n t  t o  7 4  

p e r c e n t  over t h e  same i n t e r v a l .  

I t  i s  i m p o r t a n t   t o   n o t e   t h a t   t h e   e n t i r e   s e c t i o n   o f  

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

o u t  t h e  s t u d y   a r e a ,  i s  potassium  metasomatized.   Recogni t ion 

o f   t h i s   h y d r o t h e r m a l   a l t e r a t i o n  raises some ques t ion  a s  t o  

how r e p r e s e n t a t i v e   t h e   c h e m i c a l   a n a l y s e s  may be   wi th  respect 

t o   t h e  S i 0 2  c o n t e n t .   C l e a r l y   c o n s i d e r a b l e  a m u n t s  of K 2 0  

have  been  added  and N a Z G  r e roved   f rom  these   rocks   (Tab le  4 ;  

Chapin   and   o thers ,  1 9 7 8 ) .  Excep t   fo r  the  one   sample   neares t  
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t o   t h e   b a s e  of t h e   a s h - f l o w   s h e e t  (LEI-6-2), v i r t u a l l y   e v e r y  

t h i n   s e c t i o n  shows some ev idence  of s e c o n d a r y   s i l i c a ,  

m s t l y   a s  v a p o r - p h a s e   f i l l i n g  of punice  and  void spaces. 

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

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

LK-6-4k and LF-6-5. These   ve in l e t s .  c u t  a c r o s s   f r e s h   s a n i d i n e  

phenocrysts   and are cont inuous  across "holes"  formed  where 

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

and  then  washed  from t h e  t h i n   s e c t i o n   d u r i n n  i t s  p repa ra -  

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

p reda te   t he   po ta s s ium  me tasomat i sm.   In   sp i t e   o f   t hese  ob- 

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

e r e d  t o  Le r e a s o n a b l y   r e p r e s e n t a t i v e  of t h e   o r i q i n a l   r o c k s  

because   t he   obse rved  s i l i ca  v a r i a t i o n s  do f a i t h f u l l y  reflect 

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

zones. The t u f f   s a m p l e   w i t h   t h e   h i g h e s t  S i 0 2  c o n t e n t  

(LM-6-2 ) has abou t  5 .  pe rcen t   open   po re   space   and   con ta ins  

no appa ren t   s econda ry   qua r t z .   In   con t r a s t   t he   s ample   w i th  

t h e  lowest S i 0 2  c o n t e n t  (LM-6-5) h a s   s c a l l   s i l i c a   v e i n l e t s  

t h a t   c u t  across the   dense ly   welded   mat r ix   and   phenocrys ts .  

T h e s e   r e l a t i o n s   s u p p o r t   t h e   i n t e r p r e t a t i o n   t h a t  the S i 0 2  

v a r i a t i o n s   a p p a r e n t   i n  Table 4 anc! F igu re  13 a c t u a l l y  

ref lect  p r imary   chen ica l   zona t ion   o f   t he   a sh - f low  shee t   and  

are n o t   c o n t r o l l e d   b y   h y ? r o t h e r m a l   a l t e r a t i o n .  
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Phenocryst   mineralogy i s  e s s e n t i a l l y   t h e  same through- 

ou t   t he   l ower   cenbe r ;   i n   app rox ima te   dec reas ing   o rde r  of 

a b u n h n c e ,   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 ,  magne- 

t i t e ,  i l I ?en i t e (? )   and  traces of sphene are t y p i c a l l y   F r e s -  

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

p o t a s s i c   c l a y  a n d  fe ldspar ,   whereas   sphene  i s  a l t e r e d   t o  

leucoxene. The selective a l t e r a t i o n  of o n l y  ca lc ic  mine ra l s  

aFpears  t o  be d i s t i n c t i v e  of potass ium  metasomt ism.  

Chalky- white a l t e r e d   p l a g i o c l a s e   p h e n o c r y s t s   a r e   h i g h l y  

v i s i b l e   i n  hand   spec imen  bu t   on ly   sparse ly   p resent   th rough-  

o u t   t h e  lower member. Q u a r t z / s a n i d i n e   r a t i o s  are similar 

t o   t h e  A-L Pea.k t u f f s   ( T a b l e  2 ) .  Traces cf m a l l  coppery 

b i o t i t e  f lakes are very common i n  handspecimens of the   lower  

Lemitar Tuf f ,  a n d   r e a d i l y   d i s t i n g u i s h  them, from t h e  P-L Peak 

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

a r T i l l i z e d   i n  some samples from t h e  lower  menber. Vitro- 

c l - a s t i c   t e x t u r e s   a r e  well preserved i n   t h e   l o w e r  member and 

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

c o b a l t i n i t r i t e   ( f i g .  15A). VaFOr-phase q u a r t z  f i r s t  appea r s  

i n  the pumice of sample LK-6-2b and. i n c r e a s e s   i n   a b u n d a n c e  

upward  toward t h e   c o n t a c t  with the   uppe r  mernber. The lower 

menher i s  genera l ly   pumiceous   conta in ing   about  3 t o  1 0  per- 

c e n t  of c rys t a l -poor   pun ice .   The   c rys t a l -poor  pumice are 

assumed to  t e  s i m i l a r   i n   c h e m i c a l   c o m p o s i t i o n  t o  t h e  matrix 

- 
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F i g u r e  15 .  Pho tomic rographs   i n   F l ane   po la r i zed   l i gh t .   o f  
t he   Lemi ta r   Tuf f   f rom  the   r e f e rence   measu red   s ec t ion  
and a n e a r b y   a r e a  i n  the  Lemitar  Elountains.  The series 

a p p e a r a n c e   f o r   t h e  t h r e e  compos i t iona l   su ' bun i t s   ( f i g .  
i l l u s t r a t e s   v a r i a t i o n   i n   p h e n o c r y s t   c o n t e n t   a n d   m a t r i x  

1 3 ) .  A l l  t h i n   s e c t i o n s   c o n t a i n   p h e n o c r y s t s   o f   s a n i d i n e  
( S ) ,  al tered p l a g i o c l a s e  ( P ) ,  q u a r t z . ( Q ) ,   b i o t i t e  (E 
o r   b l ack ) ,   and   opaques   (b l ack )   and   excep t  for  " C "  have 
been   s ta i f led  for  p o t a s s i u n !   w i t h   s o d i u m   c o b a l t i n i t r i t e .  
Rot a l l  p h e n o c r y s t i c   m i n e r a l s  are  vis ible  i n   e a c h  
photomicrograph .   Smal l ,   h igh- re l ie f   bubbles  are  
a r t i f a c t s .  A San!ple LM-6-2, p a r t i a l l y   w e l d e d ,  
crystal-poorT'high-silica r h y o l i t e .  Mote s h a r d   o u t -  

uns t a ined  c o r e s   o f   s h a r d s  F robab ly   r ep resen t   c rypo to -  
l ipes a r e  potass ium-r ich  and  enhanced  hy  s ta ining;  

c r y s t a l l i n e   s i l i c a .  E Sample LM-6-3, 6ense ly  w e l 6 e d ,  
m o e e r a t e l y   c r y s t a l - r i d ,  s i l i c i c  r h y o l i t e .   N o t e   t h e  
d a r k ,   f l u i d a l   m a t r i x   a d h e r e d   t o   t h e   l a r g e  s a n i d i n e  
FhenOCrySt similar t o  matrix o f   t h e   q u a r t z   l a t i t e   i n  
F i q u r e  15C.  Also n o t e   t h e   l i q h t e r   c o l o r e d   r h y o l i t i c  
m a t r i x   c o n t a i n i n g   e x t r e m e l y   f l a t t e n e c ?   b u t   d i s t i n c t l y  
v i s i b l e   s h a r d s .  C,  Sample 76-1-10 (Nh7/4, Sec. 2 ,   T 2 S ,  
R2W), app rox ima te iy   equ iva len t  t o  LM-6-5, d e n s e l y  
w e l d e d ,   c r y s t a l - r i c h   ( 3 5  percent ) ,  quartz-poor  (1 
p e r c e n t )   q u a r t z  l a t i t e  ( 6 9  p e r c e n t  S i 0  ) . Note  rounded 
and  embayed " p l a g i o c l a s e "   p h e n o c r y s t s   ? a r r o w )   r e p l a c e d  
by   c louc?ed ,   inc lus ion- r ich ,   po tass ium  fe ldspar   (compare  
w i t h   f i g .  20E and  20C) .  E, SanFle  LM-6-8, dense ly  
w e l d e d ,   c r y s t a l - r i c h ,   q u a r t z - r i c h ,   r h y o l i t e .   D a r k ,  
dense ly  welc7ed ma t r ix   appea r s   honogeneous   i n   con t r a s t  

c o l o r e d   a r e a s   i n   p l a g i o c l a s e  are  washec' o u t   h o l e s   o n c e  
t o  pumiceous   mix tu re   found   h ighe r   i n   t h i s   un i t .   L igh t  

f i l l e d   w i t h  clay minera ls .  

~~ 
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o f   t h e   t u f f   w h i c h   h a s   a n   e q u i v a l e n t   c r y s t a l   c o n t e n t .   B a s e d  

o n  t h e   d e g r e e  of compact ion  of   pumice  and  outcrop  character ,  

t h e  lower member i s  d i v i s a b l e   i n t o . :  1) a non-welded b a s a l  

zone t h a t  i s  o n l y   r a r e l y   e x p o s e d ,  2 )  a l i g h t - g r a y   p a r t i a l l y  

welded  zone, anc! 3 )  a medium-gray t o  pale-red dense ly  weldec? 

zone. The r ed   i n t e rva l   o f   t he   dense ly   we lded   zope  i s  d i s -  

t i nc t ly   s t r eaked   w i th   abundan t   p ink i sh -o range   pumice .  

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

g r a y   c o l o r e d   b u b b l e s   i n  a darker   gray  f ramework,  i s  o n l y  

poorly  develoFec? i n  a t h i n  i n t e r v a l   n e a r   t h e   b a s e   o f   t h e  

p a r t i a l l y  welded. zone. Similar to t ryo ida l   pumice  i s  foun? 

i n   t h e   b a s a l  A-1, Peak  Tuff  and t h e   b a s e  of t h e   t u f f   o f   S o u t h  

Canyon. 

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

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

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

They are q u i t e   s p a r s e ,   f o r m i n g  less t h a n  a f r a c t i o n  of a 

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

t h e  same i n t e r v a l   i n   t h e   e a s t e r n  E.?agc!alena Mountains,  which 

commnly   con ta ins  5-10 p e r c e n t  of similar c o m p o s i t i o n   l i t h -  

i c s  (Gsburn ,   1978) .   Th i s   r e l a t ionsh ip  i s  i n   g e n e r a l  accor- 

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

cal ly  have a h i g h e r   l i t h i c   c o n t e n t   ( L i p m a n ,  1978 ,  o r a l  

commun . ) . 
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The  contac t   be tween  the  lower and  upper  nembers  of  the 

Lemitar Tuff b a s  g e n e r a l l y  k.een Sesc r ibed  as a g r a d a t i o n a l  

dense ly   welded   contac t .  It  is  a s s o c i a t e 2   w i t h  a t r a n s i t i o n  

zone   ranging   f ron   akout  1 m t h i c k   i n   t h e   S i l v e r  Hill a r e a  

west of Magdalena  (Simon,  1973,  p. 19) t o  a t o u t   1 5  m t h i c k  

i n   t h e   c a u l d r o n - f a c i e s   t u f f  a t  South-Canyon i n  t h e   e a s t e r n  

Magicalena  Mouptains  (Osburn, 1 9 7 8 ,  p. 41). Based  on t h e  

modal d a t a   o f  Simon,  Osburn,  and t h i s  r e p r t ,  t h e   c o n t a c t  

between  the  lower  an2  upper  members of t h e   L e n i t a r   T u f f  

should  ke  placed a t   t h e   t r a n s i t i o n  zone   across   which   the  

to t a l   phenoc rys t   con ten t   i nc reases   ab rup t ly   f rom  10 -15   pe r -  

cen t  t o  25-30 pe rcen t .  Associated w i t h   t h e  upwarZ 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  are: 1) a s h a r p  ciecrease i n  pumice 

c o n t e n t ,  2 )  a s h a r p   d r o p   i n   t h e   q u a r t z / f e l d s p a r   r a t i o ,  3 )  

a n   i n c r e a s e   i n   t h e   p l a g i o c l a s e / s a n i e i n e   r a t i o ,   a n d  4 )  a 

d e c r e a s e   i n   t h e   s i l i c a   c o n t e n t  (see t a b l e s  2, 3 ,  4 and   f i g -  

u r e  1 3 ) .  

A t  t h e   r e f e r e n c e   s e c t i o n  i n  t h e  L e m i t a r  Mountains, t h e  

contac t   be tween members i s  mre q r a d a t i o n a l   t h a n   t y p i c a l l y  

o b s e r v e d   e l s e w h e r e   i n   t h e  Lemitar Mountains  and a t  the   above  

mentioned local i t ies .  I t  c o n s i s t s  of a th ree-meter - th ick  

zone of l a r g e   i n t e r t o n g u i n g   s t r e a k s ,   u p   t o  1 0  m i n   l e n g t h ,  

formed by a p h y s i c a l  mixture of l i qh te r   co lo red ,   pumiceous  

r h y o l i t e   ( t y p i c a l   l i t h o l o g y  of t h e  top of   the   lower   nember)  
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and  darker   co lored ,   c rys ta l - r ich ,   quar tz -poor ,   pumice-poor ,  

q u a r t z  l a t i t e  ( t y p i c a l  of the   l ower   po r t ion   o f   t he   uppe r  

m e m b e r ) .  A small  scale i l l u s t r a t i o n  of t h e   p h y s i c a l  mixture 

o f   q u a r t z  l a t i t e  a n d   r h y o l i t e  magmas is shown i n   F i g u r e  15B. 

A t  t h e   r e f e r e n c e   s e c t i o n   t h e   c o n t a c t   h a s   b e e n   a r b i t r a r i l y  

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

dark- red   quar tz  l a t i t e  t u f f .   F i g u r e  15B shows t h a t   t h e  

appearance   o f   quar tz  l a t i t e  b l ebs   on  a sub-mesoscopic   scale  

a c t u a l l y   o c c u r s  a few meters be low  the   megascopic   contac t  

( sample LM-6-3) . 
Upper member. A t  t h e   r e f e r e n c e   s e c t i o n ,   t h e  upper 

Lemitar  T u f f  forms a caprock  2 6 . 8  m t h i c k .  It c o n s i s t s   o f  

dark- reddish ,   mos t ly   dense ly   welded ,   c rys ta l - r ich ,   ash- f low 

t u f f .  The  upper member i s  p r i m a r i l y   d i v i s a b l e   i n t o  two com- 

p o s i t i o n a l   s u b u n i t s  -- a lower, qua r t z -poor ,   qua r t z  l a t i t e  

averaging   about  65  p e r c e n t  Si02:  and   an   upper ,   quar tz - r ich ,  

l o w - s i l i c a   r h y o l i t e   w i t h  a bulk   composi t ion   o f  7 0  t o  7 1  per- 

c e n t  S i 0 2  ( f i g .  13). 

The compos i t iona l   subun i t s  are formed  by  three  ash-f low 

d e p o s i t i o n a l   u n i t s   t h a t  are  de f ined   by   sha rp   we lded   con tac t s  

above   two   r eddened   (ox id i zed )   and   f i ne ly   ves i cu la r   zones .  

Vesicles i n   t h e s e   z o n e s  are v e r y  (0.1 t o  0.5 m m )  and may 

form  about 1 to 5 p e r c e n t  of t h e  rock. Some v e s i c l e s  are  

p a r t i a l l y   t o   c o m p l e t e l y   f i l l e d  with p o l y c r y s t a l l i n e  vapor- 
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p h a s e   q u a r t z   t h a t  i n  some i n s t a n c e s   e x h i b i t   m u l t i p l e  

c rys ta l -growth   sur faces .   These  vesicles may be i n c i p i e n t  

l i thophysae   formed by F a r t i a l   d e g a s s i n g   p r i o r   t o   b u r i a l  by 

the   ove r ly ing   3ense ly   we lded   f l ow  un i t .  

W i t h i n   t h i s  framework of composi t iona l   and   f low  uni t s ,  

t h e   u p p e r ' l e m i t a r  i s  f u r t h e r   d i v i s a b l e   i n t o   s e v e n   z o n e s  

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

pumice con ten t   an6   deg ree  of welding.  These  zone  boundaries 

a r e   g r a d a t i o n a l   e x c e p t   w h e r e   c o i n c i d e n t  w i t h  f low-uni t  koun- 

d a r i e s .  

V a r i a t i o n s  i n  weld in?   observed   in   ou tcrop   and   checked  

i n  t h i n   s e c t i o n   i n z i c a t e   t h a t   t h e  Lemitar T u f f  a t   t h e   r e f e r -  

ence section i s  e s s e n t i a l l y  a simple c o o l i n 9   u n i t .  The 

v e s i c u l a r   n a t u r e   o f  zone h, i n   f l o w - u n i t  2 ( f i g .  1 3 ) ,  makes 

it less r e s i s t a n t   t o   w e a t h e r i n g .   T h u s ,   i n   t h e   o u t c r o p ,  it 

looks l i k e  a p a r t i a l l y  weldec z o n e ,   b u t   i n   t h i n   s e c t i o n  i t  

i s  c l e a r l y  as  densely  welded as t h e   o v e r l y i n g   a n d   u n d e r l y i n g  

zones.  The p a r t i a l l y   w e l d e d   z o n e   a t   t h e   t o p  of t h e  Lemitar 

Tuff is  comconly   absent ,   apparent ly  because of s l i g h t   e r o -  

s i c n   o f   t h e   L e r n i t a r   s h e e t  prior t o   e r u p t i o n  of t h e   o v e r l y i n g  

La Jara Peak lavas. 

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

F igu re  13, i n s i c a t e   t h a t  modal a n a l y s e s  of t h e   q u a r t z   l a t i t e  

(LM-6-5) a n d   t h e   u p p e r   r h y o l i t e  (LM-6-e) r e p o r t e d   i n   T a b l e  
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3 a r e   r e a s o n a b l y   r e p r e s e n t a t i v e   a n d  may be  used t o  cha rac -  

t e r i z e   t h e   s u h u n i t s .  An e x c e p t i o n  may b e   w i t h   r e g a r d   t o  

the   anomalous ly   h igh   p l ag ioc la se   con ten t   o f   s amFle  LEI-6-5. 

Analyses   reported  hy Simon ( 1 9 7 3 ,  p. 2 1 )  ani!  Osburn (1978, 

p.  36) for  a p p r o x i m a t e l y   e q u i v a l e n t   r o c k s   i n d i c a t e   s u b e q u a l  

vo luRes   o f   s an id ine   and   p l ag ioc la se ,   bu t   w i th   s an id ine  

g e n e r a l l y  mre abundan t .   I n  samples f r o n   t h e   r e f e r e n c e  sec- 

t i o n ,   p l a q i o c l a s e  i s  e n t i r e l y  altered t o   p o t a s s i c   c l a y s   a n d  

feldspar ,   which  has   been  washed  out   and  plucked  f rom  the 

t h i n  s e c t i o n s  r!urin$ p r e p a r a t i o n .  A l l  such " h o l e s "  i n  sam- 

p l e  LM-6-5 were counted as  p l a g i o c l a s e ,  some of t h e s e  nay 

have   been   s an i? ine   phenoc rys t s   t ha t  were plucked  out ,   and 

some m y  be t h e   s m a l l   v e s i c l e s   t h a t   a r e   l o c a l l y   p r e s e n t  i n  

t h i s  zone. 

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

by  abund.ant  and  subequal  amounts of p l ag ioc la se   and   s an i -  

dine  a long  with  minor   amounts  of q u a r t z ,   b i o t i t e   a n d  

opaques.   Sanidine i s  most ly   f resh   and   euhedra l   and   ranges  

from  0.5 t o  1.5 mm in   l eng th .   Sone   s an id ines  show p a r t i a l  

a l t e r a t i o n   t o   c l a y   ( k a o l i n i t e ? )   a l o n g   f i n g e r l i k e   l a m e l l a e  

p a r a l l e l   t o   c l e a v a g e  traces. O u t l i n e s  of a l t e r e d  plagio- 

c l a se   phenoc rys t s  are usua l ly   rounded   sugges t in?  marked mag- 

matic r e s o r b t i o n  a t  t h e  time of e r u p t i o n .   I n   t h i n   s e c t i o n  

minor   amoun t s   o f   modera t e ly   b i r e f r ingen t   c l ay   ( i den t i f i ed  
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b y   x - r a y   d i f f r a c t i o n  as i l l i t e ,  J.A. C i m a  Osburn, 1 3 7 8 ,  o r a l  

commun.,) i s  commonly v i s i b l e   i n  some c o r e s  of altered 

p lag ioc la se   where   no t   comple t e ly   washed   ou t   du r ing   p repa ra -  

t i o n  of t h e   s e c t i o n .   O u t l i n e s   o f   t h e  a l tered p l a g i o c l a s e  

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

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

I n   o n e   t h i n   s e c t i o n   ( f i g .   1 5 c ,   s a m p l e   n o .  76-1-10) ,  

t he   r ep lacemen t   o f   p l ag ioc la se   by   po ta s s ium  f e ldspa r  i s  

unusual ly   comple te .   This   sec t ion  was c h o s e n   f o r  a un ive r sa l  

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

(2V)  o f   t h e   p r i m a r y   a l k a l i   f e l d s p a r   p h e n o c r y s t s   ( s a n i d i n e )  

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

o f   p l ag ioc la se   du r ing   po ta s s ium  me tasomat i sm.   F i f t een   p r i -  

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

homogeneous e x t i n c t i o n   a n d   e u h e d r a l   c h a r a c t e r ,   y i e l d e d  

va lues  of 2Vx ( rounded   t o   nea res t   d . eg ree )   o f :  2 0 ,  20,  2 4 ,  

2 8 ,   3 0 ,  31, 3 2 ,  3 4 ,  3 4 ,  3 6 ,   3 7 ,   3 8 ,   4 0 ,   4 2 ,  and  48  degrees.  

In   compar i son ,   t h i r t een   r ep lacemen t - type   Fo ta s s iun  f e l d -  

s p a r s :   c h a r a c t e r i z e d  by clouded  inhomogeneous  ext inct ion,  

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

y i e l d e d   v a l u e s  of 2Vx of: 31, 3 2 ,   3 2 ,  3 6 ,  3 6 ,   3 7 ,   3 8 ,   3 8 ,  

3 9 ,  42 ,  and  4 2  degrees .  Thus it a p p e a r s   t h a t   t h e   m e t a s o -  

matic p o t a s s i u m   f e l d s p a r   h a s  opt ic  a x i a l   a n g l e s   w h i c h  f i t  1 

e i t h e r   t h e   s a n i d i n e - a n o r t h o c l a s e  series (2Vx = 18 t o  5 4  
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degrees )  or t h e   o r t h o c l a s e - o r t h o c l a s e   m i c r o p e r t h i t e  series 

( 2 V x  = 33  t o  1 0 3  deg rees ) ,   bu t   no t   t he   mic roc l ine -mic roc l ine  

p e r t h i t e  series (2Vx  = 66  t o  1 0 3  d e g r e e s )   a s   r e p o r t e d   b y  

Ceer, Eowie and  Zussnan ( 1 9 6 6 ,  p. 2 8 5 ) .  O b s e r v a t i o n s   i n  

t h e  h o t   s p r i n g s   a r e a  of Steamboat  Springs,  Nevada  (Schoen 

and %%ite, 1965) i n d i c a t e  t h a t  the   hy?ro thermal   po tass ium 

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

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

t h e  Lemitar Mountains  and the Socorro Peak a r e a .  

Phenocrystic c y a r t z  i s  t y p i c a l l y   s p a r s e  i n  t h e   q u a r t z  

l a t i t e   s u b u n i t ,   r a n g i n ?  from a b o u t   l t o  4 percent  by  volume. 

S p a r s e   w h i t e ,   c r y s t a l - r i c h   ( r h y o l i t e ? )   p u n i c e   t h a t  are  

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

a p p e a r   t o   c o n t a i n   r e l a t i v e l y  mre q u a r t z   t h a n  the h o s t   r o c k .  

I n   t h e   q u a r t z   l a t i t e ,  b i o t i t e  i s  g e n e r a l l y   n o t   a s   o x i d i z e d  

as i n   t h e   l o w e r   c r y s t a l - p o o r   r h y o l i t e  or th .e  upper c r y s t a l -  

r i c h   r h y o l i t e .   S p h e n e ,  a common t r a c e   m i n e r a l   i n   t h e   r h y o -  

l i t e  s u b u n i t s ,  i s  rare i n   t h e   q u a r t z  l a t i t e ,  e x c e p t   i n  

a s s o c i a t i o n  with the  c r y s t a l - r i c h  pumice. 

The m a t r i x   o f   t h e   q u a r t z   l a t i t e   t u f f  i s  a d e n s e l y  

welded  dark-reddish-brown  glass(?) .  I t  i s  d i s t i n c t l y  

f l u i d a l   a n d  homogeneous i n  appearance   in   compar ison   wi th  

t h e   e q u a l l y   d e n s e l y   w e l d e d  lower r h y o l i t i c   t u f f ,   w h i c h   e x -  

h i b i t s   n u n e r o u - s   s h a r d   o u t l i n e s  (see f i g .  15E). The r e d  

c 
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homogeneous matrix i s  n o t   c l e a r l y   i s o t r o p i c   u n d e r   c r o s s e d  

n ico ls   and   nay  be c r y p t o c r y s t a l l i n e .  The f l u i d a l   a p p e a r a n c e  

o f   t h e   q u a r t z  l a t i t e  ratrix s u g g e s t s   t h a t  it m y  be a pr i -  

m r y  welded t u f f .  S . A .  Eowrinq ( i n  prep.) has   obse rved  

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

Leni tar   Tuff   in   the  western  Maqdalena  Kountains ,   which  sup-  

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

of a w idesp read   f l ow  l i nea t ion   i n  t h e  Lemitar Tuff  should 

be a suk ject  f o r   f u r t h e r   s t u d y .  

A s ing le ,   anomalous ly   f resh ,   sample  (LEI-6A-2) of t h e  

q u a r t z  l a t i t e  s u b u n i t  was c o l l e c t e d  i n  t h e   s o u t h e a s t e r n  

Lemitar Moun ta ins .   In   t h i s   rock ,   p l ag ioc la se   and   s an id ine  

are  subequa l   i n   vo lume   w i th   t he  former s l i g h t l y  more  abun- 

dan t .  The p l a g i o c l a s e  i s  s t r o n g l y   r e s o r b e d   a n d   o f t e n  ern- 

bayed   by   t he   g l a s sy  matrix. Universal stage  measurements,  

i n d i c a t e   t h e   p l a g i o c l a s e  i s  c a l c i c   o l i g o c l a s e   t o   s o d . i c   a n d e -  

s i n e  (Anz5 t o  Anql, seven  measurements,  Ritmann  zone 

method).  Traces of c l inopyroxene  are  present i n   t h i s  sample, 

some of  which exhibit a m a g m a t i c   r e a c t i o n   r e l a t i o n s h i p   w i t h  

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

s t a g e   a s   f e r r o a u g i t e  (2Vz = 58 d e g r e e s ;  Z A C  = 45 d e g r e e s ) .  

The a p p a r e n t   h i g h  i r o n  c o n t e n t  i s  suppor ted  by t h e   r e a c t i o n  

r e l a t i o n s h i p .  Traces of v e r y  small euhedral   z i rcon  and  apa-  

t i t e  are a l s o   p r e s e n t   i n  t h i s  sample. 
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This   sample   a l so   has   an   anomalous   occur rence .  It  was 

taken  from a dense ly   we lded   l ens   abou t  0 .5  m t h i c k   i n  a non- 

welded   zone   of   c rys ta l - r ich   Lemi tar   Tuff   about  1 0  m t h i c k  

t h a t   o c c u r s   j u s t   n o r t h  of a south- fac ing   pa leoscarp ,  similar 

t o   t h e   o n e  a t  Eug Mountain (Lemitar Nap; S E  +, Sec. 2 4 ,  T2S,  

R 2 W ) .  A c o m p l e t e   a n d   h y d r o t h e r m a l l y   a l t e r e d   s e c t i o n   o f  

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

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

the   uppe rmos t   one -qua r t e r   o f   t he   a sh - f low  shee t  a t  t h e   r e f -  

erence s e c t i o n .  The   base   o f   t h i s   subun i t  i s  a sha rp ,  

welded,  f low-unit   boundary.  Compositional  changes  upwards 

a c r o s s   t h i s   b u n d a r y  are: 1) a n   i n c r e a s e   i n   t o t a l   p h e n o -  

c r y s t   c o n t e n t  from  about 35 p e r c e n t   t o  45-50 p e r c e n t ,   2 )   a n  

i n c r e a s e   i n   q u a r t z   p h e n o c r y s t s   f r o m  1-2 p e r c e n t  t o  5-15 per- 

c e n t  a n d   3 )  a local d e c r e a s e   i n   p u m i c e   c o n t e n t .  The  pumice- 

poor, q u a r t z - r i c h  base of t h i s   s u b u n i t   ( f i g .   1 3 ;   u n i t   3 ,  

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

Mesa Tuf f .  The occur rence  of abundant mafic r h y o d a c i t e  

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

r i c h  Lemitar Tuff may be a p o s s i b l e  means for  d i s t i n c t i o n  

between what i s  p o t e n t i a l l y   c a u l d r o n - f a c i e s   L e m i t a r   T u f f  o r  

Hells Mesa Tuf f   i n   t he   no r the rn   Chupade ra   Moun ta ins .  

Most of t h e   u p p e r   r h y o l i t e   s u b u n i t  appears t o  be a 

p h y s i c a l   m i x t u r e  of r h y o d a c i t i c   a n d   r h y o l i t i c  magmas. T h i s  
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i s  i n d i c a t e d  by t h e   p r e s e n c e   d f   a b u n d a n t   r h y o d a c i t e  pumice 

(63 p e r c e n t  S i 0 2 ,  Table 4 ,  LM-6-8a) a n d   s p a r s e   h i g h - s i l i c a  

r h y o l i t e   p u m i c e   ( 7 6   p e r c e n t  S i02 ,  Table  4 ,  PR-1-77h) and a 

bulk  composition of l o w - s i l i c a   r h y o l i t e   ( 7 0 - 7 1   p e r c e n t  S i 0 2 ;  

Table 4 ,  LM-6-8 and LM-6-8b). Osburn ( 1 9 7 8 ,  p. 43)   has  

obse rved   t he  same pumice a s s o c i a t i o n   i n   t h e   e a s t e r n  

Magda lena   Moun ta ins   t o   va ry   l a t e ra l ly   such   t ha t   one   pumice  

t y p e   l o c a l l y  becomes dominant over t h e   o t h e r .  Lipman  and 

o t h e r s  ( 1 9 7 6 )  have   observed   mix tures  of p u m i c e ,   d i f f e r e n t  

i n  c o m p o s i t i o n   f r o m   t h a t   o f   t h e   h o s t ,   i n  a compos i t iona l ly  

zoned  ash-f low  sheet  i n  southern  Nevada.  

The r h y o d a c i t e  pumice i s  grayish- red ,   modera te ly  

c r y s t a l - r i c h   a n d   o c c u r s   i n  swarms fo rming   a s  much as  5 t o  

1 0  p e r c e n t  of the ou tc rop .  They contain 15-25   percent  

phenoc rys t s ,   dominan t ly   a l t e r ed   p l ag ioc la se   w i th   minor   b io -  

t i t e  an2 traces of qua r t z   and   s an id ine .  The m a t r i x   o f   t h e  

maf ic   rhyodac i te   pumice  i s  a f l u i d a l - l o o k i n g ,   r e d d i s h ’ g l a s s  

( c r y p t o c r y s t a l l i n e ? )   w h i c h  i s  l o c a l l y   s c o r i a c e o u s .  A t  t h e  

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

mafic pumice are 15 cm long.   In   the  Rincon  Madera Canyon 

of the   ea s t e rn   Magda lena   Moun ta ins ,   t he  writer has   obse rved  

t h e s e   m a f i c   p u n i c e   t o  be as much a 1 meter i n   l e n g t h ,  sug- 

g e s t i n g   t h a t   t h e y  are closer t o  t he i r  s o u r c e   i n   t h i s  area. 

S i m i l a r   b u t  less abundant mafic p u m i c e   a l s o   o c c u r   n e a r   t h e  
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t o p   o f   t h e   q u a r t z - l a t i t e   s u b u n i t   ( f i g .  1 3 ) .  

The h i g h - s i l i c a   r h y o l i t e   p u m i c e  i s  l i g h t - g r a y  t o  whi te ,  

v e r y   c r y s t a l - r i c h   ( r o u g h l y  50  t o  6 0  p e r c e n t   p h e n o c r y s t s ) ,  

a n d   o c c u r s   a s   e l l i p t i c a l  vuggy   pods   o f   r e l a t ive ly   l a rge  

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

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

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

t h e i r   s m a l l  s i z e  -- g e n e r a l l y  less t h a n  3 cm i n   l e n g t h ,   a n d  

t h e i r   s p a r s e   o c c u r e n c e  -- forming  about  1 p e r c e n t  of t h e  

o u t c r o p   ( u n i t  3 ,  zone b and c ,  f i g .  1 3 ) .  S a n i d i n e  forms 

abou t  5 0  p e r c e n t  of the   phenocrys ts   fo l lowed  by   la rge  ( 1 - 4  

m m )  q u a r t z   p h e n o c r y s t s  (25-30 p e r c e n t )   a n d   a l t e r e d   p l a g i o -  

clase ( 1 0 - 1 5  p e r c e n t ) .  Coppery b i o t i t e  and traces of  sphene 

may a l s o  be p r e s e n t .  The m a t r i x ,   l a r g e l y   r e p l a c e d  by 

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

and   f e ldspa r .  S imi la r  wh i t e   pumice ,   w i th   r e l a t ive ly   abun-  

d a n t   q u a r t z ,   o c c u r  as small, 1 cm, w i s p s   i n   t h e   q u a r t z  

l a t i t e .  They form s i g n i f i c a n t l y  less t h a n   o n e   p e r c e n t  of 

t h e   q u a r t z  l a t i t e  outcrops .  

The   bu lk   compos i t ion   o f   t he  low-silica r h y o l i t e   s u b u n i t  

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

pumice   types  ( f i g .  1 3 ) .  Phenoc rys t s   gene ra l ly  form 4 0  t o  

4 5  p e r c e n t  of t h e   t u f f  where it is dense ly   welded .   Sanid ine  

i s  dominan t ,   f o l lowed   by   p l ag ioc la se ,   qua r t z   and   b io t i t e .  
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The phenocryst   mineralogy  of   sample LM-6-8 ( f i g .  1 5 0 )  i s  

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

d.ark hemat i t i c   ma t r ix   appea r s   t o   be   r e l a t ive ly   honogeneous  

i n   c o m p a r i s o n   t o   f i 2 u r e  15E. E s s e n t i a l l y   c o n p l e t e   n i x i n g  

of   phenocrysts   and  magmatic   l iquids  may h a v e   o c c u r r e d   i n  

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

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

Lemitar T u f f   ( f i g .  1 3 ,  S i m n ,  1 9 7 3 ,  p .  2 1 )  nay  be r e l a t e d  

t o  a Z e c r e a s e   i n   t h e   d e g r e e   o f  welc5.n: o r  t o  winnowing o f  

Fhenocrysts  from t h e  uppe r   po r t ions  of the   a sh   f l ow.  

Cauldron   Fac ies  

A s  par t  of a s tudy   of   the   Luis   Lopez   manganese   d i s -  

t r i c t ,  Miesch ( 1 9 5 6 )  publ i shed  a geologic  nap  which  shows 

t h e  core of northern  Chupadera  Mountains -- abou t  25 km2' 

from  Black  Canyon  on  the  north  to  Walnut  Creek  (Fogal 

Canyon)   on   the   south  -- t o   c o n s i s t   o f  a " m a s s i v e   r h y o l i t e " .  

l l iesch (p. 11) d e s c r i b e d   t h e   " m a s s i v e   r h y o l i t e " .   a s   " h i g h l y  

p o r p h y r i t i c   w i t h   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 io t i t e  

... and m s t l y   a l t e r e d   p l a g i o c l a s e . "   M i e s c h   c o n s i d e r e d   t h e  

"massive r h y o l i t e "   t o  Le a domal i n t r u s i v e   i n   t h e   E l a c k  Can- 

yon a rea   and  a l a v a   f l o w   f u r t h e r   t o   t h e   s o u t h .  However, he  

was c l e a r l y   u n e a s y   w i t h  t h i s  i n t e r p r e t a t i o n  as i n d i c a t e d  by 

the   s t a t emen t   ( Ib id . ,  p. 1 3 ) :  
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"The   f ragmenta l   na ture  of t h e   p h e n o c r y s t s   i n   t h e  
m a s s i v e   r h y o l i t e   a n d  the absence of f low  s t ruc -  
t u r e s  s u g g e s t   t h e   p o s s i b i l i t y   o f  a p y r o c l a . s t i c  
o r i g i n .  The  groundmass,  however, i s  n o t  a t  a l l  
f r agmen ta l  . . . ,I 
The   "mass ive   rhyo l i t e "  of Miesch i s  h e r e   r e i n t e r p r e t e d  

t o  be a t h i c k  p i l e  of   densely-welded  caul ikon-facies   ash-  

flow t u f f ,  t h e   e r u p t i o n  of which r e s u l t e d   i n   t h e   c o l l a p s e  

o f  t h e  S o c o r r o   c a u l d r o n .   T h i s   c a u l d r o n - f a c i e s   t u f f  is  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   c r y s t a l - r i c h   a n d   q u a r t z - r i c h  

zone  of  the upper Lemitar T u f f ,   a s   d e f i n e d  on t h e   o u t f l o w  

s h e e t .  

Two c a t e g o r i e s   o f   c a u l d r o n - f a c i e s   t u f f  are  recognized  

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

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

geograph ic   l oca t ion .  Exposures a t  t h e  Tower mine   b lock   forn  

one  category.  Th i s  r o u g h l y   t r i a n g u l a r   b l o c k ,   a b o u t  1.5 km 

on a s i d e ,  is hound  on t h e  east  side by a no r th -nor theas t -  

. t r e n d i n g   f a u l t   t h a t   e x t e n d s  from the  Black Canyon  mine 

northward. a l m s t  t o  Chupadera C l i f f  ( p l .  1). The n o r t h   s i d e  

i s  formed  by a wes t -no r thwes t   t r end ing   f au l t ,   wh ich   j ux -  

t a p o s e s   t h e   t u f f  of South  Canyon  against   upper  Lemitar Tuf f ;  

and by a n   u n c o n f o r m i t y   a l o n g   t h i s   t r e n d   w h e r e   S a n t a  Fe  Group 

s e d i a e n t s   a n d  lavas l ap   sou thward   on to   t he   b lock .  A f a u l t -  

l i n e  escarpment bounding   the  w e s t  s i d e  of   the  Chupadera 

Ranqe forms the rema in ins  side of t h e   t r i a n g l e .  



T-2274 1 2 0  

Exposures   on   the  Tower mine  block mapped as upper  

Leclitar Tuff ( p l .  1) a r e   n o t  of q u e s t i o n a b l e   c o r r e l a t i o n .  

Zona l   va r i a t ions   obse rved   i n   t he  Tower mine d r i l l   h o l e   ( f i g .  

11) 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   t h o s e  on t h e   o u t f l o w   s h e e t  

( f i g .  1 3 )  a n d   c c n f i r n   t h i s   c o r r e l a t i o n .  The o v e r l y i n g  

s t r a t i g r a p h i c   s e q u e n c e   o f  t h e  La Za ra   €eak   Basa l t i c   Andes i t e  

( T b a 2 ,  ~ 1 .  1) and  tu f f   o f   South  Canyon (Tsc, p l .  1) a l s o  

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

Kos t   o f   t he   exposures   on   t he  Tower  mine b lock   aFpear  

t o  be e q u i v a l e n t   t o   t h e   u p p e r n o s t   q u a r t z - r i c h   z o r e  of t h e  

out f low  shee t .   Akur .6ant   paf ic   pumice   occurs   in   the  top 2 0  

m o f   t h e  Tower h o l e  and i n  ou. tcrcps  near   the  Elack  Canyon 

mine .   Ou tc rops   o f   t he   c rys t a l - r i ch ,   qua r t z -poor   subun i t  

occur  i n  t h e   a r e a  be tween t h e  Ifancy  mine  and t h e  cen t r a l  

s h a f t  of t h e  Tower  mine  open  cut.  Atundant waste b l o c k s   o f  

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

.tent o f  sparse small b i o t i t e ,  are  .p re sen t   on   t he  dump of 

t h e  75-m-deep s h a f t  a t  t h e  b?ancy mine. 

S o n e   f e a t u r e s   o f   t h e   u p p e r  Lemitar Tuff a t   t h e  T o w e r  

mine a rea   a r e   anomalous .   Core   o f  the  uppe r   Lemi ta r   i n  t h e  

d r i l l   h o l e  shows some Finor   shear ing   and   cementa t ion   by   red  

j a s p e r o i d .   I n   c c n t r a s t ,   s u r f a c e   e r p o o u r e s   o f   t h e . L e m i t a r  

' T u f f   a l o n g   t h e  w e s t e r n  a n d   n o r t h e r n   b u n d a r i e s  of t h e  tri- 

a n g l e  are s t r o c g l y   s i l i c i f i e d .  Pumice  and  compaction f o l i a -  



T-2274 1 2 1  

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

Where a t t i t u d e s   h a v e   b e e n   o b t a i n e d ,   t h e y  are  mutually  incon- 

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

larse j v r b l e d   b l o c k s .  P - t t i t u s e  d a t a   o f  t h i s  t y p e   a r e  marked 

o n   t h e  cap w i t h  a query .   Large   xenol i ths   o f   upper   Ler r i ta r  

have   keen   loca l ly   observed  i p  t h e  o v e r l y i n g   b a s a l t i c   a n d e -  

s i t e  l a v a s   a t  t h e  b i n   e x p l o r a t i o n   p i t  300  m n o r t h e a s t   o f  

Tower n i n e   a n d   i n  t h e  hasa l   zone   o f   t he   t u f f   o f   Sou th  Canyon 

outcrop   due  west of t h e  Toser IEine. A s i p i l a r   o c c u r r e n c e  

of   jumkled  blocks  occurs  i p  t u f f  of South Canyon  exFosures 

i n   t h e  sane areas .   These   jumble6   b locks   a re   unconformakly  

o v e r l a i n  by Eon-kr.ecciated  and  uniformly  2ipping  lower 

Popotosa s t r a t a  (Tpsd, p l .  1) and  younger   lavas  ( T s d ,  Tpkb, 

p1. 1). T h e s e   r e l a t i o n s h i p s   s u g g e s t   t h a t   t h e  Tower mine 

b lock  i s  l o c a l l y   m a n t l e d   b y   a n c i e n t   l a n d s l i d e   d e p o s i t s   o f  

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

t o  t h e   e a s t e r n   m a r q i n  of the   Sawmil l   Canyon  cauldron   ( f ig .  

9 and 1 4 )  o r   a n   e a r l y - r i f t   f a u l t   z o n e   u t i l i z e d  by t h e  

Socor ro   cau ld ron  (p1. 2 ,  s e c t i o n  G-C' and E-E'). The 

sequence   of   ou tcrops   o f  Lemitar Tuff  throuoh  Popotosa  Forna- 

t i o n   i n   t h e  imr?.ed.iate v i c i n i t y   o f   t h e  Tower Mine d r i l l   h o l e  

( ~ 1 .  I), a p p a r e n t l y  60 n o t   c o n s i s t  of jupkler '   b locks.  

The   second  ca tegory   o f   cau ldron-fac ies   ash- f low  tuf f  

i s  mostly  exposed i n   t h e  area s o u t h e a s t  of Black Canyon. 
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Also i n c l u d e d   i n   t h i s   c a t e g o r y  are:  1) a small  exposure a t  

t h e  Black Can.yon B o x  ( f i g .  3 )  on t h e   n o r t h   s i d e  of the   can -  

yon,  2 )  a n   i s o l a t e ?   f a u l t   b l o c k   i n   t h e   a r e a  1 kn? sou th   o f  

S e d i l l o  Ranch (abandoned) ,   and 3 )  a n   i s o l a t e d   b l o c k   a b o u t  1 

km west of t h e  Grefco pe r l i t e  mine. The c o r r e l a t i o n   o f  

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

compos i t iona l   subun i t   o f   t he  Lemitar Tuff  must  be  considered 

as t e n t a t i v e .   A l t e r n a t i v e l y   t h e y  nay   be   co r re l a t ive   w i th  

t h e  Hells Eesa Tuff (G.P.. Osburn, 1 9 7 9 ,  oral   conmun.) .  

Local l i t h o l o g i c   v a r i a t i o n s ,   s t r a t i g r a p h i c   r e l a t i o n s b i F s ,  

and   r ad iomet r i c   age   da t e s ,   wh ich  are  a v a i l a b l e   i n   t h e   s t u d y  

a r e a ,  are permissive o f   e i t h e r   c o r r e l a t i o n .   T h i s   c o r r e l a -  

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

n a n t   o f   t h e  Socorro cauldron  block,  exposed i n  t h e   c e n t r a l  

and  southern  Chupadera  Fountains ,  c a n  be mapped. i n   d e t a i l .  

T u f f s   o f   t h e   s e c o p d   c a t e g o r y ,   h e r e a f t e r   r e f e r r e d  to  a s  

"cauld.ren-facies Lemitar'(?) Tuff"  o r  s imply   "Lemi ta r ( ? )  

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

f e r e n t  from the   "bona   f i de"  Lemitar Tuff a t  t h e  T o w e r  Mine. 

The Lemitar ( ? )  T u f f   h a s   t h e   f o l l o w i n g   g e n e r a l   c h a r a c t e r i s -  

t i cs  i n   t h e   s t u d y   a r e a :  1) a n   a p p a r e n t   ( r e g i o n a l l y   c o r r e l a -  

t i v e )  base t o  t h e   s e c t i o n  is not   exposed;  2 )  it i s  every-  

where   ove r l a in  by cau ld ron  f i l l  members of t h e   L u i s  Lopez 

F o r m a t i o n ,   i n   t u r n   l o c a l l y   o v e r l a i n  by t h e   t u f f   o f   S o u t h  
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Canyon,  and 3 )   d i s t i n c t i v e   l i t h i c - r i c h   z o n e s   o c c u r   n e a r   t h e  

b a s e   a n d   t o F ,   w h i c h   a r e   n o t   p r e s e n t   a t   t h e  Tower Mine. 

T h e s e   d i f f e r e n c e s  may be   exp la ined   by   cons ide rab ly   g rea t e r  

an2   con tempraneous   subs idence   o f   t he  eastern h a l f   o f   t h e  

Socorro   cau ldron  i n  c o m p a r i s o n   t o   t h e   w e s t e r n   h a l f .  

The g r e a t e s t   t h i c k n e s s   a n 2   v a r i a t i o n   i n   l i t h o l o g y   o f  

t h e   c a u l d r o n - f a c i e s  Lemitar ( 3 )  Tuff   a re   found i n  t h e   a r e a  

sou th   o f   E lack   Canyon .   S t ruc tu re   s ec t ions   he re  (pl. 2 ,  sec- 

t i o n  1-1' ) i n d i c a t e  a r in imcm  th ickness   o f   about  8 8 0  m of 

the  upper   Lemitar  ( ? )  w i t h   t h e   b a s e   o f   t h e   s e c t i o n   n o t   e x -  

posed. I n   t h i s  area, t h e   L e m i t a r  ( ? )  T u f f   d i p s   s t e e p l y   t o  

t h e   e a s t   a n d   f o r m s  low, rourded   h i l l s   Rant led   by   numerous  

small   (unmappe?)   patches of a n g u l a r   c o l l u v i u n .  The L e n i t a r  

( ? )  Tuff i s  un i fo rmly   dense ly   we lded ,   c rys t a l - r i ch   and  

q u a r t z - r i c h ,  except l o c a l l y   n e a r   t h e   t o p   w h e r e   t h e   t o t a l  

phenoc rys t   con ten t   d rops   t o   abou t   25   pe rcen t ,   a l t hough  

q v a r t z  remairs r e l a t i v e l y   a b u n d a n t .  

Three  zones i n   t h e   c a u l d r o n - f a c i e s  Lemitar ( 3 )  Tuff  can 

l o c a l l y  be d e f i n e s   o n   t h e  k a s i s  o f   l i t h i c   c o n t e n t .  The 

s t r a t i g r a p h i c a l l y   l o w e s t   z o n e  i s  a c ? i s t i n c t i v e   h e t e r o l i t h i c  

b r e c c i a   c o n t a i n i n s   a b o u t  5 t o  20 p e r c e n t   x e n o l i t h s   o f  P r e -  

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

a n d e s i t e s  ( T l x ,  p l .  1). The x e n o l i t h i c   z o n e  is approxi-  

mately  335 m t h i ck ,   and  i s  o n l y   e x p o s e d   i n   t h e   a r e a   s o u t h  
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o f   t h e  Nancy  mine.  Outcrops of  t h i s   l i t h i c - r i c h   z o n e  are 

no tab ly   r edde r ,   because  of a p a l e  red matrix, in   compar ison  

t o   t h e   t y p i c a l   g r a y i s h - r e ?   c o l o r  of t h e   o v e r l y i n g  l i t h i c -  

f r e e   L e m i t a r ( ? )   T u f f  ( T l u ,  ~ 1 .  1). P r e c a m b r i a n   g r a n i t i c  

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

P e r m i a n   r o c k s   o r   e a r l y   T e r t i a r y   s e d i m e n t a r y   r o c k s ,  a re  t h e  

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

t i o n   f r o m   t h i s   a r e a  shows t h a t   t h e   g r a n i t i c   x e n o l i t h s  con- 

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

cov i t e :   t hus .   supFor t in9   t he   P recanbr i an   age   i n t e rp re t a t ion .  

T h i s   r o c k   a l s o   c o n t a i n s   a b o u t  30-40 p e r c e n t   p h e n o c r y s t s ( ? )  

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

w i t h  5-7 percect q u a r t z   a n d   t r a c e s   o f   b i o t i t e .  A s i g n i f i -  

c a n t   b u t  unknown pe rcen taoe   o f   t hese   phenoc rys t s  ( 3 )  are  

xenoc rys t s   de r ived  from a b r a s i o n   o f   t h e   l i t h i c  fragtnents. 

I n  t h e   a r e a   s o u t h   o f  the  Nancy mine ,   xeno l i th s  i n  the 

Lemi ta r f ? )   Tuf f   ave rage  a b u t  4 c m  i n   l e n a t h  and. nay be as  

much as  15 c m  i n   l e n g t h .   M i e s c h  ( 1 9 5 6 ,  p. 11) rep r t s  t h a t  

P r e c a m . k r i a n ( ? )   g r a n i t e   a n d   s c h i s t   b l o c k s   a s   l a r g e  as 1.5 m 

across, o c c u r   i n   x e n o l i t h - r i c h   z o n e s   i n   t h e   " n a s s i v e  

r h y o l i t e "   ( L e n i t a r ( ? )   T u f f )   a b o u t  6 km due  south of t h e  

Nancy mine.  Assuming these   zones ,  6 k ~ :  a p a r t ,  are  approx i -  

mate ly  correlative,  t h e p   t h e   s i z e   r e l a t i o n s h i F   s u q g e s t s   t h a t  

t h e   s o u r c e  of t h e s e   b r e c c i a s  may have  been  the  southern wall 
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o f   t h e   S o c o r r o   c a u l d r o n .   T h i s   i n f e r r e d   c a u l d r o n   w a l l  i s  

probably now expressed  by a l a r g e   e x p s u r e  of Precambrian 

r o c k s   i n  the Coyote Hills of   the   southern   Chupadera  Moun- 

t a i n s  (Dane  and  Eachmann,  1965). The t o p  15 m of t h e  "Tlx" 

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

f ragments .  It i s  c l e a r l y  s t r a t i f i ed  i n  compar i son   t o   t he  

u n d e r l y i n g   h e t e r o l i t h i c   t u f f s .  The x e n o l i t h i c - r i c h   z o n e  mst  

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

i n  t he   t e rmino logy   o f  Lipman ( 1 9 7 6 ) .  Presumably  the meso- 

b r e c c i a s  were derived  from  rock s l ides  o f f   t h e   c o l l a p s i n g  

sou the rn  wall  of the  Eocorro  cauldron,   which was over- 

s t eepened   because   o f   r ap id   subs idence   o f   t he   cau ld ron   b lock  

contemporaneous  with the ash- f low  e rupt ions .  

The remainder   o f   the   cau ldron  facies Lemi ta r ( ? )   Tuf f  

( T l u ,   p l .  l), i n  the   a rea   south   o f   Black   Canyon,  i s  as much 

a s  550 m t h i c k   a n d   c o n s i s t s   m o s t l y   o f   t y p i c a l   q u a r t z - r i c h ,  

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

pumice. Mafic rhyodaci t ic   pumice ,  common i n   t h i s  zone  on 

t h e   o u t f l o w   s h e e t   ( f i g .  131, are e v i d e n t l y  absent h e r e .  

The uppermost 1 2 0  m of t h e   c a u l d r o n - f a c i e s   L e m i t a r ( ? )  

Tuff,   exposed on S e c t i o n  8 . R i d g e ,   c o n s i s t s   o f   d i s t i n c t l y  

bedd.ed a n d   l i t h i c - r i c h ,   d e n s e l y   w e l d e d   t u f f s   ( f i g .  16A). 

I T h e s e   s t r a t i f i e d   a s h - f l o w   t u f f s   a r e   a p p a r e n t l y   n o t   t y p i c a l  
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F i g u r e  1 6 .  Photographs  and  photomicrograFhs  of  a bedded 
c o i g n i m b r i t e   l a g - f a l l  deposit i n   t h e   u p p e r m o s t  

northern  Chupadera  Mountains.  A ,  S t e e p l y   e a s t - d i p p i n g  
c a u l d r o n - f a c i e s   L e m i t a r ( ? )   T u f f  a t  S e c t i o n  8 Ridge, 

"s t ra ta"  of welded t u f f   f o r m e d   g y   r e s i s t a n t   c l a s t - p o o r  
in t e rva l s   fo rm  s lopes   i n   fo reg round ;   Socor ro   Moun ta ins  
o n   t h e   h o r i z o n .  B ,  B o u l d e r   o f   c o a r s e   c l a s t - r i c h   t u f f  
i l l u s t r a t i n g   t h e   s u b p a r a l l e l   a l i g n m e n t   a n d   a n g u l a r  
c h a r a c t e r  of c l a s t s .  H a m m e r  head 1 8  cm long.  C 
Photomicrograph i n   p l a n e   p o l a r i z e d   l i g h t  showin; 
de t a i l s  of a bound.ary  between a s p h e r u l i t i c   c l a s t   a n d  
t h e  h o s t   w e l d e d   t u f f .  T h e   b o u n z a r y   c u t s   a c r o s s   t h e  
s p h e r u l i t i c   s t r u c t u r e   ( a r r o w )   b u t   t h e   b o u n d a r y  i s  n o t  
sharp   p robably   because  of s l i g h t   r e s o r b t i o n   d u r i n g  
welding. Note abundance   of   b roken   f ragments   in   hos t  
t u f f   i n c l u d i n g   a n o u l a r   b i t s  of c las t  m a t r i x   ( b l a c k  

due t o   h i g h   c o n t r a s t   i n   n e g a t i v e ) .   C o n t a i n s  pheno- 
s p o t s  a t  t o p   c e n t e r ,   s p h e r u l i t i c   t e x t u r e   n o t   v i s i b l e  

and b i o t i t e   ( n o t   v i s i b l e ) .  D. Photomicrograph  with 
c r y s t s  of s a n i d i n e  ( S ) ,  p l a g i o c l a s e  (PI, q u a r t z  ( Q ) ,  

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

occu r rence   o f  a s t r o n g   s h e a r  stress w h i l e   t h e   m a t r i x  
( a r r o w s )   a n d   b r e c c i a t e d   q u a r t z   p h e n o c r y s t   i n d i c a t i n g  

was r e l a t i v e l y  plast ic .  Conta ins   phenocrys ts   o f  
s a n i d i n e  ( S ) ,  q u a r t z  ( Q ) ,  b i o t i t e  ( B ) ,  a n d   p l a g i o c l a s e  
( n o t  v i s ib le ) .  C r o s s e d   n i c o l s .  
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o r  known t o   h a v e   a n y   e q u i v a l e n t   o n   t h e   o u t f l o w - f a c i e s  

L e m i t a r   T u f f   i n   p a r t i c u l a r .  

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

l i t h i c ,   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 i m i l a r   t o   o n e   i n  

C e n t r a l  America recent ly   descr ibed   by   Wright   and   Walker  

(1977) .   Wright   and   Walker   ( Ib id ,  p. 7 3 2 )   s t a t e   t h a t :  

"Cri ter ia  for  r e c o g n i z i n g   l a g - f a l l   d e p o s i t s  are t h e i r   c o a r s e  

g r a i n   s i z e ,   r i c h n e s s   i n   l i t h i c s  o r  d e n s e   j u v e n i l e  material, 

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

Ev iden t ly   co - ign imbr i t e   l ag  f a l l  d e p o s i t s   a r e   t r a n s i t i o n a l  

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

t i c s  o f   b o t h   t y p e s   o f   d e p o s i t s .  

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

facies Lemi ta r ( ? )   Tuf f  most l i k e l y   r e p r e s e n t   t h e  effect  of 

p e r i o d i c   b l o c k i n g  of a nea rby   i gn imbr i t e   ven t   by  i t s  own, 

t e m p o r a r i l y  volatile-poor, magma. Each  blockage was presum- 

a b l y   f o 1 l o w e d . b y   e x p l o s i v e   d i s r u p t i o n  of t h e   p a r t i a l l y  con- 

gea led  magma p l u g .   T h i s   e x p l o s i v e   c l e a r i n g   o f   t h e   v e n t  

then  began a new c y c l e  of ash-flow erupt ion .   Each   bed ,  

g e n e r a l l y  3 t o  1 0  m t h i c k ,   i n   t h e  series of a t   l e a s t  a dozen 

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

The r e s i s t a n t   l e d g e s  which d e f i n e   t h e s e   b e d s   ( f i g .  16A) a r e  

b e l i e v e d   t o  be t h e  re la t ive ly  a s h - r i c h  winnowed f r a c t i o n  

depos i t ed   d .u r ing   t he   wa in ing  stage o f   e a c h   e r u p t i v e   c y c l e .  
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T h i s   p r o c e s s ,  may be  somewhat  analogous t o  a " s p u t t e r i n g  

stew p o t "   t h a t   s p i t s  o u t  steam  and water d r o p l e t s   a t   t h e  

same time. I t  would  most l i k e l y   b e   c h a r a c t e r i s t i c  of t h e  

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

s u r e s   i n   t h e  magma chamber a r e   n e a r l y  a t  e q u i l i b r i u m   w i t h  

we igh t   o f   t he   cau ld ron   b lock   ( s t ew-po t   l i d )   a l l owing   t he  

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

Megascop ic   obse rva t ions   wh ich   suppor t   t he   above   i n t e r -  

p r e t a t i o n   a r e :  1) t h e   r e d d i s h  krown clasts  w e a t h e r   p r e f e r -  

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

t h u s   t h e   c l a s t - r i c h   h o r i z o n s   t e n d   t o   w e a t h e r  to s lopes   and  

t h e   t h i n  clast-free i n t e r v a l s  form r e s i s t a n t   l e d g e s   ( f i g .  

1 6 A ) ;  2 )  t h e   c o a r s e s t   c l a s t - r i c h   i n t e r v a l s ,  well exposed  on 

t h e   w e s t e r n  crest of t h e   r i d g e   ( p l .  l ) ,  show crude   graded  

b e d d i n g   w i t h   t h e   l a r g e s t   c l a s t s ,  15-75 cm long ,   concen t r a t ed  

n e a r   t h e  base o f   t h r e e   s e p a r a t e   b e d s ;  3 )  c las t  geometr ies  

' r ange - f rom e l l i p t i ca l  a n d   w e l l - r o u n d e d   ( p a r t i c u l a r l y   l a r g e r  : 

clasts) t o  subequan t   and   angu la r   ( f i g .  1 6 B ) ;  4 )  t h e  e l l i p -  

t i c a l  clasts are g e n e r a l l y   a l i g n e d   p a r a l l e l   t o   s t r a t i f i c a -  

t i o n ;  5 )  l e n g t h  t o  w i d t h   r a t i o s   o f  clasts g e n e r a l l y  do n o t  

exceed 5 t o  1, w i t h  2 t o  1 most common, 6 )  t h e   c l a s t - r i c h  

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

t y p i c a l   u p p e r   L e m i t a r ( ? )   T u f f .  
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The same s t r a t i g r a p h i c   h o r i z o n   a t   t h e   t o p  of t h e  

cau ld ron- fac i e s   Lemi ta r ( ? )   Tvf f  i s  l c c a l l y  repeatec? through 

f a u l t i n g .  It  o c c u r s   a t   t h e   E l a c k  Canyon Eox a n 5   a l s o  occurs 

on t h e  east  s i d e   o f   t h e   f a u l t   b l o c k   a b o u t   o n e  km n o r t h   o f  

S e c t i o n  e Ridge. A t  t h e   f i r s t   l o c a l i t y   t h e  bedded   i n t e rva l  

i s  o n l y  5 C .  I? t h i c k  ?.Ed c l a s t s  are less t h a n  3 CR lopg; a t  

t h e   s e c o n d   l o c a l i t y  no c l a s t s  or bedding were ohserved.  

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

l a g - f a l l   d l e p o s i t   i n t e r p r e t a t i o n  x e :  1) c las t s  have   t he  

sarre  rnineraloqr -- s a n i 6 i n e ,   p l a q i o c l a s e ,   q u a r t z ,   a n d  

b i o t i t e  -- as  t h e   h o s t   t u f f ;  2 )  c las ts  are  c r y s t a l - r i c h  

(30-4G p e r c e n t )  w i t h  a .non-pyroc las t ic  texture  of r e l a t i v e l y  

la rge ,   euhedra l   and   mos t ly   unbroken   phenocrys ts   (b ipyramidal  

a u a r t z  common) ir? a s p h e r u l i t i c  r e d  m a t r i x   ( f i g .  1 6 C  and 

1 6 0 ) ;  3 )   t h e  hos t  t u f f  matrix i s  dense ly   welded   and   conta ins  

abundan t   k roken   c rys t a l   f r aqpen t s   and   mic roscop ic   f r agmen t s  

o:f b r o k e n   s p h e r u l i t e s   ( f i g .  16C) ; 4 )  - t h e  clasts have   i r regu-  

lar  b o u n c ? a r i e s   t h a t   c u t   a c r o s s   s p h e r u l i t e s   ( f i g .  15C); and 

5 )  some c l a s t s   c o n t a i n   m i c r o f a u l t e d   a n d   s h a t t e r e d   p h e n o -  

c r y s t s   ( f i g .  16P) i n d i c a t i n g   t h a t   t h e   c l a s t   F a t e r i a l  was 

semicocgealed  and plast ic  a t  t h e  time of  i t s  e x p l o s i v e  dis- 

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

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

stress i n   t h e  c las t ,  i n d i c a t e s   t h a t   t h e s e  clasts were n o t  
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v e s i c u l a t e d  pumice a t  t h e  time o f   d e p o s i t i o n ,   b u t   r a t h e r  

t h e   e q u i v a l e n t   o f  a v i s c u o u s   s p h e r u l i t i c   r h y o l i t e  lava. 

O t h e r   e x p o s u r e s   o f   t h e   c a u l d r o n   f a c i e s   L e m i t a r ( ? )   T u f f  

west c f   t h e   G r e f c o  Per l i te  mine  and  south  of S e d i l l o  Ranch 

are r ros t ly   "norna l"  upper L e m i t a r ( ? )   T u f f .  A t  t h e  l a t t e r  

l o c a l i t y   t h e   t o p  2 6  m o f   t h e   s e c t i o n  i s  unusual ly  low i n  

t o t a l   p h e n o c r y s t   c o n t e n t  (2C-30 p e r c e n t )   a n d   c o n t a i n s   r e l a -  

t i v e l y  small phenocrys ts .   This   ash- r ich ,   dense ly   welded  

z o n e ,   l i k e   t h o s e  a t  S e c t i c n  8 R i + g e ,   r a y   r e p r e s e n t   t h e  win- 

nowec? f r ac t ion   2epos i t ed   on   t he   wa in ins   o f   an   a sh - f low  e rup -  

t i o n  column. West o f   t h e  Crefco n i n e ,   t h e   L e m i t a r ( ? )   T u f f  

fo rms   unusua l ly   c r agc ry   ou tc rops   and   l oca l ly   exh ib i t s  well- 

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

J o i n t  sets a r e  comnonly. f i l l e d   w i t h  red j a s p e r o i e   h e r e   a n d  

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

cons is ten t   wi th   warp inG of t h e  "s t ra ta"  b y   a d j a c e n t   f a u l t s .  

T h e r e  i s  no i n d i c a t i o n  of a "jumbled b l o c k s "   r e l a t i o n s h i p  

h e r e ,  as a t  t h e  Tower n i n e   a r e a .  

Luis  Lopez  Formation 

Fol lowing   the  major pe r iod   o f   subs idecce   o f   t he   Socor ro  

c a u l e r o n ,   t h e   d e p r e s s i c n  was backf i l l ed   p redominan t ly   by  

a l t e r n a t i n g   e r u p t i o n s  of and.esi t ic  l a v a s   a n d   l i t h i c - r i c h  

r h y o l i t i c   a s h - f l o w   t u f f s   a n d   t h e n  locally capped  by s i l i c i c  
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r h y o l i t e  c?omes a n d   a s s o c i a t e d   t u f f s .  Minor  volumes  of vol- 

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

a n d e s i t i c   l a h a r i c  breccias, a n d   r h y o l i t i c  breccias and  sand- 

s t o n e s ,   o c c u r   r e s p e c t i v e l y   n e a r   t h e   b a s e ,   m i d d l e   a n 2   t o p  of 

t h e  f i l l  seauence .   Th i s   conp lex ly   i n t e r tongu ing   and   he t e ro -  

genous f i l l  of t h e   S o c o r r o   c a c l d r o n  i s  h e r e   c c l l e c t i v e l y  

named t h e   L u i s  Lopez Format ion   for  a larc_re a r e a   o f   e x p o s u r e s  

i n   t h e   L u i s  1,opez  manganese d i s t r i c t   ( F i e s c h ,  1 3 5 6 )  a t   t h e  

no r the rn  e n ?  of   the  Cixpadera  Mountains .  

The t h i c k e s t   c o n t i n u o u s l y   e x p o s e ?   s t r a t i g r a p h i c   s e c t i o n  

o f   t h e   L u i s  L.opez Format ion   occurs  i n  an   eas t -d ipping   b lock  

ove r ly ing   cau ld ron- fac i e s   Lemi ta r ( ? )   Tuf f  a t   t h e   E l a c k  Can- 

yon Pox. A s t r u c t u r e   s e c t i o n   h e r e  ( p l .  2 ,  H-H') i n d i c a t e s  

t he   fo rma t ion  - wi th  some rrenhers   not   Fresent  - i s  approx i -  

mate ly  530 m t h i c k .  The t o t a l   t h i c k n e s s   o f  a composi te  sec- 

t i o n  of a l l  15 members i s  1470 m; however t h i s  i s  n o t  repre- 

s e n t a t i v e   o f  the'maximum t h i c k n e s s   o f   t h e   f o r m a t i o n  because 

several of the  pemhers are h i g h l y   l e n t i c u l a r .  The q r e a t e s t  

t h i c k n e s s   o f   t h e   L u i s  T.opez Formation  should  occur   about  

midway between  the  cauldron  margin a t  Socorro  Peak  and  the 

r e su rgen t   k lock   sou th  of Black  Canyon. A r e a s o n a b l e   t h i c k -  

n e s s   e s t i m a t e   i n   t h e  F1u.e Canyon a r e a  i s  cons ide red  t o  be 

abou t  800  m ( p l .  2 ,  C - C ' ) .  

The e a s t  face o f   S c c o r r o  Peak i s  e s s e n t i a l l y  a cross 
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s e c t i o n  view o f '  t h e  complex   t opograph ic ,   and   s t ruc tu ra l ,  

nor thern   margin  of t h e   S o c o r r o   c a u l d r o n  (see f i g .   3 8 ) .  

Here t h e   L u i s  Lopez Formation  laps   unconformably  onto 

t h e   P e n n s y l v a n i a n  Eladera  Limestone  and i s  l o c a l l y   o v e r l a i n  

b y   t h e   t u f f  of South  Canyon. T h i s   r e l a t i o n s h i p   i n d i c a t e s  

t h e   p r e s e n c e  of a ma jo r   i n t r avo lcan ic   unconfo rmi ty .  A s  much 

a s  9 0 0  m o f   r e g i o n a l   O l i g o c e n e   v o l c a n i c   s t r a t a ,   w h i c h  are 

found i n  t h e  i n t e r v a l   b e t w e e n   t h e  14adera  Limestone  and  tuff 

of  South  Canyon i n   t h e   L e m i t a r   M o u n t a i n s ,   a r e   a b s e n t   o n  

Socorro Peak ( f i g .  6 ) .  The m i s s i n g   s t r a t a   i n c l u d e   t h e  

Spears Format ion ,  Hells Mesa Tuf f ,  A-L Peak Tuf f ,  L a  Jara 

Peak Basal t ic  Andes i te ,   and  L e m i t a r  T u f f .  

The L u i s  Lopez F o r m a t i o n   t h i n s   a b r u p t l y   t o   t h e   n o r t h  

a c r o s s   t h e   P a t h w a y  Canyon f a u l t   ( p l .  2 ,  s e c t i o n  A - A ' ) ,  which 

is i n t e r p r e t e d  as  a r i n g - f r a c t u r e   f a u l t   o f   t h e   S o c o r r o   c a u l -  

dron. A t  l eas t  220 m o f   s t r a t a  wedge o u t ,   o r  are  f au l t ed  

o u t ,   . a c r o s s  t h i s  structure. ;North of t h e  Pathway  Canyon 

f a u l t   a n d  eas t  of "M" Mounta in ,   the   exposed   sec t ion  of Luis 

Lopez  Formation i s  274  m t h i c k .  Toward t h e   i n f e r r e d   m a j o r  

r i n g   f r a c t u r e   u n d e r   t h e   E l u e  Canyon Dome, t h e   L u i s  Lopez 

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

800 m. 

The l a n d s l i d e   d e p o s i t s  ( T l m ,  p l .  1) a t  Pathway Canyon 

mark t h e   l o c a t i o n  of a n   e a r l y   t o p o g r a p h i c  wall o f  the 
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S o c o r r o   c a u l d r o n   t h a t  was s h o r t l y   t h e r e a f t e r   b u r i e d   b y   y c u n -  

ger   vo lcanic .  members of t h e  L u i s  Lopez  Formation.  The  vol- 

c a n i c  rcembers o f   t h e  L u i s  Lopez  Formation  r?ust wedge o u t  

a g a i n s t  a younger -- n o r t h w a r d   r e t r e a t e 6  -- t opograph ic  

wall, somewhere i n  t h e   i n t e r v a l   b e t w e e n   S o c o r r o  Eeak and 

St rawberry   Peak ,   s ince   the   format ion  i s  n o t   p r e s e n t  i n  t h e  

sou the rn  Lemitar Mountains  (Lemitar Mar). T h i s   i n f e r r e d  

younger  topographic  wall  i s  n o t  exposed.. It i s  unconfor- 

ma t ly   bu r i e?  by t h e   E i o c e n e  FOpOtCsa Formation; as  a r e   o t h e r  

e l e n e n t s   o f   t h e   S c c o r r o   c ~ . u l d r o ~ -  v:here loca l ly   expose?   cn  

Socorro  Peak. 

Bedded r h y o l i t e  t u f f s  ( T l r b t ,  p1. 1) and a th in   r emnan t  

of a n   o v e r l y i n g   r h y o l i t e   f l o w  ( T l r b ) ,  which   occur   loca l ly  

a t  t h e  top o f   t he   Lu i s   Lopez   Fomat ion  t o  t h e   s o u t h  o f  Big 

C l i f f ,  a re  a b r u b t l y   t r u n c a t e d  a t  t h e  Fathway  Canyon f a u l t .  

T h e s e   u n i t s  were t runca ted   on   t he   up th rown   no r th   b lock   by  

a n   e r o s i o n a l   u n c o n f o r m i t y   a t   t h e   b a s e  cf' the o v e r l y i n g  

PoFotosa  Fornation i n  l a t e   O l i g o c e n e  or  e a r l y  Miocene time. 

T h e s e   r e l a t i o n s h i p s  are a t t r i b u t e 3   t o   l a t e - s t a g e   s u b s i 2 e n c e  

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

f i l l i n g   v o l c a n i s m .  

The L u i s  Lopez Forna t ion  i s  l o c a l l y   o v e r l a i n   b y   t h e  

t u f f  of s o u t h  Canyon ( 2 6 . 2  m .  y., Appendix E ) ,  i n   t h e   a r e a  

n o r t h e a s t  of t h e  T o w e r  mine ,   and   on   the   nor thern   end  of the 
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e a s t e r n  face of   Socorro  Peak.  A t  m o s t   l o c a l i t i e s ,   b e t w e e n  

t h e   a b o v e   a r e a s ,   t h e   f o r m a t i o n  i s  ove r l a in   d i sconfo rmab ly  

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

lower  Popotoss.  Formation. 

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

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

j u s t   s o u t h   o f   t h e  E a s t  Roadcut  along Highway S i x t y ,   h a s  a 

K-Ar  age   o f  28 .6  k 1.1 m.y. (Appendix B). This   age  i s  

s l i g h t l y   o l d   w i t h   r e g a r 2  t o  t h a t   o f   t h e   L e m i t a r   T u f f  

( ave rage   age  27.9 m.y.,  Appendix B), t e n t a t i v e l y   i n t e r p r e t e s  

a s  u n d e r l y i n g   t h e   L u i s  Lopez Formation.  However,   the  ages 

are w i t h i n  limits of a n a l y t i c a l  error. S i n c e   t h e   c a u l d r o n -  

f a c i e s  Lemitar ( ? )  T u f f ,   c o u l d  be Hells Mesa Tuff   (average  

a g e   3 2 . 2   m . y . ) ,   t h e   s l i g h t   a g e   d i s c r e p a n c y  may a lso be non- 

e x i s t e n t .  The  28.6 m.y. d a t e  i s  from a v e r y   f r e s h   r o c k  con- 

t a i n i n g   u n a l t e r e d   p l a g i o c l a s e ;  it is  c o n s i d e r e d   t o  be repre- 

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

Socorro   cau ldron  a f t e r  i t s  c o l l a p s e .  

A s e p a r a t e  of a dark-colored  mica, o r i g i n a l l y   b e l i e v e d  

t o   b e   p h e n o c r y s t i c   b i o t i t e ,  from a c o a r s e l y   p o r p h y r i t i c  

r h y o d a c i t e ( ? )   d i k e   ( T i a p ,  p l .  2 )   h a s   b e e n   d a t e d  a t  22.8 2 

0.9 n.y.  (Appendix E ) .  This   sample was t a k e n  from a n   o l d  

r o a d c u t  of Highway S i x t y   j u s t   n o r t h   o f   t h e   B i g   R o a d c u t .   I n  

t h i n   s e c t i o n ,  t h i s  mica does n o t  look l i k e  typical pheno- 
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c r y s t i c   b i o t i t e ;   i n s t e a d  it i s  inhomogeneous  with respect 

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

The mica also h a s   r a g g e d   o u t l i n e s   a n d  a ser ia te  occurrence  

f r o m   p h e n o c r y s t   s i z e   t o  microscopic w i s p s   i n   t h e  matrix. 

The mica i s  a p p a r e n t l y  a mix tu re  of pale-brown  muscovite 

and  reddish-brown  biot i te .   These  mica  "phenocrysts"  may 

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

ene or h o r n b l e n d e   o r   a l t e r n a t i v e l y   t h e y   m i g h t   r e p r e s e n t  

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

p l a g i o c l a s e   p h e n o c r y s t s   i n  t h i s  rock by po ta s s ium  f e ldspa r  

i nd ica t e s   t he   rock   has   been   po ta s s ium  me tasomat i zed .  The 

r a d i o m e t r i c   a g e   o f   t h i s  mica probably   approximates  a potas-  

sium metasomatic hydro thermal   event  -- other   po tass ium  meta-  

somat ic   and   hydro thermal   events  are also r e c o g n i z e d   i n   t h e  

Socorro   Peak   a rea .  A p e t r o g r a p h i c a l l y   s i m i l a r   l a v a   f l o w  

(Tlap ,  p l .  1) l o c a l l y   u n d e r l i e s   t h e  28.6-m.y.-old r h y o l i t e  

t u f f  (Tlrst, p l .  1) a t  t h e  E a s t  Road Cut;  t h i s  s t r a t i g r a p h i c  

r e l a t i o n s h i p   s u p p o r t s   t h e   i n t e r p r e t a t i o n  of the   younger  mica 

d a t e  as  r e p r e s e n t i n g  a post-emplacement  hydrothermal  event.  

R e c o n n a i s s a n c e   t r a v e r s e s   i n   t h e   v i c i n i t y  of Walnut 

Creek -- Nogal  Canyon of southern  Chupadera  Mountains -- by 

t h e   a u t h o r   a n d  G.R. Osburn,  have shown t h a t  a similar 

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

and   domes   ( r e spec t ive ly  map u n i t s :   T a s ,  T t s ,  and T r s  o f  
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Miesch, 1956,  p l .  1) i s  p r o b a b l y   c o r r e l a t i v e   t o   t h e   L u i s  

Lopez Formation.   This   heterogenous seauence appears t o  

o v e r l i e   t h e   " m a s s i v e   r h y o l i t e "  of Miesch ( 1 9 5 6  , p l .  1) con- 

s id . e red   t o   be   equ iva len t  t o  t h e  c a u l d r o n - f a c i e s   L e m i t a r ( ? )  

Tuff  of t h i s   s t u d y .  However, a n   e n i g m a t i c   s i t u a t i o n   p r e -  

s e n t l y   e x i s t s   i n   t h i s   a r e a .  The probable   equiva len t  of t h e  

Lu i s  Lopez F o r n a t i o n   a p p e a r s   t o   b e   o v e r l a i n  by d i s t i n c t l y  

zoned  lower  and  upper  Lenitar  Tuff a t  t h e  eastern mouth o f  

Noqal Canyon (narrow  band of " T r s "  a s  napped  hy Miesch a long  

east  s i d e   o f   r a n g e ) .   T h e s e   a p p a r e n t   r e l a t i o n s h i F s  will have 

t o  be nappe6 i n   d e t a i l   b e f o r e   t h e   c o r r e l a t i o n   p r o b l e m  is  

so lved .  

The  Luis  Lcpez  Formation i s  e v i d e n t l y  restricted t o  

t h e   e a s t e r n   h a l f  of t h e  Socorro caulckon.  Ceologic  mapping 

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

e a s t e r n  Magdalena  Mountains  (Gshurn, 1978 ;  P e t t y  19791 ,  has  

shown r e a s o n a b l e   c o r r e l a t i v e s  of t h e   L u i s  Lopez Forna t ion  

t o  b e   e n t i r e l y   a b s e n t   o r   l e n t i c u l a r   a n d  minor i n  volume. 

P e t t y  (1-079, p. 7 5 - 7 7 )  h a s   o b s e r v e d   r h y o l i t i c   t u f f s   a n d  

l a v a s   i n  a r a l eochanne l   cu t   i n   t he   Lemi ta r   Tuf f .   These   Un i t s  

are o v e r l a i n   b y  the t u f f  of South  Canyon,  which places them 

i n   t h e  same S t r a t i g r a F h i c   p o s i t i o n   t e n t a t i v e l y   a s s i g n e d  t o  

t h e   L u i s  Lopez Formation. If this a s s i g n e d   p o s i t i o n  i s  cor -  

rect ,  then   approximate ly  120 t o  1 P O  m of upper  tongue La  



T-2274 138 

J a r a  Peak Easa l t ic  Andes i te   l avas   exposed .   a long   the   wes te rn  

margin of the   Socor ro   cau ld ron  i n  t h e   S o u t h  Canyon a r e a  

(Osburn,  1978, p. 46) should  be  contemporaneous  with  the 

L u i s  Lopez  Formation. 

\ 

Exposures   o f   t he   Lu i s  Lopez  Formation i n   t h e   d i s s e r t a -  

t i o n   a r e a   h a v e   b e e n   p r e v i o u s l y  mapped as p a r t s   o f   i n v e s t i -  

gat ions  by  Lasky  (1932,  p. 118-133),  Miesch  (19561,  Smith 

( 1 ? 6 3 ) ,  Lowell (1367) ,   and   Eur ton  (1971). The reac’er who 

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

g a t o r s ,   w i t h   t h o s e   o f   t h i s  r e p r t ,  w i l l  f i n 6  some s i g n i f i -  

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

Lopez Formation. The m o s t   s i g n i f i c a n t   d i f f e r e n c e s   i n v o l v e  

t h e   d i s t i n c t i o n  of dense ly   welded   tu f fs   f rom s i l i c i c  l a v a s ,  

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

m a r k e r s .   O t h e r   d i f f e r e n c e s   i n   i n t e r p r e t a t i o n   a r e  related 

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

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

b r e c c i a s .  

Sequence   and   Corre la t ion  of Nemhers 

S t r a t a   o f   t h e   L u i s  LoFez ForEat ion   have   keen   subdiv ided  

i n t o  1 5  p e t r o g e n e t i c  map u l? i t s ,   e ach  of which  has   keen  given 

member s t a t u s  ( p l .  1). The general   mapping  approach  has  
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b e e n   t o   s e p a r a t e   s t r a t a  of d i s t i n c t l y   d i f f e r e n t   g e n e s i s  -- 
l a v a s  flows, a sh - f low  tu f f s ,   bedded   t u f f s ,   and   vo lcan ic l a s -  

t i c  sed imentary   rocks  -- and  to   combine   (by   co lor   scheme,  

p l .  1) p e t r o l o g i c a l l y  similar rocks ,   wh ich   fo rm  d i f f e ren t  

s t r a t i g r a p h i c   h o r i z o n s .  Two t h i c k   i n t e r v a l s   o f   l i t h i c - r i c h ,  

r h y o l i t i c ,   a s h - f l o w  t u f f s  ( T l t l  and T l t 2 ,  p l .  1) are t h e  

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

g e o g r a p h i c a l l y   i s o l a t e d   e x p o s u r e s  of t h e   L u i s  Lopez  Forma- 

t i o n   a t   S o c o r r o  Peak  and  the  northern  Chupadera  Mountains .  

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

o f   t h e  members o f   t h e   L u i s  Lopez  Formation,  and t h e i r   r e l a -  

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

are  summarized i n   F i g u r e  17. 

The e s t a b l i s h e d   s t r a t i g r a p h i c   s e q u e n c e   a n d  available 

chemica l   ana lyses  (Table 5 )  s u g g e s t   t h a t   t h e   c a l d e r a - f i l l i n g  

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

mas. Loca l   s equences   o f   i n t e rmed ia t e  lavas appea r  t o  become 

more d i f f e r e n t i a t e d   w i t h  time, as  i n d i c a t e d   b y   i n c r e a s e s   i n  

s ize   and   abundance  of p l a g i o c l a s e   p h e n o c r y s t s   i n   s u c c e s s i v e  

flows. No l a v a s  or t u f f s   t h a t   a p p e a r   t r a n s i t i o n a l   i n  tex- 

t u r e  o r  compos i t ion   be tween   t he   i n t e rmed ia t e   rocks   and   t he  

rhyo l i t e s   have   been   obse rved .   Thus ,   a l t hough   t he   h igh -  

s i l i ca  r h y o l i t e  lavas g e n e r a l l y  cap t h e   c a l d e r a - f i l l  

s equence ,   t he re  i s  little p h y s i c a l   e v i d e n c e  t o  ind ica te  t h e  
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a 

E 

NORTHERN 
CHUPADERA 
MOUNTAINS 

t u f f  O f  
/South  Conyon 

SOCORRO 
PEAK 

South Canvon\ 
tu f f  O f  

\ block 

r ing  fracture 
zone 

F i g u r e  17.  S c h e m a t i c   s t r a t i g r a p h i c   c r o s s   s e c t i o n   o f   t h e  
L u i s  Lopez F o r m a t i o n   ( s h a d e d ) ;   i l l u s t r a t i n g   t h e  
g e n e r a l   s t r a t i g r a p h i c   r e l a t i o n s h i p s   o f  members w i t h i n  
t h e   f o r m a t i o n   a n d   t h e i r   g e n e r a l   s e t t i n g   w i t h   r e g a r d  
t o   s t r u c t u r a l   e l e m e n t s  of t h e   S o c o r r o   c a u l d r o n .  

and  i s  n o t  drawn t o  scale. E f f e c t s   o f   p o s t - c a u l d r o n  
S e c t i o n  i s  modified from t h e   e x p l a n a t i o n   o f   P l a t e  1 

n o r m a l   f a u l t i n g   r e l a t e d   t o   t h e   R i o   G r a n d e  r if t  are 
n o t  shown. 

'An annu la r   "moa t "   geomet ry   has   no t   been   e s t ab l i shed  
for  t h e   S o c o r r o   c a u l d r o n .  
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T a b l e  5.  A n a l y s e s  of lavas and a t u f f  i n  t h e  L u i s   L o p e z  
Formation. Chemical analyses by x-ray fluorescence, 
D.L. White, New Mexico B u r e a u  of Mines and Mineral 
R e s o u r c e s  (see p.  2 8 ) .  

Sample N o .  77-7-7  77-5-6 
Member ( p l .  1) 

1 77-5-2 
T l a 3  T l r b   T l r s t  

Major oxides (weight  percent) 

S i02  

A1203 

Fe203 

M Y 0  

CaO 

Na20 

K2° 

T i 0 2  

( t o t a l )  

5 4 . 7 9  

1 5 . 3 2  

5 .69  

6 . 2 8  

4 . 5 7  

4 . 1 7  

3 . 4 5  

0 . 9 2  

7 7 .  a 1  

1 3 . 2 6  

1 . 1 4  

<0.01 

0 . 0 7  

1 . 0 3  

8 . 2 7  

0 . 3 1  

7 7 . 8 0  

1 2 . 4 5  

0 .92  

<0.01 

0.46 

2 .99  

6 . 3 9  

0 . 3 1  

T o t a l   9 5 . 1 9   1 0 1 . 9 0   1 0 1 . 3 3  

phenocrysts (volume percent) 

sanidine 

plagioclase 

q u a r t z  

b i o t i t e  

clinopyroxene 

opaques 

groundmass 

- 1 5  1 

20 - 'L 1.5 

- 5 t r  2 

- - 'L 0 .5  

3 - - 

23  tr 2 t r  

75 80 9 7  

2 

p o t a s s i u m  metasomatized 

tr = trace 

3 mostly resorbed pyroxene ( ? )  , see d e s c r i p t i o n  
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142 

Sample No. Sample  Descriptions 

77-7-7  Dark-gray,  slightly  propylitized  and  potassium 
metasomatized,  pyroxene  andesite.  Contains 
abundant  clear,  fresh,  tabular  (2-4 mm) plagi- 
oclase  phenocrysts  (An4O - An45);  and  some 
sparse  dark-greenish,  granular-looking,  stubby 
pyroxene  phenocrysts  (augite?),  partly  replaced 
by calcite, in a groundmass  of  felted  plagi- 
oclase  microlites  and  disseminated  magnetite. 
Phenocrysts  reported as opaques are  mostly  stubby 
prisms  (some  are  eight-sided) of an  early  ferro- 
magnesian mineral,  possibly  orthopyroxene.  The 
possible  orthopyroxene  shows  magmatic  reaction 

Also  included with opaques  are traces of small 
to  form  untwinned feldspar(?) and  magnetite. 

needle-like  prisms  altered  to  magnetite(?),  which 
may  have  been  hornblende.  Traces  of  metasomatic 
mica  are  associated  with  hematite.  Blue  Canyon 
area  (SE/4,  NW/4,  Sec. 16, T3S, R1W) . 

77-5-6  Grayish-red, potassium-metasomatized, high-silica 
rhyolite.  Contains  abundant  pearly-white,  sub- 
hedral,  sanidine  phenocrysts (1-3 mm) and  small 

matrix of  spherulites  partly  replaced by  poly- 
euhedral  to  rounded  quartz  (0.5 - 1 mm), in a 

partly  altered;  disseminated  hematite(?)  occurs 
crystalline,  microgranular  quartz.  Sanidines  are 

in  exsolution  lamellae,  and  illite(?)  or  sericite 

Mountain (SW/4, NW/4,  Sec. 4, T3S, R1W) . occur  in  small  patches.  North-northeast  of "M" 

77-5-2  Pale-red,  densely  welded,  very  crystal-poor, 
high-silica rhyolite  ash-flow tuff. Contains 
sparse  and  unaltered  phenocrysts  (1-2 mm) of 
plagioclase  (An31),  sanidine,  biotite,  and  a 
trace of  small ( <  0 . 5  mm) quartz,  in  a  fluidal, 
primary-welded,  devitrified  matrix.  Some  small 
relict  patches in matrix  exhibit  densely  welded 

East  Roadcut (NW/4,  SW/4,  Sec. 32,  T3S, RlW). 
glass-shard textures.  Highway Sixty,  south of 
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r h y o l i t e s  are  a d i f f e r e n t i a t i o n   p r o d u c t   c f   t h e   i n t e r m e d i a t e  

magmas. C a l d e r a - f i l l   l a v a s  are n o t   p e t r o l o g i c a l l y  similar 

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

was completely  expended  during  the main ash- f low  e rupt ions  

and   cau ld ron   co l l apse .  The f i f t e e n  members of   the  Luis   Lopez 

Formation may, for t h e   p u r p o s e  of descr ip t ion   and   d . i scus-  , 

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

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

E a r l y   l a r d s l i d e   c e g a b r e c c i a  ( T l m )  and   tu f faceous   sands tones  

( T l s t ) .  

Seve ra l   sma l l   exposures   cons i s t ing   Aominan t ly   o f   da rk -  

pu rp l i sh -g ray   t o   b lu i sh -a ray   he t e ro l i t h i c   kou lde r   cong lome-  

r a t e  an2 breccia, o c c u r   s p o r a d i c a l l y   a l o n g  Pathway  Canyon 

on   t he  east  face of Socorro  Feak. They are mapped h e r e  a s  

t h e   l o c a l l y   o l d e s t  m e m b e r  of t h e   L u i s  Lopez Formation (Tl rn ,  

p l .  1). They are i n t e r p r e t e d  as anc ien t   l ands l ide   and   co l -  

l uv ia l   depos i t s   shed   sou thward   i n to   t he   Socor ro  caldera from 

i ts  nor the rn   t opograph ic  wall. The n o r t h e r n   s i d e   o f   t h e  

topographic  wall i s  now marked  by  exposures  of  Madera L i m e -  

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

compl ica ted   by   the   l ack  of a comple t e   s ec t ion   w i th  a deposi- 

t i o n a l  top an8  bot ton  and  by pa r t i a l  o b s c u r i n g   o f   t h e i r   s F a -  

t i a l   r e l a t i o n s h i p s   t o   t h e   c a u l d r o n  wall by   younger   fau l t ing .  
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The  southward-slopin?  caldera  wall   bas  been  down-dropped t o  

t h e   e a s t   a n d   o f f s e t   n o r t h w a r d  by porth-trending r if t  f a u l t s  

(Woods Tunnel f a u l t  zone;  p l .  2 ,  ?.-?.I, B-E '  ) . 
The l a r o e s t   e x p o s u r e  of a n c i e n t   l a n d s l i s e   d e p o s i t s  

o c c u r s  a t  the   box   a r ea   abou t   ha l fway  up Pathway  Canyon. Eere 

t h e  member c o n s i s t s  of as much a s  1 0 7  r of crudely  bedded, 

modera t e ly   i ndura t ed ,   conp lomera te   an2   b recc ia   w i th  a sandy 

mud ma t r ix .  RounY.ed t o  angular   cobbles  and koulders   o f  

dark-gray   an$   dark-purp l i sh-aray   andes i te   FQrphyry ,   s iv i la r  

t o   t h o s e  i n  t h e  volcaniclast ic  f a c i e s  of the   Spears  Forma- 

t i o n   ( f i 9 .  l ,  Table l ) ,  are  2ominant ( f i c .  18A). O t h e r  

c l a s t s   c o n s i s t  of ?ray micr i t ic   l imes tone   (Xadera  

L i m e s t o n e ? ) ,   l i g h t - b r o w n i s h   g r a y   s i l i c i f i e d   l i n e s t o n e ,   a n d  

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

w e l d e d   t u f f .   T h e s e   w e l d e d - t u f f   c l a s t s   2 r e   m s t l y   l i t h i c -  

r i c h   a n d   c o n t a i n   o n l y  traces of   quar tz   phenocrys ts ;   these  

are  d i s t i n c t i v e  t raits  of t h e   t u f f  of Grani te  b!ountain mem- 

k e r  of t h e   S p e a r s   F o r m a t i o n .  The presence  of  these  welded- 

t u f f  c las ts  d i s t i n c p i s h e s   t h e s e   l a n d s l i d e   d e p o s i t s  from vol- 

c a n i c l a s t i c   c o n g l o m e r a t e s  of the  Spears  Formation. 

The mst u n i q u e   f e a t u r e  of th i s   exposure  i s  a l a r g e  

b lock   of   sheared   and   s i l i c i f ied   E ladera(?)   L imes tone ,   which  

appea r s   t o   be   comple t e ly   enve lope?  by t h e   b u l d e r y  deposits 

( f i g .  18B). The b l o c k ,   a h o u t  10-15 m thick  and a t  least  



145 T-2274 

F i g u r e  1 8 .  Ancien t   l anf i s l ide   depos i t s   and   co l luv ium ( T l m )  
o f   t h e   L u i s  Lopez  Formation  exposed a t  Fathway  Canyon 
€.ox o n   t h e   e a s t e r n  face of  Socorro  Peak. A ,  I ndura t ed  
k o u l d e r y   c o n g l o m e r a t e   c o n t a i n i n g   c l a s t s   c f - s i l i c i f i e d  
l imes tone  ( S I ,  micritic l imes tone  ( m ) ,  a n d e s i t e - l a t i t e  

Mountain ( t f  i n  a g rannu le  t o  nud  matrix.   Tuff o f  
l avas   o f  Spea r s  Formation t y p e  ( a ) ,  a n d   t u f f   o f  G r a n i t e  

G r a n i t e  Mou.ntain c las ts  d i s t i n g u i s h   t h i s   d e p o s i t  frcm 
Spears   Formation  conglomerates .  Hammer heal! 1 8  cm 
1or.g. E ,  Looking west no r thwes t  a t  sheared   and  
s i l i c i f T e d   a n c i e n t   l a n d s l i d e   b l o c k  ( l b )  of  Pennsyl- 
van ian   l imes tone   abou t  15 m t h i c k ,   e n v e l o p e s   i n   c r u d e l y  
bedded  ( lower l e f t )  toulc?ery  col luvium ( T l m ) .  Kell- 
s t r a t i f i e d  Eladera  Limestone ( p m )  forming  caldera-wal l  
i n t e r p r e t e d  a s  source o f   l a n d s l i d e   d e p o s i t s .  Eown- 

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

a n d   s u r f i c i a l   c o l l u v i u m   ( Q c a )   c o n f u s e   a n d  mask r e l a -  
Popotosa   Format ion   s i l t s tones   and   muds tones   (Tps l )  ; 

t i o n s h i p  of a n c i e n t   l a n d s l i d e  deposits t o   c a l d e r a  wall. 
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1 1 0  m l ong ,  i s  c o n s i d e r e d   t o   b e   a n   a n c i e n t   l a n d s l i d e   b l o c k .  

A t  i t s  sou th  end ,  t he   b lock  i s  t runca ted   by  a northwest-  

t r end inq   rny lon i t i c  f a u l t  gouce  exposed  near   the  canyon 

f l o o r .  On the southern   wal l  of the   canyon,   about  15 n alsove 

the   canyon floor, i s  exposed a 3 -c - th i ck   i n t e rva l  of anFular  

l i n e s t o n e   b l o c k s .   T h i s   i n t e r v a l   o f   l i m e s t o n e   b l o c k s  is 

c lea r ly   i n t e rbedded   i n   pu rp l i sh   cong lomera te s   and   s and-  

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

o n   t h e   n o r t h   s i d e  of the   canyon.   This   bed  of l i n e s t o n e  

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

should  have  surrounded a l a r g e   l a n d s l i d e   b l o c k   s u c h  as t h e  

one  descr ibed  a lsove.  

Light -gray   and   l igh t -purp l i sh-gray   sands tones   and  silt- 

s t o n e s ,  as much as  1 0  n t h i c k ,   S e n e r a l l y   o c c u r   a t   t h e  

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

o v e r l a i n   b y   p o r l y   w e l d e d   l i t h i c - r i c h   t u f f  ( T l t l ,  p l .  1). 

Sands tones  of t h i s   t y p e  are exposed a l o n g   t h e   s o u t h e r n  rnar- 

gin  and  western  rnargir .  of the  Pathway  Canyon Pox exposure.  

Two similar e x p o s u r e s   o f   s a n d s t o n e s   t h a t   o c c u r  west of t h e  

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

Quaternary   co l luv ium.  Some s a n d s t o n e s   i n   t h e   l o w e r  

Pop tosa   Fo rma t ion  (Tpsw facies ,  p l .  11, which   a l so  crop 

o u t   i n   t h e  Pathway  Canyon area, look  very much l i k e   t h o s e  

i n   t h e   L u i s  Lopez  Formation. They may u.sually be d i s t i n -  
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g u i s h e d   b y   l o c a l   s t r a t i g r a p h i c   r e l a t i o n s h i p s  and c las t  

l i t ho log ie s ;   youn .ge r   Popo tosa   s t r a t a   con ta in   abundan t  clasts 

o f   g r a y ,   c r y s t a l - p o o r   r h y o l i t e   w e l d e d   t u f f  (A-L Peak T u f f ? ) .  

The base of t h e   l a n d s l i d e   d e p o s i t  i s  not  exposed a t  

t h e  Pathway  Canyon Box b u t  t o  t h e   n o r t h w e s t   t h e r e  are  two 

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

res t  on  the  KaZera  Limestone.   Further   north  these  conglor?-  

e r a t e s  are  a b s e n t   a n d   l i t h i c - r i c h   t u f f s  ( T l t l ,  pl. 11, which 

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

Madera  Limestcne.   These  re la . t ionships   iadicate  t h a t  t h e  

l a n d s l i d e   d e p o s i t s  wedge o v t   t o   t h e   n o r t h   o n t o   t h e   t o p o -  

g raph ic   wa l l   o f   t he   cau ld ron .  The wedce geometry of t h e  

l a n d s l i d e   d e p o s i t s  i s  confirmed  by a sha l low  thermal -  

g r a d i e n t  dri l l  h o l e   c o l l a r e d   a b o u t  6 0  m nor th   o f   the   MidZle  

n i n e   p o r t a l  (p1. 1). T h i s   h o l e   i n t e r s e c t e d  15.5 n of   ande-  

s i t i c  c o n g l o m e r a t e   w i t h   c l a s t s  of s i l i c i f i e d  limestone ( T l m )  

below 1 5 . 0  m of l i t h i c - r i c h   t u f f  ( T l t l )  (R.W. Foster ,   unpub.  

r epr t ,  circa 1 9 7 0 ,  Sanford  Bole  No. 6). About 1 6 0  m n o r t h  

o f   t h e  mine p o r t a l ,   t h e   l i t h i c - t u f f  rests d i r e c t l y   o n  sili- 

c i f i e d  Eradera Limestone. 

Approximately 35 m o f   r h y o l i t i c   b e d d e d   t u f f s   a n d   t u f f a -  

ceous   sands tones  ( T l s t ,  p1. 1) o v e r l y   c a u l d r o n - f a c i e s  

L e m i t a r ( ? )   T u f f   o n   t h e   n o r t h e a s t   f l a n k  of the  Chupadera 

Mountains  akout  one km south   o f   Sec t i l lo   Ranch .   L ight -gray  
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t o  pinkish-;ray, medium- t o  coarse-gra ined ,   para l le l -bedded  

sands tones  form t h e   m a j o r i t y   o f   t h e  outcrop. The m d e r a t e l y  

we l l indura t ed   s ands tones  are r h y o l i t i c   a n d   c o n t a i n   a b u n d a n t  

g r a i n s   o f   s a n i d i n e ,   a u a r t z   a n d  some p l a g i o c l a s e ( ? )   a l t e r e d  

t o   f r i a b l e  white c l a y .  Some i n t e r v a l s   w i t h i n   t h e   s a n d s t o n e s  

a re   s l i c jh t ly   pumiceous   and   d i sp l ay  grac7ed !xdc?ing;  they  are 

though t  t o  be a i r - f a l l   t u f f s .  About 1 0  m of  reddish-brown 

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

andes i t e  or  l a t i t e  i s  exposed  near   the  middle   of  t h e  u n i t  

a t   t h e   s o u t h   e n d  of t h e   o u t c r o p .   T h i s   a n ? e s i t i c  mv8flow i s  

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

lower   andes i t e  mepber ( T l a l ,  p l .  I), where it i s  exposed at 

Black  Canyon  Eox,  and t o  t h e   l a n d s l i d e   c o n g l o m e r a t e s  ( T l m ,  

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

a l l  t h r e e  of t h e s e  members ( T l s t ,  T l a l ,  T l m )  which  occur  

n e a r   t h e  base of   the  Luis   Lopez  Formation,  may be  Fenecon- 

t emporaneous .   The   t u f f aceous   s ands tones   a r e   ove r l a in   by  

a n d e s i t e - r i c h   l i t h i c  t u f f s  ( T l t l ) .  T h i s   c o n t a c t  i s  no t   we l l  

exposed ,   bu t   appea r s   t o   cu t   d i sconfo rmab ly   down-sec t ion   i n to  

t h e  sandstones  toward th.e n o r t h .  

L i t h i c - r i c h   a s h - f l o w   t u f f s  ( T l t ,  and T l t , )  
L L 

Approx ima te ly   one   t h i rd   o f   t he   vo lume   o f   t he   Lu i s  Lopez 

Formation i s  formed  by two t h i c k   i n t e r v a l s  of most ly   poor ly  
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welded ,   pumiceous ,   l i t h i c - r i ch ,   rhyo l i t i c   a sh - f low tc f f .  . 

The l o w e r   l i t h i c   t u f f  ( T l t l )  c o n t a i n s   a b u n d a n t   x e n o l i t h s   o f  

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

( S p e a r s   t y p e )   a n d   a e n e r a l l y   l a c k s ,   o r   o n l y   r a r e l y   c o n t a i n s ,  

r h y o l i t i c   f r a g m e n t s .  The u p p e r   l i t h i c   t u f f  ( T l t 2 )  i s  char -  

a c t e r i z e *  by abundant   xenol i ths   cf   reddish-brown,   r r .oderately 

c r y s t a l - r i c h   o r   c r y s t a l - r i c h   r h y o l i t e   w i t h  a phenocrys t  

mineralogy -- san . id ine ,   a l t e r ed   p l ag ioc la se ,   qua r t z ,   and  

b i o t i t e  -- e q u i v a l e n t   t o  the  uppermcst zones of t h e  

c a u l d r o n - f a c i e s   L e n i t a r ( ? )   T u f f   ( f i g .  1974). V i t r o c l a s t i c  

tex tures   expressed   by   dense ly   welde?   shards   and   smal l   p ieces  

of   broken  phenocrysts  are  a p p a r e n t   i n  these r h y o l i t i c   f r a g -  

ments when viewed i n   t h i n   s e c t i o n  ( f i o .  10E). A specimen 

o f   t h e   u p p e r   l i t h i c   t u f f  from t h e   E i q   C l i f f   a r e a   c o n t a i n s  

s p h e r u l i t i c   b l e b s   i n  some o f   t h e   t u f f  clasts t h a t  a re  essen-  

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

d e p o s i t s . .  

Bo th   l i t h i c - tu . f f  members a r e  o t h e r w i s e   s i m i l a r   i n  

l i thology.   Ahundant  small ( 2  mn t o  3 cm) aphyric   pumice 

l a p i l l i   u s u a l l y   a l t e r e 2  t o  wh i t e   c l ay   (mon tmor i l l on i t e? ;  

Eniesch, 1956, p. 4 )  are  a d i s t i n c t i v e  t r a i t  o f   t h e s e   t u f f s .  

Traces  of small phenoc rys t s   o f   s an id ine   and   qua r t z  are  Free- 

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

i n   c o m p o s i t i o n .  The t u f f  matrix o f t e n   c o n t a i n s  a g r e a t e r  
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F i g u r e  1 9 .  Upper l i t h i c - r i c h   t u f f  member ( T l t 2 )  of t h e  
L u i s  Lopez F o r m t i o n .  A ,  Outcrop of p a r t i a l l y  welded 
t u f f   s h o w i n g   t y p i c a l   w e a t h e r e d - o u t   p u m i c e   l a p i l l i   a n $  
a n p l a r   c l a s t s  of dense ly   welded   cau ldron-fac ies  

C l i f f   o n   e a s t  face of Socorro  Peak.  Knife i s  9 cm . Lemitar ( ? )  Tuff  i n  a wh i t e   t u f f   ma t r ix .   F roo   be low  E ig  

long. B,  Photomicrograph   showing  par t ia l ly   welded   tu f f  
m a t r i x c o n t a i n i n g   m i c r o x e n o l i t h s  (m) and  xenocrys ts  
( x )  w i t h   a d h e r e d   w e l d e d   t u f f   m a t r i x   ( b l a c k )   a n d   l a r g e r  
x e n o l i t h s  of dense ly   we lded ,   c rys t a l - r i ch ,   cau ld ron-  

ho t tom  cen te r .   Phenoc rys t s   and   xenoc rys t s ( ? )   o f  
f a c i e s  L e m i t a r ( ? )  Tuf f .   No te   b roken   sphe ru l i t e  a t  

q u a r t z   ( w h i t e ) ,   s a n i d i n e   ( g r a y   a n d   w h i t e ,   p a r t i a l l y  
a l t e r e d ) ,  altered p l a g i o c l a s e   ( g r a i n y   g r a y ) ,   a n d  
b i o t i t e   ( b l a c k ) .  Same l o c a t i o n  as A .  Crossed   n i co l s .  
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p r o p o r t i o n  of q u a r t z   a n d   s a n i d i n e   c r y s t a l s   t h a n  i s  p r e s e n t  

i n   t h e  pumice; t h i s  i s  nost n o t i c e a b l e   i n   t h e   u p p e r   l i t h i c  

t u f f   w h e r e   t h e   d e n s e l y   w e l d e d  t u f f  c las t s  a re   abundan t .  

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

5-10 p e r c e n t   c r y s t a l s   o f   s a n i d i n e   a n d   q u a r t z ;   h o w e v e r ,   m o s t  

o f   t h e s e  crystals nay   be   phenoc la s t s   de r ived   f ron  comoinu- 

t i o r  of l i t h i c   f r a q m e n t s .  

T h e   m a j o r i t y   o f   l i t h i c - t u f f   o u t c r o p s  are poorly  welded 

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

and   Grayish-orange   p ink   in   co lor .   Pumice   l ap i l l i   weather  

o u t   p r e f e r e n t i a l l y   l e a v i n g  a pock-marked  and  hackled  sur- 

face; t h i s  i s  well displayec? a t  the   P ig   Roadcut   a long  High- 

way S i x t y .   I n   a r e a s   a c ? j a c e n t  t o  a n d e s i t e   d i k e s   ( T i a   a n d  

T i a p ,   p l .  1) in   the   nor thern   Chupadera   F lounta ins   and   rhyo-  

l i t e  d i k e s  ( T i r b )  o n   S o c o r r o   P e a k ,   t h e   l i t h i c   t u f f s  are 

t y p i c a l l y  s i l i c i f i ed  t o  varyins degrees .  Here t h e y   t a k e  on 

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

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

The  lower l i t h i c  t u f f  ( T l t l )  i s  g e n e r a l l y  a s lope-  

fo rminq   un i t .  A t  Black  Canyon Box it i s  about  45 m t h i c k  

and  sandwiched  between two a p h a n i t i c   a n s e s i t e   f l o w s   ( T l a l  

and !? la2) .  A t  t h i s   e x p o s u r e  it i s  poorly  welded  throughout .  

Nor th   o f   t he  West Roadcut a t  Fighway 6 0 ,  t h e   s a n e   t u f f  

i n t e r v a l   c o n t a i n s  a 1-2 m- th i ck   t u f f aceous   s ands tone   l ens  
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near the   midd le  of t h e   u n i t .  The l o w e r   l i t h i c  t u f f  a t  t h e  

Middle  mine  on  Socorro  Peak  consists of two d i s t i n c t   z o n e s ,  

a basal poor ly-welded   l i th ic - r ich   zone   about  50 m t h i c k ;  

and  an  upper   moderate   to   d .ensely  welded  zone a b u t  30 m 

t h i c k   t h a t  i s  r e l a t i v e l y   l i t h i c - p o o r   a n d   c o n t a i n s  5-10 per -  

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

clay. T h e s e   z o n a l   r e l a t i o n s   i n   t h e  lower l i t h i c  t u f f  i n d i -  

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

T h e  upper l i t h i c  t u f f  ( T l t Z )  i s  p a r t i a l l y  t o  dense ly  

we l2ed   and   no rma l ly   fo rms   r e s i s t an t   ou tc rops   such   a s  a t  

Chupadera C l i f f  and   the   hogbacks   nor theas t   o f   Black  Canyon 

EOX. On t h e  east  f a c e   o f   S o c o r r o  Peak,  t h e  ease o f   t h e  

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

where it o v e r l i e s   t h e   s l o p e - f o r m i n g  lower l i t h i c   t u f f .  A t  

S o c o r r o   P e a k ,   t h e   u p p e r   l i t h i c   t u f f  i s  approximately 70 m 

t h i c k ;   h e r e   t h e   l i t h i c   f r a g m e n t s   d e r i v e d  from the   cau ldron-  

facies Lemitar(?)  T u f f   g e n e r a l l y  form 1 t o  10 p e r c e n t  of 

the   rock  and do no t   exceed   abou t  5 cm i n   d i a m e t e r .  A minor 

amount of small a n d e s i t i c   l i t h i c s  are a l s o   p r e s e n t  here. 

Nor theas t  of Elack  Canyon, the u p p e r   l i t h i c   t u f f  i s  

- 

275 m t h i c k .  Here, zones   near   the   middle  of t h e  member con- 

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

t h e  clasts of c a u l d r o n - f a c i e s   t u f f  form more t h a n  50  p e r c e n t  

of the outcrop   and  are as much a s  6 0  cm i n   d i a m e t e r .  Sub- 
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r o u n d e d   b o u l d e r s   o f   c r y s t a l - r i c h   c a u l d r o n - f a c i e s   L e m i t a r ( ? )  

Tuff also o c c u r   s p a r s e l y   i n   t h e  upper l i t h i c   t u f f   n e a r   t h e  

Highway S i x t y   b r i d g e  over  Bear Canyon. J u s t  n o r t h   o f  here, 

i n   t h e   o l d   r o a d   c u t s  of Eighway  Sixty,  a l oca l   zone   o f   t he  

u p p e r   l i t h i c   t u f f   c o n t a i n s   s p a r s e  c las ts  o f   cau ld ron- fac i e s  

m e s o b r e c c i a   ( T l x )   d i s t i n g u i s h e d   b y   G r a n i t i c   c l a s t s   w i t h i n  

t h e   t u f f   c l a s t s .   S i n c e   t h e  "Tlx" member o f   t he   cau ld ron  

facies tuf f   should   have  k e e n  deeply   bur ied  a t  t h i s  time, 

t h e s e   r a r e   c l a s t s   p r o b a b l y   r e p r e s e n t   r a t e r i a l   t o r n  from t h e  

walls of   the   ash- f low  vent .  

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

t h e   u p p e r   l i t h i c - r i c h  t u f f  imply t h a t  it i s  a mul t ip le - f low 

compound c o o l i n g   u r . i t .   L i k e   t h e   l o w e r   l i t h i c   t u f f ,   w h e r e  

it is  3ensely welded, it t e n d s   t o   c o n t a i n  less l i t h i c   f r a q -  

ments .   Cense ly   welsed ,   l i th ic -poor ,   ou tcrops   o f  t h i s  t y p e  

are p r e s e n t   n e a r   t h e   t o p   o f   t h e  member a l o n g   t h e   e a s t e r n  

s i d e  of the   Sh r ine   Va l l ey .   A lonq   t he   sou thwes t   s ide  of t h e  

Shrine  Val ley,   the   uppermost  1 2 0   TI of t h e   u p p e r   l i t h i c - r i c h  

t u f f   h a s   h e e n   i n t e n s e l y   s i l i c i f i e d   a n d   r e p l a c e ?  by d a r k   r e d  

j a s p e r o i d  (st ippled area, p l .  1). S i m i l a r   s i l i c i f i e d   z o n e s  

are also p r e s e n t  a t  t h e  same s t r a t i g r a p h i c   h o r i z o n  o n  the 

e a s t   s i d e   o f   t h e   v a l l e y .  I n  t h e  Pathway Canyon FOX area, 

t h e  pumice i n   b o t h   l i t h i c   t u f f  members h a s  a b lu ish-green  

color because of p r o p y l i t i c   a l t e r a t i o n .  

- 
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I n t e r m e d i a t e  lavas a n d   a s s o c i a t e d   r o c k s  ( T l a l ,  T l a 2 ,  T la3 ,  

T lap ,   T la4 )  

F o u r   s t r a t i q r a p h i c   h o r i z o n s   o f   d a r k - c o l o r e d   l a v a   f l o w s ,  

c h a r a c t e r i z e d  hy hyd.rothermally altere?. (potassium  meta- 

s o m a t i z e d )   p l a g i o c l a s e  as  the   dominant   phenocrys t  or ground- 

mass phase,  are  r e c o g n i z e d   i n   t h e   L u i s  I,OF&Z F o r m t i o n .  

These intermediate l a v a s   s p a n  t h e  e n t i r e  time o f   c a u l l r o n  

f i l l i n s ,   l o c a l l y   r e p r e s e n t i n g   t h e  o ldes t  mevker ( T l a l )   t o  

t he   younpes t  member (Tla  ) .  A d i s t i n c t i v e   c o a r s e l y   F o r p h y -  

r i t ic  f l o w   ( T h p ,   p l .  1) t h a t  occurs a t   t h e   t o p   o f   t h e   t h i r d  

S t r a t i g r a F h i c   h o r i z o n   o f   m a f i c  lavas (T la  ) i n  t h e  v i c i n i t y  

o f  Highway S i x t y   h a s   h e e n   a r k i t r a r i l y   n a p p e d   a s  a s e p a r a t e  

4 

3 

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

horizon  have  been mapped t o q e t h e r  as  a u n i t .  

The pr imary   minera logy   and   conpos i t ion  of t h e   i n t e r -  

media te   l avas   in   the   Lnis   Lopez   Format ion  are masked by per- 

vasive potass ium  metascmat i sm,   which   appears   to  affect  _. a l l  

o f   t h e   O l i g o c e n e   v o l c a n i c   r o c k s   i n   t h e   S o c o r r o   a r e a .  Out- 

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

c l a s e  are so rare tha t ,   where   obse rved  by  Lasky  (1932, p. 

1 2 8 )  and  Eurton,  ( 1 9 7 1 ,  p. 2 4 ) ,  t h e y  were mapped s e p a r a t e l y  

from t h e i r   e q u i v a l e n t   a l t e r e d   l a v a s  as  younger   "diabase 

d ikes" .  
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IF &st o u t c r o p s   o f   t h e   i n t e r m e d i a t e   l a v a s ,   p l a g i o c l a s e  

Fhenoc rys t s  are t y p i c a l l y   a l t e r e d   t o   g r a n u l a r - l o o k i n g  mix- 

t u r e s  of c h a l k y   w h i t e  potassic clay  and  milky-white   potas-  

S i U r  feldspar.  A few p e r c e n t   o f   a l t e r e d   f e r r o n a p n e s i a n  

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

hematite are common i n   a l l   t h e   f l o w s .   S t u b b y   p r i s m a t i c  

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

pyroxene are  comron i n  t h e  o l d e r   a p h a n i t i c   t o   s l i g h t l y  pnr- 

F h y r i t i c  lavas (T la l ,  T l a Z ,  lower Tla3)   suc jqes t inp   t ha t   t hey  . 

a r e  most.ly  Fyroxene ansesites. Long, s i x - s i d e d  prisps and 

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

hornblende ,  are commcn i n  the more p o r p h y r i t i c   l a v a s   ( u p p e r  

!?la3, T lap ,  T l a 4 )  s u g g e s t i n 9   t h a t   t h e y  are hornblende  rhyo- 

d a c i t e s .   E i o t i t e  i s  f a i r l y  commn b u t   a p p e a r s ’ t o   o c c u r  

s p o r a d i c a l l y   w i t h i n   i n d i v i d u a l   f l o w s .  Some h i o t i t e  “pheno- 

crysts”  may be a hydrothermal  phase  formed  during  potassium 

metasomatism as previously  suggested.   Reddish-brown,  

euhedra l ,   homogenous   b io t i t e  occurs i n   t h e   u p p e r  flow of - 
the   “Tla3“  mepher   on  Socorro  Peak.   This  i s  probak.ly  primary 

p h e n o c r y s t i c  b ic t i te  and   t he -   rock  i s  t e n t a t i v e l y  classified 

a s  a r h y o d a c i t e  or n a f i c   q u a r t z   1 a t . i t e .   S a m p l e s  of t h e  

c o a r s e l y   p o r p h y r i t i c   l a v a   ( T l a p )   a n d   r e l a t e d   d i k e s   f r o m   t h e  

Highway Sixty  a r e a   c o n t a i n   c o a r s e  a l tere? p l a g i o c l a s e  

( r e p l a c e d  by p o t a s s i c   c l a y   a n d   f e l d s p a r ) ,   a l t e r e d   h o r n -  
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b l e n d e ( ? )  prisms, metasomatic b io t i t e  r ep lac ing   py roxene ,  

and sparse small, u n a l t e r e d   s a n i d i n e   p h e n o c r y s t s .   T h i s   r o c k  

is  t e n t a t i v e l y   c l a s s e d  as  a r h y o d a c i t e  or  c l a f i c   q u a r t z  

l a t i t e .  

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

. mediate lavas are known; T h e y  occur  west of   the   Middle  mine 

(Tla3) ,   surroundec? by col luvium a t   t h e  west end of t h e  expo- 

sure i n   B l u e  Canyon ( T l a 3 ) ,   a n ?  on t h e  e a s t  si?e o f   t h e   v e n t  

j u s t   n o r t h  of Socorro Canyon ( T l a 2 ) .   S a n p l e  number 77-7-7 

(Table  5 )  from t h e  B l u e  Canyon a r e a   a p p e a r s   t o  he a s l i 5 h t l y  

a l t e r e d   p y r o x e n e   a n d e s i t e   c o n t a i n i n g   a p p r o x i m a t e l y  55 per-  

c e n t  S i G 2 .  Th i s   rock   nay   he   r ep resen ta t ive  of the  composi- 

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

Lopez F o r n a t i o n  prior t o  b e i q  h y d r o t h e r m a l l y   a l t e r e ? .  

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

L u i s  Lopez  Formation  appear t o  be  formed  ky  massive lava 

f lows ,   on   t he  order of 30-90 II i n  t h i c k n e s s .  Flow h u n d a -  

ries and  geometr ies  are  b e s t   d e f i n e d   b y   c o n t a c t s   w i t h   a d j a -  

c e n t  s t ra ta .  In   t he   B lack  Canyon BOX area, t h r e e  flow u n i t s  

( T l a l ,  T l a 2  and T l a  ) a . re   recognized   th roogh  sequent ia l  

r e l a t i o n s h i p s   w i t h  t h e  l i t h i c - r i c h  t u f f s  ( T l t l  and T l t 2 ) .  

Below Eig C l i f f ,  on   the   upper  east face of Socorro  Peak, 

t h e   s t r a t a - l i k e   g e o m e t r y   o f   t h e  " T l a 3 "  flows i s  also Befined 

b y   t h e   u n c ' e r l y i n g   l i t h i c   t u f f s .   L a h a r i c  breccias t h a t  con- 

- 

3 
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t a i n   o n l y   a n d e s i t e   c l a s t s   l o c a l l y  mark t h e   b a s e  of t h e  flow 

u n i t   h e r e .   D i r e c t l y  ea s t  of t h e  "M" two flows are appa ren t .  

The lower flow i s  approximately 50 m t h i c k   a n d   c o n t a i n s  5 

t o  10 percent   chalky  c lay  pseudomorphs  of   plagioclase  pheno-  

c r y s t s   t h a t   a r e  1-2  nm long;   the   upper   c l i f f - forming   f low 

is  abou t  70  p. t h i c k  and c o n t a i n s  25 t o  30 p e r c e n t   a l t e r e d  

p l a q i o c l a s e   p h e n o c r y s t s  1 t o  4 RE! i n  l ength   and   sone  

r edd i sh -b rown   b io t i t e .  

Two s t r a t . i g r a F h i c   h o r i z o n s   o f   P a s s i v e ,   a p h a n i t i c   t o  

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

Elack  Canyon Box a r e a .  They are  d i s t i n g u i s h e d   p r i m a r i l y  by 

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

l i t h i c   t u f f  ( T l t l )  a n d   t h e   u p p e r   l i t h i c   t u f f  ( T l t 2 ) ,  r espec-  

t i v e l y .   S i m i l a r   a p h a n i t i c   l a v a s   w i t h   e c u i v a l e n t  strati- 

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

w e s t e r n  Socorro  Canyon and t o   t h e   n o r t h  of S e c t i o n  8 Ridpe. 

KO lavas are  recognized a t  t h e s e   s t r a t i g r a p h i c   p o s i t i o n s  on 

Socorro Peak. A t  the   Black  Canyon Box, t h e  lower flow 

( T l a l ) ,  a b o u t  3 0  m t h i c k ,  i s  capped  by several meters of 

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

T h e  f low  rock i s  dark-gray   to   purp l i sh-pray  anc? g e n e r a l l y  

appears   aphani t ic ,   a l though  microphenocrys ts  Kay loca l ly  be 

v i s i b l e   w i t h  a hanc? l e n s .   S p a r s e ,  small, greenish-colored  

ovoids  a f t e r  a l t e r e 2   f e r r o m a g n e s i a n   p h e n o c r y s t s   a r e   f a i r l y  
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commn.  The upper a p h a n i t i c  flow u n i t   ( T l a 2 )  i s  dark- 

reddish-brown,  and  has no appa ren t   i n t e rna l   boundar i e s   even  

though it i s  120 m th ick .   Very   sparse   and  small q u a r t z  

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

throuahout  t h i s  flow. 

Examina t ion   o f   t h in   s ec t iocs   f rom b t h   a p h a n i t i c  flow 

u n i t s  ( T l a l ,  T l a 2 )  a t  Black  Canyon c l e a r l y  ind ica tes  t h a t  

they  are  in t ense ly   po ta s s ium  me tasomat i zed .   Tex tu ra l ly  

t h e s e   a l t e r e d   m a f i c   l a v a s  are  ve ry  sirrilar t o   r e l a t i v e l y  

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

p y r o x e n e   a n e e s i t e   i n   t h e  " T l a 2 "  mer?ber no r th   o f   Socor ro  Cac- 

yon ( f i a .  2 0 A ) .  The f r e s h   r o c k   a t   S o c o r r o  Canyon c o n t a i n s  

a h u t  5 pe rcen t   mic rophenocrys t s  ( 0 . 2 - 1 . 0  nm) of calcic  

an?.esine  (An40-49 ) t h a t   e x h i b i t s   f i n e   p o l y s y n t h e t i c   a l b i t e  

t w i n s  and some mul t ip l e   ca r l sbad   tw ins .   Spa r se ,   sma l l  

microphenocrys ts   o f   c l inopyroxene   (augi te?)  are p r e s e n t  

a long  with a f e w  r e l a t i v e l y   l a r g e  (1 -2  m m )  phenocrys ts  of 

an   ea r ly   f e r romagnes i an   phenoc rys t ,   poss ib ly   o r thopyroxene  

o r   o l i v i n e ,   a l t e r e d   t o   h e m a t i t e .  The remainder of t h e   f r e s h  

l a v a   c o n s i s t s   o f  a F i lo t ax i t i c - t ex tu red   g roundmass  of 

p l a g i o c l a s e  microlites wi th  some small g r a i n s   o f   m a a n e t i t e  

and   c l inopyroxene  ir! t h e   i n t e r s t i c e s  of t h e  felespar l a t h s .  

T h i n   s e c t i o n s  of t h e   a p h a n i t i c  lavas (Tla l ,   T la2)   f rom 

- 

t h e   E l a c k  Canyon Box are  t e x t u r a l l y   e q u i v a l e n t   t o   t h e  
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F i g u r e  20.  P h o t o m i c r o s r a p h s   i l l u s t r a t i n g   f r e s h   a n $   p o t a s -  
s ium  me taso rca t i zed   n i c roporphyr i t i c   andes i t e   l avas   i n  
t h e   L u i s  Lopez  Formation;  and a p a r t i a l l y   m e t a s o m a t i z e d  
p l a g i o c l a s e   p h e n o c r y s t .  A ,  Anomalously  fresh  pyroxene 
a n d e s i t e   ( T l a  ) f rom  eas t - s ide   o f   ven t   no r th   o f   Socor ro  
Canyon. P i l o z a x i t i c  orounc?mass of p l ag ioc la se   mic ro -  

pyroxene   conta ins   microphenocrys ts   o f   cork ined   car l sbad-  
l i t e s  ( g r a y ) ,   g r a n u l a r   m a g n e t i t e   ( b l a c k )   a n d   c l i n o -  

a l b i t e - t w i n n e d   F l a p i o c l a s e  (An ) a n d   a u g i t e  ( ? )  
( w h i t e   t o   l i g h t   g r a y ) .   C r ~ s s e $ ~ n i c o l s .  B ,  Fotassium- 
me tasomat i zed   mic roporphyr i t i c   andes i t e  (Fla ) from 
n o r t h  of Black Canyon BOX. In   comparison  tol"A"  note  
t h e   s i m i l a r i t y   i n   p i l o t a x i t i c   t e x t u r e  of groundmass 

phenoc rys t  o f   p l a g i o c l a s e   i n   c e n t e r  i s  rep laced   by  
m i c r o l i t e s  and  granular  opagues.   Lath-shaped nitro- 

p o t a s s i u m   f e l d s p a r .  i?ote t h e   h i g h l y   s u t u r e d   c a r l s b a d  
tw in   p l ane ,   p re sumab ly   de fo rmed   du r ing   r ec rys t a l l i za -  
t i o n ,   t h e   a b s e n c e  of a l b i t e   t w i n n i n g ,   a n d   p a t c h y  
e x t i n c t i o n  of t h e   c r y s t a l .   T h e s e  t ra i ts  a r e   c h a r a c -  

opaques are  probably  Fseudomorphs af ter  c l inopyroxene  
t e r i s t ic  of  metascmatic  potassium feldspar. Large 

and larSe w h i t e   p a t c h e s   a r e  calci te  a s s o c i a t e d  with 

phenocrys t .   Crossed   n ico ls .  C, P l a g i o c l a s e   p h e n o c r y s t  
scaly c h l o r i t e  formed a f t e r  a n   e a r l y   f e r r o m a g n e s i a n  

( P ) , p a r t i a l l y   r e p l a c e d  by p o t a s s i u m   f e l d s p a r  ( K ) .  

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

d e s t r u c t i o n  of a l b i t e   t w i n   p l a n e s   b y   t h e   a e t a s o m a t i s m  
process. This   photomicrograph serves t o  i l l u s t r a t e  

\ 
t h e   i n f e r r e d   n a t u r e  t r a n s i t i o n   b e t w e e n   t h e  
f r e s h  and  completely r o c k s  shown above. 
Specicen  f rom u n i t   i n   t h e   c e n t r a l  
L e K i t a r  Mountains.   Crossed n i c o l s .  



t. 
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pyroxene  anciesi te   lava a t   S o m r r o  Canyon.  Eowever,  the 

p l ag ioc la se   mic rophenocrys t s  and m i c r o l i t e s  20 n o t   e x h i b i t  

a l b i t e   t w i n s  and. a r e   s t a i n e l  by  sodium c o t a l t i n i t r i t e   i n f i i -  

c a t i n g   t h e y  a re  now po tas s ium  f e l s spa r .   Ca r l sbad  t w i n s  o f  

t h e   o r i c i n a l   p l a g i o c l a s e   c r y s t a l s   a p p a r e n t l y   a r e   n o t  Zes- 

t royed   ky   the   Fotass iun   metasomat i sm b u t  soce   twin   p lanes  

a r e   c l e a r l y  deformed.  by t h e   r e c r y s t a l l i z a t i o n   p r o c e s s   ( f i g .  

2 C R ) .  I n   t he   l ower   apha r . i t i c   l ava   t he   l a rge r   f e r romapnes i an  

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

ca l c i t e   and   F i c roFhenocrys t s   o f   c l i nopyroxene   have   been  

r e p l a c e ?  by i r o n   o x i d e s .  

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

f r o c   n e a r   t h e   t o F   o f   t h e   f l o w   a t   t h e   E l a c k  Canyon box h a s  

similar t e x t u r e s   a n d   a l t e r a t i o n   a s s e m k l a g e s   a s   d e s c r i b e d  

akove   fo r   t he   l ower   f l ow  un i t .  The o n l y   s i g n i f i c a n t   d i f -  

f e r e n c e  i s  t h e  presence c f  a few smal l ,   rounded   quar tz   c rys-  

t a l s  which are  o u t l i n e d  by  narrow rims o f   d e v i t r i f i e d   G l a s s .  

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

o c c u r r e n c e   s u g g e s t s   t h a t   t h e   q u a r t z   c r y s t a l s   a r e   x e n o c r y s t s .  

Miesch ( 1 3 5 6 ,  p. 4 )  c l a s s i f i e c !   t b . e   u p p e r   a p h a n i t i c   l a v a  a t  

Elack  Canyon ( T l a 2 )  as a "da rk   rhyo l i t e " ,   aFFaren t ly   because  

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

S F a r s e l y   p o r p h y r i t i c   l a v a s  of t h e   " T l a 2 "  renber a t  

Socorro Canyon were a F p a r e n t l y   e r u p t e d  fror? a small   ande-  
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s i t i c  vo lcano   on   t he   no r th   s ide   o f   t he   canyon .  The d i s s e c -  

t e d   v e n t   c o m p l e x   c o n s i s t s   o f   r e m a n t s  of a small neck  and 

a n   a d j a c e n t   c i n l e r   c o n e .  Here t h e  younoer l i t h i c   t u f f  

( T l t 2 )  i s  p l a s t e r e d   o r ? t o   t h e   e a s t e r n   f l a n k  of t h e   a n d e s i t i c  

volcano  a long a s t e e p   e a s t - d i p p i n g   c o n t a c t .  

The " T l a 3 "  hor izon ,   which   normal ly   cver l ies   the   upper  

l i t h i c  t u f f  ( T l t 2 ) ,  i s  the  most  widespreaz,   voluminous,   and 

v a r i a b l e  of a l l  t h e   i n t e r m e d i a t e   l a v a  memkers. The bulk of 

t h e   " T l a 3 "   e x p o s u r e s   c o n s i s t s  of ?ark-gray  to   dark-  

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

l a v a   t h a t   t y p i c a l l y  k,ecor,e pore p o r p h y r i t i c   u p w a r z s   i n   l o c a l  

s e c t i o n s .  Were p r o p y l i t i z e d ,   s u c h   a s   a l o n g   t h e  Viood's 

Tunnel f a u l t  zone (pl. 2 ,  C - C ' )  a t  E l u e  Canyon, these l a v a s  

.are l igh t -q ray   t o   a r een i sh -q ray .   Sukpa ra l l e l   a l i qnmen t   o f  

p l a g i o c l a s e   p h e n o c r y s t s  i s  a C O ~ ~ T . @ P .  e x p r e s s i o n  of t h e i r   f l o w  

s t r u c t u r e .   C o n t a c t s   b e t w e e n   i n d i v i 2 v a l   f l o w s ,  marked  by 

r edd i sh -b rown   au tob recc ia t ed   zones ,   a r e   on ly   r a re ly   exposed .  

B locky   and   F l a ty   co l luv ia l   deb r i s   rnan t l e  much of   the  expo-  

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

 OW, rounded   h i1  1 s. 

The  "Tla " member l o c a l l y   i n c l u d e s   r e d d i s h - b r c w n ,  mono- 3 
l i t h i c ,   a n d e s i t i c   l a h a r i c   b r e c c i a s ,   s u c h   a s   t h o s e   t h a t  are 

well exposed j u s t   n o r t h   o f   B l a c k  Canyon n e a r   S e c t i o n  8 

Ridge .   Severa l   smal l   a reas  of indura t e? ,   be?ded   andes i t i c  
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c i n c ? e r s ,   i n t e r p r e t e d   a s   a g p l o m e r a t e s ,  a r e  a l s o  cormccn i n  

a r e a s   w i t h i n  5 0 0  n o f   l o c a l   v e n t s .  

The v e n t s   f o r  these i n t e r m e d i a t e   l a v a s   a r e   c o m m n l y  

expressed by c ragqy   ou tc rops   w i th  a f l a g c y   f r a c t u r e   ( f l o w  

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

a round  the   ve i l t .   Vents   expressed   in   th i s  manner a r e  foun?: 

n o r t h e a s t   o f   t h e  “F” on   t he   uppe r   f ace   o f   Socor ro   Peak ,   a t  

E l u e  Canyon,  and e a s t   o f   t h e   S h r i p e   V a l l e y .  At t h e   s o u t h -  

west  end of t h e   E e a r  Canyon  Eox, t h e  canyon  wall   exposes 

t h e   p r o f i l e  of a v o l c a n i c   v e n t .  Here t h e   v e n t   w a l l  i s  

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

f l o w   s t r u c t u r e  ir. t h e   v e n t   c a n   b e   s e e n   t o   f l a t t e n  ar,d f a n  

o u t   c p w a r d s   i n t o   t h e   a d j a c e n t   f l o w   ( f i g .  2 1 ) .  Nor theas t   o f  

Elack Canyon box, a l o n q  a n d e s i t e   d i k e  ( T i a )  p rokably   feeds  

the   ad ja t eec t - f low (?la3) a d j a c e n t   t o   t h e   e a s t e r n   e n d   o f   t h e  

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

masked hy col luvium.  

An exposure of medium-gray t o  reddish-brown  coarsely 

p c r p h y r i t i c   l a v a   ( T l a p )   i n   t h e   a r e a   s o u t h   o f  t h e  E a s t  Road- 

c u t   a p p e a r s   t o   r e p r e s e n t  a s i n g l e  flow abou t  85 m t h i c k .  

This  flow i s  d i s t i n g u i s h e d   t y  5-15 p e r c e n t  of e l l i p t i c a l   t o  

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

a b u t  5 t o  15 mm i n   l e n g t h .  The a l t e r e 6   f e l d s p a r   w e a t h e r s  

from. t h e   o u t c r o p   g i v i n g  i t  a p c k  marked  appearance. Some 
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: I 

F i g u r e  21 .  Southwestern  wal l  of Bear  Canyon Box showing 
dissected v e n t   f o r   a n   a n d e s i t i c   l a v a  flow ( T l a  ) i n  
t h e   L u i s  Lopez  Formation.  The walls of the v e a t  
(a r rows)   a re   formed  by   c rude ly   bedded   andes i t ic  
a g g l o m e r a t e   ( a ) , p r o b a b l y   r e p r e s e n t i n g   r e m n a n t s   o f  a 
c inder   cone .  The t r a c e s   o f  subtle f l o w   f o l i a t i o n s  
( l i n e s )   a r e   l o c a l l y   e x p r e s s e d   b y   f r a c t u r e s   a l o n g   t h e  
weathered  surface. '  Flow f o l i a t i o n s   f a n   o u t   r a p i d l y  

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

o v e r   t h e   l i p   o f   t h e  c inder  cone. A t  lower r i g h t ,  
flow  forms  an "S" shaped  f low  fold  where it b r e a k s  

bedded,   ledge-forming  andesi t ic  laharic brecc ia   and  
l i g h t - c o l o r e d   r h y o l i t i c   t u f f s  ( ? T l t l )  a n d   a n   i n t e r -  

sands tone ,   under l ie   the   agglomera te .   .Note   vehic le   on  
left  f o r   s c a l e .  
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l a rqe   phenoc rys t s  are  p a r t i a l . 1 ~  t o  cor; ;pletely  replaced by 

p ink i sh ,   vuqgy ,   Fo ta s s iun   f e ldspa r .  About 2-3 p e r c e n t   o f  

t he   rock  i s  f o r n e d   b y   b l a c k ,   l a t h - s h a p e d ,   s k e l e t a l   c r y s t a l s  

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

b lende .  Less t h a n   o n e   p e r c e p t   o f   t h e   r o c k   c o n s i s t s   o f   c r y s -  

t a l s   o f   c o l o r l e s s ,   f r e s h ,   f e l s s p a r   i d e n t i f i e d   a s   s a n i 6 i n e  

i n  t h i n   s e c t i o n .  A few F e r c e n t  of  euhedra l   dark   cc lored  

mica a r e   c o n m n  i n  handspec iaen .  I n  t h i n   s e c t i o n ,   t h e s e  

a r e   n i x e ?   c r y s t a l s   o f   c o l o r l e s s   n u s c o v i t e  and. re36ish-brown 

b i o t i t e  w i t h  a b u n 6 a n t   n a q e t i t e   i n c l u s i o n s .  They a r e   r a c c e d  

t o   e u h e e r a l   i n   o u t l i n e   a n e  soRe occur  as very sml l  wisps 

dissemina. ted  through  the matrix.  The  Finkish  Fctassiurri  

f e l d s p a r  and micas a re  i n t e r p r e t e d   a s   h y d r o t h e r m a l   m i n e r a l s  

formed  by  pctassiun!  rretasomatism. The c o a r s e   g r a i n  s i z e  of 

the   "p l ag ioc la se"   phenoc rys t s ,   and   t he   p re sence   o f   minor  

san id ine   phenoc rys t s   and   poss ib ly  some hornblende ,   sugges t  

t h e   r o c k  vias o r i g i n a l l y  a r h y o d a c i t e   o r   m a f i c   q u a r t z  l a t i t e .  

Cn t h e   n o r t h  s i d e  o f  t h e  Eas t   Foadcu t ,   s r ca l l   f au l t s ,  

wh ich   r epea t   t he   uppe r  contact  of the   f low,   have   g iven  it 

a n   i n t r u s i v e   a p p e a r a n c e   w i t h   r e c a r 6   t o   t h e   o v e r l y i n g   b e S d e 6  

t u f f  ( T l r s t ) .  A t  t h e  west side of t h e   r o a d c u t  a t h i n   c o n -  

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

s i t e  i s  p r e s e n t  a t  t h e  base o f   t h e   t u f f ,   v e r i f y i n g   t h i s  as 

a Sepos i t i ona l   con tac t .   Coa r se ly   po rphyr i t i c   S . ikes   (T iaF)  
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a t   t h e  E i a  Roadcut  an? a l a r g e   p l u g   o f   s i m i l a r  t e x t u r e  a t  

t h e   n o r t h  end  of   Eear  Canyon a r e   t h e  most l i k e l y   s o u r c e  of 

t h e   r h y o d a c i t i c   " T l a p "   f l o w .  

The  uppermost   intermediate   lava  (Tla  ) o c c u r s   a s   s m a l l  4 

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

t h e   n o r t h   f l a r k  of the  Blue  Cacyon dome ( f i g .  3 ) .  It  i s  

da rk   s r ey   and   Pode ra t e ly   po rphyr i t i c .  A m e 1 1  exposure  of 

a n   a l t e r e 2   a n d e s i t e   p r F h y r y   d i k e   i n   t h e  Fathway  Canycn 

f a u l t  zone j u s t  below  Eig C l i f f  nay  have  beer,   the  source  of 

t h i s  f low.  A p p r o p r i a t e l y ,   t h i s   G i k e   a p p e a r s   t o   c u t  a n o r t h  

t r e n 3 i n c   r h y o l i t e   2 i k e   t h a t  i s  p e t r o l o g i c a l l y   e c u i v a l e r t   t o  

t h e   r h y c l i t e  Some u n d e r l y i n c   t h e  " T l a d "  flow. 

The i n t c r o e s i a t e   l a v a s   o f   t h e   L u i s  Lopez Formation a re  

r e a d i l y   i n t e r p r e t e d   a s  a consanguinous rock series. They 

are  be l i eved  t o  r e p r e s e n t   p e r i o d i c   t a p p i n g   o f  a magma boSy 

o f   i n i t i e l   a n d e s i t i c   c o n p s i t i o n   a s  it progres s ive ly   c rys -  

t a l l i z e ?   a n d   S i f f e r e n t i a t e d   t o  a r h y o d a c i t i c   o r   q u a r t z  

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

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

i n   t h e  same area unde r   t he   cau ld ron   b lock ,  i s  a n   i n t r i g u i n g  

and  ucresolved  problem. 

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

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



T-2274 169 

r h y o l i t e   l a v a s  a n d  somes ,   a r e   cons ide red   t o   be   cha rac t e r -  

i s t i c   o f   t h e   f i n a l   s t a g e   o f   m a t - f i 1 l i r . g   v o l c a n i s m  ir! r e s u r -  

gent   cauldrons  (Smith  and  Bai ley;  1968, F. 6 4 1 ) .  The 

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

R h y o l i t e  domes  and  flows t h a t   a r e   t y p i c a l l y   u n d e r l a i n  

by p e t r o l o g i c a l l y   e q u i v a l e n t ,  or s i m i l a r ,   a i r - f a l l   a n 2   a s h -  

flow t u f f s ,  g e n e r a l l y   c a p   t h e   L u i s  Lopez F o r m a t i c n   ( f i n .  

1 7 ) .  Two g e o g r a p h i c a l l y   l i r i t e d   F e t r o l o g i c  s u i t e s  of  rhyo- 

l i t e  l a v a s  arc? t u f f s   a r e   r e c o T n i z e d   o n   t h e   b a s i s   o f   p h e n o -  

c r y s t   a s s e m b l a g e s .  One su i t e   o f   nnode ra t e ly   Fo rpbyr i t i c ,  

sa r? id ine-   an6   quar tz -bear ing   rhyol i te ,  seers t o  l-e a s s o c i a -  

t e d  w i th   t he   cau ld ron   marg i? .  I t  w i l l  b e   i r . f o r r a l l y   r e f e r -  

red to  as  t h e   r h y o l i t e   o f  E l u e  Canyon ( T l r k ,  T l r b t ;   p 1 .  1) 

a f t e r  i t s  r ros t   p rominent   exposure ,   vh ich   form  the   Blue  Can- 

yon dome ( f i g .  3 ) .  The second   t ype   o f   rhyo l i t e   l avas   and  

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

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

q u a r t z .   T h e s e   c r y s t a l - p o o r   r h y o l i t e s   a p p e a r   t o  k e  restric- 

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

Mountains,  and w i l l  b e   i n f o r m a l l y   r e f e r r e d   t o  a s  the   rhyo-  

l i t e  o f  Hiqhway S i x t y  ( T l r s ,  T l r s t ;  p l .  1) f o r   e x p o s u r e s  

n e a r   t h e  East  F.oadcut. 

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

t h e   L u i s  Lopez  Formation  cannot  be d e t e r m i n e s  b e c a u s e   t h e  
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c a u l d r o n - f i l l   d e p o s i t s   a r e   l a r g e l y   b u r i e d   u n d e r   y o u n g e r  

s t r a t a   o f   t h e   S a n t a   F e   G r o u p .  

I n  t h e   V a l l e s   c a l d e r a  of n o r t h e r n  N e w  Mexico ,   th ree  

p e t r o l o g i c   t y p e s   o f   r h y o l i t e  domes a r e  well exposed  within 

t h e   c a l d e r a .  Two o f   t h e s e   r h y o l i t e   s u i t e s ,   t h e   V a l l e   G r a n d e  

Memher and t h e  Redondo  Creek Member ( S m i t h   a n d   o t h e r s ,  

1 9 7 0 ) ,  have spa t ia l  r e l a t i o n s h i p s  and   phenoc rys t   va r i a t ions  

t h a t   a r e  similar t o   t h o s e   b e t w e e n   t h e   r h y o l i t e   o f   B l u e  

Canyon  and t h e   r h y o l i t e   o f  Highway S i x t y   r e s p e c t i v e l y .  

Rhyo l i t e   o f   E lue  Canyon ( T l r b ,   T l r b t ) .  The r h y o l i t e   o f   B l u e  

Canyon i s  d i v i d e d   i n t o  two u n i t s   c o n s i s t i n g   o f   r h y o l i t e  

l a v a s   ( T l r b )   a n d   c o g e n e t i c   t u f f s   ( T l r b t ) .  The t u f f s  con- 

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

exposed .   The   lavas   genera l ly   weather   to   modera te - reddish-  

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

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

2e f ined  by d i f f e r e n t i a l   w e a t h e r i n g   o f   t h e   m a t r i x ,   a r e  

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

f r e sh   handspec imens   t end   t o  look massive. Flow f o l d i n g  i s  

n o t  common e x c e p t   n e a r   t h e   t o p s  of the   f l ows .   Mos t   ou tc rops  

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

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

t o  become more  widely  spaced  and  the  outcrops more massive 
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i n   a p e a r a n c e .  Rough ly   concen t r i c   pa t t e rns  of s t e e p l y   d i p -  

p ing   f l ow  fo l i a t ions   i nc7 ica t e   t he   p re sence   o f  a l o c a l   v e n t  

under   the   Blue  Canyon Some and   the   l a rse ly   fau l tboundec?   ou t -  

c r o p   n o r t h   o f  "M" Elountain. 

Lavas   o f   t he   rhyo l i t e   o f   B lue  Canyon t y p i c a l l y   c o n t a i n  

1 5  t o  2 5  pe rcen t   phenoc rys t s  of san i2 ine   and   qua r t z .   Fea r  

t he   base   and   ou te r  ed.ge o f   t h e   f l o w s ,   t h e   p h e n o c r y s t   c o n t e n t  

nay  be as low a s  5 t o  1 0  p e r c e n t ,   a n 2   n e a r  t h e  center   and  

t o p   o f   t h e   f l o w s   t h e   p h e n o c r y s t   c o n t e n t  i s  a s  much a s  30 

pe rcen t .   San id ine   phenoc rys t s  are  me?ium Trained (1-3 mc), 

a n 2   t y p i c a l l y  form  b locky  euhedra .   Usual ly   the   san id ines  

are p a r t i a l l y   a l t e r e 6   a n 2   h a v e  a y e a r l y - w h i t e   t o   p i n k i s h -  

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

l a r  t o  t h e i r  long  axes ,   q ives  t h e  a l t e r e d   s a n i d i n e   c r y s t a l s  

a lane1  l a r  pseudo-per th ic   aFpearance .   Sar id ine  i s  normally 

a k o u t   t h r e e   t o   f i v e  times a s   a b u n d a n t   a s   c u a r t z .   Q u a r t z  

p h e c o c r y s t s   a r e   g e n e r a l l y  small (0.5-1 mm) and  range  from 

e u h e d r a l   t o   r o u r d e d .   S m a l l   l a t h - l i k c   w i s p s   o f   d i s s e m i n a t e 2  

magne t i t e   o r   hema t i t e ,   sugc ;e s t ive   o f   b io t i t e   p seudomorphs ,  

have   been   l oca l ly   obse rved   i n   t he   l avas .  2n a t y p i c a l   o u t -  

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

south   o f   E lue  Canyon d o e s   c o r . t a i n   v e r y   s p a r s e   b i o t i t e ;  

however ,   the   san id ines  are  a l s o  more a r g i l l i z e d   t h a n   n o r m a l  

s u g g e s t i n g   t h a t   t h e   b i o t i t e  may he  hydrothermal .  
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The r h y o l i t e   l a v a s   a r e   c o n s i s t e c t l y   l i t h o i d a l   a n ?  

usua l ly   co lo red   pa l e - r ed   o r   l i gh t - r ed   on   an   unwea the red  s u r -  

face .   Modera te - reddish-orange ,   g ray ish- red   and   ra re ly  

l igh t -qray   co lors   have   been   loca l ly   ohserve? .   Ki th  a hand 

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

ance.  Smal l ,  Fa l e - r ed   sphe ru l i t e s   an2   mi lky -whi t e   s t r i nge r s  

of s i l i c a   a r e   a l s o  common i n   t h e   a a t r i x .  

A sample   f rom  the   rhyo l i t e  dome n o r t h  of "P:" SouRtain 

(77-5-6,  Tak1.e 5 )  i s  c o n s i d e r e d   t o  be reasonably   represen-  

t a t i v e   o f   t h e   l a v a s   i n   t h e   r h y o l i t e   o f   E l u e   C a n y o c .   I n  a 

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

e u h e d r a l ,   t a k u l a r   a n d   o n l y   r a r e l y   e x h i b i t s   c a r l s k a 2   t w i n s .  

A l l  t h e   s a n i d i n e s  show v a r i o u s   d e q r e e s  of a l t e r a t i o n  of two 

d i s t i n c t   t y p e s .  The  dor;..inant a l t e r a t i o n   o c c u r s   i n  a lamel- 

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

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

m a t e r i a l .  The l a m e l l a r   a l t e r a t i o n  may r e F r e s e n t   h e m a t i t e  

e x s o l u t i o n  o r  a l t e r a t i o n   t o  a l o w - b i r e f r i n g e n t   c l a y   r i n e r a l .  

Pa tches  of a m s e r a t e l y   b i r e f r i n g e n t   c l a y   R i n e r a l ,   p r o b a b l y  

i l l i t e  o r   p o s s i b l y  se r ic i te ,  o c c u r   w i t h   t h e   l a m e l l a r   a l t e r a -  

t i o n   b u t  are  less abun?ant .  

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

forms cormon. A s n a l l   f r a c t i o n   o f   t h e   q u a r t z   p h e n o c r y s t s  

show e v i d e n c e   o f   r e s o r p t i o n   i n   t h e   f o r m  of r o u n d i n g   o r  
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emtayments.  The matr ix  c o r s i s t s  of a p a t c h y   n i x t u r e  of 

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

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

msses o f   f i n e l y   d i s s e n i n a t e d   h e m a t i t e ,  1 - 2  FP a c r o s s ,   c o v e r  

abou t  5 p e r c e n t   o f   t h e   s l i d e .   S m a l l   s u b e g u a n t   c r y s t a l s   o f  

magne t i t e ,  o r  p o s s i k l y   i l r ? e n i t e ,   o c c u r  i n  c l u s t e r s  i r  t h e  

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

A s i n g l e   c h e n i c a l   a n a l y s i s   a n d   t h e   o b s e r v e 6   p h e n c c r y s t  

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

rock,  from t h e  *ope  north  of  “F” N o u n t a i n ,   a s  a. h i g h - s i l i c a  

r h y o l i t e  ( 7 8  p e r c e n t  S i O , ) .  €:ish K2C c o n t e n t  ( 8 . 3  F e r c e n t )  

and low C a O  ( 0 . 1  percer . t )   suc lges t   tha t   the   rock   has   been  

potassium  metasomatized. b!ost of t h e   a d d i t i o n a l   p o t a s s i u r  

would p robak ly   be   con ta ined   i n  t h e  ma t r ix .  T h e  s a n i d i n e  

phenocrysts ,   which were c l e a r l y  s i tes  of  Fotassiurr,  concen- 

t r a t i o n  before t h e   a l t e r a t i o n ,   a r e   o n l y   m o c ? e r a t e l y   a l t e r e 6  

a n d   t h e r e f o r e  do n o t  seem t o   b e   s i g n i f i c a n t  s i t es  o f   p t a s -  

s ium  add i t ion .  The gene ra l   absence   o f   p l ag ioc la se  i n  t h e  

r h y o l i t e  of Elue  Canyon s u g g e s t s   t h a t   t h e   i n i t i a l  lime con- 

t e n t  of t h e s e   l a v a s  may have   been   negl ig ib le .  

L 

The t u f f s  of t h e   r h y o l i t e   o f   B l u e  Canyon ( T l r b t )  con- 

sist l a r g e l y   o f  numerous kedc7ed a i r - f a l l   t u f f s   w i t h   i n t e r -  

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

welded   ash- f low  tuf fs .  Weldec! t u f f   i n t e r v a l s   t y p i c a l l y  form 
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r e s i s t a n t   c l i f f s   a n d   l e d g e s ,   w h i l e   t h e   i n t i m a t e l y   a s s o c i a t e ?  

bedded t u f f s  fo r r r   r eces s ive   s lopes .  The t u f f s   g e n e r a l l y  

fo rm  l i gh t - ? ray   t o   wh i t e   ou tc rops  except where  hydrother- 

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

nor th   o f   Blue  Canyon  have  provided  the  canyon  with i t s  name. 

Sone   ou tcrops   southwes t   o f   the  Middle mine i n  Pathway Canyon 

a r e  r eddened   becacse   o f   s econda ry   s i l i c i f i ca t ion .  

The  most r e v e a l i n g   a n ?   t h i c k e s t   e x p o s u r e   o f  t h e  t u f f s  

o f   t h e   r h y o l i t e   o f  E l u e  Canyon is  s o u t h   o f   S i ?   C l i f f   a t   t h e  

tor ,   of   Fathnay  Canyon.   Eere ,   the  bed2ecl t u f f   s e c t i o n  i s  

abou t  58  fi t h i ck   a r .3   con ta ins  two welded t u f f s .  A l i t h i c -  

r i c h ,  pumiceous., p a r t i a l l y  welded t u f f ,   a b c u t  2 0  n t h i c k ,  

f o r c s  a c l i f f   a t   t h e   b a s e   o f   t h e   s e c t i c n   a t  t h e  sou the rn  

e n d  o f   t he   exposure .  Below t h e  c l i f f ,  the   i ndura t ed   base  

o f   t h e   t u f f  i s  well exposed   i n  a small downfaulte?  block. 

Here t h e  welded t u f f  rests i n   s h a r p   c o n t a c t  on a n   a n c i e n t  

c o l l u v i a l ( ? )  kreccia developed on t h e  t o p   o f   t h e   u n d e r l y i r q  

m a s s i v e   p o r p h y r i t i c   r h y o z a c i t i c  flow (T la3 ) .   B locks   o f  

d a r k - p u r p l i s h - g r a y   r h y o d a c i t i c   p o r p h y r y ,   a s  much a s  1 5  c m  

a c r o s s ,   a r e   c o n c e n t r a t e d   a l o n g   t h e .  base of t h e   t u f f   a n d  

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

t h r o u g h o u t   t h e   t u f f  . 
Previous   inves t iga tors   (Lasky ,   1932;   Smi th ,  1 9 6 3 )  co r -  

r e l a t e s   t h i s   l i t h i c - r i c h .   w e l d e d   t u f f  ( T l r l - t )  w i t h   t h e   s i n i -  
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l a r   l i t h i c - r i c h   w e l d e d   t u f f  ( T l t 2 )  exposed a t   a b o u t   t h e   s a r e  

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

Ir t h i s   c a s e ,   a n 2  m s t  o t h e r   i n s t a n c e s ,   t h e s e  similar 

s t r a t i g r a p h i c   h o r i z o n s  may be   d i s t i ngu i shed  by S i f f e r e n c e s  

i n  phepoc rys t   mine ra logy   an?   t ypes   o f   l i t h i c   f r agmen t s   p re s -  

e n t .  The  younaer  hedded  an? welded t u f f s   ( T l r b t )   g e n e r a l l y  

con ta in  5 t o  1 5  p e r c e n t   p h e n o c r y s t s  of s a n i d i n e   a n 2   q u a r t z .  

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

t o   h o t h   l a v a s  anc' t u f f s   o f   t h e   r h y o l i t e  of Elue  Canyor; ku.t 

i s  n o t   f i a g n o s t i c  when a b s e n t ,  s ince  it is c o n t r o l l e 6   b y  

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

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

aphyr ic .   This  i s  i n  c o n t r a s t   t o   t h e   o l d e r   l i t h i c   t u f f s  

( T l t l  and T l t 2 ) ,  w h i c h   v e r y   r a r e l y   c o n t a i n   p h e n o c r y s t s   i n  

t h e   p u n i c e .  

A p ~ r o x i m a t e l y  80 n: of   s lope-forming,   l ight-gray,   bedded 

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

a t   t h e   e x p o s u r e   s o u t h   o f   B i q   C l i f f .   T h i s   s l o p e  i s  i n t e r r u p -  

t e d  by a 5 r r - thick  le2ge  of  welded  t u f f   a k c u t  15 m below 

t h e   t o p   o f   t h e   t u f f   s e c t i o n   w h e r e  it is over la i r .   by  a 

c o c e n e t i c   r h y o l i t e   l a v a   ( T l r b ) .  The bedde? t u f f s  are  l i g h t  

greenish   g ray  ( a l t e r e d ) ,  pumiceous,  and  coctain  abunc?ant 

a n d e s i t i c  l i t h i c s  and a few r h y o l i t e   l i t h i c s  l i k e  t h e  "Tlrb" 

lavas.   Graded  bedding i s  common a n d   d e p o s i t i o n a l   u n i t s   a r e  
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a s  much a s  2 n t h i c k .  

Southwest of t h e  Middle  m i n e ,  an2  a t   t h e   t o p   o f   t h e  

e a s t - t r e n d i n g   r i d g e   s o u t h   c f   t h e  B l u e  Canyon 2ome, a 

lavender-colored,   d .enscly  welded,   f low-banded,   crystal-poor  

t u f f  i s  exposed   t ha t ,   excep t  f o r  cc lo r ,  i s  e s s e n t i a l l y   i d e n -  

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

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

t h e   n o r t h w e s t  ( p l .  1 ) .  An e s t a b l i s h e ?   r e g i o n a l   p a t t e r n   o f  

p u n i c e   l i n e a t i o c s   f o r   t h e  >.-L Peak  Tuff ( C . R .  Osbvrn, 137?, 

ora l   commn. )  would. r e q u i r e   n o r t h e a s t - t r e n d i n g   l i n e a t i o n s  

i n   t h e   S o c o r r o  Peak a rea .   This   f low- tanded   tu f f  u r i t  i n  

t h e   r h y o l i t e   o f   B l u e  Canyon  was inost l i k e l y   e r u p t e s   f r o n  a 

l o c a l   v e n t ,   p o s s i b l y   t h e   v e n t  now bur i ed   unde r   t he  E l u e  Can- 

yon dome. Bedde? t u f f s   t e l o w  t h i s  f low-handed  tuff  a t   t h e  

sou . the rn   l oca l i t y   have   been   no ted   fo r   t he i r   coa r se   sphe ru -  

l i t i c   t e x t u r e  (Laslry, 1932; Lowell ,  1 9 6 7 ) .  

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

ric?ge must   be  largely  pr imary -- t e c t o n i c   d i p s   i n  t h i s  a r e a  

a r e   e i t h e r   w e s t e r l y   o r   e a s t e r l y .   T h e s e   n o r t h  clips a r e  

i n t e r p r e t e d  as  r e f l e c t i n g  a no r th - f ac ing   r a l eos lope   on   an  

ucde r ly ing   andes i t i c   vo lcano  ( T l a 3 )  t h a t  was centered  scv-  

era1 hundred meters t o   t h e   s o u t h w e s t .  The southwestern two- 

t h i r d s  of th i s   vo lcano   has   been   removed  f ron   v iew (p1.  1) 

by   downfau l t ing   o f   t he   wes t e rn   s ide   and  by eros ion   and  
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b u r i a l  of t h e   s o u t h   f l a p k   i n   l a t e   V i o c e n e  time. Thin  beSs 

of e n t i r e l y   a n d e s i t i c   S e t r i t u s  ( T F s w ) ,  presumably  shed  from 

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

IMiocene c o n g l o m e r a t e s   ( T p s d )   t o   t h e   s o u t h w e s t   o f   t h e   e x p s e Z  

remnant .   These   conglomera tes   bur ied   the   cons t ruc t iona l   vo l -  

can ic   topoqraphy  of   the   Blue  Car.yon rhyo l i t e   dope   and   p re -  

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

overlapped by t h e  dome. 

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

conf idence  -- a r e   r e c o g n i z e d   a s   t h e   l o c a l   s o u r c e s  of t h e  

d i scont inuoDs  exposures  cf t h e   r h y o l i t e  of P.lue  Canycn ( p l .  

1 ) .  The d i s c o n t i n u o u s   n a t u r e   o f   t h i s   s t r a t i g r a p h i c   u n i t  i s  

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

o r i g i n a l l y   s t e e p - s i d e d   r h y o l i t e  d.ones. Penecontenporaneous 

movenent   on  cauldron-related.   faul ts   and la ter  o f f s e t  ky r i f t  

f a u l t s   h a v e  a?dec! t o  the o r i g i n a l   d i s c o n t i n u i t i e s .  

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

t h e   E l u e  Canyon  dome. A s teeply   d ippinq   an?   rouchly   concen-  

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

unde r   t he  dome a l i t t l e  sou. th   of   the   center  of t h e  o u t c r o p s  

( p l .  1). N o r t h w e s t   a l i g n e e   s t r e t c h   m a r k s ,   p e r p e n d i c u l a r  

t o   f l ow  C i rec t ion ,   on   t he   no r theas t   f l anX cf the   done  (p1 .  

l), ani? a n o r t h w e s t   o r i e n t e d   p u m i c e   l i n e a t i o n   i n   t h e   c o g e n e -  

t i c  f low-banzed   t u f f   on   t he   sou theas t   f l ank   o f  t h e  dope, 
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a r e   r o u c h l y   c o n s i s t e n t  w i t h  r a d i a l   f l o w  away f r o p   t h e   p r o -  

F o s e d   v e n t .   S t r u c t u r e   s e c t i o n  C-C' ( ~ 1 .  2 )  i n d i c a t e s  

t h e   r h y o l i t e  flow nay  be a s  much as  300 IT; th ick   above   the  

v e n t .  A nininum of 7 6  m of   p r i r ;a ry   topograFhic  re l ief  i s  

expose6   a lon9   t he  west s i d e   o f   t h e   B l u e  Canyon Sone  where 

i t  i s  onlapped  by  an  ecuivalent   thickness   of   lower   Fopotosa 

s t r a t a .  A t  t h e   t i n e  of deFos i t io r .   o f   these   conglomera tes  

a n d   s a n d s t o n e s ,   t h e  west f l a n k   o f   t h e  dome slope? abou t  2 7  

d e c r e e s   t o   t h e  west. 

The  Elue  Canyon dome p r o b a k l y   p a r k s   t h e   p o s i t i o n   o f  

t he   ma jo r   r i ng   f r ac tu re   o f   t he   Socor ro   cac ld ro r , .  The appar- 

en t   no r th - sou th   a l ignmen t  of v e n t s   f o r   t h e   r h y o l i t e   o f   B l u e  

Canyon ( ~ 1 .  1) i s  a n   a r t i f a c t  of t i l tec '  f a u l t - b l o c k   s t r u c -  

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

The most   revea l ing   exposure  of a v o l c a n i c   v e n t   i n   t h e  

s t u l y   a r e a  i s  found j u s t  s o u t h   o f   B i g   C l i f f .  Eere t h e  t u f f  

b l a n k e t   n o s t   1 i k e l . y   r e l a t e d   t o   t h e   B l u e  Canyon d.ome h a s   t e e n  

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

dron  formed  by  the  Fathrray Canyop f a u l t .  J u s t  s c u t h   o f   t h e  

Pathway  Canyon f a u l t ,  a r h y o l i t e   d i k e   ( T i r b )   c u t s  k.ed?ed 

t u f f s   ( T l r b t )   i n  a f a u l t   t h a t   p a r a l l e l s   t h e  Fathway  Canyon 

s t r u c t u r e .   U p s l o p e ,   t h i s   d i k e   i n t e r s e c t s   t h e   t o p   o f   t h e  

bedded t u f f s   a n d   f a n s   o u t  i n t o  an  eroded  remnant of a rhyo- 

l i t e  flow.  The  flow i s  about  15 rn t h i c k  above t h e   v e n t .  
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The flow i s  t r u n c a t e s   a b o u t  1 0 0  m t o   t h e   s o u t h   o f   t h e   v e n t  

where ar. a n c i e n t   e r o s i o n   s u r f a c e   c u t s   a c r o s s   t h e  e$ce o f  

t h e   f l o w   a n ?  down i n t o   t h e   u n ? e r l y i n g   t u f f s .   T h i s   a n c i e n t  

s u r f a c e  i s  marke6 hy a c o l l u v i a l   k r e c c i a   ( b r e c c i a   s y m b o l ,  

p l .  l), at,out 1 2  n t h i c k   c o r s i s t i c g   o f   k l o c k s   d e r i v e d  from 

t h e   l a v a   ( T l r b ) .  The b r e c c i a  i s  a r k , i t r a r i l y   n a p p e d   w i t h  

t h e   r h y o l i t e   o f   E l u e  Canyon a s  an   undes igna ted  map u n i t ,  

b l i t   p~ore  properly  helongs  with  the  PoFotosa  Forpat ior . .  P 

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

c o n s i s t i r . g   e n t i r e l y  of c l a s t s   o f   t h e   r h y o l i t e   o f  F l u e  Cacyon 

o c c u r s   t e l o w   E i g   C l i f f  on t h e   n o r t h   s i d e   o f   t h e  Pathway Can- 

yon f a c l t  (mappe? a s   T l r h . b r e c c i a ,  p l .  1). 

R h y o l i t e   d i k e s   ( T i r b )   t h a t  are  p e t r c l o g i c a l l y   e q u i v a -  

l e n t   t o   l a v a s  of t h e   r h y o l i t e   o f   P l u f  Canyon, a r e  exposed 

a t   s e v e r a l   l o c a t i o n s  i n  the  Pathway Canyon s rea .   On ly   t he  

f e e d e r  d.ike  Zescribe?  above i s  c l e a r l y   c o c e n e t i c   w i t h   t h e  

l a v a s ,   t h e  rest are  assume2 t o  h e   c o g e n e t i c   o n   t h e   b a s i s   o f  

l i t h o l o q i c   c o r r e l a t i o n .  The " T l r b "   ? i k e s   a r e   u s u a l l y   f l o w  

ban?ed   and   r edd i sh   co lo red   l i ke   t he   "T l rb"   l avas .  The  mat- 

r i x  o f   d i k e s  of deeper e r o s i o n   l e v e l s  -- nor th - t r en? ing  d i k e  

below  Eig  Cl i f f   and  dikes   near   Wood's   Tunnel  -- g e n e r a l l y  

exb . ib i t  a v e r y   f i n e   s a c c a r o i ? a l  t e x t u r e .  Fhenoc rys t i c   s an i -  

d i n e ,   u s u a l l y  colcrless o r   w h i t e ,   a n d   n u a r t z  are cha rac -  

t e r i s t i c  of t h e   d i k e s .  The s i k e s  comnonly  form r e s i s t a n t  
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o u t c r o p s   a n d   t h e   i n t r u s i v e   c o n t a c t s   a r e   u s u a l l y   c o v e r e d  by 

small unmappet! pa t ches   o f   co l luv iun .  P i k e s  i n  t h e  down- 

f a u l t e t !   b l o c k s ,   s u c h   a s   t h e   o n e  west o f   t h e  El iddle  m i n e  a r e  

most l i k e l y  c u t  o f f  from t h e i r  o r i g i n a l   s o u r c e  by younger 

r i f t  f a u l t s   ( p l .  2 ,  B - E ' ) .  

A n o t h e r   r h y o l i t e  dome of t h e   r h y o l i t e   o f   B l u e  Canyon 

c r o p s   o u t   t o   t h e   n o r t h e a s t  o f  "M" Flcuntain. It  i s  b u n d  ky 

two f a u l t s   a n d  a s t e e p   w e s t e r l y   2 i p F i n S   d e p o s i t i o n a l   c o n t a c t  

t h a t  i s  o v e r l a i n  by t h e   t u f f   c f   C o u t h  Canyon.  These  steeF 

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

volcanic   r . eck .   Cruse ly   concent r ic  flcw f o l i a t i o n s   s u c g e s t  

t h e   p r e s e n c e   0 f . a   v e n t   u n d e r   t h e   c e n t e r   o f   t h e  dome. A 

m a l l  ou tcrop   of   Fray  t u f f s  unc?er  t h e   l a v a   a t   t h e   e a s t e r n  

end cf a d e e p   r a v i n e   t h a t  bisects t h e  dome a t t e s t s   t o   t h e  

f a c t   t h a t   t h e   p r e s e n t   e r o s i o n   s u r f a c e  i s  above  the  Oligocene 

g r o u n d   s u r f a c e   o n t o   w h i c h   t h e   t u f f s   a r d   l a v a  dome were erup- 

t e d .  

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

Canyon occur  west of   Socorro   Spr ing .   These   appear   to   repre-  

s e n t  t h e  exhumed c r e s t   ( o r  crests) o f   a n o t h e r  dcmal  flow 

( o r  f l 0 ~ 7 S )  burieci by conglomera tes   o f   the   lower   Poptosa  

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

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

i t s  no r th   end .   The   no r th  er.d of  t h i s  c l i f f  may be   on   the  



T-2274 181 

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

under   the  down-faul ted  blocks  of   Popotosa  Formation  north-  

e a s t   o f   t h i s   r i d g e .  

Rhyol i te   o f  Highway S i x t y  ( T l r s ,  T l r s t ) .  R h y o l i t e   l a v a s  

( T l r s ,  p l .  1) a n d   t u f f s  ( T l r s t ,  p l .  1) i n f o r m a l l y   d e s i g n a t e d  

h e r e   a s   t h e   " r h y o l i t e   o f  Highway S i x t y "   c r o p   o u t   i n   t h e  

northern  Chupadera  Mountains a t  t h e   E a s t  Road Cut  and west 

of   Chupadera   Cl i f f .  The r h y o l i t e   t u f f s   o f  Highway S i x t y  

c o n s i s t  of i n t e rbedded  a i r -=a l l  t u f f s  and t h i n ,   l o c a l ,   a s h -  

f low  tuf fs .   They  are  g e n e r a l l y   d i s t i n g u i s h e d   f r o m   o t h e r  

t u f f s   i n   t h e   L u i s  Lopez  Formation  by  conspicuous,  small, 

b l ack   o r   coppe ry   b io t i t e   phenoc rys t s   t ha t   no rma l ly   fo rm 

abou t  0 .5  p e r c e n t  of t h e   r o c k .   S m a l l   g l a s s y   s a n i d i n e   p h e n o -  

c r y s t s  (0 .5-2 m m )  a n d   p l a g i o c l a s e   p h e n o c r y s t s   ( g e n e r a l l y  

a l t e r e d   t o   w h i t e   c l a y )   o c c u r   s u b e q u a l l y   a n d  make up   about  3 

t o  5 p e r c e n t  of t h e s e   t u f f s .  Small, rounded  quartz  pheno- 

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

on   t he  weathered s u r f a c e  as s tubby  la th-shaped   euhedra l  

vugs ,   bu t  i s  n e a r l y   i n v i s i b l e   o n   t h e   f r e s h l y   b r o k e n   s u r f a c e  

o f   t h e   w h i t e   t u f f s .  

Approximately 37 m of w h i t e   t o   l i g h t - g r a y   b e d d e d   t u f f s  

are exposed i n   t h e . s o u t h   s i d e   o f   t h e   E a s t  Road Cut .  Here, 

t h e   t u f f   u n i t  i s  s t r a t i g r a p h i c a l l y   b u n d  by t h e   p o r p h y r i t i c  
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rhyodac i t e   (T lap )   and   t he   ove r ly in?   f l ow-banded   rhyo l i t e  

lava ( T l r s ) .  The r o a d   c u t   p r o v i d e s   a n   e x c e l l e n t   e x p o s c r e  

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

pale-krowr  tuffaceous so i l  t o   t h e   r o r t k  and   south   o f   the  

c u t .  The  bed?e2 t u f f s  a t  t h e   r o a d - c u t   a r e   t m d e r a t e l y  i c -  

c?ura ted ,   pur i l ice-por ,   an2   l i th ic -poor .  They c o n t a i n  less 

t han   one  percent o f   m a l l ,  r e d ,  a p d e s i t i c ,   l i t h i c   f r a s m e n t s  

and a few red ,  f i r . e l y   f l o w - t a n s e d ,   r h y o l i t i c   l i t h i c s   s i m i l a r  

t o   t h e   o v e r l y i n g  lavas ( T l r b ) .  Two r e l a t i v e l y   r e s i s t a n t  

i n t e r v a l s   a k o u t  1 t o  2 r?. t h i c k   R e a r   t h e   t o p   o f   t h e   t u f f  se- 

q u e n c e   a r e   r o d e r a t e l y   v e l d e d   a s h - f l o w   t u f f s   w i t h  a few Fer-  

cent   of   redium-l ight-gray,   sandy-lookira   pumice.  The t u f f s  

a r e   p a r a l l e l  bedd.cc! and  vary  from  thick-bedded  massive no r -  

w e l d e d ( ? )   a s h - f l o w   t u f f s ( ? )   t o   t i - i n - b e d d e d   a i r - f a l l   t u f f s ,  

sone   o f   which   exhib i t   g raded   be22inq .  

The t u f f   e x p o s u r e s  ( T l r s t )  west of   Chupadera  Cl i f f  are  

l a rge ly   fo rmed  by a l i g h t - g r a y ,   c r y s t a l - p o o r ,   l i t h i c - r i c h ,  

p a r t i a l l y   w e l d e d   a s h - f l o w  t u f f .  It c o n t a i n s   a k u n 2 a n t   l i t h i c  

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

5-10 percent ,   smal l ,   medium-gray ,   pumice   wi th   the   ves icu lar  

s t r u c t u r e  well p r e s e r v e d .   T h i s   l i t h i c - r i c h   t u f f  i s  abou t  

2 0  m t h i c k   a n d   a p p e a r s   t o   b e   p r e s e r v e d   i n   a n   e r o s i o n a l  r e w  

n a n t   o f  a n o r t h - t r e n d i n g   p a l e o v a l l e y  ( p l .  2 ,  G - G ' ) .  

3 
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The c r y s t a l - p o o r   r h y o l i t e   l a v a s   o f   t h e  Eighway S i x t y  

Femker a r e   t y p i c a l l y   l i g h t   g r a y   t o   p i n k i s h   g r a y  and. a r e  

c h a r a c t e r i z e d   k y  a f ine ly   l amina ted   f l ow-band in :   ( f i g .  2 2 )  

S p a 1 1   s c a l e   c o n t o r t e d   f l o w - b a n d i n g   a n d   f l o w   f o l &   a r e   c o r -  

m n l y   v i s i b l e   k o t h  i n  handsgecimen an.d outcrops.   The  f low- 

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

p l a n e s .  The l avas   c rop   ou t   a s   l ow,   rounded   h i l l s   and   o f t en  

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

platy,   f inely  f low-barded  rock  f ra(r lner?ts   found o n  ro?err .  

s u r f a c e s   h a v e   s i m i l a r   ? i s t i n c t i v e   a n a l o s s  of ear ly   Xiocene  

age .   Smal l   rennants   o f   the   wel l - indura te?   lower   Popotosa  

copglomerates  (Tpsd)  occur  on  top  of  the  f low-ban.ded  lavzs 

t o   t h e   n o r t h  and  south of t h e   E a s t  Road. cut.   These  con- 

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

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

mat r ix .  Red s i l i c a   i n  c las t ic  c? ikes   an3   ve in l e t s  a r c  

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

outcrops  where  they  have  been exhumed from under   the  sili- 

ceous red f a c i e s   ( T p s d )  of the  lower  Popotosa  Formation. 

A small ou tc rcp   o f   c rys t a l -poor   f l ow-banded   rhyc l i t e  

i s  exposed ip .  a low h i l l   s o u t h e a s t   o f   t h e   E a s t  Road Cut .  

C o n c e n t r i c   a n d   s t e e p l y   d i p p i n g   f o l i a t i o n s   i n 6 i c a t e   t h a t   t h i s  

was a v e n t   o r  crest  o f  a small  exogenous d0m.e. T h i s   v e n t  
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F i g u r e  2 2 .  Rhyo l i t e   o f  Yighk?ay Six ty   Kenber   o f   the   Luis  

b a n 2 e d   r h y o l i t e   l a v a .  The f l o w   l a y e r i n o  i s  l o c a l l y  
Lopez Formation.. A ,  Typica l   f i ne ly   l aGina te2   f l ow-  

i s  v e n t   s o u t h e a s t   o f   E a s t   R o a d c u t   i n   n o r t h e a s t e r a  
f low  f c lSe2   bu t   gene ra l ly  i s  s t eep ly   2 ipp in .g .   Lcca t i cn  

Chupadera  P!ountains.  knife i s  ? cin lonc .  R, Fhoto- 
n ic rograpf :  05 c o n v o l u t e   f l o w   b a n d i n g   i n   r h y o l i t e   l a v a .  
Main flow  bands are  l e f ined   by   mic rogranu la r   qua r t z  

r i d g e s  i n  above  photograph. Compare c o n t i n u i t y  of 
( w h i t e )  t h a t  fo rm  wea the r - r e s i s t an t  l i g h t   c o l o r e d  

flow l aminae   w i th   F igu re  1OE.. Spar se   phenoc rys t s  of 
b i o t i t e   ( b l a c k )   a n d   f e l d s p a r   ( l i c h t   g r a y )   a r e   p r e s e n t .  
From h i l l t o p  south  of   East   Road.cut .   Par t ly  crossed 
n i c o l s .  



T-2274 185 



T-2274 1 8 6  

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

exposed a t  t h e  E a s t  Cut,   even  though it i s  now p h y s i c a l l y  

i s o l a t e d  from  them  by later f a u l t i n g   a n d   e r o s i o n .   T h e   l a r g e  

flow-banded r h y o l i t e   i n t r u s i v e  ( T i r l )  t h a t  forms Tepee Town 

Mountain i s  l i t h o l o g i c a l l y  similar t o  t h e   r h y o l i t e   o f  High- 

way S ix ty   and  may b e   a n o t h e r   p o s s i b l e   s o u r c e ,   p a r t i c u l a r l y  

f o r   t h e   e x p o s u r e s  west of Chupade ra   C l i f f .  

Chemica l   ana lys i s   and   pe t rographic   s tudy   of   an   unusu-  

a l ly   f resh   sample   (Table   5 ,   no .   77-5-2)   o f   dense ly   welded  

t u f f  from t h e   h i l l s i d e   s o u t h   o f   t h e   E a s t  Road Cut  b o t h   i n d i -  

c a t e   t h a t   t h e   r h y o l i t e  of Highway S i x t y  i s  a h i g h - s i l i c a  

r h y o l i t e .  The mine ra logy   and   t ex tu re   o f   t h i s   rock  are  also 

d e s c r i b e d   i n   T a b l e   5 .   I n   t h i n   s e c t i o n ,  some o f   t h e   p l a g i o -  

clase may be  mistaken for  s a n i d i n e   b e c a u s e   t h e   p l a g i o c l a s e  

(An31; 2Vx = 75 degrees ,  X'A010 = 1 6  d e g r e e s )   e x h i b i t s   v e r y  

f i n e  a lb i t e  twinning  and i s  no t   no t i ceab ly   zoned .   The re fo re ,  

when viewed a t  h i g h   a n g l e s  t o  t h e   t w i n   p l a n e s ,   t h e   p l a g i o -  

clase appea r s  t o  be a homogeneous   fe ldspar   read i ly   assumed 

t o  be s a n i d i n e .  Hand specimens of hydro thermal ly  al tered 

lavas a n d   t u f f s   f r o m   t h e  same area, which   conta in   bo th  

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

abundance of p l a g i o c l a s e .  
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R h y o l i t i c   b r e c c i a s   ( T l r s x )   a n d   r h y o l i t i c   s a n 2 s t o n e s  ( T l s r )  

Two d i s t i n c t i v e   u n i t s  of v o l c a n i c l a s t i c   s e 2 i m e n t a r y  

r o c k s   ( T l r s x   a n d  T l s r )  l o c a l l y  rest  on  the  uppermost  lava 

flows ( T l r s  a n d   T l a 3 )   a n d   t u f f s  (Tlrst)  of t h e  c a l d e r a -  

f i l l i n g   L u i s  Lopez  Formation.   The  inclusion  of   these  sedi-  

mentary   rocks   wi th   the  L u i s  Lopez  Formation i s  somewhat 

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

r eco rd  a per iod   of   normal   fau l t ing ,   e ros ion   an2   sed imenta-  

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

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

b e   d o m i n a n t l y   a n   a n c i e n t   c o l l u v i a l   d e p o s i t   d e r i v e d  from ero-  

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

e a s t - n o r t h e a s t - t r e n d i n g   n o r m a l   f a u l t  (p1. 2 ,  west end of 

secti 'on (2-C' 1 .  The c o l l u v i a l   d e p o s i t  i s  derive? mostly  from 

t h e   r h y o l i t e   o f  Aighway S i x t y  ( 2 8 . 6  m.y.) and i s  o v e r l a i n  

by the t u f f  of South  Canyon ( 2 6 . 2  rn.y.) t h e r e b y   d a t i n g   t h e  

f a u l t  as l a t e  O l i g o c e n e   i n   a g e .  

The r a i n  area of   exposure  of t h e   r h y o l i t e   b r e c c i a   a n d  

a s s o c i a t e d   f a u l t  l i es  halfway  between  the Tower n ine   and  

Chupadera C l i f f  ( p l .  1). The r h y o l i t e   b r e c c i a  i s  a h u t  6 0  

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

The b a s e   o f   t h e   b r e c c i a   u n i t   a p p e a r s  t o  lap  unconformably 

a c r o s s  the f a u l t   p l a n e  -- l o c a l l y   e x p o s e d  a t  lower eleva- 

t i o n s   o n   t h e   h i l l s i d e s  -- nor thward   on to   an   e roded   scarp .  
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The s c a r p   c u t s  downward ( p l .  1) a c r o s s   d e p o s i t i o n a l   c o n t a c t s  

between older  rhyolite l a v a s  ( T l r s ) ,  t u f f s  (Tlrst) and  ande- 

s i t e  flows ( T l a 3 ) .  M o s t   o f   t h e   r h y o l i t e   b r e c c i a  i s  pre- 

serves i n  a smal l ,   ves t - t rending ,   g raben- l ike   b lock . .   The  

southern  bounding f a u l t  o f   t h i s  downthrown  block t r u n c a t e s  

the   b recc ia   and   younger   ove r ly ing   un i t s   and  rnust have  been 

a c t i v e   a f t e r   t h e   b r e c c i a  was depos i t ed .  

Outcrops of t h e   r h y o l i t e   b r e c c i a  are  massive  and 

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

gray   f low-banded  rhyol i te   l ava  -- m i n e r a l o g i c a l l y  a n d  tex- 

t u r a l l y   i d e n t i c a l  t o  t h e   l a v a s   o f  Hiqhway S i x t y  ( T l r s )  -- 
. are  u s u a l l y   t h e   o n l y   c l a s t s   p r e s e n t .  The m n o l i t h i c   f r a g -  

ments  range  from blocks as much as a meter a c r o s s  down t o  a 

c e n t i m e t e r   o r  less and  comprise  from 5 0  t o  9 0  percent of 

t h e   o u t c r o p .  The r e m a i n i n q   f r a c t i o n   c o n s i s t s   o f  a g ray i sh -  

red  to   red-dish-brown  muddy(?)   sandstone  matr ix   that  i s  much 

l i k e  t h e  r h y o l i t i c   c h a n n e l   s a n d s t o n e  ( T l s r ) ,  w h i c h   l o c a l l y  

o v e r l i e s   t h e   b r e c c i a   u n i t .  The b r e c c i a  i s  cemented  with 

s i l i c a   a n d   m o d e r a t e l y  well i n d u r a t e d .   S m a l l   r e s i s t a n t   o u t -  

c rops  are common o n   t h e   w e s t - f a c i n g   h i l l s i 6 e   t h a t   f o r m s  a 

l a r g e  pa r t  of t h e  main  exposure.  h%ere  mantled  by slope 

wash d e r i v e d   f r o n  the breccia, t h e   l o o s e   r h y o l i t i c   b l o c k s  

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

fragments.  A small segment of t h e   t r a c e  of t h e   e a s t -  

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

d e p o s i t  i s  moderately well exFosed  on t h i s  west f a c i n g   h i l l -  

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

unusual  i n  t h a t   t h e y   c o n t a i n  a f e w  f r a g m e n t s   o f   a n d e s i t i c  

lava.   The  mafic   lava  f ragments  are t e x t u r a l l y  similar t o  

t h e  flow ( T l a , )   t h a t   f o r m s   t h e   n o r t h   w a l l   o f  t h e  f a u l t ;  

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

a s h o r t   d i s t a n c e  from  h~here  the  upthrown  hlock i s  t r u n c a t e d  

by t h e   a n c i e n t   e r o s i o r !   s u r f a c e .  

- 

S t r a t i p r a p h i c   r e l a t i o n s   a t   t h e  top o f   t h e   b r e c c i a   u n i t  

chance   abrupt ly   over  a s h o r t   d i s t a n c e .  The main exposure 

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

by a h u t  24 m of r e d   r h y o l i t i c   s a n d s t o n e   a n ?   i n   t u r n   b y   t h e  

t u f f  of South Canyon.  The b r e c c i a   t o   s a n d s t o n e   c o n t a c t  i s  

n o t  well exposed. The  h r e c c i a  i s  probably  massive  and 

u n s t r a t i f i e d  up t o   t h e   c o n t a c t .   h ' o r t h w e s t  of t h e  gral-en- 

l i k e   b l o c k ,   t h e   r h y o l i t i c  breccia appea r s  t o  have  been  pre- 

se rved   on  t h e  downthrown, west s i d e ,   o f  a nor th- t rending  

n o r m a l   f a u l t .  Here t h e   u p p e r  5 rn of t h e   b r e c c i a  i s  cruClely 

s t r a t i f i e d .  A dark- red ,   wel l - indura ted ,   mass ive  rnudflow 

abou t  2 111 t h i c k   a n d   c o n t a i n i n g   a n g u l a r   g r a y   r h y o l i t i c  pumice 

f r a g m e n t s   o c c u r s   a t   t h e  top of t h e   b r e c c i a   u n i t .  The t o p  

of t h i s  pumiceous mudflow i s  well exFoSed  where it i s  over-  

l a i n  by typical w e l l - i n d u r a t e d   h e t e r o l i t h i c   n u d f l o w  con- 
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g lomera te s  ( T p s d )  of the  lower  Popotosa  Formation.  The 

r e a s o n ( s )   f o r   t h e s e  a t rupt  changes i n   s t r a t i q r a p h i c  re la-  

t i o n s h i p s  are n o t   r e a e i l y   a p p a r e n t   b u t  most l i k e l y   i n v o l v e  

complex   pa l eo topoa raph ic   r e l a t ionsh ips   con t ro l l ed  ky  contem- 

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

A sma l l   @utc rop   o f   rhyo l . i t e   b recc i a   (T l r sx )   occu r s  

be low  the  rei? r h y o l i t i c   s a n d s t o n e  ( T l s r )  i n  exposures   about  

1 kn s o u t h  of t h e   B i g  Road c u t .  The kreccia, sandstone  and 

o v e r l y i n q   t u f f  c.f south. Canyor! appear t o  f i l l  an   anc ien t  

channel  of n o r t h e a s t e r l y   t r e n 2 .  The approxina te   t rend .   o f  

t h e   c h a n n e l   w a l l  i s  p rov idec :   by   t he   wedg ing   ou t   o f   t he   un i t  

s o n t o  it. The channel was l a t e r  t i l t e d  t o   t h e   n o r t h w e s t  

and. may have   heen   unconformakly   over la in   by   the   lower  

P o p t o s a   F o r m a t i o n ,   a l t h o u q h   t h e s e   c o n t a c t   r e l a t i o n s  are  

n o t  cer ta in  here .  The small b r e c c i a   o u t c r o p  now exposed 

was n e a r   t h e   c h a n n e l   a x i s .  

The r h y o l i t i c   s a n d s t o n e  ( T l r s ) ,  a s  p rev ious ly   i nd i -  

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

b r e c c i a   u n i t   a n d   u n d e r l y i n g   t h e   t u f f  of South Canyon.  The 

sands tone  may be as much a s  2 4  m t h i c k  ani? i s  t y p i c a l l y  

reddish   h rown,  well i n e u r a t e d ,   a n d   t h i n   b e d d e d  to  laminated.  

P a r a l l e l   s t r a t i f i c a t i o n  i s  ?oninant   and  cross   bes ' i l ing i s  

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

t h e   p a l e o c h a n n e l s  may b e   i n f e r r e d  from. approximate limits 
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o n   t h e   c o n f i g u r a t i o n  of the   channel   wal l s   ( f rom map rela- 

t i o n s ,  p l .  1) and  f rom  composi t ion  of   the  sandstone.  The 

c h a m e l  wall a t   t h e   n o r t h e r n   e x p o s u r e  t renc?s   general ly  

n o r t h e a s t   a n d   a t   t h e   s o u t h e r n   e x F o s u r e  ( i n  t h e   g r a b e n   l i k e  

k l o c k )   t o   t h e   n o r t h w e s t .  The sandstone i s  medium t o  f i n e  

gra inec '   and   cons is t s   o f   abundant   g ra ins   o f   quar tz   and  

"g la s sy ' !   s an id ine   and   spa r se   Gra ins   o f   p l ag ioc la se (? )  

al tered t o   c h a l k y   w h i t e   c l a y ,  a n d  t r a c e s  of b i o t i t e .   T h i s  

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

s tone  f rom a c r y s t a l - r i c h   a s h - f l o w   t u f f ,   s u c h  as t h e   c a c l -  

d r o n   f a c i e s   L e m i t a r ( ? )   T u f f .  The c a u l d r o n   f a c i e s   t u f f   c a n  

reasonably  be  assumed  to   have  been  exposed  on  the  resurgent  

block,   south  of   Black  Canyon,  a t  t h e  time o f   d e p o s i t i o n   o f  

t h e   s a n d s t o n e .   T h i s   t i n e   o f   d e p o s i t i o n  would be   fo l lowing  

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

cauldron.  Thus,  it appears r e a s o n a b l e   t h a t   t h e   r h y o l i t i c  

s a n d s t o n e   f i l l e d  a channel  o r  channels   tha t   f lowec:   nor th-  

e r l y  away f ro r?   t he   r e su rgen t   b lock   o f   t he   Socor ro   cau ld ron .  

R e l a t e d   i n t r u s i v e   r o c k s  ( T i a ;  Tiap,   Tirb,  T i r l )  

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

composi t ion   (Tia ,   T iap ,  T i r b ,  T i r l )  t h a t  are shown on t h e  

geologic  map ( p l .  1) have   been   co r re l a t ed  -- a t   s i g n i f i -  

c a n t l y   d i f f e r e n t  levels of   conf idence  -- t o   t h e   e r u p t i v e  
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rocks   o f   the   Luis   Lopez   Format ion .  The c o r r e l a t i o n s  are 

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

t o  t h e  flows and t u f f s   o f   t h e   L u i s  Lopez  Formation.  Most 

of t h e s e   i n t r u s i o n s   o c c u r   a s   d i k e s   t h a t  cu.t s l i z h t l y   o l d e r  

t o  penecon temporaceous   s t r a t a   o f   t he   Lu i s  Lopez F o r n a t i o n .  

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

map b e t w e e n   t h e   i n t r u s i v e   b d i e s   a n d   t h e i r   i n f e r r e d   e q u i v a -  

l en t   vo lcan ic   f l ows .   These  d i k e s  (70 n o t   a n y w h e r e   c u t   s t r a t a  

younger   than   those  of t h e   L u i s  Lcpez  Forcation  and many are 

denons t rah ly   kur iec '   unconfornakly  by t h e  lower  Fopotosa  For- 

m a t i o n   ( f i g .   2 3 ) .   S o u t h   o f  B i g  C l i f f   o n   t h e  east  face of 

S o c o r r o   P e a k ,   t h e   p r e s e n t   e r o s i o n   s u r f a c e   c u t s   a c r o s s  a 

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

by t h e  d ike .   Th i s   con t inuous   exposure   f rom  in t rus ive  t o  

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

h 'or theast   of   Black Canyon a similar, though less well 

e x p o s e d ,   f e e d e r - d i k e   r e l a t i o n s h i p  i s  apparent   between a 

m o d e r a t e l y   p o r p h y r i t i c   a n d e s i t i c   d i k e   ( T i a )   a n d  a e q u i v a l e n t  

t e x t u r e d .   a n d e s i t i c   f l o w  ( T l a 3 ) .  

Dark-gray t o  dark-purp l i sh-gray   d ikes  mapped as " T i a "  

are comrronly a p h a n i t i c  t o  m o d e r a t e l y   p r p h y r i t i c   r o c k s   c o n -  

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

clase and   a l t e r ed   f e r romagnes i an  minerals. Pr ior  t o   h y d r o -  

t h e r m a l   a l t e r a t i o n ,   t h e y  were p r o b a b l y   a n d e s i t i c   i n  composi- 
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Figure  2 3 .  A n d e s i t i c   d i k e  ( T i a )  o f   t h e   L u i s  Lopez  Forma- 
t i o n ,   c u t t i n g   u p p e r   l i t h i c - r i c h   t u f f  ( T l t Z )  of t h e  
Luis  Lopez  Formation  and  unconformably  overlain  (arrow) 
by a t o u l d e r y  mudflow depos i t   (Tpsd)  of t he   l ower  

A t  o l d   r o a d   c u t  of Aiqhway S i x t y   i n   w e s t e r n  Socorro 
hpo tosa   Fo rma t ion .   D ike  i s  approximately 1 0  m t h i c k .  

Canyon. 



t i o n  and  conposed  dominantly of p lag ioc lase   and   pyroxene .  

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

i n d i c a t e   t h e y  may have   been   f eede r   d ikes   fo r   any  of t h e  

i n t e r m e d i a t e  flows (Tla  T l a 2 ,  T l a 3 ,   T l a q ) ,   e x c e p t   f o r   t h e  

c o a r s e l y   p o r p h y r i t i c  lavas ( T h F ) .  
1' 

Elost o f   t h e   a n d e s i t i c   d i k e s   o c c u r   k e t w e e n   E l a c k  Canyon 

and  Socorro  Canyon o n  the   l a rge   b lock   o f   Lu i s   Lopez  Forma- 

t i o n   t h a t   f o r m s   t h e   n o r t h w e s t   e n $  of the  Chupadera Moun- 

t a i n s .  T h e  a n d e s i t i c   d i k e s  are Generally 5-20 m i n   w i d t h .  

They t y p i c a l l y   s t a n d   o n l y   s l i e h t l y   h i s h e r   t h a n   t h e   a d j a c e n t  

wall r o c k s   a n d   u s u a l l y   t h e   i n t r u s i v e   c o n t a c t s  are  covered 

hy  small   patches of l o o s e   a n d e s i t i c   d e b r i s .  The  600-IT-long 

d i k e  ( T i a )  n o r t h e a s t   o f   E l a c k  Canyon i s  h i o h l y   v i s i h l e  as a 

dark  colored  band  where it c u t s   a c r o s s   t h e   l i g h t e r - c o l o r e d  

l i t h i c   t u f f  ( T l t 2 ) .  To t h e  west o f   t h e   t u f f   o u t c r o p ,   t h i s  

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

wal l   about   ha l fway up t h e   d i p   s l o p e   o f   a p h a n i t i c   l a v a  ( T l a 2 )  

before it disappears   under   co l luv ium  der ived  from t h e  

a p h a n i t i c  lava. Along the same t r e n d   o f   t h i s   l o n g   d i k e ,  

abou t  250 m f u r t h e r  west, i s  e x p s e d  a c o n p s i t e   d i k e  con- 

s i s t i n g  of d a r k - g r a y   a p h a n i t i c   a n d e s i t e ( ? )   c u t  a t  a s l i g h t  

angle   by  a younger   reddish-brown  rhyol i te   porphyry .  It  

appea r s  from these f i e l d   r e l a t i o n s   t h a t   t h e  same n o r t h e a s t -  

t r e n d i n g   f r a c t u r e  may have  been  used as a c o n d u i t  fo r  t h r e e  

d i f f e r e n t   e r u p t i v e   e v e n t s  ir. t h i s   a r e a .  

T-2274 194 
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Severa l   da rk -co lo red   d ikes   and   one   i r r egu la r   shaped  ' 

Sike - l ike   kody   o f   i n t e rmed ia t e   conpos i t i on  are  exposed i n  

t h e  new a n d   o l d   r o a d   c u t s   o f  Highway Sixty  between Bear Can- 

yon a n d   S i x n i l e  Canyon.  The old  highway c u t s  are a l o n g   t h e  

sou th  side o f   Socor ro  Canyon.   Sharp ,   and   loca l ly   ch i l led ,  

phenocrys t -poor   contac ts  of t h e   S i k e s  are  well exposed  where 

t h e  d i k e s   c u t   t h e   u p p e r   l i t h i c - r i c h   t u f f  ( T l t 2 ) .  F o l i a t i o n s  

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

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

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

o c c t i r s   a d j a c e n t   t o   t h e   d i k e s .  

Two c o a r s e l y   p o r p h y r i t i c   r h y o d . a c i t i c ( ? )   d i k e s   ( T i a p )  

a re   exposed   t oward   t he   ea s t   end  of t h e   r o a d   c u t s .  The  

l o n q e r   e a s t - n o r t h e a s t - t r e n d i n g   r h y o d a c i t i c  ( ? )  d i k e   e x h i b i t s  

s t e e p l y   p l u n g i n g   s l i c k e n s i 2 e s   o n   f r a c t u r e s  near t h e   s o u t h -  

e r n  wall o f   t h e   d i k e   w h e r e  it i s  exposed i n   t h e  E i s  Roadcut. 

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

s ince i t s  i n j e c t i o n ,   h u t  it i s  b e l i e v e d   t o   b e   m i n o r .  No 

s i g n i f i c a n t  offset  i s  v i s i b l e  of t h e   c o n t a c t   t h a t  unconform- 

a b l y   t r u n c a t e s   t h i s  d i k e  a t   t h e  west end of t h e  Big  Roadcut. 

T h i s   d i k e   a p p e a r s   t o   e n 6   a g a i n s t  a poor ly   i ndura t ed   ande -  

s i t i c  breccia wi th  a sandy mud ma t r ix .  T h e  b r e c c i a ,   i n t e r -  

p r e t e d   a s   a n   a n c i e n t   c o l l u v i w n ,  i s  in   t u rn   unconfo rmab ly  

o v e r l a i n   b y   h e t e r o l i t h i c  mucZflow d e p o s i t s  of the   l ower  
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Popotoca  Formation  (Tpsd).   The  long  porphyry  dike  probably 

cu ts  t h e   m o d e r a t e l y   p r p h y r i t i c   f l o w   ( T l a 3 )   o v e r l y i n g   t h e  

t u f f  ( T l t 2 ) ,  a l t h o u g h   t h e   r e l a t i o n s h i p s   a r e  masked by c o l l u -  

vium. S lope  wash h a s   a l s o  made i t  u n c e r t a i n   w h e t h e r   o r   n o t  

t h e   s h o r t   n o r t h - n o r t h e a s t   t r e n 5 i n g   r h y o c ? a c i t i c ( ? )   d i k e  

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

con ta in   abundan t   phenoc rys t s  of a l t e r e d   p l a g i o c l a s e ,  as much 

a s  1 c m  i n   l e n g t h ,   b l a c k   i r o n   o x i d e  casts of e l o n g a t e   l a t h s  

of an  a l te red  ferromagnesian -- possibly h o r n b l e n d e ,   l o c a l l y  

sene small f r e s h   s a n i d i n e   c r y s t a l s ,   a n d  a phenocrys t ic -  

looking   euhe2ra l   b lack  mica. A s  p r e v i o u s l y   d i s c u s s e d ,   r a d i o -  

metric S a t i n g   a n d   t h i n - s e c t i o n   e x a m i n a t i o n   o f   t h e  mica i n d i -  

c a t e   t h a t  it is  a secondary  hyd.rotherma1  phase. Some 

p l a g i o c l a s e   p h e n o c r y s t s  are  reFlace2  by  pink,   spopgy,   potas-  

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

Several v o l c a p i c   v e n t s  for  in te rmedia t .e  lavas i n   t h e  

Luis   Lopez   Format ion   tha t  are shown on   t he   geo log ic   nap  

(p1. 1) l o c a l l y   e x h i b i t  s teeply 2 i p p i n g   f l o w   s t r u c t u r e   i n d i -  

c a t i v e  of  i n t r u s i v e   r e l a t i o n s .  However, t h e  exact boun- 

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

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

o n   t h e   g e o l o g i c  map. T h e r e f o r e ,   t h e  areas imced ia t e ly   su r -  

rounding   the   vent   symbols  may be  regarded as i n t r u s i o n s   e v e n  

t h o u g h   t h e   b o u n t a r i e s   o f   t h e   i n t r u s i o n s  are n o t  shown. 
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R h y o l i t i c   i n t r u s i o n s   ( T i r b ,  T i r l )  cons idere?  t o  be   cor -  

re la t ive  wi th   rhyo l i t e   l avas   and  t u f f s  o f   t h e   L u i s  L.opez 

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

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

S o c o r r o   P e a k ;   r h y o l i t i c   i n t r u s i o n s  also o c c u r   a l o n g   t h e  

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

b o u n d s   t h e   r e s u r g e n t   b l o c k   o f   c a u l d r o n - f a c i e s   L e n i t a r ( ? )  

Tuff  exposed t o   t h e   s o u t h   o f   B l a c k  Canyon. 

R h y o l i t e   d i k e s   ( T i r b )   p e t r o p r a p h i c a l l y  s i r i lar  t o   t h e  

r h y o l i t e   l a v a s  of Blue Canyon ( T l r h )   h a v e   b e e n   b r i e f l y   d i s -  

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

des igna t ion   a r e   mos t ly   g ray i sh - red   t o   pa l e - r ed ,   modera t e ly  

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

t h e   B l u e  Canyon l a v a s   i n   t h e i r   c o n t e n t .   o f  pink san id ine   and  

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

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

s l o p e s   o f   t h e ' l e s s   r e s i s t a n t   h o s t   r o c k s .  They range  from 

1 0  t o  4 0  m i n   w i d t h   a n ?   c o m r c c l y   e x h i b i t   f l o w   f o l i a t i o n s  

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

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

r h y o l i t e   S i k e s  a t  t h e   e d g e s  of t h e i r   o u t c r o p s .  None of 

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

o f   E i g   C l i f f ,  were r e c o g n i z e d   a s   s u c h   i n   p r e v i o u s   s t u d i e s  

(Lasky,  1932,  Smith  1963,  Burton, 1971). 
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D i k e s   c o r r e l a t e d   w i t h   t h e   r h y o l i t e   o f   E l u e  Canyon 

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

o f f s e t .  The dikes   in   down-to- the-south,   west-northwest-  

t r e n d i n g   f a u l t s  are  r e a d i l y   i n t e r p r e t e d  as r i n p - f r a c t u r e  

d i k e s   o f   t h e   S o c o r r o   c a u l d r o n .  The prominent   feeder   d ike  

a l s o   e x h i b i t s  some b r e c c i a t i o n   a l o n g  i t s  nor th   margin   ind i -  

ca t ing   minor   mvement  a f t e r  t h e   d i k e  was emplaced.   Rhyol i te  

d i k e s  of t h e   s l u e  Canyon l i t h o l o u y   a l s o   i n t r u d e   s t e e p l y   d i p -  

p in9 ,   down- to- the-wes t ,   nor th- t rending   fau l t s ,   thereby   ind i -  

c a t i n g   t h a t   t h i s   s t r u c t u r a l   t r e n d  was a c t i v e   S u r i n g   t h e  

c a u l d r o n   e v o l u t i o n .  

A s i l l - l i k e  body of w h i t e   r h y o l i t e   p r p h y r y  ( T i r l )  t h a t  

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

gin   on   Socorro   Feak  i s  h e 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  

L u i s   L o p e z   F o r t v a t i o n   r h y o l i t e s ,   p r i r a r i l y   o n   l i t h o l o g i c  

grounds.   The  white   color  of t h i s   r h y o l i t e  i s  m o s t   l i k e l y  

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

t o   o x i d a t i o n  of a s s o c i a t e ?   p y r i t e .  The white r h y o l i t e  i s  

typica l ly   f low-banded  and   ranaes   f rom  aphyr ic  a t   t h e   c o n -  

t a c t s  t o  mderately F0rFhyriti.C i n   t h e   c o r e .  

I n   t h i n   s e c t i o n ,  a sample   o f   the  core r o c k   c o n t a i n s  1 0  

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

d i n e ( ? )  (1-3 mm)  mos t ly  as washed o u t   h o l e s   b u t   c o n t a i n i n g  

some. b i t s   o f   g r a y ,   i s o t r o p i c   c l a y   a n d  3 p e r c e n t   s u b h e d r a l  
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and  embayed qua r t z   phenoc rys t s  (0 .5-1.5 m m ) .  The groundnass 

c o n s i s t s   o f  a microgranular   mix ture   o f  s i l i ca  and   f e ld -  

s p a r ( ? ) .  The s i l i ca  o c c u r s   i n   i r r e g u l a r   F a t C h e S   t h a t   a r e  

d i s t u r b i n g l y  similar in   appearance   to   non-welded  glass 

shards ;   however ,   on   c lose   examinat ion   the   apparent   shard  

b o u n d a r i e s   a r e  much too   r agged   t o   be   b roken   g l a s s   f r aqnen t s .  

Darker-colored flow laminae are  de f ined   by   concen t r a t ions  

of f i n e l y   d i s s e n i n a t e d   o p a q u e s   ( i r o n   o x i d e  3 ) .  

Very f i n e  ( < 0 . 5  mm) specks  of   yel lowish-brown  i ron 

ox ide  are commn i n   t h e   w h i t e   r h y o l i t e ,   p a r t i c u l a r l y   n e a r  

t h e   m a r g i n s   a n 6   i n   t h e   a d j a c e n t  wall rocks.   The specks 

o f t e n   h a v e   c u b i c   o u t l i n e s  when viewed  with a hand  lens,   and 

a re  c o n s i d e r e d   t o  be o x i d i z e d   p y r i t e .   O x i d a t i o n  of p y r i t e -  

p robab ly   accoun t s  for t h e  b l e a c h i n g   a n d   i n t e n s e   a r g i l l i z a -  

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

similar t o  t h e   r h y o l i t e  of Elue  Canyon. 

It d o e s   n o t  seem l i k e l y   t h a t   t h e   w h i t e   r h y o l i t e   i n t r u -  

s i v e  i s  e q u i v a l e n t   t o   t h e  s i l i c i c  magpas o f   t h e  l a te  Miocene 

Socorro  Feak Rhyo l i t e .   Seve ra l   ven t s   and   d ikes  of t h e  

Socorro  Peak Rhyol i te   occur   nearky  a t  "M" Mountain  and  on 

the n o r t h   f l a n k  of the   B lue  Canyon dome. However, t h e s e  

i n t r u s i v e s   c o n t a i n   o n l y   p h e n o c r y s t i c   p l a g i o c l a s e ,  hornblenc7.e 

anZ b i o t i t e .   V e n t s   a n d   i n t r u s i o n s  of r h y o l i t i c   q u a r t z -  

porphyry lavas of t h e   S o c o r r o  Feak Rhyo l i t e  are n o t  closer 
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t h a n  3 km t o   t h e   e x p o s u r e s   o f   t h e   w h i t e   r h y o l i t e   i n t r u s i o n .  

The w h i t e   r h y o l i t e   i n t r u s i v e  i s  s i l l - l i k e ,   r a t h e r   t h a n  

a t r u e  s i l l  o r   d i k e .  It occup ies  a m i n o r   f a u l t   t h a t   c u t s  

a t  a low-angle across shales   of   the   upper   Eandia   Formation.  

The i n t r u s i o n   t e m i n a t e s   o n  i t s  sou th   end   where   t he   s t ruc -  

t u r e  i n t e r s e c t s   t h e   h a s e   o f   t h e  Eladera  Limestone.  The 

i n t r u s i v e   c o n t a c t s  are well exposed a t   t h i s   s o u t h e r n  ter-  

minus. 

T h e  w h i t e   r h y o l i t e  Pody d i p s   a b u t  30 t o  4 5  d e g r e e s   t o  

t h e  west, apprcximate ly   conformahle   wi th   the   Pennsylvanian  

s t ra ta .  It t y p i c a l l y   f o r m s   r e s i s t a n t   l e d g e s   a n d  low c l i f f s  

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

it in t rudes   t he   Sand ia   Fo rma t ion .   The   i n t rus ive   body  

p inches   and  swells alon? s t r i k e  and   has  a maximum t h i c k n e s s  

o f   abou t  30 m a t  i t s  most prominent   ou tcrop   nor thwes t  of 

Wood's Tunnel. T o w a r d s  t h e   n o r t h   e n d  of t h e   f a c e  of 

S o c o r r o   P e a k ,   t h e   s i l l - l i k e  body i s  r e p e a t e d  several times 

by   eas t -d ipping   low-angle   normal   fav l t s .  The low-angle 

f a u l t s   a r e  mst l i k e l y   r o t a t e d   e a r l y - r i f t  f a u l t s  

(Chamterl in ,   1976,  1978) of l a t e  C l igocene   o r   ea r ly   Miocene  

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

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

a g e   t o   t h e   O l i g o c e n e  L u i s  Lopez  Formation 2 s  opposed t o  t h e  

most l i k e l y  a l t e rna t ive ,  which  would  he a la te  Miocene  age, 
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e q u i v a l e n t   t o   t h e   S o c o r r o  Peak Rhyo l i t e .  

A series o f   e a s t - n c r t h e a s t   t r e n d i n g   r h y o l i t i c   c ? i k e s  

( T i r l )  and  a l a r g e   p l u o - t o - d i k e - s h a p e ?   r h y o l i t i c   i n t r u s i o n  

( T i r l ) ,  a l l  of which c u t  cau ld ron- fac i e s   Lemi ta r ( ? )  T u f f  i n  

t h e   v i c i n i t y  of P lack  Canyon, a r e   h e 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   r h y o l i t e   o f  Eighway S i x t y  E!epber o f   t h e  L u i s  

Lopez  Formation. I n  g e n e r a l ,  b t h   t h e   r h y o l i t e   o f  Highway 

S i x t y   a n d   t h e  proposed e q u i v a l e n t   r h y o l i t i c   i n t r u s i o n s  con- 

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

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

i n t r u s i o n s  l oca l ly  c o n t a i n  mre phenocrys ts ,   ranging   f rom 2 

p e r c e n t   t o  1 C  p e r c e n t ,  and l o c a l l y   e x h i b i t   p h e p o c r y s t   r a t i o s  

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

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

spar t h a n   p l a g i o c l a s e .  However, t h e   a l k a l i   f e l d s p a r  t o  

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

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

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

of t h e s e   r h y o l i t i c   i n t r u s i o n s ,   b u t   p l a g i o c l a s e  al tered t o  

cha lky -whi t e   c l ay  i s  c l e a r l y   p r e s e n t   i n  some o t h e r w i s e   f r e s h  

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

phenoc rys t s  local ly  forr., a few F e r c e n t  of t h e   i n t r u s i v e  

rocks   and  are p a r t i c u l a r l y   c o n s p i c u o u s  i n  t h e   c o r e   o f   t h e  

p l u c - l i k e   i n t r u s i o n .  
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Assuming t h a t   t h e   r h y o l i t e  of Eighway S i x t y   a n d   t h e  

r h y o l i t i c   i n t r u s i o n s   n e a r   F l a c k  Canyon are c o g e n e t i c ,   t h e n  

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

could  be expla ined  as v a r i a t i o n s   i n  magmas erupted   f rom  d i f -  

f e r e n t  levels o f  a composi t ional ly   zoned naoma chamber. 

The t y p i c a l l y   p h e n o c r y s t - p o o r   e a r l y   e r u p t e d  magmas may be 

r ep resen ted   hy   t he   f l ows ;  and. l a t e r  magmas (nore   phenocrys t  

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

env i ronmen t   hu t   no t  i n  t h e  eroCled e x t r u s i v e   e q u i v a l e n t s .  

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

i n  t h e   v i c i n i t y   o f  Black  Canyon a l s o   s u p p o r t   t h e i r   c o r r e l a -  

t i o n   w i t h   t h e   L u i s  Lopez F o r n a t i o n .   T h e s e   r h y o l i t i c   d i k e s  

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

s i p i f i c a n t  down-to- tbe-north  displacerents  ( p l .  1). The 

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

Tepee Town Mou.n ta in   occur   a lono   the   major   fau l t   tha t   forms  

much of t h e   n o r t h   b o u n d a r y  of t h e   r e s u r g e n t   b l o c k .  The 

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

l a v a s  ( T l a  ) of the   Lu i s  L,opez Formation. A t  t h e   w e s t e r n  

e n d ,   t h e  laroe d i k e   c o n s i s t s  of a s i l i c i f i e d ,   v e r y - c r y s t a l -  

poor,   f low-banded  rock  with a f e w  sparse a l t e r e d   f e l d s p a r  

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

s e n t  a near surface level of  emplacement of t h e   o r i g i n a l  

r h y o l i t i c   d i k e .  I t  has   appa ren t ly   been   p re se rved   on  a block 

2 
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dropped  down-to-the-west  by a m a j o r   n o r t h - t r e n d i n g   f a u l t .  

T h i s   s i l i c i f i e d   S i k e   e x p o s u r e   a p p e a r s   t o   b e   o v e r l a i n  uncon- 

formably  by  the lower Fopo tosa   Fo rma t ion ,   bu t   t he   con tac t  

i s  n o t  well exposed. A few  small clasts of   whi te  s i l i c i f i e ?  

r h y o l i t e ( ? )   o c c u r   i n  t h e  Fopotosa  mudflow  deposits.  They 

are b e l i e v e d   t o   h a v e   b e e n   l o c a l l y   d e r i v e d ,   a l o n g   w i t h   t h e  

c l a s t s   o f   c a u l d r o n - f a c i e s   L e m i t a r ( ? )   T u f f   t h a t  are  dolrinant 

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

i n t r u s i o n s   i n d i c a t e   t b e y  are younger   t han   pa r t   o f   t he   L ,u i s  

Lopez  Formation,   but   older   than  the  lower  Popotosa Forma- 

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

t h e   r h y o l i t e   o f  Highway S i x t y .  

Most of t h e   r h y o l i t i c   d i k e s   i n   t h e   B l a c k  Canyon v i c i n -  

i t y   a r e   l i g h t - T r a y  t o  l i gh t -pu rp l i sh -g ray   and   cha rac t e r i zed  

by 1 t o  3 p e r c e n t   p h e n o c r y s t s   o f   a l t e r e d   f e l d s p a r   t h a t  form 

euhedra l  prismtic clasts (1-3 m long)   on   the   weathered  

surface.   With a h a n d   l e n s ,   t h e  r a t r i x  t y p i c a l l y   h a s  a very  

f i n e   g r a n u l a r   t e x t u r e ,   w h i c h  was probahly  induced.  by  recrys- 

t a l l i z a t i o n   d u r i n ?   s i l i c i f i c a t i o n  or  potassium  metasomatism, 

o r   b o t h .  

If the   p redor r . i nan t   a l t e r ed   f e ldspa r  i s  p l a g i o c l a s e ,  

t h e n  i t s  occur rence  m u s t  be  somewhat i r r e g u l a r ,   b e c a u s e  scme 

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

a n   a l t e r e d  feldspar -- presumably   p lag ioc lase  -- w h i l e   o t h e r  
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d i k e s   l o c a l l y   c o n t a i n   o n l y  one f e l d S F a r   i d e n t i f i a b l e   a s  

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

the   Black  Canyon €!OX also commnly   conta in  sparse black b io-  

t i t e .  I n   t h i n   s e c t i o n ,   t h e  b i o t i t e  i s  homogeneous  and pleo- 

c h r o i c  from  greenish  brcwn t o  l i g h t  brown; t h i s  ir;.plies t h a t  

it i s  a t r u e   p h e n o c r y s t ,   r a t h e r   t h a n  a secondary  potassium- 

metasomatic   mineral .  

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

low w a l l s  less than  a meter h igh .  The 3-km-Lonq c?ike t r e n d  

from Tepee TOVJn Mountain t o   S e c t i o n  8 R idge  i s  o f t en   b roken  

by   sma l l   pa t ches   o f   angu la r   co l luv ium  de r ived   f rom  the  

c a u l d r o n - f a c i e s   t u f f .   I n t r u s i v e   c o n t a c t s   h e r e ,   a n d  else- 

where, are  commnly  covered by colluvium. Most of t h e   d i k e  

o u t c r o F s  are  5 t o  20 E wide. 

The   la rge   p lug- l ike  bo6.y e a s t  of t h e  Kancy mine,  which 

i s  con t iguous   on  i t s  e a s t   a n d  west sille with  unusual ly   wide 

d i k e s ,  60-150 m, g e n e r a l l y   c o n t a i n s  nore phenoc rys t s   t han  

the a d j a c e n t   d i k e s .   C h i l l e d   m a r g i n s  of t h e   l a r g e   i n t r u s i o n  

c o n t a i n   a b o u t  3 t o  5 p e r c e n t   p h e n o c r y s t s   c o n s i s t i n g   o f   s a n i -  

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

Q u a r t z   p h e n o c r y s t s   i n c r e a s e  i n  s i z e  and  abundance  toward 

t h e   c o r e  of t h e   p l u g .  €!ere, qua r t z   fo rms   abou t  2 p e r c e n t  

o f   t h e   r h y o l i t e   a r d  i s  accompanied  by 5 t o  8 p e r c e n t   s a n i -  

d i n e   a n d   a l t e r e d   f e l d s p a r .  
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I n  t h i n   s e c t i o n ,  a sample fror, t h e   s o u t h w e s t   s i d e   o f  

t h e   p l u g - l i k e   i n t r u s i o n  was found   t o   con ta in   approx ima te ly  

8 p e r c e n t   p h e n o c r y s t s   c o n s i s t i n g  of abou t  6 pe rcen t   una l -  

t e r e d   a l k a l i   f e l c k p a r ,  1 .5  p e r c e n t   q u a r t z ,   a n d  0 . 5  p e r c e n t  

a l t e r e d   f e l c k p a r   r e p l a c e d   k y  low b i r e f r i n g e n t   c l a y .  The 

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

t u r e   o f   p o t a s s i u m   f e l d s F a r ,   q u a r t z   a n d   d i s s e m i n a t e d  hema- 

t i t e .  Akout 95 p e r c e n t   o f   t h e   s u r f a c e   a r e a   o f   t h e  a l k a l i  

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

s l i qh t ly   wedge- shaped ,   po lysyn the t i c  t w i n s .  The 2Vx of   both 

the  twinned  an2  untwinned areas, e s t i m a t e d   o n   t h e   f l a t  

s t a q e ,  i s  a b o u t  2 5  t o  35 d e g r e e s ;   t h u s   t h e   t w i n n e d   f e l d s p a r  

i s  c l e a r l y   n o t   p l a g i o c l a s e .  The   c l .ose   assoc ia t ion   of  homo- 

geneous  and  twinned  areas,   which  occur i n  o p t i c a l l y  c o n t i n -  

uous crystals of s e e m i n g l y   c o n s t a n t   i n d e x   o f   r e f r a c t i o n ,  

s u g g e s t s   t h a t   t h e   t w i n n e 2   p h a s e  i s  anor thoc la se   and  t h e  un- 

twinned  phase i s  san id ine :   Sma l l ,   i r r egu la r   pa t ches   o f  

h i g h l y   t i r e f r i n q e n t   s e r i c i t e ( ? )   r e p l a c e   a t o u t  5 t o  1 0  per- 

c e n t  of t h e   a l k a l i  fel2spar and   ma t r ix   i n   t he   rock .   T races  

o f   z i r c o n   a n d   s p h e n e ,   p a r t i a l l y   a l t e r e d   t o   l e x c o x e n e ,  are 

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

The geometry of the  p l u g - l i k e   i n t r u s i o n  i s  n o t  clear 

c u t ;  it appea r s  t o  h a v e   c o n f l i c t i n g  aspects of b o t h  a 

s t eeF ly   p lung ing   neck   (on   t he   no r thwes t  s i d e )  and a g e n t l y  
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wes t -d ipping ,   nor th- t rending   d ike   (a long  i t s  e a s t e r n  

m a r g i n ) .   F l o w   f o l i a t i o n s   i n   t h e   l a r g e   i n t r u s i c n  commonly 

e x h i b i t   s w i r l i n a   a n i ?   f o l d i n g ,   t h u s   t h e   f o l i a t i o n s  dc n o t  

n e c e s s a r i l y  ref lect  t h e   t r u e   a t t i t u d e   o f   t h e   b o c y .  An 

i n t r u s i v e   c o n t a c t  i s  l o c a l l y   v i s i b l e   i n  a r a v i n e  wall along 

t h e   e a s t e r n   s i d e   o f   t h e  body a t  an   e l eva t ion   o f   abou t  564C 

feet .  Here t h e  con tac t   has   an   appa ren t  west d i p  of approxi- 

mately 3 0  d e q r e e s .   T h i s   g e n t l y  west d i p p i n s   c o n t a c t  i s  

a p p r c p r i a t e  i f  t h e   p l u 9 - l i k e   i n t r u s i c n  i s  c o n s i d e r e d   t o   b e  

a t h i c k   n o r t h - t r e n d i n c  clike of Ol igocene   aqc   tha t   has   been  

s t r o n s l y   t i l t e d   t o   t h c   e a s t   a b o u t  4 0  decJreeS, a value  cox-  

m e n s u r a t e   w i t h   a d j a c e n t   e a s t - t i l t e l   s t r a t a  of t h e  L u i s  Lopez . 

Formation.   Thus  the 600-m-wide ou tc rop   o f   t he   p lug - l ike  

intrusior i ,   measured ir! an east-west d i r e c t i o r i ,  may be twice 

t h e  t r u e  t h i c k n e s s   o f   t h e   i n t r u s i o n  i f  it a c t u a l l y  d ips  Ten- 

t l y  t o   t h e  west as a dike- l ike  bcdy.  The s i t u a t i o n  would 

be similar t o  t h a t  shown ir, cross s e c t i o n  1-1 ( p l .  2 ) ,  

e x c e p t   t h e   w e s t e r l y   d i p   o f   t h e   i n t r u s i o n   c o u l d  be as low a s  

30 deg rees .  

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

Black  .Canyon is  anomalous i n  i t s  f r e s h n e s s ,  color?,  and 

phenoc rys t   con ten t .   Th i s  Sknse', g ray i sh - red ,   d ike   rock   con-  

t a i n s   a b o u t  1 0  percent   medium-gra ined   phenocrys ts .   In  

d e c r e a s i n g   o r d e r  of abundances t h e   F h e n o c r y s t i c   m i n e r a l s  
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c o n s i s t  of "q lassy"   euhedra l   san id ine ' ,   subhedre l   quar tz ' ,  

b lack   b io t i te ' ,   and   cha lky   whi te   c lay   pseudomorphs   apparent ly  

a f t e r   p l a g i o c l a s e .  The clay  pseudomorphs are commonly 

envelope2 by f r e s h   s a n i d i n e .  

The mos t   t enuous   co r re l a t ion  of a n   i n t r u s i v e   b o d y   w i t h  

t h e  L u i s  Lopez  Formation i s  a poorly  exposed,   arc-shaped,  

o u t c r o p  of grayish- red-purp le ,   hydro thermal ly   a l te red ,   ande-  

s i t e ( ? )  porphyry ( ? T i a ) ,  w h i c h   o c c u r s   w i t h i n   t h e   e a s t e r n  

s i d e   o f   t h e  1 a r c ; e   p l u q - l i k e   r h y o l i t i c   i n t r u s i o n   a t   B l a c k  

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

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

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

r h y o l i t i c   i n t r u s i v e   b c d y  sems t o   r e q u i r e   t h a t  it i s  e i t h e r  

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

n o t  seem l i k e l y ,  s i n c e   n o  small x e n o l i t h s  of any  type  were 

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

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

a l ignment  of phenocrysts!,  which  form  about 5 t o  2C p e r c e n t  

of t h e   r o c k .   C h a l k y ' ,   a l t e r e d   p l a g i o c l a s e   l a t h s  1 t o  5 m 

long,  are  abundant.   Sparse  pseudomorphs  of  reddish-brown 

h e m a t i t e   a p p a r e n t l y  occm af te r  a s tubby  pr i smat ic   pheno-  

cryst ,  probably  pyroxene. The s i p i l a r i t y  i n   l i t h o l o g y   a n d  

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

mediate   lavas   of   the   Luis   Lopez  Forma. t ion seems s u f f i c i e n t  
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t o  assume t h a t   t h e y   a r e   c o r r e l a t i v e .  Bowever, i f  t h e   c o r r e -  

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

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

t h e  younr_rest i n t e r n e d i a t e   l a v a  ( T l a  ) ,  which i s  o n l y  ob- 

serve? i n   t h e   S o c o r r o  Feak area.  
4 

T u f f  o f   South  Canyon 

The t u f f   o f   S o u t h  Canyon ( T s c ,  p1. 1) i s  the   younges t  

major   ash-f low  sheet  i n  t he   Socor ro   r eg ion ;   where   p re s -  

e n t  it r a r k s  t.he t o p   o f   t h e  Dat i l  v o l c a n i c   F i l e   ( T a b l e  1; 

f i g .  8, l as t  column).  Named by O s b u r n  ( 1 9 7 8 ,  p. 4 9 )  f o r  a 

t y p e   s e c t i o n  a t  t h e   m u t h  of South  Canyon, t h i s   a s h - f l o w  

s h e e t  forms a simple coo l . i no   un i t  of h i g h - s i l i c a   r h y o l i t e ,  

which i s  d i s t i n c t i v e l y   z o n e s ,   h o t h   m i n e r a l o g i c a l l y   a n d   t e x -  

t u rz l ly .   A l though  it i s  normally  napped as  a s i n g l e   u n i t ,  

t h e   t u f f  of South Canyon is  n e n e r a l l y   d i v i s a b l e   i n t o  a lower 

c rys t a l -poor   zone   t ha t  is p a r t i a l l y   t o   d e n s e l y   w e l d e d ,   a n 2  

a n  u p p e r   n o d e r a t e l y   c r y s t a l - r i c h   z o n e   t h a t  i s  dense ly  

welded. 

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

South   Canyon,   f ror r   the   Joyi ta  Hills, has   been  analysed as  a 

h i g h - s i l i c a   r h y o l i t e ,   c o n t a i n i n :   a t o u t  77.8 percent S i 0 2  

(C.L. W h i t e ,   u n p b . ,  see p. 2 5 ) .  A b i @ t i t e   s e p a r a t e  from 

t h i s  same very  f resh  sample  yielc7ed a K-Ar age  of  26.2t1.0 
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m.y. (Appendix E). 

C o r r e l a t i v e s  cf t h e  t u f f  of S0ut.h  Cacyon  mapped i n  pre-  

v ious   i nves t iga t ions   o f   t he   Magda lena   P ro jec t   have   been  

r e f e r r e d   t o  as t h e   " u p p e r   t u f f s "  (Simcri, 1973;  Blakes taZ,  

1 9 7 6 )  and as t h e   " u p p e r   P o t a t o  Canyon khyol i te"   (Spradl i r i ,  

1 9 7 6 ) .  T h e s e   s t r a t i g r a p h i c  terms have  heen  abandoned  by 

p r e s e n t  members of t h e  project .  The tuff  of  South  Canyon, 

as   def ined  by  Osburn (197E) i s  n o t   c o r r e l a t i v e   w i t h   t h e  

"Pota to  Canyon Khyoli tc"   of   Deal  ( 1 9 7 3 ) .  S i n c e   a s  mapped 

by   Cez l ,   t he   Po ta to  .Canyon Rhyo l i t c   appa ren t ly  also i n c l u d e s  

the   Lemi tar   Tuff   an6  welded t u f f s  betwecn t h e  Lernitar Tuff 

ar.d A-I; Peak  Tuff ,   which   a rc   qenera l ly   no t   recognized   ou t -  

s ide  of t h e  Zan Kateo Nountains .  Bowever, Deal's in fo rma l  

and unmapped s u b d i v i s i o n  of t h e   P o t a t o  Canyon R h y o l i t e  

r e f e r r e d   t o  as the "upper   noons tone   tu f f  u n i t "  cou ld  he 

e q u i v a l e n t   t o   t h e   t u f f  of South  Canyon. A s  descr ibed   by  

Wilkinsoc (19763, t h e   " t u f f  of Gray H i l l "  and  "Potato .Canyon 

Tuf f "   a r e   ve ry  similar t o  t h e  lower and uppe r   zones   o f   t he  

t u f f  of  South  Canyori, r e s p e c t i v e l y .  

Past   and  ongoing  mapping of t h e  Magdalena Project h a s  

shown t h a t   t h e   t u f f  of South   Canyon  c rops   ou t   d i scont inu-  

o u s l y   i n   t h e   f o l l o w i n c ;  areas: J c y i t a  Rills, Lemitar Moun- 

tains!,   Socorro  MountainS,  northern  and  southern  Chupadera 

Mountains,   throuqhout  the  Magdalena  McuntainS,  and  near 
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Landavaso  Reservoir  (G.R. Csburrf, 1 9 7 9 ,  o r a l  comrrun.). ' 

P o t e n t i a l   e q u i v a l e n t s  of t h e   t u f f   o f   S o u t h  Canyon are also 

p r e s e n t   i n   t h e   n o r t h e r n  San  Mateo  Kountains  and i n   t h e  

Gal l inas   Mounta ins   near   Gray  H i l l  and a t  Lion  Mountain  (cp. 

c i t .  ) . 
Chapin   and   o thers  ( 1 0 7 8 )  have  proposed a down-faulted 

area a lona   the   wes te rn   f lank   of   the   Macdalena   Nounta ins ,  

des ig f i a t ed   t he  Eop Canyon cauldron  ( f i a .  S)', a s  t h e   s o u r c e  

of   the   South  Canyor.  ash-flow  sheet.  This  area. i s  l a r o e l y  

covered  by  Miocene s i l i c i c  l a v a s  2nd b a s i n - f i l l   a l l u v i u m  

( f i g .  2 )  ; and a t h i c k   i n t r a c a l d e r a   e q u i v a l e n t  cf t h e   S o u t h  

Canyon h a s   n o t   y e t   b e e n   f o u n d ,   a l t h c u g h  much o f   t h e  area 

remains unmappe?!. A d d i t i o n a l   d a t a   o n   t h e   d i s t r i b u t i o n   a n d  

th i ckness   o f   t he   t u f f   o f   Sou th  Canyon w i l l  be needed t o  

v e r i f y   t h e   p r o p o s e d   s o u r c e .  

I n   t h e  area cf t h i s   s t u d y ,   t h e   t u f f  of South  Canyon 

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

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

t r u n c a t i o n  or d e p o s i t i o n   i n   F a l e o c h a n n e l S ,   o r   b t h .   G e n e r a l  

ou.tcrop l o c a l i t i e s   o c c u r   n e a r  Bus Mountain  and Strawberry 

Canyon i n   t h e   s o u t h e r n  Lemitar Moun ta ins ,   no r theas t  or 

Socorro  Peak,   and  between  the Tower mine  and Bear Canyon 

Box i n  the northern  Chupadera  Mountains .  A t  most loca l i t i es  

t h e  maximum p r e s e r v e d   t h i s k n e s s  i s  abou t  6 0  m .  The g r e a t e s t  
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prese rved   t h i ckness ,   app rox ima te ly  e5 fl, o c c u r s   i n   t h e  

p a l e o v a l l e y   n o r t h e a s t   o f   t h e ,  Tower mine, where   t he   t u f f  

rests on a s a n d s t o n e   i n   t h e   L u i s  Lopez Formation. 

The pe t rcgraFhy of t h e   t u f f   o f   S o u t h  Canyon, i n   t h e  

area of t h i s   r e p c r t ,   h a v e   n o t   b e e n   s t u d i e d   i n   d e t a i l .   F o r  

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

shGuld refer t o  Osburn ( 1 9 7 8 ,  p. 50-58) .  Some gene ra l   pe t -  

r o l o g i c   i n d i c e s  of t h e   t u f f  of South Canyor. from Osburn's 

d a t a   a r e   s u m m a r i z e d   i n  T a b l e  2 .  F i e l d   o b s e r v a t i o n s  and 

handspec imens   co l lec ted  i n  t h i s   s t u d y   a r e a  are mostly i n  

aqreement   wi th   the   observa t ions  of Osburn. Scme d i f f e r e n c e s  

i n  zones of weldincf,  which are apparent   be tween  the   type  

s e c t i c n   a n d   t h e   S o c o r r o   P e a k  area, may be expla ined  by east- 

ward t h i n n i n o  of t h e   c o o l i n g   u n i t .  hJere p e r t i n e n t ,   s o n e  

t h i n   s e c t i o n   o b s e r v a t i o n s  of s a m p l e s   c o l l e c t e l ' i n   t h e   c e n -  

t r a l   Lemi ta r   Moun ta ins  ( L e m i t a r  Map, LM-8) are n e n t i o n e d   i n  

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

, 

Phenocrys t   mine ra logy   t h rouqhou t   t he   t u f f  of South Can- 

yon i s  re la t ive ly  cons tan t   and  may be  descr ibed  indepen-  

d e n t l y  of zonal   var ia t ions .   Subequal   vo lumes   of   quar tz   snd  

s a n i d i n e  are the   dominan t   phenoc rys t s   i n  a l l  zones of t h e  

t u f f .  B io t i t e  and   somet imes   p lag ioc lase  are l o c a l l y   p r e s e n t  

i n  amounts of less than   one   pe rcen t .  The h igh   qua r t z -  

s a n i d i n e  r a t i b ,  approximately l . C ,  i s  unique t o  t h e   t u f f  of 
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South Canyon. Where t h e   u p p e r n o s t   d e n s e l y  welded  zone  has 

been  preserved from e r o s i o n ,   s a n i d i n e  may be more abundant 

than  quartz   (Gsburr i ,  1978,  f i g .  14). 

C u a r t z   c r y s t a l s  are g e n e r a l l y   e u h e d r a l  and  ranqe  from 

1 t o  3 mm i n  maximum dimension.   In   handspecimens  f rom  this  

s t u d y   a r e a ,   f o u r   s i 2 e d   r h o m b i c - l o o k i n g   c r y s t a l s   a r e  common 

a long   wi th  a f e w  hexaoonal   d ipyramids .   Sanid ine   phenocrys ts  

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

b l c i s h  "moons tone"   cha toyancy ,   pa r t i cu la r ly   i n   t he   uppe r  

mcSera t e ly   c rys t a l - r i ch  zone. Northeast   of   Socorro  Eeak,  

altered. ou tc rops  cf t h e   t u f f   o f   S o u t h  Canyon c c n t a i n  skele- 

t a l  wh i t i sh   s an id ine ,   wh ich   wea the r  t o  honeycorpb-like  crys- 

t a l s   a s   p r e v i o u s l y   c i e s c r i b e d .   i n   t h e  A-L Peak Tuff.  V e r y  f i n e  

f l a k e s  of coppery b i o t i t e  occur s p o r a d i c a l l y   i n   t h e   l o w e r  

c r y s t a l - p o o r  zone and are f a i r l y  common i n   t h e   u p p e r   z o n e .  

Sparse   phenocrys ts  of p l a g i o c l a s e   a l t e r e 2   t o   w h i t e   c l a y ,  

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

o c c a s i o n a l l y   o b s e r v e ?   n e a r   t h e  top of the t h i c k e s t   p r e s e r v e d  

s e c t i o n s .  

Fo r   t he   pu rpose   o f   desc r ip t ion ,   and   fo l lowing  the 

approach of Osburn (1978)', t h e   t u f f  of South  Canyon i n   t h e  

Socor rc   Peak   a r ea   nay   be   d iv ided   compos i t iona l ly   i n to  a 

lower c rys t a l -poor  zone', g e n e r a l l y   w i t h  2-5 percent   pheno-  

crysts ( l o c a l l y   s l i g h t l y  more)', and  an  upper   moderately 
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i 

c r y s t a l - r i c h   z o n d ,   w i t h  1 0  t o  1 5  pe rcen t   phenoc rys t s .  

Uppermost zones  with 20  p e r c e n t   p h e n o c r y s t s  (Osburri ,  1 0 7 8 ,  

f i g .  14) are n o t  commonly p r e s e r v e d   i n   t h e   S o c o r r o   P e a k  

a r e a .   T e x t u r a l l y ,   t h e   t u f f   o f   S o u t h  Canyon may be   d iv ided  

i n t o  a basal Eonwelde2  zone, a lower  par t ia .11~  welded  zone,  

and  an  upper  densely  welded  zone. An u p p e r   p a r t i a l l y   w e l d e d  

zone   has   no t   been  observed, a p p a r e n t l y   b e c a u s e   o f   s i g n i f i -  

c a n t   e r o s i o n   o f   t h e   S o u t h  Canycn   a sh - f low  shee t   i n   l a t e  

O l i g o c e n e   t o   e a r l y  Miccene time p r i o r   t o   b u r i a l  by S a n t a  Fe 

Group s t ra ta .  

E s s e n t i a l l y  a l l  o u t c r o p s  cf t h e   t u f f   o f   S o u t h  Canyon 

in t h i s   s t u d y   a r e a   a p p e a r   t o  comist  of   on ly  twc zcnes.  

This  i s  because t h e  lower nonwelded  zone i s  r a r e l y   e x p c s e d ,  

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

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

( w i t h i n  3 t o  5 m y ,  w i t h   t h e   f a i r l y   a b r u p t   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 .  

I n   t h e   S o u t h  Canyon type section  (Osburrf,  1978,  f i g .  

14), t h e  base of the   dense ly   welded   zcne  i s  .=bout 25 m belcw 

t h e  base of the   modera te ly   c rys ta l - r ich   zone ,   and   be tween 

them is  a pale-red l i t hophysa l   zone   approx ima te ly  2C m 

t h i ck .   Th i s   1 i thoFhysa l   zone ,   wh ich   Osburn   desc r ibes  as 

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

s tudy  area. The a b o v e   d e s c r i b e d   l i f f e r e n c e s   i n   z o n a t i o n  
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between t h e   t y p e   s e c t i o n   a n d   t h i s   s t u d y   a r e a  may be 

exp la ined  i f  t h e   o r i g i n a l   S o u t h  Canyon c o o l i n g   u n i t  was 

th inne r   i n   t he   Socor ro   Peak-Lemi ta r   Koun ta ins  area. The 

type   s ec t ion   cay   be   unusua l ly   comple t e  w i t h  a l i g h t - c o l o r e d  

u p p e r   p a r t i a l l y   w e l d e d ( ? )   z o n e   p r e s e r v e d  a t  t h e   t o p   ( O s b u r n ,  

1979 ,   o ra l  commun.).  In  comparison t o   t h e   t y p e   s e c t i o n ,  

which   inc ludes  6 2  m o f   lower   c rys ta l -poor   tu f f   an6  1 2 7  m of 

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

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

Tower m i n e )   c o n s i s t s  of  about 4 0  m o f   c r y s t a l - F o o r   t u f f  and. 

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

The basal non-welded  zone i s  f a i r l y  well exposed   i n  

t h e   w a l l  of Strawberry Canyori, i n   t h e   n o r t h e a s t   c o r n e r   o f  

t h e   s t u d y  area. E e r d ,  it i s  1-2 m t h i c k  a n a  c o n s i s t s  of a 

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

crysts of quar tz   and   san id ine .  Also p r e s e n t   a r e   s p a r s e ,  

s m a l P ,  r e d d i s h - b r o w r i ,   b a s a l t i c   a n d e s i t e ( ? )   l i t h i c s .  A f e w  

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

observed  a t  t h e  same p o s i t i o n   i n   t h e   e a s t e r n   M a q d a l e n a  Moun- 

t a i n s   ( O s b u r n ,  1978; P e t t y ,  1 9 7 9 ) .  

The  lower p a r t i a l l y   w e l d e d   z o n e ,   q e n e r a l l y  2 0  t o  4 0  m 

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

a n g u l a r  j o i n t  b locks .  It may g r a d e   i n t o   t h e  c l i f f -  and 

ledge-forming  densely  welded  zone,   a l thoush a b r e a k   i n   s l o p e  
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i s  commcn be tween  these   zones .  I n  t h e   c e n t r a l  Lemitar Moun- 

t a i n s ,   l e d 5 e - f o r m i n g   i n t e r v a l s  near the   poor ly   welded   base  

a p p e a r   t o   b e   u n u s u a l l y  well indura ted   because   o f   cementa t ion  

by   vapor-phase   quar tz .  

The  lower p a r t i a l l y  welded  zone  consis ts  of l i gh t -g ray  

to   l i gh t -b rowni sh -Gray ,   pumiceous ,   c rys t a l -poor   rhyo l i t e  

g e n e r a l l y   w i t h  ? t o  5 percent   phenocrys ts   o f   quar tz   and  

san id ine ,   and  5 t o  1 C  percent   crystal-pocf ,   medium-gray,  

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

t i ve  of zones of i n c i p i e n t   t o   p o o r   w e l d i n s   i n   p u m i c e o u s  

t u f f s .   E o t r y o i d a l   p u m i c e  i s  be t t e r   deve lope2   and  more 

p r c m i n e n t   i n   t h e   t u f f  of South Canyon because   t h i s   zone  i s  

t h i c k e r   t h a n   e q u i v a l e n t   b a s a l   z o n e s   i n   t h e  Lemitar Tuff  and 

A-L Peak Tuff .  

L i t h i c   f r a y v e n t s  a t  mcst o u t c r o p s   c o n s i s t   o f  small 

p i eces   o f   r ed l i sh -b rown   to   da rk -g ray   ba . sa l t i c   andes i t e ,  a.nd 

less ccmmonly g r a y i s h - r e d ,   c r y s t a l - p o o r ,   r h y o l i t e   t h a t  

a p p e a r s   t o   b e  ei ther densely  welded cr flow-banded. The 

l a t t e r   t y p e  of l i t h i c  fragment i s  m o s t   l i k e l y   d e r i v e d  from 

t h e  A-L Peak Tuf f .   L i th i c   f r agmen t s  are mostly small (4 1 

cm) and a o d e r a t e   i n   a b u n d a n c e  (1-3 p e r c e n t ) .   L i t h i c - r i c h  

l e n s e s ,  similar t o  those   desc r ibed  by Osburn  (1978,   f ig .  

lE)’, have   been   cbse rved   i n   t he   Lemi ta r   Moun ta ins .   L i th i c  

f ra l rments   of   quartz-r ich Lemitar Tuff  have  been  observed i n  
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t h e   l o w e r   t u f f  of   South  Canyon  only  near   the Tower mine  sug- 

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

the   pa leochannel ' ,   here  f i l l e d  by the   Sbuth  Canyon ashflows.  

In   the  northern  Chupadera  I . iountains ,   the   upper   densely 

welded zor,E', g e n e r a l l y  2 0  t o  45 n? t h i c k ,   f o r m   b l o c k y ,  

j o i n t e d   l e d g e s ,  small c u e s t a s   a n d   h i l l   t o p s .   E x p c s u r e s   i n  

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

the   base   o f   the   dense ly   welded   zone  which occurs   about  3 m 

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

lower  crystal-poor   zone  and  the  upper   moderately  crystal-  

r i c h  zone. The l a t t e r  c o n t a c t  i s  shown  on t h e   q e o l o q i c  rrap 

(p1. 1) as an i n t r a f o r m z t i o c a l  ccntact.  I n   t h e   n o r t h e r n  

p a r t   o f   t h e   s t u d y  area, where   t he   t u f f   o f   Sou th  Canyon i s  

over l a in   by  c l i f f  and  hogbackforming  lower  Fopotosa Forma- 

t i o n  (Tpsd,  Tplrl ' ,  p l .  lr, it has   no   apparent   topographic  

expression;   however ,  it does   fo rm  r e s i s t an t   expcsu res .  

Rock samples  from the upper  densely  welded  zone are 

mostly med.ium l i c h t   g r a y  t o  l i g h t   b r o m i s h   g r a y   a n d   s t r e a k e d  

wi th  5 t o  1 0  p e r c e n t  of l i g h t - g r a y ,   c r y s t a l - p o o r   t o  rnoder- 

a te ly   c rys ta l - r ich   pumice .   Pumice  a.s much as 4 cm long are 

common and   occas i cna l ly   t he   pumice  are rimmed w i t h  pale-re2 

s p h e r u l i t e s .   I n   t h e   n o r t h e r n   C u p a d e r a   M o u p t a i n s ,   t h i n   z o n e s  

of pale-re2  densely  welded t u f f  have  been  observed locally 

t h a t  are s t reaked   wi th   medium-gray ,   cher ty- looking   i r regular  
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b l e b s   r e p l a c i n g   t h e   p u m i c e .   T h e s e   r e d d i s h   z o n e s  may be 

i n c i p i e n t   l i t h o p h y s a l   z o n e s .  The densely  welded  zone i s  

c o n s i s t e n t l y   m o d e r a t e l y   c r y s t a l - r i c h :   q u a r t z   a n d   s a n i d i n e  

are dominant   phenocrys ts   ana   minor   coppery   b io t i te   occurs  

s p o r a d i c a l l y .   L i t h i c   f r a g n i e n t s   t e n d  t o  be small an6   sparse  

as i n   t h e  lower t u f f  of South  Caxyon. 

S t r a t i q r a p h i c   r e l a t i o n s h i p s   o f   t h e   t u f f   c f   S o c t h  Canyon 

i n   t h e   S o c o r r o  P e c k  a r e a   a r e   v a r i a b l e   a n d   r e f l e c t  s t ruc tures  

t h a t   b o t h   p r e d a t e  and   Fos tda te   t he   a sh - f l cw  shee t .   I n   t he  

s o u t h e r n  L e m i t a r  Ibfountains, t h e   t u f f   o f   S c u t h  Canycn rests 

c o n f o r m a b l y   o n   t h e   r e l a t i v e l y   f l a t  top of   the  upper   tongue 

of L a  J a r a  Peak Basalt ic A n d e s i t e :   t h i s  i s  t h e   t y p i c a l  

r e g i o n a l   s t r a t i g r a p h i c   r e l a t i o n s h i p  of t h e   S o u t h  Canyon out-  

f low  shee t .  A t  bug  Mountain, the t u f f  of South  Canyon i s  

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

the  Popotosa  .Forrrati .cn.   This  surface i s  l o c a l l y  related t o  

a lonc- te rm  subs idence   toward   the   south   a long  a p e r i p h e r a l  

h i n g e l i n e   s t r u c t u r e  of t h e  Eocorro   cau ldrcn .  The lonnev i ty  

o f   t h i s   c a u l d r o n - i n i t i a t e d   s t r u c t u r e  may be  caused by 

r e a i o n a l   e x t e n s i o n a l  stress r e l a t e d  t o  t h e   e a r l y   R i o  C-rande 

r i f t .  

N o r t h e a s t  of Sbcorro   Peak ,   the   South  Canyon ash-flow 

s h e e t   a p p e a r s  t o  have  lapped  onto a r h y c l i t e  dome of the 

Luis  Lcpez  Formation  on a n o r t h - f a c i n g   s l o p e  a t  t h e   c a u l d r o n  
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rim. The wes te rnmos t   o f   t hese   two   ou tc rops   i s . anona lous ly  

b r e c c i a t e d .  It has   been   broken   th roughout   in to  f i s t - s i z e d  

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

r c t a t e d   a n d   o n l y   o c c a s i o n a l l y   a p p e a r   t o   b e  cementec!  by  red 

s i l i c a .  The o v e r l y i n g   P o p o t o s a   s t r a t a  are n o t   b r e c c i a t e d  

a n d   t h e   u n d e r l y i n g   r h y o l i t e   l a v a  shows r e l a t i v e l y   m i n o r   a n d  

i r r e g u l a r   b r e c c i a t i o n .  The o r i g i n  cf t h i s   b r e c c i a t i o n  i s  

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

mcst l i k e l y   t e c t o n i c a l l y   i n e u c e d  similar t o   l a r g e r - s c a l e  

d i s r u p t e ?   b l o c k s  of t h e   t u f f   o f   t b u t h  Canyon n o r t h   o f   t h e  

Tower F ine .  

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

in   t he   no r the rn   Chupade ra   Loun ta ins   he lp  dlefine a nor th-  

t r e n d i n q   f a u l t   z o n d ,  downthrown t o  t h e   e a s t   a n d   t h e n   o v e r -  

lapped  by tbe South Canyon a s h  flows. On t h e  west s i d e  of 

(see 

) 

t h i s   n o r t h - t r e n l i n g   f a u l t   z o n e ,   o n   t h e  Tower mine  block 

p. loo), t h e   t u f f  of Scuth Canyon f i l ls  a p a l e o c h a n n e l ( s  

cu t   i n   t he   uppe r   Lemi ta r   Tuf f ,   wh ich   had   p rev ious ly   been  

p a r t i a l l y   f i l l e d  by  upper L a  Jara Peak Basaltic Andesi te .  

E a s t  o f   t h e   f a u l t  zone, and now a t  a p p r o x i m a t e l y   t h e  same 

e l e v a t i o n ,   t h e   t u f f   c f   S o u t h  Canyon f i l l s  a p a l e o c h a n n e l ( s )  

p a r t l y  f i l l ed  by channel  sands of t h e   L u i s  Lopez  Formation 

whicn, i n   t u r n ' ,  overlie r h y o l i t e   b r e c c i a s   a n l  lavas and 

a n d e s i t i c   l a v a s  of t h e   L u i s  Lopez  Formation. A s  much as 
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5G0 m of  down-to-the-east   subsidence may have  occurred  a long 

t h i s  f a u l t  z o n e   p r i o r   t o   e r u p t i o n   o f   t h e   t u f f   o f   S o u t h  Can- 

yon ( p l .  2 ,  G-G*, H-A'). 

Other   anomalous   a spec t s   o f   t he   t u f f   o f   Sou th  Canyon i n  

the   nor thern   Chupadera   Mounta ins   ind ica te   loca l   t ec tonism 

s h o r t l y  a f t e r  i t s  e r c p t i o n .  A t  the   South  Canyon e x p o s u r i ,  

sou theas t   o f  Eear Canyon BOX, the   upper   modera te ly   c rys ta l -  

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

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

quartz-poor  upper  Lemitar T u f f .  The c o m p a c t i o n   f o l i a t i o n  

i n   t h e  upper  block i s  nezx ly  ver t ical .  This   block i s  i n t e r -  

p r e t e d   a s   a n   a n c i e n t   l a n d s l i d e   b l o c k   o f   p r o b a b l e  l a t e  Oligo- 

cene  or   ear ly   Miocene  age.  The a n t i q u i t y   o f   t h e   s l i d e   b l o c k  

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

t h e   s i l i c i f i c a t i o n  of t h e   c o n t a c t .  The most l i k e l y   s o u r c e  

of   th i s   b lock   would   have   been  a northward  cont inuat ion  of  

t h e  Tower n i n e   b l o c k . ,   u p l i f t e d   t o   t h e  west o f   t h i s   o u t c r o p  

a long   t he  same n o r t h - t r e n d i n g   f a u l t   z o n e   p r e v i o u s l y   2 e s -  

c r i b e d .  Later down-to-the-west movement a long  the  zone ( p l .  

2, E-H')', r e l a t e d  t o  r i f t i n $ ,   h a s   a l l o w e d   t h e   p r o b a b l e  

sou rce   t o   be   bu r i ed   unde r   ycunge r  Z a n t a  F e  Group s t ra ta .  

Northwest of t h e  T o w e r  mine!, s t r i k e  and d ip   measure-  

ments of c o m p a c t i o n   f o l i a t i o n s   i n   t h e   t u f f  of  South  Canyon 

are e r r a t i c  ( p l .  X ,  marked  with ? )  and  appear t o  d e f i n e  
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l a r g e ,   j u m b l e d   l a n d s l i d e   b l o c k s .  Many o f   t h e s e   b l o c k s   a r e  

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

a c t  as matr ix   cementing sml le r  b r e c c i a t e d   f r a g m e n t s   o f   t u f f  

of South Canyon. E a s t  o f  the Tower mine, a r e l a t i v e l y  

unbroken  block  of  South  Canyon is  c u t  by numerous i r r e g u l a r  

r e d  j a spe ro id   ve in l . e t s ,   wh ich   pe rcep t ik ly   i nc rease  i p  abun- 

dance  toward  the  unconformable  contact   wi th  the  lower 

Fopotosa  mudflow  deFosi ts   (Tpsd) .   These mudflow d e p o s i t s  

are  ext remely   wel l - indura ted   by  rec! s i l i c a  cement; t h i s  Same 

r e d  s i l i c a  ceoent i s  i n t e r p r e t e d   t o   h a v e   i n f i l t r a t e d  down- 

wards i n t o  c las t ic  l r ikes   and   f r ac tu res  i n  the   under ly ing ,  

b r i t t l e   u p p e r   t u f f  of South  Canyon.   Popotosa  s t ra ta  i n  t h e  

Tower  mine   a rea  are  f a u l t e d ,   b u t   n o t   j u m b l e d   l i k e   t h e   t u f f  

of South Canyon.  Thus, t he   j umbled  South Canyon exposures  

a p p a r e n t l y   d e f i n e  local f a u l t i n g   a n d   u p l i f t ,   p r o b a b l y   a l o n g  

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

p r i o r   t o   d e p o s i t i o n  of the  lower  Popotosa  mudflows  in  l a t e  

Oligocene or  e a r l y  Miocene time. 

T h i s  phen.omenon of r ed   j a spe ro id   cemen ted   b recc ia s ,  

v e i p l e t s   a n ?  c las t ic  d i k e s   i n   t h e  exhumed e r o s i o n   s u r f a c e  

o r i g i n a l l y  formed  on  top of t h e   t u f f  of South Canyon h a s  

been  widely  observed.  It a l s o   o c c u r s   i n   t h e   L e m i t a r  Moun- 

t a i n s   ( B r u n i n g ,   1 9 7 3 ,   f i g .  16; Lemitar Map) and i n  t h e  east- 

ern  Magdalena  Mountains  (Qsburn, 1 9 7 8 ,  p. 5 0 ) .  I n  m.any 
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i n s t a n c e s ,  it i n d i c a t e s   t h a t   t h e   S o u t h  Canyon outcrops   were  

bur ied   by  the Popotosa  mudflows,,  even  where  the  mudflow 

depos i t s   have   been   comple t e ly  removed  by la ter  e r c s i o n .  

For example, n o r t h w e s t   o f   t h e  Tower mine, the  South Canyon 

i s  o v e r l a i n   b y  a q u a r t z  l a t i t i c  lava o f   t h e   l a t e  Pliocene 

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

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

r e l a t i o a s h i p s   o n   a d j a c e n t   f a u l t   k l o c k s  ( p l .  l), t h e  

j a s p e r o i d   o c c u r r e n c e   h e l p s   d e f i n e  a per ioc!   o f   loca l   fau l t -  

i p g ,   d i f f e r e n t i a l   u p l i f t ,   a n 8   e r o s i o n   b e t w e e n   e a r l y  t.lioceEe 

and l a t e  Miocene time. 
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SAKTA FE GROUP - 

222 

The term “Eanta Fe Group” as used  by many g e o l o g i s t s  

(Baldwiri,  1963; Bzwley and  others!, 1 9 6 9 ;  and  Machette, 1 9 7 8 )  

i s  gene ra l ly   cons ide red  t o  i n c l u d e   e s s e n t i a l l y  a l l  ( ? I .  sedi- 

men ta ry   ana   minor   i n t e rbedded   vo lcan ic   rocks   r e l a t ed   t o   t he  

Rio  Grande r if t ,  and t o  ranqe   in   age   f rom  Kiocene   to   middle  

P l e i s t c c e n e .  The sed imentary   rocks  of t h e   S a n t a  Fe are 

o f t e n   d e s c r i b e d   a s   t h i c k   i n t e r m c n t a n e   b a s i n   f i l 1 ,   d e p o s i t e d  

i n   g r a b e n - l i k e   b a s i n s  and   der ived   f rom  hors t - l ike   ranqes  

formed by reg iona l   ex t ens ion .  

I n  t h e   S o c c r r o  ared, numerous  angular   unconformit ies  

w i t h i n  the Santa  Fe Group and   w i th in   unde r ly ing  l a t e  Oliqo- 

cene  volcanic   rocks  (Chamberl i r i ,  1 9 7 6 ,  1978)  have  recorded 

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

Afe r   dep res s ion   o f .   e a s t   Af r i ca   (Mor ton   and  Black’, 1975) .  

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

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

f a u l t , b l o c k s   t h r o u g h  time. It i s  recogn ize2  by p rogres -  

s i v e l y   d e c r e a s i n f   d i p s  cjf con tempcraneous   s t r a t a   w i th  

decreasing  age,   and  by many smalx, wedge-shaped p r i s m   o f  

s t r a t a  bound  by   ro ta ted   nor r ra l   fau l t s   and   loca l   angular  

unconfo rmi t i e s .   Re la t ionsh ips  of t h i s   t y p e  nay be commonly 
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obse rved   on   t he   geo log ic   nap  ( ~ 1 .  1) ar,d c r o s s   s e c t i o n s  ( p l .  

2 )  of t h e  Socorro Peak a.rea. Some hors t -and-graben-s ty le  

s t r u c t u r e  i s  alsc e v i d c n t   i n   t h e   S b c o r r o   a r e a ;   b o t h  of t h e s e  

s t r u c t u r a l  styles are cor r ,pa t ib le   fc rns  of c rus ta l  e x t e n s i o n  

and may o v e r l a p  i n  time and  space ' ,   s ince  they are probably  

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

(Chamberl ib ,   1078) .  

As used i n  t h i s  r e p o r t ,   t h e  Eanta  Fe Group follows t h e  

s t r a t i g r a p h i c  lirits 2ef ined  by baldwin (1063) and  descr ibed 

by Hawley a n ?   o t h e r s  (1969). However, t he   l ower  time limit 

of "general ly   Miocene" (op. cit.', p. 5 2 )  a r b i t r a r i l y  

exc ludes   s eve ra l   hundred   me te r s ,o f  la te  Oligocene basaltic- 

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

were e rup ted   con temporaneous ly   w i th   t he   onse t   o f   r i f t i ng  i n  

t h e   S o c o r r o  area (Chapiri, 1978).   Thus,  as i n t e r p r e t e d  here, 

t h e   S a n t a  Fe Group i n c l u d e s  most, r a t h e r   t h a n  "al l" ,  rocks  

r e l a t e d  t o  the   Rio   Grande  rift. 

I n   c e n t r a l  N e w  Mexico', t h e   S a n t a  Fe Croup h a s  been 

r ede f ined   (Mache t t e ,   1978)   t o   cons i s t   o f   t he   K iocene  

Popotosa  Formation  of Denny ( 1 9 4 0 )  a n d   t h e   e a r l y   P l i o c e n e  

t o  middle Pleis tocene  SLerra   Ladrones  Formation,   newly name6 

by  Nachet te .  The Popotosa  Formation has b e e n   i n t e r p r e t e d  

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

b a s i n   ( b o l s c n )   r e l a t e d  t o  t h e   e a r l y   d e v e l o p m e n t  of t h e   R i o  
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Grande r i f t  (Denny, 1 9 4 0 ;  Bruning,  1973;  Chapin a n d  Seage r ,  

1 9 7 6 ;  Machette, 1 9 7 8 ) .  The S ie r r a   Ladrones   has   been   des -  

c r i b e d  as  a th i ck   accumula t ion   o f   f l uv ia l   s ands  of t h e  

ancestral   Rio  Grande  (Machet te ,   1978;  Eachman and  Mehnert, 

1978),   which i s  l a r g e l y   o v e r l a i n   b y ,   a n ?   i n t e r t o n g u e s   w i t h ,  

pied.mont g rave l s   ee r ived   f rom modern   ranges   border in9   the  

p r e s e n t   r i v e r   v a l l e y .  

I n   t h e   S o c o r r o  Feak vo lcan ic   cen te r ,   t he   San ta   Fe   Croup  

h a s   b e e n   d i v i d e d   i n t o  4 major   mappable   un i t s   cons is t inp   o f :  

1) t h e  lower  Popotosa  Formation, 2 )  the   upper   Fopotosa 

Formation, 3 )  t h e   E o c o r r o  Feak Rhyo l i t e   ( l oca l ly   i n t e . rbedded  

i n   t h e   u p p e r . P o p o t o s a   F o r m a t i o n ) ,   a n d  4 )  t h e  Sierra Ladrones 

Formation. A t  least  two s t r a t i g r a p h i c   h o r i z o n s   o f  basal t ic  

flows are in t e rbedded   i n   t he   uppe r   Fopo tosa   Fo rma t ion  and. a 

t h i r d   b a s a l t   o c c u r s   i n   t h e   S i e r r a   L a d r o n e s   F o r m a t i o n .   E a c h  

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

a s i g n i f i c a n t   c h a n g e   i n  the geometry of the  l o c a l   b a s i n ( s )  

of d e p o s i t i o n .  

The  Popotosa  and Sier ra   Ladrones   Format ions  have t e e n  

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

w h i c h   a r e   l o c a . 1 1 ~  bound.  by i n t r a f o r m a t i o n a l   u n c o n f o r m i t i e s .  

G e n e r a l   l i t h o f a c i e s   g r o u p s   r e c o g n i z e d   a r e :  1) , conglomera tes  

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

p i e d m n t - s l o p e   a n d   a l l u v i a l - f a n   o r i g i n ;  2 )  sands  and  sand- 
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s t o n e s   o f   f l u v i a l  o r  d i s t a l - a l l u v i a l - f a n   o r i g i n ;   a n d  3 )  

c l a y s t o n e s   t o   s i l t s t o n e s  of has in - f loo r   (p l aya )   o r   ove rbank  

o r i g i n ,  and a l s o  some minor   l acus t r ine   depos i t s .   The  

c o a r s e - g r a i n e d   s t r a t a  are a l s o   d i v i s a b l e   i n t o   l o c a l l y   u n i q u e  

f a c i e s   t h a t   a r e   c h a r a c t e r i z e d  by: 1) p a l e o c u r r e n t   6 i r e c -  

t i o n s ,  2 )  c l a s t   l i t h o l o g i e s ,  3 )  c o l o r ,  4 )  sedimentary s t ruc-  

tures   (main ly   bed- forms) ,   and  5 )  Zegree   o f   i ndura t ion .  

F ine -g ra ined   f ac i e s  a re  p r i m a r i l y   d i f f e r e n t i a t e d   h y   t h e i r  

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

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

The  k.ase  of t h e  San ta  Fe Croup i n   t h e   v o l c a n i c   c e n t e r  

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

t a ry   rocks ,   mos t ly   cong lomera te s ,   a r e   dominan t   and   be low 

which   va r ious   t ypes   o f   vo lcan ic   rocks  are  dominant.   In  most 

i n s t a n c e s ,   t h i s   c o n t a c t  i s  a loca l   angu la r   unconfo rmi ty ;  

below it t h e   u n d e r l y i n g   v o l c a n i c  s t ra ta  -- previous ly   b roken  

i n t o  numerous t i l t e d   f a u l t   b l o c k s  -- d i p   a b o u t  1 0 - 3 0  deg rees  

more s t e e p l y   t h a n   t h e   o v e r l y i n g   c o n g l o m e r a t e s  (Tpsd,  T F l r l ,  

p l .  1). Similar a n g u l a r   r e l a t i o n s h i p s   o c c u r  a t  t h e  base o f  

t h e   S a n t a  F e  Group i n   t h e   L e m i t a r   E o u n t a i n s  (Lemitar Map), 

i n   t h e   t y F e   a r e a   o f   t h e   F o p o t o s a   F o r m a t i o n   ( D e n n y ,  1 9 4 0 ;  

f i g .  2) ,  and i n   t h e  Elagdalena  Mountains  (Osburn, 1978 ;  

Pe t ty ,  1379). 

The  top   o f   the   Santa   Fe   Croup i s  d e f i n e d   a s   t h e  



T-2274 226 

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

of the  Rio  Grande  val ley  entrenchment"   (Hawley  and  others ,  

1969) ' ,  which is  g e n e r a l l y   a c c e p t e d  as o c c u r r i n q   i n   m i d d l e  

P l e i s t o c e n e  time, about  0 . 5  m.y. ago  (Kott lowski ,   1958) .  

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

d e t a i l e i   g e c m o r p h i c  and pedo log ic   s tud ie s   (Eawley   and  

KottlowskP, 1 9 6 9 ;  Machette,   1978) ' ,   which  have  not  been 

a t t e m p t e d   i n   t h i s   i n v e s t i g a t i o n .   F o r   t h i s   s t u d y ,   t h e   t o p  

of t h e   S a n t a  Fe  Group ( toF   o f   S i e r r a   Ladrones   Fo rma t ion )  i s  

placed a t  t h e  base of   thin  -piedmont-s lope  gravels   which 

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

apparent   Cuaternary   age .  The o ldes t   widespread   sur face ' ,  

wh ich   gene ra l ly  projects abou t  3 7  t o  43 rn above a d j a c e n t  

a r royo   f loors ,   nay   be   o f   ycunges t   Santa  F e  age (J. W. 

Hawley,  1975, o r a l  commun.). 

S t r a t a  of t h e   S a n t a  Fe  Group a r e  best exposed,  and 

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

s t u d y   a r e a  ( ~ 1 .  1). S t r w t u r e   s e c t i o n s   i n   t h i s  area 

(Lemitar f l ap )   i nd ica t e  a t o t a l  composite t h i c k n e s s  fo r  t h e  

San ta  Fe of about 1 . 7  km. T h i s  estimate d o e s   n o t   i n c l u d e  

t h e   h i g h l y   l e n t i c u l a r   S o c o r r o  Peak F.hyolite.   Gravity  and 

s e i s m i c - r e f r a c t i o n   d a t a   f o r   t h e   b a s i n  east  of   Socorro  Peak 

s u g g e s t   t h a t   " l o w - d e n s i t y ' '   b a s i n - f i l l   u n i t s  may be as much 

as 1 .3  km t h i c k  (A. R. San fo rd ,   1979 ,   o ra l  commun.). The 
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wel l - indura ted  lower Popotcsa  Formatiori ,  as much as  0.5 km 

th ick ,   p resumably   would   no t   qua l i fy  as l o w - d e n s i t y   s t r a t a .  

If the   uppe r  Popotosa p l a y a  muds and   modera te ly   indura ted  

fanolomerates  are of low d e n s i t y ,   t h e n   t h e  1.7-km exposed 

t h i c k n e s s  of t h e   S a n t a   F e   b a s i n   f i l l  would be i n  goo2 agree-  

ment   wi th   the   geophys ica l   es t imates .  

Popotosa  Formation 

The Popctosa  Formetion,   namd by Denny ( 1 9 4 0 )  for  e x ~ c -  

su res   no r thwes t  cf 5an  Acacia  a t  Fopctosa   Arrcyo   ( f iq .  2)', 

is  c o n s i d e r e d   t h e   b a s a l   u n i t  cf t h e   S a n t a  Fe Group i n   t h e  

Sccor ro  area (Bruninq,  197?;  Chapin  and  Seager,   1975; 

Machet te ,   197E) .   In   the   type  area, t h e  P o p o t o s a   c o n s i s t s  

don inan t ly  of volcanic-rich conglomerates ,   conglomerat ic  

sandstones,   and  mudstones t o  s i l t s t o n e s   c o n t a i n i n g  scme gyp- 

sum beds (Denny, 1 9 4 0 ;  Bruning,   1973,   Machet te ,   1978) .   These 

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

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

b a s i n   f o r m e d   b y   c r u s t a l   e x t e n s i o n   d u r i n g   e a r l y  c'evelopment 

of   the   Rio   Grande   r i f t   (Bruning ,   1973;   Chapin   and   Seager ,  

1975) .  

Depos i t ion  of t h e  Fopctosa appa ren t ly   spanned   nea r ly  

a l l  o€ Miocene time. Near the type area, the   Fopo tosa  rests 

o n   b a s a l t i c - a n d e s i t e   l a v a S ,   d a t e 2  as 26.3 m.y. o ld ,  and   ten-  
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t a t i v e l y  correlated. w i t h   t h e  L a  Jara Feak E a s a l t i c   A n d e s i t e  

(Machet te ,  1 9 7 8 ) .  A t  San  Acacia, a 4.5-m.y.-old b a s a l t   f l o w  

(Bachman  and  Mehnert,  1978) i s  i n t e r b e d d e d   i n   t h e  Sierra 

Ladrones  Formation,  considered t o  unconformably   over l ie   the  

Popotosa  Formation  (Machette,  1 9 7 8 ) .  

I n   t h e   S o c o r r o   v o l c a n i c   c e n t e r ,  basal Popotosa s t r a t a  

rest  unconformably on t h e  26.2-n.y.-old t u f f   o f   S o u t h  Canyon 

o r   o n   o l d e r   l a t e   . O l i g o c e n e   v o 1 c a n . i ~   u n i t s .   N o r t h   o f   S e Z i l l o  

R i l l ,  p laya  ruds (Tpkp) of the   upper   Popotosa  -- p e n e r a l l y  

r -asked  by  landsl ide  blocks of b a s a l t  (Clb) -- a r e   c v e r l a i n  

by the 4.0-m.y.-old  (Eachman  and  Mehnert, 1 9 7 8 )  b a s a l t   o f  

S e d i l l o  H i l l ,  which o c c u r s  a t ,  o r   n e a r ,  th.e b a s e   o f   t h e  

Sierra  Ladrones  Formation.  Thus,  the  r a d i o m e t r i c   a g e s  

dem0ns t r a t . e   t ha t   t he   Popo tosa   s ec t ions  a t  t h e   t y p e   a r e a   a n ?  

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

The  Popotosa  Formation i s  h e r e   i n f o r m a l l y   Z i v i d e d   i n t o  

a lower member of e a r l y  ( ? )  Miocene  age  and  an  upper member 

of m i l d l e  ( 3 )  t o  la te  Kiocene  age.  The a u t h o r   b e l i e v e s   t h a t  

f u t u r e   d e t a i l e d  mappin? w i l l  a l low  the  Popotosa  Formation 

t o   b e  sp l i t  i n t o  a t  least  two r e g i o n a l   c j e n e t i c   u n i t s   t h a t  

reflect  major  changes i n   b a s i n   g e o m e t r y   r e l a t e d   t o   l o c a l  

e v o l u t i o n   o f  rift s t r u c t u r e .  
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Lower Member (Tps- , Tpl- ) 

The  geographic   subdiv is ion  of the  lower  Popotosa Forma- 

t i o n  as shown  on t h e   g e o l o g i c  map, i n t o  a "member o f   t h e  

Sccorro  cau. ldron"  ane a "member o f   t h e  Lemitar Mountains" 

i s  no longe r   cons ide red   war ran ted ,   s ince   t he   ma jo r  map u n i t s  

(Tpsd, T p l r l )   o f   b o t h  areas are c l e a r l y   e q u i v a l e n t   i n  a l l  

r e s p e c t s .  The lower member of the   Pcpotcsa   Format ion  i n  

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

(Tpsd = Tplrl ' ,  Tpsw, 'IpsI, Tplrd,  Tplb)  and one und i f f e ren -  

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

t onsu ing  facies r e l a t ionsh ips   and   a l so   l oca l   unconfo rmab le  

r e l a t i o n s .  They will be labeled and r e f e r r e d ' t o   h e r e  by 

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

as opposed t o   t h e i r   i n t e r p r e t a t i v e   d e s c r i p t i o n s   o n   t h e  geo- 

l o s i c  map, some o f   wh ich   have   been   s l i gh t ly   r ev i sed .   F igu re  

24, a pa l eogeo log ic  map of t h e   s t u d y   a r e a   i n   e a r l y  Miocene 

time, summar izes   t he   r e l a t ionsh ips  of t h e   b a s a l   f a c i e s  

(Tpsd, T p l r l ' ,  Tpsw) of the  lower  Popotosa  Formaticri ,   which 

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

of   the  Popotosa  Formation i s  a widesp read   e ros ion   su r f ace  

o f   e a r l y  ( ? )  Miocene  aqe t h a t   d i s p l a y s  a wide  range i n  

s t r a t i g r a p h i c   r e l a t i o n s h i p s   a n ?  i s  therefore  desc r ibed  

s e p a r a t e l y .  
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Figure  2 4 .  Paleogeologic  map o f   t he   Socor ro   Peak   vo lcan ic  
c e n t e r   i n   e a r l y   K i o c e n e  time summarizing t h e   d e p s i -  
t i o n a l   r e l a t i o n s h i p s  of the   basa l   lower   Popotosa  
Formation. Younoer f a c i e s  of the  lower  Fooptosa 
Formation ('Tpsl, T p l r u ,   T p l b )   a r e   n o t  shown. See 
P la t e  1 for  exF lana t ion  of map symbols. 
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Basal c o n t a c t   r e l a t i o n s .  The   basa l   con tac t  of the   Popotosa  

. Format ion   fo l lows  a complex   topographic   sur face  of moderate 

t o   l o c a l l y   s t e e p   r e l i e f .  The e a r l y  ( ? )  Miocene  conglome- 

r a t e s ,   w h i c h   b u r y   t h i s   s u r f a c e  (Tpsd, T p l r l ,  Tpsw, p l .  1) 

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

t o :  1) s t r u c t u r e s   o f   t h e   S o c o r r o   c a u l d r o n ,  2 )  l o c a l   f a u l t -  

b lock   topography  of   the   ear ly   Rio   Grande  r i f t  (no r th -  

t r e n d i n g   p a l e o v a l l e y s ) ,   a n d  3 )  l o c a l   c o n s t r u c t i o n a l   v o l c a n i c  

topography. The   dominan t   no r the r ly   pa l eocur ren t   d i r ec t ions  

of most of these   conglomera tes  i s  t h o u g h t   t o  r e f l ec t  a broad 

no r th - f ac ing   pa l eos lope  of l a t e  Ol igocene   age  away  from t h e  

r e s u r g e n t   h i g h l a n d s   o f   t h e   S o c o r r o  caldera a n d   o t h e r  cal-: 

d e r a s   t o   t h e   s o u t h w e s t   ( f i g .  3 ) .  

The  widespread red mudflow  and  conglomerate  facies 

(Tpsd  and T p l r l )  b u r i e s   s t r u c t u r e s   r e l a t e d   t o  the  Socorro  

cauldron   margin  a t  Bug Mountain  and a t  Pathway  Canyon  on 

Socorro Peak .   In   the   nor thern   Chupadera   Mounta ins ,   the   red  

mudflow deposits l ap   unconfo rmab ly   ac ross   t he   moa t - f i l l  

d e p o s i t s  of t h e   L u i s  Lopez Formation  and  onto  cauldron-  

facies t u f f s   t h a t  mark t h e   r e s u r g e n t   b l o c k  of t h e  cauldron .  

I n   t h e   n o r t h e r n   t w o - t h i r d s   o f   t h e   s t u d y  area, t h e  base 

o f   t he   Popo tosa  i s  an   angular   unconformi ty ,   be low  which   the  

O l i g o c e n e   v o l c a n i c   s t r a t a  are g e n e r a l l y   t i l t e d  westward 

a b o u t  10 t o  3 0  degrees  mre t h a n   t h e   o v e r l y i n g   P o p o t o s a .  
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The same a n ~ u l a r   r e l a t i o n s h i p   e x i s t s ,   b u t   i n   t h e   o p F o s i t e  

d i r e c t i o n   ( e a s t w a r d ) ,   a l o n g  the southern  margin of t h e , s t u d y  

area. T h e s e   r e l a t i o n s  reflect  l o c a l   t i l t i n g  of nor th-  

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

Popo tosa   s t r a t a   (Chamher l in ,  1 9 7 6 ,  1 9 7 8 ) .   T h i s   t i l t i n g   i n  

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

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

o n l a p p i n g   o r i g i n a l l y   w e s t - f a c i n g   s l o p e s   o f  15 t o  30  c7egrees 

a re   wel l   exposed  a t  t h e   b a s e  o f  t h e   c l i f f ,   n o r t h e a s t   o f  "M" 

Mountain,  and. a lso sou th   o f   t he   Eas t   RoadcEt .  

Be tween .  Chupadera  Cliff   and  the  Eig  Roadcut a t  FTighway 

S i x t y ,   t h e   b a s a l   P o p o t o s a   F o r r a t i o n  i s  exposed  on a s l i g h t l y  

n o r t h - t i l t e d ,  exhume2 e r o s i o n   s u r f a c e   o f   e a r l y   M i o c e n e   a g e .  

The loba te   r emnan t s  of red mudflow  deposits  and  conglome- 

r a t e s   ( T p s d )   h e r e  f i l l  a sha l low  no r th - t r end ing   e ros iona l  

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

i s  n o t   t i l t e d  east  o r  west, and   younger   b locks   l i ke  it 

(Black Mesa, " 6 0 0 1 "  Mesa) are  l o c a t e ?   a l o n g   t h e   " n u l l   l i n e "  

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

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

b i l i t h i c   b o u l d e r   b r e c c i a s ,   w h i c h  are  i n t e r p r e t e d   h e r e  as ' 

a n c i e n t   c o l l u v i a l   d e p o s i t s   a d . j a c e n t   t o   e r o d e 2   s c a r p s  of 

v a r i o u s  types. They are i n d i c a t e d   o n   t h e   g e o l o g i c  map w i t h  

a b r e c c i a  syrnbol ( p l .  1) o r  mentioned  here   where  outcrops 
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a r e   t o o   s m a l l   t o  show as such   on   t he  map. E a s t   o f   t h e  Tower 

n i n e  i s  a boulder  breccia of   welded  tuff   b locks  der ived  f rom 

c a u l d r o n - f a c i e s  Lemitar ( ? )  Tuff   and   the   tu f f   o f   South  Can- 

yon.   This  coarse b r e c c i a  i s  p r o b a b l y   r e l a t e d   t o  a north-  

t r e n d i n g   e a r l y  r if t  f a u l t   ( f i g .  2 4 ) ,  w h i c h   c u t s   t h e   r e s u r -  

gen t   b lock   o f   t he   cau ld ron   and  i s  downthrown t o   t h e  west. 

S i m i l a r   f a u l t - s c a r p   b r e c c i a s   a r e   f o u n d  west o f   t he   Gre fco  

m i n e   ( a l o n g   t h e   e a s t  s ide o f   t he   i so l a t ed   b lock   o f   cau ld ron-  

facies L e n i t a r   T u f f ) ,  west of t h e  Merritt mine,  and  south 

o f   E i g   C l i f f  (mapped wi th   "T l rh"   o f   Lu i s  Lopez Formation) .  

The l a t t e r  two o c c u r r e n c e s   a r e   a p p a r e n t l y   r e l a t e d   t o  

c a u l d r o n - r i n g   f r a c t u r e   f a u l t s ,   l o c a l l y   r e a c t i v a t e d  by r if t  

stresses. Th i s  phenomenon of e x t e n s i o n a l  stress reactivat-  

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

s e n s e   o f  movement h a s   b e e n   d e s c r i b e d   i n   t h e  Long Val ley  cal- 

d e r a   ( B a i l e y ,  1 9 7 6 )  and the  Timber   Mountain  caldera  

(Chr i s t i ansen   and   o the r s ,   1965) .   The  breccia west of t h e  

Grefco  mine i s  a s s o c i a t e d   w i t h  a buried  low-angle  normal 

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

t u f f   o u t c r o p  ( p l .  2 ,  F -F ' ) .   The   l i t ho logy  of b r e c c i a   b l o c k s  

a t  a l l  t h e s e   l o c a l i t i e s   i n d i c a t e s   t h e i r   d e r i v a t i o n  from t h e  

immedia t e ly   unde r ly ing   o r   ad j acen t   O l igocene   vo lcan ic   un i t s .  

The basal Popotosa also b u r i e s  local p r imary   vo lcan ic  

topography  such a s  t h e   B l u e  Canyon r h y o l i t e  dome ( T l r b ) .  
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Along t h e  west s i d e  of t h i s  dome, t h r e e  facies  of the   l ower  

Popotosa  (Tpsd, Tpsw,  T p s l )  wedge o u t   o n t o  more t h a n  1 0 0  m 

of pa l eo topograph ic  re l ief .  The o r i g i n a l  slope o n   t h e  west 

f l a n k   o f   t h e  dome was a b o u t  25  degrees.   The t o t a l  b u r i e d  

relief o n   t h i s  dome may be much g r e a t e r  ( p l .  2 ,  C - C ' ) .  

C o l l u v i a l  breccias are  a l so   found   a s   e roded   r emnan t s   on   t he  

r h y o l i t e  lavas o f  Highway S i x t y  ( T l r s )  s o u t h   o f   t h e  east  

Roadcut. 

Lower r e d  mvdflow  and  conglomerate  facies  (Tpsd = T p l r l ) .  

The n o s t   d i s t i n c t i v e ,   w i d e s p r e a d ,   a n d   t h i c k e s t   f a c i e s   o f  

the   lower   Popotosa   Format ion   cons is t s   o f   ex t remely  well- 

indura t ed ,   da rk   r edd i sh -b rown ,   he t e ro l i t h i c ,   mudf low  de -  

pos i t s   and   conglomera tes   (Tpsd  = T p l r l ,  p l .  l ) .  The lower 

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

(Big C l i f f )  h i g h   o n   t h e  east  face of Socorro  Peak. L e s s  

p rominent   ou tcrops   genera l ly   weathered  t o  dark-brown or  

reddish-hrown  low c l i f f s ,  l edges   and   r i dges ,   occu r   t h rough-  

o u t   t h e   s t u d y  area, such as  a t  Bug Mounta in ,   nor th   o f  

Strawberry  Peak,   Blue  Canyon,   Socorro  Spring,   and west of 

Black   Canyon.   Ta lus   b locks   and   co l luv ium  der ived   f rom  the  

r e s i s t a n t  mudflow d e p o s i t s  are common on   su r round ing   s lopes .  

So i l s  o n   t h e s e   o u t c r o p s   c o n t a i n   c o l l u v i a l   b l o c k s  from which 

t h e  matrix d o e s   n o t   w e a t h e r  away  from t h e  clasts.  The  matr ix  
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i s  as h a r d ,   o r   h a r d e r ,   t h a n   t h e  c l a s t s  and   t he   b locks   t yp i -  

c a l l y   b r e a k   a c r o s s   t h e  c las t s .  

The r e d  mudflow  an2  conglomerate  outcrops are g e n e r a l l y  

medium- t o  thick-bedded,   and  ? . isplay  crude  subparal le l  

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

sandy  bedload   grave ls  or l a g   g r a v e l s  are f a i r l y  common. 

Most of t h e  beds are massive mudflows  with  the smaller vol-  

c a n i c  clasts " f l o a t i n g "   i n  a re2   sandy  and  muddy ma t r ix  

( f i g .  2 5 ) .  Larger   cobbles  a n 2  b o u l d e r   c l a s t s   l o c a l l y   a p p e a r  

t o   t o u c h   e a c h   o t h e r   a n d  i f  e longa ted  may a p p e a r , t o  be some 

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

d ing  of 45-6C degrees  (see Pruning ,  1973,  f i g .  1 7 ) .  Well- 

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

cobb les  i n  t h e  mudflows are r e a s o n a b l y   r e p r e s e n t a t i v e   o f  

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

dominant i n   t h i s  facies ( p l .  1) .  

Volcanic  clasts i n   t h e  lower r e d  mudflow and  conglome- 

ra te  facies a p p e a r   t o   b e   e n t i r e l y   d e r i v e d  from  erosion  of 

t h e   u n d e r l y i n n  ].ate C l i g o c e n e   v o l c a n i c   s t r a t a .   L a t e r a l  

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

n e a r   t h e  base o f   t h i s  facies', i n d i c a t e s   t h a . t   t h e y  were 

d e r i v e d   l a r g e l y  from nearby  topographic   e lements .  €>:apples 

of t h i s   r e l a t i o n s h i p  are found: 1) west of Elack  Cznyon 

where  upper  Lemitar  Tuff clasts are <ominant', 2 )  i n   B l u e  
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F i g u r e  25. Lower red mudflow and  c o n g l o m e r a t e   f a c i e s  
(Tpsd ,   p l .  1) of  the  lower  Popotosa  Formation. The 

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

deposit. It h a s  a r e l a t i v e l y   s h a r p   b a s e   ( a r r o w )   w h e r e  
it rests on   sandy  water - la id ,   channel - f i l l  deps i t s  

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

t h e  most p a r t   c l e a r l y   f l o a t i n g   o r   s t a n d i n g   o n   e n d   i n  
t h e  sandy-mud matrix.  However, some c l a s t s  seem t o   b e  

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

a p p e a r s   t o   b e  somewhat s o r t e d ,   g r a n u l e - s i z e d   m a t e r i a l  
s i m i l a r   t o  t he  w a t e r - l a i d   c h a n n e l   f i l l .  Thus the 

mudflow depos i t   and  a wa te r - l a id   depos i t .  Clasts i n  
c l a s t - r i c h  bed may be t r a n s i t i o n a l   b e t w e e n  a t u r b i d  

t h i s   o u t c r o p   a r e   m o s t l y   d e r i v e d  from r h y o l i t e   a n d  
in t e rmed ia t e   l avas   i n   t he   Lu i s   Lopez   Fo rma t ion   and  

t i o n s   i n   a d j a c e n t   o u t c r o p s   i n d i c a t e   p a l e o c u r r e n t s  were 
some are from the   uppe r   Lemi ta r   Tuf f .   .Pebb le   imbr i ca -  

g e n e r a l l y   f r o m   r i g h t   t o  left .  Hammer head i s  18  c m  
long.  Outcrop i s  l o c a t e d   i n   a r r o y o   f l o o r   s o u t h   o f .  
S e d i l l o   S p r i n g .  
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Canyon  where c las ts  of   Luis   Lopez  Formation  intermediate  

l a v a s   a n d   r h y o l i t e   l a v a s   a r e   d o m i n a n t ,   a n d  3 )  nor th   o f  

Strawberry  Peak  where  tuff  of South  Canyon clasts are domi- 

nan t .  The r e d  mudflow depos i t s   and   conglomera tes  commonly 

become less coarse   and  mere h e t e r o l i t h i c  upwards i n   i n d i v i -  

d u a l   s e c t i o n s .  The genera l   nor thward  flcw d i r e c t i c n  i s  sup- 

p o r t e d  by t h e   p r e s e n c e   o f   d i s t i n c t i v e  c las ts  of f ine ly   f l ow-  

banded ,   wh i t e -co lo red ,   rhyo l i t e  cf Hiqhway S i x t y  ( T l r s )  i n  

exposures  a t  t h e  mouth o f   s t r awber ry  Canycn ( f i q .  3 ) .  

On t h e  east f ace   o f   Socor ro  Pe& a t  E i g   C l i f f   t h e  lcwer 

r e d  mudflow  and  conglomerate facies (Tpsd)   i n t e r tongues   w i th  

and   grades   rap id ly   southward   in to   the   l igh t -? ray   conglome-  

. ic  

r a t i c   s a n d s t c n e   f a c i e s  ( T p s w ) ,  which fcrms less r e s i s t a n t  

ou tc rops   and   exh ib i t s   nea r ly   oppos ing   sou thwes te r ly   pa l eo  

c u r r e n t   d i r e c t i o n s .   I n t e r b e d d i n g  of these two  conglomerat 

facies (Tpsd  and Tpsw) i s  best d i s p l a y e d   i n  a sma l l   r av ine  

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

Here!, the   Popotosa   beds  are d o w n f a u l t e d   a g a i n s t   t h e  dome by 

t h e  Woods Tunnel f a u l t  zone ( p l .  2, C-.C'). Similar i n t e r -  

b e d d e d   l i t h o l o g i e s   o c c u r  a t  E i g  C l i f f  and west of t he  Mid2le 

mine. 

The lower r e d  mudf low  and   conglosera te   fac ies  is o l d e r  

t h a n  a l l  t h e   o t h e r   f a c i e s  of t h e  lower Popotosa  Formation 

(Tps l ,  TplrcI, Tplb) an2 i s  o v e r l a i n   b y   t h e s e   u n i t s   i n   t h e  
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a r e a s  west o f   t he   E lue  Canycn dome a n 6   i n   t h e   s o u t h e r n  

Lemitar Mountains.  In the s o u t h e r n   h a l f  of the s tudy  area 

( s o u t h  of Blue  Canyon)', t he   younger  facies of t h e  lower 

Fopotosa are absen t .  Here t h e   w e l l - i n d u r a t e d   r e d  muc?flow 

depos i t s   and   conglomera tes   (Tpsd)  are  over la in   d i sconform-  

ably  and  with  ancplar   unconformity  by  poorly  indurated muddy 

conqlomerates  (Tpkc)  and  playa  mudstones  (Tpkp) cf the   uppe r  

Popotosa  Formation, or l o c a l l y   b y  s i l i c i c  l a v a s   o f   t h e  

Socor ro  Peak Rhyc l i t e .  

The  lower r e d  mudflow and   conglomera te   fac ies  ( T p l r l  = 

T p s d )   G e n e r a l l y   a p p e a r s   t o   t h i n   f r o m   n o r t h   t o   s o u t h .  It i s  

approximate ly  235 m t h i ck   on  Bug Mountairi, 1 2 2  m t h i c k  a t  

B ig   .C l i f f   and ,   l oca l ly   absen t   no r th  of t h e  Tower mine,  where 

Socor ro   Peak   Rhyo l i t e   l avas   (Tsd )  rest  d i r e c t l y  on t h e   t u f f  

of   South Canyon. Howevel', it is  a l s o   a p p a r e n t   t h a t   a b r u p t  

east-west v a r i a t i o n s   i n   t h i c k n e s s  cf t h i s   f a c i e s   i n   t h e  

Tower mine area are  con t ro l l ed   by   e ros ion   o f  lccal f a u l t -  

b l o c k   t o p o g r a p h y   i n   m i d d l e   t o  l a t e  Miocene time. 

The d ivergence   in   d ip   be tween  the   lower   Popotosa  mud- 

flow d e p o s i t s  and   conglomera tes   and   the   under ly ing   vo lcanic  

s t r a t d ,   m o s t   a p p a r e n t   i n   t h e   v i c i n i t y   o f   C o c o r r o  PeaK, ( p l .  

2, A-A') ' ,  r e q u i r e s   t h a t   t h i s  facies  t h i c k e n   r a p i c ? l y   t o   t h e  

west, as a wedge shaped prisni, u n t i l  it meets a b u r i e d   f a u l t  

scarp ( o r   s c a r p s )   t h a t  proCiuce6 r o t a t i o n .   o f   t h e   o l d e r  vol- 
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c a n i c   s t r a t a .  The l o c a t i o n ,  number ,   and   Fos i t ion   o f   these  

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

b u r i e d   s c a r p s  are shown i n   t h e   c r o s s   s e c t i o n  A-A' ( p l .  2 )  

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

f loored   by   wes t - fac ing   unconformi t ies   and   eas t - fac ing  low- 

angle   normal   faul ts   and  buried  by  the  lower  red  mudflow  ap2 

conglomerate facies  are  l o c a l l y   e x p o s e d   i n   t h e   s o u t h e r n  

Lemitar  Mountains, j u s t  n o r t h  of t h i s   s t u 2 y   a r e a   ( L e n i t a r  

Xap, Chamber l in ,   1978) .   Such   bur ied   pa leoval leys ,  n o t  more 

t h a n  300  m deep ,   p robably   could   no t   be   Se tec ted  from s r a v i t y  

d a t a  

I n   t h e   v o l c a n i c   c e n t e r ,   t h e  1ow.er Popotosa muClflow 

depos i t s   and   conglomera tes  are  loose ly   b racke ted   be tween 

the   immedia t e ly   unde r ly ing  26.2-m.y.-old t u f f  of South Can- 

yon and  the  11.8-m.y.-old  quartz  l a t i t e  dome (Tsd)  of Straw- 

be r ry  Peak  (Appendix B ) .  The l a t t e r  i s  s e p a r a t e d  from t h e  

t o p  of the   lower   red   mudf low  and   conglomera te   fac ies   hy  two 

l o c a l   u n c o n f o r n i t i e s  anif a b o u t  670 I? of  younger s t r a t a  o f  

both  the  lower  and upper FOFOtOSa ( L e n i t a r  Map c r o s s  sec- 

t i o n s ) .   T h e s e   r e l a t i o n s h i p s   s u g 5 e s t   a n   e a r l y  ( ? )  Miocene 

aoe   for   the   lower   red   Fudf low  and   conglomera te  facies.  

Exposures   o f   wel l - indura ted ,  red mudflow d e p o s i t s  and.  con- 

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

anC! similar s t r a t i g r a p h i c   p o s i t i o n   h a v e   b e e n  mapped o u t s i d e  
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o f   t h i s   s t u d y   a r e a ,   m o s t l y   i n   t h e  Magdalena  and Lemitar 

Mountains  (Bruning,  1973; Woodward, 1973;  Simon,  1973; 

Osburn, 1 9 7 8 ;  Pe t ty ,  1979;  Bowring, i n   p r e p . ) .  

Northwest of Magdalena,   near  Montosa  Arroyo  (fig.  2 ) ,  

red wel l - indura ted   conglomera tes   a re   in te rbedded   wi th   rhyo-  

d.acit ic l a v a s   d a t e d   a t  25.2 m.y. (Simon,  1973);  a t  Water 

Canyon Mesa s i m i l a r   r e d   c o n g l o m e r a t e s   o v e r l i e  a q u a r t z  

l a t i t e   l a v a   d a t e d   a t  2 0 . 0  m.y. (Oshurn, 1 9 7 8 ) .  A t e n t a t i v e  

c o r r e l a t i o n  i s  suggested  here   hetween  these  red  conglome- 

rates aEd the   lower  red mudflow  and  conglomerate facies  

(Tpsd = T p l r l )   o f   t h i s   r e p o r t .  A t en t a t ive   age   a s s ignmen t  

of e a r l y  Miocene (25-20  m.y.)   for   the  lower  Popotosa Forma- 

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

P r o h a b l y   t h e   m o s t   d i s t i n c t i v e  t ra i ts  o f   t he   l ower   r ed  

mudflow  and  conglomerate facies  a r e  i t s  dark  reddish-brown 

co lo r   and   ex t r eme   deg ree   o f   i ndura t ion  by c r y p t o c r y s t a l l i n e  

s i l i ca  cement   (Bruning,   1973) .   Red-colored  terr igenous 

sed iments ,  commonly r e f e r r e d  to a s  "red beds",  are g e n e r a l l y  

t h o u g h t   t o   d e v e l o p  by one of two p rocesses :  1) d e p o s i t i o n  

of muddy s e d i m e n t s ,   i n   w h i c h   t h e   c l a y s  are  i n t i m a t e l y   a s s o -  

c i a t ed   w i th   p rev ious ly   fo rmed  ferric hydroxile  (yellow-brown 

l i m o n i t e )   a n d   t h e n   l a t e r   d i a g e n e t i c a l l y   d e h y d r a t e d   a n d  

"aged" t o  form  reddish-brown  hemati te   (Krynine,   1949;  Van 

Houten, 1 9 6 8 ) ;  o r  2 )  p o s t - d e p o s i t i o n a l   ( i n   s i t u )   d i a g e n e t i c  
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a l t e r a t i o n  of s a n d - s i z e d   d e t r i t a l   g r a i n s   o f   f e r r o s i l i c a t e s ! ,  

o r   b l ack   Fe -T i   ox , ides ,   t o   l imon i t e  by c x i d i z i n g  i n t r a s t r a t a l  

s o l u t i o n s .  The second process i s  cont inued by d i s p e r s a l   o f  

t h e   l i m o n i t e   i n   i n t r a s t r a t a l   s o l u t i o n s  and la te r  dehydra t ion  

t o  form  hemati te  (Walkel‘, 1 9 6 7 ) .  Both  of   these processes 

seem t o   b e   w e l l - s u p p o r t e d   b y   d e t a i l e d   s t u c ’ i e s   a n d   t h e r e  

seems t o  be  no  cood  reason t o  d i s c o u n t   e i t h e r   p r o c e s s .  They 

e s s e n t i a l l y   f o l l o w   t h e  same  geochemical  path  and  the  only 

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

d e p o s i t i o n  of t h e   s c 2 i m e n t .  

The anonalcus  dark-reddish-brown  colcr   and  high  degree 

o f   i ndura t ion  of the   lower   Popotosa  mudflow depos i t s   and  

ccnglomera tes   has   been   sugges ted   by   Eruning   (1973)   to   have  

been  formed i n   s i t u  by ground water a l t e r a t ion .   Chap in   and  

o t h e r s  ( 1 9 7 8 )  s u g g e s t   t h a t   t h e   P o p o t o s a   r o c k s  may have 

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

indura t ion   dur ing   po tass ium  metasomat i sm related t o  an 

anc ien t   geo the rma l  syster of l a te  Miocene  age.   Field obser- 

v a t i o n s   o f   t h e   r e d  mudflow d e p o s i t s  and  conglomerates by 

t h e   a u t h o r   s u g g e s t   t h a t   t h e  red color   and  s i l i c a  cement   a re  

a n   i n t r i n s i c   ( s y n g e n e t i c )   c h a r a c t e r i s t i c   o f   t h i s   s t r a t i -  

g r a p h i c   u n i t .  The a u t h o r   s u G g e s t s   t h a t   a n   a l t e r n a t i v e  

o r i g i n   f o r   t h e   r e d   c o l o r a t i o n   a n 6  extreme i n d u r a t i o n   n i g h t  

invoke a s c e n a r i o   w h e r e   e r o s i o n  of t h e   l a t e   O l i q o c e n e   r o c k s  



T-2274 2 4 2  

occurred  contemporaneously  with  widespread  hot-spr inq act i -  

v i t y   i n   e a r l y  Miocene time. € lo t   sp r ings   shou ld  be a n   i d e a l  

env i r cnmen t   t o   p roduce  muddy sediment   conta in ing   bo th   abun-  

dan t   f e r r i c -hydrox ide   and  s i l i c a  i n   s o l u t i c n  ( J v i i t e ,  1955) .  

S e v e r a l   i n v e s t i g a t o r s   h a v e   n o t e d   t h e   a c c e l e r a t e d  oxidation 

p rocess  of fe r ros i l ica te  minera ls  a t  h i F h e r   t e m p e r a t u r e s   i n  

t r o p i c a l  climates (Schnalz',  1966; Van Houteri,  1972),  which 

should  zlso apply  t o  h o t   s p r i n g s .  The r a i n   o b s e r v a t i o n s  

w h i c h   s u p p c r t   t h i s   h o t   s p r i n q   e n v i r o n m e n t   o f   d e p o s i t i o n  are 

1) the  hcnogeneous color of the mud6.y n a t r   i x ,  2 )  t h e  limit 

i n   s p a c e  and time o f   t he   da rk - red   co lo r   an2  s i l i ca  cement 

t o   t h i s  o n e   p a r t i c u l a r   c e n e t i c   s t r a t i g r a p h i c   u n i t  (see fo l -  

l o w i n g   d e s c r i p t i o n s  of in te r tonguing   and   over ly ing   fac ies ) ' ,  

and 3 )  the   occur rence   o f   widespread .  r e d  j a s p e r o i d   v e i n l e t s  

a n d   r e d   c l a s t i c   d i k e s   i n   t h e   u n d e r l y i n g   l i g h t   c o l o r e 2  

( u n s t a i n e d )   v o l c a n i c   u n i t s  (see d e s c r i p t i o n   o f   t u f f  of South 

Canyon)', b u t   n o t   i n   y o u n g e r  s t ra ta .  Ou tc rops   o f   t he   r ed  

mudflow  and  conglomerate   facies   contain  abundant   pctassium- 

metasomatizeci   vclcanic  clasts e x h i b i t i n g   p l a g i o c l a s e   p h e n o -  

crysts rep laced   by   wh i t e   c l ay   and   s econda ry   f e ldspa r ,   and  

frameworks of fe r romagnes ian  crystals leached  t o  black i r o n  

oxide  and s i l i c a ( ? ) .  P r e l i m i n a r y   f i e l d   o b s e r v a t i o n s   s u g ~ e s t  

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

t o   w h i t e   c l a y ,   e v e n   w h e r e   t h e   a s s o c i a t e d  clasts c o n t a i n  
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r e l a t i v e l y   a b u n d a n t   a l t e r e d   p l a g i o c l a s e .   T h i s  a lso suppor ts  

a p r e - d e p o s i t i o n a l   a l t e r a t i o n  of t h e   v o l c a n i c  clasts  as 

i m p l i e d   i n   t h e   h o t   s p r i n g s   m o d e l .  

G r a y   c o n q l o n e r a t i c   s a n d s t o n e   f a c i e s  ( T p s w ) .  From Blue Can- 

yon   nor thward   a long   the   eas te rn   f lank  of Socorro   Peak   a re  

numerous   exposures   o f   l igh t -gray   conglomera t ic   sands tones  

(Tpsw)   cha rac t e r i zed  by s o u t h w e s t e r l y   p a l e o c u r r e n t  direc- 

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

and   l i gh t -g ray  A-L P e a k - l i k e   t u f f s .   T h e   l a t t e r  c l a s t  type 

mus t   have   been   de r ived   f rom  h igh lands   ou t s ide   t he   immedia t e  

area. The g r a y - s a n d s t o n e   f a c i e s  i s  i n t e r p r e t e d  t o  r e p r e s e n t  

d i s t a l - a l l u v i a l - f a n   d e p o s i t s   s h e d   f r o m   t h e  ear ly  e a s t e r n  

margin of the   Popo tosa   bas in ,   p robab ly  east  of t h e   p r e s e n t  

R i o  G r a n d e .   S i n c e   t h e   L u i s   L o p e z   F o r m a t i o n   l o c a l l y   f i l l e d  

t h e   S o c o r r o   c a u l d r o n   t o   o v e r f l o w i n g ,  it d o e s   n o t  seem a s  

l i k e l y   t h a t  the A-L P e a k - r i c h   d e t r i t u s  was d e r i v e d  from a 

topograph ic  wall  of t h e   c a l d e r a ,  as sugges t ed   on   t he  map 

( P I .  1). 

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

e n t e r e d  the S o c o r r o  Peak a r e a  i n  t h e  "shadow" of t h e  l a te  

Oligocene  Blue  Canyon  rhyol i te  dome ( T l r b )  a n d   a n   a n d e s i t i c  

vo lcano  ( T l a 3 )  on   t he   dome ' s   sou th   f l ank .   These   vo lcan ic  

topograph ic  elements loca l ly   b locked   the   nor thward   prograda-  
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t i o n   o f   t h e  red-mudflow  and  conslomerate   facies   (Tpsd) .  

South of Big C l i f f ,  about  1 1 6  m of   t he   cong lomera t i c  

s a n d s t o n e s   a r e   e x p o s e d   i n  a con t inuous   s ec t ion .  Here t h e y  

rest on c o l l u v i a l  breccias ?eve loped   on   t he   rhyo l i t e  of Blue 

Canyon ( T l r b )  ancl are o v e r l a i n  by p u r F l i s h - g r a y   s i l t s t o n e s  

ancl muds tones   (Tps l ) .  Toward Eig C l i f f ,  t h e   c c n t i n u o u s  

sands tone   sec t ion   becomes   in te rbedded   wi th  a northward- 

th i cken ing  wedge of c l i f f - f o r ~ i n g   r e d  muc?flow d e p o s i t s   a n d  

cong lone ra t e s   (Tpsd) .  

Ou tc rops   o f   t he  gray-conalomeratic-sandstcne facies 

are   modera te ly   indura ted   an<  genera l ly   forn!   l edges   an?  

moderately steep s l o p e s .  The g r a y  facies i s  most ly  medium 

t o  th i ck   bedded   and   we l l   s t r a t i f i ed .   Cu t   and  f i l l  s t r u c -  

t u r e s   a n 2   g r a d e d   b e d d i n g   a r e  common. Colors of t h e  beds  

are v a r i a b l e   a n 2   c o n t r o l l e d   b y   t h e   d o m i n a n t  c las ts  p r e s e n t .  

Well imbr i ca t ed ,   t abu la r ' ,   g r ay  t u f f  clasts are   most   abun-  

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

w i t h   i n c r e a s i n g   a n d e s i t i c   d e t r i t u s  (Spears o r   L u i s  Lopez 

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

c o l o r e d  by abundant  c las ts  of a n d e s i t i c  lavas t h a t  are 

s ta ined   wi th   b lu ish-green   ce ladoni te .   Kinor   abundances  of 

c l a s t s  similar t o  t h e   t u f f  of  South Canyon  and  upper 

Lemitar Tuff are a l s o   p r e s e n t   i n   o u t c r o p s   n e a r   t h e  mouth  of 
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Pathway  Canyon.   Black   scor iaceous   basa l t   c las t s  are 

unusual ly   abundant   here .  

West of t h e   B l u e  Canyon dome and below t h e  "M", t h e  

g ray -   s ands tone  facies appea r s  t o  be   d i sconfo rmab ly   ove r l a in  

by   p laya  muds (Tpkp)   of   the   upper   Popotosa  Formation.  A t  

t h e   n o r t h e a s t e r n   c o r n e r   o f   S o c o r r o   P e a k ,   t h e   g r a y   c o n g l o m e -  

r a t i c   s a n d s t o n e s  (Tpsw) rest i n   l o c a l   a n g u l a r   u n c o n f o r m i t y  

o n   t h e   r e d  mudflow  and  conglomerate facies (Tpsd)  a n d   a l s o  

c o n t a i n  a t h i n   b a s a l t   f l o w .   ) ! e i t h e r  of t h e s e   r e l a t i o n s h i p s  

has   been   ohse rved   i n   any   o the r  "Tpsw"  s e c t i o n .  

S o u t h   o f   t h e  TERA h e a d q u a r t e r s   i n   F l u e  Canyon,  two  out- 

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

mudflow d e p o s i t s  are l o c a l l y   e x p o s e d   i n   b u l l d o z e r   c u t s .  

These are  b e l i e v e d   t o   r e p r e s e n t  local shee t -wash   depos i t s  

shed  from t h e   s o u t h   f l a n k   o f   a n   a n d e s i t i c   v o l c a n o  ( T l a 3 ) ,  

t he   r emnan t s  of which   a re  now exposed i n   t h e  area e n t e r i n g  

Blue  Canyon.  They a r e   a r b i t r a r i l y  mapped a s   t h e  "Tpsw" 

f a c i e s .  

Gray   muds tone   and   s i l t s tone '  facies ( T p s l ) .  P a l e  p u r p l i s h -  

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

a n d   s i l t s t o n e s   h a v e   b e e n  mapped as  a separate local facies 

( T p s l )  , even  though  they are ' t y p i c a l l y   i n t e r b e d d e d   w i t h   t h e  
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u p p e r   p r t i o n s  of the   g ray -cong lope ra t i c - sands tone  facies 

(Tpsw). 

These   poor ly   to   modera te ly   indura ted ,   s lope- forming ,  

f ine-grained.   heds are bes t   exposed  i n  a n   o u t c r o p   a r e a   s u r -  

rounded   by   Quaternary   l ands l ides   and   co l luv ium west o f   t h e  

Blue Canyon 8ome ( f i g .  2 4 ) .  A.pproximately 2 0  m of  badland- 

fo rming   s i l t y   muds tones  are  expose8 a t   t h e   l o c a l   b a s e   o f  

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

l ight-gray  sanfis tone  (Tpsw),   which are i n  t u r n   o v e r l a i n  by 

ano the r  1 0  r. of gray  mudstoae a t  t h e   e a s t  s i d e  of t h e   o u t -  

c rop .  Similar, o r  mre i n t i m a t e l y   i n t e r b e d d e d ,   o u t c r o p s  of 

gray  mudstone ( T p s l . )  and  sandstone ( T ~ s w )  a r e  common a l l  

a l o n g   t h e   e a s t   f l a n k  of Socorro  Peak ( ~ 1 .  1).  

A t  t h e   l o c a l i t y  west of t h e   B l u e  Canyon done,  Burtcrn 

(1071, p. 1 5 )  found some th in ,   ye ' l l owish -whi t e ,   c l ay   beds  

t o   c o n t a i n  "fossil i m p r i n t s  of l e a v e s ,   p i e c e s   o f   r e e d s ,   a n d  

fragments  of bark".  P.t t h e  time of t h i s   r e p o r t ,   t h e s e   f l o r a  

have   no t   heen   i den t i f i e?   and   t he   whereabou t s  of t h e s e   s p e c i -  

mens i s  unce r t a in .   A t t empt s  t o  c o l l e c t   a d 2 i t i o n a l   f o s s i l s  

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

Thin  beds of wavy-laminated, muddy l i r res tone   and  a 

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

observes. i n   t h e   d o w n f a u l t e d   o u t c r o p s   a l o n g   t h e  Woods Tunnel 

f a u l t  zone ( p l .  2,  C-C ' )  where it c u t s   t h e   E l u e  Canyon dome. 

, 
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Unusual ly  we1 1-developed  rhythmic  bedding may be  observed 

i n   t h e  "Tpsl" facies nor th   o f   Socorro   Peak .  

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

t h e   d i s t a l - f a n   s a n d s t o n e   f a c i e s  (Tpsw)  and i t s  l i t h o l o g i c  

c h a r a c t e r i s t i c s   s u g g e s t s   t h a t   t h e   s i l t y   m u d s t o n e s  are  bas in -  

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

a s m a l l   l a k e ( s ? ) .  The   g ray   muds tone - s i l t s tone   f ac i e s  i s  n o t  

known t o   i n t e r t o n g u e   w i t h   t h e   l o w e r   r e d  mudflow  and  con- 

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

g ray   muds tone   (Tps l )   and   s ands tone   (Tpsw)   i n   t he   Socor ro  

Peak a r e a   e i t h e r   o v e r l i e   t h e   r e d  mudflow  and  conglomerate 

facies (Tpsd) o r  l o c a l l y  rest d i r e c t l y   o n   O l i g o c e n e   v o l c a n i c  

u n i t s  ( T l r b ,  T l a 4 )  o n   t h e   n o r t h e a s t e r n   f l a n k   o f   t h e  Blue 

Canyon  dome. It  appears t h a t   b y  " la te"  lower Popotosa time 

the   uppermost   g ray  facies ( T p s w  and   Tps l )   comple t e ly   bu r i ed  

t h e   B l u e  Canyon dome and   t hen   p rog raded   wes tward   on to   t he  

red.-mudflow f a c i e s   ( T p s d )  a f t e r  d e p o s i t i o n   o f   t h a t   u n i t   h a d  

ceased.  

Upper red   conalomera te  facies  ( T p l r u ) .   A l o n g   t h e   n o r t h e r n  

boundary of t h e   S o c o r r o  Peak v o l c a n i c   c e n t e r   ( p l .  1) t h e  

c l i f f - f o r m i n g   r e d  mudflow  and  conglomerate   facies   (Tplr l  = 

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

a s  much as  1 0 0  m (west of Bug Mountain) of modera te ly   indu-  
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r a t e d ,   p a l e - r e d   t o   m o d e r a t e - r e 6   o r  mo2erate-reddish-cranse, 

s lope- forming   conglomera tes   (Tpl ru) .  The upper   red con- 

g lomera te s   (Tp l ru )  are cons idered  t o  be a l l u v i a l - f a n  

d e p o s i t s   d e r i v e d   f r o m   l o c a l  u p l i f t  and   e ros ion  of the   l ower  

r ed   audf low  and   cong lone ra t e   f ac i e s  somewhere i n   t h e   s o u t h -  

e r n   p a r t  of t h e   s t u d y  area. Presumably t h i s   t e c t o n c -  

s t r a t i g r a p h i c   u n i t  was d e F o s i t e d   i n   e a r l y   t o   n i i d d l e  ( ? )  

Miocene time s h o r t l y   a f t e r   d e p o s i t i o n  of the   l ower   r ed  mud- 

f lows  and  conglomerates   before   they became well indura tec ' .  

Outcrcps  of t h e   u p p e r   r e 2   c o n g l o n e r a t e   f a c i e s   g e n e r a l l y  

w e a t h e r   t o  low r o u n d e ?   h i l l s  and s l o p e s   t h a t   a r e   m a n t l e 6  by 

a la5 g r a v e l  of subrounded  volcanic  cobbles. I n   c o n t r a s t  

t o  soils developed   on   the   lower   red  mudflow  an6  conglomerate 

f a c i e s  ( T p l r l ) ,  t h e  clasts on t h e   s u r f a c e  of the   uppe r  r e d  

conglomerate  do n o t   e x h i b i t   a d h e r e d   m a t r i x  material. Where 

well exposed i n   g u l c h e s ,   t h i s   u n i t  i s  cruze ly   bedc 'ed ,   d i s -  

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

pebbly   mat r ix .   Nor theas t   o f   S t rawberry  FeaK, r e c e n t   e r o s i o n  

of the upper red conglomerates   has   formed  pedestals   below 

l a r g e   b o u l d e r s   t h a t  are more r e s i s t a n t   t h a n   t h e  r a t r i x  of 

the   unde r ly inq   cong lomera te .  

Most o f   t h e   a n d e s i t i c  clasts and  numerous r h y o l i t i c  

t u f f  clasts in   t he   uppe r   r ed   cong lomera te   have   ve ry   da rk  

r e d  r inds t ha t  are abou t  3 "va lues"  darker t h a n  the enclos- 

. 



T-2274 

in9  moderate-red mat r ix .  T h i s   o b s e r v a t i o n  

2 4 9  

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

i n t e r p r e t a t i o n  as being  reworked clasts from t h e   o l d e r   r e d  

mudflows  and  conglomerates. Near t h e  mouth of Strawberry 

.Canyon, a n d e s i t i c  clasts i n  the   lower  re? mudflows  and  con- 

g lomera tes  ( T p l r l )  have   been   observed   wi th   dark   red   r inds  

t h a t  are ha rde r   and  more i n d u r a t e d   t h a n   t h e   c o r e s  of t h e  

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

.Clast l i t h o l o g i e s   i n   t h e  upper red   conglomera te  are 

e s s e n t i e l l y   t h e  same as t h e   l o w e r   r e d   f a c i e s .  Pebbles and 

cobbles  similar t o   t h e   t u f f  of South  Canyon,  upper  Lemitar 

T u f f ,  and   va r ious   t ypes  of a n d e s i t i c   t o   r h y o l i t i c   l a v a s   i n  

t h e  L u i s  Lopez  Fornatjon are common. Rounded clasts o f   t he  

white, f i n e l y   f l o w - b a n d e d ,   r h y o l i t e   o f  Highway S5.xty ( T l r s ) ,  

which  have  weathered t o   t h i n ,  f iss le  p l a t e s ,  are f a i r l y  com- 

mor. i n   t h e  soils on t h i s  facies ( T p l r u ) .  

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

re2 conglomerate  (Lemitar Map) i n d i c a t e   n o r t h e r l y   t r a n s p o r t  

d i r e c t i o n s .  ?.t the   exFosures   due   no r th   o f   S t r awber ry  Peak', 

a modera te ly   wel l - indura ted ,   pa le - red   sands tone ,  about 3 m 

t h i c k ,   a p p e a r s  t o  form the   conformable   base  of t h e   u p p e r  

r ed   cong lomera te .   Nor theas t  of S t rawberry   Peak ,   the   upper  

cona lone ra t e  f i l l s  a n o r t h - t r e n d i n g   ( f a u l t   c o n t r o l l e d  ? )  

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

r e d  mudflow  and conglomerate facies.  Abcut 2 . 4  km n o r t h e a s t  

T-2274 2 4 9  

i n9   modera t e - r ed   ma t r ix .   Th i s   obse rva t ion   suppor t s   t he i r  
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of St rawberry  Peak (Lemitar Map),   the  same l i t h o l o g i c   c o n -  

t a c t  i s  an   angular   unconformi ty .  West of Bug Mountain]   the 

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

exposed, and i s  t h e r e f o r e   p l a c e d  a t  a b reak   i n   s lope   and  

c o l o r   c h a n g e   s i m i l a r  t o  those   observed   e l sewhere .  

B u f f - c o n g l o m e r a t e   f a c i e s   ( T p l b ) .  A s  much as  6 0  m o f   buf f  

t o  pale-orangish-pink,   poorly  exposed  conglomerates   appear  

t o  disconformably  overl ie   the  lower  and  upper   red  conglome- 

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

( p l .  1). Where l o c a l l y  well exposed   i n  a r a v i n e   j u s t   n o r t h  

of s t r a w b e r r y   P e a k ,   t h i s   u n i t   d i s p l a y s   t h e   c r u d e l y   e v e n  

s t r a t i f i c a t i o n ,   p o o r   s o r t i n g ,   a n d  coarse g r a i n   s i z e  -- small  

b o u l d e r s   t o   p e b b l e s  -- common t o  most   fanglomera te   depos i t s  

( B u l l ,  1 9 6 8 ) .  Imbr i ca t ed   cobb les  a t  t h i s   e x p o s u r e   i n d i c a t e  

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

g l o m e r a t e   f a c i e s  of the  lower  Popotosa  Formation.  

Most exposures   of  t h e  buff-conglomerate facies c o n s i s t  

of l igh t -co lored   rounded   h i l l s   mant led   by   loose ,   subrounded 

cobbles   and   pebbles   o f   g ray   and   purp l i sh-gray ,  A-L Peak- 

l i k e ,  welded t u f f s .  Less common v o l c a n i c   c l a s t s  are similar 

i n   a p p e a r a n c e   t o  L a  Jara Peak Basal t ic  Andes i t e   l avas   and  

t h e  t u f f  of South  Canyon. A r e l a t i v e l y  rare   c las t  l i t h o l o g y  

o b s e r v e d   i n   t h i s  facies c o n s i s t s  of gray ish- red  t o  p u r p l i s h -  
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gray   f l ow-banded ,   ho rnb lende ,   b io t i t e ,   p l ag ioc la se   rhyo-  

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

clasts look very s i m i l a r  t o  t h e   q u a r t z  l a t i t i c  l a v a s  of 

Water  Canyon  Nesa  Zated a t  2 0  m.y. (Csburri, 1978) o r   t h e  

q u a r t z  l a t i t i c  lavas   o f   S t rawberry  Peak -- a domal flow  of 

t h e   S o c o r r o  Peak Rhyo l i t e  -- da ted  a t  1 1 . 8  n .y .   S ince   t he  

buf f   fanglomera tes   appear   to   be   over la in   and   separa ted   f rom 

the   S t rawberry   Peak  dome by as much a s  5 0 0  m o f   the   upper  

Popotosa  Formation (Lemitar Map c r o s s   s e c t i o n s ) ,   t h e s e   h o r n -  

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

t o  have come from the   Wate r  Canyon  Nesa a rea .  A g e n e r a l  

source  area for  t h e   b u f f   f a n g l o m e r a t e s   t o   t h e   s o u t h w e s t ,   i n  

t he   nc r th -cen t r a l   Magea lena  EnountainS,  would h e l p   e x p l a i n  

the  abundance of A-L Peak-l ike clasts i n   t h i s   u n i t .  The 

meage r   pa l eocur ren t   con t ro l  i s  in   gene ra l   ag reemen t   w i th  a 

source  t o  t h e   s o u t h .   F o t m t . i a 1   s o u r c e s  of A-L Peak  Tuff 

d e t r i t u s  t o  t h e   s c u t h e a s t  of t h i s  area are no t   r ecogn ized  

a t   p r e s e n t .  

West o f   S t r a w b e r r y   P e a k ,   a n   u n d i f f e r e n t i a t e d   u n i t  

“Tplr“   which is p r o b a b l y   m o s t l y   t h e   b u f f   f a n g l o m e r a t e   f a c i e s  

(Tplb)’,   but  which may a l s o   i n c l u d e   t h e   u p p e r   r e d   c o n -  

slomerate (Tpl ru) ’ ,   has  been mapped. These  pale-reddish t o  

buf f -co lored  hi l ls  appear  t o  be conformably  overlain  by 

b u f f - c o l o r e d ,   d i s t a l - f a n   d e p o s i t s   ( T p k f )  cf t h e   u p p e r  
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Popotosa  Formation. The pcor ly   exposed   con tac t  i s  rcappable 

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

i n   t h e   f o l l o w i n g   s e c t i o r .  

Upper Kember 

Fac ies   and  u n i t s  o€ the   upper   Popotose   Format ion   a re  

c o l l e c t i v e l y   l a b e l e d  on t h e   g e o l o g i c  r;.ap (p1. 1) a s  t h e  

"nemker of Kelly  Ranch", named f o r   e x c e l l e n t   e x p o s u r e s   w e s t  

of t h e  J . E .  Kelly Ranch.  However, s i n c e  t h e  r e z i o n a l   c o r -  

r e l a t i o n  of t h i s  map u n i t   h a s   n o t   b e e n   e s t a b l i s h e d ,  it w i l l  

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

F igu re  26,  a Fa leoqeologic   nap   of   the   Socorrc  Peak a r e a  

i n   l a t e  Miocene t i m e ,  summar izes   the   spa t ia l   and   depos i -  

t i o n a l   r e l a t i o n s h i p s  of the  upper   Popotosa  sedimentary 

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

a l s o  i l lust rates  t h e   r e l a t i o n s h i p  of t he   s ed imen ta ry   un i t s  

t o   t h e   c o n t e m p o r a n e o u s   l a v a s   a n d   t u f f s   c f   t h e   S o c o r r o  Peak 

R h y o l i t e .  

The  upper member o f   t he   Popo tosa   Fo rna t ion   cons i s t s  

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

detritcs der ived   f rom  h iqhlands  t c  the   wes t  and c a s t ,  well 

o u t s i d e   t h e   S o c o r r o  Peak a rea .   P l aya   c l ays tones   (Tpkp) ,  

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

t h e  wi3e  apron of l a n d s l i d e   d e p o s i t s  (Ql) tha t   sur rounc?   the  
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upper Popotosa Formation and Socorro Peak Rhyolite  time 

F igu re  26 .  Fa leogeologic  nap of  t h e   S o c o r r o  Peak v o l c a n i c  
c e n t e r   i n   l a t e  l.:iocene t h e  sumnar i z ing   depos i t i ona l  
r e l a t i o n s h i p s  of the   upper   Fopotosa   Format ion   and   the  
con tevporaneous   ( i c t e rbedded)   Socor ro  Peak P h y o l i t e .  
See P l a t e  1 f o r   e x p l a n a t i o n  of map symbols. 
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Socor ro   Moun ta ins .   D i s t a l   a l l uv ia l - f an   depos i t s   i n t e r tongue  

w i t h   t h e   p l a y a   d e p o s i t s   i n   t h e   n o r t h w e s t   ( T p k f )   a n d   s o u t h -  

east (Tpke)   corners  of t h e   s t u d y  area. Younger s t r a t a  of 

the  upper   Popotosa  Formation are  in te rbedded   wi th  s i l i c ic  

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

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

wi th   t he   p l aya   and   f ang lomera te   depos i t s .  Bedded t u f f s  of 

the   Socor ro   Peak   Rhyo l i t e   (Tsd t ,  T s r t )  and two s t r a t i g r a p h i c  

h o r i z o n s   o f   b a s a l t i c   f l o w s   ( T p k b )   a r e   w i d e l y   i n t e r c a l a t e d  

in   t he   uppe r   Popo tosa   s t r a t a .   These   vo lcan ic   marke r   beds  

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

n o t   o t h e r w i s e  be d e t e c t a b l e .  

The upper  Popotosa i s  as much as  850 m t h i c k  t o  t h e  

no r theas t   o f   S t r awber ry   Peak  (Lemitar Map c r o s s   s e c t i o n s ) .  

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

p o r t i o n s  of t h e   s t u d y  area where   the   p laya  muds appear t o  

have   lapped   unconformably   on to   s t ruc tura l ly   h igh ,   bu t   topo-  

g raph ica l ly   l ow,   f au l t   b locks   o f   o lde r   bed rock .  These bed- 

rock   b locks  are formed by   var iab ly   e roded   lower   Popotosa  

a n d   l a t e   O l i g o c e n e   v o l c a n i c   s t r a t a  ( f i g .  2 6 ) .  These  sub- 

a l luv ia l   bed rock   b locks   d id   no t   shed   s ign i f i can t   amoun t s   o f  

coarse   sed iment ,   however   they   do   appear   to  mark t h e   s o u t h e r n  

margin   o f   the   Popotosa   has in .  



T-2274 255 

The basa l   con tac t   o f   t he   uppe r   Popo tosa   Fo rma t ion  i s  

an   unconfo rmi ty   t ha t  ref lects  t h e   p r e s e n c e   o f   t h i s   b a s i n  

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

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

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

o lder   (more   deeply  eroded) b e d r o c k   s t r a t a .   T h i s   g e n e r a l  

n o r t h   t o   s o u t h   t h i n n i n g ,  i s  compl i ca t ed   by   l ong i tud ina l  

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

a t e l y   t i l t e d  (15  t o  3 0  d e g r e e s )   u p p e r   P o p o t o s a   s t r a t a .  

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

upper  Popotosa s t r a t a  are  g e n e r a l l y   c u t  by broad  pediment 

. a n d   l a n d s l i d e   s u r f a c e s   o f   Q u a t e r n a r y   a g e .  Similar pedinen- 

t a t i o n  of Popotosa s t r a t a  dur ing   p rev ious   geo log ic   epochs  

i s  a l s o   r e c o g n i z e d .   S t r a t i g r a p h i c   r e l a t i o n s  a t  t h e   b a s e  of 

the   Socorro   Peak  lavas ( T s d ,   p l .  1) i n   t h e  T o w e r  mine area 

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

l o c a l l y   b e v e l e d  by a n   e r o s i o n   s u r f a c e  of l a t e  Miocene  age 

in   upper   Popotosa  time. S i m i l a r l y   t h e   b a s a l t   o f   S e d i l l o  

H i l l  ( T b s h )   b u r i e d   b e v e l e d   f a u l t   b l o c k s  of upper  Popotosa 

s t r a t a   i n   m i d d l e   P l i o c e n e  time. 

The   basa l   contac t   o f   the   upper   Popotosa   Format ion   gen-  

e r a l l y   a p p e a r s   t o  be a paraconformi ty  or  d i sconfo rmi ty ,  o r  

less commonly an   angular   unconformi ty .  The best exposure  

o f   t h i s   c o n t a c t  -- t y p i c a l l y  it i s  poorly  exposed -- i s  found 
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west o f   t h e   B l u e  Canyon dome. A p h o t o g r a p h   o f   t h i s   l o c a l i t y  

i s  shown h e r e  as f i g u r e  27 .  A s  d e s c r i b e d   i n   t h e   f i g u r e   c a p -  

t i o n ,   t h e   c o n t a c t   a p p e a r s   t o   b e  a d i sconfo rmi ty .  

The upper member of   the  Popotosa  Formation i s  h e r e  

d i v i d e d  ( p l .  1) i n t o   f i v e   s e d i m e n t a r y  facies and two h o r i -  

zons o f   i n t e r b e d d e d   b a s a l t   f l o w s .   F o r   t h e   p u r p o s e  of des- 

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

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

i n  terms of t h e i r  dominant   l i tho logy   and   co lor .  The Socorro 

Peak  Rhyol i te ,   which i s  in t e rbedded   w i th  t h e  y o u n g e r   s t r a t a  

of the   upper   Popotosa   Format ion ,  i s  d e s c r i b e d   s e p a r a t e l y .  

Buff-conglomerat ic-sandstone facies ( T p k f ) .   I n   t h e   n o r t h -  

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

between  Snake  Ranch  and Strawberry Canyon, t h e  basal s t r a t a  

of   the   upper   Popotosa   Format ion   cons is t   o f  pale brownish- 

ye l low ( b u f f )  co lo red   cong lomera t i c   s ands tones   (Tpkf ,  p l .  

1). T h i s  facies i s  be l i eved  t o  r e p r e s e n t   d i s t a l   a l l u v i a l -  

fan   and   bra ided-channel   depos i t s   shed   f rom  the   Magdalena  

area abou t  15 km t o  t h e  west. 

The hu f f - sands tone  f ac i e s . i s  c h a r a c t e r i z e d   b y   e a s t e r l y  

t o   s o u t h e a s t e r l y   p a l e o c u r r e n t   d i r e c t i o n s   ( p l .  1) and moder- 

a t e l y  abundant  (5-20 p e r c e n t  of t o t a l  clasts)  ye l lowish-  

brown h y d r o t h e r m a l l y   a l t e r e d  clasts o f  A-L P e a k - l i k e   t u f f  
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F igu re  27. F a s a l   c o n t a c t   ( l a s h e d   l i n e )   o f   t h e   u p p e r  member 
of t h e  PoFotosa  Formation. The  maroon p laya   c lay-  
s tones   o f   the   upper   Popotosa   Format ion   appear   to  d i s -  
confo r rab ly   ove r l i e   g ray   s ands tones  (Tpsw)  and s i l t y  
mu~dstones (Tps l )  of  t h e  lower  Popotosa  Formation. 
Qua te rna ry   l ands l ide   b locks  (Q1) a re   de r ived   f rom 
Socorro  Peak R h y o l i t e   ( r h y o d a c i t e )   l a v a s   t h a t   f o r m  
Socorro  Peak ( rad io   towers)   and  "FI" Mountain on t h e  
s k y l i n e   a t   t h e   r i g h t .  P laya   c lays tones   a re   downfaul ted  

ground  and  immediate  r ight  foreground.  Looking  north 
a g a i n s t   t h e   l o w e r   P o p o t o s a   s t r a t a   i n   t h e   l e f t   f o r e -  

toward  Socorro Peak  from t h e   a r e a  west of t h e   B l u e  
Canyon dome. 
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Along t h e   s o u t h   s i d e   o f   S t r a w b e r r y  Canyon, t h e   b u f f  

s a n d s t o n e s   a r e   c o n f o r m a b l y   o v e r l a i n  by  reddish-brown mud- 

s t o n e  and p i n k i s h   s i l t s t o n e s   o f   t h e   p l a y a   f a c i e s   ( T p k p ) .  

T h i s   c o n t a c t  i s  t r a n s i t i o n a l   o v e r  a s t r a t i g r a p h i c   i n t e r v a l  

o f  10 -15  m. I n   t h i s   i n t e r v a l ,   p o o r l y   i n d u r a t e d   b u f f   s a n d -  

s tones ,   p ink i sh -o range   s i l t s tones   and   r edd i sh -b rown  mud- 

s t o n e s  are i n t i m a t e l y   i n t e r b e d d e d .  The buf f   sands tone  

(Tpkf )  i s  b e l i e v e d   t o   b e   r e p l a c e d   t o w a r d   t h e   e a s t   ( t h r o u g h  

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

s tone -c l ays tone  facies (Tpkp) .  A b a s a l t i c   f l o w   ( T p k b ) ,  

which i s  in t e rbedded  i n  the   muds tones   (Tpkp) ,   on   the   south  

s ide   o f   S t rawberry   Canyon,   p rovides  a time hor izon   th rough 

which it can be shown t h a t   t h e   u n d e r l y i n g   m u d s t o n e s  are  

th i cken ing   ea s tward  a t  the   expense   o f   t he   unde r ly ing   s and-  

s t o n e s   ( p l .  1). About 2 km n o r t h  of t h e   s t u d y  area (SE/4, 

1 8 ,  T2S ,  R l W ) ,  s t r a t i g r a p h i c   r e l a t i o n s  similar t o   t h o s e  

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

300 m of t he   bu f f   cong lomera t i c   s ands tones   (Tpkf )   mus t   g rade  

l a t e r a l l y ,   w i t h i n  0 . 8  km a l o n g   s t r i k e ,   i n t o   a n   e c u a l   t h i c k -  

ness   of   reddish-brown  mudstones  (Tpkp)   (Leni tar   Map).  

The buf f -conglomera t ic -sands tone  facies i s  best  exposed 

i n   t h e   n o r t h  wall of Strawberry  Canyon. The con t inuous  

e x p o s u r e   h e r e   c o n s i s t s   o f   a p p r o x i m a t e l y  180 m of f i n e -   t o  

coarse-grained  channel   sandstones,   which  commnly exhib i t  
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s c o u r   s t r u c t u r e s ,  some t rough   c ros s   bedd ing   and  some pebbly 

channel   bot toms.   The  outcrops are mostly  medium-bedded, 

planar-bedded,  and commonly show graded  bedding.  A s t r u c -  

t u r e   s e c t i o n   f r o m   S t r a w b e r r y  Canyon nor theas tward   to   where  

t h e  base of t h e   u n i t  i s  exposed (Lemitar Map) i n d i c a t e s   t h a t  

t he   bu f f   cong lomera t i c   s ands tone  may be as much a s  3 9 6  m 

t h i c k   h e r e .  

Red c l ays tone   and   nuds tone  facies (Tpkp).   Approximately 

h a l f  of t h e   s t u d y   a r e a   ( p l .  1) c o n s i s t s  of wide   s lopes  

man t l ed   by   l ands l ide   b locks  (Ql) a n d   s m a l l e r   c o l l u v i a l  

d e b r i s  (Oca). W i t h i n   t h e s e   s l o p e  areas numerous small ou t -  

c r o p s  of mostly  dark-reddish-brown t o  maroon c l a y s t o n e  

(TpKp) have  been  exposed  where  the s u r f i c i a l  d e p o s i t s   h a v e  

been  cut   by  narrow  s teep-walled  ravines .   Throughout  i t s  

l e n g t h ,   t h e   g e o l o g i c  map ( p l .  1) i s  speck led   w i th  a myriad 

o f   s m a l l   c l a y s t o n e  and mudstone  outcrops.   Within  the  land-  

s l i d e  areas, no attempt was made t o   l o c a t e  a l l  of these 

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

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

map. 

The g e n e r a l i z e d   g e o l o g i c  map o f   t h e   S o c o r r o   v o l c a n i c  

c e n t e r  ( p l .  3 )  shows   t he   b road   a r eas   unde r l a in   by   uppe r  

Popotosa s t ra ta  a s  i f  the mant le  of s u r f i c i a l   d e b r i s  were 
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n o t   p r e s e n t .   E x c e p t   f o r  small a r e a s   a r o u n d   S t r a w b e r r y  Peak 

and t h e  Grefco mine, e s s e n t i a l l y  a l l  of these  upper   Popotosa 

Forma t ion   "ou tc rops"   r ep resen t  areas u n d e r l a i n  by t h e   r e d  

claystone  and  mudstone facies (Tpkp) .  

The  red  c laystone  and  mudstone facies is  b e l i e v e d   t o  

r e p r e s e n t   f o r   t h e  most p a r t  a th i ck   body  of p l a y a   d e p o s i t s  

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

e a s t   b o u n d a r i e s   o f   t h i s   M i o c e n e   p l a y a  a re  marked  where t h e  

muds tones   in te r tongue   wi th  d i s t a l  a l l u v i a l   f a n   d e p o s i t s  

(Tpkf ,   Tpke ,   respec t ive ly) .   The   genera l   south   margin   o f  

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

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

Mountains. 

The best exposures  of t h e   r e d   p l a y a  facies (Tpkp) are  

found  near   the   nor th   boundary  of t h e   s t u d y   a r e a   n o r t h e a s t  

of   Strawberry  Peak.  Here, t h e   p o o r l y   i n d u r a t e d   f i n e -  

g r a i n e d  s t ra ta  l o c a l l y  form low, r o u n d e d ,   b a d l a n d   t y p e   h i l l s  

w i t h   n e g l i g i b l e   v e g e t a t i o n .   A p p r o x i m a t e l y  260  m of playa-  

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

t h e   s e c t i o n ,   a r e   e x p o s e d   j u s t   n o r t h  of t h e  map boundary 

(Lemitar Map). 

Most   ou tcrops  of t h e   p l a y a  facies  c o n s i s t  of massive- 

appearing,  reddish-brown or  maroon c l a y s t o n e .   I n t e r n a l  
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l a m i n a t i o n   o r   s t r a t i f i c a t i o n  i s  r a r e l y   o b s e r v e d ;  if p r e s e n t  

it i s  commonly masked  by a c rumbly   " cau l i f lower"   su r f ace  

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

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

s i l t y  mudstones,   however  the l a t t e r  l i t h o l o g y  i s  less 

common. Grayish-yellow t o  pa le-o l ive-gray   c lays tone   hor i -  

zons,   about  1 - 2  lil t h i c k ,   l o c a l l y   d e f i n e   t h e   b e d d i n g   i n   t h e  

massive r e d   o u t c r o p s .   C a l c a r e o u s   n o d u l e s   a r e  common w i t h  

t h e   g r e e n i s h   b e d s .  Two 15-cm-thick,  wavy-laminated,  algal 

l imes tone   beds  are  a s s o c i a t e d   w i t h   g r e e n i s h   c l a y s t o n e s   i n  a 

small exposure   southwes t  of " 6 0 0 1 "  Mesa. I n   t h i s   r a r e  

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

o f   s h a l l o w   s h o r t - l i v e d   l a k e s .   T h r e e   l i g h t - g r a y   b e d s  of 

coarsely c r y s t a l l i n e ,   g r a n u l a r  gypsum, as much a s  3 m t h i c k ,  

o c c u r   i n   t h e   w e l l - e x p o s e d   s e c t i o n   j u s t   n o r t h  of t h e  map 

a r e a .  Gypsum a l s o  commonly o c c u r s   i n  the p laya  facies as 

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

c u t t i n g   t h e   b e d d i n g .  Many of t h e  gypsum v e i n l e t s   o c c u r   i n  

small (?)  f a u l t s   a n d   t h e   s a t i n - s p a r   f i b e r s  show deformat ion ,  

which may be used t o  i n f e r   t h e   s e n s e  of movement o n   t h e  

f a u l t  assuming  normal   drag  (s imple  shear) .  Bedded  gypsum 

has   no t   been   obse rved   sou th  of Socor ro  Peak  and s a t i n . s p a r  

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



c 

T-2274 263 

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

f ine-gra ined   sands tones  are common near t h e   b a s e  of t h e  

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

t h e   d i s t a l - f a n  facies. Beveled r i p p l e  marks  have  been 

o b s e r v e d   i n  some of these   s i l t s tones .   Redd i sh -b rown ,   non-  

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

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

S t r a t i g r a p h i c   r e l a t i o n s   a n d   t h i c k n e s s   v a r i a t i o n s  of 

t h e   p l a y a   f a c i e s  are  complex, variable and   gene ra l ly  

obscured  by  Quaternary  col luvium.  Topographic  re l ief  on 

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

s u g g e s t s   t h a t   t h o s e   s l o p e s  are  u n d e r l a i n   b y  a t  least  215  m 

o f   c lays tones   and   muds tones .  A s h a l l o w   t h e r m a l   g r a d i e n t  

bore h o l e  a t  the   no r thwes t   end  of t h e   S h r i n e   V a l l e y   h a s  

shown t h a t   a n   a d d i t i o n a l   1 4 5  m o f   c l a y s t o n e s  f i l l  t h i s   f a u l t -  

b l o c k   v a l l e y  a t  t h e  base of t h e   l a n d s l i d e   a r e a s .   T h u s ,   t h e  

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

have  been as  g r e a t  as  360  m i n   t h e   c e n t r a l   p a r t  of t h e   s t u d y  

area. 

Nor theds t   o f   S t rawberry   Peak ,   the   p laya  facies  (Tpkp) 

rests o n   t h e   b u f f   s a n d s t o n e  facies (Tpkf ) .  Also, here t h e  

basal t  of   Kel ly .Ranch i s  i n t e r h e d d e d   i n   t h e   l o w e r  p a r t  of 

t h e   c l a y s t o n e   s e c t i o n .   T h e   l a n d s l i d e  masked c l a y s t o n e  sec- 

t i o n  capped  by Strawberry Peak may be about  1 8 0  m t h i c k .  
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In   compar i son ,   abou t  1 km nor th   o f   Socor ro  Peak t h e   p l a y a  

f a c i e s  i s  a b s e n t   b e l o w   t h e   b a s a l t   o f   K e l l y  Ranch  (Tpkb), 

which rests d i r ec t ly   on   l ower   Popo tosa  s t r a t a  (Tps l ) .   Bo th  

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

r a p i d l y   t o w a r d   t h e   s o u t h e a s t .  On t h e   s o u t h   s i d e   o f  "M" 

Mounta in ,   the   base   o f   the  s i l i c i c  dome (Tsd,) rests almost 

d i r e c t l y   o n   l o w e r   P o p o t o s a   s t r a t a .   T h i s  wedge of   upper  

P o p o t o s a   c l a y s t o n e s   t h i c k e n s   w e s t w a r d   ( p l .  2 ,  A - A ' )  away 

from t h e  l a t e  Miocene   loca l   bedrock   h ighland  ( f i g .  2 6 )  t h a t  

now forms t h e  east  f l ank   o f   Socor ro   Peak .  The p l aya   c l ay -  

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

bedrock   h igh)  as  e v i d e n c e d   b y   t h e i r   p r e s e n c e   u n d e r   t h e   f l o w s  

of   Socorro   Peak   Rhyol i te  ( T s d )  a t  t h e  Merritt mine  (Lasky, 

1932;   Smith,   1963) .  Similar s t r a t i g r a p h i c   r e l a t i o n s   i n d i -  

cate  t h a t   t h i s  l a t e  Miocene  bedrock  high  cont inued  south  to  

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

I n   t h e   N o r t h e r n   C h u p a d e r a   M o u n t a i n s ,   t h e   p l a y a  facies 

l aps   on to   f au l t   b locks   f rom  wh ich   t he   l ower   Popo tosa  mud- 

f low  conglomerate   (Tpsd)  was loca l ly  removed  by   e ros ion   in  

middle(?)   Miocene  time. Near t h e  Tower n i n e ,  no p l aya  

facies s t r a t a  o l d e r   t h a n   t h e   S o c o r r o   P e a k   R h y o l i t e  i s  pres- 

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

O l i g o c e n e   t u f f  of Sou th  Canyon ( T s c )  o r  on  lower  Popotosa 

m u d f l o w s   ( T p s d ) .   S i m i l a r   s t r a t i g r a p h i c   r e l a t i o n s  occur 5 
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km t o   t h e  west i n   t h e   e a s t e r n  Magdalena  Mountains  southwest 

o f  Pound  Ranch (Osburn, 1978). Toge the r   t hese   a r eas  are  

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

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

marg in   o f   t he   l a t e   Miocene   Popo tosa   bas in .  Small  a n d   t h i n  

exposures   of   red  mudstones  have  been  observed several k i l o -  

meters t o   t h e   s o u t h   o f   t h e  Tower mine  (Osburn, 1979, o r a l  

commun.), i n d i c a t i n g   t h a t   t h e   e a s t - t r e n d i n g   m a r g i n  was 

complex   (broken   by   nor th- t rending   fau l t   b locks) .  

Playa mud s e d i m e n t a t i o n   c o n t i n u e d   f o r  some time a f t e r  

e r u p t i o n  of the   Socor ro   Peak   Rhyo l i t e   l avas .  Small  remnants 

of red  mudstones  and red muddy c o l l u v i a l   s o i l s   o c c u r  on t o p  

o f   t he   Socor ro   Peak   Rhyo l i t e  lavas i n  t h e   a r e a  west o f  

Socorro   Peak .   S imi la r  small p a t c h e s  of r e d  muds rest  on  

O l i g o c e n e   v o l c a n i c   r o c k s   i n   t h e   n o r t h e r n   C h u p a d e r a  Moun- 

t a i n s .  Much o f   t h e   r o l l i n g - h i l l   l a n d s c a p e  west of Socorro  

Peak  and in   the   nor thern   Chupadera   Mounta ins   p robably   repre-  

s e n t s   t o p o g r a p h y   r e c e n t l y   ( g e o l o g i c a l l y )  exhumed from  under,  

a t h i n   b l a n k e t  of c l ay   and  mud. Severa l   red   muds tone  sec- 

t ions   t ha t   have   l oca l ly   been   p re se rved   above   Socor ro   Peak  

R h y o l i t e  lavas a n d   t u f f s  may be   obse rved   on   t he   geo log ic  

map. They  range  from 15 t o  90 m i n   t h i c k n e s s  ( p l .  2, D-D', 

E-E', F-F', H - H ' ) .  A few so f t ,  w h i t e  pumice fragments ,  pet- 

r o g r a p h i c a l l y  similar t o   S o c o r r o  Peak  Rhyolite lavas, are 
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common i n  these   younger   muds tone   ou tcrops ,   espec ia l ly   south  

of Blue  Canyon. 

E a s a l t  of K e l l y  Ranch  (Tpkb  north  of  Socorro  Peak).  A 

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

lower pa r t   o f   t he   uppe r   Popo tosa   Fo rma t ion ,   and   exposed   i n  

a l a r g e   a r e a  west o f   t h e  J .B .  Kelly  Ranch are h e r e  i n f o r -  

m a l l y   r e f e r r e d   t o   a s   t h e   b a s a l t   o f   K e l l y  Ranch. I n   t h e  

s tudy  area ( p l .  11, these  greenish.-black,   ledge-and  cuesta  

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

t h e  east box o f  Nogal  Canyon,  about 1 km east of the   con-  

f luence   o f   the   above   canyons ,   and   about  1 km n o r t h   o f  

Socor ro   Peak .   Add i t iona l   exposures   o f   t he   basa l t  of Kel ly  

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

t a i n s  as  far n o r t h  as Corkscrew  Canyon ( f i g .  2 )  . 
O u t c r o p   r e l a t i o n s   i n   t h e   S t r a w b e r r y  Canyon a r e a   s u g g e s t  

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

s t r a t i g r a p h i c   p o s i t i o n s   i n   t h e   s e d i m e n t a r y  strata.  The 

o l d e s t   f l o w  forms a small l e n t i c u l a r   o u t c r o p   i n   t h e  f loor  

of the  canyon  where it a p p e a r s  t o  f i l l  a c h a n n e l   i n  the  buff  

s ands tone   f ac i e s   (Tpkf ) .   The   no r th  wall o f   t h e   c h a n n e l  i s  

f a i r l y  well exposed :   a l so ,   he re   t he   ove r ly ing   channe l   s and-  

s tones   have   unusua l ly   abundant  basal t ic  c l a s t s .  The  young- 

est flow i s  e x p o s e d   o n   t h e   s o u t h   s i d e  of the   canyon   nea r  
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i t ' s  e a s t   e n d .  The  youngest   f low,   about  1 2  m t h i c k ,   a p p e a r s  

t o  be l o c a l l y   p r e s e r v e d   o n   t h e  downthrown (eas t )  s i d e   o f  two 

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

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

facies (Tpkp)  and i s  s e p a r a t e d   f r o m   t h e   m i d d l e   s t r a t i g r a p h i c  

ho r i zon  of basa l t  by  about  5 0  m o f   c l a y s t o n e s .  

The m i d d l e   s t r a t i g r a p h i c   h o r i z o n  of t h e  basa l t  of   Kel ly  

Ranch i s  t h e  most  widespread  and may be as  much a s  35 m , -  

t h i c k .  It  i s  typ ica l ly   compr i sed   by  2 ,  t o  as many a s  4 ,  

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

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

from 5 t o  1 5  m i n   t h i c k n e s s . .   F r i a b l e ,   b u f f - c o l o r e d  

a e o l i a n ( ? )   s a n d   l o c a l l y  f i l ls  c r e v i c e s   a n d   f o r m s   p a r t i n g s  

between flows. Greenish-gray,  baked mud c h i p s  are f a i r l y  

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

t he   s equence .   B lack   ca l c i t e   and   mi lky   qua r t z  are common a s  

vesicle f i l l i n g s .  

The o u t c r o p s   o f   t h e   b a s a l t   o f   K e l l y  Ranch o u t s i d e   t h e  

Strawberry  Canyon area 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  

middle-f low  horizon.  The n o r t h - t r e n d i n g   o u t c r o p   n o r t h   o f  

Nogal  Canyon c o n s i s t s   o f  a s i n g l e   f l o w   t h a t   a p p a r e n t l y  wed- 

g e s   o u t   p r o g r e s s i v e l y   t o   t h e   n o r t h   o n t o  a low topograph ic  

swell bu i l t   on   muds tones .   Immedia t e ly   no r th  of t h e  map 

boundary, t h i s  flow r e a p p e a r s   a l o n g   t h e  same t r e n d .  From 
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h e r e ,  it p r o g r e s s i v e l y   t h i c k e n s   n o r t h w a r d   i n t o  a s t ack   o f  as 

many a s  4 f lows   and   cont inues   a long  s t r i k e  f o r   a t  least  2.5 

km. The exposure   no r th   o f   Socor ro  Peak c o n s i s t s   o f  a double 

s t a c k  of r e l a t i v e l y   v e s s i c u l a r   a n d   o x i d i z e d  flows, b u t  

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

lar  t o   t h e   b a s a l t   o f   K e l l y   R a n c h  a t  Strawberry  Canyon. 

A l l  o f   t h e   f l o w s   a s s i g n e d  t o  t h e   b a s a l t   o f   K e l l y  Ranch 

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

q u a r t z   l a t i t i c   f l o w s   ( T s d )   a n d   t u f f s   ( T s d t )   o f   t h e   S o c o r r o  

Peak  Rhyol i te .  The Strawberry  Peak dome (Tsd)  and a related 

t u f f   ( T s d t ,  small outcrop  north  of  Nogal  Canyon)  have  been 

d a t e d  a t  1 1 . 8  m.y a n d  1 1 . 9  m.y. r e spec t ive ly   (Append ix  B ) .  

A f r e sh   s ample  (No.  76-1-3, t ab le  6 )  o f   t h e   b a s a l t   o f   K e l l y  

Ranch,  taken  from the o u t c r o p   n o r t h   o f  Mogal Canyon, h a s  

been   da ted  by H. Mehnert (U.S .  Geological   Survey)  a t  9.1f0.5 

m.y. (Machette,  1 9 7 R ) .  T h i s  date  i s  be l ieved  t o  be   too  

young ,   s ince   no r th  of t h i s   l o c a l i t y   t h e  same t r e n d  of b a s a l t  

f l ows  i s  e v i d e n t l y   o v e r l a i n  by t h e  11.9-m.y.-old  "Tsdt" 

t u f f .  The b a s a l t i c   s a m p l e   c o n t a i n s  traces of  secondary car- 

b o n a t e   a n d   a n t i g o r i t e  a f t e r  o l i v i n e   a n d   a l s o  some q u a r t z  

x e n o c r y s t s .  Near i t s  base, t h i s  flow c o n t a i n s  some mud 

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

Unrecognized   contaminat ion   wi th  potassic c l a y s   c o u l d  have 

a f f ec t ed   t h i s   who le - rock   age   da t e .   Th i s   s ample   con ta ins  
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about  53.6 p e r c e n t  S i 0 2  (Tab le  6 )  and may be classified as 

a x e n o c r y s t i c   b a s a l t i c   a n d e s i t e .   U n c o n t a m i n a t e d   e q u i v a l e n t s  

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

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

I n  t h i n   s e c t i o n   a n d   h a n d s p e c i m e n ,   t h e   b a s a l t   o f   K e l l y  

Ranch i s  norma l ly   g ray i sh -b lack   t o  medium g r a y ,   o r   g r a y i s h  

r e d   w h e r e   o x i d i z e d .   S p a r s e ,   c l e a r   p l a g i o c l a s e   l a t h s   a n d  

t r a c e s  of y e l l a w i s h - g r e e n   o l i v i n e  are t h e   o n l y   p h e n o c r y s t i c  

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

reddish-brown rims of i d d i n g s i t e   a n d   c o r e s   o f   y e l l o w i s h  

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

p l a g i o c l a s e   " p h e n o c r y s t s " ( ? )   h a v e   b e e n   o b s e r v e d   i n  a f e w  

spec imens .   In   dense   s amples ,   t he  matrix t y p i c a l l y   h a s  a 

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

t i on   o f   s ample  76-1-9 (Table  6 )  g e n e r a l l y   a p p l i e s   t o   m o s t  

s a m p l e s   o f   t h e   b a s a l t   o f  Kelly Ranch,   except  for t h e   d e g r e e  

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

A s o u r c e  area for t h e  basal t  of K e l l y  Ranch h a s   n o t  

b e e n   i d e n t i f i e d .  Basalt  f lows ,   which   occur   be tween  the   tu f f  

of   South  Canyon  and  equivalents  of the   Socorro   Peak  Rhyo- 

l i t e ,  (Pound  Ranch  lavas)  have  been mapped i n   t h e   n o r t h -  

eastern  Magdalena  Mountains   (Osburn,   1978) .   These basa l t  

flows o c c u r  a t  r o u g h l y   t h e  same s t r a t i g r a p h i c   p o s i t i o n  as 

t h e   b a s a l t  of K e l l y  Ranch.  However,  they are n o t   i n t e r b e d -  
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Table  6 .  A n a l y s e s   o f   b a s a l t i c  lavas in t e rbedded  i n  t h e   S a n t a  Fe 
Group i n  the   Socorro   Peak  area. Chemical   analyses  by 
x-ray f luo rescence ;  D. L.  White, N e w  Mexico  Bureau  of 
Mines and  Mineral  Resources (see p .  2 8 ) .  

Sample No. 
Formation 

U n i t  b a s a l t   o f  
Kel ly  Ranch 

b a s a l t   o f   b a s a l t   o f  
Bear Canyon ' S e d i l l o  H i l l  

76-1-9 77-5-3 76-6-11 
upper   upper   S ie r ra  

Popotosa  Popotosa  Ladrones 

Major   Oxides  (weight   percent)  

S io2  53.61  41.43  50.15 

A1203 15.79 16.30 1 2 . 2 1  

Fe203 ( t o t a l )  8 . I 5  10.65 1 0 . 7 9  

8 . 5 1  7.63 8 . 4 1  

C a O  7 . 4 0  7.50 8 . 4 9  

Na20 3.41  5.16  3.06 . 

K 2 0  2 .16  1.24 1 . 7 0  

T i 0 2  0.35 1 . 8 2  1 . 2 8  

T o t a l  9 9 . 9 8  97 * 73 96 .09  

76-1-9 

77-5-3 

Sample  Descr ipt ions 

G r a y i s h - b l a c k ,   d e n s e ,   s l i g h t l y   p o r p h y r i t i c ,  
x e n o c r y s t i c ,   b a s a l t i c   a n d e s i t e .   C o n t a i n s  5 p e r c e n t  
small (1 -2  mm) p l a g i o c l a s e  ( A n  55-65) l a t h s ,  some 
wi th   na r row reverse zoned r i m s  ( A n 7 o ) ,  and traces 
o f   s u b h e d r a l   o l i v i n e   ( 0 . 5 - 1  mm) s l l g h t l y   a l t e r e d  
t o   a n t i g o r i t e  i n  a p i l o t a x i t i c   g r o u n d m a s s  of 
plagioclase microli tes,  o l i v i n e ,   c l i n o p y r o x e n e  
and  Fe-Ti   oxides .   Contains  a f e w  rounded  and 
embayed q u a r t z  (2-3 mm) xenocrys ts   and  t race of 
carbonate. J u s t   n o r t h  of Noaal  Canvon. east  o f  
confluence  with  Strawberry  Canyon.  (SE/4,  NW/4, 

~- I~~ 

Sec.   29,  T2S, R1W) 

D a r k - g r a y ,   d e n s e ,   a p h a n i t i c ,   o p h i t i c   b a s a l t .  
See f i g .  28 f o r   d e s c r i p t i o n   a n d   l o c a t i o n .  
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Table  6 .  ( con t inued)  

2 7 1  

76-6-11 D a r k - g r a y ,   d e n s e ,   s l i g h t l y   p o r p h y r i t i c , , o l i v i n e  
b a s a l t .   C o n t a i n s  3 p e r c e n t  small (0 .5 -1  mm) 
greenish-yel low-brown  ol ivine  phenocrysts   and 
sma l l   b lu i sh -b lack   subhedra l   c l i nopyroxene  
( a u g i t e ? )   m i c r o p h e n o c r y s t s   i n  a f i n e - g r a i n e d  
granular   groundmass of p l ag ioc la se ,   c l i nopyroxene ,  
and  Fe-Ti   oxides .   Contains   one muddy c a r b o n a t e  
x e n o l i t h   w i t h   c l i n o p y r o x e n e   r e a c t i o n   c o r o n a   a n d  
a trace of o l i v i n e   a l t e r e d   t o   c h l o r i t e ,  calci te  
and a pale-brown mica (muscovi te?) .  From 
l a n d s l i d e   b l o c k   o n   s o u t h w e s t   s i d e  of Black 
Mountain (Mesa) (SE/4,   SE/4,  Sec. 2 5 ,  T3S, R2W) . 
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ded i n   s e d i m e n t a r y   s t r a t a   o f   t h e   P o p o t o s a   F o r m a t i o n ,  

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

Muddy conglomera te  facies ( T p k c ) .   I n   t h e   a r e a  from  Blue 

Canyon t o  Socorro  Canyon, t h e   b a s a l   u n i t   o f   t h e   u p p e r  

Popotosa   Format ion   cons is t s   o f  0-25 m o f   p o o r l y   i n d u r a t e d ,  

r edd i sh -co lo red ,  muddy to   sandy  conglomera tes   (Tpkc)  . This  

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

wash d e p o s i t s   t h a t  mixed wi th   p l aya  muds as they  onlapped a 

l o c a l   b e d r o c k   h i g h l a n d   i n   m i d d l e   t o  l a t e  Miocene time ( f i g .  

2 6 ) .  Southwes t   o f  "6001" ,  Mesa t h e  muddy conglomerate 

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

d e r i v e d  from a n   a d j a c e n t   b e d r o c k   o u t c r o p   ( T l a l ? ) .  However, 

a t  o the r   ou tc rops ,   mos t  of t h e   c o a r s e  material i n   t h i s   u n i t  

a p p e a r s   t o  be reworked  from t h e  lower  mudflow  conglomerates 

(Tpsd) .  Where t h e   m a t r i x  i s  s a n d y ,   t h e s e   o u t c r o p s  are simi- 

la r  i n   a p p e a r a n c e   t o   t h e   u p p e r  red conglomerate  facies 

( T p l r u ) .   N e v e r t h e l e s s ,   t h e  muddy conglomerates  (Tpkc) are  

cons ide red  t o  be  younger   than  the  upper   red-conglomerate  

facies ( T p l r u ) ;   t h e   l a t t e r   u n d e r l i e s   t h e   p l a y a  

facies (Tpkp)  which  appears t o  be c o e v a l   w i t h   t h e  muddy 

conglomerates .  
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Pa le- red   conglomera t ic   sands tone  facies (Tpke) .   Th i s  

facies ,  which i s  i n f o r m a l l y   r e f e r r e d  t o  o n   t h e   g e o l o g i c  map 

( p l .  1) a s  the  fanglomerate   near   Evergreen  Ranch,  i s  exposed 

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

Mountains  'between  Blue  Canyon  and  Socorro  Canyon.  The pale- 

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

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

o f   t h e   P o p o t o s a   b a s i n   i n  l a te  Miocene time. T h i s   i n t e r p r e -  

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

( p l .  1) and c las t  l i t h o l o g i e s   i n d i c a t i v e   o f  a source  area 

e a s t   o f   t h e   p r e s e n t   R i o   G r a n d e .   T r a c e   a m o u n t s   o f  well- 

i n d u r a t e d ,   r e d   s i l t s t o n e   a n d   f i n e - g r a i n e d   s a n d s t o n e  pebbles 

have  been  observed i n   n e a r l y   e v e r y  area t h a t   t h i s   v o l c a n i c -  

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

s i l t s t o n e   c l a s t s  are very  similar t o   s i l t s t o n e s   t h a t   f o r m  

o u t c r o p s  of the   Permian  A b  Formation  (Wilpol t   and Wanek, 

1952)  now exposed  on  the Loma d e  l a s  C a n a s   u p l i f t  east  of 

S o c o r r o   ( f i g .  2 ) .  

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

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

facies  occur red   bo th   be fo re   and  a f t e r  l o c a l   e r u p t i o n s  of 

t h e   S o c o r r o  Peak Rhyo l i t e .  A t  t h e  east f o o t   o f   P i n n o c h i o  

Peak ,   t he   poor ly   i ndura t ed   pa l e - r ed   cong lomera t i c   s ands tones  

(Tpke)   a r e   i n t e rbedded   i n   r ed  playa muds (Tpkp),  which evi- 
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d e n t l y   u n d e r l i e   t h i s   r h y o d a c i t i c   f l o w   ( T s d )   t h a t  i s  p e t r o -  

l o g i c a l l y   e q u i v a l e n t   t o   t h e   1 0 . 3 - m . y . - o l d   r h y o d a c i t e  of 

" 6 0 0 1 "  Mesa (Appendix R). N o r t h e a s t  of the   Gre fco  mine, t h e  

modera te ly   wel l - indura ted ,   pa le - red   conglomera t ic   sands tones  

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

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

from  the  7.4-m.y.-old Grefco r h y o l i t e  dome (Appendix B). 

Near   Socorro   Spr ing ,   the   reddish   conglomera t ic   sands tones  

a re  in t e rbedded   i n   r ed   muds tones   (Tpkp)   wh ich   ove r l i e  a 

t h i c k   t u f f   b l a n k e t  ( T s r t )  a s s o c i a t e d   w i t h   t h e   G r e f c o  dome. 

T h e s e   a r e   t h e   y o u n g e s t  s t r a t a  o f   t h e  Santa  Fe  Group  which 

can  be shown to  predate i n c e p t i o n   o f   t h e   a n c e s t r a l  Rio 

Grande  (Eachman  and  Mehnert ,   1978).   Therefore,   they a re  

a s s i g n e d   t o  the upper  Popotosa Formation. 

The o l d e r   s t r a t a  of th i s   r edd i sh -cong lomera t i c   s and-  

s t o n e   f a c i e s ,   w h i c h  are also exposed  southwest  of t h e   G r e f c o  

mine  near  Socorro  Canyon, are  g e n e r a l l y  12-15 m thi%k. 

Younger s t ra ta  a t  Socorro   Spr ing  are about  30  m t h i ck   and ,  

n o r t h e a s t   o f   t h e   G r e f c o   m i n e ,   t h i s   f a c i e s  may b e   a s  much as  

75 m t h i c k .  

The b e s t   e x p o s u r e s   o f   t h e  "Tpke" f a c i e s  are man-made 

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

the  r a i l r o a d  cu t  a t  t h e  Grefco per l i te  mill. A t  Socor ro  

S p r i n g ,   t h i s  facies c o n s i s t s   l a r g e l y   o f   p a l e - r e d   a n d  
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moderate-reddish-orange,   medium-to  f ine-grained  sandstones 

t h a t  are poor t o  moderately  indurated.   About  15 t o  25 per-  

c e n t   o f   t h e   o u t c r o p  i s  formed  by l e n t i c u l a r   p e b b l y  conglome- 

r a t i c   s a n d s t o n e s   g e n e r a l l y  7-15 cm t h i c k .   T h e s e   a p p e a r   t o  

mark scoured   channe l   h t toms .   The  bet ter  exposed s t ra ta  

a p p e a r   t o  be c rude ly   p l ana r   bedded .  Clast  l i t h o l o g i e s   h e r e  

a r e  similar t o   t h o s e   o b s e r v e d   i n  a pebble   count  a t  t h e  ra i l -  

r o a d   c u t  outcrop n e x t   t o   t h e   G r e f c o  mill. 

De t r i t u s   f rom a wide s t r a t i g r a p h i c   r a n g e   o f   r e g i o n a l  

O l i g o c e n e   v o l c a n i c   u n i t s  seems t o   b e   p r e s e n t   n e a r   t h e   G r e f c o  

mill. I n   d e c r e a s i n g   o r d e r   o f   a b u n d a n c e ,   t h e   m a j o r i t y   o f  

c l a s t s   a r e  similar t o   t h e  A-L Peak   Tuf f ,   i n t e rmed ia t e   l avas  , 

of   t he   Spea r s   Fo rma t ion   (o r   Lu i s   Lopez   Fo rma t ion ) ,   and  La 

Jara Peak Basalt ic Andes i te   l avas .  L e s s  abundant (5-10 per- 

c e n t   e a c h )  c las t  t y p e s  are similar t o  t h e   t u f f  of South  Can- 

yon, Hells Mesa Tuff ,   and  upper   Lemitar   Tuff .  Some clasts 

counted as  Hells Mesa could be der ived   f rom  the   uppermost  

q u a r t z - r i c h  Lemitar Tuff  and some clasts counted a s  L a  J a r a  

Peak l avas   cou ld   be  from b a s a l t i c  lavas i n   t h e   S a n t a  Fe 

Group.  About 2 percen t   o f   t he '  smaller p e b b l e s   i n   t h e   p e b b l e  

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

s c h i s t s .   T h e s e  may have  been  recycled  f rom  the  Permian 

Bursum Formation or ,  less i i k . e l y ,   d e r i v e d   f r o m   r e l a t i v e l y  

small P recambr ian   g ran i t e   ou tc rops  now exposed east  of t h e  
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Rio G r a n d e .   T r a c e s   o f   r e d   s i l t s t o n e  clasts observed a t  

Socorro  Spring  and several o t h e r   o u t c r o p s  were n o t   p r e s e n t  

i n   t h e   s q u a r e  meter o f   t h e   p e b b l e   c o u n t  area. Punky, wh i t e  

pumice(?)  o r  r h y o l i t i c   l a v a   f r a g m e n t s ,   s i m i l a r   t o   t h e  

Socorro   Peak   Rhyol i te  lavas, form a few p e r c e n t   o f   t h e  

clasts a t  Socorro   Spr ing ,  b u t  are  a b s e n t   a t   t h e   G r e f c o  mill 

R h y o l i t i c   c o n g l o m e r a t i c   s a n d s t o n e   f a c i e s   ( T p k r  - ) .  The  Grefco 

" p e r l i t e "  dome ( T s r )  i s  f l a n k e d  by a c o n i c a l  wedge o f   v i t r o -  

phyr i c   cong lomera t i c   s ands tones  mapped h e r e   a s  a unique, 

l o c a l l y   d e r i v e d   f a c i e s   ( T p k r )   o f   t h e   u p p e r   P o p o t o s a  Forma- 

t i o n .  T h e   s o u t h e a s t e r n   f l a n k  of t h e   G r e f c o  dome ( T s r )  and 

i t s  a d j a c e n t   g l a s s y   a l l u v i a l  wedge have   apparent ly   been  

downfau l t ed   ou t  of view ( p l .  2 ,  F-F'). 

Where t h e   o u t e r   e d g e  of t h e  v i t r i c  sed imentary  wedge 

i s  exposed ,   t he   l i gh t -g ray   l edge - fo rming   ou tc rops   o f   t he  

g l a s sy   cong lomera t i c   s ands tones  rest on  a t h i c k   b l a n k e t   o f  

s lope- forming ,   whi te ,   bedded   tu f fs  ( T s r t ) .  T h e s e   t u f f s  

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

Grefco dome. I n   p r e v i o u s   d e s c r i p t i o n s  of t h i s   a r e a  (Weber, 

1 9 6 3 ;  L o w e l l ,  1967)., t h e   e q u i v a l e n t s  of t h e s e  two u n i t s   ( T p k r  

and T s r t )  were bo th   desc r ibed  as  p y r o c l a s t i c s .  

A t  t h e   s o u t h   s i d e   o f   t h e   G r e f c o  dome, t h e  base of t h e  

v i t r i c  sed imentary  facies is  well-exposed  where it appar-  
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e n t l y   l a p p e d   o f f   t h e  steep f r o n t   o f   t h e   r h y o l i t i c   l a v a .  

Here, the   f l ow-banded   l ava   g rades  up i n t o  a b locky   v i t rophyre  

breccia which, i n   t u r n ,   g r a d e s   t o  a crudely  bedded coarse- 

gra ined   conglomera t ic   sands tone  composed a l m o s t   e n t i r e l y  

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

Small  rounded c las t s  of mafic s c o r i a  may a l s o   b e   r a r e l y  

o b s e r v e d   i n  some a d j a c e n t   o u t c r o p s .  

Nor theas t  of t h e  Grefco dome, t h e   d i s t i n c t i v e   d e t r i t a l  

c o m p n e n t s   o f   t h e   l i g h t - g r a y  v i t r i c  l i t h o f a c i e s   ( T p k r )   a n d  

t h e   p a l e - r e d   d i s t a l - f a n   l i t h o f a c i e s   ( T p k e )   a r e   i n t i m a t e l y  

in t e rmixed   and   i n t e rbedded .   These   s t r a t a   a r e   s epa ra t ed   on  

the   bas i s   o f   t he   componen t s   t ha t   a r e   dominan t ,   wh ich  i s  

r e f l e c t e d   b y   t h e   o v e r a l l   c o l o r  of the   i nd iv idua l   beds .  

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

are  moderately t o  well i n d u r a t e d   ( s i l i c e o u s ? )   a n d   g e n e r a l l y  

form l i g h t   t o  medium-gray ledges,   a l though  yel lowish-brown 

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

base   o f   t he   un i t .   C rude  para l le l  bedding i s  dominant; 

however, some p l a n a r ( ? )   c r o s s b e d d i n g   a n d   c u t - a n d - f i l l   s t r u c -  

t u r e s  are  a l s o  common. The c l ean ,   s andy   ma t r ix  of these 

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

and medium- to   ve ry -coa r se -g ra ined   f r agmen t s   o f   rhyo l i t e  

v i t rophyre .   V i t rophyre  c las t s  are  genera l ly   subangular   and  

subequan t   and   t he re fo re  are o n l y   r a r e l y   i m b r i c a t e d .   A n g u l a r  
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f ragments  of g r a y i s h - r e d   l i t h o i d a l   r h y o l i t e  similar i n  

phenoc rys t   mine ra logy   t o   t he  v i t r i c  r h y o l i t e s   o c c u r  as minor 

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

t u f f   f r a g m e n t s   ( L e m i t a r   T u f f ? )   h a v e   b e e n   r a r e l y   o b s e r v e d   i n  

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

West o f   t he   Gre fco   mine ,   exposures   o f   t he  v i t r i c  sand- 

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

i s  a t  least  7 5  m t h i c k   o n   t h e   n o r t h w e s t   s i d e   o f   t h e  dome 

and t h i n s   t o  less t h a n  3 0  m i n   t h e   s e c t i o n   s o u t h   o f  " 6 0 0 1 "  

Mesa. 

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

( T p k r )   s i m i l a r   i n   a g e   a n d   o r i g i n   t o   t h e  v i t r i c  sands tones  

a t  the  Grefco  mine  have  been  observed a t  t h r e e   o t h e r  locali-  

t i e s  i n  the s t u d y  area. T h e s e   r h y o l i t i c   s e d i m e n t a r y   r o c k s  

c r o p   o u t  1) west of Cook S p r i n g ,   2 )   n o r t h   o f   t h e  Tower  mine 

near  Bear  Canyon,  and 3 )  n e a r   t h e   v e n t  area f o r   t h e  basa l t  

of S e d i l l o  H i l l  (Tbsh) .  A t  t he  l a t te r  l o c a l i t y ,   t h e   p o o r l y  

exposed   rhyo l i t i c   cong lomera te s  are s u r r o u n d e d   b y   b a s a l t i c  

co l luv ium  de r ived   f rom  the   c l i f f - fo rming   f l ows   (Tbsh)  a t  

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

i n t e r c a l a t e d   i n   r e d   p l a y a  muds (Tpkp) .   They   conta in  clasts 

p e t r o l o g i c a l l y  similar t o   t h e   r h y o l i t e  lavas of t h e   T r i p o d  

Peak dome a n d   t h e  "6633" dome t o   t h e   n o r t h e a s t ,   w h i c h  i s  

t h e r e f o r e   i n t e r p r e t e d  as the m o s t   l i k e l y   s o u r c e   a r e a .  A t  
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t h e  first two loca l i t i es   ment ioned   above ,   the   immature   rhyo-  

l i t i c  sed imentary   rocks  are c l e a r l y   d e r i v e d   f r o m   t h e  immedi- 

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

Basalt  of Bear Canyon  (Tpkb,  south  of  Highway  Sixty).  A 

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

in t e rbedded   i n   uppe r   Popo tosa   p l aya   c l ays tones   (Tpkp)   i n  

the   nor thern   Chupadera   Mounta ins ,  i s  h e r e  termed t h e   b a s a l t  

of Bear Canyon for  numerous low cues t a - l i ke   exposures   a long  

t h i s  d r a i n a g e .   T h i s  5-10 m-thick basalt  f low  a l so   forms  

b l ack   t o   b rowni sh -b lack   l edges ,   rounded   h i l l s   and   cues t a s  

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

o c c u r s   n e a r l y  a k i l o m e t e r   s o u t h  of Chupadera  Spring.  Except 

f o r   o n e  small o u t c r o p   i n  Socorro Canyon, t h e   b a s a l t   o f  Bear 

Canyon has   no t   been   obse rved   no r th  of Highway S i x t y .  

S p a t i a l   r e l a t i o n s  of o u t c r o p s   o f   t h e   b a s a l t   o f  Bear 

Canyon t o  n u m e r o u s   i s o l a t e d   p a t c h e s   o f  red c lays tones   (Tpkp)  

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

h o w e v e r ,   c o n t a c t   r e l a t i o n s  are r a r e l y  well exposed.  The Bear 

Canyon flow i s  f a i r l y  w e 1  1 e x p o s e d   i n  a r o a d   c u t   o n   t h e  

s o u t h  side o f  Highway S i x t y .  Here, it i s  o v e r l a i n  by abou t  

2 0  m o f   gen t ly   wes t -d ipp ing   g reen   and   r ed   c l ays tones   and  

muds tones .   In  a the rma l -g rad ien t  drill h o l e  west o f   t h i s  

r o a d   c u t ,   t h i s  basalt  flow formed a 6 m i n t e r c e p t ,   a p p r o x i -  

- .. 
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m a t e l y   i n   t h e   m i d d l e  of 1 4 0  m o f   p l a y a   c l a y s t o n e s  ( C .  E.  

Chapin,  unpub. d r i l l   l o g ) .  The ho le   bo t tomed   aga ins t   "ha rd  

rock"  presumed  to  be  the  lower  Popotosa  mudflows  (Tpsd),  

a l t h o u g h   r e p r e s e n t a t i v e   c u t t i n g s  were n o t  ob ta ined  t o  con- 

f irm t h i s .  

Nor th   o f   t he  Tower mine,  and i n   t h e   v a l l e y   t o   t h e  west, 

t h e   b a s a l t  of Bear Canyon appears  t o  overlie p l a y a   d e p o s i t s ,  

which rest  o n   q u a r t z   l a t i t i c   l a v a s  ( T s d )  a s s igned  t o  t h e  

Socorro  Peak R h y o l i t e .   N e i t h e r   t h e   b a s a l t   f l o w   n o r   t h e  

q u a r t z   l a t i t i c   l a v a s   h a v e   b e e n   d a t e d .  However, t h e   l a t t e r  

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

s i l i c i c  lavas mapped i n   t h e   a d j a c e n t  Pound  Ranch a r e a  by 

Osburn ( 1 9 7 8 ,  p. 1441, which  have a K-Ar  a g e   o f  10.5AO.4 

m.y. The b a s a l t  of Bear  Canyon i s  t h e r e f o r e   t e n t a t i v e l y  

a s s i g n e d  a l a t e ( ? )  Miocene  age,  and i s  c o n s i d e r e d   t o  be 

y o u n g e r   t h a n   t h e   b a s a l t  of Ke l ly  Ranch   and   o lde r   t han   t he  

b a s a l t  of S e d i l l o  H i l l .  The b a s a l t  of Bear Canyon  and t h e  

G r e f c o   " p e r l i t e "  dome occur  a t  a b o u t   t h e  same s t r a t i g r a p h i c  

l e v e l ,   b u t  do not  overlap, so t h e i r   m u t u a l   s t r a t i g r a p h i c  

r e l a t i o n s  are u n c e r t a i n .  The s o u r c e  area of t h e   b a s a l t  of 

Bear Canyon is  unknown. Small  i s o l a t e d   o u t c r o p s   o f  basa l t  

similar t o  t h e  Bear  Canyon  occur i n   t h e   a l l u v i a l   v a l l e y  west 

of  the  Chupadera  Mountains as f a r   s o u t h  as Nogal  Canyon 

(Walnut   Creek,   f ig .  2 )  (Osburn, 1 9 7 9 ,  oral  commun.). 
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The basa l t   o f   Bea r  Canyon is  a d i s t i n c t i v e   g r a y i s h -  

b l a c k ,  dense, f i n e l y   s a c c h a r o i d a l   ( d i a b a s e - l i k e ) ,   b a s a l t  

t h a t  i s  c h a r a c t e r i z e d  by  a well deve loped   ophi t ic   and   minor  

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

most l i k e l y  why t h i s   r o c k   h a s  a   t o u g h   e l a s t i c   c h a r a c t e r ,  

which i s  r e a d i l y   a p p a r e n t  when a t t e m p t i n g   t o   b r e a k  it wi th  

a hammer. 

The r e a d e r  i s  re fe r r ed   t o   t he   cap t ion   and   pho tomic ro -  

graph of f i g u r e  28 f o r  a r e p r e s e n t i v e   d e s c r i p t i o n   o f  t h e  

pe t rography  of   th i s   un i form  basa l t   f low.   In   hand   spec imen,  

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

i r r egu la r   b l ebs .   These   g l a s sy   pocke t s ,   wh ich  may range  from 

5 t o  1 5  p e r c e n t   o f   t h e   r o c k ' s  volume,  commonly g i v e   f r e s h l y  

broken surfaces a whi te ,   speckled   appearance .   Loca l ly ,   th i s  

b a s a l t  flow may c o n t a i n   t r a c e s   o f   s m a l l ,   c l e a r   p l a g i o c l a s e  

phenoc rys t s .   I n  a few a r e a s ,  a vess icu lar   zone   has   been  

o b s e r v e d   n e a r   t h e   t o p   o f   t h e   f l o w .   C h e m i c a l l y   ( t a b l e  6 )  

t h i s   f l o w   a p p e a r s   t o   b e   a n   a l k a l i   b a s a l t   w i t h   a b o u t  47 .4  

' p e r c e n t   S i 0 2 .  However, t h i s  sample   conta ins  a  few  small 

v e s i c l e s  f i l l e d  w i t h  a w h i t e   a c i c u l a r   z e o l i t e ( ? )  , which 

cou ld   be   ana lc i t e .   Th i s   wou ld   he lp   exp la in   t he   unusua l ly  

h igh   soda   con ten t   o f   t he   rock ,   5 .2   pe rcen t .  



T-2274 282  

F i g u r e  28 .  Photomicrograph  of t h e  b a s a l t  of  Bear  Canyon. 
T h i s   d e n s e   o p h i t i c  and h y a l o o p h i t i c   b a s a l t   l a v a  
c o n s i s t s   o f   a b u n d a n t   l a b r a d o r i t e   l a t h s   ( A n 6 4 - 6 7 )  
f l o a t i n g   i n  a framework  of  subhedral 
d i o p s i d e  (D) or a u g i t e  ( ? )  c r y s t a l s .   A l s o   p r e s e n t  
are spa r se   amoun t s   o f   o l iv ine   ( sma l l   rounded   c rys t a l s ) ,  
e u h e d r a l  Fe-Ti ox ide   microphenocrys ts   (b lack) ,   and  
small pa t ches  of p a r t l y   d e v i t r i f i e d   g l a s s  (9 ) .  
C r o s s e d   n i c o l s .  A t  wa te r   cu t   t h rough  low c u e s t a -  
f o r m i n g   b a s a l t   f l o w  i n  the   Sh r ine   Va l l ey  (SW c o r n e r ,  
NW/4, NW/4, Sec. 5 T 4 S ,  R l W ) .  Sample No. 77-5-3. 
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Socorro  Peak  Rhyol i te  

I n  a p r e l i m i n a r y   r e p o r t   o n   t h e   g e o l o g y  of t h e   S o c o r r o  

M o u n t a i n s ,   S m i t h   ( 1 9 6 3 )   r e f e r r e d   t o   a p h a n i t i c   p o r p h y r i t i c  

rocks   o f   pecul ia r   composi t ion   tha t   form  the   main  mass of 

S o c o r r o   P e a k   a n d   t h e   a d j a c e n t   h i g h   p i n t s   o f   t h e   S o c o r r o  

Mountains as t h e   " S o c o r r o   P e a k   c a l c i t r a c h y t e " .   F i e l d  

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

e s t a b l i s h e d   t h a t   t h e y   a r e   m o s t l y   t h i c k  s i l i c ic  lava   f lows .  

Pe t rographic   s tudy   and   pre l iminary   chemica l   ana lyses   o f  

t h e s e  lavas (Table 7 )  h a s   i n d i c a t e d   t h a t   t h e y   f o r m  a comag- 

matic c a l c - a l k a l i n e   s u i t e   w i t h   a n   a l k a l i - l i m e   i n d e x  of 

approx ima te ly  58 .  Most o f   t h e   r o c k s   a n a l y s e d  are  v i t r o -  

phyres   and  may r easonab ly   be   expec ted   t o   con ta in  a f e w  per- 

c e n t  of water. T h e   G r e f c o   r h y o l i t e   v i t r o p h y r e   ( i n d u s t r i a l  

p e r l i t e )  i s  known t o   c o n t a i n  more t h a n  3 p e r c e n t  water 

(Weber ,   1963a) .  A rough  es t imate  of t h e  S i 0 2  c o n t e n t   o f  

t h e s e  lava f lows  a s  anhydrous  rocks  (Table  7 )  i n d i c a t e s  a 

wide   r ange   i n   ' compos i t ion ,   r ang ing  from r h y o d a c i t e  ( 6 2  per- 

c e n t  S i O , )  t o  h i g h - s i l i c a   r h y o l i t e   ( 7 7   p e r c e n t  S i O , ) .  Based 

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

Obse rva t ions  ( p l .  1) i n d i c a t e   t h a t   t h e   r h y o l i t i c  lavas are 

somewhat g r e a t e r   i n  volume t h a n   t h e   r h y o d a c i t e  o r  q u a r t z  

l a t i t e  lavas. The re fo re ,   t h i s   he t e rogeneous ,   bu t   dominan t ly  

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



Table 7. Analyses  of  lava flows of the Socorro Peak  Rhyolite.  Chemical analyses by  x-ray 

p. 2 8 ) .  Trace = tr. See Appendix B for  radiometric age analytical  data. 
fluorescence, D. L. White, New Mexico Bureau  of  Mines  and  Mineral  Resources (see 

N 

"2 
N 

c. 

' Sample No. 77-5-1 76:4-lb 76-6-1 
Map  Unit ( p l .  1) Tsd Tsr T s r  Tsr T s r  

76-6-3  76-6-2a 76-6-213 77-5-4 
Tsd 

Related, vent or  
Tsd 

"6001" Radar  Peak 
domal flow 

Strawberry "6633" Signal Signal Grefco 
Mesa  (Socorro Peak) Peak Peak 

K-Ar age in m.y. 10.3 11.5 & 10.7 
Flag Flag Mine 

11.8 
(Appendix B) 

9.0 10.5 7.4 

Major oxides (weight  percent) 

Si02 60.16 68.28 
(62.311 (69.211 

68.50 
(71.6)1 

69.79  75.06 
(70.6)1 (75.511 (76.5)l (77.411 

73.33 73.86 

A1203 15.03 15.84 14.38 14.83  13.90 12.72 13.17 

Fe203 (Total) 3.95 3.48 

MgO 6.66  1.91 

3.17 2.97 2.15 1.14 0.20 

1.14 1.12 0.34 0.63 <o. 01 

cao 4.58 2.93 2.66 2.01 2.00 1.90 0.57 . 
Na20 

K20 

3.70 2.20 

1.79 3.57 

1.98 3.39 2.11 2.97 2.86 

3.55 4.40 3.61 3.11 4.86 

TIOZ 0.73 0.47 0.14 0.38 0.15 0.07 0.06 

=a1 96.60  98.68 95.63 98.89  99.32  95.87  95.59 
Phenocrysts  (volume  percent) 

plagioclase 8  7 ' 8  5 4 >4 
(percent  anorthite) (65-40) (60-40) 

6 
(50-30)  (50-30) 

sanidine - - - (32-28)  (26-24) 

quartz 
3 10 7 '4 

hornblende 
1 4 3 tr. 

3 1 1 tr . tr. - 
biotite 
opaques 

tr . 1 2 
> k  ')r 3 1 

tr . <4 tr . 
groundmass 

tr . 
88+ 91+  90  84+  80 

tr. - 
85+ 99 N 

- 
- - - 

- 

tr . 

1. Sstimated  silica content of anhydrous rock based on an  assumption that the  total of the 
W 
6 

major oxides  subtracted  from 100 percent  is  roughly  equivalent to the  water content of 
the rock. 
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Table 7. (continued) 

Sample  No. 

285 

Sample  Descriptions 

77-5-1  Medium-light-gray,  waxy, dense,,trachytic, 
hornblende  rhyodacite.  See  fig. 3 0 A  for 
additional  description.  Southeast  side  of 
"6001"  Mesa  near  exposed  base  of  flow. 
(SE/4,  SW/4,  Sec. 21, T3S, R1W) 

76-4-113 Pale-red,  lithoidal,  frothy,  biotite-hornblende 
quartz  latite.  Contains  sparse  phenocrysts  of 

plagioclase (1-5 mm) (fig. 3 0 B ) ,  minor  biotite 
strongly  resorbed  (spongy  texture)  and  zoned 

(0.5-2 m m )  and  hornblende  (0.5-2.5 mm) in  a 
partly  glassy  to  cryptocrystalline  groundmass 
with  numerous  ragged  (pumice  like)  vugs.  Small 
hornblende  needles  mostly  oxidized  to  opaque 
Fe oxides;  some larger  hornblendes  show  reaction 
relationship to forn  biotite.  North  side of 
Radar  Peak  (center  SW/4,  Sec. 5, T3S,  RlW) 

76-6-1  Medium-gray, waxy, partly  perlitic, dense, 
trachytic,  biotite-hornblende,  quartz  latite 

phenocrysts of resorbed  (spongy  texture)  and 
or  rhyolite ( ? ) .  Contains  sparse,  subhedral 

tite  (0.2-2 mm) and  hornblende  (0.2-2 mm) in  a 
zoned  plagioclase, (0.5-3 mm) and  minor  bio- 

glassy  groundmass  dotted  with  sparse,  small 
spherulites.  Feldspar  microlites  moderately 

block due  east  of  Strawberry  Peak.  (NE/4, 
abundant  in  groundmass.  Crest  of  big  slide- 

SE/4,  Sec. 25, T2S, R2W) 

76-6-3  Light-gray, dense, phenocryst-rich,  quartz 
latite  to  rhyolite  vitrophyre.  Contains 
moderately  abundant,  strongly  resorbed 
(rounded)  plagioclase (0.5-1.5 mm) and 

biotite (0.2-1.0 mm) and  sparse subhedral 
sanidine (1-1.5 mm) phenocrysts with  minor 

quartz  (0.3-0.8 mm) in  a  slightly  perlitic, 
glassy  groundmass.  Contains  traces  of  horn- 
blende,  sphene  and  zircon.  Large slide block 
(Qlr, pl. 1) at old  railroad  quarry  in  Socorro 
Canyon (NV7/4,  SW/4,  Sec. 13, T3S, R2W) . Block 
apparently  derived  from  "6633"  Peak  domal  flow. 
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Table  7. ( con t inued)  

286  

- Sample No. Sample   Descr ip t ions  

76-6-2a 
brownish-gray,  dense,   f low-banded,  phenocryst-  
L i g h t   g r e e n i s h - g r a y   w i t h   s t r e a k s  of l i g h t  

r i c h   r h y o l i t e .   C o n t a i n s   a b u n d a n t   p h e n o c r y s t s  
o f   s tubby   s an id ine  ( 2 - 4  mm), p l a g i o c l a s e  
(1-3 mm) ,  rounded  and  embayed  quartz (1-3 mm) 
and  minor b i o t i t e   ( 0 . 5 - 2 . 5  mm) i n   a n  
i n c i p i e n t l y   d e v i t r i f i e d   g r o u n d m a s s   w i t h  some 
r e l i c t  p e r l i t i c   c r a c k s   a n d  some c ryp to -  

Conta ins  traces o f  sphene  and z i r c o n .  
c r y s t a l l i n e  streaks (brownish s t r e a k s ) .  

Roadcut a t  base  of S lqna l   F l ag   t ower   u sed  
by TERA i n   B l u e  Canyon (NW c o r n e r ,  SW/4, 
SE/4,  Sec. 1 6 ,  T3S, R1W) 

76-6-2b  Yellowish-gray,  dense,   moderately 
p h e n o c r y s t - r i c h ,   r h y o l i t e   p i t c h s t o n e .  
P h e n o c r y s t   m i n e r a l o g y   a n d   t e x t u r e   l i k e  
N o .  76-6-2a .  Groundmass i s  p e r l i t i c   g l a s s .  
Conta ins  trace of  hornblende.  'Same 
l o c a t i o n  as No. 76-6-2a.  

77-5-4 Light -gray ,   dense ,   f ine ly   f low-banded,   very  
p h e n o c r y s t - p o o r ,   h i g h - s i l i c a   r h y o l i t e  
v i t rophyre .   Con ta ins  a few small phenocrys ts  
o f   p l a g i o c l a s e   a n d   s a n i d i n e   w i t h  a trace of 
q u a r t z   a n d   b i o t i t e   i n  a s t r i a t e d ,   s l i g h t l y  
f ro thy ,   g l a s sy   g roundmass .  From "ore" 
s t o c k p i l e  a t  Grefco m i l l .  Mined  from east  
c e n t e r   o f   G r e f c o   " p e r l i t e "  dome ( N E / 4 ,  NE/4 ,  
Sec. 2 8 ,  T3S, R l W ) .  
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r o c k s  i s  here   renamed  the  Socorro  Peak  Rhyol i te .  

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

Socor ro   Peak   Rhyo l i t e   ( f i g .  2 )  a l s o   o c c u r   a l o n g   t h e   w e s t e r n  

f l a n k  of t h e  Elagdalena  Mountains  (Weber  and  Basett, 1 9 6 3 ;  

Chapin  and  Seager,   1975,  p.   315;  Allen,  1 9 7 9 )  and i n  

the northeastern  Magdalena  Mountains  ("Pound Ranch lavas" 

of Osburn, 1 S 7 8 ,  p. 7 8 ;  P e t t y ,  1 9 7 9 ) .  The Socorro  Peak 

R h y o l i t e   a n d   t h e  "Pound  Ranch  lavas"  of  Osburn ( 1 9 7 8 )  are  

h e r e   c o n s i 6 e r e d   t o   b e   s t r a t i g r a p h i c a l l y   e q u i v a l e n t ,   e v e n  

though  they   probably   d id   no t   form a l a t e r a l l y   c o n t i n u o u s  

p i l e .   T h e s e  l a t e  Miocene   lavas   have   been   fau l ted   and  

loca l ly   bu r i ed   by   younger   San ta   Fe   s ed imen ta ry  s t ra ta .  

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

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

cen te r s .   Sma l l   e ros iona l   r emnan t s   o f  a s i l i c i c   f l o w   f r o m  

t h e  Pound  Ranch c e n t e r   l o c a l l y   c r o p   o u t   i n   t h e   s o u t h w e s t  

c o r n e r  of t h e   s t u d y  area n e a r   t h e  Tower  mine ( T s d ,  p l .  1). 

F o r   t h e   s a k e   o f   c o n v e n i e n c e ,   t h e s e   i s o l a t e d   e x p o s u r e s  are 

inc luded   w i th   t he   Socor ro   Peak   Rhyo l i t e .  

The   Socorro   Peak   Rhyol i te   represents  a he te rogeneous  

complex  of domal lava flows and   minor   py roc la s t i c   rocks  

e r u p t e d   o n t o   t h e   f l o o r  of the   Popo tosa   bas in ,   beg inn ing  

abou t   12  m.y. ago  and  ending  about  7 m.y. a g o   ( f i g .  26). 

F i l l i n g   o f   t h e   l a t e - s t a g e   P o p o t o s a  bas in  wi th  playa muds 
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a n d   a l l u v i a l - f a n   d e p o s i t s   o c c u r r e d   p r i o r ,   d u r i n g ,   a n d  a f te r  

t h i s  p e r i o d  of s i l ic ic  volcanism.   Hence,   the  l en t i cu la r  

f lows of the   Socor ro   Peak   Rhyo l i t e   and   a s soc ia t ed   py roc la s -  

t i c  d e p o s i t s  are  l o c a l l y   i n t e r b e d d e d   a t   d i f f e r e n t  s trati-  

g r a p h i c   h o r i z o n s   w i t h i n  the  upper Popotosa  Formation.  The 

rounded h i l l s  of t h e  western Socor ro   Moun ta ins   e s sen t i a l ly  

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

s i l i c i c  domes and  f lows,   which  most   l ikely were exhumed  from 

under a cover  of p laya  muds i n  l a t e  P l i o c e n e   o r   P l e i s t o c e n e  

time. 

The b a s s  of   f lows  of  the  Socorro  Peak Rhyo l i t e  are  

ra re ly   exposed .  Where t h e  flows o c c u r   o n   r e l a t i v e l y   u p l i f -  

t e d   b l o c k s ,   t h e i r   e r o d e d   e d g e s  are  marked  by c l i f f s  by 

f l a n k i n s  t a l u s  cones (Qca ) .  The t a l u s   d e p o s i t s   g r a d e  down- 

' s l o p e   i n t o   n u m e r o u s   l a n d s l i d e   b l o c k s  (Q1) u n d e r l a i n   b y  

incompetent  playa muds (Tpkp) of the  upper   Popotosa Forma- 

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

detached from t h e i r   p a r e n t  flows, have  been mapped as .bed- 

r o c k   b l o c k s   i n   t h e   a r e a   s o u t h  of Nogal  Canyon  and  near 

"6633" Peak. E a s t  o f  Strawberry Peak ,   one   unusua l ly   l a rge  

s l i d e b l o c k  and. several small b locks   o f   l ava  are a r b i t r a r i l y  

s e p a r a t e d   ( p l .  1) from t h e   s u r r o u n d i n g   l a n d s l i d e   b l o c k s   i n  

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

s t r u c t u r e .  

2 8 8  
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S t r a t i g r a p h i c   r e l a t i o n s h i p s   a l o n g   t h e  east  ' f lank of 

t h e   S o c o r r o   M o u n t a i n   b l o c k   i n d i c a t e   t h a t ,   i n  l a t e  Miocene 

time, t h e   S o c o r r o  Peak l avas   l oca l ly   f l owed   unconfo rmab ly  

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

2 ,  s e c t i o n  E - E ' ) .  These t i l t e d   b l o c k s   d i d   n o t   d i s r u p t   t h e  

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

bed rock   benches   ( f ig .  2 6 ) ,  much l i k e   t h e  many s h a l l o w l y  

b u r i e d   f a u l t   b l o c k s  t h a t  occur   sur rounded by a l l u v i u m   i n  

t h e  modern b a s i n s  of t h e   R i o   G r a n d e   r i f t  (Woodward and 

o t h e r s ,  1978). Thus ,   the   Socorro   Peak   Rhyol i te   l avas  may 

e i t h e r  res t  confo rmab ly   on   t h i ck   s ec t ions  of Popotosa  playa 

muss ( c o n c e a l e d   b y   l a n d s l i d e s )  o r  unconformably  on lower 

Popo tosa   cong lomera te s   o r   O l igocene   vo lcan ic   rocks .  Con- 

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

downdropped,  and t i l t e d  the   Socorro   Peak  flows i n   v a r i o u s  

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

s t r u c t u r e s  are now exposed over a wide  range of e1evatio.m 

and  e ros ion  levels. 

The Socorro  Peak  Rhyol i te  was erupted  f rom more t h a n  

t w e n t y   v e n t s ,  many of  which are t i g h t l y   g r o u p e d   i n t o  small 

complexes. Overall,  t h e s e   v e n t   s t r u c t u r e s   a p p e a r   t o   b e   c o n -  

c e n t r a t e d   a l o n g  the b u r i e d   n o r t h e r n   m a r g i n   ( r i n g - f r a c t u r e  

zone)  and  moat of t h e   S o c o r r o   c a u l d r o n .  The v e n t s  form a 

n o r t h - n o r t h w e s t - t r e n d i n g   i n t r u s i v e   b e l t ,   w h i c h   e x t e n d s   f o r  
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more  than 11 km from the   Gre fco   mine   t o   S t r awber ry   Peak .  

T h e  belt  i s  wides t  where it crosses t h e   p r o j e c t e d   r i n g -  

f r a c t u r e   z o n e .   L i n e a r   c h a i n s   o f   t h r e e   o r  more vo lcan ic  

v e n t s  are  commn  on t h e   g e o l o g i c  map ( p l .  1). Most o f   t h e s e  

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

f a u l t s ;   h o w e v e r ,   o t h e r s   a l s o   t r e n d   e a s t - n o r t h e a s t   a n d  west- 

nor thwes t .  The l a t te r  t r e n d s   r e s p e c t i v e l y   p a r a l l e l   t h e  

t r a n s v e r s e   s h e a r   z o n e  (Morenci l i neamen t )   and   t he   l oca l  

t r e n d   o f   t h e   r i n g - f r a c t u r e   z o n e  of the   Socorro   cau ldron .  

V e n t s   f o r   t h e   S o c o r r o   P e a k   R h y o l i t e   t h a t   a r e  shown on 

t h e   g e o l o g i c  map (pl. 1) have been   recognized   by   the   fo l low-  

i n g  commonly accepted  c r i t e r i a  (Wil l iams ,   1932) :  1) roughly 

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

o r  b u l b o u s   p a t t e r n s   a r o u n d  the v e n t ;   2 )   a n   a s s o c i a t i o n   w i t h  

l o c a l   t o p o g r a p h i c   h i g h s   r e p r e s e n t i n g   e i t h e r   o r i g i n a l   v o l -  

c a n i c  dome topography,   eroded  remnants   of  domes h e l d   i n  

.p la -ce   ( - f rom  lands l id ing)  .by - i n t r u s i v e   u n d e r p i n n i n g s ,   o r  

r e s i s t a n t ,   e r o d e d   v o l c a n i c   n e c k s ;  3 )  rough ly   concen t r i c  pat- 

t e r n s  of i n t r a - f o l i a 1   g a s h   f r a c t u r e s   ( s t r e t c h   m a r k s ,   p l .  1) 

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

and 4 )  h y d r o t h e r m a l   a l t e r a t i o n   o r   m i n o r   v e i n   s t r u c t u r e s  

w i t h i n  o r  c l o s e   t o   t h e   v e n t .  Most o f   t h e   v e n t s  shown o n  

t h e   g e o l o g i c  map meet two o r  more of t h e s e  criteria. 

Undoubtedly, some vents   have  been  overlooked  where  exposures  
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F i g u r e . 2 9 .   D i s t r i b u t i . o n  of p e t r o l o g i c   u n i t s  of t h e   S o c o r r o  

p y r o c l a s t i c   r o c k s ,   a n d   r e l a t e d   i n t r u s i v e  rocks. B a s e d  
Peak R h y o l i t e   s u b d i v i 2 e l c   i n t o   t h e i r   r e s p e c t i v e  lavas, 

o n   a d d i t i o n a l   d i f f e r e n t i a t i o n  of map un i t s :   Tsd ,  T s d t ,  
T s r ,  and T s r t  shown or? P l a t e  1. 
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are poor  and some o f   t h e  less well-documented  vents may be 

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

smal l .  

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

sive r e l a t i o n s h i p s   i n  a cont inuous   ou tcrop .   Only   those  

s t ruc tu res   wh ich   have   been   comple t e ly   i so l a t ed   by   e ros ion  

from t h e i r   e r u p t i v e   c o u n t e r p a r t s  are  shown o n   t h e   g e o l o g i c  

map a s   i n t r u s i v e   b o d i e s .   T h e s e   i n t r u s i v e s   a r e  commonly 

a s soc ia t e6   w i th   va r i ab ly   ho rn fe l sed   Popo tosa   s ed imen ta ry  

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

L a v a s   a n d   r e l a t e d   p y r o c l a s t i c   r o c k s   o f   t h e   S o c o r r o  Peak 

Rhyo l i t e  are  shown  on t h e   g e o l o g i c  map ( p l .  1) a s   u n d i f -  

f e r e n t i a t e d   r h y o d a c i t e s   a n d   q u a r t z  l a t i t e s  (Tsd ,   Tsd t )   and  

u n d i f f e r e n t i a t e d   r h y o l i t e s  ( T s r ,  T s r t ) .  The u n i t s  of Plate 

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

u n i t s  shown o n   f i g u r e  2 9  i n  order t o   f a c i l i t a t e   t h e i r   d e s -  

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

c o n s i s t  of: 1) a hornblende   rhyodac i te  u n i t ,  2 )  a b i o t i t e -  

h o r n b l e n d e   q u a r t z   l a t i t e - r h y o l i t e   u n i t ,  3 )  a phenocrys t - r ich  

r h y o l i t e   u n i t ,   a n d  4 )  a p h e n o c r y s t - p o o r   r h y o l i t e   u n i t . .  

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

same o r d e r   i n   T a b l e  7. T h i s   s t r a t i g r a p h i c   s e q u e n c e  is based 

p r i m a r i l y   o n  sparse o b s e r v a t i o n s   o f   s u p e r p o s i t i o n   r e l a t i o n -  

ships   which are  g e n e r a l l y   i l l u s t r a t e d   o n   f i g u r e  29. The 
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q u a r t z   l a t i t e - r h y o l i t e   u n i t  i s  not   over lapped   by  s t r a t a  t h a t  

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

l i t e .  The re fo re ,   t he   phenoc rys t - r i ch   and   t he   phenoc rys t -  

p o o r   r h y o l i t e   u n i t s  are c o n s i d e r e d   t o  be younger   t han   t he  

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

r e spec t ive   r ad iomet r i c   age   da t e s   (Append ix  B ) .  Radiometr ic  

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

r h y o l i t e  u n i t  (Appendix B )  a r e   n o t   e n t i r e l y   c o n s i s t e n t   w i t h  

t h e   o b s e r v e d   s t r a t i g r a p h i c   s e q u e n c e .  However,  most of t h e s e  

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

s i v e   o f   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 ,   n a m e l y   t h a t   t h e   r h y o -  

d a c i t e   a n d   q u a r t z   l a t i t e - r h y o l i t e   u n i t s  are penecontem- 

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

29 ,  which may be cross r e f e r e n c e d   w i t h   p l a t e  1. 

H o r n b l e n d e   r h y o d a c i t e   u n i t  

The   ho rnb lende   . rhyodac i t e   un i t   o f   t he   Socor ro   Peak  

r h y o l i t e   c o n s i s t s   p r e d o m i n a n t l y  of medium-gray  and r e d d i s h -  

brown lavas; it a lso  includes  minor   volumes of pumiceous 

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

r h y o d a c i t i c   r o c k s  a re  c h a r a c t e r i z e d   b y  a bimodal   bopulat ion 

of sparse, medium-grained  and  moderately  abundant,   f ine- 

g ra ined   phenoc rys t s   o f   p l ag ioc la se   and   ho rnb lende .   The  

r h y o d a c i t e   u n i t  forms a nor th -nor thwes t - t r end ing   be l t  of 
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discont inuous   ou tcrops   mos t ly   be tween " 6 0 0 1 "  Mesa a n d   t h e  

S tonewal l  dome i n  Nogal  Canyon. 

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

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

agg lomera te s   and   t h in ,   da rk - red   l aha r i c   b recc i a s   wh ich  

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

o f   t h i s   t y p e   ( T s d t ,   p l .  1) o c c u r   o n   t h e   s o u t h   s i d e  of 

Socorro  Peak,   northwest  of t h e  Merritt mine ,   on   the   south  

s ide  of   P innocchio   Peak ,   and   on   the   nor theas t   f lank   of  

" 6 0 0 1 "  Mesa. - 

The exposure   south  of Socorro  Peak i s  the   mos t  reveal- 

i n g ;   h e r e ,   a b o u t  15 m of   reddish-brown,   c rude ly   sor ted  

pumice   and   a sh - fa l l   beds   d ip   no r thward   unde r   t he   au tob rec -  

c i a t e d   b a s e  of t h e   o v e r l y i n g   r h y o d a c i t i c  lava f low ( T s d ,  

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

b locks   approaching  a meter i n   l e n g t h .  Many of t h e   b e d s   f i n e  

upwards  and some a re  capped   by   th in   muds tone   par t ings .  A 

dusky red, w e l l - i n d u r a t e d ,   l a h a r i c   b r e c c i a  less t h a n  a meter 

t h i c k  separates t h e  bedded a i r - f a l l  d e p o s i t s  from t h e  1 0  

m- th i ck   au tob recc ia t ed   base   o f   t he   ove r ly ing  lava flow. 

The  mudflow c o n t a i n s  some l igh t - co lo red   pumice   and  a f e w ,  

dense ,   dark-colored   lava   f ragments .  The e a r l y   r h y o d a c i t i c  

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

of Socorro  Peak ( p l .  1). 

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

a t h i n   l a h a r i c   b r e c c i a  appear t o  have  once  underlain  hydro- 

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

t h e  Merritt mine.  This area may have   been   assoc ia ted   wi th  

h o t   s p r i n g s   a t  the  edge of t h e   r h y o d a c i t e   f l o w   i n  l a t e  

Miocene time. The t u f f   b e d s   h e r e  are a l m o s t   e n t i r e l y  

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

s i l i ca .  Some i n c o m p l e t e l y   s i l i c i f i e d  pumice fragments  

w e a t h e r   t o   a n g u l a r   v u g s   i n   t h i s   o t h e r w i s e   e x t r e m e l y  resis- 

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

Pathway  Canyon.  Thin, r e d   a n d   g r e e n   c l a y s t o n e   h o r i z o n s  

(Tpkp),  which are i n t e r c a l a t e d   w i t h   t h e   t u f f   b e d s  here, are  

a l s o   s i l i c i f i e d   a n d   u n u s u a l l y  well indura t ed .   In   compar i son  

t o   t h e   S o c o r r o   P e a k  area, t h e   i n t e r b e d d e d   t u f f s   a n d   c l a y -  

s t o n e s   h e r e  rest d i r e c t l y   o n   g r a y   s i l t s t o n e s   ( T p s w )  of t h e  

lower  Popotosa  Formation. A t  t h e  east end o f   t h e   s a d d l e ,  

t he  s i l i c i f i e d   t u f f s   a p p e a r  t o  p r o j e c t   u n d e r  a dark-red 

l a h a r i c   b r e c c i a   ( T s d t ) ,   w h i c h   c o n t i n u e s   e a s t w a r d  a s  t h e  

b a s a l   u n i t  of a n  east d ipping   remnant   o f  a r h y o d a c i t i c   f l o w  

( T s d ) .   I n   a d d i t i o n   t o   c h a l k y  white rhyodaci t ic   pumice   f rag-  

ments l i k e   t h o s e   o b s e r v e d   s o u t h   o f   S o c o r r o   P e a k ,   t h i s  

l a h a r i c  breccia c o n t a i n s   s p a r s e   r h y o l i t i c   a n d   a n d e s i t i c  
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f ragments  similar t o   l a v a s   i n   t h e  L u i s  Lopez  Formation. 

. North of Nogal  Arroyo, a t  t h e   n o r t h e r n  limit of t h e  

map a r e a  ( p l .  1, f i g .  2 9 ) ,  a t h i n   h o r i z o n   o f   l i g h t - g r a y ,  

r h y o d a c i t i c   l a p i l l i   t u f f   ( T s d t )  i s  exposed .   Th i s   t u f f   fo rms  

a key   marker   hor izon   in  a t h i ck   s ec t ion   o f   uppe r   Popo tosa  

c l a y s t o n e s   ( T p k p ) .   S t r u c t u r e   s e c t i o n s   i n   t h i s   a r e a  (Lemitar 

Map) i n d i c a t e   t h a t   t h i s   m a r k e r   t u f f   b e d   o c c u r s   a b o u t  6 0 0  t o  

7 5 0  m above  the  base  of   the   upper   Popotosa  Formation.   In  

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

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

P o p o t o s a   F o r m a t i o n   i n   t h a t  area. L o c a l l y ,   t h i s   m a r k e r   t u f f  

and   t he   su r round ing   Popo tosa   c l ays tones  are unconformably 

ove r l a in   by   muds tones   and   s i l t s tones  of t h e   l o w e r   S i e r r a  

Ladrones   Format ion   (Ts lo) .  The  marker t u f f   a n d   t h e  same 

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

nex t  two g u l c h e s   n o r t h   o f   t h e  map boundary (Lemitar Map). 

A d d i t i o n a l   e x p o s u r e s   o f   t h e   m a r k e r   t u f f ,  a s  much as 1 2  m 

t h i c k ,   o c c u r  west o f   t h e  J .B .  Kel ly   Ranch  about  1 km to  t h e  

n o r t h  of t h e   o u t c r o p  shown on P la t e  1. Here, t h e   l a p i l l i -  

r i c h   t u f f   e x h i b i t s  some cross-bedding  and some we l l - so r t ed  

beds,   which may be water l a i d .  However, it a l s o   c o n t a i n s  a 

few dense   b locks  of ho rnb lende -bea r ing   rhyodac i t i c   l ava ,  

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

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

hornblende   needles .  A sample  of   the  hornblende-bearing 

pumice l a p i l l i  from t h i s  marke r   t u f f  was c o l l e c t e d  by t h e  

author   and  Kin  Manley  of   the U.S. Geological  Survey. M s .  

Manley  subsequent ly   dated a z i r c o n   s e p a r a t e   f r o m   t h i s  pumice 

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

a n   a g e   o f  11.9f0.8 m.y.,  making it t h e   o l d e s t   d a t e d   r o c k  

a s s i g n e d   t o   t h e   S o c o r r o  Peak  Rhyol i te .  'I am e s p e c i a l l y  

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

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

u n c e r t a i n ;   v e n t s  a t  ",M" Mountain o r   i n   t h e  Nogal  Canyon area 

are  t h e  most l i k e l y   c a n d i d a t e s .  

T h e   r h y o d a c i t e   u n i t   c o n s i s t s   d o m i n a n t l y   o f  medium-gray 

t o   l i g h t - g r a y   a n d   g r a y i s h   r e d   t o   r e d d i s h  brown l a v a  flows; 

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

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

areas .   Most  of t h e   r h y o d a c i t i c  lava o u t c r o p s   r e p r e s e n t  

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

which are  c o n t i g u o u s   w i t h   i n t r u s i v e   r o c k s  a t  t h e i r   s o u r c e  

ven t s .   The   rhyodac i t i c  lavas commonly form  brownish-black 

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

e roded   edges .   Co lumnar   j o in t ing ,   p rominen t ly   d i sp l ayed   i n  

t h e  c l i f f s  o n   t h e   s o u t h w e s t   s i d e  of " 6 0 0 1 "  Mesa and on t h e  
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n o r t h   s i d e   o f  "M" Mountain i s  f a i r l y  common t o   t h e   r h y o -  

d a c i t i c   l a v a s .  The c l i f f s ,  which  general ly   range  f rom 6 0  

t o  150 m i n   h e i g h t ,   p r o v i d e  a rough  measure   o f   the   th ickness  

o f   t h e   f l o w s ,   e v e n   t h o u g h   t h e i r  base i s  rare ly   exposed   and  

t h e i r   t o p s  are f a i r l y  f l a t ,  e roded   su r f aces .  Flow l a y e r i n g  

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

t e n d s   t o   d i p   t o w a r d   t h e  c l i f f  face a t  modera te   angles .   This  

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

C l i f f   a r e a ,   s u g g e s t s   t h a t   t h e s e   v i s c o u s   f l o w s   c u t  "U" shaped 

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

g l a c i e r   d o e s .   C h r i s t i a n s e n   a n d  Lipman (1966, p. 6 7 9 )  have 

desc r ibed  a r h y o l i t e   l a v a   f l o w   i n   s o u t h e r n  Nevada t h a t  

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

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

The  geometry  of many of t h e   r h y o d a c i t i c  flows is com- 

p l ex   owing   t o  a combinat ion  of   emplacement   on  the  sof t   sedi-  

ments o r  on   i r r egu la r   bed rock   t opography .   .Con t inued  rift 

f a u l t i n g   s i n c e  l a t e  Miocene time h a s   a l s o   l o c a l l y   t i l t e d  

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

Most  of t h e   r h y o d a c i t i c  lava f l o w s   o r i g i n a l l y   h a d  f l a t  tops. 

Bur ied  Mesa and " 6 0 0 1 "  Mesa are  examples  of  remnants  of 

t h e s e   f l a t - t o p p e d  flows t h a t   h a v e   n o t   b e e n  t i l t ed .  I n   t h e  

Socorro  Peak area, t h e  f l a t  t o p  of a rhyodac i t i c   f l ow  (Tsd ,  

p l .  1) i s  well preserved  where it i s  ove r l a in   by  a younger 
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l ava  flow ( T s S 2 ,  pl . 11, now a s s i a n e d   t o   t h e   q u a r t z  l a t i t e -  

r h y o l i t e   u n i t   o n   F i g u r e  29 .  From a d i c t a c c e ,   e i t h e r   s o u t h  

o r   n o r t h   o f   S o c o r r o  Feak., t h e   p l a r ! a r   c o n t a c t  between t h e s e  

flows i s  h i a h l y   v i s i b l e  as  a bench a t   t h e   t o p   o f   t h e   d a r k e r  

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

d i p  of a b o u t  5 t o  7 d e q r e e s   t o   t h e  west. 

I n   c o n t r a s t ,  two remnants of f lows   o f   t he   rhyodac i t e  

uni t . ,   which  occur   on  the down s i d e  of t h e  Kood Tunnel f a u l t  

a t   t h e   f o o t   c f   t h e   C o c o r r o   Y o u n t a i n  Islock a r e   t i l . t e d  t o  t h e  

e a s t  ( f i c .  2 9 ) .  When viewed  f rom  the  road  enter ing  Blue 

Canyon, t h e   f l a t   t o p  of a c l i f f - f o r m i n ?   r h y o d a c i t i c  flow i s  

v i s i b l e  i n  t h e   s o u t h   w a l l  of t h e  can.ycn. It a p p e a r s   t o  t e  

t i l t e d   a b o u t  2 0  d e g r e e s   t o   t h e   e a s t .  Out of s i g h t  f rom  the 

canyon  f loor ,  the  sou the rn   edge   o f   t h i s   i nc l ined   f l ow i s  

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

u n i t   ( f i g .  2 9 ) .  The e a s t - t i l t e d   r h y o d a c i t i c   f l o w s   a t   t h e  

moun ta in   f ron t  are  r e f l e c t i o n s   o f   a n   a n t i c l i n a l   d r a g   f o l d ,  

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

E y d r o t h e r m a l l y   a l t e r e d   r h y o d a c i t i c   l a v a s ,  w k i c h  h o s t  

t h e  s i l v e r - b e a r i n g   h a r i t e - q u a r t z   v e i n s  of t h e  Merritt and 

Torrance  mines,  were p r e v i o u s l y   i n t e r p r e t e ?  by  Smith (1963, 

p.  195) a s  " root less"   1ands l iCle   b locks .  I n  comparison t o  

t h e   r e l a t i v e l y   i n t a c t   o u t c r o p   j u s t   n o r t h  of t h e  Kerritt 

P ine ,   t he   rhyoda .c i t i c  lavas a t  t h e  mine a r e a  are n o t a b l y  
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broken  and  jumbled, as d e s c r i b e d  by  Smith.  However, t h e  

l a v a s  a t  t h e  Merritt mine e x h i b i t   t h e   m o s t  common strati- 

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

o n   p l a y a   c l a y s t o n e s  of the  upper   Popotosa  Formation.   Only 

t h e   b r e c c i a t i o n   h e r e  i s  unusua l .   The re fo re ,   t he   ou tc rops  

i n   t h e  mines  area are  b e l i e v e d   t o   h a v e   b e e n   l a r g e l y  down- 

dropped t o   t h e i r   p r e s e n t   p o s i t i o n   b y   t h e   a c t i o n   o f   t h e  Woods 

Tunnel f a u l t  zone .   The   unusua l ly   d i s rupted   b lock  a t  t h e  

Merritt mine may h a v e   f o r m e d   b y   r e l a t i v e l y   r e c e n t   g r a v i t y  

s l i d i n g  over a minor   d i s t ance .   P re sen t ly ,   t he   downs lope  

s i d e  of th i s   b roken   ou tc , rop  of l a v a s  seems t o  b e   e s s e n t i a l l y  

unsupported.  

Remnants   o f   rhyodac i t ic  lava f lows  erupted  f rom  vents  

i n   t h e   B l u e  Canyon area may h a v e   o r i g i n a l l y  ponded i n  a 

small b a s i n   t o   f o r m  a s i n g l e   m a s s   o f   l a v a s   w i t h  a cont inuous  

f l a t   t o p   ( f i g .  2 6 ) .  T h i s   i n t e r p r e t a t i o n  i s  supported  by 

the  . fo l lowing   observa t ions : .  1) The re l ic t  f l a t  t o p s  of 

"6001"  Mesa and  Buried Mesa and   the   b road  crest  of  Pinnoc- 

c h i 0  Peak a r e   a l l   a p p r o x i m a t e l y  a t  t h e  same e l e v a t i o n  (t10 

m )  , a n d   2 )   t h e   h o r i z o n t a l  "6001" Mesa f low  exhib i t s   con-  

s i d e r a b l e   p r e s e n t   d a y  relief (pa leo topograph ic  r e l i e f )  a long  

i t ' s  base, which  shows t h a t  it f i l l e d  a small   asymmetric 

b a s i n   o r   p a l e o v a l l e y  ( p l .  2, E-E'). I n  view of t h e   s i g n i f i -  
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c a n t   t h i c k n e s s   o f   t h e   r e m n a n t   f l o w s ,   t h e   c l o s e   p r o x i m i t y  of 

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

f lows ,  it seems l i k e l y   t h a t  the  i n d i v i d u a l   f l o w s   o n c e  

c o a l e s c e d   i n t o  a s ing le   f l a t - topped   body   o f   l ava .  

On t h e   s o u t h  side o f  "6001"  Mesa, t h e   r h y o d a c i t e   l a v a s  

unconformably  overlap a t i l t e d  f a u l t   b l o c k   o f   c a u l d r o n -  

facies Lemitar ( ? )  Tuff  and  lower  Popotosa  conglomerates,  

thereby   demonst ra t ing   one   occur rence  of l o c a l  r if t  f a u l t i n g  

p r i o r   t o  l a te  Miocene time. I n   t h e   n o r t h e a s t e r n   M a g d a l e n a  

Mountains,  Osburn ( 1 9 7 8 )  h a s   o b s e r v e d   s i m i l a r   t i l t e d   f a u l t  

b locks   unconformably   bur ied   by   the   l a te   Miocene  Pound  Ranch 

l a v a s ,  which are  e q u i v a l e n t   t o   t h e   S o c o r r o  Peak Rhyo l i t e .  

The  Stonewall  dome and  Smooth dome i n   t h e  Nogal  Canyon 

area a p p e a r   t o  have been only r e c e n t l y  exhumed from  under a 

cove r  of upper  Popotosa playa c l a y s t o n e s   ( f i g .  2 6 ) .  The 

S tonewal l  dome i s  o n l y   p a r t l y  exhumed and a p p a r e n t l y   e x t e n d s  

outward  from i t s  map boundary  under a c o v e r   o f   l a n d s l i d e  

d e p o s i t s   a n d   a s s o c i a t e d   p l a y a   c l a y s t o n e s .  A sha l low  thermal -  

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

which was c o l l a r e d   i n   a l l u v i u m ,   i n t e r s e c t e d  6 0  m of t h i s  

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

under ly ing   Popotosa   c lays tones .  Near t h e   n o r t h w e s t   s i d e  of 

S tonewal l  dome, numerous  wel l - indurated c las t ic  d i k e s  of 

r e d   s i l t s t o n e   a n d   m u d s t o n e   c u t   t h e  la'va ou tc rops ,   t hus   sup -  
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p o r t i n g   t h e   i n t e r p r e t a t i o n   o f  a r e c e n t l y  exhumed lava. 

The r h y o d a c i t i c   l a v a   f l o w s   o f   t h e   N o g a l  Canyon area 

apparently  had  smooth  and  rounded upper s u r f a c e s ,   r a t h e r  

t h a n   t h e  f l a t  t o p s   p r e v i o u s l y   d e s c r i b e d   f o r   e q u i v a l e n t  

flows. T h e   r e a s o n   f o r   t h i s   d i f f e r e n t   o c c u r r e n c e  i s  unknown. 

The dark-gray  f low a t  Stonewall  dome i s  p r o b a b l y   t h e  least 

s i l i c i c  lava of   the   Socorro   Peak   Rhyol i te .  T h i s  rock   has  

not   been   chemica l ly   ana lysed;   however ,  it c o n t a i n s   t h e  most 

c a l c i c   p l a g i o c l a s e   p h e n o c r y s t s  (An ) o b s e r v e d   i n  a l l  of 

t h e   l a t e   M i o c e n e   l a v a s ,   w h i c h  may be t a k e n   a s  a g e n e r a l  

i n d i c a t i o n   o f  a r e l a t i v e l y  low s i l i ca  c o n t e n t  (see Table 

7 ) .  

7 0  

The   ho rnb lende   rhyodac i t e   un i t  of the   Socorro   Peak  

R h y o l i t e  i s  associated wi th  a d o z e n   v e n t   s t r u c t u r e s   ( f i g .  

2 9 ) ,  which are  exposed a t  variable levels of e r o s i o n   a n d  

r e c o g n i z e d   w i t h   v a r i a b l e   d e g r e e s   o f   c o n f i d e n c e .   I n t r u s i v e  

necks   and   d ikes  of r h y o d a c i t i c   c o m p s i t i o n ,  shown  on  Figure 

2 9  and   labe led   "Tid"   on   P la te  1, are  g e n e r a l l y   r e g a r d e d   a s  

v e n t s  for  the   rhyodac i t i c   l avas .   These   ho rnb lende -and  

p l a g i o c l a s e - b e a r i n g   i n t r u s i v e   r o c k s   n o r m a l l y   s t a n d  as resis- 

t a n t   o u t c r o p s   a b o v e   t h e   a d j a c e n t  lower and upper Popotosa 

Format ion   sed imentary   rocks .  Narrow zones of u n u s u a l l y  

w e l l - i n d u r a t e d ,   h o r n f e l s e d   o r   h y d r o t h e r m a l l y  a l tered,  

Popotosa sed imen ta ry   rocks  are common a t  t h e s e   i n t r u s i v e  
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c o n t a c t s .  Flow f o l i a t i o n s   i n   t h e   i n t r u s i v e   r o c k s   t y p i c a l l y  

para l le l  t h e   s t e e p  i n t r u s i v e  c o n t a c t s ,  as well i l l u s t r a t e d  

b y   t h e   l a r g e s t   i n t r u s i v e   n e c k  west of t h e  Merritt mine   (p l .  

1). 

The r h y o d a c i t i c   i n t r u s i v e   n e c k s   a n d   p e t r o l o g i c a l l y  

similar flows i n   t h e   S o c o r r o  Peak s i lver  mining d i s t r i c t  

(Lasky,  1 9 3 2 )  are  l a rge ly   hydro the rma l ly  altered. The 

i n t r u s i v e   r o c k s   a p p e a r   t o  be t h e  most i n t e n s e l y  al tered.  

They are a l s o   a s s o c i a t e d   w i t h   b a r i t e   v e i n s   s i m i l a r  t o  t h e  

Mer r i t t -Tor rance   ve in .  The i n t r u s i v e s  are m o s t l y   b l e a c h e d ( ? )  

t o  a p a l e   p u r p l i s h - g r a y   c o l o r ,  commonly e x h i b i t   q u a r t z   v e i n -  

l e t s  and may a p p e a r   t o   c o n t a i n   p h e n o c r y s t i c   q u a r t z .   I n   t h i n  

s e c t i o n ,  some of t h e s e   a p p a r e n t   q u a r t z   p h e n o c r y s t s  a re  

c l e a r l y   p o l y c r y s t a l l i n e   a n d   c o n s p i c u o u s l y   f i l l   e u h e d r a l  

clasts of  evacuated  hornblende  phenocrysts.   Medium-grained 

p l a g i o c l a s e   p h e n o c r y s t s ,   e x h i b i t i n g  r e l i c t  spongy   r e so rb t ion  

t e x t u r e s ,   t y p i c a l   o f   t h e   r h y o d a c i t e   u n i t   ( f i g .  30A);are 

p a r t l y  t o  comple t e ly   r ep laced   by   po ta s s i c   c l ays   and  f e l d -  

s p a r .   T h i s   o b s e r v a t i o n ,   v e r i f i e d   w i t h   t h i n   s e c t i o n s   s t a i n e d  

for  potassium, is  the o n l y  well e s t a b l i s h e d   o c c u r r e n c e   o f  

potassium  metasomatism  in   rocks  younger   than  Oligocene w i t h -  

i n   t h e   a r e a   o f  the  Socorro   Peak   vo lcanic   cen ter .  

Lavas i n   t h e  mining d i s t r i c t  are n o t  as i n t e n s e l y  

a l t e r e d  as  t h e i r   e q u i v a l e n t   i n t r u s i v e   r o c k s .  The lavas are  
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m o s t l y   r e d d i s h  brown  and  character ized’   by  abundant   horn-  

b l ende   need le s   r ep laced  by s o f t ,   b l a c k   i r o n   o x i d e s   a n d   p r e -  

d o m i n a n t l y   f r e s h ,   o r   s l i g h t l y   a r g i l l i z e d ,   p l a g i o c l a s e  pheno- 

c r y s t s .  However, a few o u t c r o p s   i n   t h e .  mines  area do  con- 

t a in   “pseudophenocrys t s”   o f   qua r t z   and   me tasomat i c   f e ldspa r .  

The   hydro the rma l   a l t e r a t ion  of t h e s e   o r i g i n a l l y   r h y o d a c i t i c  

r o c k s   i n   t h e   S o c o r r o  Peak  mining d i s t r i c t   e x p l a i n s  why t h e y  

were p r e v i o u s l y  classified a s  “banded  t rachyte”  (Lasky,  

1932;   Smith,   1963; .Burton,  1 9 7 1 )  and why they  were  not   cor-  

r e l a t e d   w i t h   t h e i r   f r e s h   e q u i v a l e n t   l a v a s   e x p o s e d   n e a r  

Socorro  Peak. 

The   bes t   exposure  of a v e n t  re la ted t o   t h e   r h y o d a c i t e  

u n i t  i s  f o u n d   o n   t h e   n o r t h   s i d e   o f  “M“ Mountain.   This   vent  

i s  a p p a r e n t l y   c o n t i n u o u s   i n t o   t h e  flow t h a t   e x t e n d s   n o r t h -  

ward t o  North C l i f f .  A l though   t he   i n fe r r ed   s ed imen ta ry   wa l l  

r o c k s  are not   exposed a t   t h i s   v e n t ,   t h e   n o r t h e r n  limit of 

t h e   o u t c r o p  seems t o   b e   c l e a r l y   i n t r u s i v e ,   s i n c e  it e x h k b i t s  

a w e l l - d e v e l o p e d   f l o w   l a y e r i n g   t h a t   p a r a l l e l s   a n d   d i p s  

s t e e p l y   i n t o   t h e   m o u n t a i n   s i d e .   C o l u m n a r   j o i n t i n g  i s  v e r y  

well  developed  here.  The  columns a re  n e a r l y  ver t ica l  i n  

t h e   i n t e r i o r  (upper)  p o r t i o n   o f   t h e   v e n t   b u t   f a n   o u t w a r d  

r a p i d l y  as t h e y   a p p r o a c h   t h e   s t e e p l y   o r i e n t e d - p e r i m e t e r  of 

t h e   o u t c r o p .   T h i s   c o l u m n a r   j o i n t   p a t t e r n  i s  q u i t e  similar 

t o  t h e  common textbook example of a n   i n t r u s i v e   n e c k  -- t h e  
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D e v i l s   P o s t p i l e   i n   n o r t h e r n   C a l i f o r n i a .  

O t h e r   v e n t s   f o r  lavas o f   t h e   r h y o d a c i t e   u n i t   h a v e   b e e n  

i n f e r r e d  from s t e e p l y   d i p p i n g   s l a b b y   f r a c t u r e s   t h a t  repre- 

s e n t   f l o w   f o l i a t i o n s .   S p a r s e   f o l i a t i o n   d a t a ,   w h i c h   s u g g e s t  

t h e   p r e s e n c e  of a vent   under   Buried  Mesa,   are   supported by 

i n d i r e c t   e v i d e n c e   o f   a n   i n t r u s i v e   r o o t   t o   t h i s   o u t c r o p .  

Such a root   would  seem t o   b e  a n e c e s s i t y ,   s i n c e   B u r i e d  Mesa 

i s  a c t i n g   l i k e  a b u l w a r k ,   r e t a r d i n g   t h e   p a s s a g e  of r h y o l i t i c  

l a n d s l i d e   b l o c k s  (Qlr,  p l .  1) downslope t o   t h e   s o u t h e a s t .  

Spec imens   o f   t he   rhyodac i t e   un i t  of the   Socorro   Peak  

R h y o l i t e   g e n e r a l l y   c o n t a i n   a b o u t  5 t o  15 percent   pheno-  

c r y s t s .  However, a t  first g lance   t hese   rocks   appea r   t o   be  

o n l y   s p a r s e l y   p o r p h y r i t i c ,   s i n c e   t y p i c a l l y   o n l y  2 t o  4 per-  

c e n t  of the   rock   cons is t s   o f   conspicuous   medium-gra ined  

phenoc rys t s  about 1 t o  4 m m  i n   l e n g t h .  Most of t h e  pheno- 

c r y s t   p o p u l a t i o n  i s  f i n e - g r a i n e d   ( a b o u t  0 . 7  t o  0.2 mm) and 

r e l a t i v e l y   i n c o n s p i c u o u s  when observed  in   handspecimen.  

P l a g i o c l a s e   g e n e r a l l y   c o n s t i t u t e s   a b o u t   t w o - t h i r d s   o f  

t h e  t o t a l  phenocrys ts   and   hornblende  forms most of t h e  

remainder .   F ine-gra ined  ( 0 . 4  t o  0.1 mm) b lack   Fe-Ti   ox ides  

may form 1 t o  2 p e r c e n t   o f   t h e s e   r e l a t i v e l y   d a r k - c o l o r e d  

r o c k s .   E i o t i t e   o c c u r s   o n l y   i n  trace amounts. 

I n   t h i n   s e c t i o n ,   t h e   b i m o d a l   d i s t r i b u t i o n  of p l a g i o -  

clase p h e n o c r y s t s  i s  r e a d i l y   a p p a r e n t   b e c a u s e   o f  a r e l a t i v e  
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p a u c i t y  of p l a g i o c l a s e   c r y s t a l s   b e t w e e n   a b o u t  1.5 and 0 . 5  

mm ( f i g .  30A).  Blocky,  medium-grained,  plagioclase  pheno- 

c r y s t s ,   w h i c h   r e p r e s e n t   a n   e a r l y   s t a g e  of i n t r a t e l l u r i c  

c r y s t a l l i z a t i o n ,  a re  cha rac t e r i zed   by   spongy   r e so rbed   co res  

of labrador i te   (An70  to   Ans0)   and   nar row,   s t rongly   zoned  

rims of 1 a b r a d o r i t e . t o   a n d e s i n e  (AnS0 to   An4o) .   These  

r e s o r b e d   p l a g i o c l a s e   p h e n o c r y s t s  commonly have a y e l l o w i s h  

o r   p i n k i s h   g r a n u l a t e d   a p p e a z a n c e   i n   h a n d   s p e c i m e n   b e c a u s e  

of a b u n d a n t   i n c l u s i o n s  of glassy  groundmass.   The  f ine-  

g r a i n e d   l a t e - s t a g e   p l a g i o c l a s e   p h e n o c r y s t s   t y p i c a l l y  are  

n o t   r e s o r b e d   a n d   e x h i b i t   t h e  same s t rong  normal   zoning  seen 

i n   t h e  rim m a t e r i a l  of t h e   e a r l y - s t a g e   p h e n o c r y s t s .  

Hornblende   phenocrys ts   a l so  show a bimodal   occurrence.  

Ear ly   hornblende   phenocrys ts  are dominant ly   euhedra l  six- 

s i d e d  prisms a b o u t  1 t o  3 mm long. Some of t h e   l a r g e s t  

ho rnb lende   phenoc rys t s  are  p o i k o l i t i c   a n d   c o n t a i n   a b u n d a n t  

Fe -T i   ox ide   i nc lus ions .  Pale ye l lowish-green   to   l igh t -brown 

p leochro ism  and   measured   op t ic  axial  angles   (2V ) of 6 2  and 

65 d e g r e e s   i n d i c a t e s   t h a t   t h e   e a r l y   h o r n b l e n d e   p h e n o c r y s t s  

are  of t h e   c o m m n   v a r i e t y   f o u n d   i n   i n t e r m e d i a t e  members of 

t h e   c a l c - a l k a l i n e  series of igneous   rocks  (Eeer, H o w i e ,  and 

Zussman, 1 9 6 6 ,  p. 1 6 7 ) .  La te-s tage   hornblende   phenocrys ts  

occur  mostly as  s l e n d e r ,   n e e d l e - l i k e   c r y s t a l s   a n d  less com- 

monly as subequant  prisms. Most t h i n   s e c t i o n s  of the   rhyo-  

X 
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d a c i t e   u n i t   c o n t a i n   t r a c e s   o f   b i o t i t e ,  which  appears t o  have 

formed  by a magmat ic   reac t ion  a t  the  expense  of   hornblende.  

The r h y o d a c i t e s  are d o m i n a n t l y   l i t h o i d a l   a n d   i n   t h i n  

s e c t i o n  most o f  them e x h i b i t  a d e v i t r i f i e d  murky crypto-  

c rys t a l l i ne   g roundmass ,   wh ich  commonly c o n t a i n s   s p a r s e  

t r a c h y t i c a l l y   a l i g n e d   f e l d s p a r   a n d   h o r n b l e n d e   m i c r o l i t e s  

a long   wi th   d i sseminated   opaques .   In   devi t r i f ied   spec imens ,  

ho rnb lende   need le s  are u s u a l l y   r e p l a c e d  by opaque  Fe-oxides; 

t h i s  i s  p robab ly  a m a n i f e s t a t i o n   o f   d e u t e r i c   a l t e r a t i o n .  

A s i n g l e   a n a l y s i s  of the   p l ag ioc la se   and   ho rnb lende -  

bear ing   lava   f rom "6001"  Mesa (Tab le   7 ,  no.  77-5-1) i n d i -  

cates t h a t  it i s  a rhyodaci te .   Based  on a i n f e r r e d  water 

c o n t e n t   o f   a b o u t  3 p e r c e n t ,   t h e   e s t i m a t e d  S i 0 2  c o n t e n t   o f  

t h i s  sample as  an   anhydrous   rock  i s  abou t  6 2  p e r c e n t .  

Gordon (1910, p. 2 4 0 )  r e p o r t e d  a p a r t i a l   a n a l y s i s  of a 

sample from an  unknown locat ion  on  Pinnocchio  Peak  (Pyramid 

Peak) ,   which   y ie lded   an  S i 0 2  c o n t e n t  of 65.6 p e r c e n t .  Com- 

p o s i t i o n s   o f   p l a g i o c l a s e   p h e n o c r y s t s   i n   t h e   S t o n e w a l l  dome 

l a v a ,  as  p r e v i o u s l y   s t a t e d ,   s u g g e s t   t h i s   f l o w  i s  s l i g h t l y  

lower i n   S i 0 2   c o n t e n t   t h a n   t h e  "6001" Mesa f low.   Therefore ,  

mos t   o f   t he   rocks  of t h e   S o c o r r o   P e a k   R h y o l i t e   t h a t  are 

c h a r a c t e r i z e d   b y   p l a g i o c l a s e   a n d   h o r n b l e n d e   p h e n o c r y s t s  are 

b e l i e v e d  t o  b e   r h y o d a c i t e s   c o n t a i n i n g   a b o u t  6 0  t o  65   pe rcen t  

Si02.  
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The o l d e s t   r o c k   o f   t h e   r h y o d a c i t e   u n i t  i s  t h e  1 1 . 9  m.y-. 

o l d   m a r k e r   t u f f   p r e v i o u s l y   d e s c r i b e d   i n   t h i s   s e c t i o n .  Horn- 

b l e n d e   s e p a r a t e s   f r o m   t h e   r h y o d a c i t i c   l a v a s   a t   S t o n e w a l l  

dome and "6001"  Mesa have   y i e lded  X-Ar  ages   o f   10 .3 f1 .5  m.y. 

and 6.0k0.6 m.y., r e s p e c t i v e l y .  A subsequent K - A r  a n a l y s i s  

performed a t  a d i f f e r e n t   l a b o r a t o r y ,   g a v e  a 1 0 . 3  m.y. 

a g e   f o r  a whole-rock s p l i t   o f   t h e  " 6 0 0 1 "  Mesa sample. 

S t r a t i g r a p h i c   r e l a t i o n s h i p s   o f   t h e   r h y o d a c i t e   u n i t  demon- 

s t r a t e   t h a t  it i s  o l d e r   t h a n   b o t h  t h e  phenocryst-r ich  and 

p h e n o c r y s t - p o o r   r h y o l i t e   u n i t s  of the   Socor ro  Peak R h y o l i t e ,  

which  have  yielded K-Ar a g e s  of 1 0 . 5  t o  9.0 m.y.,  and 7 . 4  

m.y., r e s p e c t i v e l y .  The a b o v e   r e l a t i o n s h i p s   s t r o n g l y   s u g -  

g e s t   t h a t   t h e  6 . 0  m.y. h o r n b l e n d e   d a t e   f o r  "6001"  Mesa is  

anomalously  young  and  therefore   probably  erroneous.   Rocks 

now a s s i g n e d   t o   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t   h a v e   b e e n  

da ted  a t  11.8 m.y. and  11.5 m.y. (Appendix B ) ,  and a t  10 .7  

. m.y. (Burke   and   o thers ,   1963) .   F ie ld   and   pe t rographic  1 

o b s e r v a t i o n s  of t h e   r h y o d a c i t e   u n i t   a n d   t h e   q u a r t z  l a t i t e -  

r h y o l i t e   u n i t   s u g g e s t   t h a t   t h e y  are  penecontemporaneous 

d e r i v a t i v e s  from t h e  same magma body  and t h a t   t h e  more 

s i l i c i c  lavas a r e   o n l y   s l i g h t l y   y o u n g e r .   T h e r e f o r e ,   b o t h  

t h e   r h y o d a c i t e   u n i t   a n d   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t  are 

cons idered  t o  be   abou t  11.1 m.y. o ld ,   which  is t h e   n u m e r i c a l  

a v e r a g e   o f   t h e i r  s i x  r a d i o m e t r i c   d a t e s   r a n g i n g  from 11 .9  t o  
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1 0 . 3  m.y. The  anomalously  youno 6 . 0  m.y. d a t e  i s  excluded 

from t h i s   c a l c u l a t i o n .  

B i o t i t e - h o r n b l e n d e ,   ' q u a r t z   l a t i t e - r h y o l i t e   u n i t  

T h e   b i o t i t e - h o r n b l e n d e   q u a r t z   l a t i t e - r h y o l i t e   u n i t  of 

t he   Socor ro   Peak   Rhyo l i t e   cons i s t s   dominan t ly   o f   pa l e - r ed ,  

l i g h t - g r a y   a n d   g r a y i s h - r e d   m o d e r a t e l y   p o r p h y r i t i c   l a v a s ,  

and  minor   bedded  pyroclast ic   rocks.   They are  g e n e r a l l y  

c h a r a c t e r i z e d   b y   p h e n o c r y s t s .   o f   p l a g i o c l a s e ,   b i o t i t e   a n d  

h o r n k l e n d e .   E x p o s u r e s   a s s i g n e d   t o   t h e   q u a r t z - l a t i t e -  

r h y o l i t e   u n i t   o c c u r   a t   t h r e e   w i d e s p r e a d   l o c a l i t i e s   i n   t h e  

s t u d y  area: a t  Strawberry  Peak,  a t  and west of  Socorro 

Peak,  and i n   t h e   v i c i n i t y   o f   t h e  Tower  mine.   These  isolated 

o u t c r o p s   g e n e r a l l y   r e p r e s e n t   e r o s i o n a l   r e m n a n t s  of i n d i v i -  

dual   domal   f lows  erupted from local v e n t s .  

Strawberry  Peak i s  a p a r t i a l l y   p r e s e r v e d   e r o s i o n a l  

remnant of a v i s c o u s   l a v a  dome; it c o n s i s t s  of a n   i n t r u s i v e  

n e c k   o n   t h e   s o u t h  side and a flow r e m n a n t   o n   t h e   n o r t h   s i d e  

( f i g .  2 9 ,  p l .  1). The o r i g i n a l  dome was a p p a r e n t l y   e r u p t e d  

a t h w a r t  a s t r u c t u r a l l y   c o n t r o l l e d  facies  boundary i n   t h e  

unde r ly ing   uppe r   Popo tosa   s ed imen ta ry   un i t s   ( f i g .  2 6 ) .  

Thus, t h e   n o r t h w e s t   s i d e  of t h e  domal  flow i s  now l a r g e l y  

preserved  where it rests on   cong lomera t i c   s ands tones   (Tpkf ) .  

However, t h e   o r i g i n a l   s o u t h   a n d  east  s i d e s  of t h e  dome 
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have  broken away  from t h e   v e n t   a r e a  t o  form l a r g e   l a n d s l i d e  

b l o c k s   b e c a u s e   h e r e   t h e   l a v a  s t r u c t u r e  o r i g i n a l l y   r e s t e d   o n  

incompetent   playa muds (Tpkp) .  The l a r g e s t  of these   l and -  

s l i d e   b l o c k s ,  which  forms a p rominen t   r i dge  east o f  S t r aw-  

b e r r y   P e a k   ( p l .  l), e x h i b i t s   f o l i a t i o n   p a t t e r n s   a n d   v a r i a -  

t i o n s   i n   l i t h o l o g y   v e r y  similar t o   t h e   p a r e n t   o u t c r o p  of 

Strawberry  Peak.  

Obse rva t ions   on   t he   no r th   f l ank  of Strawberry  Peak  sug- 

g e s t  t h a t  t h i s   l a v a  dome was e r u p t e d   i n  a t  least  two s t a g e s  

c o n s i s t i n g  of a n   e a r l y   r h y o d a c i t i c  sagma pulse   and  a l a t e r  

q u a r t z  l a t i t i c  t o   r h y o l i t i c  magma pu l se .   The   base   o f   t he  

f low is  not   exposed   here ;   however ,   the  lowest 30-50 m o f  

t h e   o u t c r o p   c o n s i s t s   o f  medium-gray,  columnar-jointed lava 

w i t h  5-10 pe rcen t   phenoc rys t s   o f   p l ag ioc la se   and   ho rnb lende ,  

sugges t ing  it i s  o f   rhyodac i t i c   compos i t ion .  Where l o c a l l y  

well e x p o s e d   n e a r   t h e   t o p   o f  a c l i f f ,   t h e   c o l u m n a r   j o i n t e d  

lava appears to  g rade   i n to   g ray i sh - red ,   b locky- jo in t ed   l ava  

c o n t a i n i n g   t h e   t y p i c a l   p h e n o c r y s t   a s s e m b l a g e  of t h e   q u a r t z  

l a t i t e - r h y o l i t e   u n i t :   p l a g i o c l a s e ,   b i o t i t e   a n d   h o r n b l e n d e .  

The b locky red l a v a  i s  about  1 4 0  m t h i c k   a n d   f o r m s   t h e   b u l k  

of Strawberry  Peak.  The boundary  between t h e  two l a v a   t y p e s  

a p p e a r s  t o  be g r a d a t i o n a l   o v e r  a f e w  meters and i s  n o t  a 

t y p i c a l  contact be tween   s epa ra t e   l ava  flows. No autobrec-  

c i a t e d   z o n e   o r   p y r o c l a s t i c   i n t e r v a l ,   w h i c h   t y p i c a l l y   o c c u r  
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a t  f l ow  boundar i e s ,   has   been   obse rved   i n   a s soc ia t ion   w i th  

t h i s   c o n t a c t .  A similar t r a n s i t i o n a l   c o n t a c t  i s  a l s o   p r e s -  

e n t   o n   t h e   n o r t h   s i d e  of t h e  b i g   l a n d s l i d e   b l o c k  east  of 

Strawberry  Peak.  

I n   t h e   v i c i n i t y   o f   S o c o r r o   P e a k ,  a b i o t i t e - b e a r i n g  

q u a r t z   l a t i t e - r h y o l i t e   l a v a   f l o w  (or flows?) (Tsd2,  p l .1 )  

l o c a l l y  res ts  on  a ho rnb lende -bea r ing   rhyodac i t i c  lava flow 

( T s d l ,  p l .  1). T h e   q u a r t z   l a t i t e - r h y o l i t e  lavas were erup- 

t e d  from a compos i t e   ven t  a t  “M” Mountain  and a nea rby   ven t  

a t  Radar  Peak. I n   c o n t r a s t   t o   t h e   S t r a w b e r r y  Peak a r e a ,  

t h e   r h y o d a c i t i c   a n d   q u a r t z  l a t i t i c  l a v a s   h e r e   c l e a r l y   r e p r e -  

s e n t   s e p a r a t e   f l o w s .  The  base  of  the  younger lava f low 

( T s d 2 )  i s  consp icuous ly   de f ined   by   d i scon t inuous   exposures  

o f   a u t o b r e c c i a t e d  lava ( p l .  11, bedded t u f f s   ( T s d t ) ,   a n d  

small p a t c h e s  of r e d ,   s i l t y  mudstone  (Tpkp).  These mud- 

s t o n e s   a r e   l o c a l l y   b a k e d   t o  a p o t t e r y - l i k e  material. The 

basa l   zone   of  the  y o u n g e r   b i o t i t i c   l a v a  i s  l i g h t - g r a y   i n  

c o l o r   a n d   c o n t r a s t s   w i t h  a r edd i sh   co lo red   zone  a t  t h e   t o p  

o f   t he   unde r ly ing   f l ow,   wh ich  m s t  l i k e l y   r e p r e s e n t s   a n   o x i -  

d i z e d   o r   w e a t h e r e d   z o n e   f o r m e d   p r i o r   t o   e r u p t i o n   o f   t h e  

younger  f low. 

West o f   Socor ro   Peak   and .Rada r   Peak ,   t he   b io t i t e -  

b e a r i n g   q u a r t z  l a t i t i c  lava appea r s  t o  have   f lowed  across  

the   edge  of t h e   o l d e r   r h y o d a c i t i c   f l o w   a n d   o n t o   p l a y a  
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mudstones  (Tpkp).   Although  the areas of t h i s   a p p a r e n t   o f f -  

l a p  are  now p o o r l y   e x p o s e d ,   t h e   o u t c r o p   r e l a t i o n s h i p s  a t  

the   e roded   edges  of t h e s e   f l o w s   s u g g e s t s   t h a t   t h e  base of 

t h e   q u a r t z  l a t i t i c  f l o w   d r o p s   i n   e l e v a t i o n   ( t o w a r d   t h e  west) 

by as  much as  90 m where it c r o s s e d   t h e   e d g e  of t h e  older 

f low.   Th i s   obse rva t ion   cou ld  be exp la ined  by scour ing  of 

t h e   s o f t   m u d s t o n e s   b y   t h e   v i s c o u s   q u a r t z  l a t i t i c  lava, by 

s u b s i d e n c e   o f   t h e   h e a v y   l a v a   i n t o   p o o r l y   c o n s o l i d a t e d  mud- 

s t o n e s ,  o r  by   younger   f au l t i ng   a long   t h i s   t r end .   The  l a t t e r  

a l t e r n a t i v e ,  as  shown o n   t h e   g e o l o g i c  map ( p l .  I), seems 

somewhat f o r t u i t o u s   a n d  i s  now less favored .  

D i scon t inuous   exposures   o f   g ray i sh - red   l avas   i n  the  

Tower mine area, wh ich   con ta in   phenoc rys t s   o f   p l ag ioc la se ,  

b io t i t e   and   ho rnb lende ,   have   been  f o r  the   sake   o f   conveni -  

e n c e   a s s i g n e d   h e r e   t o   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t  of 

the   Socor ro   Peak   Rhyo l i t e .   These   f au l t ed   r emnan t s   r ep resen t  

t h e   t h i n   e d g e   o f  a l a v a   f l o w   ( f i g .  2 6 ) ,  l o c a l l y   n o t  more 

t h a n   a b o u t  45 m t h i c k .   T h e y   a r e   s t r a t i g r a p h i c a l l y   a n d  pet- 

r o l o g i c a l l y  similar t o  the upper  Pound  Ranch l a v a s  of Osburn 

(1978, p. 8 0 )  a n d   t h e r e f o r e   c o n s i d e r e d   c o r r e l a t i v e .  T h e  

p r o b a b l e   s o u r c e   v e n t   f o r   t h e s e  lavas, as  described by  Osburn 

(1978, p. 81), i s  l o c a t e d   a b o u t  4 km west of t h e  T o w e r  mine. 

I n  a manner similar t o   t h e  Pound  Ranch a r e a ,   t h e  b i o t i t i c  

lavas   (Tsd ,  p l .  1) i n   t h e  Tower mine area rest variably on  
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t h e   O l i g o c e n e   t u f f   o f   S o u t h  Canyon ( T s c )  and   on   ea r ly  

Miocene  red  mudflow  and  conglomerate  deposits  (Tpsd, p l .  1) 

of   t he   l ower   Popo tosa   Fo rma t ion .   These   s t r a t ig raph ic  rela- 

t i o n s h i p s   l o c a l l y   d e f i n e   b l o c k - f a u l t i n g   a n d   e r o s i o n   p r i o r  

t o   e r u p t i o n   o f   t h e   q u a r t z   l a t i t e - r h y o l i t e   l a v a s   i n  l a t e  

Miocene   t ime  ( f ig .  2 6 ) .  Later movement o f   t h e  same f a u l t  

b l o c k s   h a s   d i s p l a c e d   t h i s   f l o w   s i n c e  i t s  emplacement.  The 

absence of upper   Popotosa   c lays tones   (Tpkp)   under   these  

l a v a s   i n   t h e  Pound  Ranch  and Tower mine  area i s  a l s o   s i g -  

n i f i c a n t .   T h i s   r e l a t i o n s h i p  i s  i n t e r p r e t e d   t o  mark t h e  

southern  margin of the   uppe r   Popo tosa   bas in .  The p resence  

of a t h i n   i n t e r v a l   o f   p l a y a  muds (Tpkp)   and   the   in te rbedded  

b a s a l t   o f   B e a r  Canyon   (Tpkb) ,   wh ich   ove r l i e   t he   qua r t z  

l a t i t e - r h y o l i t e   l a v a s  west o f   t h e  Tower m i n e ,   i n d i c a t e s  t h a t  

t h e   b a s i n   m a r g i n   l o c a l l y   s h i f t e d   l a t e r a l l y   w i t h  time and 

had  small   embayments   re la ted t o  local no r th - t r end ing   b lock  

f a u l t s   ( f i g .  2 6 ) .  

L a v a s   o f   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t  of t h e   S o c o r r o  

P e a k   R h y o l i t e   g e n e r a l l y   w e a t h e r   t o   g r a y i s h - r e d   o r   l i g h t  

b r o w n i s h   g r a y   r e s i s t a n t   o u t c r o p s ;   c l i f f s  and   ledgy  ou tcrops  

are common a t   t h e   e r o d e d   m a r g i n s   o f   t h e   t h i c k e r  flows. Flow 

l a y e r i n g  i s  g e n e r a l l y  well deve loped   and   de f ined   by   l i gh te r -  

c o l o r e d ,   s l i g h t l y   v e s i c u l a t e d   b a n d s   a l o n g   t h e   s h e a r   s u r -  

faces. Punice- l ike   ragged  vesicles are  f a i r l y  typ ica l  of 
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t h e   u p p e r   p o r t i o n s  of t h e s e   f l o w s .   I n t r a f o l i a l   g a s h  frac- 

t u r e s ,  which s t r i k e   a p p r o x i m a t e l y   p e r p e n d i c u l a r   t o   t h e   l o c a l  

f l o w   d i r e c t i o n ,  are l o c a l l y  well d e v e l o p e d   i n   t h e   S t r a w b e r r y  

Peak  flow. I n   e x p o s u r e s  a t  r i g h t   a n g l e s   t o   t h e   f l o w   l a y e r -  

i n g ,   t h e   g a s h   f r a c t u r e s  are v i s i b l e   i n   m u l t i p l e   l a y e r s  and 

occur  as e n   e c h e l o n   l e n t i c u l a r   o p e n i n g s   b e t w e e n   f o l i a t i o n  

sur faces .   Minor   manganese   and   hemat i te   s ta in ing   and  some 

c a l c i t e   v e i n s  are  l o c a l l y   a s s o c i a t e d   w i t h   v e n t   s t r u c t u r e s  

a t  "M" Mountain  and  Strawberry  Peak. 

S p e c i m e n s   o f   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t   g e n e r a l l y  

c o n t a i n  5 t o  20 p e r c e n t   p h e n o c r y s t s   o f   p l a g i o c l a s e ,   b i o t i t e  

and  hornblende.   Plagioclase  normally  forms  about   two-thirds  

o f   t h e   t o t a l   p h e n o c r y s t s ,  b i o t i t e  and  hornblende  form  the 

r e m a i n d e r .   E i t h e r   b i o t i t e   o r   h o r n b l e n d e  may be the  dominant  

mafic p h e n o c r y s t ;   u s u a l l y   t h e y  are subequal   in   volume  and 

ra t ios  g r e a t e r   t h a n  2:l i n   e i t h e r   d i r e c t i o n  are n o t  common. 

:Local ly  .mafic phenoc rys t s  may be q u i t e   s p a r s e ,   p a r t i c u l a r l y  

i n   t h e   m i d d l e  o r  upper   por t ion   o f  these flows, t h u s  making 

them d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  similar p l a g i o c l a s e -  

r i c h   r h y o d a c i t e s .  

P e t r o g r a p h i c a l l y ,   t h e   b i o t i t e - h o r n b l e n d e   q u a r t z  l a t i t e -  

r h y o l i t e   u n i t  (Table 7,  no. 76-4-1b, 76-6-1) i s  very s i m i l a r  

t o   t h e   h o r n b l e n d e   r h y o d a c i t e   u n i t .   I n   t h i n   s e c t i o n ,   s p e c i -  

mens of t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t  show t h e  same 
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bimodal   phenocrys t   popula t ion  of s p a r s e  medium-grained  and 

modera te ly   abundant   f ine-gra ined  c rys ta l s  o b s e r v e d   i n   t h e  

r h y o d a c i t e   u n i t .  The same p a t t e r n   o f   s p o n g y   r e s o r b e d   c o r e s  

of e a r l y   p l a g i o c l a s e   p h e n o c r y s t s   a s s o c i a t e d   w i t h   s t r o n g l y  

zoned rims and   s t rong ly   zoned   l a t e - s t age   p l ag ioc la se   pheno-  

c r y s t s  i s  a l s o   p r e s e n t   i n   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t .  

However, i n   t h e   r e l a t i v e l y   b i o t i t e - r i c h   r o c k s ,   t h e   p l a g i o -  

clases are  g e n e r a l l y  less c a l c i c ;   c o r e s  of e a r l y   p h e n o c r y s t s  

range  from An t o  Anso and   ou te r   zones   o f  l a t e  phenocrys ts  

approach An A s m a l l   p e r c e n t a g e   o f   e a r l y   p l a g i o c l a s e  

p h e n o c r y s t s   e x h i b i t   p a t c h y  reverse zoning   f rom  andes ine   to  

l a b r a d o r i t e   ( f i g .  30B), which i s  a l s o   o b s e r v e d   i n   t h e   r h y o -  

d a c i t e   u n i t .  Some specimens of t h e  q u a r t z   l a t i t e - r h y o l i t e  

u n i t   c o n t a i n  sparse, b l o c k y   p l a g i o c l a s e   p h e n o c r y s t s   t h a t  

a r e   c o a r s e - g r a i n e d   a n d   a s  much as  8 mm long .   These   t ex tura l  

similarities o f   p l a g i o c l a s e   p h e n o c r y s t s   a n d   v a r i a t i o n s   i n  

composi t ion   be tween  lavas  of t h e   q u a r t z   l a t i t e - s h y o l i t e   u n i t  

a n d   t h e   r h y o d a c i t e   u n i t   s t r o n g l y   s u g g e s t s   t h a t   t h e s e   u n i t s  

r e p r e s e n t   d i f f e r e n t i a t e s   f o r m e d   i n   t h e  same magma system 

Th i s   wou ld   exp la in   t he   obse rved  close a s s o c i a t i o n   o f   t h e s e  

u n i t s   i n   s p a c e   a n d  time. 

6 0  

30 '  

B i o t i t e  g e n e r a l l y   o c c u r s  as  t h i n - e u h e d r a l   p l a t e s  (1-3 

m m )  and i s  most ly   p leochro ic   f rom pale y e l l o w i s h  brown t o  

r e d d i s h  brown  and less commonly p l e o c h r o i c  from pale yellow- 
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F i g u r e  3 0 .  P h o t o m i c r o g r a p h s   i l l u s t r a t i n g   s p o n o y   r e s o r b t i o n  
t ex tu res   and   zon ing  of p l ag ioc la se   phenoc rys t s   commn 
i n  b t h  t h e   r h y o d a c i t e   u n i t   a n d   t h e   q c a r t z  l a t i t e  u n i t  
o f   t he   Socor ro  Peak R h y o l i t e  (Ts12, p1. 1). A ,  Eorn- 
b l e n z e   r h y o d a c i t e  from “6001“ Mesa (sample  no.  77-5-1, 

p l a g i o c l a s e   ( l i g h t - g r a y ) ,   h o r n b l e n d e   ( d a r k - g r a y ) ,   a n d  
Table  7 )  containing  moderately  abundant   phenocrysts  of 

F inor  small F e - T i  o x i d e s   ( b l a c k )   i n  a c r y p t o c r y s t a l l i n e  
to   g l a s sy   q roundmass   (med ium-gray ) .   Seve ra l   f ea tu re s  
common t o   b o t h   t h e   r h y c d a c i t e   u n i t   a n d   q u a r t z   l a t i t e  
u n i t   a r e   e x h i b i t e d   h e r e :  1) a bimodal   pcpulat ion of 
l a r g e  (1-3 mn) ea r ly - s t age   phenoc rys t s   and   sma l l  
(0.2-0.5 nm) l a t e - s t a g e   p h e n o c r y s t s ,  2 )  spongy  s t rongly  

phenoc rys t s ,  a E d  3 )  unresorbed  rims o n   e a r l y   p l a a i o -  
r e s o r h e d   c a l c i c   c o r e s  (An ) of e a r l y - s t a g e   p l a g i o c l a s e  65 

clase phenocrys ts   and  small l a t e  p lag ioc lase   pheno-  
c r y s t s   t h a t   b t h  e x h i k i t  s t rong  normal   zonina 

clase p e n o c r y s t s   a r e   u n z o n e d   o r  show s l i g h t   n o r m a l  
(An60-4g). Most l a b r a d o r i t i c   c o r e s  of e a r l y   g l a g i o -  

zonat ion .  P lane  p o l a r i z e d   l i c h t .  E ,  Reverse-zoned, 
e a r l y   s t a g e ,   p l a g i o c l a s e   p h e n o c r y s t - i n   q u a r t z   l a t i t i c  
lava   near   Radar   Peak   (approximate ly   equiva len t  t o  

o r t i c a l l y   d e t e r m i n e ?   p e r c e n t   a n o r t h i t e   i n   v a r i o u s  
sample  no.  76-4-1h, t a b l e  7 ) .  Numbers i n d i c a t e  

N o t e   t h e   b r o a d   s t e p - l i k e   r e v e r s e   z o n a t i o n   o f   t h e  core, 
zones of the   c rys t a l   (R i t tman   zone   me tho? ,  p. 2 7 ) .  

rim. I n  t h e   r h y o d a c i t e  t o  q u a r t z  l a t i t e  l a v a s ,   a k o u t  
s p n g y   r e s o r b e d  calcic  zone,  and  narrow  normally  zoned 

c r y s t s   e x h i b i t  similar reverse zoning .   Crossed   n ico ls .  
1 0  t o  25 p e r c e n t   o f   t h e   e a r l y - s t a g e   p l a g i o c l a s e  pheno- 



i sh   g reen   t o   da rk   b rown .  Some b i o t i t e s   a p p e a r   t o   h a v e  

formed  by  magmatic  reaction a t  the expense of hornblende. 

Hornblendes   a re   p resent   as   bo th   euhedra l ,   medium-gra ined  

prisms ( 2 - 4  m m )  a n d   s m a l l e r ,   n e e d l e - l i k e   c y r s t a l s .  Most 

hornblende  i s  pleochroic from pale y e l l o w i s h   g r e e n   t o   l i g h t  

brown. I n  o n e   t h i n   s e c t i o n   f r o m   S o c o r r o   P e a k ,   b o t h   b i o t i t e  

and  hornblende are similar i n   c o l c r   ( y e l l o w i s h  brown t o   d a r k  

r e d d i s h  b rown)   and   p l eochro i sm.   In   t h i s   ca se ,   t hey  may be 

d i s t i n g u i s h e d   b y   c l e a v a g e   a n d   c r y s t a l   f o r m .   B o t h   b i o t i t e  

and  hornblende a re  o f t e n   p a r t i a l l y   a l t e r e d   t o  opaque Fe- 

ox ides ;   need le - l ike   ho rnb lendes  seem p a r t i c u l a r l y   s u s c e p -  

t i b l e  t o   t h i s   a l t e r a t i o n ,   w h i c h  i s  p robab ly   deu te r i c .   F ine ,  

e q u a n t   g r a i n s   o f  F e - T i  o x i d e s   u s u a l l y   f o r m  less than  one-  

ha l f  p e r c e n t  of these rocks. 

F ine-gra ined   phenocrys ts  of p l a g i o c l a s e ,   b i o t i t e   a n d  

hornblende   cons is ten t ly   g rade   in to   g roundmass   micropheno-  

c r y s t s   o f   t h e  same minerals.   Microphenocrysts  and  pheno- 

c r y s t s  are  u s u a l l y   f l o w   a l i g n e d   w i t h i n  a c loudy  c ryptocrys-  

t a l l i n e   o r   p a r t i a l l y   s p h e r u l i t i c   d e v i t r i f i e d  groundmass. 

Microphenocrysts  may form 5 t o  30 percent   o f   the   g roundmass .  

Two a n a l y s e s  of t h e   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  

l a v a s   f r o m   t h e   s t u d y   a r e a   h a v e   n e a r l y   e q u i v a l e n t   u n c o r r e c t e d  

S i 0 2  c o n t e n t s  of abou t  68 p e r c e n t   s u g g e s t i n g   t h a t   t h e y  are 

q u a r t z  l a t i t e s  (Table 7,  no.  76-4-1b, 76-6-1). However, 
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when t h e   e s t i m a t e d   w a t e r   c o n t e n t  i s  u s e d   t o   r e c a l c u l a t e  

t h e s e  samples as a n h y d r o u s   r o c k s   t h e   r e s u l t s   s p a n   t h e  boun- 

dary   f rom  quar tz  l a t i t e  t o   l o w - s i l i c a   r h y o l i t e .   O s b u r n  

(1978,  p. 81) r e p o r t e d  a p a r t i a l ,  u n c o r r e c t e d   a n a l y s i s   o f  

t h e   p e t r o g r a p h i c a l l y   e q u i v a l e n t   u p p e r  Pound  Ranch lava  which 

y i e l d e d  a S i 0 2   c o n t e n t   o f  72 .3  p e r c e n t ,   c l e a r l y   p l a c i n g  it 

i n   t h e   r h y o l i t e   f i e l d .   T h e r e f o r e ,  most rocks  mapped as  t h e  

q u a r t z   l a t i t e - r h y o l i t e   u n i t   ( f i g .  2 9 )  a re  b e l i e v e d   t o   c o n -  

t a i n   a b o u t  6 8  t o  7 2  p e r c e n t  S i 0 2 .  However,  should  addi- 

t i o n a l   a n a l y s e s  be ob ta ined   f rom  the   S t r awber ry  Peak flow, 

a greater  r a n g e   i n   s i l i c a   c o n t e n t  may be  expected.  

Burke  and others ( 1 9 6 3 ,  p.  229)  r e p o r t e d  a whole  rock 

K-Ar d a t e   f o r   t h e i r   " t r a c h y - a n d e s i t e   o f   S o c o r r o   P e a k "  of 

10.7k1.5 m.y. This   sample was taken  f rom Radar Peak  and i s  

h e r e   r e a s s i g n e d   t o   t h e   q u a r t z - l a t i t e   r h y o l i t e   u n i t   o f   t h e  

Socorro  Peak  Rhyol i te .  A subsequent  sample from t h e  same 

loca t ion   has   been   da t ed   by  C. T. Smith  (unpub.   data  reported 

by C. Burton,   1971)  a t  11.5 m.y. B i o t i t e  from t h e   b i g  s l ide 

b l o c k   e a s t  of S t rawberry   Peak   has   y ie lded  a K - A r  age   o f  

11.8f0.5 m.y. The p r e f e r r e d   r a d i o m e t r i c   a g e   o f   b o t h  the 

q u a r t z   l a t i t e - r h y o l i t e   u n i t   a n d   t h e   r h y o d a c i t e   u n i t  i s  11.1 

m.y., which i s  t h e   a v e r a g e  of s i x  d a t e s   f r o m   t h e s e  two 

u n i t s .  The b a s i s   o f  t h i s  c a l c u l a t i o n  has b e e n   d e s c r i b e d   i n  

t h e   p r e v i o u s   s e c t i o n .  
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P h e n o c r y s t - r i c h   r h y o l i t e   u n i t  

The p h e n o c r y s t - r i c h   r h y o l i t e   u n i t   o f   t h e   S o c o r r o  Peak 

R h y o l i t e  i s  p r e d o m i n a n t l y   c o m p r i s e d   o f   l i g h t   g r a y ,   l i g h t  

brownish-gray  and  pinkish-gray  lavas ,   which are charac-  

ter ized  by  abundant   medium-grained  phenocrysts  of s a n i d i n e  

and   p l ag ioc la se ,   and  lesser amoun t s   o f   qua r t z   and   b io t i t e .  

S p a r s e   p h e n o c r y s t s   o f   h o r n b l e n d e   a l s o   o c c u r   s p o r a d i c a l l y   i n  

t h e s e   l a v a s .   B e d d e d   l a p i l l i   t u f f s   a n d   o n e   i s o l a t e d   i n t r u -  

sive neck, w i t h  similar phenocryst   assemblages,  make up t h e  

minor   r ema inde r   o f   t h i s   un i t .  The p h e n o c r y s t - r i c h   r h y o l i t e  

appears t o  be t h e  most   voluminous  of   the l a te  Miocene  lavas 

and   compr i se s   nea r ly   ha l f   t he   vo lume  of t h e   S o c o r r o  Peak 

Rhyol i te .  

Exposures of t h e   p h e n o c r y s t - r i c h   r h y o l i t e   u n i t   o c c u r  

i n  two p r i n c i p a l   a r e a s   ( f i g .  2 9 ) ,  each  of  which i s  a s s o c i -  

a t e d   w i t h  a local vent   complex .   The   la rges t   ou tcrop  area 

o c c u r s   i n   t h e   w e s t e r n   S o c o r r o . M o u n t a i n s .   T h i s   b r o a d  area 

o f   l a v a   o u t c r o p s  is  formed  by  contiguous lava flows and 

domes e r u p t e d  from four   wide ly   spaced   vents .  The  second 

p r i n c i p a l   o u t c r o p   a r e a   o c c u r s  a t  t h e   S i g n a l   F l a g   v e n t  com- 

p l e x   j u s t  west of Cook Spr ing .  

S t r a t i g r a p h i c   r e l a t i o n s h i p s  of t h e   p h e n o c r y s t - r i c h  

r h y o l i t e   u n i t  are  v a r i a b l e .   I n   t h e   w e s t e r n   S o c o r r o  Moun- 

t a i n s ,   t h e s e   p h e n o c r y s t - r i c h  lavas a p p a r e n t l y  rest  on  a 
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t h i c k   i n t e r v a l  of p laya   c lays tones   (Tpkp)  of t h e  ''= ''. 
Popotosa  Formation. Drill h o l e s  i n  t h e   n o r t h e r n   r e a c h e s  of 

Socorro  Canyon  bottomed i n   p l a y a   d e p o s i t s  a t  a d e p t h  of 150  

m ( C . E .  Chapin, 1978,  unpub. d r i l l   l o g s ) .  West of Cook 

S p r i n g ,   l a v a s   a n d   t u f f s   o f  t he  p h e n o c r y s t - r i c h   r h y o l i t e  

v a r i a b l y   o v e r l i e   e r o d e d   f a u l t   b l o c k s  of t h e  lower Popotosa 

conglomerates   (Tpsd)   and  upper   Popotosa  c laystones  (Tpkp)  

( p l .  2 ,  D - D ' ) .  J u s t  nor thwes t   o f  Cook S p r i n g ,   t h e  

p h e n o c r y s t - r i c h   r h y o l i t e  lavas o v e r l a p   t h e   e d g e   o f   a n  east- 

t i l t e d   f l o w   o f   t h e   r h y o d a c i t e   u n i t  ( T s d ) .  South   o f  Cook 

Spr ing ,  a small b u l l d o z e r   c u t   c l e a r l y   e x p o s e s   t h e   t o p   o f  

t h e  same phenocrys t - r i ch   l ava  flow; h e r e  it is  o v e r l a i n  by 

playa  mudstones  (Tpkp)  and, i n   t u r n ,  by  bedded t u f f s   o f   t h e  

p h e n o c r y s t - p o o r   r h y o l i t e   u n i t  ( T s r t ) .  T h i s  key  area  around 

Cook Spr ing   provides   mos t  of t h e   s t r a t i g r a p h i c   c o n t r o l   o n  

t h e   p e t r o l o g i c   u n i t s  of Socorro   Peak   Rhyol i te .  

- .- 

The  rounded   peaks   o f   the  w e s t e r n  Socorro  Mountains -- 
Tripod  Peak, "6633" Peak ,   J e j enes  H i l l ,  and  an unnamed peak 

t o   t h e   n o r t h  of J e j e n e s  H i l l  -- a l l  e x h i b i t   f o l i a t i o n   p a t -  

t e r n s   c o n s i s t e n t   w i t h   t h e i r   i n t e r p r e t a t i o n  as domal  accumu- 

l a t i o n s  of p a s t y   l a v a s   r o u g h l y   c e n t e r e d   o v e r   p i p e - l i k e   v e n t  

s t ruc tu res .   The   su r round ing   ro l l i ng   t opography  a t  lower 

e l e v a t i o n s ,   s u c h  as  i n   t h e  area between  Hidden Valley and 

Doming0 S p r i n g ,   g e n e r a l l y   e x h i b i t s   i r r e g u l a r   f o l i a t i o n   p a t -  
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t e r n s .  The low, r o l l i n g  h i l l s  a n d   v a l l e y s   a r e   c o n s i d e r e d   t o  

r e p r e s e n t  several ind iv idua l   l ava   f lows ,   which   have   coa lsced  

i n t o  a s i n g l e  mass. The   geometry   o f   these   ind iv idua l   f lows  

i s  u n c e r t a i n ;  small o u t c r o p s   o f   a u t o b r e c c i a t e d   l a v a  mapped 

n o r t h   a n d   n o r t h e a s t   o f   J e j e n e s  H i l l  ( p l .  1) may l o c a l l y  mark 

t h e   s u t u r e d   b o u n d a r i e s  of a t  least  two s e p a r a t e   f l o w s .  

T h e   e r o d e d   e d g e s   o f   t h e s e   l a v a   f l o w s   a r e   g e n e r a l l y  

marked  by s t e e p   s l o p e s   a n d  c l i f f s ,  w h i c h   g r a d e   i n t o   t a l u s  

cones (Qca)  a n d   l a n d s l i d e   b l o c k s  (Qlr)  fur ther   downslope .  

F o r   p r a c t i c a l   p u r p o s e s ,   t h e   b o t t o m   o f   t h e s e  c l i f f s  may be 

c o n s i d e r e d   a s   e s s e n t i a l l y   e q u i v a l e n t   t o   t h e   b a s e   o f   t h e s e  

f1ow.s. From o b s e r v a t i o n  of t h e   g e n e r a l   w e s t e r l y   d e c r e a s e  

i n   e l e v a t i o n  of the   approx ima te   base   o f   t hese   f l ows ,   an  

o v e r a l l   a p p a r e n t   d i p  of 3 t o  4 degrees  t o  the  west-northwest  

h a s   b e e n   c a l c u l a t e d .   S i n c e   t h e   p h e n o c r y s t - r i c h   r h y o l i t e  

flows h e r e   a r e   g e n t l y   d i p p i n g ,   t h e   t o p o g r a p h y   o n   t h e  top of 

t h e s e   l a v a s  may t h e n  be used as direct  i n d i c a t i o n  of varia- 

t i o n s   i n   t h e i r   t h i c k n e s s .  Local e l e v a t i o n   v a r i a t i o n s   i n d i -  

c a t e   t h a t   t h e  domal s t r u c t u r e s   ( r o u n d e d   p e a k s )  are u n d e r l a i n  

by a b u t  120-180 m of lava, whereas   t he   ou te r   e roded   edges  

o f   t h e   l a v a  flows range  from 45-60 m i n   t h i c k n e s s .  The s i g -  

n i f i c a n c e  of a small h i l l   ( e l e v a t i o n  6 3 4 5 )  nor thwes t  of 

Doming0 S p r i n g  i s  u n c e r t a i n .   T h i s  mound of l a v a s ,   a b o u t  1 0 0  

m t h i c k ,   c o u l d  be a small   endogenous dome. 
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I n  t h e   w e s t e r n   S o c o r r o   M o u n t a i n s ,   t h e   p h e n o c r y s t   r i c h  

r h y o l i t e   l a v a s   g e n e r a l l y   w e a t h e r   t o  a medium-light  gray or  a 

l ight-brownish-gray  color .   Ledgy  outcrops are  common above 

the   su r round ing  c l i f f s .  Large  areas   mant led  by a c o l l u v i a l  

s o i l   ( p l .  I) o f   s u b a n g u l a r   l a v a   b l o c k s   i n  a reddish-brown, 

muddy-sand matrix may r e p r e s e n t  areas i n c o m p l e t e l y   s t r i p p e d  

of t h e i r   i n f e r r e d   o r i g i n a l   c o v e r   o f   p l a y a  muds. 

Flow l a y e r i n g  i s  most   p rominent ly   deve loped   in   the  

ou te r   r eaches   and   l ower   po r t ions   o f   t he   f l ows ,   wh ich  a lso 

t e n d   t o   b e  less p o r p h y r i t i c .  Near t h e   v e n t   a r e a s ,   t h e   l a v a s  

become t h e  most p h e n o c r y s t   r i c h  (30-35 p e r c e n t )   a n d   t e n d   t o  

have a dense,   massive  appearance.  Here, t h e   l a v a s   o f t e n  

weather t o  rounded ,   g ran i t i c - look ing   ou tc rops .  Nearly a l l  

of t h e   p h e n o c r y s t - r i c h   r h y o l i t e s   a r e   l i t h o i d a l ;   s p h e r u -  

l i t i c  d e v i t r i f i c a t i o n  i s  common. However, o n e   l a r g e   a r e a  

o f   g ray   and   b l ack   v i t rophyr i c   b recc i a   has   been   obse rved  

southwest of J e j e n e s  H i l l  ( p l .  1); t h i s   o u t c r o p  i s  b e l i e v e d  

t o   r e p r e s e n t  a b a s a l   f l o w  breccia. 

Len t i cu la r   and   i r r egu la r - shaped   xeno l i th s   o f   r ed   ho rn -  

fe l sed   muds tone  are  commn i n   t h e   p h e n o c r y s t - r i c h   r h y o l i t e  

lavas near  Doming0 Spr ing .  Most o f   t h e   i n c l u s i o n s  are a 

f e w  c e n t i m e t e r s   l o n g   b u t  a f e w  are more than   one  meter long. 

The   muds tone   xenol i ths  are  t y p i c a l l y   c o n c o r d a n t  wi th  flow 

f o l i a t i o n .  Some we l l - indura t ed  red muds similar i n  appear- 
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ance  t o  t h e   x e n o l i t h s   o c c u r   i n   c o n j u g a t e   f r a c t u r e s   a n d   n a y  

be c l a s t i c  d ikes .  

Outcrops  of t h e   p h e n o c r y s t - r i c h   r h y o l i t e   a t   t h e   S i g n a l  

F lag   vent   complex  west o f  Cook Spr ing   have  a v a r i a b l e   t o p o -  

graphic   express ion ,   which  may b e   r e l a t e d   t o   d i f f e r e n t i a l  

u p l i f t . a n d  downwarping   a long   the   range   bounding   fau l t   zone .  

Immediately west of Cook Spr ing ,   t he   phenoc rys t - r i ch   rhyo-  

l i t e  o u t c r o p s   c l e a r l y   h a v e   t h e   g e o m e t r y  of a n   e a s t - t i l t e d  

l a v a  flow; h e r e   t h e y  are o v e r l a i n   b y   s i m i l a r l y   d i p p i n g   c o n -  

g lomera t ic   sands tones   (Tpkr)   and   muds tones   (Tpkp)   o f   the  

uppe r   Popo tosa   Fo rma t ion .   Fu r the r   ups lope   t o   t he  west, t h e  

same phenocrys t - r i ch   rhyo l i t e s   fo rm  th ree   s t eep - s ided   knobs  

represent ing   e roded   p lug   domes .  The l a v a   o u t c r o p s  immed- 

i a t e l y  surrounding these knobs  appear   to   be  remnants   of  

n e a r l y   h o r i z o n t a l   f l o w s .  T h e  bases of t h e  two knobs  south 

o f   t h e   S i g n a l   F l a g  are  e v i d e n t l y   e r o d e d  t o  a l e v e l   t h a t  i s  

a t ,  o r  v e r y   n e a r   t o ,   t h e  l a te  Miocene  surface  onto  which 

t h e s e  lavas were e x t r u d e d .   T h i s  is  i n d i c a t e d  by t h e  flow 

l a y e r i n g ,   w h i c h   l o c a l l y   f a n s   o u t w a r d s   t o   s u b h o r i z o n t a l  a t t i -  

t u d e s  a t  t h e  base o f   t he   knobs .  

' Flow f o l i a t i o n s   i n   t h i s  area are p r i m a r i l y   d e f i n e d   b y  

v a r y i n g   d e g r e e s  of v e s i c u l a t i o n   o f   t h e   l a v a s   a l o n g   s h e a r  

p l a n e s .  Some v e s i c u l a r   l a y e r s  are qui te   wide   and  may rep-  

r e s e n t  pods of magma wi th  a s l i g h t l y   g r e a t e r   o r i g n a l   v o l a -  
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t i l e  c o n t e n t .   T h i s   r e l a t i o n s h i p  i s  well exposed i n  road 

c u t s   l e a d i n g   t o   t h e   S i g n a l   F l a g  area. Here, dense  flow 

bands   and   ves icu lar   (pumiceous)  flow bands,  a meter o r  more 

i n   t h i c k n e s s ,  form n e a r l y  v e r t i c a l  a l t e r n a t i n g   l a y e r s   t h a t  

are  r e s p e c t i v e l y   l i g h t   g r a y   a n d   w h i t e   i n   c o l o r .  The  pumi- 

c e o u s   b a n d s   l o c a l l y   c o n t a i n   s m a l l   l e n s e s  of dense   mater ia l  

and   the   dense   bands  may c o n t a i n   t h i n   v e s i c u l a t e d   l e n s e s .  

On weathered surfaces t h e  punky ves i cu la r   f l ow  l aye r s   fo rm 

recesses, which o f t e n   t e n d   t o   g i v e   t h e   o u t c r o p s  a r ibbed  

appea rance .   Th i s   l oca l  phenomena of d i f f e r e n t i a l   w e a t h e r i n g  

of flow l a y e r s   i n   t h e   p h e n o c r y s t - r i c h   r h y o l i t e   h a s  combined 

( i n  a c h a n c e   c i r c u m s t a n c e )   w i t h   t h e   r e l a t i v e l y   r e c e n t  

development  of a l a r g e   l a n d s l i d e   s c a r p   t o   p r o d u c e   a n   e x c e l -  

l e n t   e x p o s u r e   o f   t h e   l a r g e   f l o w  fo ld  shown h e r e   i n   f i g u r e  

Two small exposures   o f   wh i t e  a i r - fa l l  t u f f s  ( T s r t ) ,  

a b o u t  5-10 m t h i c k ,  are  l o c a l l y   e x p o s e d  a t  t h e   b a s e   o f   t h e  

phenoc rys t - r i ch  lava flows i n   t h e  area sou thwes t   o f   t he   S ig -  

na l   F l ag .   These   bedded   t u f f s   con ta in   abundan t   wh i t e  pumice 

l a p i l l i ,  which are c h a r a c t e r i z e d  by sparse but   conspicuous 

b l a c k  b io t i t e  a n d  g l a s s y   q u a r t z   p h e n o c r y s t s   i n   a d d i t i o n  t o  

less obv ious   f e ldspa r   phenoc rys t s .  Similar b i o t i t e   a n d  

qua r t z -bea r ing  t u f f  beds   have   been   observed  a t  s e v e r a l  

i s o l a t e d   o u t c r o p s   w h e r e   t h e y  are i n t e r h e d d e d   i n   t h e  
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Figu-re 31. Large  recumbent flow f o l d   i n  the phenocrys t - r ich  
r h y o l i t e   u n i t   o f   t h e   S o c o r r o  Peak Rhyo l i t e .  The flow 
s t r u c t u r e  i s  l a r g e l y   e v i d e n t   t h r o u g h   d i f f e r e n t i a l  
w e a t h e r i n g   o f   r e s i s t a n t   ( d e n s e )  flow l a y e r s   a n 8  non- 
res i s tan t  ( v e s i c u l a t e d )  flow l a y e r s .   . T h i s   l a r g e  flow 
f o l d  may -be par t  of   an  endogenous dome ( v e n t   s t r u c t u r e )  
centered. t o   t h e  l e f t  of the   pho tograph .  A v e n t  s t ruc-  

however, i t s  r e l a t i o n s h i p  t o   t h e  above outc.rop i s  
t u r e  i s  r e c o g n i z e d   t o   t h e  l e f t  of t h i s  photograph; 

obscu red   by   minor (? )   pos t - l ava   f au l t i ng   and   t a lus  
d e p o s i t s .   T h i s  c l i f f  face is below and t o  t h e  east  of 
t he   S igna l   F l ag ,   bo th   o f   wh ich  are v is ib le  when e n t e r -  
i n g  Blue Canyon.  The vis ible  p o r t i o n  of t h e  c l i f f  is 

relative scale. 
a b o u t  45 m h igh ;   no te   bu l ldoze r  i n  fo reg round   fo r  

1, 
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upper   Popotosa   p laya   depos i t s .  The l o c a t i o n s   o f   t h e s e   t u f f  

b e d s ,   t e n t a t i v e l y   a s s i g n e d   t o   t h e   p h e n o c r y s t - r i c h   r h y o l i t e  

u n i t ,  are shown o n   f i g u r e  2 9 .  

A t  t h e   n o r t h e a s t   c o r n e r   o f  " 6 0 0 1 "  Mesa i s  a 

small, b u t   p r o m i n e n t ,   i s o l a t e d   k n o b  of phenocrys t - r ich   rhyo-  

l i t e .  This   knob i s  c l e a r l y   e x p o s e d  a t  a d e e p e r   e r o s i o n  

level t h a n   t h e   p l u g  domes t o   t h e  east  o f   he re .  I t  e x h i b i t s  

a s h a r p   i n t r u s i v e   c o n t a c t   w i t h  the r h y o l i t e  of Blue Canyon 

and i s  t h e r e f o r e  shown  on t h e   g e o l o g i c  map as a n   i n t r u s i v e  

neck ( T i r ,  p l .  1). Both t h i s  small i n t r u s i v e   n e c k   a n d   t h e  

p lug  dome due west of   Socorro   Spr ing  are  hydro the rma l ly  

a l t e r e d .  Hematite h a s   s t a i n e d   t h e s e   i n t r u s i v e s   a n   a n o m a l o u s  

r e d d i s h - o r a n g e   c o l o r   a n d   p l a g i o c l a s e   p h e n o c r y s t s   i n  them 

are  r e p l a c e d  by c h a l k y   c l a y .  The a l t e r e d   p l a g i o c l a s e  pheno- 

c r y s t s   w e a t h e r   o u t   t o   g i v e   t h e   o u t c r o p s  a vuggy o r  pseudo- 

v e s i c u l a r   a p p e a r a n c e ;   t h i s  i s  p a r t i c u l a r l y   n o t i c e a b l e  a t  

t h e   s m a l l e r   i n t r u s i v e   n e c k .  Even  where a l t e r e d ,   t h e  l a t e  

M i o c e n e   p h e n o c r y s t - r i c h   r h y o l i t e s  are r e a d i l y   d i s t i n g u i s h e d  

f r o m   n e a r b y   o u t c r o p s   o f   t h e   O l i g o c e n e   r h y o l i t e   o f   B l u e  

Canyon  by t h e   p r e s e n c e   o f   b l a c k   b i o t i t e   p h e n o c r y s t s ;   a l s o  

q u a r t z   p h e n o c r y s t s  are l a r g e r   a n d   m o r e   a b u n d a n t   i n   t h e  

y o u n g e r   r h y o l i t e .  

Handspecimens of l a v a s  from the   phenoc rys t - r i ch   rhyo-  

l i t e  n o r m a l l y   c o n t a i n   a b o u t  15-35 p e r c e n t   p h e n o c r y s t s .  



T-2274 328 

B o t h   s a n i d i n e   a n d   p l a g i o c l a s e   g e n e r a l l y   o c c u r  as  f r e s h ,  

clear t a b u l a r  crystals ,  making  them q u i t e   d i f f i c u l t  t o  d i f -  

f e r e n t i a t e   i n   h a n d s p e c i m e n .  T h e  f e l d s p a r s   t y p i c a l l y  make 

up mre t h a n   t w o - t h i r d s   o f   t h e   t o t a l   p h e n o c r y s t s ;   t h e  

r e m a i n d e r   c o n s i s t s   o f   s u b h e d r a l   t o   r o u n d e d   q u a r t z   a n d   b l a c k  

b i o t i t e   f l a k e s .   Q u a r t z   t e n d s   t o   b e   l a r g e r   a n d  mre abundant 

a t  the   S igna l   F lag   complex ,   where  it f o r n s   a s  much a s  5 per- 

c e n t   o f   t h e   r o c k s .   S p e c i m e n s   f r o m   t h e   o u t e r   e d g e s   o r  bases 

of t h e s e   f l o w s   ( T a b l e  7 ,  no.   76-6-3)   general ly   contain smal- 

ler phenocrys ts   and  less t o t a l   p h e n o c r y s t s   t h a n   t h e   b u l k   o f  

t h e s e   f l o w s .   P u m i c e   l a p i l l i   i n   r e l a t e d   t u f f s  may a p p e a r   t o  

be on ly   modera t e ly   po rphyr i t i c   because  of t h e i r   r e l a t i v e l y  

low d e n s i t y .  

I n   t h i n   s e c t i o n ,  homogeneous  sanidine  phenocrysts are 

c l e a r l y  mre a b u n d a n t   o r   s u b e q u a l   i n  volume t o  f i n e l y   a l b i t e  

twinned   and   zoned   p lag ioc lase   phenocrys ts .   Sanid ine   usua l ly  

o c c u r s  as s t u b b y ,   e u h e d r a l ,   s i n g l e   c r y s t a l s   a n d   c a r l s b a d  

t w i n s  are r e l a t i v e l y  rare. Tabular   and   subequant   p lag io-  

clase phenoc rys t s  commonly e x h i b i t   o s c i l l i a t o r y   z o n i n g ,  

which i s  s u p e r i m p o s e d   o n   c r y s t a l s   t h a t   o v e r a l l  are  b road ly  

and  normally  zoned. The t o t a l   r a n g e  of p lag ioc lase   composi -  

t i o n   i n   o n e   s p e c i m e n  may vary  f rom calcic t o   s o d i c   a n d e s i n e  

(An50-An30); however, i n d i v i d u a l   c r y s t a l s   e x h i b i t  Smaller 

v a r i a t i o n s   u s u a l l y   o f  less t h a n  1 0  p e r c e n t   a n o r t h i t e .  
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weakly  zoned  sodic  andesine is typical of  the  most  crystal- 

rich  samples.  Spongy  resorbtion  textures  are  rare or absent 

in  plagioclases of the  phenocryst-rich  rhyolite  unit. 

Rounded and embayed  quartz  phenocrysts  are  common  and 

generally  comprise  from  2 to 5 percent  of  the  phenocryst- 

rich  rhyolites. Both  reddish-brown and  greenish,  pleochroic 

biotite  occur,  but  the  former is more  common. Eiotite is 

slightly  less  abundant  than  quartz  in  most  samples  and  forms 

about 1-3 percent  of  the rock.  Hornblende,  sphene,  zircon, 

and  Fe-Ti  oxides are cormonly  observed  in  trace  amounts  as 

microphenocrysts in a  cryptocrystalline  or  spherulitically 

devitrified  groundmass.  Perlitic  structure,  indicative  of 

a  significant water  content, is commonly  well  developed  in 

the  vitrophyric  samples. 

Analyses of rocks  assigned  to  the  phenocryst-rich  rhyo- 

lite  unit (Table 7, no.  76-6-3,  76-6-2a,  and  76-6-2b)  have 

indicated  a  range  from  low-silica  to  high-silica  rhyolite 

(70 to  76  percent  Si02). Sample no.  76-6-2a,  which  contains 

about  75  percent Si02, is probably  the  most  representative 

of  the bulk of the phenocryst-rich  lavas. 

A sample of the phenocryst-rich  rhyolite  from  bulldozer 

cuts at the Signal  Flag  has  yielded  a  biotite  K-Ar age of 

10.550.4  m.y. (Appendix B). Similar  phenocryst-rich  lavas 

in  the  western  Socorro  Mountains  may  be  somewhat  younger. 
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A b i o t i t e   s e p a r a t e  from a sample c o l l e c t e d   a t   t h e   l a r g e  

v i t r o p h y r i c   s l i d e b l o c k  (Qlr, p l .  1) of t h e   o l d   r a i l r o a d  

q u a r r y   i n   S o c o r r o  Canyon ( f i g .   3 )   h a s   y i e l d e d  a K - A r  age  of  

9 .OtO.4  m.y. (Appendix B ) .  T h i s  s l i de  block was m o s t   l i k e l y  

de r ived   f rom  the   ou te r   marg in  of t h e  "6633"  Peak  domal flow 

( f i g .  2 9 ) .  The 1 0 . 5  t o  9 . 0  m.y. age   range  fo r  t h e  

p h e n o c r y s t - r i c h   r h y o l i t e  i s  i n   g e n e r a l   a c c o r d a n c e   w i t h   t h e  

a s s i g n e d   s t r a t i g r a p h i c   p o s i t i o n  of t h i s   u n i t ,  which i s  above 

t h e   r h y o d a c i t e   u n i t   a n d   t h e   q u a r t z   l a t i t e - r h y o l i t e   u n i t .  

The l a t te r  u n i t s   h a v e   g i v e n   s e e m i n g l y   r e l i a b l e   a g e s   r a n g i n g  

f ron  11.9 t o  10.3 m.y. Some o f   t h e   p h e n o c r y s t - r i c h   r h y o l i t e  

lavas may have   been   e rup ted   con temporaneous ly   w i th   t he  less 

s i l i c i c  flows; no s t r a t i g r a p h i c   e v i d e n c e  i s  a v a i l a b l e  t o  

r e f u t e   t h i s   p o s s i b i l i t y .  

P h e n o c r y s t - p o o r   r h y o l i t e   u n i t  

R o c k s   o f   t h e   p h e n o c r y s t - p o o r   r h y o l i t e   u n i t  of t h e  

Socorro  Peak  Rhyol i te  are c h a r a c t e r i z e d   b y  less t h a n  two 

p e r c e n t   p h e n o c r y s t s   c o n s i s t i n g  of p l a g i o c l a s e ,   s a n i d i n e ,  

qua r t z   and  b io t i t e .  As d e f i n e d   h e r e ,   t h i s   u n i t  i s  synony- 

mous w i t h   t h e  7.4-m.y.-old  (Appendix B) r h y o l i t e   v i t r o p h y r e  

dome a t   t h e   G r e f c o  perli te mine  and a su r round ing   cogene t i c  

p y r o c l a s t i c   h o r i z o n   ( f i g .   2 9 ) .  The s a l i e n t   f e a t u r e s   o f  this 

small body  (about  0 .05  km ) of h i g h - s i l i c a   r h y o l i t e  lava 3 
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(Table  7,  no. 77-5-4) were well -descr ibed  by Weber (1963b) .  

Some new i n t e r p r e t a t i o n s  of t h e   s t r a t i g r a p h i c   r e l a t i o n s h i p s  

o f   t h i s   e c o n o m i c a l l y   i m p o r t a n t   l a v a  dome, and   the  new K-Ar 

date   ment ioned  above,  may be c o n s i d e r e d   a s   a n  update on 

Weber 's   fundamental   report .  The G r e f c o   p e r l i t e  dome, which 

i s  t h e   y o u n g e s t   d a t e d   r h y o l i t e   i n   c e n t r a l  N e w  Mexico,  pro- 

v ides   an   approximate   upper  limit on  playa  (bolson)   sedimen- 

t a t ion   o f   t he   Popo tosa   Fo rma t ion   and  a rough  lower limit on 

t h e   i n i t i a t i o n   o f   f l u v i a l   ( a n c e s t r a l   R i o   G r a n d e )   s e d i m e n t a -  

t i o n   o f   t h e   S i e r r a   L a d r o n e s   F o r m a t i o n .  

The g e n e r a l   s t r a t i g r a p h i c   a n d   s t r u c t u r a l   r e l a t i o n s h i p s  

o f   t h e   G r e f c o   p e r l i t e  dome ( T s r )  and a r e l a t e d   a i r - f a l l   t u f f  

ho r i zon  ( T s r t )  are i l l u s t r a t e d   i n   c r o s s   s e c t i o n  F-F' of 

P l a t e  2 .  The  area  around the  Grefco  mine  provides  the most 

conspicuous  example of i n t e r t o n g u i n g  of the   Socor ro   Peak  

Rhyo l i t e   and   t he   uppe r   Popo tosa   Fo rma t ion   because   t h i s  lava 

dome i s  o n l y   p a r t i a l l y  exhumed from  under a cover  of younger 

Popotosa  sedimentary s t ra ta .  

The c o n t a c t   r e l a t i o n s h i p s   b e t w e e n   t h e   l a v a  dome ( T s r )  

and i t s  c o g e n e t i c   t u f f  bed ( T s r t )  are l a r g e l y   c o n c e a l e d  by 

younger   sedimentary facies o f  t h e  Popotosa  Formation  (Tpkp, 

Tpke,  Tpkr) ,   which  bury  the steep f l a n k s  of t h e  dome. How- 

ever, a t  a small e x p o s u r e   o n   t h e   s o u t h  side of t h e  dome, t h e  

b r e c c i a t e d  base of t h e   g l a s s y  flow a p p e a r s  t o  have  banked 
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o n t o  a nor th- fac ing ,   modera te ly   d ippin .g   s lope  a t   t h e  top 

of t h e  massive whi t e  t u f f .  The same lava - tu f f   con tac t   on  

t h e   n o r t h   s i d e   o f   t h e  dome h a s   b e e n   l a r g e l y   o b s c u r e d   b y  

debr i s   f rom  min inq   ope ra t ions .  

The t u f f   h o r i z o n   a s s o c i a t e d   w i t h   t h e   G r e f c o  dome forms 

numerous  discontinuous  outcrops  between  Socorro  Canyon  and 

Socorro   Spr ing .  The g e n e r a l   d i s t r i b u t i o n   o f   t h e s e   o u t c r o p s  

i s  shown  on f i g u r e  29 .  T h i s   h o r i z o n   a p p a r e n t l y   t h i n s  away 

from t h e   v e n t   a r e a :   a b o u t  1 km west of   the   Grefco   mine  it 

i s  a b o u t  6 0  m t h i c k ,   a b o u t   1 . 5  km nor th   o f   t he   mine  a t  

Socorro   Spr ing ,  it i s  less t h a n  25 m t h i c k .  I t  g e n e r a l l y  

c r o p s   o u t  as creaFy  whi te   l edges   and  slopes c o n s i s t i n g  of 

modera t e ly   we l l - indura t ed  l a p i l l i  t u f f .  Pumice l a p i l l i  and 

t h e   t u f f a c e o u s  matrix are  p a r t i a l l y   a l t e r e d   t o   w h i t e   c l a y  

i n  most   outcrops.   Angular   f ragments  of l i g h t - g r a y   r h y o l i t e  

v i t r o p h y r e ,   p e t r o l o g i c a l l y   e q u i v a l e n t   t o   t h e   p h e n o c r y s t - p o o r  

Grefco dome l a v a s ,  are  common a n d   d i s t i n g u i s h   t h i s   t u f f   f r o m  

o t h e r   t u f f   u n i t s   ( f i g .  23)  a s s i g n e d   t o   t h e   S o c o r r o   P e a k  

R h y o l i t e .   O t h e r   t y p e s  of l i t h i c   f r a g m e n t s   i n c l u d e  a pale- 

r e d   l i t h o i d a l   e q u i v a l e n t  of t h e   G r e f c o  lava, non-indurated 

r e d   c l a y s t o n e s ,   a n d  sparse acc iden ta l   f r agmen t s  of older 

volcanic rocks .  Some clasts o f   r e d   c l a y s t o n e ,  as much as 

1.5 m l ong ,   have   been   obse rved   i n   ou tc rops   w i th in   one   k i lo -  

meter t o   t h e   n o r t h   a n d  west of t h e   G r e f c o   m i n e   ( f i g .  3 2 ) .  



The s i z e   o f   t h e s e   s o f t   p l a s t i c  mud f r a g m e n t s ,   c l e a r l y  

r e p r e s e n t i n g   a i r - f a l l   d e b r i s ,   a t t e s t s   t o   t h e   p r o x i m i t y   o f  

t h e   s o u r c e   v e n t .  

L i t h i c   f r a g m e n t s   s i m i l a r   t o   t h e   h o r n b l e n d e   r h y o d a c i t e  

u n i t  of t h e   S o c o r r o  Peak Rhyol i te   have   ra re ly   been   observed  

i n  t h e   l o n g   o u t c r o p  of bedded   tu f f   southwes t   o f   the   Grefco  

m i n e .   T h i s   o b s e r v a t i o n   i n d i c a t e s   t h a t   t h e   l a r g e  body of  

i n t r u s i v e   r h y o d a c i t e   ( T i d )   i n   t h i s   a r e a  may b e   o l d e r   t h a n  

t h i s  t u f f .  The c o n t a c t   b e t w e e n   t h e s e   u n i t s   i n   t h e   a r r o y o  

f l o o r   ( p l .  1) i s  n o t  well exposed;   however ,   the   tu f f   does  

n o t   a p p e a r   t o  be h o r n f e l s e d   o r   u n u s u a l l y   a l t e r e d   h e r e .   I f  

t h e s e   o b s e r v a t i o n s   a r e   c o r r e c t ,   t h e n   t h e r e  seems t o   b e  a 

loca l   e ros iona l   unconformi ty   be tween  the   phenocrys t -poor  

r h y o l i t e   u n i t   a n d   t h e   h o r n b l e n d e   r h y o d a c i t e   u n i t   o f   t h e  

Socorro  Peak R h y o l i t e .   S o u t h   o f   S e d i l l o   S p r i n g ,   s m a l l  expo- 

s u r e s   o f   t h e   t u f f   r e l a t e d   t o   t h e   G r e f c o  dome, which a r e  sur -  

rounded  by  alluvium, may have  lapped  unconformably  onto  an 

eroded  block  of   lower   Popotosa  conglomerates   (Tpsd) .   In  

marked c o n t r a s t ]   t h e   t u f f   e x p o s u r e s  west of  the  Grefco  mine 

and a t  Socor ro   Sp r ing   a r e   con fo rmab ly   i n t e rbedded   w i th in  

t h e   u p p e r   P o p o t o s a   s t r a t a .  

The t u f f  related t o   t h e   G r e f c o  dome a p p e a r s   t o   g r a d e  

l a t e r a l l y  from a n o n - s o r t e d ,   c o a r s e   t u f f   b r e c c i a   a t   o u t c r o p s  

n e a r e s t   t o   t h e   m i n e ,   t o   t y p i c a l   w e l l - b e d d e d   a n d   s o r t e d  air-  
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f a l l   t u f f s   f u r t h e r  away from the   mine .  As mapped a t ' s o c o r r o  

S p r i n g ,   t h e   u p p e r   h a l f  of t h i s   u n i t   c o n s i s t s  of para l le l  

bedded   and   c ross   bedded   tu f faceous   sands tones   tha t  are well- 

indura t ed   w i th  s i l i ca  cement .   This   upper   por t ion  of t h e  

t u f f   h o r i z o n  may b e   e q u i v a l e n t   t o   t h e   v i t r o p h y r i c   s a n d s t o n e  

f a c i e s   ( T p k r )  of the  upper   Popotosa  Formation,   which  con-  

s i s t e n t l y   o v e r l i e s   t h e   a i r - f a l l   d e p o s i t s   a r o u n d   t h e   G r e f c o  

mine. In   compar ison   to   the   sands tones   near   the   mine ,   which  

are  g r a y ,   g r a n u l a r ,   a n d   g l a s s y ,   t h e   w h i t e   s a n d s t o n e  a t  

Socor ro   Sp r ing   con ta ins   mos t ly   sha rd - l ike   s and   g ra ins   pa r -  

t i a l l y   a l t e r e d  t o  w h i t e   c l a y .  

T h e   g e n e r a l   f e a t u r e s   o f   t h e   G r e f c o  perli te body, as  

p rev ious ly   desc r ibed   by  Weber (1963b) ,   and   t hose  shown on  

t h e   g e o l o g i c  map ( p l .  1) b o t h   l e a d   t o   t h e  same conc lus ion ,  

namely t h a t  it i s  a s i l i c i c  l ava  dome. However, some 

a s p e c t s   o f   t h e   g e o m e t r y  of t h e  dome are  n o t   e n t i r e l y  c lear ,  

p a r t i c u l a r l y   a l o n g   t h e  west s ide   where  most o f   t h e   c o n t a c t  

r e l a t i o n s h i p s  are masked  by  colluvium.  The  north  and  south 

marg ins   o f   t he  dome are overlapped  by v i t r i c  conglomera t ic  

s a n d s t o n e s   ( T p k r ) ;   t h e s e   s a n d s t o n e s  are d e s c r i b e d   i n   a n  ear- 

l i e r  s e c t i o n   o f   t h i s  report as a l o c a l  facies of t h e   u p p e r  

Popo tosa   Fo rma t ion   de r ived   f rom  e ros ion   o f   t he   g l a s sy  lava 

dome. Most o f  the  eas t e rn   boundary  of t h e  dome is  formed 

by   h igh -ang le   no rma l   f au l t s   wh ich   j ux tapose   t he   l ava   aga ins t  
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younger   sedimentary  rocks  of   the   upper   Popotosa  and 

Sier ra   Ladrones   Format ions .  The s p a t i a l   r e l a t i o n s h i p s   o f  

t h e  lava ou tc rops   a long   t he   poor ly   exposed   wes t e rn   f l ank  of 

t h e  dome ( p l .  1 ) i n d i c a t e   t h a t   t h i s  i s  a s t e e p l y   d i p p i n g  

c o n t a c t .  Weber (1963b,  p. 1 4 4 )  p r e v i o u s l y   d e s c r i b e d   t h e  

per l i te  dome a s   " o c c u p y i n g   t h e   p o s i t i o n   o f  a h o r s t   b l o c k "  

a n d   i n t e r p r e t e d   t h e   w e s t e r n   c o n t a c t   a s  a down-to-the-west 

f a u l t .  Even  though  exposures are p o o r   h e r e ,   t h e  map rela-  

t i o n s h i p s   o f   t h e   s u r r o u n d i n g   P o p o t o s a   s t r a t a   ( p l .  1) do  no t  

i n d i c a t e   a n y   s i g n i f i c a n t   d i s p l a c e m e n t   a l o n g   t h i s   w e s t e r n  

c o n t a c t .  The  v i t r i c  s a n d s t o n e   ( T p k r )   t h a t  flanks t h e  dome 

o n  i t s  north  and  south  end also o c c u r s  a t  t h e  same or  h i g h e r  

e l e v a t i o n s  west o f   t h e  dome. T h e r e f o r e ,   t h i s  western con- 

t a c t  i s  h e r e   i n t e r p r e t e d  as t h e   o r i g i n a l   s t e e p   f l a n k  of t h e  

dome,  somewhat modi f ied   by   e ros ion   and  la te r  b u r i e d  by upper 

Popotosa   sed imentary   un i t s .  

The geometry of t h e   b a s e  of t h e   G r e f c o  dome i s  i t s  

least  c e r t a i n   a s p e c t .  As a n   a l t e r n a t i v e   t o   t h e  f l a t -  

bottomed  flow shown i n  cross s e c t i o n  ( p l .  2 ,  F - F ' ) ,   t h e   b a s e  

of t h e  dome may be  more  saucer-shaped,  and  the  domal flow 

may be l a r g e l y   r e s t r i c t e d   t o   t h e   i n w a r d - f a c i n g   s l o p e s  of an  

unde r ly ing   t u f f   cone .   The   s ing le .obse rva t ion   o f   an   i nward  

d ipping   base   on   the   f low a t  i ts  s o u t h   e n d   s u p p o r t s   t h e  l a t -  

ter  i n t e r p r e t a t i o n .  
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The  main  hody  of  the dome i s  r o u g h l y   r e c t a n g u l a r   i n  

p l an  view, measuring  about  850 m f r o m   n o r t h   t o   s o u t h   a n d  

about  550 m from east  t o  west. Topographic r e l i e f  a c r o s s  

t h e   o u t c r o p  is approximate ly   115  m; t h i s  i s  c o n s i d e r e d   t o  

be minimum t h i c k n e s s   f o r   t h e  domal f low.   Inc luding  i n f e r -  

r e d  u n d e r l y i n g   i n t r u s i o n s ,   t h e   p r e s e n t  volume  of t h e   G r e f c o  

dome i s  e s t i m a t e d   t o   b e   a b o u t  0 .05  km . 3 

The r h y o l i t e   v i t r o p h y r e   l a v a   o f   t h e   G r e f c o  dome i s  

m o s t l y   l i g h t   g r a y   o n   f r e s h   s u r f a c e s   a n 2   w e a t h e r s   t o  resis- 

t a n t  b l o c k y   o u t c r o p s   t h a t   a r e  medium g r a y   o r   l i g h t   b r o w n i s h  

gray .  Flow l a y e r i n g  i s  conspicuous  throughout  t h e  dome and 

. gene ra l ly   appea r s   t o   be   fo rmed   by   t he   deve lopmen t  of l i n e a -  

t ed   and   s l i gh t ly   pumiceous   bands   a long   shea r   p l anes .  Con- 

c e n t r i c   p a t t e r n s  of s t e e p l y   d i p p i n g   f o l i a t i o n s   s u g g e s t   t h e  

p re sence  of v e n t   s t r u c t u r e s   u n d e r   t h e   n o r t h w e s t   a n d   s o u t h  

east  c o r n e r s  of t h e  lava dome; however ,   the  l a t t e r  s t r u c t u r e  

i s  less c o n s t r a i n e d   a n d  i s  cons ide red  less c e r t a i n .  

As p o i n t e d   o u t   b y  Weber ( 1 9 6 3 ,  p. 1 4 4 ) ,  most of t h i s  

r h y o l i t e   v i t r o p h y r e   l a v a   d o e s   n o t   d i s p l a y   a n   o n i o n - s k i n  per- 

l i t i c  s t r u c t u r e ,   r a t h e r  it n o r m a l l y   a p p e a r s   t o  be a s l i g h t l y  

pumiceous   g l a s s   con ta in ing  less t h a n  2 p e r c e n t   p h e n o c r y s t s .  

Thus t h e   t e r m  pe r l i t e  i s  used i n   a n   i n d u s t r i a l   s e n s e ,  

b e c a u s e   t h i s   w a t e r - r i c h   g l a s s   c a n  be p r o c e s s e d   i n   f u r n a c e s  

t o  form a r t i f i c i a l  pumice. Two s m a l l   o u t c r o p s  of pa le - red  
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l i t h o i d a l   r h y o l i t e   l a v a ,   a s s o c i a t e d   w i t h   p u m i c e o u s   l a y e r s  

al tered t o  whi t e   c l ay ,  were o b s e r v e d   i n  a r a v i n e   o n   t h e  

n o r t h e a s t   s i d e  of t h e  dome and a t   t h e   s o u t h w e s t e r n   c o r n e r  

o f   t h e  dome. The p o s i t i o n  of t h e s e   a t y p i c a l   o u t c r o p s   a n d  

a n   a s s o c i a t i o n   w i t h   s u b h o r i z o n t a l   f l o w   l a y e r i n g   s u g g e s t s  

t h a t   t h e y   o c c u r  very n e a r   t o   t h e  base of the   f l ow.  

The   Gre fco   pe r l i t e  dome a p p e a r s  t o  c o n s i s t   o f  a homo- 

oeneous,   very  phenocryst-poor lava t h r o u g h o u t   t h e  body. A 

random  sample  taken  f rom  the  ore   s tockpi le   (Table  7,  no. 

77-5-4) i s  c o n s i d e r e d   t o   b e   r e p r e s e n t a t i v e   o f   t h e   b u l k   o f  

the  lava dome. This   sample   conta ins   about  1 p e r c e n t  medium- 

t o  f ine-gra ined   phenocrys ts ,   mos t  of which are clear and 

i n c o n s p i c u o u s   i n   t h e   g l a s s y   g r o u n d m a s s .   I n   t h i n   s e c t i o n ,  

t a b u l a r   a n d  embayed c r y s t a l s   o f   s l i g h t l y  zoned   o l igoc la se  

(Anz5)   and  sanidine  appear  t o  be about   subequal   in   volume 

and  form  the  dominant   phenocrysts .  S m a l l ,  rounded  quartz  

c r y s t a l s  are about  f ive  times less abundan t   t han   t he   f e ld -  

spars. F ine   f l akes   o f   r edd i sh -b rown  b io t i t e  a r e   p r e s e n t   i n  

trace amounts i n   t h i s   s p e c i m e n ;   h o w e v e r ,   b i o t i t e   a p p e a r s  t o  

o c c u r   s p o r a d i c a l l y   i n   o u t c r o p s  a t  t h e   o p e n   p i t  area. 

. - Chemica l   ana lyses   repor ted   by  Weber (1963b, p. 1 4 4 )  

a n d   i n   t h i s   r e p o r t   ( T a b l e  7, n o .   7 7 - 5 - 4 )   i n d i c a t e   t h a t   t h e  

G r e f c o   p e r l i t e  dome i s  a h i g h - s i l i c a   r h y o l i t e   c o n t a i n i n g  

a b o u t  76 to 7 1  p e r c e n t  S i 0 2  as  an   anhydrous   rock .  The ear- 
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l i e r  a n a l y s i s   y i e l d e d  a water c o n t e n t  of about  3 . 6  p e r c e n t .  

T h e   s a m p l e   c o l l e c t e d   f r o m   t h e   o r e   s t o c k p i l e  a t  t h e  Grefco 

mill has   g iven  a K-Ar whole   rock   da te  of 7 . 4  m.y. T h i s  

age i s  i n  g o o d   a g r e e m e n t   w i t h   t h e   s t r a t i g r a p h i c a l l y   o l d e r  

phenocrys t - r ich  lavas a t  Cook Spr ing   da t ed  a t  1 0 . 5  m.y., 

a n d   t h e   o v e r l y i n g   b a s a l t  of S e d i l l o  H i l l  d a t ed  a t  4 . 0  m.y. 

(Bachman and  Mehnert ,   1978) .  

S i e r r a   Ladrones   Fo rma t ion  

Based  on  mapping of t h e  San Acacia quadrangle ,   about  

20 km n o r t h   o f   S o c o r r o   ( f i g .  2). ,  Machette ( 1 9 7 8 )  has   des ig -  

n a t e d   t h e   u p p e r   s u b d i v i s i o n   o f   t h e   S a n t a   F e  Group i n  central  

N e w  Mexico as the   S i e r r a   Ladrones   Fo rma t ion .  The format ion  

i s  de f ined  as  f o l l o w s   ( i b i d .  ) :  

"The S ie r r a   Ladrones   Fo rma t ion  of e a r l y   P l i o c e n e  
t o  m i d d l e   P l e i s t o c e n e   a g e  i s  h e r e  named f o r   t h e  
Sierra L a d r o n e s   ( l o w   f o o t h i l l s  of the   Ladron  Moun- 
t a i n s )   a n d   c o n s i s t s  of a l l u v i a l   f a n ,   p i e d m o n t  

d e p o s i t s   a n d  local ly  d e r i v e d   b a s a l t   f l o w s . "  
s l o p e ,   a l l u v i a l  f l a t ,  f l o o d p l a i n ,   a n d  axial  s t ream 

Only   t he  "axial  stream depos i t s "   (Mache t t e ,  1 9 7 8 ,  " W s a " ) ,  

synonomous w i t h   " d e p o s i t s  of t h e   a n c e s t r a l   R i o   G r a n d e " ,  

c l e a r l y   d i s t i n g u i s h   t h e   v a l l e y - f i l l   s e q u e n c e   o f   t h e  Sierra 

Ladrones   Format ion   f rom  the   bo lson   depos i t s  of the   unde r -  

lying  Popotosa  Formation.  Sands of t h e   a n c e s t r a l   R i o   G r a n d e  
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crop o u t   a l m o s t   c o n t i n u o u s l y   a l o n g   t h e   c o u r s e  of t h e   p r e s e n t  

Rio  Grande from as far  n o r t h  as San ta  Fe t o   s o u t h   o f  E l  Paso 

(Chapin  and  Seager,  1975;  Hawley,  1975; Bachman and  Mehnert, 

1 9 7 8 ) .   I n   n o r t h e r n  N e w  Mexico ,   these   anc ien t  r iver sands  

are i n c l u d e d   i n   t h e   u p p e r   b u f f  member o f   t h e  S a n t a  Fe Forma- 

t i o n  of Bryan  and McCann ( 1 9 3 7 ) .   I n   s o u t h e r n  N e w  Mexico 

and   Texas ,   t hese   f l uv ia l   s ands  are i n c l u d e d   i n   t h e  Camp Rice 

Forma t ion   o f   S t r a in  ( 1 9 6 6 )  and   o f   Seage r   and   o the r s  ( 1 9 7 1 ) .  

P r i o r   s t u d i e s   i n   t h e   S o c o r r o   r e g i o n   i n d i c a t e   t h a t   t h e  

a x i a l   s t r e a m   d e p o s i t s  of t h e  Sierra Ladrones  Formation  form 

a c o n t i n u o u s   s t r a t u m   i n   t h e   s u b s u r f a c e  of t h e  R i o  Grande 

Va l l ey   be tween   t he   t ype   a r ea  a t  San Acacia and  Socorro.  A s  

mapped by   DeBr ine   and   o thers   (1963,   f ig .  2 ,  "Tsfg")  , ' a x i a l  

r i v e r  sands   and   g rave l s "   o f   t he   " ances t r a l   R io   Grande"   fo rm 

a wide b e l t  of l o c a l l y   d i s c o n t i n u o u s   o u t c r o p s   p a r a l l e l i n g  

t h e  east  s i d e  of the  Rio  Grande  f rom  San Acacia t o  5 km 

south   o f   Socorro .   Al though  ind iv idua l   ou tcrops  are discon-  

t i n u o u s ,   t h e i r   b e l t - l i k e   d i s t r i b u t i o n   c o u p l e d   w i t h   t h e  

f l u v i a l   n a t u r e   o f   t h e   d e p o s i t  implies c o n t i n u i t y   i n   t h e  sub- 

s u r f a c e .  A mas tadon   j aw   and   ho r se too th   found   i n   t hese  

l i g h t - g r a y ,   a r k o s i c   f l u v i a l   s a n d s   i n   A r r o y o   d e  l a  P a r i d a  

(nea r   Johnson  H i l l ,  f i g .   2 )   h a v e   b e e n   a s s i g n e d  a l a t e  

Pliocene  (Blancan)  age  (Needham,  1936).  
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A s  descr ibed  by  Machet te  (19781, t he   r ema inde r  of t h e  

Sierra Ladrones Format ion   cons is t s   p redominant ly   o f  

p iedmont-s lope   depos i t s   genera l ly   der ived   f rom areas o f   t h e  

p re sen t -day   r anges .   In   t he   t ype  area, two u n i t s  of 

p i edmont - s lope   depos i t s   a r e   r ecogn ized  t o  i n t e r t o n g u e   w i t h  

and l i e  below or  above,   the  ax ia l  stream sands.  

I n   t h e   S o c o r r o  Peak v o l c a n i c   c e n t e r ,   c o r r e l a t i v e s   o f  

t h e  Sierra  Ladrones  Formation crop o u t   i n   l a r g e   p a t c h e s   o n  

t h e   n o r t h e a s t ,   s o u t h e a s t   a n d   s o u t h w e s t  flanks o f   t he   Socor ro  

M o u n t a i n s ;   r e s p e c t i v e l y ;   t h e s e   l o c a l i t i e s   a r e :   N o g a l  

(Escondida j Arroyo,   Socorro   Canyon  (a r royo) ,   and   Sedi l  l o  

H i l l .  Smaller isolated o u t c r o p s  of p iedmont-s lope   g rave ls  

a s s i g n e d   t o   t h e  Sierra Ladrones   Format ion   a l so   occur  a t  t h e  

east  and west margins   of   the   northern  Chupadera  Mountains ,  

near   Black  Canyon  and  a long  the  eastern  margin of t h e  mapped 

area, i n   t h e   S o c o r r o   B a s i n   ( f i g .  3 ) .  

I n   t h e   S o c o r r o  Peak a r e a ,   t h e  Sierra  Ladrones  Formation 

g e n e r a l l y  rests i n   a n g u l a r   u n c o n f o r m i t y   o n   s t r a t a  of t h e  

uppe r   Popo tosa   Fo rma t ion   o r   l oca l ly   on  older strata.  The 

t o p  of t h e   f o r m a t i o n  i s  p l aced  a t  t h e   b a s e  of t h i n   v e n e e r s  

of g r a v e l l y   a l l u v i u m  (Qoa), which rest  on   pediment   sur faces  

c u t  across poor ly   i ndura t ed  s t r a t a  of b o t h   t h e   u p p e r  Popo- 

tosa and t h e  Sierra Ladrones  formations.   These  pediment  

v e n e e r s   a r e   c o n s i d e r e d   t o  be o f   Qua te rna ry   age   because  of 
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t h e i r   g e o m o r p h i c   e x p r e s s i o n .  

Age limits of t h e  Sierra  Ladrones  Formation  are   not  as 

well d e f i n e d   i n   t h e   S o c o r r o   P e a k  area as t h e y  are i n   t h e  

type  area. The e a r l y   P l i o c e n e  t o  middle   P le i s tocene   age  

a s s i g n e d   t o   t h e   f o r m a t i o n   i n   t h e   t y p e   a r e a   ( M a c h e t t e ,  1 9 7 8 )  

i s  though t  t o  g e n e r a l l y   a p p l y   h e r e   a l s o .  The S i e r r a  

Ladrones   exposures  near Socor ro  Canyon are ev ident ly   younger  

t h a n  t h e  7.4-m.y.-old  Grefco dome a n d   o l d e r   t h a n   t h e   b a s a l t  

of S e d i l l o  H i l l  d a t ed  a t  4 . 0  m.y. by Bachman and  Mehnert 

( 1 9 7 8 ) .  Here, t h e   b a s a l t   o f   S e d i l l o  H i l l  l o c a l l y   u n d e r l i e s  

t h e   e r o d e d   t o p  of the   S i e r r a   Ladrones   Fo rma t ion ;   however ,  

a t  i t s  v e n t  area n e a r   S e d i l l o  H i l l ,  t h e s e   b a s a l t  flows occur  

a t  t h e  base of the   S i e r r a   Ladrones   Fo rma t ion .   Thus   t he   base  

of t h e   f o r m a t i o n  i s  c l e a r l y   n o t   e v e r y w h e r e   t h e  same age. 

The d i s t r i b u t i o n   a n d   t h i c k n e s s   o f   t h e  Sierra Ladrones 

F o m a t i o n  i s  p r i m a r i l y   c o n t r o l l e d   b y   v a r y i n g   a m o u n t s  of ero- 

s i o n   a n d   p r e s e r v a t i o n   a c r o s s   t i l t e d   f a u l t   b l o c k s .  The 

t h i c k e s t   p r e s e r v e d   s e c t i o n s  occur i n   t h e   S o c o r r o   a n d  L a  

J e n c i a   f a u l t   b l o c k   b a s i n s   ( f i g .  3 ) ,  which  have  been  super- 

i m p s e d  across t h e   o l d e r   b o l s o n  of the   Popotosa   bas in .  The 

t h i c k e s t   e x p o s e d   s e c t i o n ,   a b o u t  350 m t h i c k ,  crops o u t   i n  

t h e  Noga l   Ar royo   a r ea .   The   t h i ckness   o f   t he   S i e r r a   Ladrones  

Formation i n   t h e   S o c o r r o   b a s i n   e a s t  of Socorro  Peak i s  

unknown: it may be s i g n i f i c a n t l y   g r e a t e r   t h a n  350 m. 
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With in   t he   Socor ro   Peak   a r ea ,   t he   S i e r r a   Ladrones  For- 

mation g e n e r a l l y   c o n s i s t s  of a n  upward  coarsenin?  sequence 

of mud, s i l t ,  sand   and   grave ls  or t h e i r  weakly   indura ted  

e q u i v a l e n t s .   T h i s  upward c o a r s e n i n g  i s  i n d i c a t i v e  of a 

p r o g r e s s i v e   i n c r e a s e   i n   l o c a l   t o p o g r a p h i c  relief s i n c e  l a t e  

Miocene o r   e a r l y   P l i o c e n e  time ( a b o u t  7-4 m.y. ago) .   The  

o l d e r   ( m i d d l e  or e a r l y   P l i o c e n e )   f l u v i a l   d e p o s i t s  of t h e  

Sierra Ladrones   Format ion   do   no t   ind ica te   the   p resence   o f  

s i g n i f i c a n t  relief where the   node rn   Lemi ta r ,   Socor ro   and  

Chupadera  mountains now ex i s t  (see f i g .  3 3 ) .  However, t h e  

younger   p i edmont - s lope   g rave l s   o f   t he   S i e r r a   Ladrones  Forma- 

t i o n   c a n   b e   d i r e c t l y  re la ted t o   t h e  modern topography. 

, B o t h   t h e   i n c e p t i o n   o f   t h e   a n c e s t r a l   R i o   G r a n d e   a n d   t h e  

progress ive   topographic   deve lopment  of t h e  modern  mountain 

ranges  a t  Socorro   can   be   expla ined   by  a combination of 

r i f t i n g   a n d   c o n t e m p o r a n e o u s   e p e i r o g e n i c   u p l i f t  of t h e  

sou the rn  Rocky  Mounta ins   and   ad jacent   reg ions   s ince   about  

7 m.y. ago  (Chapin,   1978).   The writer b e l i e v e s   t h a t  epeiro- 

g e n i c   u p l i f t  is  the   p r imary   cause  for t h e   p r o g r e s s i v e   t o p o -  

graphic   development  of the   Socorro   Peak  area, s i n c e  local 

r if t  f a u l t i n g   i n   e a r l y   t o  l a te ,  Miocene time was n o t   a s s o c i a -  

ted   wi th   the   deve lopment  of s i g n i f i c a n t   t o p o g r a p h i c  relief 

( c f .  f i g .  2 6 ,  f i g .  3 3 ,  p l .  1). 

- 
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lower Sierra Ladrones Formation and basalt of Sedillo Hi l l  time 

I 107- 
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Figure  33. P a l e o g e o l o g i c   r a p  of the   Socor ro  Peak v o l c a n i c  
c e n t e r   i n   m i d d l e   P l i o c e n e   t i n e   s u m m a r i z i n g   d e p o s i t i o n a l  
r e l a t i o n s h i p s  of t h e  lower Sierra Ladrones  Formation 
and t h e   i n t e r b e d d e d   b a s a l t  of S e 2 i l l o  H i l l .  See  Plate 
1 for e x p l a n a t i o n   o f  map symbols. 

l p a l e o c u r r e n t   d i r e c t i o n  from G.F. Osburn (1979 ,  o r a l  commun.) 
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The Sier ra   Ladrones   Forpa t ion   has   beer .   d iv ided   here  

i n t o  t h r e e   s e d i m e n t a r y  facies:  1) a n , o v e r h n k  mud and s i l t  

f a c i e s  of t h e   a n c e s t r a l  Rio   Crande   (Ts lo) ,  2 )  a f l u v i a l  sand 

f a c i e s  of t h e   a n c e s t r a l  Rio  Grande ( T s l f )  , and 3 )  a 

p i e d m n t - s l o p e  facies  composed mainly of sandy   g rave l s  

de r ived  from adjacent   mounta in   ranges .  The b a s a l t   o f  

S e d i l l o  €511 (new name) ,   e rupted   about  4 m.y. ago  from  vents 

n e a r   S e d i l l o  H i l l ,  e x h i b i t s   r e l a t i o n s h i p s   i n d i c a t i n q   t h a t  

it i s  interbeddec? w i t h  t he   r i edmont - s lope   f ac i e s .  The 

g e n e r a l   r e l a t i o n s h i p s   o f   t h e s e   s e d i m e n t a r y   f a c i e s  immedi- 

a t e l y   a f t e r   t h e   e r u p t i o n  of t h e  b a s a l t   o f   S e d i l l o  H i l l  a r e  

sumnar i zed   on   f i gu re  33. S i n c e  t h a t  time, an  eastward  pro-  

g rad ing  wedge of p i edmnt - s lope   g rave l s   has   been   shed  from 

the   deve1opiP .g   Eocorro-Lemi tar   Mounta ins   caus inq   the   r iver  

t o  r e t r e a t  t o  t h e  east  and l a r g e l y   b u r y i n g   t h e   o l d e r   f l u v i a l  

s a n d s   i n   t h e   S o c o r r o   b a s i n .  A similar wedge o f   a l l u v i a l  

g r a v e l s   d e r i v e d  from t h e  eastern Magdalena  Mountains  also 

l a t e r   p r o g r a d e d   a c r o s s  th.e h a s a l t  of Sedi1l.o H i l l  a s   f a r  

east  a s  Black Mesa. The f o l l o w i n g   d e s c r i p t i o n s  of u n i t s   i n  

t h e  Sierra  Ladrones   For ra t ion  are gene ra l ly   a r r anged   f rom 

o l d e s t   t o   y o u n g e s t ,   w i t h   t h e   r e c o g n i t i o n   t h a t   t h e   a g e s   o f  
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Overbank  Facies   (Tslo)  

Reddish-brown to   l i gh t -b rown ,   weak ly   i ndura t ed   beds   o f  

mud, silt ,  and   s and ,   wh ich   l oca l ly   g rade  upward i n t o   d i s -  

t i n c t i v e   c h a n n e l   s a n d s  ( T s l f )  of the   ances t r a l   R io   Grande ,  

a r e   h e r e   i n t e r p r e t e d   a s   o v e r b a n k  or  f l o o d p l a i n   d e p o s i t s  

( T s l o )   o f   t h e   f l u v i a l   s y s t e m   a s s i g n e d   t o   t h e  Sierra 

Ladrones  Formation. As napped  here ,   the   overbank facies 

may b e   e q u i v a l e n t   t o   t h e   u p p e r m o s t   f i n e - g r a i n e d   p a r t   o f   t h e  

"p iedmont - s lope   and   a l luv ia l - f l a t   depos i t s "   o f   Mache t t e  

( 1 9 7 8 ,  "Tsp") . The r e l a t i o n s h i p   b e t w e e n   t h e   " a l l u v i a l - f l a t ' '  

a n d   " a x i a l - s t r e a m   d e p o s i t s "   i n   t h e   t y p e   a r e a  i s  u n c e r t a i n  

b e c a u s e   t h e   i n f e r r e d   c o n t a c t   b e t w e e n  them i s  not   exposed  

( i b i d ) .  The  overbank f a c i e s  i s  b e l i e v e d   t o   i n t e r f i n g e r  

l a t e r a l l y   w i t h   t h e   f l u v i a l  facies ( T s l f ) ' , ' a l t h o u g h   t h i s  rela- 

t i o n s h i p   h a s   n o t   b e e n   l o c a l l y   v e r i f i e d   b e c a u s e  of poor expo- 

sures .   DeBr ine   and   o thers  ( 1 9 6 3 )  have   r epor t ed   such   i n t e r -  

f i n g e r i n g  a t  t h e   e a s t   s i d e  of t h e   v a l l e y   n e a r   S o c o r r o .  

Korth of Nogal  Arroyo  approximately 6 0  m of t h e s e   f i n e -  

g r a i n e d  strata appear  t o  u n c o n f o r m a b l y   o v e r l i e   c l a y s t o n e s  

(Tpkp)   o f   t he   uppe r   Popo tosa .Forma t ion   and   unde r l i e  a grada- 

t i o n a l   c o n t a c t   w i t h   t h e   f l u v i a l   f a c i e s   ( T s l f ) . .  The a n g u l a r  

unconformity a t  t h e   b a s e  of the overbank f a c i e s  i s  o n l y  

r e a d i l y   a p p a r e n t   n e a r   t h e   n o r t h   b o u n d a r y   o f   t h e  map area. 

Here t h e   l i g h t e r   c o l o r e d   n o n - g y p s i f e r o u s   s i l t y  muds of t h e  
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o v e r b a n k   f a c i e s   t r u n c a t e  a r h y o d a c i t i c   m a r k e r   t u f f  ( T s r t )  

of the   Socor ro   Peak   Rhyo l i t e   and  i t s  enve lop ing   gyps i f e rous  

maroon c lays tones   (Tpkp)  . 
The d i s t i n c t i o n   b e t w e e n   f i n e - g r a i n e d   o v e r b a n k   d e p o s i t s  

o f   t h e  S ie r ra  Ladrones   Format ion   and   p laya   depos i t s   o f   the  

upper  Popotosa  Formation i s  n o t   e v e r y w h e r e   c e r t a i n ,   p a r t i c u -  

l a r l y  where t h e   d i s t i n c t i v e   f l u v i a l - f a c i e s   s a n d s  ( T s l f )  are 

n o t   a l s o   p r e s e n t .  As much as  6 m o f   t h i n -   t o  medium-bedded 

s i l t y  muds and   f i ne -g ra ined ,   f r i ab le ,   a rkos i c - look ing   s and-  

s tones   have   been   observed  o n  t h e   " u n d e r   s i d e "   o f   l a n d s l i d e  

b l o c k s   o f   t h e   b a s a l t   o f   S e d i l l o  H i l l  (Tbsh )   on   t he   no r th  

and  south flanks of   Black Mesa. E e c a u s e   o f   t h e i r   s i m i l a r i t y  

t o   a r k o s i c   s a n d s  of t h e  f l uv ia l  facies  ( T s l f )  and their  

a p p a r e n t   o r i g i n a l   s t r a t i g r a p h i c   p o s i t i o n ,   t h e s e   f i n e - g r a i n e d  

beds are t e n t a t i v e l y   a s s i g n e d  t o  the  overbank facies.  

s h o u l d   t h i s   c o r r e l a t i o n   b e  ver i f ied,  t h e n   t h e  limit of t h e  

ove rbank   f ac i e s  shown o n   t h e   s o u t h e a s t   p a r t   o f   f i g u r e  3 3 ,  

can  be moved westward  under  Black Mesa. 

Seve ra l  small o u t c r o p s  of reddish-brown,  non- 

g y p s i f e r o u s   m u d s t o n e   a n d   s i l t s t o n e  are exposed i n   t h e   o l d e r  

r o a d   c u t s   o n  the s o u t h  side o f  Highway S i x t y   a n d  i n  the 

upper   s lopes  of t h e   f l a t - b o t t o m e d   c a n y o n   f u r t h e r   s o u t h .  

The c o r r e l a t i o n  of t h e s e   i s o l a t e d   f i n e - g r a i n e d   o u t c r o p s  w i t h  

t h e  Sierra Ladrones   ove rbank   depos i t s  i s  cons ide red  t o  be 
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t h e  ms t  t e n u o u s ;   a l t e r n a t i v e l y   t h e s e   s m a l l   e x p o s u r e s   c o u l d  

r e p r e s e n t  a t r a n s i t i o n  between t h e  "Tpke"  and  "Tpkp" facies 

of. t he   uppe r   Popo tosa   Fo rma t ion .   In   t he   fu tu re ,   pe t ro -  

g g a p h i c   s t u d i e s  of s a n d s   i n   t h e   P o p o t o s a   a n d   S i e r r a   L a d r o n e s  

f o r m a t i o n s   c o u l d   r e s o l v e  some o f   t h e s e   c o r r e l a t i o n   p r o b l e m s .  

F l u v i a l  Facies ( T s l f )  

A s  u s e d   h e r e   t h e   " f l u v i a l  facies" ( T s l f )  i s  l a r g e l y  

e q u i v a l e n t  t o  t h e   " a x i a l - s t r e a m   d e p o s i t s "   o f   t h e   S i e r r a  

Ladrones  Formation  of  Machette (1978, "QTsa") . However, 

h e r e   t h e   f l u v i a l   f a c i e s   a l s o   i n c l u d e s  some d e p o s i t s   o f  a 

t r i b u t a r y  t o  t h e   t r u n k   s t r e a m   o f   t h e   a n c e s t r a l   R i o   G r a n d e  

( f i g .  3 3 ) .  The writer i s  i n d e b t e d   t o  Mike M a c h e t t e   f o r  

p o i n t i n g   o u t   t h e  similari t ies of t h e   s a n d  bodies n o r t h   o f  

Nogal  Arroyo t o  t h e   a n c e s t r a l   R i o   G r a n d e   s a n d s   n e a r   S a n  

Acacia v i a   f i e l d   e x c u r s i o n s   t o   b o t h  areas. 

The t r i b u t a r y   s u b f a c i e s ,   w h i c h  i s  u n d i f f e r e n t i a t e d   o n  

t h e   g e o l o g i c  map, c r o p s   o u t   m o s t l y  west o f   t h e  common l i n e  

be tween   s ec t ions  28 and 29 i n   t h e  Nogal  Arroyo area. The 

d i s t i n c t i o n   b e t w e e n   t r u n k  stream and   t r i bu ta ry   s t r eam  sub -  

f a c i e s  i s  b a s e d   o n   m i n o r   d i f f e r e n c e s   i n   p e b b l e   l i t h o l o g y  

a n d   p a l e o c u r r e n t   d i r e c t i o n s   i n   o t h e r w i s e  similar sand- 

s t o n e s .  
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The f l u v i a l  facies, i n   g e n e r a l ,   c o n s i s t s   p r e d o m i n a n t l y  

of   l ight-gray  sand  and f r iab le  sands tones   wi th  lesser 

volumes of pebbly   conglomera t ic   sands tones ,   and  rarely some 

muddy abandoned-channel f i l ls .  The  sands are f i n e  t o  coarse 

g ra ined ,   modera t e ly  well s o r t e d ,  medium t o   v e r y   t h i c k  

bedded,  and commonly c r o s s   b e d d e d   ( f i g .  3 4 ) .  F i n e   g r a i n e d  

sands   t end   t o   be  paral le l  l a m i n a t e d   a n d   l o c a l l y   e x h i b i t  

p a r t i n g   l i n e a t i o n s ;   w h e r e a s   c o a r s e   g r a i n e d   s a n d s   a n d   c o n -  

g lomera t i c   beds  commonly d i s p l a y   l a r g e - s c a l e   t r o u g h   c r o s s -  

bedding.  The  coarse  beds are  o f t e n   m o d e r a t e l y  well indu- 

r a t e d   w i t h   c a l c i t e  cement; therefore   fes toon-shaped   sand-  

s tone  out .crops  surrounded by slopes of l o o s e   o r   f r i a b l e  

sands are f a i r l y  common.  Some yel lowish-brown  l imonite  

s ta in ing   and   b lack   manganese  loca l ly  o c c u r   i n   a s s o c i a t i o n  

w i t h   s i l i c i f i e d   l o g s   i n   t h e   t r u n k - s t r e a n   d e p o s i t s .   S a n d s  

o f   t h e   f l u v i a l  facies  commonly h a v e   a n   a r k o s i c  appearance 

imparted by pink o r  r e d d i s h   g r a n i t i c ( ? )   f e l d s p a r s .  

A wide   va r i e ty   o f   sub rounded   vo lcan ic   pebb les ,  many of 

which a re   p robab ly   r ecyc led   f rom  modera t e ly   i ndura t ed  

Popotosa  fanglomerates   (Tpkf ,   Tplb,  e t c . ) ,  are commonly t h e  

dominant c las t s  i n   t h e   c o n g l o m e r a t i c   s a n d s   o f   f l u v i a l  

f a c i e s .   H o w e v e r ,   i n   t h e   t r u n k - s t r e a m - f a c i e s   c o n g l o m e r a t i c  

beds ;  mre t h a n  1 0  percent o f   t h e  clasts c h a r a c t e r i s t i c a l l y  

c o n s i s t  of smooth  well-rounded pebbles o f   q u a r t z i t e ,  
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F i g u r e  3 4 .  F l u v i a l   f a c i e s   s a n d s t o n e s  ( T s l f )  o f   t h e   S i e r r a  
Ladrones   Format ion   exhib i t ing   t rough  c ross   bedding  
commn i n   t h i s   u n i t .   P a l e o c u r r e n t   d i r e c t i o n  i s  
g e n e r a l l y  from le f t  to  r i g h t .  The s u r f i c i a l   l a g  of 
rounded   vo lcan ic   cobb les  i s  de r ived   f rom  loca l   de f l a -  
t i o n   o f  a sand.y  gravel  pediment  veneer  (Qoa)  underlying 
t h e   g r a s s y   s u r f a c e   b e h i n g   t h e   o u t c r o p .  H a m m e r  is 38  
cm long.   Locat ion is ahou t  0 .8  km north  of   Nogal  
Arroyo (SW c o r n e r ,  S E / 4 ,  SW/4, Sec. 2 1 ,  T2S, RlW). 
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g r a n i t e ,   a n d   c h e r t .   T h e s e  well rounded  pebbles ,   mos t   l ike ly  

from d i s t a n t   s o u r c e   a r e a s   t o   t h e   n o r t h ,  are  a b s e n t   i n   t h e  

t r i b u t a r y   s a n d s .  Red and   g reen i sh   non- indura t ed   c l ay   ba l l s  

are a l so   commn clasts i n   t h e   f l u v i a l   f a c i e s ;   t h e y   p r o b a b l y  

i n d i c a t e  l a t e ra l  scour ing   of   overbank  depos i t s   by   s inuous  

or   meandering  channels .  

Volcanic  clasts i n   t h e   t r i b u t a r y   f a c i e s  seem t o  be 

p r i m a r i l y   o f   l o c a l   o r i g i n .  Sparse amounts  of  yellowish-brown 

a l t e r e d  A-L Peak  Tuff c las ts  are a p p a r e n t l y   r e c y c l e d   p e b b l e s  

from the   upper   Popotosa   fanglomera tes   (Tpkf) .  Rare c l a s t s  

o f   r e d   v o l c a n i c   c o n g l o m e r a t e   o r   b r e c c i a ,   a p p a r e n t l y   d e r i v e d  

from t h e   e x t r e m e l y   i n d u r a t e d  lower Popotosa  conglomerates 

( T p l r l ,   T p s d ) ,   h a v e   a l s o   b e e n   o b s e r v e d   i n   t h e   t r i b u t a r y  

f ac i e s .   These  rare c las ts  are i n t e r p r e t e d  as a n   e a r l y   s i g -  

n a l  of t h e  complete d i s r u p t i o n  of the  Popotosa  basin  by a 

r i s ing   ances t r a l   Socor ro -Lemi ta r   Moun ta ins .  

Numerous o b s e r v a t i o n s  of p a l e o c u r r e n t   d i r e c t i o n s   i n  

t h e   f l u v i a l  facies ( inc lud ing   "Lemi ta r  Map") i n d i c a t e  a 

g e n e r a l   s o u t h e r l y   t r a n s p o r t  for  the   t runk- s t r eam  sub fac i e s  

and a d o m i n a n t   s o u t h e a s t e r l y   t r a n s p o r t   d i r e c t i o n   f o r   t h e  

t r i b u t a r y   s u b f a c i e s .   V a r i a t i o n s   i n   p a l e o c u r r e n t   d i r e c t i o n  

w i t h i n   e a c h  of the  s u b f a c i e s   s u g g e s t   t h e s e   s a n d s  were 

d e p o s i t e d   i n   b r a i d e d  or  s i n u s o i d a l   c h a n n e l s .  
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The  sands  of   the  ancestral   Rio  Grande  form a major 

a q u i f e r   n e a r l y  1 0  km wide   and   of   uncer ta in   th ickness   under  

t h e   v a l l e y  a t  Socorro .  The wes te rn  limit o f   t h e s e  f l u v i a l  

sands i s  e s s e n t i a l l y   s t r u c t u r a l l y   c o n t r o l l e d   b y   t h e   r a n g e  

bounding f a u l t   z o n e  a t  t h e  foot  of Socorro  Peak.  About 3 0 0  

m due east o f   t h e   M i d d l e   m i n e ,   a n d   e a s t   o f   t h e   l o c a l l y  

in fe r r ed   r ange -bound ing   f au l t ,  a t h e r m a l   g r a d i e n t   h o l e  

i n t e r s e c t e d  8 2  m o f   a r k o s i c   f l u v i a l   s a n d s   b e l o w  7 0  n of 

p i e d m o n t - s l o p e   g r a v e l s   ( p l .  2 ,  B-E'). T o p o g r a p h i c   r e l i e f  

o n   o u t c r o p s  of t h e   f l u v i a l   f a c i e s  a t  Nogal  Arroyo  and 

Socorro   Canyon  ind ica tes  minimum t h i c k n e s s e s   o f   a b o u t  1 2 0  

and 9 0  m ,  r e s p e c t i v e l y .  Assuming a 1 0  d e g r e e   s o u t h e r l y   d i p  

i n   t h e  Nogal Ar royo   a r ea   t he re  may be as  much as 210 m o f  

f l u v i a l  s t r a t a  s o u t h   o f   t h e   a r r o y o .  

R e l a t i o n s h i p s  a t  t h e  basalt-capped r i d g e   n o r t h  of  

Socorro  Canyon  demonstrate   that  the  range   bound ing   f au l t  

zone   has   ac t ed  a s  a growth f a u l t   d u r i n g   S i e r r a   L a d r o n e s  

d e p o s i t i o n .   F o r   t h i s   r e a s o n ,   t h e  writer would  not De sur -  

p r i s e d  i f  t h e   f l u v i a l   f a c i e s  were c o n s i d e r a b l y   t h i c k e r   o n  

t h e  east  s i d e  of t h i s   f a u l t   z o n e ,   p o s s i b l y  as much as 

305 m .  

The eastern limit o f   t h e   f l u v i a l  facies, which   occurs  

o u t s i d e  of t h e  mapped a r e a ,  i s  most l i k e l y  a d e p o s i t i o n a l  

p i n c h   o u t .  E a s t  of S o c o r r o   t h e s e   a n c i e n t  r i ve r  sands  have 
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been   desc r ibed  as  i n t e r t o n g u i n g   w i t h   a l l u v i a l - f a n   d e p o s i t s  

t h a t  are  r i c h  i n  P a l e o z o i c   d e t r i t u s   ( D e B r i n e   a n d   o t h e r s ,  

1 9 6 3 )  shed   f rom  the  Loma d e   l a s   C a n a s   u p l i f t   ( f i g .  2 ) .  

P iedmont-s lope   fac ies  ( T s l p )  

I n   t h e   S o c o r r o  Peak v o l c a n i c   c e n t e r ,   t h e   p i e d m o n t - s l o p e  

f a c i e s  (Ts lp )  of t h e  Sierra  Ladrones  Formation  consis ts   of  

wedge-shaped a l l u v i a l   f a n   a n d   c o a l e s c e n t   f a n   ( b a j a d a )  

d e p o s i t s .   T h e s e   s a n d y   g r a v e l s  were shed   f rom  the  

r i s ing   Socor ro -Lemi ta r   Moun ta ins   and   f rom  the   ea s t e rn  

Magdalena   Mounta ins ,   mos t ly   dur ing   la te   P l iocene   and  

e a r l y ( ? )   P l e i s t o c e n e  time. The r e l a t i v e l y  low b l o c k   o f   t h e  

northern  Chupadera  Mountains ,   largely  buried  by  the  gravel  

apron  from t h e  Magdalena  range  ( f ig .  3 3 1 ,  was n o t  a s i g n i f i -  

can t   s ed imen t   sou rce   du r ing   S i e r r a   Lackones  time. 

N o r t h e a s t  of S o c o r r o   P e a k ,   i n   t h e   S o c o r r o   B a s i n ,   t h e  

piedmont-slope facies c o n f o r n a b l y   o v e r l i e s   t h e  f l u v i a l  

facies  ( T s l f )  . I n t e r t o n g u i n g   r e l a t i o n s h i p s   o f   t h e s e  facies,  

g e n e r a l l y   n o t  well exposed i n   t h e   s t u d y   a r e a ,   h a v e   b e e n  

observed  by J,.W. Bawley  and t h e  writer i n   t h e  road c u t s  

a h n g  1-25 j u s t   n o r t h   o f   N o g a l   A r r o y o   ( f i g .  2 ) .  The  second 

c u t   n o r t h e a s t  of the   Escond ida  e x i t  i s  t h e   n o s t   r e v e a l i n g .  

A s  i l l u s t r a t e d  a t  t h e  east  e n d   o f   s e c t i o n  A-A' ( p l .  2 ) ,  t h e  

a l l u v i a l - f a n   g r a v e l s   i n   t h e   S o c o r r o   B a s i n   a r e   t h o u g h t  t o  
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have  prograded  eastward as Socorro Peak  grew,  thus  burying 

t h e  ancestral  Rio   Grande   sands   and   forc ing   the   channel  east- 

ward. 

P iedmont-s lope   depos i t s ,   which   could   be   appropr ia te ly  

a s s i g n e d  t o  t h e  Sierra Ladrones  Formation,   have  not   been 

o b s e r v e d   b e l o w   t h e   f l u v i a l  facies i n   t h e   S o c o r r o  Peak area. 

Thus   Machet te ' s   "Tsp"   un i t  ( 1 9 7 8 )  h a s  no a p p a r e n t   c o r r e l a -  

t i v e   i n   t h i s  map area. 

I n  a similar manner, t h e   a l l u v i a l   f a n   d e p o s i t s  from t h e  

nor theas te rn   Magdalena   Mounta ins   o r ig ina l ly   p rograded   nor th-  

e a s t w a r d   a c r o s s   t h e   b a s a l t  of S e d i l l o  H i l l  ( f i g .  3 3 )  and 

o n t o   t h e   w e s t e r n  slopes of the   Socor ro   Moun ta ins .   I so l a t ed  

o u t c r o p s  of wel l - indura ted   g rave ls ,   cemented   by   pedogenic  

carbonate (caliche),  which   occur   south  of J e j e n e s  H i l l  and 

which p a r t l y  cap  Black Mesa, c o n t a i n   v o l c a n i c  clasts 

(Lemitar T u f f ,  e tc . )  t h a t  must  have come from the  Magdalena 

Mountains. 

The  piedmont facies i s  m o s t l y   p o o r l y   i n d u r a t e d   a n d  

t h e r e f o r e   t y p i c a l l y   f o r m s   r o u n d e d   h i l l s   a n d   s l o p e s   m a n t l e d  

wi th  cobbles and   pebbles ,   mos t ly  from v o l c a n i c   r o c k s .  White 

c a l i c h e   r i n d s  are common on t h e s e  cobbles a t  S e d i l l o  H i l l ;  

however, t h i s  aspect i s  a more d i s t i n c t i v e  t ra i t  for  t h e  

y o u n g e r   s u r f i c i a l   g r a v e l   d e p o s i t s  (Qoa) . 
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Where l o c a l l y   e x p o s e d   i n   a r r o y o   c u t s ,   t h i s   u n i t   c o n s i s t s  

of   pa le - red ,   l igh t -brown,  o r  p inkish-orange   sandy  grave ls  

and   loamy  sands .   Ind iv idua l   ou tcrops  are  medium t o  t h i c k  

b e d d e d   a n d   g e n e r a l l y   e x h i b i t   c r u d e   s u b p a r a l l e l  s t ra t i f ica-  

t ion .   Cu t   and  f i l l  s t r u c t u r e s  are  common. 

E s s e n t i a l l y  a l l  major s t r a t i g r a p h i c   u n i t s ,   f r o m  Precam- 

b r i a n  t o  l a t e  M i o c e n e   a g e   t h a t   a r e   e x p o s e d   i n   t h e   r a n g e s  o f  

t h e  map a r e a ,  are  r e p r e s e n t e d   i n   t h e  c las ts  of   the   p iedmont-  

s l o p e   f a c i e s .   L a t e r a l   v a r i a t i o n s   i n   c l a s t   c o m p o s i t i o n   a l s o  

m a t c h e s   t h o s e   s e e n   i n   t h e   b e d r o c k   o f   t h e   a d j a c e n t   r a n g e s .  

Volcanic  c las t s  a re  dominant i n   a l l   a r e a s .   N o r t h e a s t   o f  

Socorro  Peak,  c las t s  from the   Socor ro   Peak   Rhyo l i t e   and  

basa l   Popotosa   conglomera tes  are  abundant.  North  of  Nogal 

Arroyo, sparse Precambrian  metamorphic clasts and   Pa leozoic  

l i m e s t o n e   c l a s t s  appear i n d i c a t i n g   i n p u t  from t h e  Lemitar 

Mountains.  South of Socorro  Peak  and west o f   t h e   r a n g e  

f r o n t ,   t h e   p i e d m o n t - s l o p e   d e p o s i t s   a r e   c h a r a c t e r i z e d   b y  

abundant   upper  Lemitar Tuff clasts,  which commonly c o n t a i n  

m a f i c   r h y o d a c i t e   p u m i c e   ( f i g .  1 3 )  t h e r e b y   i n d i c a t i n g  a 

s o u r c e   i n   t h e  Sixmile  Canyon a r e a .  

The best exposure   o f   t he   p i edmont - s lope   f ac i e s   occu r s  

n e a r   t h e   r a n g e   f r o n t   o n   t h e   n o r t h   s i d e  of Socorro  Canyon 

ar royo .  Here the  piedmont-s lope facies a n d   t h e   f l u v i a l  

facies are  both   capped  by  remnants  of t h e  basal t  of S e d i l l o  
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H i l l ,  wh ich   fo rm  an   ea s t - t r end ing   r i dge .  As i n d i c a t e d   o n  

f i g u r e  3 3  t h e s e   f a c i e s  were jux taposed  by a f a u l t  zone   p r io r  

t o   e r u p t i o n   o f   t h e  basalt of S e d i l l o  H i l l  abou t  4 m.y. ago.  

Continued movement o n   t h e   f a u l t   z o n e   h a s   a l s o   o f f s e t   t h e  

b a s a l t   f l o w .  The p i e d m o n t   g r a v e l s   i n   t h i s   f a u l t   z o n e  are  

anomalously well i ndura t ed   w i th   ca rbona te   cemen t   and ,  

l o c a l l y ,   t h e y  are  cu t   by   wes t -nor thwes t   t rending   banded  cal- 

c i t e  v e i n s   e x p o s e d   i n   t h e   a r r o y o   f l o o r .   T h e s e   f e a t u r e s   s u g -  

g e s t  some minor   hydro the rma l   ac t iv i ty   has   occu r red   he re  

s ince   midd le   P l iocene  time. 

The   t h i ckness   o f   t he   p i edmont - s lope   f ac i e s  may be 

gene ra l ly   e s t ima ted   f rom local t o p o g r a p h i c   r e l i e f ,   s i n c e  

t h e s e   b e d s  are  o n l y   s l i g h t l y   t i l t e d  b y   f a u l t i n g .  The t h i c k -  

est exposed   sec t ion ,  a t  S e d i l l o  H i l l ,  i s  about  1 1 0  m t h i c k .  

Most o the r   exposures  are a t  least  6 0  m t h i c k .   I n   b o t h   t h e  

Socorro basin and t h e  L a  J e n c i a   B a s i n   ( S e d i l l o  H i l l  area), 

t h e s e   g r a v e l s   a p p e a r   t o   t h i c k e n   t o w a r d   t h e   r a n g e   f r o n t s   a n d  

t h e i r  hounding f a u l t   z o n e s .  

B a s a l t   o f   S e d i l l o  H i l l  (Tbsh)  

O l i v i n e - b e a r i n g   b a s a l t  flows, e rup ted  4 m.y. ago 

(Bachman and  Mehnert, 1 9 7 8 )  from v e n t s   n o r t h  of Sed i l lo  

H i l l ,  are h e r e   i n f o r m a l l y  named t h e  basalt  o f   S e d i l l o  H i l l  

f o r   p rominen t   ou tc rops   a round  the  v e n t   a r e a .   E r o s i o n a l  
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remnants of t h e   b a s a l t   o f   S e d i l l o  H i l l  form a dogleg-shaped 

band   o f   t opograph ica l ly   h igh  cuestas and  mesas  with the v e n t  

a r e a  a t  t h e   c r o o k .  From t h e   v e n t  area, t h e s e   b l a c k  c l i f f -  

forming  outcrops  t rend  north  towards  Snake Ranch F l a t   a n d  

east  toward  Black Mesa and   the   Grefco   mine   a rea .  

A s t a c k  of three   f lows   (9-15  m t h i c k )   i n   t h e   v e n t  area 

i s  a s  much as  3 3  m i n   t o t a l   t h i c k n e s s .  The  number of f lows  

i n   i n d i v i d u a l   o u t c r o p s   a n d   t h e i r   o v e r a l l   t h i c k n e s s   d e c r e a s e s  

away from t h e   v e n t   a r e a .   T h i n   r e m n a n t s   o f  a s i n g l e   f l o w  

n o r t h e a s t  of t h e  C-refco  mine a r e  less t h a n  5 m t h i c k .  How- 

ever; s o u t h   o f   h e r e ,   w e s t - t i l t e d   b l o c k s   o f   l a v a  a t  Socorro 

Canyon a re  anomalous ly   t h i ck   w i th   r e spec t   t o   su r round ing  

mesa forming   ou tcrops .  Here t h e  flow may have  ponded i n  a 

s a g   s t r u c t u r e   r e l a t e d   t o   t h e   r a n g e   b o u n d i n g   f a u l t   z o n e .  

The basal t  horizon  on  Black Mesa t h i c k e n s   t o   t h e   s o u t h ;  two 

f lows are p r e s e n t   h e r e   i n   c o m p a r i s o n  t o  a s i n g l e   f l o w   o n  

t h e   n o r t h   s i d e .  

T h e   a p p a r e n t   a b r u p t   t h i n n i n g   o f   t h e   b a s a l t   f l o w s   s o u t h  

o f .   t h e   v e n t   a r e a   t o w a r d   S e d i l l o  H i l l  i s  p r o b a b l y   t h e   r e s u l t  >: 

t h e  lavas having wedged o u t   o n t o  a north-facing  piedmont  

s l o p e   ( f i g .  3 3 )  ; local e r a s i o n  of the upper   sur face  of t h e  

f lows   du r ing   t he i r   bu r i a l   by   p i edmont - s lope   g rave l s   (Ts lp )  

may a lso have d e c r e a s e d   t h e i r   t h i c k n e s s .   T h e s e   g r a v e l s   c a n  

be  seen t o  f i l l  a 15-m-deep c h a n n e l   c u t   i n   t h e  basalt  f lows  
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when viewed  looking  northwest  from t h e   b a s e   o f   S e d i l l o  H i l l  

(see p l  . 1 s o u t h   o f   s o u t h e r n   v e n t )  . 
Northwest of t h e   v e n t  area,  reddish-brown  bedded   tu f fs  

a n d   a g g l o m e r a t e s   o v e r l i e   t h e   b a s a l t  flows and  have  been 

mapped as  a s e p a r a t e   u n i t   ( T b s h t ,   p l .  1). The t u f f   b e d s  

c o n s i s t  of small l a p i l l i   o f   y e l l o w i s h - b r o w n   ( h y d r a t e d ? )  

b a s a l t i c   p u m i c e ,   a n d   g r a n u l e s  of black  lava,   bound  by a 

s p l o t c h y  matrix ( ? )  of reddish-brown mud. The cementing 

muds were p r o b a b l y   o r i g i n a l l y   l i t h i c   f r a g m e n t s   o f   p l a y a  

depos i t s   (Tpkp) .  

The b a s a l t   o f   S e d i l l o  H i l l  i s  c o n s i d e r e d   t o   b e  i n t e r -  

bedded i n  the   p iedmont-s lope  facies of t h e   S i e r r a   L a d r o n e s  

Formation,  even  though it can   no t   be   s een   a s   such  a t  a 

s i n g l e   l o c a t i o n .   N o r t h   o f   S e d i l l o  H i l l ,  t h e s e   f l o w s  rest 

unconformably  on  playa  deposi ts   of   the   Popotosa  Formation 

(Tpkp)  and are  disconformably overlain by the  piedmont-s lope 

facies. S o u t h e a s t   o f   t h e   G r e f c o  mine, t h e   b a s a l t  of S e d i l l o  

H i l l  l ies  conformably   on   the   p iedmont-s lope   depos i t s   and  

u n c o n f o r m a b l y ( ? )   o n   o l d e r   f l u v i a l - f a c i e s   d e p o s i t s   ( f i g .  3 3 ) .  

Two v e n t   s t r u c t u r e s  for  t h e   b a s a l t   o f   S e d i l l o  H i l l  are 

exposed i n   s t e e p   w a l l e d   d r a i n a g e s   c u t   i n   t h e   t h i c k e s t  por- 

t i o n s  of t h e s e   f l o w s   n o r t h  of S e d i l l o  H i l l .  The n o r t h e r n  

vent ,   exposed  a t  t h e  mouth of a small canyon, i s  v i s i b l e  i n  
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t h e   s o u t h  wal l  as  a n   e a s t - n o r t h e a s t   s t r i k i n g   v e r t i c a l   d i k e  

d e f i n e d   b y   v e r t i c a l l y   o r i e n t e d   f l a t t e n e d  vesicles. Flaggy 

f r a c t u r e s  are  a l i g n e d   s u b p a r a l l e l   t o   t h e  vesicle flow 

s t r u c t u r e   i n   t h e   d i k e .  Above t h e   f e e d e r   d i k e ,   t h e s e   f l a g g y  

f r a c t u r e s   f a n   o u t   a n d  merge   w i th   t he   ove r ly ing   subhor i zon ta l  

f l o w .   S t e e p l y   d i p p i n g   c u r v i p l a n a r   f r a c t u r e   f o l i a t i o n s  

d e f i n e  a p i p e - l i k e   s t r u c t u r e  a t  t h e   s o u t h e r n   v e n t .  

Most of t h e   S e d i l l b  H i l l  l a v a s  are  similar t o   t h e  

sample from t h e   B l a c k  Mesa a r e a   ( T a b l e  6 ,  no. 7 6 - 6 - 1 1 ) .  

These   dark-gray ,   f ine-gra ined   aphani t ic   rocks   conta in   sparse ,  

smal l   phenocrys ts   o f   ye l lowish-brown  o l iv ine   and   b lue  

i r r i d e s c e n t   p y r o x e n e   i n  a f resh ,   g ra iny   looking   groundmass .  

I n   t h i n   s e c t i o n ,   s u b h e d r a l   p h e n o c r y s t s  of o l i v i n e  and  micro- 

phenoc rys t s  of c l i n o p y r o x e n e   ( a u g i t e )   a n d   p l a g i o c l a s e  (An ) 

appear  t o  g rade   w i th  a seriate t e x t u r e   i n t o   a n   i n t e r g r a n u l a r  

groundmass of p l ag ioc la se ,   o l iv ine ,   c l i nopyroxene   and   opaque  

Fe-Ti  ox ides .  

65 

An uncommon v a r i e t y  of t h e   b a s a l t  of S e d i l l o  H i l l  i s  

found i n   t h e  flow n e a r   t h e   n o r t h   e n d  of t h e   B l a c k  Hills 

( f i g .  3 ) .  T h i s  medium-gray lava c o n t a i n s  sparse, t a b u l a r  

p h e n o c r y s t s  of p lag ioc lase ,   which  are  mos t ly  1-2 mm long 

and ra re ly  o v e r  1 cm l o n g .   P h e n o c r y s t i c   o l i v i n e  i s  e i t h e r  

rare or a b s e n t  i n  t h i s  flow. Traces of x e n o c r y s t i c ( ? )  

q u a r t z   h a v e  a lso been  observed  here .  This  uncommon v a r i a n t  
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of t h e   b a s a l t  of S e 2 i l l o  H i l l  may be a b a s a l . t i c   a n d e s i t e  

w i th   abou t   54   pe rcen t  S i 0 2 ,  s ince  it is  similar t o  a n  

analysed  specimen  f rom  the basalt of Kel ly  F.anch (Tab le  6 ,  

no. 76-1-9) .  An a n a l y s i s  of t h e  comnon o l i v i n e - b e a r i n g  

v a r i e t y   o f   S e d i l l o  H i l l  lavas (Table  6 ,  no. 76-6-11) i n d i -  

c a t e s   t h a t   t h e   b u l k  of t h i s   u n i t  i s  a n   a l k a l i c   k a s a l t   c o n -  

t a i n i n g   a b o u t  50 p e r c e n t  S i O z .  Fachman and  Mehnert (1378, 

no. 25)   have  reportec:  a K - A r  whole-rock  age of 4.Qf0.3 m.y. 

f o r  a sample from the   F lack   Mounta in   a rea   (Rlack   Mesa) .  
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QUATERNARY SURFICIAL DEPOSITS 

3 6 1  

T h e   Q u a t e r n a r y   h i s t o r y  of s o u t h   c e n t r a l  N e w  Mexico, 

wi th   e rnphas is   on   the  Rio Grande   va l l ey   sys t em,   has   been  

d e s c r i b e d   i n  a summary paper by  Hawley (1975) .   Th i s   pape r  

provides a reg iona l   f ramework   appl icable  t o  t h e   S o c o r r o  Peak 

a rea   mos t   o f   t he   concep t s   o f   Qua te rna ry   evo lu t ion   expres sed  

h e r e i n   d r a w   h e a v i l y   o n   t h i s  summary paper .  

On a r e g i o n a l  scale, landscape   deve lopment   dur ing   the  

' Q u a t e r n a r y   p e r i o d   h a s   b e e n   c o n t r o l l e d   b y   c o n t i n u e d  epeiro- 

g e n i c   u p l i f t   a n d  more l o c a l i z e d  effects  of r i f t i n g  (Hawley, 

1975 ;   Chap in ,   1978) .   Ind iv idua l   cyc le s   o f   e ros ion   and  

d e p o s i t i o n  are respectively as soc ia t ed   w i th   t he   wax ing   and  

waning  per iods of Q u a t e r n a r y   g l a c i a t i o n s   ( H a w l e y ,   1 9 7 5 ) .  

These   ep isodes  of d ra inage   en t r enchmen t   and   back   f i l l i ng  

are ev iden t   i n   t he   s t epped   l andscape   o f   b road   p i edmont   su r -  

faces (Qoa) ,  terraces (Qoa) and   en t r enched   a r royos  (Qya) 

shown o n   t h e   g e o l o g i c  map ( p l .  1). The  downcutting of t h e s e  

d r a i n a g e s ,   t r i b u t a r y   t o   t h e   R i o   G r a n d e ,   h a s   o c c u r r e d   c h i e f l y  

s i n c e   m i d d l e   P l e i s t o c e n e  time (0.2-0.6 m.y.)  (Hawley,  1975).  

This   lower ing  of base level of   the  Rio  Grande  and i t s  
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t r i b u t a r i e s  was t r i g g e r e d   b y   c a p t u r e  cf t h e   a n c e s t r a l   R i o  

Grande  near E l  Paso  and i t s  i n t e g r a t i o n   w i t h  a lower  drain-  

age   ex tending  t o  t h e  Gulf of Mexico  (Kottlowski,   1958; 

Hawley,  1975). 

The area of Socor ro   Peak   and   t he   ad jacen t   bas ins  i s  

p r e s e n t l y   u n d e r l a i n  by a deep  magma body  and  shallow  exten- 

s i o n s  of t h i s  hody  (Chapin   and   o thers ,  1978;  see p l .  3 ,  map 

4 ) .  Thus, magma i n t r u s i o n  may a l s o   b e  a l o c a l l y   s i g n i f i c a n t  

f a c t o r   c o n t r o l l i n g   u p l i f t   a n d   d e f o r m a t i o n  i n  t h e   S o c o r r o  

Peak area i n   r e l a t i v e l y   r e c e n t   g e o l o g i c  time. V a r i a t i o n s  

i n   e l e v a t i o n   o f   t h e   f l o w s   o f   t h e   S o c o r r o  Peak Rhyol i te   and  

t h e   b a s a l t  of S e d i l l o  H i l l  -- d i s c u s s e d  a t  g r e a t e r   l e n g t h  

i n  t h e   s t r u c t u r e   s e c t i o n  -- appear t o   d e f i n e   a n  e l l i p t i ca l  

up l i f t   t r end ing   wes t - sou thwes t   f rom  Socor ro  Peak t h a t   h a s  

formed  s ince  4 m.y. ago .   This   e longated  dome, roughly   co in-  

c i d e n t  w i th   t he   ma in   l ocus   o f   sha l low magma i n t r u s i o n  ( p l .  

3 ,  map 41 ,  i s  a p p r o x i m a t e l y   o u t l i n e d   h y   t h e  e l l i p t i ca l  

d r a i n a g e   p a t t e r n   c r e a t e d   b y   S o u t h  Canyon -- Water Canyon- 

Nogal  Arroyo  on t h e   n o r t h   s i d e ,   a n d   b y   S i x m i l e  Canyon -- 
Socorro Canyon o n   t h e   s o u t h   s i d e .   T h i s   c o n s e q u e n t   d r a i n a g e  

p a t t e r n  was g e n e r a l l y   e s t a b l i s h e d   i n   e a r l y ( ? )   P l e i s t o c e n e  

time a t  the   maxhum  aggrada t ion   o f   t he   ances t r a l   R io   Grande  

(S ie r r a   Ladrones   Fo rma t ion ) .   S ince   t hen ,   t hese   d ra inages  

h a v e   e p i s o d i c a l l y   c u t  down i n t o   t h e   p o o r l y   i n d u r a t e d   b a s i n -  
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f i l l  depos i t s   (upper   Popotosa   Format ion   and  S ier ra  Ladrones 

Formation)  and now l o c a l l y   c u t   a c r o s s   r e s i s t a n t   b l o c k s  of 

volcanic   bedrock.   Thus,  much o f   t he   p re sen t   bed rock   t opog-  

raphy  of   the   nor thern   Chupadera   Mounta ins   and   the  lower 

f l a n k s  of t he   Socor ro   Moun ta ins   has   on ly   been   r ecen t ly  

exhumed. T h e s e   a r e a s  l i e  below r e m n a n t s   o f   t h e   b a s a l t  of 

S e d i l l o  H i l l  (Tbsh)  and some remnants of l a t e   P l i o c e n e  

p i edmont - s lope   depos i t s   (Ts lp )  west of Black  Canyon (see 

Osburn, 1978 ,  p l .  1). 

Approximate ly   two  th i rds   o f   the  mapped a r e a  i s  covered 

by a t h i n   m a n t l e   o f   s u r f i c i a l   d e p o s i t s   o f   Q u a t e r n a r y   a g e .  

These   morphologica l ly   def ined   un i t s   have   been  mapped pr i -  

mar i ly   on  aer ia l  photographs  a t  a s c a l e   o f   a b o u t  1:29,000. 

F i e l d   c h e c k s   o n   t h e   p l a c e m e n t   o f   c o n t a c t s   a n d   t h e   l i t h o l o g y  

o f   t h e   d e p o s i t s  have b e e n   r e l a t i v e l y   l i m i t e d .   F a u l t  scarps 

a n d   f a u l t - l i n e  scarps d i sp lac ing   geomorph ic   su r f aces  devel- 

o p e d   o n   t h e   o l d e r   a l l u v i a l   d e p o s i t s   ( Q o a )  are a lso p r i m a r i l y  

based  on  photo  mapping. 

The o l d e s t   s u r f i c i a l   d e p o s i t s   ( Q o a )   c o n s i s t   o f   a l l u v i a l -  

f an   and   p i edmont - s lope   depos i t s   r e s t ing   unconfo rmab ly   on  

b r o a d   p e d i m e n t   s u r f a c e s   c u t   o n   t i l t e d   s t r a t a  of t h e   u p p e r  

Popotosa  Formation  and  the Sierra Ladrones  Formation. 

Because   o f   th i s   widespread   unconformi ty  a t  t h e  base of t h e  

o l d e s t   s u r f i c i a l   u n i t s ,   t h e y  are here a r b i t r a r i l y   a n d   c o l -  
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l e c t i v e l y   l a b e l e d   a s   " p o s t   S a n t a   F e  Group" d e p o s i t s  ( p l .  

1). The h i g h e s t   ( o l d e s t )   p e d i m e n t   v e n e e r s   o f   t h e   o l d e r  

a l luv ium (Qoa) w i l l  probably be r e a s s i g n e d   t o   t h e   S a n t a  Fe 

group when t h e i r   a b s o l u t e   a g e  is  c l e a r l y   e s t a b l i s h e d .  

Older  Alluvium  (Qoa) 

Areas mapped as o l d e r   a l l u v i u m   ( Q o a )   c o n s i s t  of broad 

and   d i s sec t ed   ped imen t   venee r s ,   a l l uv ia l - f an   depos i t s ,   and  

s t r a t h  terraces. Four   e l eva t ions   o f   geomorph ic   su r f aces  

a s s o c i a t e d   w i t h   t h e s e   d e p o s i t s  are  r e c o g n i z e d   t o  project  

a t :  70-75 m ,  37-43 m ,  1 8 - 2 1  m ,  ant? 6 m above   t he   ad jacen t  

a r royo  f loors .  Sanford  and  others   (1972,   map.2)   have cor- 

r e l a t e d   t h e s e   s u r f a c e s  a t  Socorro  with  geomorphic   surfaces  

d e f i n e d  by Denny ( 1 9 4 1 )  i n   t h e  San  Acacia area. However, 

f o r   t h i s  report, these   geomorph ic   su r f aces  are  grouped 

t o g e t h e r ,  as a g e n e r a l   u n i t .   T h e i r   r e g i o n a l   c o r r e l a t i o n  by 

e l e v a t i o n   a l o n e  i s  c o n s i d e r e d   u n c e r t a i n ,   s i n c e   t h e s e   s u r -  

f a c e s  are displaced  and  warped i n  several p l aces   a lo .ng   t he  

r ange -bound ing   f au l t  zone of the   Socor ro   Moun ta ins   (p l .  1). 

The older a l l u v i a l   d e p o s i t s  are u s u a l l y  less t h a n  6 m 

t h i c k   a n d  most l i k e l y  are never  more t h a n   a b o u t  20 m i n  

t h i c k n e s s .  Gravel and   sandy  grave l ,   composi t iona l ly  similar 

t o  t h e   p i e d m o n t - s l o p e   f a c i e s   ( T s l p )  of t h e  S ie r ra  Ladrones 

Formation,  are t h e   d o m i n a n t   l i t h o l o g i e s   o f   t h e   o l d e r  
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a l luv ium.   The re fo re ,   where   t hese  two u n i t s   ( b o a ,   T s l p )   a r e  

shown i n  c o n t a c t  ( p l .  1) w i t h   e a c h   o t h e r ,   t h e   y o u n g e r   u n i t  

i s  a r b i t r a r i l y   d e f i n e d  by i t s  s u r f a c e   e x p r e s s i o n .   O l d e r  

a l l u v i a l - f l a t  ( ? )  deposits ( Q o a )   i n   t h e   S n a k e  Ranch a r e a  

loca l ly   i nc lude   da rk -b rown  mud and s i l t .  

The o lde r   ped imen t   venee r s  are  commonly p o o r   t o  moder- 

a t e l y  well  i n d u r a t e d  by ca rbona te   cemen t   a s soc ia t ed   w i th  

pedogen ic   ho r i zons   nea r   t he i r   uppe r   su r f ace   and   w i th   g round-  

water   accumula t ions   near   an   imperv ious   (p laya  mud, Tpkp) 

lower surface.  The   h ighes t ,   and   sma l l e s t ,   r emnan t  of a 

pediment   veneer   occurs   south  of   Nogal   Arroyo.  Here t h e  

g r a . v e l l y   d e p o s i t   h a s   a , w e l l   i n d u r a t e d  cap of c a l i c h e   a b o u t  

2 m t h i c k .  

A g e n e r a l   c o m p a r i s o n   w i t h   p e d o l o g i c a l l y   d a t e d   u n i t s   i n  

t h e   S a n  Acacia area (Machette,  1 9 7 8 )  s u g g e s t s   t h a t   t h e  

o l d e r   a l l u v i u m   d e p o s i t s  may r ange   i n   age   f rom  midd le  t o  la te  

P l e i s t o c e n e .  T h e  t w o   l o w e r   s u r f a c e s   a s s o c i a t e d   w i t h   s t r a t h  

terraces a re  c l e a r l y   o f  l a t e  P le i s tocene ,   pos t -San ta  F e  age. 

Lands l ide   Depos i t s  (Ql) 

L a n d s l i d e  deposits around  Strawberry  Peak,   Socorro 

Peak,  Black Mesa ani! t he   B lack  H i l l s  a re  c h a r a c t e r i z e d   b y  

hummocky topography  formed  by  slump  blocks of lava. 
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These   t o reva   and   g l ide   b locks   r ange  from  30 t o  6 0 0  m i n  

l e n g t h   a n d . 6   t o  1 8 0  m i n   t h i c k n e s s .  The lava blocks are 

s l id ing   downs lope   on   p l aya   c l ays tones   (Tpkp)   o f   t he  upper 

Popotosa   Format ion .   Based   on   the   l i tho logy   of   the  slump 

b l o c k s ,   t h e   l a n d s l i d e   d e p o s i t s   h a v e   b e e n   s u b d i v i d e d   i n t o  

. t h r e e  separate f i e l d s  (Qlr, Qld ,   Qlb) ,   which   match   composi -  

t i o n  o f   t h e   b e d r o c k   l a v a s   u p s l o p e   ( p l .  1). These f ie lds  

a re   t opograph ica l ly   hound   by   l oca l   d ra inages   and   s add le s .  

Some s lump  b locks   a long   the  west s i d e  of t h e   S o c o r r o  Moun- 

t a i n s   h a v e   b e e n   i s o l a t e d   f r o m   t h e i r   s o u r c e  by  modern d r a i n -  

ages .  

As mapped, t h e   l a n d s l i d e   a r e a s   i n c l u d e   u n d i f f e r e n t i a t e d  

t a l u s   a n d   c o l l u v i a l   a p r o n s   a r o u n d   l a r g e   b l o c k s .   F i n e -  

grained  young  alluvium,  which commonly f i l ls  small, c l o s e d  

depres s ions   deve loped   on   t he   ups lope  side o f   l a r g e r   b l o c k s ,  

i s  g e n e r a l l y   n o t  shown. 

E a s t  of S t rawberry   Peak ,   ind iv idua l   s lump  b locks  of 

q u a r t z  l a t i t i c  lava (Tsd) ,   co l luv ium (Oca), and  young 

a l luv ium  (Qya) ,  have been   l oca l ly   subd iv ided  t o  show their 

g e o m e t r i c   r e l a t i o n s h i p s .  I n  t h e  same area sou th  of Straw- 

be r ry   Canyon ,   c rude ly   bedded   co l luv ia l   depos i t s ,  mapped as  

l ands l ide   (Q ld ) ,   have   been   downdropped   aga ins t  playa 

deposits (Tpkp)  by a l a t e  P l e i s t o c e n e   f a u l t .   T h i s   f a u l t  

also appea r s  t o  have   warped   o r   d i sp l aced (? )  a terrace 
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d e p o s i t   ( Q o a )  a l i t t l e  f u r t h e r   t o   t h e   n o r t h .  

Te lephone   l i nes  and. p o l e s   a c r o s s   t h e   l a n d s l i d e  area 

between Blue  Canyon  and  Socorro  Peak  have  been  stretched 

and  broken  during active p e r i o d s   o f   s l i d i n g  a f te r  l o n g   r a i n y  

pe r iods .  The development of t h e s e   l a n d s l i d e   a r e a s   p r o b a b l y  

began a b u t  m i d d l e   P l e i s t o c e n e  time when s i g n i f i c a n t   a r r o y o  

en t r enchmen t   p roduced   modera t e ly   s t eep   s lopes   i n   t he  

a d j a c e n t   p l a y a   d e p o s i t s .  

Colluvium  and  Minor  Alluvium (Qca) 

The " Q c a "   u n i t   c o n s i s t s   p r i m a r i l y  of t a l u s   c o n e s ,   r o c k -  

f a l l  deposits a n d   s t a b i l i z e d   c o l l u v i a l   a p r o n s   d e p o s i t e d   o n  

steep s lopes   and   formed by mass was t ing  of w e l l - i n d u r a t e d  

bedrock. Also i n c l u d e d  are extens ive   s lope-wash   veneers  of 

reworked   "Qoa"   depos i t s   tha t   mant le   modera te  t o  g e n t l e  

s l o p e s   c u t   o n   p l a y a   c l a y s t o n e s   ( T p k p )   o r   p o o r l y   i n d u r a t e d  

d e p o s i t s  ( T s l f ,  T s l o )  of the   S i e r r a   Landrones   Fo rma t ion .  

Numerous small a n d   i s o l a t e d   p a t c h e s  of co l luv ium are  

n o t  shown o n   t h e   g e o l o g i c  map. Larger  areas of co l luv ium 

a r e  shown as  a c c u r a t e l y  as possible, p a r t i c u l a r l y  where 

s t r a t i g r a p h i c   c o n t a c t s   o r   f a u l t s  are obscured .  

The   con tac t   be tween   t a lus   cones  (Qca)  a d j a c e n t  t o  

c l i f f s  of t h e   S o c o r r o  P e a k  R h y o l i t e   a n d   t h e   l a n d s l i d e  areas 

(Ql) below  the  c l i f f s  is g r a d a t i o n a l .   T h i s   l o c a l l y   o b s c u r e  
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boundary i s  g e n e r a l l y   p l a c e d   a t   t h e   t r a n s i t i o n  from t a l u s  

t o   l a r g e   l a n d s l i d e   b l o c k s   e v i d e n t  as hummocks. C o l l u v i a l  

d e p o s i t s   l o c a l l y   g r a d e   i n t o   o l d e r   a l l u v i u m   ( Q o a )  o r  younger 

(Qya)  alluvium. Smaller a r e a s  of t h i s   n a t u r e   h a v e   n o t   b e e n  

d i f f e r e n t i a t e d  from t h e   c o l l u v i a l  deposits. 

The l a r g e s t   t a l u s   c o n e s  are p r o b a b l y   n o t  more t h a n  50 

m t h i c k ,   m e a s u r e d   p e r p e n d i c u l a r   t o   t h e i r   u p p e r   s u r f a c e .  

C o l l u v i a l   d e p o s i t s  are cons ide red  t o  b e   m o s t l y   l a t e  

P l e i s t o c e n e  t o  Holocene i n   a g e .  

Younger  Alluvium  (Qya) 

Younger   a l luvium  (Qya)  i s  comprised  by mud, s i l t ,  sand 

a n d   g r a v e l   i n   a r r o y o   f l o o r s ,   v a l l e y   b o t t o m s ,   a n d  low ter-  

races less t h a n  3 m above t h e   d r a i n a g e s .  Some f ine-gra ined  

s a n d y   d e p o s i t s   i n   s m a l l ,   c l o s e d   d e p r e s s i o n s  are  inc luded  

w i t h   t h e   y o u n g e r   a l l u v i u m   u n i t .   A r r o y o - f i l l   d e p o s i t s  are 

most l i k e l y  less t h a n  15 m thick.   These  non-indurated 

sed iments  are c o n s i d e r e d   t o  be o f  l a tes t  P l e i s t o c e n e   o r  

Holocene  age.  
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ABSTRACT 

X 

I n  c e n t r a l  New Mexico, t h e   R i o   G r a n d e   r i f t   h a s   b r o k e n  a 
n o r t h e a s t - t r e n d i n g   c h a i n   o f   O l i g o c e n e   c a u l d r o n s ,   a n d  a .  

s u r r o u n d i n g   v o l c a n i c   p l a t e a u ,   i n t o  a series o f   no r th - t r end ing ,  
t i l t e d   f a u l t - b l o c k   r a n g e s   a n d   a l l u v i a l   b a s i n s .  The cau ld rons  
l i e  a l o n g   t h e   a n c i e n t   c r u s t a l   f l a w   o f   t h e   M o r e n c i   l i n e a m e n t ,  
w h i c h   h a s   b e e n   r e a c t i v a t e d   w i t h i n   t h e   r i f t  as a deep   s ea t ed  
zone  of l a te ra l  s h e a r i n g .   T h i s   t r a n s v e r s e   s h e a r   z o n e  i s  a 
d i f f u s e  domain  boundary a t  the   su r f ace ,   where  it s e p a r a t e s  
f i e l d s   o f  t i l t e d  f a u l t   b l o c k s   t h a t  are ro t a t ed   and   s t ep -  
f a u l t e d   i n   o p p o s i n g   d i r e c t i o n s .   I n   c r o s s   s e c t i o n ,   t h e  
c l o s e l y   s p a c e d ,   n o r m a l   f a u l t   b l o c k s   l o o k  similar t o  a t r a i n  
of   fa l len   dominoes .  

The Socor ro   Peak   vo lcan ic   cen te r  l i es  w i t h i n   t h e  rift,  
a t  t h e  east end   of   the   cau ldron   complex .   Ol igocene   vo lcanic  
s t r a t a  e x p o s e d   h e r e   r e p r e s e n t   t h e   r e m n a n t s   o f   t h e   n o r t h - h a l f  
o f   t h e   r e s u r g e n t   S o c o r r o   c a u l d r o n ,   t e n t a t i v e l y   c o r r e l a t e d  
w i t h   e r u p t i o n   o f   t h e  Lemitar Tuff   about  28  m.y. ( m i l l i o n  
yea r s )   ago .   Nea r ly  9 0 0  m o f   c a u l d r o n - f a c i e s  L e m i t a r  ( ? )  

Tuf f ,   wh ich   con ta ins   ca lde ra -co l l apse   b recc ia s   and   bedded  
l a g - f a l l   b r e c c i a s ,  i s  exposed   on   t he   r e su rgen t   b lock .  The 
Lemitar Tuf f   ou t f low  shee t   cove red   domino- s ty l e   f au l t   b locks  
o f   t h e   e a r l y   r i f t   t h a t  were la rge ly   bur ied   by   wedge-shaped  
p r i s m s   o f   b a s a l t i c - a n d e s i t e   l a v a s .  The  moat  of  the Socorro 
c a l d e r a  was f i l l e d  t o  overf lowing  by local e r u p t i o n s   o f  
l i t h i c - r i c h   r h y o l i t i c   a s h - f l o w   t u f f s ,   i n t e r m e d i a t e   l a v a s ,  
and r h y o l i t e  domes: t h e s e  moat d e p o s i t s  are  c o l l e c t i v e l y  
named t h e   L u i s  Lopez  Formation. 

During  Miocene t i m e ,  t h e   n o r t h e r n   p a r t   o f   t h e   S o c o r r o  

cau ld ron  w a s  unconformably  buried by the   Popo tosa   Fo rma t ion ,  
w h i c h   c o n s i s t s   o f   h e t e r o l i t h i c  mudflow depos i t s ,   fanglomer-  
ates,  p laya   muds tones ,   and   minor   in te rbedded   basa l t   f lows .  
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From 1 2  m.y. t o  7 m.y. ago,  numerous  rhyodacite t o  
h i g h - s i l i c a   r h y o l i t e  domes a n d   t u f f s   o f   t h e  Socorro Peak  

Rhyo l i t e  were e r u p t e d   o n t o   t h e   p l a y a   f l o o r   o f   t h e   P o p o t o s a  
b a s i n  as  it c o n t i n u e d   t o   f i l l .   T h e s e  s i l i c i c  domes d e f i n e  
a n o r t h - n o r t h w e s t - t r e n d i n g   i n t r u s i v e  b e l t ,  which i s  wides t  
where it c r o s s e s   t h e   b u r i e d   r i n g   f r a c t u r e  zone of t h e  

Socorro cau ld ron  a t  Socorro  Peak.  Between 7 t o  4 m.y. ago, 
c o n t i n u e d   r i f t   f a u l t i n g ,   c o m b i n e d   w i t h   e p e i r o g e n i c   u p l i f t ,  
d i s r u p t e d   t h e   f l o o r  of the   Popotosa   bas in   and   began   to   form 
t h e  modern r anges   and   bas ins   o f   t he   Socor ro   Peak  area. About 
4 m.y. a g o ,   b a s a l t i c   l a v a s  were erupted   f rom  vents   southwes t  
of   Socorro   Peak .   These   l avas   f lowed  eas tward   across  
ped imen ted   f au l t   b locks   and   on to   channe l   s ands  of t h e  
ances t ra l   Rio   Grande .  E a s t  of Socorro  Peak ,  t h e   f a c i e s  of 
t h e   S i e r r a   L a d r o n e s   F o r m a t i o n   c o n s i s t   o f   t h e s e   f l u v i a l   s a n d s  
and   i n t e r tongu ing   p i edmont   g rave l s   shed   f rom  the  modern 
h igh lands .  

E r u p t i v e   e v e n t s  i n  t h e   S o c o r r o   P e a k   v o l c a n i c   c e n t e r  
have  been  dated a t  2 8 . 6 ,  11.9-10.3,  10.5-9.0, 7 . 4 ,  and 4 . 0  
m.y. T h e - p r i m a r y   c o n t r o l   o f   t h i s   r e c u r r e n t  magma i n t r u s i o n  
a n d   r e l a t e d   h y d r o t h e r m a l   a c t i v i t y   h a s   b e e n   t h e   " l e a k y "  
ver t ica l  f a b r i c  of t h e  M o r e n c i   l i n e a m e n t .   I n   l i g h t   o f   t h i s  
h i s t o r y ,  it i s  n o t   s u r p r i s i n g   t h a t   g e o p h y s i c a l l y   d e f i n e d  
magma bodies ,   which   provide  a h e a t   s o u r c e   f o r   t h e   p r e s e n t  
geothermal  anomaly, are a g a i n   r i s i n g   u n d e r   t h e   S o c o r r o  Peak 

area. 
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STRUCTURE 

4 _ .  

S t r u c t u r a l   e l e m e n t s   o f  the  Socor ro   Peak   vo lcan ic   cen te r  

r e p r e s e n t   s m a l l   s e g m e n t s   o f   r e g i o n a l   s t r u c t u r e s  t h a t  con- 

t i n u e   f a r   b e y o n d   t h e  limits o f   t he  mapped' a r e a .  The s i g -  

n i f i c a n c e   o f   t h e s e   i s o l a t e d   s t r u c t u r e s   h a s   b e e n   r e a l i z e d  

p r i m a r i l y   t h r o u g h   i n t e g r a t i o n   w i t h   r e g i o n a l   m a p p i n g   o f   t h e  

"Magdalena P r o j e c t "   ( C h a p i n   a n d   o t h e r s ,  1 9 7 8 ) .  

R e g i o n a l   S t r u c t u r a l   S e t t i n q  

The m a j o r   s t r u c t u r a l   f e a t u r e s  of the  Socorro-Magdalena 

area  and t he i r  r e l a t i o n s h i p   t o  the Socorro   Peak   vo lcanic  

c e n t e r   a r e   i l l u s t r a t e d   b y   F i g u r e  35. T h i s   g e n e r a l i z e d  

s t r u c t u r e  map  may b e   c r o s s   r e f e r e n c e d   w i t h   f i g u r e s  2 and 9 

f o r  names o f   f e a t u r e s   n o t   l a b e l e d   h e r e .  

The  Socorro-Magdalena  area  has a complex s t r u c t u r a l  

g r a i n   f o r m e d   b y   t h e   i n t e r s e c t i o n   o f   s e v e r a l   r e g i o n a l   s t r u c -  

t u r e s   t h a t   h a v e   b e e n   s u c c e s s i v e l y   o v e r p r i n t e d ,   o n e   u p o n  

a n o t h e r ,   d u r i n g   f i v e   o r   m o r e   p e r i o d s   o f   c r u s t a l   d e f o r m a t i o n .  

T h e   d o m i n a n t   r e g i o n a l   s t r u c t u r a l  strikes a n d   t h e i r   b e a r i n g s  

( p l u s  o r  minus 15 d e g r e e s )  are: nor th -nor thwes t  (NlOV7;il , 
n o r t h - n o r t h e a s t  (NSOE), n o r t h e a s t  (M60E) and  wes t -nor thwost  



..... O l i g o c e n e   c a u l d r o n   m a r g i n   a t t i t u d e   o f   t i l t e d  
f a u l t   b l o c k s '  :. 

a p p r o x i m a t e   m a r g i n   o f  
M i o c e n e   P o p o t o s a   b a s i n .  

0 . '  

7 m a i o r ( ? )  r i f t  f a u l t s  
r a n g e   b o u n d i n g   a n d  

t r a n s v e r s e   s h e a r   z o n e  A d o w n t h r o w n   s i d e  ." - . " 

Figure  35. Major s t r u c t u r a l   f e a t u r e s  of t h e   S o c o r r o -  
.- . " - 

Magdalena  area;  a f te r  Chapin  and  Seager (1575), 
Chap in   and   o the r s  ( 1 9 7 8 1 ,  and  Machette ( 1 3 7 8 ,  
Socorro   2 -degree   shee t ,   unpub. )   wi th   modi f ica t ions .  
Numerous closely s p a c e d   e a r l y   r i f t   f a u l t s   t h a t   c u t  
r anges  are n o t  shown ( c f .   p l .  3 ,  map 1). See f i g u r e s  
2 and 9 f o r   a d d i t i o n a l  names o f   f e a t u r e s .  

340 
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(tJ75M). With  r e s p e c t   t o   t h e  modern s t r u c t u r a l   g r a i n   t h e  

f i r s t  two s t r i k e s   a r e   l o n g i t u d i n a l   a n d   t h e   l a t t e r  two a r e  

t r a n s v e r s e .  From o l d e s t   t o   y o u n g e s t ,   r e g i o n a l   s t r u c t u r e s  

may b e   g r o u p e d   i n t o   t h r e e   g e n e r a l   c a t e g o r i e s   c o n s i s t i n g   o f :  

1) p r e v o l c a n i c   ( p r e - O l i g o c e n e )   s t r u c t u r e s ,  2 )  Ol igocene  vol-  

c a n i c   s t r u c t u r e s ,   a n d  3 )  s t r u c t u r e s   r e l a t e d   t o   t h e   R i o  

Grande r if t .  

P r e v o l c a n i c   S t r u c t u r e s  

P r e v o l c a n i c   s t r u c t u r e s   a r e   p o r l y  known because   o f  

widespread  cover  by Oligocene  volcanic  rocks  and  younger 

b a s i n - f i l l   d e p o s i t s .  However, t h e s e   o l d e r   s t r u c t u r e s  

are  q u i t e   s i g n i f i c a n t   i n   p r o v i c l i n g  a p r e - e x i s t i n g   c r u s t a l  

g r a i n   t h a t   h a s   b e e n   u t i l i z e d   i n   v a r i o u s  ways  by e x t e n s i o n a l  

stresses which  have  formed  the  Rio  Grande r if t .  

The o l d e s t   s t r u c t u r e s   i n   t h e   S o c o r r o   r e g i o n   a p p e a r   t o  

b e   t h e , n o r t h e a s t - t r e n d i n g  (N60E) Morenci   l ineament   and  the 

wes t -nor thwes t   t rending  (N75W) Capi tan   l ineament  of Chapin 

a n d   o t h e r s   ( 1 9 7 8 ,   f i g .  1). T h e s e   d e e p l y   p e n e t r a t i n g   l i t h o -  

s p h e r i c  flaws, which i n t e r s e c t   n e a r   S o c o r r o   ( f i g .  3 5 ) ,  are 

c h a r a c t e r i z e d   b y   t h e i r   t e n d e n c y   t o   " l e a k "  magmas. On 

r e g i o n a l   n a p s   ( i b i d . ,   f i g .  I), t h e y   a p p e a r  as l i n e a r   b e l t s  

of m o s t l y   C e n o z o i c   i n t r u s i o n s   a n d   v o l c a n i c   v e n t s   t h a t  

c u t   a c r o s s  N e w  Mex ico .   The   age   o f   i ncep t ion   and   t he   o r ig in  



T-2274 372 

o f   t he   E lo renc i~and   Cap i t an   l i neamen t s   have   no t   been   e s t ab -  

l i s h e d .  However, t h e s e   c r u s t a l   d e f e c t s   r e s p e c t i v e l y   p a r a l -  

l e l  the   Precambr ian   wrench-fau l t   zones   o f   the   Colorado  

l ineament  (Warner,  1 9 7 8 )  a n d   t h e  more deba tab le   Texas  

l ineament   (Albr i t ton   and   Smi th ,   1956;  Moody and H i l l ,  1 9 5 6 ;  

Turner ,  1 9 6 2 ) ,  w h i c h   s u g g e s t s   t h a t   t h e y  may be similar i n  

a g e   a n d   o r i g i n .   I n   t h e  cectral Magsalena  Mocntains ,   fol ia-  

t i o n s   i n   l a t e   P r e c a m b r i a n   r o c k s   t u r n  from n o r t h e r l y   s t r i k e s  

t o   n o r t h e a s t e r l y  str ikes where  t h e y   a p p r o a c h   t h e   p r o j e c t i o n  

of   the  Morenci   l ineament   (Condie   and  Eudding,  1 9 7 0 ) .  

However ,   Precambr ian   deformat ion   a long   th i s   nor theas t  

t r end   has   no t   ye t   been   e s t ab l i shed   and   t he   warp ing   cou ld   be  

post-Precambrian (W. Sumner, i n   p r e p . ) .  The  Morenci  and 

Capi tan   l ineaments  as d e p i c t e d  by  Chapin  and  others  ( 1 9 7 8 ,  

f i g .  11, and a s  on   F igure  35, a r e   c o n s i d e r e d   t o   r e p r e s e n t  

ma jo r   f au l t   zones   w i th in   b roade r   zones   o f  lesser sub- 

p a r a l l e l   f a u l t s   a n d   f r a c t u r e s ,  much l i k e   t h e   s e t t i n g  of t h e  

S a n   A n d r e a s   f a u l t   i n   C a l i f o r n i a  (Moody and H i l l ,  1956) .  

The v e r t i c a l   f a b r i c   o f   w r e n c h   f a u l t s  ms t  l i k e l y   p r o v i d e s  a 

favored   pa th   o f  least  r e s i s t a n c e   f o r   t h e   p a s s i v e   a s c e n t   o f  

magmas g e n e r a t e d   i n   t h e  lower c r u s t  ( C . E .  Chapin,   1979b).  

I n  l a te  M i s s i s s i p p i a n  t o  Permian time ( a n c e s t r a l  Rocky 

Mountain  orogeny)  and l a t e r  i n   l a t e   C r e t a c e o u s   t o   m i d d l e  
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Eocene time (Laramide  orogeny) ,   regional   compressional  

stresses formed overall  n o r t h - t r e n d i n g   a n t i c l i n a l   a n d   f a u l t -  

b l o c k   u p l i f t s   t h a t   s p a n n e d   t h e   l e n g t h   o f  h’ew Mexico  and  on 

in to   Colorado   (Chapin   and   Seager ,  1 9 7 6 ,  f i g .  2 ) .  I n   t h e  

Socorro-Magdalena area,  a l a t e   P a l e o z o i c   u n c o n f o r m i t y   i n  

t h e   J o y i t a  Hills (Kot t lowski   and   S tewar t ,  1 9 7 0 )  and  bedded 

b r e c c i a s   i n   t h e  Madera  and A b  Formations  near  Magdalena 

(Chap in   and   o the r s ,   1975)   i nd ica t e   de fo rma t ion  of unknown 

s c a l e   r e l a t e d  t o  t h e   a n c e s t r a l  Rocky  Mountain  orogeny. 

L a t e   M i s s i s s i p p i a n  t o  e a r l y   P e n n s y l v a n i a n   s t r u c t u r e s  

a r e  a l s o  a p p a r e n t   i n   s t r a t a  of th i s   age   exposed   on   Socorro  

Peak and i n   t h e  Lemitar Moun ta ins .   In   t he  l a t te r  a r e a  

(Lemitar Map), f a u l t   b l o c k s   t i l t e d   a b o u t  5 5  degrees  west 

expose   c ros s - sec t iona l  views of a l a t e  P a l e o z o i c   t h r u s t  

f a u l t   t h a t   o r i g i n a l l y  had a nor thwes t  t o  west-northwest 

s t r ike .  From t h e   s o u t h e r n   b l o c k   t o   t h e   n o r t h e r n   o v e r t h r u s t  

b l o c k ,   t h e  Kelly L imes tone   ab rup t ly   d i sappea r s ,   and   t he  

Sand ia   Fo rma t ion   t h ins   ab rup t ly  from a b o u t  1 8 0  m t o  less 

t h a n  5 0  m .  The t h r u s t   f a u l t   d o e s   n o t   c u t   t h e   u p p e r   S a n d i a  

shales o r   t h e  Madera  Limestone. 

The  absence of the   Ke l ly   L imes tone   on   Socor ro  Peak may 

be r e l a t e d  t o  local n o r m a l   f a u l t s  of l a t e  Paleozoic   age .  

The pentagon-shaped  Precambrian  exposure west o f  Woods 
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Tunnel i s  bounded  on   the   nor thwes t   and   southwes t   s ides  by 

f au l t s ,   wh ich   do   no t   appea r  t o  d isp lace   the   Madera-Sandia  

c o n t a c t   a l o n g   t h e i r   p r o j e c t i o n s   t o   t h e  west (see p l .  1 f o r  

f a u l t   a t t i t u d e s ) .  If t h e   m i d d l e   t o   l a t e   C e n o z o i c   l o c a l  

r o t a t i o n   o f   s t r a t a  i s  removed ( a b o u t  4 0  d e g r e e s   t o  west- 

sou thwes t ) ,   t hen   t hese   appa ren t   Pennsy lvan ian -age   f au l t s  

become nor theas t   and   no r th -nor theas t - s t r ik ing   h igh -ang le  

normal f a u l t s  bounding a m a l l   h o r s t   b l o c k .  The  Kelly Lime- 

s t o n e  i s  a h s e n t   o n   t h i s   h o r s t   b l o c k   w h e r e   t h e   b a s e   o f   t h e  

l a t e   P a l e o z o i c   s e c t i o n  i s  exposed.  However, it would  not 

b e   s u r p r i s i n g   t o   t h i s  writer, i f  t h e  Kelly  Limestone  were 

preserved   on   the   ad jacent   downthrown  b locks   where   the   base  

o f   t h e  l a t e  P a l e o z o i c   s e c t i o n  i s  not   exposed .   This   un tes ted  

p o s s i b i l i t y   c o u l d   h a v e   e c o n o m i c   s i g n i f i c a n c e   i n   t h e   h y d r o -  

t he rma l ly   mine ra l i zed   s e t t i ng   o f   Socor ro   Peak .  

The  Socorro-Magdalena area l i es  o n   t h e   b r o a d  crest of 

a major  Laramide u p l i f t   ( C h a p i n   a n d   S e a g e r ,   1 9 7 5 ) ,   w h i c h   i n  

l a te  Eocene time was beve led   by   an   e ros ion   su r f ace   o f  low 

r e l i e f  ( E p i s  and   Chap in ,   1975) .   Bo th   t h i s   up l i f t   and   f l ank-  

i n g   b a s i n s  were b u r i e d  by t h e   D a t i l   v o l c a n i c   p l a t e a u   i n  

Oligocene time (Chap in   and   o the r s ,   1975) .   S t r a t ig raph ic  

r e l a t i o n s  a t  t h e   b a s e   o f  t h e  v o l c a n i c  p i l e  t h a t   d e f i n e   t h e  

u p l i f t   a n d   a d j a c e n t   b a s i n s   h a v e   b e e n   p r e v i o u s l y   d e s c r i b e d  

unde r   t he   head ing   "P revo lcan ic   rocks" .   Because   t h i s   con tac t  
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i s  d i s c o n t i n u o u s l y   e x p o s e d   i n   t i l t e d .   f a u l t   b l o c k s  of t h e  

r i f t ,   o n l y   t h e   g e n e r a l   p o s i t i o n s  of t h e   b a s i n s   a n d   u p l i f t  

can   be   r econs t ruc t ed  from i s o l a t e d   c o n t r o l   p o i n t s   ( f i g .  3 5 ) .  

Socorro Peak c a n   b e   i n d i r e c t l y   i n t e r p r e t e d  as a c o n t r o l  

p i n t  o n   t h e   L a r a m i d e   u p l i f t .  Here, t h e   w i d e s p r e a d   e a r l y  

Oligocene  unconformity a t   t h e   b a s e   o f   t h e - S p e a r s   F o r m a t i o n  

has   been  overlapped  by a l o c a l   i n t r a v o l c a n i c   u n c o n f o r m i t y  

r e l a t e d   t o   t h e   n o r t h   m a r g i n  of t h e   S o c o r r o   c a u l d r o n .  E v i -  

dence   t ha t   t he   Spea r s   Fo rma t ion   d id   once   r e s t   unconfo rmab ly  

on   t he  Madera Limestone a t  Socor ro  Peak i s  provided by 

h o u l d e r s   c l e a r l y   d e r i v e d   l o c a l l y  from the   Spears   Format ion .  

T h e s e   d i s t i n c t i v e   b o u l d e r s   o c c u r   i n  l a t e  Oligocene  land- 

s l i d e   d e p o s i t s   o n   a n   i n n e r   t o p o g r a p h i c  wall o f   t h e   S o c o r r o  

c a l d e r a   ( f i g .  1 8 ) .  

The e a s t e r n   e d g e   o f   t h e   L a r a m i d e   u p l i f t   a t   S o c o r r o  i s  

most l ike ly   marked   by  small exposures   o f   Precambr ian   g ran i te  

about  1 5  km due .east of Socorro Peak .   These   g ran i te   ou t -  

c rops  are l o c a l l y  b o u n d   o n   t h e i r   e a s t e r n   s i d e s   b y   n o r t h -  

no r theas t   s t r i k ing   (N20E) ,   h igh -ang le   r eve r se   f au l t s   up th rown  

o n   t h e  west (Wilpol t   and  Wanek, 1 9 5 1 ) .   S i m i l a r   r e l a t i o n -  

s h i p s   d i s t i n g u i s h   L a r a m i d e   s t r u c t u r e s   i n   n o r t h e r n  N e w  Mexico 

(Woodward, 1 9 7 6 )  . 
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Ol igocene   Vo lcan ic   S t ruc tu res  

Approxi,mately 37 m.y. ago ,   i n t e rmed ia t e  composition vol-  

canism  broke o u t  near t h e   h e a r t  of t he   Da t i l -Mogo l lon   f i e ld .  

Penecontemporaneous  erosion of v o l c a n i c   h i g h l a n d s   ( l a r g e  

s t r a tovo lcanoes? )   p roduced  a th i ck   s ed imen ta ry   ap ron  now 

known as  the   Spears   Format ion ,   which   spread   nor thward   across  

the  Socorro-Magdalena area. These   ear ly   Ol igocene  calc- 

a l k a l i n e  lavas, which may have  formed i n  a subduct ion  

environment   (Lipman  and  others ,  1 9 7 2 ) ,  a r e   c o n s i d e r e d   t o  

h a v e   b e e n   e r u p t e d   i n   a n   e s s e n t i a l l y   n e u t r a l  stress f i e l d  

(Chapin,  1 9 7 4 ) .  A few t r a n s v e r s e   o r i e n t e d   n o r m a l ( ? )   f a u l t s  

o f   e a r l y   O l i g o c e n e   a g e ,   w h i c h   c o n t r o l  major t h i c k n e s s  

changes   i n   t he   Spea r s   Fo rma t ion   (Chap in   and   o the r s ,   1975 ;  

Lemitar Map), are  of u n c e r t a i n   t e c t o n i c   s i g n i f i c a n c e .   T h e s e  

e a r l y   O l i g o c e n e   f a u l t s  may be r e l a t e d   t o   t h e   C a p i t a n   o r  

Morenci  l ineaments.  

In   midd le   O l igocene  time, vo lcan i sm  sp read   i n to  

the  Socorro-Magdalena  area,   not   long  before  a s h i f t  t o  erup- 

t i o n s  of s i l i c i c  ash- f low  tuf fs   occur red .   Between  about  32 

t o  2 6  m.y. ago a t  least  seven  major   ash-f low  sheets  were 

e r u p t e d  from a complex   of   over lapping   and   nes ted   cau ldrons  

( f i g .   3 5 ,   f i g .  9) t h a t  form a l a r g e   c h a i n   e x t e n d i n g   a b o u t  

80 km t o   t h e   s o u t h w e s t  from  Socorro  (Chapin  and others,  

1978) .   The   genera l   a l ignment  of t h e s e   c a u l d r o n s   a l o n g  the 
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Morenci  l ineament i s  a n   e a r l y   i n d i c a t i o n   o f  i t s  " l eaky"  

n a t u r e .   L i k e   s i m i l a r   c a u l d r o n   ( c a l d e r a )   c o m p l e x e s   i n   t h e  

San  Juan  Mountains  (Steven  and  Lipman, 1 9 7 6 ) ,  t h e s e   c i r c u l a r  

t o  e l l i p t i c a l   s u b s i d e n c e   s t r u c t u r e s  are  i n t e r p r e t e d   t o  mark 

r o o f s   o f   i n d i v i d u a l   s h a l l o w   p l u t o n s   i n  a composite  batho- 

l i t h .  The r o o f s   c o l l a p s e d  as  t h e i r   u p p e r   p o r t i o n s  were 

evacuated  during  voluminous  ash-f low  erupt ions.   Ponding  of  

ash- f lows   wi th in   cau ldrons  ( i . e .  contemporaneous  subsidence) 

t o   p r o d u c e   t h i c k n e s s e s   o f t e n   a n   o r d e r   o f   m a g n i t u d e   g r e a t e r  

t h a n   t h e i r   e c i u i v a l e n t   o u t f l o w   s h e e t  i s  now r e c o g n i z e d   i n  

e s s e n t i a l l y   a l l   w e l l - d o c u m e n t e d   c a u l d r o n s   ( L i p m a n ,   o r a l  

commun., 1 9 7 8 ) .  The  Socorro  cauldron  apparent ly   formed 

d u r i n g   t h e   i n i t i a l   s t a g e s   o f   c r u s t a l   e x t e n s i o n ;   t h u s  some 

e a r l y  rift f a u l t s  may have  accomodated  cauldron  subsidence.  

I n   c o n t r a s t   t o   t h e   s l i g h t l y   e r o d e d   S a n   J u a n   c a l d e r a s ,  

the  Socorro-Magdalena  cauldron complex and i t s  sur rounding  

i g n i m b r i t e   p l a t e a u   h a v e   b e e n   b r o k e n   i n t o  a myriad of t i l t e d  

f a u l t   b l o c k s  by c r u s t a l   e x t e n s i o n   w i t h i n   t h e   R i o   G r a n d e  

rift.  Several cau ld ron   marg ins   o f   F igu re  35 a r e   g e n e r a l l y  

p l aced  a t  t h e   t r a n s i t i o n   f r o m   t h i c k   c a u l d r o n - f a c i e s   t u f f s ,  

a s s o c i a t e d   w i t h   r e l a t i v e l y   m a s s i v e   a p p e a r i n g   r a n g e s ,  t o  t h i n  

o u t f l o w   s h e e t s   t y p i c a l l y   a s s o c i a t e d   w i t h   m u l t i p l e   h o g b a c k  

topography.  Younger r if t  f a u l t s  have of fse t  t h e   S o c o r r o  

cauldron  margin a t  Socorro   Peak   (p l .  1). However, similar 
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d isp lacements  of most cau ld ron   marg ins   have   gene ra l ly   no t  

been r e c o g n i z e d   ( f i g .   3 5 ) ,   s i n c e   t h e y   h a v e   b e e n   p r o j e c t e d  

a c r o s s   l a r g e   a r e a s   o f   y o u n g e r   b a s i n  f i l l .  

Rio  Grande R i f t  S t r u c t u r e s  

The   Socorro   Peak   vo lcanic   cen ter   and   sur rounding   reg ion  

l i e  w i t h i n  a north- t rending  zone of middle  and l a t e  Cenozoic 

c r u s t a l   e x t e n s i o n  known as the  Rio  Grande r i f t  (Chapin,  

1971a;   1979a) .  On t h e   r e g i o n a l  map ( f i g .   2 5 )   o n l y   t h e  

n e a r l y   h o r i z o n t a l   s t r a t a   o f   t h e   C o l o r a d o   P l a t e a u   a n d   t h e  

"high  mesas" east  o f   S o c o r r o   r e p r e s e n t   r e l a t i v e l y   u n s t r e t c h e d  

c r u s t  a t  t h e   m a r g i n s   o f   t h e  rift.  S i n c e   t h e   o n s e t   o f   c r u s -  

t a l   e x t e n s i o n ,   a b o u t  32 m.y. a g o ,   t h e   S o c o r r o   r e g i o n   h a s  

undergone a complex m u l t i s t a g e   e v o l u t i o n   r e c o r d e d   w i t h i n  

contemporaneous  volcanic   and  sedimentary  s t ra ta   (Chap ' in  and 

Seager,   1975;  Chamberlin,  1978;  Chapin,   1979a).   The f a u l t -  

b l o c k   u p l i f t s  of t h e  Chupadera-Socorro-Lenitar r anges   and  

a d j a c e n t   b a s i n s  expose an   approx ima te ly   comple t e   syn r i f t  

s t r a t i g r a p h i c   s e c t i o n .  The e f f e c t s  of e s s e n t i a l l y   c o n t i n u -  

ous norma l   f au l t i ng ,   con temporaneous   w i th   t he   depos i t i on   o f  

t h e s e  l a t e  O l i g o c e n e   t o   Q u a t e r n a r y   f o r m a t i o n s ,   h a v e   b e e n  

e m p h a s i z e d   t h r o u g h o u t   t h e i r   d e s c r i p t i o n s .  

35 

Much, bu.t n o t  a l1 , 'o f  t h e   s t r u c t u r a l   f e a t u r e s  of t h e  

r if t  a t  Socorro  may be   exp la ined   i n  terms of a h y p o t h e t i c a l  
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model o f   c r u s t a l   a t t e n u a t i o n   ( r i f t i n g )   f o r   t h e   A f a r   d e p r e s -  

s i o n   o f   n o r t h e a s t  Africa. T h i s  model  proposed  by  Morton 

and  Black  (1975) i s  descr ibed   and  shown h e r e   i n   F i g u r e  36. 

I n  terms o f   t h e  Morton  and  Black  model,  Oligocene  ash-flow 

s h e e t s   t h a t   d i p  5-10 degrees  west i n   t h e   n o r t h e r n  Bear Moun- 

t a i n s   ( M a s i n g i l l ,  1 9 7 8 )  l i e  n e a r   t h e   r i f t   m a r g i n ,   w h e r e a s  

t h e  same t u f f s   t h a t   d i p  50-60 d e g r e e s  west i n   t h e  Lemitar 

Mountains (Lemitar Map) occur  near  t h e   r i f t  axis .  

The writer h a s   r e f e r r e d  t o  p r o g r e s s i v e   w e s t e r l y   r o t a -  

t i o n  of f a u l t   b l o c k s   i n   t h e   L e m i t a r   M o u n t a i n s  -- s i m i l a r   t o  

t h e  Morton  and  Black model -- as "domino  s tyle"   normal  

f a u l t i n g ,   b e c a u s e   t h e   r o t a t e d   b l o c k s  are somewhat  analogous 

i n   o r i g i n   a n d   a p p e a r a n c e   t o  a t r a i n  of f a l l en   dominoes  

(Chamber l in ,   1978) .   S t rong ly   ro t a t ed  s t ra ta  r e p e a t e d  by 

low-angle   normal   fau l t s  -- c o n s i d e r e d   h e r e   t o   b e  a primary 

s i g n a t u r e  of d o m i n o - s t y l e   f a u l t i n g  -- have  been  observed  in  

many a r e a s  of the   Bas in   and   Range   province ,  commonly i n  

associat ion  with  penecontemporaneous  volcanism  (Mackin,  

1 9 6 0 ;  Anderson, 1 9 7 1 ;  P r o f e t t ,  1 9 7 7 ) .  I n   t h e   L e m i t a r -  

Socorro   mounta ins   a rea ,   two  ep isodes   o f   domino  s ty le   fau l t -  

i n g   i n v o l v i n g   r e l a t i v e l y   r a p i d  rates of r o t a t i o n   ( e x t e n s i o n )  

occur red   du r ing ,   and  somewhat a f t e r ,  p e r i o d s   o f  s i l i c i c  Vol- 

canism from 32-20 m.y. ago  and  12-7 m.y. ago  (Chamberlin,  

1978) .  
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r i f t  margin r if t  a x i s  

" 

r e l a t i v e l y  

low h e a t  flow 
r e l a t i v e l y  

h igh   hea t   f l ow 

Figure  36.   Morton  and  Black  (1975,   f ig .  4 )  model o f  

o f   E th iop ia .  The d e p t h   o f   f a u l t i n g  i s  o n   t h e   o r d e r   o f  
c r u s t a l   a t t e n u a t i o n   ( r i f t i n g )   f o r   t h e   A f a r   D e p r e s s i o n  

d i p s  are  shown) .   Essen t i a l   e l emen t s  of t h i s  model 
10-30 kn   and   t he   s ec t io r !  i s  t o  t r u e  s a c l e  ( i . e .  t r u e  

are: 1) p r o g r e s s i v e   n e c k i n g   o f   t h e   d u c t i l e   l o w e r  

uppe r   l i t hosphe re   by  means o f   c lo se ly   spaced   subpa ra l -  
l i t h o s p h e r e   g r a d e s  upward i n t o   e x t e n s i o n   o f   t h e   b r i t t l e  

r o t a t i o n  of b e d d i n g   a n d   f a u l t   p l a n e s   o c c u r s   s u c h   t h a t  
le1 n o r m a l   f a u l t s ;  2 )  d u r i n g   r i f t i n g   p r o g r e s s i v e  

o r i g i n a l l y   h i q h - a n g l e   n o r m a l   f a u l t s  become less 
i n c l i n e 2   w i t h  time: 3 )  w i t h  20-30 d e g r e e s   r o t a t i o n   t h e  
o r i g i n a l  set  o f   f a u l t s  i s  no longe r   o f   f avorab le  
o r i e n t a t i o n   a n d  a new set o f   f a u l t s   f o r m s   t o   c o n t i n u e  
t h e   p r o c e s s ;  4 )  n e g l e c t i n g   t h e   e f f e c t s   o f  contem- 
po raneous   e ros ion ,   depos i t i on ,   i n t rus ion ,   and   warp ing  
of s t ra ta  ( d r a g   f o l d s ,  e t c . ) ,  t h e   d i p  of bedding may 
be  used as a measure of t h e  a m o u n t   o f   c r u s t a l   a t t e n u a -  
t i o n .  Horst and   g raben   s t ruc tu res   (no t   shown)  a re  
common a t  t h e  rift margins  (Morton  and  Black, 1 9 7 5 ,  
f i g .  3 and 8). 
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Stewart 's  (1371) d i s c u s s i o n  of t h e   o r i g i n   o f   B a s i n  and 

Range s t r u c t u r e  h a s   e x e m p l i f i e d   t h e  common v i e w p o i n t   t h a t  

c r u s t a l   e x t e n s i o n   s h o u l d   b e   m a n i - f e s t e d   e i t h e r  as h o r s t s  

and  grabens or as  t i l t e d  ( d o m i n o   s t y l e )   n o r m a l   f a u l t   b l o c k s .  

I n   t h e   S o c o r r o  area, t h e s e   c o n t r a s t i n g   s t y l e s   o f   n o r m a l  

f a u l t i n o  are c o n s i d e r e d   t o  be compatible   end members of 

c r u s t a l   e x t e n s i o n   c o n t r o l l e d   b y   d i f f e r e n t   t h e r m a l   r e g i m e s .  

Hors t   and   g raben   s t ruc tu res  are  favored  by  moderate  heat 

flow  and a r e l a t i v e l y   t h i c k   b r i t t l e  crust .  I n   c o n t r a s t ,  

domino- s ty l e   f au l t i ng  i s  a s soc ia t ed   w i th   ve ry   h igh   hea t   f l ow 

and a re la t ive ly  t h i n   b r i t t l e   c r u s t   ( C h a m b e r l i n ,  1 9 7 8 ) .  

With spa t ia l  and   t empora l   va r i a t ions   i n   t he rma l   r eg imes ,  

t h e s e   c o n t r a s t i n g   s t r u c t u r a l   s t y l e s  may be  superimposed  on 

e a c h   o t h e r   i n   a n   o t h e r w i s e   c o n s t a n t   e x t e n s i o n a l  stress 

f i e l d .  

The r i f t  zone a t  Socorro i s  c h a r a c t e r i z e d   b y   t h r e e  

.. genera l  types of s t r u c t u r e s :  1) longi tudinal   "domino-style ' '  

f a u l t   b l o c k s   a n d   s u b s i d i a r y   h o r s t - g r a b e n   s t r u c t u r e s ,   b o t h  

of   which  dominant ly   t rend  north-northwest  (NlOW) a p p a r e n t l y  

pe rpend icu la r  t o  t h e   d i r e c t i o n  of ex tens ion ;  2 )  d i scon-  

t i n u o u s   t r a n s v e r s e   f a u l t s ,  f lexures,  and twists, which 

commonly appear  t o  fo l low pre-rift s t r u c t u r a l   t r e n d s   a n d  

which locally accommodate d i f f e r e n t i a l   r o t a t i o n   o f   l o n g i -  

t u d i n a l   b l o c k s ;   a n d  3 )  Neogene  sedimentary  basins ,   which 
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have  been  broken  by  uplifts   and  superimposed  one  on  another 

as  c h a n g e s   i n   s t y l e   a n d   l o c u s   o f   b l o c k   f a u l t i n g   h a v e   o c c u r -  

r e d .   T h e s e   s u b t l y   i n t e r r e l a t e d   s t r u c t u r e s   h a v e  been over- 

p r i n t e d  upon e a c h   o t h e r   d u r i n g  c rus ta l  e x t e n s i o n   i n   t h e  

s o c o r r o   a r e a .  

C r u s t a l   e x t e n s i o n  was f i r s t  " f e l t "  abou t  31-32 m.y. 

a g o   w i t h   t h e   a p p e a r a n c e   o f   r h y o l i t i c   a s h   f l o w s   o f   t h e  A-L 

Peak T u f f   a n d   i n t e r b e d d e d   m a f i c   l a v a s   o f   t h e  L a  J a r a  Peak 

Basa l t i c   Andes i t e   (Chap in ,  1 3 7 8 ) .  Domino-style  normal 

f a u l t i n g  was well underway i n  the   Lemi tar   Mounta ins   a rea   by  

28  m.y. ago when t h e   L e m i t a r   T u f f   o u t f l o w   s h e e t   b u r i e d   f a u l t  

b l o c k s   a l r e a d y   t i l t e d  5-15 d e g r e e s   t o   t h e  west (Chamberlin,  

1 9 7 8 ) .  Much of t h e   r e l a t i v e l y   m i n o r   f a u l t   b l o c k   t o p o g r a p h y  

( 1 0 0 - 2 0 0  m) was a l r e a d y  f i l l ed  i n  by  contemporaneous  basal-  

t i c  a n d e s i t e  lavas of the   midd le  La Jara Peak  tongue. 

T h e r e f o r e   t h e   d i s t r i b u t i o n   o f   t h e   s y n r i f t   L e m i t a r   T u f f  was 

re la t ive ly  u n a f f e c t e d   b y   o n g o i n g   c r u s t a l   e x t e n s i o n .  . The 

common i n t e r p r e t a t i o n  of widespread  Oligocene  ash-flow 

s h e e t s  as "pre-Basin  and  Range"  (meaning  pre-r i f t )   presumes 

h o r s t s   a n d   g r a b e n s   t o   b e   t h e   o n l y   s t y l e   o f   c r u s t a l   e x t e n -  

s ion .  

S i n c e  t h e   o n s e t   o f   c r u s t a l   e x t e n s i o n ,   t h e   s e g m e n t   o f  

t h e   M o r e n c i   l i n e a m e n t   w i t h i n   t h e   r i f t   z o n e   h a s   b e e n  reacti- 

v a t e d  a t  d e p t h  as a n   i n c i p i e n t   t r a n s f o r m   f a u l t   c o n n e c t i n g  
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e n   e c h e l o n   a x e s   o f   e x t e n s i o n   i n   t h e  r if t  (Chapin  and  others ,  

1 9 7 8 ) .  The   su r f ace   expres s ion  of t h i s   t r a n s f o r m   s t r u c t u r e  

i s  a d i f f u s e   t r a n s v e r s e - o r i e n t e d   s h e a r   z o n e .  The t r a n s v e r s e  

shea r   zone   s epa ra t e s  two f i e l d s  o f   domino- s ty l e   f au l t   b locks  

t h a t   h a v e   b e e n   r o t a t e d   t o   t h e  west o n   t h e   n o r t h   s i d e   a n d   t o  

t h e   e a s t   o n   t h e   s o u t h   s i d e .  The t ransverse   shear   zone   sub-  

t l y   c u t s   a c r o s s   t h e   s o u t h e r n   h a l f   o f   t h e   S o c o r r o  Peak vol- 

c a n i c   c e n t e r .   R i f t i n g   h a s   a p p a r e n t l y   p e r p e t u a t e d   o r  

e n h a n c e d   t h e   o r i g i n a l   l e a k y  ver t ical  f a b r i c   o f   t h e   l i n e a m e n t  

a s   e v i d e n c e d   b y   l a t e   M i o c e n e   l a v a s   o f   t h e   S o c o r r o  Peak Rhyo- 

l i t e  and   p re sen t   day   sha l low magma b o d i e s   r e l a t e d   t o   t h e  

Socorro  geothermal  area ( p l .  3 ,  map 4 ) .  The Capi tan   l inea-  

ment   apparent ly  was n o t  of a f a v o r a b l e   o r i e n t a t i o n  t o  be 

u s e d   l i k e   t h e   M o r e n c i   l i n e a m e n t .  Some r e l a t i v e l y   m i n o r  

t r a n s v e r s e   f a u l t s   i n   t h e   S o c o r r o  Peak a r e a   a p p e a r   t o   f o l l o w .  

t h e   C a p i t a n   t r e n d .  

T h e   p r e s e n t   b a s i n s   a n d   r a n g e s   o f   t h e   r i f t   i n   t h e  

S o c o r r o   a r e a  are r e l a t i v e l y  young f e a t u r e s   t h a t   h a v e   b e e n  

superimposed  on a b r o a d   e a r l y   b a s i n  of t h e   r i f t   ( B r u n i n g ,  

1973;   Chapin   and   Seager ,   1975) .   In   ear ly  Mocene, time t h e  

Popotosa   bas in   formed  as  a wide ,   sha l low  sag   ac ross   t he  

e n t i r e  rift from the   Ga l l inas   Moun ta ins   and   Co lo rado   P l a t eau  

o n   t h e   n o r t h w e s t  t o  t h e   " h i g h  mesas" east of   Socorro.  

S t r a t i g r a p h i c   r e l a t i o n s   i n   t h e   S a n t a   F e  Group i n   t h e  Socorro 
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Peak a r e a   p r o v i d e  new c o n t r o l   o n   t h e   s o u t h   a n d   e a s t e r n  mar- 

g i n s  of t h e   b a s i n   ( f i g .  35) and   on   t he   t iming   and   na tu re   o f  

d i s r u p t i o n   o f   t h e   P o p o t o s a   b a s i n   b y   c r e a t i o n  of t h e   p r e s e n t  

Chupadera-Socorro-Lemitar ranges .   These   ranges   apparent ly  

e x i s t e d  as  s u b a l l u v i a l   f a u l t   b l o c k s   p r i o r   t o   l a t e   M i o c e n e  

time. They became prominent   topographic   fea tures  i n  

P l iocene   and   P l e i s tocene  time pr imar i ly   because   o f   epe i ro -  

g e n i c   u p l i f t   o f   t h e   s o u t h e r n  Rocky  Mountains  combined  with 

c o n t i n u e d   b l o c k   f a u l t i n g .   D e v e l o p m e n t   o f   a l p i n e   t e r r a n e   i n  

southwestern  Colorado a t   t h i s  time p r o v i d e ?   a d d i t i o n a l  

runoff   to   form  the   ances t ra l   Rio   Grande   (Chapin ,   1979a) .  

L o c a l   S t r u c t u r e  

Several r e g i o n a l   s t r u c t u r e s   f o r m  a broad   zone   of   in te r -  

s e c t i o n   i n   t h e   S o c o r r o  Peak area t h a t   h a s   b e e n   i n s t r u m e n t a l  

i n   c r e a t i n g   t h i s   c e n t e r   o f  repeated magmatism.  These s t r u c -  

t u r e s  are the   Morenci   l ineament ,   the   Rio   Grande  r if t  and 

t h e   S o c o r r o   c a u l d r o n .  The  Morenci  lineament of p robab le  

Precambr ian   ances t ry  i s  now reflected i n  t h e   o v e r l y i n g  

Cenozoic s t r a t a  as  a t r a n s v e r s e   s h e a r   z o n e   o f   t h e  r if t .  

The  general  aspects o€ t h e s e   r e g i o n a l   C e n o z o i c   s t r u c t u r e s  

i n   t h e   S o c o r r o   P e a k   a r e a  are described h e r e a f t e r .  R e l a -  

t i v e l y   l i m i t e d   e x p r e s s i o n s  of p r e v o l c a n i c   s t r u c t u r e s   i n   t h e  

Socor ro   Peak   a r ea   have   been   desc r ibed   w i th   t he   r eg iona l  
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s e t t i n g .  The s tages   o f   deve lopment  of Neogene rift b a s i n s  

i n   t h e   S o c o r r o  Peak  area are r ev iewed   i n   t he   "Cenozo ic  

Geologic   His tory"   sec t ion ,   which   summar izes   th i s  report. 

S o c o r r o   c a u l d r o n   a n d   r e l a t e d   s t r u c t u r e s  

The S o c o r r o   c a u l d r o n   ( f i g .   3 5 )   h a s  many aspects common 

t o   w e l l - d e f i n e d   c a l d e r a s   ( c a u l d r o n s )   o f   t h e   S a n   J u a n   f i e l d  

a n d   o t h e r   v o l c a n i c   f i e l d s .  Common a t t r i b u t e s   o f   c a u l d r o n s  

a n d   c a l d e r a s  are: 1) a ve ry   t h i ck ,   dense ly   we lded ,   "d i r ty"  

i n t r a - c a l d e r a   t u f f ;  2 )  an   i n t r avo lcan ic   unconfo rmi ty  a t  t h e  

c a l d e r a  wall; 3 )   pos t - co l l apse ,   s ed imen ta ry   and   l oca l ly  

e r u p t e d   v o l c a n i c  f i l l  ( e s p e c i a l l y   r e s u r g e n t   c a l d e r a s ) ;  and 

4 )  a c i r c u l a r  o r  e l l i p t i c a l   g e o m e t r y ,   w i t h   d i a m e t e r s   o f  

about  10-40 km (see Steven  and  Lipman, 1 9 7 6 ;  Lipman, 1975;  

Eye r s   and   o the r s ,  1 9 7 6 ;  Smith  and  Bai ley,  1 9 6 8 ) .  The t h i c k  

a n d   " d . i r t y "   n a t u r e   o f   c a u l d r o n - f a c i e s   t u f f s   r e s u l t s  from 

contemporaneous   co l lapse   and   ava lanching  o r  slumping  of  the 

c a l d e r a  walls t o  produce mesobreccias and   megabrecc ias   in  

t h e   t e r m i n o l o g y  of Lipman ( 1 9 7 6 ) .  Lag-fa l l   b recc ias   (Wright  

a n d   W a l k e r ,   1 9 7 7 )   r e l a t e d   t o   l o c a l   i g n i m b r i t e   v e n t s  may a l s o  

be common i n   c a u l d r o n - f a c i e s   t u f f s   ( L i p m a n ,  1 9 7 8 ,  o r a l  

commun.). A l l  o f   t h e   a b o v e  aspects of   cau ldrons   have  been 

o b s e r v e d   i n   f a u l t - b l o c k   r e m n a n t s  of t h e  Socorro cau ld ron  

and   p rov ide   t he   ma in   ev idence  for  i t s  ex i s t ence .   Excep t  
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f o r  some a r c u a t e   d r a i n a g e s  of q u e s t i o n a b l e   i n t e r p r e t a t i o n  

i n   t h e   e a s t e r n  Magdalena  Mountains ,   the   Socorro  cauldron 

( c a l d e r a )   p r e s e n t l y   h a s  no obv ious   phys iog raph ic   exp res s ion .  

The Socorro   cau ldron ,  as shown  on  Figure 35, i s  i n t e r -  

p r e t e d  as a c o m p l e x   O l i g o c e n e   c o l l a p s e   s t r u c t u 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   e r u p t i o n  of t h e  Lemitar Tuff   about  28 m.y. 

ago  (Chapin  and  others ,  1978). The  Socorro  cauldron i s  

t e n t a t i v e l y   i n t e r p r e t e d   h e r e  as a complex  combination  of a 

t rapdoor   and   resurgent   cau ldron ,   which  may have formed 

d u r i n g  two s t a g e s   o f   e r u p t i o n   a n d   c o l l a p s e .  I t  may i n i -  

t i a l l y  have  formed as a t r a p d o o r   s t r u c t u r e   h i n g e d   o n  t h e  

west with maximum s u b s i d e n c e   o n   t h e  east. Then p o s s i b l y  

d u r i n g   l a t e   s t a g e   e r u p t i o n  of t h e  uppermost   quar tz - r ich  

Lemitar Tuff -- which l ies above a s l i g h t   c o o l i n g   b r e a k   o n  

t h e   o u t f l o w   s h e e t  -- t h e   e a s t e r n   h a l f   o f   t h e   c a u l d r o n   s u b -  

s i d e d   d i f f e r e n t i a l l y   a l o n g  a p r e - e x i s t i n g   n o r t h - t r e n d i n g  

f a u l t  zone.  Only t h e   e a s t e r n  half  o f   t h e   c a u l d r o n   r e s u r g e d  

and  developed a semic i r cu la r   moa t .   Th i s   t enuous   h i s to ry  i s  

based  on a l l   p r e s e n t l y  available d a t a ,   b u t  i s  clouded by 

ambiguity  due t o  u n c e r t a i n t y   i n   c o r r e l a t i o n   o f   t h e   c a u l d r o n -  

f a c i e s   t u f f .  

The Socorro   cau ldron  i s  c lear ly   f ragmented   by  block 

f a u l t i n g   o f   t h e   R i o   G r a n d e  r if t ,  which   r equ i r e s  i t s  recon- 

s t ruc t ion   based   on   r emnan t s   exposed   i n   t he   Chupade ra ,  
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S o c o r r o   a n d   e a s t e r n  Magdalena  mountains. The wes te rn   ha l f  

of t h e   S o c o r r o   c a u l d r o n   o v e r l a p s   a n d   b u r i e s   t h e  Sawmill 

Canyon cauldron,   which i s  cons idered  t o  b e   t h e   s o u r c e   o f  

t h e   p i n n a c l e s  ( ? )  member o f   t h e  A-L Peak  Tuff  erupted a b o u t  

31-32 m.y. ago .  Mapping of t h e  wes te rn   remnant   o f   the  

Socorro   cau ldron   in   the   Magdalena   Mounta ins   (Osburn ,  1978.; 

P e t t y ,  1979) h a s   i n d i c a t e d   r e l a t i v e l y   m i n o r   s u b s i d e n c e   o f  

abou t  150  m con temporaneous   w i th   e rup t ion   o f   t he   Lemi ta r  

T u f f .   F o r   t h i s   r e a s o n ,   t h e s e   a u t h o r s   h a v e   i n t e r p r e t e d   t h e  

S o c o r r o   c a u l d r o n   a s  a t r a p d o o r   s t r u c t u r e ,   h i n g e d   o n  t h e  

west, w i t h  maximum subs idence   on   t he  east .  The  cauldron 

margin i n   t h e   e a s t e r n  Magdalena  Mountains i s  expressed  by 

a n   a r c u a t e   z o n e  of p o s t - L e m i t a r   r h y o l i t e   i n t r u s i o n s ,   h y d r o -  

t h e r m a l   a l t e r a t i o n ,   a n d   l o c a l   a n o m a l o u s   ( o v e r t u r n e d )   d i p s  

i n   t h e  Lemitar T u f f .  Minor r h y o l i t e  domes  between t h e  

Lemitar Tuff  and the tu f f   o f   Sou th  Canyon r e p r e s e n t   t h e   o n l y  

r e a s o n a b l e   c a n d i d a t e s   f o r   p o s t - c o l l a p s e  f i l l  o f   t h e   S o c o r r o  

c a u l d r o n   i n   t h e  Magdalena  Mountains. Post 26  m.y. sub- 

s i d e n c e   a n d   e r u p t i o n   o f   r h y o l i t e   d o m e s   a b o u t  20 m.y. ago i n  

t h e  F?ater Canyon Mesa area  (Osburn,  1 9 7 8 )  n a y   b e   r e l a t e d   t o  

r e a c t i v a t i o n  of the   wes te rn   Socorro   cau ldron   margin   by  

r i f t i n g  a n d   i n t r u s i o n   a l o n g   t h e   d e v e l o p i n g   t r a n s v e r s e   s h e a r  

zone. 

S t r u c t u r a l l y   h i g h   b l o c k s   o f   P r e c a m b r i a n   a n d   P a l e o z o i c  
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r o c k s   a t   S o c o r r o   P e a k ,  west o f  Water Canyon,  and i n  t h e  

Coyote Hills  (see f i g .  2 )  mark t h e  maximum p o s s i b l e   o u t e r  

limits o f   t h e   c o l l a p s e d   b l o c k  of Socorro   cau ldron .  The 

sou the rn   po r t ion   o f   t he   Socor ro   cau ld ron   b lock ,   wh ich  l i e s  

in   t he   cen t r a l   and   sou the rn   Chupade ra   Moun ta ins ,   has   no t  

ye t   been  mapped a s   p a r t   o f   t h e   " M a g d a l e n a   P r o j e c t " .  The 

g e o l o g i c  map by  Miesch ( 1 9 5 6 )  o f   t h i s   a r e a   s u g g e s t s   t h e  

g e n e r a l   o u t l i n e   o f  a r e s u r g e n t   b l o c k   ( h i s   m a s s i v e   r h y o l i t e )  

a n d   c a u l d r o n - f i l l   d e p o s i t s   d i p p i n g   s o u t h e a s t e r l y   o f f   t h e  

r e s u r g e n t  block. The l o c a t i o n   o f   t h e   s o u t h e r n   m a r g i n   o f  

t h e   S o c o r r o   c a u l d r o n  shown on   F igu re  35 i s  u n c e r t a i n .  

S t r u c t u r a l   r e l a t i o n s h i p s   o f   t h e   e a s t e r n   h a l f   o f   t h e  

Socorro  cauldron,   which l i e s  east o f   t h e   b u r i e d  Sawmil l  Can- 

yon cauldron  margin,  are n o t a b l y   d i f f e r e n t   f r o m   t h a t   o f   t h e  

w e s t e r n   h a l f .   T h e   e a s t e r n   h a l f   c l e a r l y   h a s   t h e   e l e m e n t s  of 

a r e su rgen t   cau ld ron ,   wh ich  i s  anomalous  s ince  most   t rapdoor  

cau ld rons  do not   resurge   (S teven   and   Lipman,  1 9 7 6 ,  p. 3 1 ) .  

However, some a s p e c t s  of t h e   r e s u r g e n t   e a s t e r n   h a l f   o f   t h e  

Socorro   cau ldron  are  a m b i g u o u s   b e c a u s e   t h e   c o r r e l a t i o n  of 

t h e   c a u l d r o n - f a c i e s   t u f f  here i s  u n c e r t a i n .  

The e a s t e r n   c a u l d r o n - f a c i e s   t u f f  has b e e n   t e n t a t i v e l y  

correlated wi th   t he   uppe rmos t   qua r t z - r i ch  Lemitar Tuff  as 

d e f i n e d   o n   t h e   o u t f l o w   s h e e t  i n  t h e   L e m i t a r   M o u n t a i n s   ( f i g .  

1 3 ) .  A l t e r n a t i v e l y   t h i s   c a u l d r o n  facies Lemi ta r ( ? )   Tuf f  
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c o u l d   b e   e q u i v a l e n t   t o   t h e   p e t r o g r a p h i c a l l y   s i m i l a r  Hells 

Mesa Tuff  (see "Lemitar T u f f  - c a u l d r o n   f a c i e s "   f o r  

d e t a i l s ) .   F o r   t h e   p u r p o s e   o f   t h i s   r e p o r t ,   s t r u c t u r e s  of 

t h e   S o c o r r o   c a u l d r o n   i n   t h e  mapped area have   been   in te rpre-  

t ed  o n   t h e   a s s u m p t i o n   t h a t   b o t h   t h e   w e s t e r n   a n d   e a s t e r n  

c a u l d r o n - f a c i e s   t u f f s  a re  Lemitar  Tuff.   Should  mapping  of 

t h e   s o u t h e r n   C h u p a d e r a   M o u n t a i n s   p r o v e   t h e   a l t e r n a t i v e   t o  

b e   t r u e ,   s u f f i c i e n t   d a t a   h a v e   b e e n   p r o v i d e d   h e r e   t o  make 

t h e   r e l a t i v e l y   m i n o r   r e v i s i o - n s   t h a t  would  be  necessary.  

Several r e l a t i o n s h i p s  do suppor t   t he   Socor ro   cau ld ron  

a s   t h e   s o u r c e   o f   t h e  Lemitar Tuf f .  The d i s t r i b u t i o n   a n d  

t h i c k n e s s  of t h e  Lemitar a s h - f l o w   s h e e t   ( f i g .  1 4 )  are i n  

good agreement   wi th  a s o u r c e   i n   t h e   S o c o r r o   c a u l d r o n .  Also, 

a p e r i p h e r a l   h i n g e l i n e   s t r u c t u r e   i n   t h e   s o u t h e r n  Lemitar 

Mountains   appropriate1.y  indicates   pre-Lemitar   tumescence 

and   pos t -Lemi tar   subs idence .   F ina l ly ,  a 28.6C1.1 m.y. K - A r  

age   for   the   Luis   Lopez   Format ion   (cauldron  f i l l ) ,  which 

c l e a r l y  overl ies  c a u l d r o n - f a c i e s   L e m i t a r ( ? )   T u f f ,  i s  i n  

r e a s o n a b l e   a g r e e m e n t   w i t h   r e l i a b l e  K - A r  ages   of   28.8k0.7 

m.y. and  27.0Cl.l m.y. f o r   t h e   o u t f l o w - f a c i e s   L e m i t a r   T u f f .  

F a u l t s   a n d   o t h e r   s t r u c t u r e s   r e l a t e d   t o   t h e   S o c o r r o  

c a u l d r o n   d e p i c t e d   o n   t h e   g e o l o g i c  map a n d   c r o s s   s e c t i o n s  

( p l .  1 and 2 )  may be d i s t i n g u i s h e d   i n   s e v e r a l  ways. Caul -  

dron f a u l t s  commonly c o n t a i n   i n t r u s i o n s   p e t r o g r a p h i c a l l y  
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similar t o   ( a n d   a s s i g n e d  t o )  c a l d e r a - f i l l  members o f   t h e  

L u i s  Lopez  Fornation. Also t h e y  are t runca ted   by   an   ea r ly  

Miocene   e ros ion   sur face  a t  t h e   b a s e  of the   Popo tosa  Forma- 

t i o n .  Therefore,  c a l d e r a   s t r u c t u r e s  a re   a l so  c o n s i s t e n t l y  

o f f s e t  o r  t r u n c a t e d   b y   r i f t   f a u l t s ;  a l l  f a u l t s   t h a t   c u t  

San ta   Fe   Group   s t r a t a   a r e  rift f a u l t s .   R i n g   f r a c t u r e  and 

p e r i p h e r a l   f a u l t s  of t he   cau ld ron   have   been   i nd ica t ed   on  

t h e  map a n d   c r o s s   s e c t i o n s   b y   a n   e x t r a   h e a v y   l i n e .  

E rup t ion   o f   t he  Lemitar Tuff   and   subs idence   o f   the  

Socor ro   cau ld ron   appa ren t ly   occu r red   concur ren t ly   w i th   ea r ly  

r eg iona l   c rus t a l   ex t ens ion   (Chamber l in ,  1 9 7 6 ,  1 9 7 8 ) .  Thus, 

some n o r t h - t r e n d i n g   O l i g o c e n e   a g e   f a u l t s   w i t h i n   t h e   c a u l d r o n  

may be e a r l y  r i f t  f a u l t s   u t i l i z e d   d u r i n g   c a u l d r o n   s u b -  

s idence .  However, i n   t h i s  case they  would no longer   be 

" t r u e "   r i f t   f a u l t s ,   s i n c e   t r a n s m i s s i o n   o f   r e g i o n a l   e x t e n -  

s i o n a l  stress t o  a f l o a t i n g   c a u l d r o n   b l o c k  seems un l ike ly .  

S t r u c t u r a l   e l e m e n t s  of t h e   S o c o r r o   c a u l d r o n   a n d   t h e  

bur ied   margin   o f   the   Sawmil l  Canyon c a u l d r o n   i n   t h e  mapped 

a r e a  ( p l .  1) are  i l l u s t r a t e d   i n   F i g u r e   3 7 .  'These cauldron-  

r e l a t e d   s t r u c t u r e s  are  e x p o s e d   i n   v a r i a b l y   t i l t e d  r if t  f a u l t  

b l o c k s  of O l i g o c e n e   r o c k s   i n   t h r e e  areas: 1) t h e   n o r t h e r n  

Chupadera  Mountains, 2 )  t h e   e a s t e r n   e s c a r p m e n t   o f   S o c o r r o  

Peak,  and 3 )  i n   t h e   s o u t h e r n  Lemitar Mountains. To  appre- 

c ia te  t h e   o r i g i n a l   a t t i t u d e   a n d   s e n s e  of mot ion   on   t hese  



I 

F i g u r e  37.  S t r u c t u r a l   e l e m e n t s  of t h e   S o c o r r o   c a u l d r o n  
a n d   r e l a t e d   s t r u c t u r e s   w i t h i n   t h e   S o c o r r o   P e a k  
v o l c a n i c   c e n t e r .  

Lemitor 
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F i g u r e  3 7 .  S t r u c t u r a l   e l e m e n t s  of t h e   S o c o r r o   c a u l d r o n  
a n d   r e l a t e d   s t r u c t u r e s   w i t h i n   t h e   S o c o r r o   P e a k  
v o l c a n i c   c e n t e r .  
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O l i g o c e n e   s t r u c t u r e s   t h e   e f f e c t s   o f   y o u n g e r   f a u l t - b l o c k  

ro t a t ion   mus t  be s u b t r a c t e d .  

Resurgent   Block.  A remnant of t h e   r e s u r g e n t   b l o c k  

(done? )   o f   t he   Socor ro   cau ld ron  i s  expressed  by a l a r g e   o u t -  

c r o p   a r e a   o f   c a u l d r o n - f a c i e s   L e m i t a r ( ? )   T u f f   m o s t l y   t o   t h e  

south  of   Black  Canyon  ' in   the  Chupadera  Mountains .  The caul-  

d r o n   f a c i e s   i n t e r p r e t a t i o n  i s  s u p p o r t e d   b y   t h e   g r e a t  

t h i c k n e s s  -- as  much as 880 n -- of   t he   dense ly   we lded  

t u f f ,  and t h e   p r e s e n c e   o f   b o t h   c a u l d r o n - c o l l a p s e   n e s o -  

b r e c c i a s  ( T l x )  a n d   l a g - f a l l   b r e c c i a s   ( u p p e r   T l u )   a s  i l l u s -  

t r a t e d   i n   s e c t i o n  1-1' of  P la te  2 (see "Lemitar Tuff  - 
c a u l d r o n   f a c i e s "   f o r   d e t a i l s ) .  T h e   n o r t h e a s t   s i d e  of t h e  

r e su rgen t   b lock  is  p a r t l y  bound  by  several   nor theast- t rend-  

i n g   n o r m a l   f a u l t s   t h a t   h a v e   b e e n   r o t a t e d   a b o u t  4 0  degrees  

t o   t h e  east  g i v i n g  them t h e   a p p e a r a n c e   o f   o b l i q u e  s l i p  

f a u l t s .  The n o r t h e a s t   s t r i k e   o f   t h e s e   c a l d e r a   r e l a t e d  

f a u l t s   h a s   n o t   b e e n   s i g n i f i ' c a n t l y   a l t e r e d   b y  l a t e r  b lock  

r o t a t i o n .   T h e i r   t r e n d   s u g g e s t s   t h a t   t h e y   a r e  an  expres s ion  

o f   p r e - e x i s t i n g   b a s e m e n t   f r a c t u r e s  of the  Morenci   l ineament  

wi th in   t he   cau ld ron   b lock .   The   B lack  Canyon f a u l t ,  which 

is downthrown  toward t h e   a d j a c e n t  moat d e p o s i t s ,  i s  in t ruded  

by a l a r g e   r h y o l i t e  body  and  exhibi ts   unconformable rela- 

t i o n s h i p s   i n d i c a t i n g   t h a t  it was p a r t l y   b u r i e d  by moat 

d e p o s i t s   o f   t h e   L u i s  Lopez  Formation. 
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Some d o m i n g ( ? )   ( n o r t h e a s t   t i l t i n g )   o f   t h e   r e s u r g e n t  

b l o c k   p r i o r   t o   f i l l i n g   o f   t h e   m o a t - l i k e  area i s  sugges t ed  

i n   c r o s s   s e c t i o n  H-13' ( n e a r   m i d d l e )   w h e r e   c a u l d r o n - f i l l  

s t r a t a   a p p a r e n t l y  wedge o u t   o n t o   t h e   r e s u r g e n t   a r e a .  Most 

o f   t h e   p r e s e n t   e a s t e r l y   d i p   h e r e  i s  a t t r i b u t e d  t o  r o t a t i o n  

. o f  rift f a u l t   b l o c k s  w h i c h   o c c u r r e d   a f t e r   f i l l i n g  of t h e  

m o a t   a n d   c r y s t a l l i z a t i o n   o f   t h e   u n d e r l y i n g  magma body. A 

h o r s t - b l o c k   t h a t   e x t e n d s  from Chupade ra   C l i f f   t o   Socor ro  

Canyon ( p l .  1) h a s   n o t   b e e n   s i g n i f i c a n t l y   t i l t e d   b y   r i f t i n g .  

G e n t l e   t o   m o d e r a t e   n o r t h e r l y   d i p s  of  Luis  Lopez s t r a t a   o n  

t h i s  b l o c k   m o s t   l i k e l y  re f lec t  resurgent   doming.  

The r e su rgen t   b lock   o f   F igu re  37 i s  b i s e c t e d  by a 

no r th - t r end ing  l a t e  O l i g o c e n e   s t r u c t u r e   t h a t  may be i n t e r -  

p r e t e d   i n  two ways. E v i d e n c e   f o r   t h i s   s t r u c t u r e   c o n s i s t s  

of a much r educed   t h i ckness   o f   cau ld ron- fac i e s  t u f f  ( 2 1 0  m )  

i n t e r s e c t e d  i n  t h e  Tower mine d r i l l   h o l e ;   a n d   t h e   a b s e n c e  

of c a u l d r o n - f i l l   d e p o s i t s   o f   t h e   L u i s  Lopez Formation on 

t h e  T o w e r  mine block (see p l .  2 ,  H-HI). T h e s e   r e l a t i o n s h i p s  

i m p l y   d i f f e r e n t i a l   s u b s i d e n c e   o f   t h e   e a s t e r n   s e g m e n t  of t h e  

cau ld ron   b lock ,   bo th   du r ing   e rup t ion  of t h e  Lemitar Tuff  

and l a t e r  d u r i n g   r e s u r g e n c e   a n d   f i l l i n g  of t h e   m o a t - l i k e  

a r e a .   A l t e r n a t i v e   e x p l a n a t i o n s   f o r   t h i s   s i t u a t i o n  are: 1) 

t h e  buried S a w m i l l  Canyon cau ld ron   b lock   ac t ed  as  a bouyant  

area t h a t   r e s i s t e d   s u b s i d e n c e ,  or  2 )  a p r e e x i s t i n g   n o r t h -  
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t r e n d i n g   r i f t   f a u l t   z o n e  was u t i l i z e d  as  a locus   o f  down- 

to - the -eas t   subs idence .  

E v i d e n c e   f o r   t h e  l a t t e r  p o s s i b i l i t y  i s  found i n  a 

no r th - t r end ing  l a t e  O l i g o c e n e   f a u l t  west of  Chupadera C l i f f .  

T h i s   f a u l t   c u t s   l o w e r  members o f   t h e   L u i s  Lopez Formation 

b u t  i s  o v e r l a p p e d   b y   t h e   u p p e r   l i t h i c   t u f f  member ( T l t 2 )  a s  

shown i n  section G-G' ( p l .  2 ) .  A similar down-to-the-east 

f a u l t  -- across   which   the   Luis   Lopez   Format ion   apparent ly  

wedges o u t  -- h a s   S e e n   i n f e r r e d   o n   t h e   g e o l o g i c  map less 

t h a n  1 km west of the   above-ment ioned   s t ruc ture .  Here t h e  

basa l   Popotosa   Format ion   appears  t o  l a p   a c r o s s   t h e   i n f e r r e d  

s t r u c t u r e  v a r i a b l y   r e s t i n g  on Lemitar Tuff   on  the west s i d e  

and  on  Luis  Lopez  Formation  on  the east  s i d e .  The northward 

p r o j e c t i o n   o f  t h i s  proposed ear ly  rift fau l t   zone   u sed  by 

cau ld ron   subs idence  i s  shown i n   s e c t i o n  A-A' ( p l .  2 )  where 

i t s  p o s i t i o n  is i n t e r p r e t e d   f r o m  a g r a v i t y   p r o f i l e  (see p l .  

3 ,  map 2 for  g r a v i t y   m a p ) .  

Evidence for t h e   p r e s e n c e   a n d   i n f l u e n c e  of the e a s t e r n  

margin  of   the  Sawmil l  Canyon c a u l d r o n  comes  mainly  from t h e  

Tower Mine dri l l  h o l e   ( f i g .  1 2 ) .  T h i s   h o l e   i n t e r s e c t e d  a 

r e l a t i v e l y   t h i n   i n t e r v a l   o f   s a n d s t o n e s   a n d   c o n g l o m e r a t e s  

t h a t  are most l i k e l y   c o r r e l a t i v e   w i t h   t h e   p o s t - c o l l a p s e  f i l l  

of the   Sawmi l l   Canyon   cau ld ron ,   (un i t  of Sixmile Canyon, 

Osburn ,   1978) .   Ext remely   b recc ia ted  A-L Peak Tuff  below 
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t h e s e   s a n d s t o n e s  ( p l .  2 ,  H-H') may r e p r e s e n t   l a n d s l i d e  

b l o c k s   d e r i v e d   f r o m   t h e   b u r i e d   c a u l d r o n  wall. These rela- 

t i o n s h i p s   s u g g e s t   t h e  east  margin  of  the  Sawmill   Canyon 

cauldron  l ies  j u s t  east o f   t h e  Tower n i n e .  

Mapping  by Pe t ty   (1979)   and   Osburn  ( 1 9 7 9 ,  o r a l  commun.1 

has  shown t h e   s o u t h e r n   s t r u c t u r a l   m a r g i n   o f   t h e  Sawmil l  Can- 

yon  cauldron t o  project n o r t h e a s t e r l y   t o w a r d   t h e   c e n t r a l  

Chupadera  Mountains .   The  present   expression  of   the eastern 

margin  of   the  Sawmil l   Canyon  cauldron,   which  was  buried by 

t h e   L e m i t a r   T u f f ,  i s  m o s t   l i k e l y  a no r th - t r end ing ,  down-to- 

the-west,  r i f t   f a u l t   d e s i g n a t e s   t h e  Tower  Mine f a u l t  (see 

f i g .  3 9 ) .  The i n f e r r e d   r e l a t i o n s h i p s  of t h i s  fault are 

shown i n   s e c t i o n  H-H' ( p l .  2 )  where it p a s s e s   o n   t h e  east  

s i d e   o f   t h e  Tower  Mine. I n   t h i s   i n t e r p r e t a t i o n ,   t h e  

or ig ina l   down- to- the-eas t   sense   o f  movement i n  l a t e  

Oligocene time has  been  changed to  a down-to-the-west  sense, 

by r i f t i n g   s i n c e   M i o c e n e  time. Whatever i t s  f i n a l   i n t e r p r e -  

t a t i o n  may b e ,   t h i s   n o r t h - t r e n d i n g   s t r u c t u r e   t h a t   c u t s  the 

r e s u r g e n t   b l o c k  of t h e   S o c o r r o   c a u l d r o n  i s  c l e a r l y  of l a t e  

Oligocene a g e  a n d   r e l a t e d  t o  cauldron   subs idence .  

Co l l apse  of t h e   S o c o r r o   c a u l d r o n   d u r i n g   e r u p t i o n  of 

t h e  Lemitar Tuff   combined   wi th   l a te r   resurgence   formed a 

moat-l ike area be tween  the   nor thern   Chupadera   Mounta ins   and  

the   cau ld ron   marg in  a t  Socorro  Peak ( f i g .  1 7 ) .  T h i s   s t r u c -  
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t u r a l   a n d   t o p o g r a p h i c  low f i l l e d  dur ing   r e su rgence   w i th  as 

much as  B O O  m of l o c a l l y   e r u p t e d   l a v a s   a n d  t u f f s  a long   wi th  

re la t ive ly  minor   l ands l ide   depos i t s   and   s ed imen t s   shed  from 

t h e   c a l d e r a  wall. These   he t e rogeneous   moa t - f i l l   depos i t s ,  

c o l l e c t i v e l y  named the  Luis   Lopez  Formation,  were a p p a r e n t l y  

. r e s t r i c t e d   t o  a s e m i c i r c u l a r   p a r t i a l   m o a t   t h a t   f l a n k s   t h e  

r e s u r g e n t   b l o c k   i n   t h e   e a s t e r n   h a l f  of t h e   c a u l d r o n .  

P robab le   equ iva len t s  of t h e   L u i s  Lopez  Formation are p r e s e n t  

i n   t h e   s o u t h e r n   C h u p a d e r a   M o u n t a i n s ,   b u t   a p p e a r   t o   b e   a b s e n t  

o r  minor i n  volume  where t h e   w e s t e r n   h a l f   o f   t h e   c a u l d r o n  

i s  exposed i n   t h e   e a s t e r n   X a g d a l e n a   M o u n t a i n s .  

Cauldron  Margin. The n o r t h e a s t e r n   s t r u c t u r a l -  

topographic   margin  of t h e   S o c o r r o   c a u l d r o n  i s  exposed i n  a 

complex of w e s t - t i l t e d   f a u l t   b l o c k s   o n   t h e   e a s t   f a c e   o f  

Socorro  Peak.  The  primary  expression of the   cau ld ron   marg in  

i s  a ma jo r   i n t r avo lcan ic   unconfo rmi ty   where   moa t - f i l l  

d e p o s i t s  of t h e   L u i s  Lopez Formation lap  across t h e   o u t e r  

limit of t h e   r i n g   f r a c t u r e   z o n e   ( P a t h w a y  Canyon f a u l t )   o n t o  

a s t r u c t u r a l l y   h i g h   b l o c k  of Pennsylvanian Madera Limestone. 

A t  t h e   h i g h e s t   p o i n t   o n   t h e   c a u l d r o n   m a r g i n   ( b e l o w   B i g  

C l i f f )   t h e   e n t i r e   O l i g o c e n e   v o l c a n i c   s e c t i o n   c o n s i s t s  of 

less t h a n  200 m of moat v o l c a n i c s .   O u t s i d e   t h e   c a u l d r o n ,  

abou t  1 0  km t o   t h e   n o r t h w e s t   i n   t h e   L e n i t a r   M o u n t a i n s ,   t h e  

e n t i r e   O l i g o c e n e   v o l c a n i c   s e c t i o n  i s  more t h a n  1 0 0 0  m t h i c k  
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and i s  sandwiched  between  the same bounding   format ions   as  

on  Socorro Peak. Also, about  1 0  km t o   t h e   s o u t h w e s t  i n  t h e  

northern  Chupadera  Mountains ,   the  minimum t h i c k n e s s  of t h e  

O l i g o c e n e   v o l c a n i c   s e c t i o n  i s  g r e a t e r   t h a n  1 4 0 0  m .  

Before  it was b u r i e d   b y   v o l c a n i c   u n i t s   o f   t h e  moat 

f i l l ,  t h e   s t r u c t u r a l l y   h i g h  Madera  Limestone  block  formed 

a n   e a r l y   t o p o g r a p h i c   w a l l   ( c a l d e r a  rim) a t   t h e  edge   o f   t he  

main r i n g   f r a c t u r e   z o n e .   L a n d s l i d e   d e p o s i t s  ( T l m )  conta in-  

ing   reworked   boulders   o f   the   p re-cauldron   Spears   Format ion  

l i e  a g a i n s t   t h i s   t o p o g r a p h i c   w a l l ,   t h u s   d e m o n s t r a t i n g   t h e  

in t r avo lcan ic   na tu re   o f   t he .   unconfo rmi ty .   La te r  movement 

on the o u t e r   r i n g   f r a c t u r e  -- Pathway  Canyon F a u l t  -- caused 

a g r e a t e r   t h i c k n e s s   o f   v o l c a n i c  moat-fill s t ra ta  t o  be  pre- 

s e r v e d  on t h e  downthrown  south side of the f a u l t .  T h i s  may 

be i n t e r p r e t e d  a s  l a t e - s t a g e   s u b s i d e n c e   a l o n g   t h e   r i n g   f r a c -  

t u r e   z o n e   d u r i n g  moat f i l l i n g   o r   c o n t i n u e d  u p l i f t  of t h e  

c a l d e r a  rim b l o c k  on t h e   n o r t h   s i d e .   P e n n s y l v a n i a n   s t r a t a  

on  Socorro  Peak have a n o r t h e r l y   s t r i k e   i n   c o m p a r i s o n   t o  

t h e   n o r t h - n o r t h w e s t   s t r i k e  of o v e r l y i n g   m o a t - f i l l   s t r a t a ,  

which  could be e x p l a i n e d  by n o r t h w a r d   t i l t i n g  of the cau l -  

dron  margin block pr ior  t o  moat f i l l i n g .   T h e s e   c a u l d r o n  

m a r g i n   r e l a t i o n s h i p s  are i l l u s t r a t e d   i n   c r o s s  secti0n.s A-A’ 

and E-E’ of P l a t e  2 .  Some o f  the more visible aspects o f  

t h e   c a u l d r o n   m a r g i n  are  also shown i n   F i g u r e  38. 
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Figure  38. East face of   Socorro  Peak  showing  cross-sect ion-  

dron.  West-tilted r if t  f a u l t   b l o c k s   ( h e a v y   l i n e s )   a n d  
l i k e  view of   nor theas te rn   margin  of t h e   S o c o r r o   c a u l -  

t h e .   s t r u c t u r a l   m a r g i n   ( d o t t e d   l i n e )   a n d  a b u r i e d   i n n e r  
range-bounding   fau l t   (dashed   heavy  l ine)   have   d i sp laced  

O l i g o c e n e   m o a t - f i l l   d e p o s i t s  of t h e  L u i s  Lopez  Forma- 
topograph ic   wa l l  ( w )  o f  the  Socorro   cau ldron .  

t i o n  (T1 ) t h i c k e n   a b u r p t l y   t o   t h e   s o u t h   w h e r e  the 
cauldron   margin   t runca tes   Pennsylvanian  s t ra ta  (PI. 
A n c i e n t   l a n d s l i d e   d e p o s i t s  ( T l m )  shed from b u r i e d  
topograph ic  wall and  bedded t u f f s  ( T l r b t )  are abser i t  
n o r t h  of margin. L i t h i c  t u f f s  ( T l t )  a n d   i n t e r m e d i a t e  
l a v a s  ( T l a )  a r e   p r e s e n t   o n   b o t h  sides of cau ld ron  
margin.   Rhyol i te  feeder d i k e  ( T i r b )  marks t r e n d  of 4 

r ing  f ractures .   Ear ly   Miocene  lower  Popotosa  conglome- 
rates (Tpsd, Tpsw) unconfo rmab ly   ove r l i e   moa t - f i l l  
d e p o s i t s   a n d  are  capped  by l a t e  Miocene lavas of the 

due t o  perspective. Minor o f f s e t   o f  Popotosa  Formation 
Socorro  Peak  Rhyolite ( T s ) ;  a p p a r e n t  hump below " M "  i s  

along  cauldron  margin  (Pathway Canyon f a u l t )   i n d i c a t e s  
local r e a c t i v a t i o n  as  a t r a n s v e r s e  r if t  f a u l t .   S e v e r a l  
lesser f a u l t s   a n d  some Q u a t e r n a r y   d e p o s i t s  ( Q )  are n o t  
d e l i n e a t e d .  



The  exposures   on  Socorro  Peak  provide l i t t l e  more  than 

a c o n t r o l   p o i n t   f o r   t h e   c a u l d r o n   m a r g i n .   E x p o s u r e s   o f  west- 

n o r t h w e s t   t r e n d i n g   r i n g - f r a c t u r e s ,   m o s t l y   i n t r u d e d   b y  

O l i g o c e n e   r h y o l i t e   d i k e s   ( T l r b ) ,  are l i m i t e d   t o   a b o u t   o n e  

km i n   t h e  Pathway  Canyon  area.   These  exposed  r ing  frac- 

t u r e s  l i e  somewhere  between t h e   m a i n   r i n g   f r a c t u r e   o f   t h e  

c a u l d r o n   a n d   t h e   o u t e r   t o p o g r a p h i c  wall o f   t h e  caldera. 

The  main r i n g   f r a c t u r e  i s  probably  marked  by  the  Blue Canyon 

dome, which i s  t h e   l a r g e s t   e x p o s e d   r h y o l i t e  dome o f   t h e  

moat - f i l l   sequence .  The o u t e r   t o p o g r a p h i c  wall of t h e  cal- 

d e r a  l ies  bur i ed   unde r   younger   rocks   o f   t he   San ta  F e  Group 

somewhere t o   t h e   n o r t h  of Socorro  Peak.  

2 

The l o c a t i o n   a n d   t r e n d   o f   t h e   c a u l d r o n   m a r g i n  is  sup- 

ported  by a g r a v i t y   h i g h   t h a t   t r e n d s   w e s t - n o r t h w e s t   f r o m  

Socorro  Peak (see p l .  3 ,  map 2 ;  f i g .  3 7 ) .  The g r a v i t y  map 

a l s o   i n d i c a t e s   t r u n c a t i o n   o f   t h e   c a u l d r o n   m a r g i n  by a major 

n o r t h - t r e n d i n g   g r a v i t y   g r a d i e n t   t h a t   r e p r e s e n t s   t h e   r a n g e -  

bounding f a u l t   z o n e   a n d   t h e  west side o f   t h e   S o c o r r o   b a s i n .  

The d e c r e a s e   i n   t h i s   n o r t h - s o u t h   g r a v i t y   g r a d i e n t   g o i n g  from 

Socorro  Peak t o  t h e   l a t i t u d e   o f   B l u e  Canyon is  a r e f l e c t i o n  

o f   t h e  lower d e n s i t y   m o a t   d e p o s i t s   a n d   g r e a t e r   d e p t h   t o  

b a s e m e n t   r o c k s   w i t h i n   t h e   c a u l d r o n .   I n   t h e   S o c o r r o   b a s i n ,  

t h e   g r a v i t y  map shows a b r o a d   s a d d l e - l i k e   h i g h   i n   t h e   b a s i n  

f l o o r   t o   t h e   n o r t h e a s t   o f   S o c o r r o   P e a k .   T h i s  may be a 
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r e f l ec t ion  o f   t h e   d e e p l y   b u r i e d   c a u l d r o n   m a r g i n   o f f s e t   t o  

t he   no r th   by   t he   r ange -bound ing   Socor ro   f au l t   zone .   Th i s  

1-2  km ( ? )  o f f s e t  of the   cau ldron   margin   would  be cons ide r -  

a b l y   g r e a t e r   t h a n   t h e   v i s i b l e   o f f s e t  by t h e  Woods Tunnel 

f a u l t   z o n e   ( f i g .   3 7 ) .  

T h e   r i n g   f r a c t u r e   f a u l t s   o n   S o c o r r o  Peak a r e   m o s t l y  

p o o r l y   e x p o s e d ,   b u t   i n   g e n e r a l   t h e y   a p p e a r   t o   b e   s t e e p l y  

d i p p i n g   w e s t - n o r t h w e s t - s t r i k i n g   f r a c t u r e s   c o n s i s t e n t l y  down- 

thrown t o   t h e   s o u t h w e s t .   S h e a r   f r a c t u r e s   d i p p i n g   a b o u t  7 8 O  

southwes t   were   observed   in  a s m a l l   a d i t   d r i v e n   n e a r   t h e   t o p  

of a t a l u s   c h u t e   t h a t   c o v e r s  most  of  the  Pathway  Canyon 

f a u l t  t race.  Upslope  from  here a v e r t i c a l  bar i te  v e i n   c u t -  

t i n g  lower Popotosa  conglomerates  i s  t h o u g h t   t o   r e p r e s e n t  

an   ex tens ion   o f   t he   o r ig ina l   Pa thway  Canyon f a u l t  re- 

juvenated  by r i f t i n g .   S m i t h   ( 1 9 6 3 )   r e p o r t e d   t h e   P a t h w a y  

Canyon f a u l t   ( h i s   s e c t i o n  9 f a u l t )   t o   s t r i k e  N45W and d i p  

6 0  deg rees  NE, which   g ives  it t h e   a t t i t u d e  of a h igh-angle  

r e v e r s e   f a u l t .  However, h e   d i d   n o t   i n d i c a t e   w h e r e   t h i s  ob- 

s e r v a t i o n  was made. I n   a n y  case, wi th  as much a s  4 0  deg rees  

of p o s t - O l i g o c e n e   w e s t e r l y   r o t a t i o n   i n   t h e   P a t h w a y  Canyon 

area, t h e  o r i g i n a l  steeply dipping  normal  ( ? )  f a u l t s  of t h e  

r i n g   f r a c t u r e   z o n e  may r easonab ly  he e x p e c t e d   t o  now appear 

as nea r  vertical  f a u l t s   o r   h i g h - a n g l e   r e v e r s e   f a u l t s  (see 

p l .  2 ,  A - A ' ,  C - C ' ) .  
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The minimum s t r a t i g r a p h i c   t h r o w   o n   t h e  Pathway  Canyon 

f a u l t   a t t r i b u t a b l e   t o   c a u l d r o n   s u b s i d e n c e  i s  abou t  300 m. 

The maximum d i s p l a c e m e n t   a l o n g   t h e   r i n g  f r ac tu re  zone  south- 

west o f   Socor ro  Peak could   be  as much as  1 5 0 0  m .  Th i s  

estimate i s  a conse rva t ive  sum o f   t h e  maximum t h i c k n e s s   o f  

c a u l d r o n - f a c i e s   t u f f   a n d  moat-fill d e p o s i t s .  

Some m i n o r   n o r t h - t r e n d i n g   s c i s s o r s   f a u l t s   a l s o  related 

to  t h e  Socorro cauldron crop o u t   i n   t h e  Pathway  Canyon  area. 

They are  c o n s i s t e n t l y  downthrown t o  t h e  west and  invaded  by 

O l i g o c e n e   r h y o l i t e   d i k e s  ( T i r b ) .  Below B i g  C l i f f   one   o f  

t h e s e   n o r t h - t r e n d i n g  d i k e  a n d   s c i s s o r s   f a u l t   c o m b i n a t i o n s  

d i p s  85  d e g r e e s  west a n d   a p p a r e n t l y   j o i n s   w i t h  a r i n g   f r a c -  

t u r e  d i k e   f u r t h e r   s o u t h .   T h i s   s c i s s o r s   f a u l t   d i e s   o u t  a 

s h o r t   d i s t a n c e   n o r t h   o f   t h e   c a u l d r o n   m a r g i n .  As i n t e r p r e t e d  

i n   s e c t i o n  B-B' ( p l .  2 ) ,  t h e   o r i g i n a l   u p d i p   c o n t i n u a t i o n   o f  

t h e  scissors f a u l t  and  dike  below  Big C l i f f  now-occurs i n  a 

downfaul ted  block east o f   t he   Woods -Tunne l   f au l t   zone  as a 

t r u n c a t e d   r o o t l e s s   d i k e .  

P e r i p h e r a l   H i n g e l i n e .   I n   t h e   s o u t h e r n  Lemitar Moun- 

t a i n s   n e a r  Bug Moun ta in ,   wes t - t i l t ed   O l igocene   s t r a t a   con -  

t a i n   a n   e a s t - n o r t h e a s t - t r e n d i n g   f a u l t   z o n e   a n d  a r e l a t e d   d r a g  

f l e x u r e   ( f o l d ) ,  which may r e a s o n a b l y   b e   i n t e r p r e t e d  as a 

h i n g e l i n e   s t r u c t u r e   p e r i p h e r a l   t o  the  Socorro  cauldron.  

S t r a t i g r a p h i c   r e l a t i o n s h i p s   a c r o s s   t h i s   s t r u c t u r e   i n d i c a t e  
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the   fo l lowing   s equence   o f   even t s :  1) i n i t i a l   u p l i f t  on t h e  

south  s i d e  of t h e   h i n g e l i n e  -- i n t e r p r e t a b l e  as pre-erupt ion  

tumescence (Smi th   and   Bai ley ,  1 9 6 8 )  -- s h o r t l y   b e f o r e   e r u p -  

t i o n   o f   t h e   L e n i t a r   T u f f ,  2 )  r e l a t i v e l y   r a p i d   s u b s i d e n c e   o n  

t h e   s o u t h  s i d e  of t h e   h i n g e l i n e   a f t e r   e r u p t i o n  of t h e  

Lemitar T u f f  and  development  of a t i g h t   d r a g   f o l d  i n  t h e  

ash- f low  shee t ,  3 )  e r o s i o n  of the   Lemi tar   Tuff  from t h e   h i g h  

n o r t h   s i d e   o f   t h e   h i n g e l i n e ,  4 )  cont inued   bu t   s lower   sub-  

s idence  on t h e   s o u t h   s i d e  of t h e   h i n g e l i n e   d u r i n g   d e p o s i t i o n  

of l a t e   O l i g o c e n e   v o l c a n i c   s t r a t a   ( T b a   T s c ,  p l .  l), 5 )  

b u r i a l   o f   t h e   h i n g e l i n e   s t r u c t u r e   i n   e a r l y   M i o c e n e  time by 

lower  Popotosa  conglomerates   but   with some gen t l e   sou thward  

s u b s i d e n c e   c o n t i n u i n g   i n t o   e a r l y  Miocene time (see f i g .  2 4 ) .  

E s s e n t i a l l y  a l l  of t h e   s t r a t i g r a p h i c   r e l a t i o n s h i p s   t h a t  

d e f i n e   t h i s   k i n e m a t i c   d e v e l o p m e n t   o f   t h e   h i n g e l i n e  are 

a p p a r e n t   o n   t h e   g e o l o g i c  map ( p l .  1) when viewed  looking 

d o w n s t r u c t u r e   t o   t h e   w e s t - s o u t h w e s t .  

2 '  

The main f a u l t   o f   t h e   h i n g e l i n e  i s  l o c a l l y   i n t r u d e d  by 

a b a s a l t i c - a n d e s i t e   d i k e  (Tiba)  o f   p robab le  l a t e  Oligocene 

a g e .   T h e   p e r i p h e r a l   f a u l t s   a r e   n o t  well exposed   bu t   appear  

t o  be   nea r ly  ver t ica l .  About 40-50 d e g r e e s   w e s t e r l y   r o t a -  

t i o n   o f   t h e   O l i g o c e n e   t u f f s   i n   t h i s   a r e a  (see Lemitar Map) 

h a s  had e s s e n t i a l l y   n o  effect o n   t h e   s t r i k e   a n d  d i p  

of t h e   o r i g i n a l l y   s t e e p   h i n g e l i n e   f a u l t s ,   w h i c h   s t r i k e  
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approximate ly   perpendicular  t o  t h e  ax is  o f   r o t a t i o n .  

However, t h e   a s s o c i a t e d   d r a g   f o l d   a x i s  now clear ly  p lunges  

t o  ' the   southwes t .  A similar, b u t  more  subdued,   hingel ine 

s t r u c t u r e  i s  e x p o s e d   i n   t h e   e a s t e r n   p a r t  of t h e   s o u t h e r n  

Lemitar  Mountains (Lemitar Map). T o g e t h e r ,   t h e s e   c o n t r o l  

p o i n t s   d o   n o t  make a n   a r c u a t e   t r e n d   p a r a l l e l i n g   t h e   i n f e r r e d  

r i n g   f r a c t u r e   z o n e .   T h i s   h i n g e l i n e   s t r u c t u r e ,   e v i d e n t l y  

cont ro l led   by   changing   magmat ic   p ressures ,  may have   forned  

a long  a basemen t   f r ac tu re  of t h e   M o r e n c i   t r e n d   r a t h e r   t h a n  

f o l l o w i n g   t h e   r i n g   f r a c t u r e   t r e n d .  Younger t r a n s v e r s e   r i f t  

f a u l t s  (Lemitar f a u l t   z o n e ,   f i g .  3 9 )  a l s o   a p p e a r   t o   b e  

i n f l u e n c e d   b y   t h i s   i n f e r r e d   b a s e m e n t   f r a c t u r e .  

R i f t  S t r u c t u r e s  

The   Socorro   Peak   vo lcanic   cen ter  i s  dominated   by   l a te  

Oligocene t o  l a t e  P l e i s t o c e n e   n o r m a l   f a u l t s  of t h e  Rio 

Grande rift (Table  8), which  have  broken  the area i n t o  a 

complex  combination of t i l t ed  b locks   and   subs id i a ry   ho r s t -  

g r a b e n   b l o c k s   ( f i g .   3 9 ) .  - All f a u l t s  a n d   a s s o c i a t e d   s t r u c -  

tu res   tha t   deform  ear ly   Miocene   and   younger   Santa   Fe   Group 

s t ra ta  are  c o n s i d e r e d   t o  be r e l a t e d   t o   t h e  rift.  The  recog- 

n i t i o n   o f   e a r l y  r if t  f a u l t s  of l a te  Ol igocene   age  i s  less 

c e r t a i n   i n   t h e   S o c o r r o  Peak area because  of  contemporaneous 

development of t h e   S o c o r r o   c a u l d r o n .  An angular  uncon- 
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Table 8. Ages  and  evidence  for  middle  and  late  Cenozoic  rift 
faulting  in  the  Socorro  Peak  volcanic  center. 

Age  Evidence 

late  Pleistocene 
Socorro  Canyon  at  Socorro  fault  zone 
3m  scarp  cutting  terrace  gravels  (Qoa)  in 

middle  Pleistocene 30m  Offset of broad  geomorphic  surface  (Qoa) 
to late'pleistocene south  of  Socorro  Canyon  at  Socorro  fault  zone 

middle  Pliocene  basalt  of  Sedillo  Hill  (Tbsh)  variably  overlies 
faulted  facies  of  Sierra  Ladrones  Formation 
(Tslf,  Tslp)  north of Socorro  Canyon  at  Socorro 
fault  zone (pl. 2, F-F' ;fig. 3 3 )  

late  Miocene  to 10-15 degree  angular  unconformity  between 
early  Pliocene  Sierra  Ladrones  and  upper  Popotosa  formations; 

11.9-m.y.-old  tuff  bed  (Tsdt)  truncated  by 
ancestral Rio  Grande  overbank  deposits (Tslo) 
north  of  Nogal  Arroyo 

late  Miocene 
variably rests  on lower Popotosa  Formation 
lava  flow of  the Socorro Peak  Rhyolite  (Tsd) 

(Tpsd)  and  tuff of Soukh  Canyon  (Tsc)  on 
opposite sides  of West  Chupadera  fault  in 
Tower  mine area 

early  Miocene  to indirectly  indicated  by  change  in  source  areas 
middle  Miocene of  lower  and  upper  Popotosa  Formation 

(cf.  fig. 24, fig. 2 6 )  

early  Miocene  colluvial  deposits  in  basal  Popotosa  Formation 

Merritt mine (fig. 2 4 )  
(Tpsd, Tpsw) near Tower  mine  and west~of . 

late  Oligocene  to 10-30 degree  angular  unconformity at base of 
early  Miocene  lower  Popotosa  Formation 

late  Oligocene colluvial  breccia  (Tlrsx)  preserved  in 
transverse  graben  and  overlain  by  tuff of 
South Canyo?  (Tsc), northeast  of  Tower  mine 

~~~~~~~ ~ 

(pl. 2, G-G 
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Figure 39. Structural  elements  related to the  Rio  Grande 

minor and indefinite  faults of Plate 1 are  not shown. 
rift within  the  Socorro  Peak volcanic center. Several 
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fo rmi ty   be low  the  Lemitar T u f f   o u t f l o w   s h e e t   i n d i c a t e s   t h a t  

t h e   S o c o r r o   c a u l d r o n   f o r n e d   a f t e r   t h e   o n s e t   o f   r i f t i n g ;   t h u s  

t h e r e   n e e d   b e   n o   s i g n i f i c a n t   h i a t u s   b e t w e e n   s u b s i d e n c e   a n d  

r e s u r g e n c e ,   a n d   t h e   i n i t i a t i o n   o f   r i f t i n g   w i t h i n   t h e   c a u l -  

d r o n   b l o c k .   L o c a l l y   r i f t i n g   a p p e a r s  t o  h a v e   r e a c t i v a t e d  

( p e r p e t u a t e d ? )   c a u l d r o n   f a u l t s   w i t h   t h e  same s e n s e   o f  move- 

ment. 

The oldest f a u l t   b l o c k   r e a s o n a b l y   a t t r i b u t e d   t o   r i f t i n g  

w i t h i n  the  Socor ro   cau ld ron  i s  a l a t e  O l i g o c e n e   t r a n s v e r s e  

graben   (Table  8 ) ,  which i s  p a r t   o f   t h e  Chupadera twist zone 

( f i g .  3 9 ) .  The l a t e   O l i g o c e n e   g r a b e n   e x h i b i t s  a d i f f e r e n -  

t i a l   r o t a t i o n   o f   s t r a t a   a c r o s s  it s i m i l a r   t o   o t h e r   p o r t i o n s  

of t h e  twist z o n e   t h a t   l o c a l l y   d e f o r m  t h e  Popotosa Forma- 

t i o n .  Thus t h e  t w i s t  zone  and i t s  e lements  are c o n s i d e r e d  ' 

t o  be  a l o n g - l i v e d   s t r u c t u r e   r e l a t e d   t o   r i f t i n g .  

The s t r o n g e s t   e v i d e n c e   o f   l a t e   O l i g o c e n e   d o m i n o - s t y l e  

r i f t i n g  is  a widespread  10-30 deg ree   angu la r   unconfo rmi ty  

a t   t h e   b a s e   o f  the  ear ly   Miocene  lower  Popotosa  Formation.  

The a r e a   o f   t h i s   u n c o n f o r m i t y   f a r   e x c e e d s  t he  limits o f  

c a u l d r o n   s u b s i d e n c e   ( L e m i t a r   M a p ) .   O b s e r v a t i o n s   l i s t e d   i n  

T a b l e  8 ,  and many o t h e r s   i n c l u d e d   w i t h   p r e v i o u s   d e s c r i p t i o n s  

o f   S a n t a  Fe  G r o u p   f o r m a t i o n s ,   i n d i c a t e   t h a t   c r u s t a l   e x t e n -  

s i o n   h a s   b e e n  a p r o g r e s s i v e   ( e s s e n t i a l l y   c o n t i n u o u s )   p r o c e s s  

s i n c e  la te  O l i g o c e n e  time. 
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Like   t he   Socor ro   f au l t   zone ,   wh ich   has   been  active more 

t h a n  4 m i l l i o n  years, most r i f t   f a u l t s  are  probably  long-  

l i v e d   g r o w t h   f a u l t s   t h a t  may s p a n   t h e  time o f   d e p o s i t i o n   o f  

s e v e r a l   s t r a t i g r a p h i c   u n i t s   ( p l .  2, F-F ' ) .   Thus ,   the   th ick-  

n e s s   o f   s t r a t a  may v a r y   a b r u p t l y   a c r o s s   r i f t   f a u l t s ;   w h i c h  

i n   t u r n   o f t e n  makes estimates of   the  throw  on r if t  f a u l t s  

u n c e r t a i n .   I n   a d d i t i o n ,   e s t i m a t e s   o f   d i s p l a c e m e n t s   o n  rela- 

t i v e l y  young  range-bounding  faul ts  may b e   g r e a t l y   e x a g -  

g e r a t e d   b e c a u s e   o f   t h e i r   o v e r p r i n t i n g   o n   e a r l y - r i f t  low- 

a n g l e   n o r m a l   f a u l t s .   w h e r e   t h i s   o c c u r s ,  the  a p p a r e n t   s t r a t i -  

g raph ic   t h row  on   t he   younger   f au l t  i s  a c t u a l l y   t h e  cumnula- 

t i ve  e f f e c t   o f  movement  on  both t h e   o l d e r   a n d   y o u n g e r   f a u l t s  

(see r i g h t   s i d e   o f   f i g .  3 6 ) .  

F o r   t h e   p u r p o s e   o f   t h e i r   d e s c r i p t i o n ,  r if t  f a u l t s  and 

r e l a t e d   s t r u c t u r e s   i n   t h e  map a r e a  are  d i v i s a b l e   i n t o  two 

c a t e g o r i e s :  1) l o n g i t u d i n a l  s t ruc tu res  t h a t   s t r i k e  between 

north-northwest  to  nor th-nor theas t ,   and  2 )  t r a n s v e r s e  s t ruc -  

t u r e s   t h a t   s t r i k e   b e t w e e n   n o r t h e a s t   t o   s o u t h e a s t .  The 

development   of   these  contemporaneous  longi tudinal   and  t rans-  

verse s t r u c t u r e s   a l s o   c o n t r o l l e d   t h e  local e v o l u t i o n  of past 

a n d   p r e s e n t - r i f t   b a s i n s  (see summary i n  Cenozoic  Geologic 

H i s t o r y )  

Long i tud ina l  Normal F a u l t i n g .  Many a s p e c t s   o f   l o n g i -  

t u d i n a l   f a u l t   b l o c k s   i n   t h e  map a r e a   e i t h e r   s u p p o r t ,  o r  may 
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be   exp la ined ,  by the   Mor ton   and   Black   nodel   o f   r i f t ing   ( f ig .  

3 6 1 ,   r e f e r r e d   t o   h e r e  as domino-style   normal   faul t ing.  How- 

ever, t h e   i n t e r p r e t a t i o n  of p r o g r e s s i v e   r o t a t i o n   o f   l o n g i -  

t u d i n a l   b l o c k s  i s  compl i ca t ed   by   t he   p re sence   o f   t he   t r ans -  

v e r s e   s h e a r   z o n e ,   w h i c h   s e p a r a t e s   b l o c k s   t i l t e d   i n   o p p o s i n g  

d i r e c t i o n s .  The t r ansve r se   shea r   zone   o f   Chap in   and   o the r s  

( 1 9 7 8 )  as  shown on   F igu re  39  i s  c o n s i d e r e d   h e r e   t o   b e   t h e  

axis  of a d i f f u s e   b e l t  ( o r  e n   e c h e l o n   b e l t  ? )  of   discon-  

t i n u o u s   t r a n s v e r s e  f a u l t s  a b o u t  6-8 km wide. The d i f f u s e  

t r a n s v e r s e   s h e a r  zone may ex tend  as f a r   n o r t h  as Socorro 

Peak and   sou th   t o   t he   Chupade ra  twist zone. A s  used   here ,  

t h e   t r a n s v e r s e   s h e a r   z o n e   b r e a k s   t h e  map a r e a   i n t o   t h r e e  

domains of l o n g i t u d i n a l   b l o c k s ,   w i t h   t h e   s h e a r   z o n e  as t h e  

c e n t r a l   d o m a i n .   I n   t h e   n o r t h   d o m a i n ,   l o n g i t u d i n a l   f a u l t s  

are  dominantly  downthrown t o  t h e  east  and repeat, i n  a 

domino s ty le ,  s t ra ta  t h a t  are t i l t e d   t o   t h e  west ( p l .  2 ,  

A - A ' ;  see a l s o  p l .  3 ,  map 1, A - A ' ) .  Down-to-the-west f a u l t s  

are dominant i n   t h e   s o u t h   d o m a i n   a n d  form a series of east- 

t i l t e d  "dominoes" ( p l .  2 ,  H - H ' ,  1-1'; see a l s o  p l .  3 ,  map 

1, B - B ' ) .  I n   t h e   c e n t r a l   d o m a i n ,   t h e   b l o c k s   g e n e r a l l y  be- 

come less t i l t e d   a n d   n a r r o w   h o r s t - g r a b e n   b l o c k s  appear t o  

form by t h e . i n t e r f i n g e r i n g  of the   oppos ing  domino sets pres-  

e n t  t o  t h e   n o r t h   a n d   s o u t h .   T h u s ,   t h e   n o r t h   e n d   o f   t h e  

Chupadera u p l i f t   ( f i g .   3 9 )   a n d   t h e   s o u t h   e n d  of t h e   S o c o r r o  
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u p l i f t   ( p l .  2 ,  E - E ' ,  F -F ' )   appea r   t o   be   ho r s t   b locks ;  

a l t h o u g h   i n   t h e  l a t t e r  area t h e   h o r s t - l i k e   b l o c k  i s  super- 

i m p s e d   o n   o l d e r   w e s t - t i l t e d   b l o c k s .  Away f r o m   t h e   t r a n s -  

verse s h e a r   z o n e ,   t h e s e  same u p l i f t s   e s s e n t i a l l y   r e p r e s e n t  

t h e   s t r u c t u r a l l y   h i g h   s i d e  of broad t i l t e d  b locks .  

The p r o g r e s s i v e   r o t a t i o n   o f   l o n g i t u d i n a l   b l o c k s  i s  most 

appa ren t   i n   t he   no r th   and   sou th   domains ,   where  there i s  a 

g e n e r a l   d e c r e a s e   i n   t h e   d i p  of s t r a t a  as t h e y  become 

y o u n g e r .   I n   t h e s e   a r e a s ,   O l i g o c e n e   v o l c a n i c   s t r a t a   d i p   a t  

about  40-60 d e g r e e s ,   i n   c o n t r a s t   t o  20-30 d e g r e e   d i p s   i n  

Miocene   Popotosa   Format ion   s t ra ta ,   and   to  0-10 d e g r e e   d i p s  

i n   P l i o c e n e - P l e i s t o c e n e   s t r a t a   o f   t h e  Sierra Ladrones  For- 

mation. I n  the   Lemi tar   Mounta ins   (Lemi tar  Map), t h e  28- 

m.y.-old Lemitar T u f f   t y p i c a l l y   d i p s  35-45 degrees  west, 

whereas  the  31-32 m.y. o l d  A-L Peak Tuff dips a t  50-60 

degrees  west. T h i s   l a t e   O l i g o c e n e   a n g u l a r   u n c o n f o r m i t y  

r e c o r d s   t h e   o n s e t  of d o m i n o - s t y l e   r i f t i n g   i n   t h e  Lemitar 

Mountains. When t h e  Lemitar Tuff i s  r o t a t e d   b a c k   t o  i t s  

o r ig ina l   ho r i zon ta l   a t t i t ude ,   t he   down- to - the -eas t   l ow-ang le  

normal f a u l t s   a s s o c i a t e d   w i t h   t h e  l a t e  Oligocene  unconform- 

i t y  become ear ly  r i f t  h igh-angle   normal   fau l t s   d ipping   about  

70 degrees  east  (Chamberlin,  1978 ,  f i g .  1; or  see Hawley, 

1978,   f ig .   S-42) .  

. .  

Low-angle  normal f a u l t s ,  which d i p  45 d e g r e e s   o r  less 
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w h e r e   o b s e r v e d   i n   t h e   S o c o r r o   P e a k   c e n t e r ,   c o n s i s t e n t l y   o c c u r  

i n   m o d e r a t e l y   t o   s t r o n g l y   t i l t e d  s t r a t a  of  Miocene t o  Oligo- 

c e n e   a g e ,   o r   l o c a l l y   i n   p r e v o l c a n i c   r o c k s .   T h e s e   l o w - a n g l e  

f a u l t s   t y p i c a l l y   f o r m   c u s p a t e   t r a c e s   a s   t h e y  cross numerous 

small d r a i n a g e s .  The cusps   no rma l ly   po in t   t oward   t he  down- 

thrown  b lock .   These   low-angle   normal   fau l t s ,   which   d ip   eas t  

i n   t he   no r th   domain   and  west i n   t h e   s o u t h  domain ( f i g .  39), 

may be g e n e r a l l y   i n t e r p r e t e d  as i n a c t i v e ,   r o t a t e d   e a r l y   r i f t  

f a u l t s ,   e v e n   w h e r e   d e f i n i t e   a g e   c o n t r o l  i s  l ack ing ,   because  

o f   t h e i r   s t r a t i g r a p h i c   a s s o c i a t i o n .  One low-angle  normal 

f a u l t   o f  l a t e  Oligocene-ear ly   Miocene  age i s  i n f e r r e d   t o  be 

p r e s e n t  west of t h e   G r e f c o   m i n e   ( p l .  2 ,  E - E ' ,  F - F ' ) .  Here 

mud.flow depos i t s   o f   ear ly   Miocene   age   (Tpsd)   unconformably  

l i e  on a g e n t l y   e a s t - d i p p i n g   e r o s i o n   s u r f a c e   t h a t   c u t s  a t  a 

h i g h   a n g l e   a c r o s s   c o m p a c t i o n   f o l i a t i o n s   i n   t h e   u n d e r l y i n g  

c a u l d r o n - f a c i e s   t u f f   ( T l u ) .   S i n c e   t h e   c a u l d r o n - f a c i e s   t u f f  

a n d   o v e r l y i n g   a n d e s i t e   l a v a s  of t h e   L u i s  Lopez  Formation 

( T l a l )   d i p  steeply t o   t h e  west, t h i s   b u r i e d   e r o s i o n   s u r f a c e  

may t h e n  be r e a s o n a b l y   i n t e r p r e t e d  as a n   e a r l y  rift domino 

f a u l t   t h a t  was b u r i e d   i n   e a r l y   M i o c e n e  time. Similar bu r i ed  

domino- s ty l e   f au l t s   abou t  1 krn apar t  are  p r e s e n t   i n   t h e  

sou the rn  Lemitar Mountains ( p l .  3 ,  map 1, A - A ' ) .  These 

o b s e r v a t i o n s   s u g g e s t   t h a t  many e a r l y - r i f t   d o m i n o - s t y l e  

f a u l t s  may be buried  below the Popo tosa   Fo rma t ion   i n   t he  
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western  Socorro  Mountains .   I f   domino-style   faul ts  were 

i n f e r r e d   a b o u t  1 km a p a r t   t o   t h e  west of  Socorro  Peak  then 

t h e  amount of   wes tward   th ickening  shown i n  t h e  Miocene 

P o p o t o s a   s t r a t a  of c r o s s   s e c t i o n  A-A' ( p l .  2 )  could  be much 

less and s t i l l  accomodate a 15-20 degree   angu la r  unconform- 

i t y  between the   O l igocene   and   Miocene   s t r a t a .  

I n   t h e   n o r t h e r n  domain o f   l o n g i t u d i n a l  r i f t  f a u l t s ,  

some minor rift f a u l t s   a r e  downthrown t o   t h e  west making 

them " a n t i t h e t i c "   t o   t h e   m a s t e r  .set of down-to-the-east 

domino f a u l t s .   T h e s e   " a n t i t h e t i c "   f a u l t s  commonly appea r  

t o  h a v e   w e s t e r l y   d i p s   g r e a t e r   t h a n  8 0  deg rees   sugges t ing  

t h a t   t h e y   h a v e   b e e n   r o t a t e d   w i t h   t h e  domino f a u l t s .   S e v e r a l  

" o v e r t u r n e d "   a n t i t h e t i c   f a u l t s ,   w h i c h  now have a t t i t u d e s  of 

high-angle  reverse f a u l t s ,   h a v e   b e e n   o b s e r v e d   i n   s t e e p l y  

t i l t e d   O l i g o c e n e   s t r a t a   i n   t h e  Lemitar Elountains (Lemitar 

Map). A similar high-angle  reverse f a u l t   o c c u r s   i n   t h e  

Lemitar Tuff  east of Bug Mountain. When t h e   e n c l o s i n g   t u f f  

i s  r o t a t e d   b a c k   t o  i t s  o r i g i n a l   h o r i z o n t a l   p o s i t i o n   t h i s  

seemingly  anomalous "reverse" r i f t  f a u l t  becomes a n   e a r l y  

r if t  a n t i t h e t i c  normal f a u l t   d i p p i n g   a b o u t  75 d e g r e e s   t o  

t h e  west. 

On t h e   g e o l o g i c  map and cross s e c t i o n s ,   t h e  N e s t  Sh r ine  

Valley f a u l t  and   t he   Eas t   Chupade ra   f au l t   have   been  pro- 

j e c t e d   s o u t h  of t h e  Chupadera twist zone a s  minor 
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" a n t i t h e t i c "   f a u l t s .  As i nd ica t ed   by   F igu re  39 ,  t h i s   i n t e r -  

p r e t a t i o n  i s  q u e s t i o n a b l e .   T h e s e   p r o j e c t e d   a n t i t h e t i c  

f a u l t s  ( a s  shown i n  H-H' and I-I:, pl .  2 )  may a l t e r n a t i v e l y  

be i n t e r p r e t e d  as  e a s t - d i p p i n g   s t r a t i g r a p h i c   c o n t a c t s   w h e r e  

upper  Popotosa s t r a t a  unconformably l ap  o n t o   s t e e p l y   d i p p i n g  

O l i g o c e n e   v o l c a n i c   s t r a t a .  The writers reconna i s sance   has  

shown t h e   e a s t e r n   b o u n d a r y   o f   t h e   s o u t h e r n   C h u p a d e r a  Moun- 

t a i n s  a t  Walnut   Creek  to  be such  an  east-dipping  uncon-  

f o r n i t y .   T h u s ,   t h e   C h u p a d e r a   u p l i f t   h a s   t h e   a p p e a r a n c e   o f  

a h o r s t   b l o c k   o n l y   i n   t h e   v i c i n i t y  of t h e   t r a n s v e r s e   s h e a r  

zone   and   fo r   t he  most p a r t  i s  e s s e n t i a l l y   a n  east  t i l t e d  

f a u l t   b l o c k .  

The major l o n g i t u d i n a l   s t r u c t u r a l   b l o c k s   i n   t h e   a r e a  

are r e l a t i v e l y  young ( l a t e  Miocene t o   P l e i s t o c e n e )  t o p -  

g r a p h i c a l l y   d e f i n e d   f e a t u r e s   r e f e r r e d  t o  on   F igu re  39 as  

the  Socorro,   Chupadera  and Lemitar u p l i f t s ,   a n d   t h e   S o c o r r o  

and La J e n c i a   b a s i n s .  As a first o r d e r   o f   a p p r o x i m a t i o n ,  

t h e s e   u p l i f t s   a n d   b a s i n s   r e s p e c t i v e l y   r e p r e s e n t  the s t r u c -  

t u r a l l y   h i g h   a n d  l o w  s i d e s  of r e l a t ive ly   w ide   domino   b locks  

t h a t  are m o d e r a t e l y   t i l t e d   a n d  bound  by  major  high-angle 

n o r m a l   f a u l t s   o r   f a u l t   z o n e s .  The main   up l i f t -bounding  

s t r u c t u r e s   i n   t h e  map area are t h e   S o c o r r o   f a u l t   z o n e ,   t h e  

West Chupadera f a u l t   a n d   t h e  Lemitar f a u l t   z o n e .  The 

apparent s t ra t igraphic  throw  on   these   bounding-fau l t   zones  
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a p p e a r s   t o   v a r y   g r e a t l y  as  ' t h e y   c u t   a c r o s s   o l d e r   f a u l t  

blocks.  A t  t h e   n o r t h   b o u n d a r y   o f   t h e  map a r e a ,   t h e   L e m i t a r  

f a u l t   z o n e   h a s  a s t r a t i g r a p h i c   t h r o w   o f   a b o u t  600  m .  North 

o f   h e r e ,   t h e   f a u l t   z o n e   b e n d s   t o  a n o r t h e a s t   s t r i k e   ( p l .  3 ,  

map 1) a n d   c u t s  across o l d e r  west t i l t e d   b l o c k s ;   t h i s   p r o -  

duces errat ic  a n d   a b r u p t   c h a n g e s   i n   t h e   a p p a r e n t  s t ra t i -  

graphic   th row.  From sou th  t o  no r th   a long  3 km o f   t h e   n o r t h -  

eas t - t rending   segment  of t h e   L e m i t a r   F a u l t   z o n e ,   t h e  

a p p a r e n t   s t r a t i g r a p h i c   t h r o w s  are: 1 2 2 0  m, 1830 m, 2 4 4 0  m, 

and 1 9 8 0  m.  However, t h e r e  are no a p p r o p r i a t e   c h a n g e s   i n  

t h e   t o p o g r a p h i c   e x p r e s s i o n  of t h e   r a n g e   f r o n t  t o  sugges t  

t h a t , s u c h   c h a n g e s   a r e  real. E a s t  o f   Socorro   Peak ,   the  

S o c o r r o   f a u l t   z o n e   a p p e a r s  t o  have a s t r a t i g r a p h i c   t h r o w  of 

s e v e r a l   k i l o m e t e r s   b a s e d   o n   g r a v i t y   a n d   s t r a t i g r a p h i c   d a t a .  

Much o f   t h i s   d i s p l a c e m e n t  i s  l o c a l l y   e x a g g e r a t e d   b y   t h e  

e f f e c t s  of the   Socorro   cau ldron   margin   and   the   Pa thway Can- 

yon f a u l t   z o n e ,   b o t h  of which predate the  S o c o r r o   f a u l t  

zone.  The " t r u e "  P l i o c e n e - P l e i s t o c e n e   d i s p l a c e m e n t   o n   t h e  

Socorro  f a u l t  zone i s  u n c e r t a i n ,   b u t  it must  be a t  least  

330 m b a s e d   o n   o f f s e t   o f  Sierra  Ladrones strata i n   t h e  Nogal 

Arroyo area. Where l o c a l l y   e x p o s e d   i n   a r r o y o s   a n d   r a v i n e s ,  

__ a l l  f a u l t s   c u t t i n g   P l i o c e n e   a n d   P l e i s t o c e n e  s t r a t a  have  been 

found t o   h e   h i g h - a n g l e  normal f a u l t s  dipping  between 70 a n d '  

80 degrees .  
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F i g u r e  3 9  shows a l o n g   a n t i c l i n a l   f o l d   b e t w e e n   t h e  

Woods Tunnel f a u l t  zone  and  the  Socorro f a u l t  zone,  which 

i s  i n t e r p r e t e d  as  a d r a g   f l e x u r e  related to  t h e   S o c o r r o  

f a u l t   z o n e .   T h i s   d r a g   f l e x u r e  i s  e x p r e s s e d   a l o n g   t h e  moun- 

t a i n   f r o n t  as a band  of e a s t - t i l t e d   ( o r  less w e s t e r l y  

t i l t e d )  s t ra ta .  The f l e x u r e  i s  m o s t   a p p a r e n t   i n   t h e  Miocene 

s t ra ta  s o u t h  of Pathway  Canyon.  Drag f l e x u r e s  are most 

commn i n   t h e   r e l a t i v e l y   p l a s t i c   s t r a t a   o f   t h e   u p p e r  

Popotosa   Format ion ,   bu t   have   a l so   been   observed   in   normal ly  

b r i t t l e   O l i g o c e n e   a s h - f l o w   t u f f s .  The S e d i l l o  H i l l  f a u l t  

z o n e   a p p a r e n t l y  c u t s  a t h i c k   s e c t i o n   o f   r e l a t i v e l y  e las t ic  

upper   Popotosa  c laystones,   which may e x p l a i n   t h e   e n   e c h e l o n  

c h a r a c t e r  of t h i s   f a u l t  zone .   Drag   f l exures   o f t en   i n t roduce  

a c o m p l i c a t i n g   f a c t o r   i n   e v a l u a t i n g   t h e  amount of r o t a t i o n  

o f   s t r a t a .  Drag   a long   domino- s ty l e   f au l t s   t ends   t o   r educe  

t h e  a m o u n t   o f   a p p a r e n t   r o t a t i o n .  

M o s t   l o n g i t u d i n a l   f a u l t s   h a v e   b e e n   a p p r o x i m a t e l y   l o c a -  

t e d   b y   j u x t a p o s i t i o n   o f   d i f f e r e n t   s t r a t i g r a p h i c   u n i t s .  

Where a c t u a l l y   e x p o s e d   o v e r  small areas, t h e   f a u l t s   a p p e a r  

p l ana r   and  may be   expres sed   a s   b recc i a   o r   gouge   zones ,  

c l o s e l y   s p a c e d   f r a c t u r e s ,   s l i c k e n s i d e d   f r a c t u r e s ,   v e i n s ,  

and s i l i c i f i ed  b r e c c i a   z o n e s .   S l i c k e n s i d e s   c o n s i s t e n t l y  

have   ea s t -no r theas t   bea r ings   and  are e s s e n t i a l l y   d i p   s l i p  

wi th   on ly   minor   components   o f   ob l ique  s l i p  i n d i c a t e d .  Minor 
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components of c l b l i q u e   s l i p  may be d e x t r a l  o r  s i n i s t r a  

415 

1; no 

par t icu lar  p a t t e r n  of obl ique-sl ip   components   has   been 

r ecogn ized .   A igh-ang le   f au l t s   u sua l ly   have   gen t ly   cu rved  

t r aces   concave   t oward   t he  downthrown s ide.  

The  down-dip  geometry  of  normal f a u l t s  formed  by 

c r u s t a l   e x t e n s i o n  i s  a c o n t r o v e r s i a l   q u e s t i o n .   P r o f e t t ' s  

( 1 9 7 7 )  c o n c l u s i o n   t h a t   t h e y  are  gen t ly   cu rved   su r f aces   con -  

cave   upwards   ( toward   the   foo twal l   b lock)  i s  based  on  con- 

s i d e r a b l e   s u b s u r f a c e   c o n t r o l .   P r o f f e t t   e s t i m a t e d   t h a t   n o r -  

mal f a u l t s   i n   t h e   Y e r i n g t o n ,   N e v a d a ,   a r e a   " f l a t t e n "   a t  rates 

of 3 t o  7 deg rees  per k i l o m e t e r   o f   d e p t h .   S i m i l a r   v a l u e s  

o f   dec reas ing   d ip   have   been   ob ta ined   f rom  f i r s t   mo t ion  

s t u d i e s  of m i c r o e a r t h q u a k e s   i n   t h e   S o c o r r o   a r e a  ( A . R .  

Sanford ,  1 9 7 6 ,  o r a l  commun.).  For the   purpose   o f   cons t ruc-  

t i n g   c r o s s   s e c t i o n s ,   r i f t   f a u l t s   i n   t h e   S o c o r r o  Peak a r e a  

have   been   presumed  to   be   gent ly   curved   toward   the   foo twal l  

b l o c k   a n d   f l a t t e n   w i t h   d e p t h .  The writer has  observed  sub- 

h o r i z o n t a l   e a r l y  rift f a u l t s   i n   t h e  Lemitar Mountains t h a t  

l o c a l l y  appear t o  be s i g n i f i c a n t l y   c u r v e d ,   p l a t t e r   o r   s p o o n  

shaped   su r f aces .  Some o f   t h e s e  may a c t u a l l y  be  composites 

o f   m u l t i p l e   f a u l t   p l a n e s   w i t h   d i f f e r e n t   d i p s  (see Morton 

and   Black ,   1975,   f ig .  6 ,  " s t a g e  5 " ) .  Warping of o n e   e a r l y  

r i f t   f a u l t   p l a n e  by a drag f lexure  a t  the  range  bounding 

f a u l t  i s  a l s o   a p p a r e n t   i n   t h e  Lemitar Mountains. 



T-2274 

Many d i n a l  longi tus  fau .1 t s  i n  t 

416 

:he map a r e a   a p p e a r  t o  make 

sharp  bends;  sometimes t o  become t r a n s v e r s e   f a u l t s .   O t h e r s  

seem t o   t e r m i n a t e   o n   t r a n s v e r s e   r i f t  f a u l t s ,  whereas   o the r s  

are d e f l e c t e d   o r  o f fse t  by t h e   t r a n s v e r s e   f a u l t s .  The com- 

p l e x   i n t e r a c t i o n   o f   t r a n s v e r s e   a n d   l o n g i t u d i n a l   f a u l t s  i s  

e x p l a i n e d   b y   t h e   n a t u r e   o f   t h e   t r a n s v e r s e   s h e a r   z o n e   d e s -  

c r ibed   nex t .  

T r a n s v e r s e  shear z o n e   a n d   t r a n s v e r s e   f a u l t i n g .   I n   t h e  

S o c o r r o   P e a k   v o l c a n i c   c e n t e r ,   t r a n s v e r s e   r i f t   f a u l t s   ( f i g .  

39 )  commonly p a r a l l e l   o r   f o l l o w   r e a c t i v a t e d   e l e m e n t s   o f   t h e  

Socor ro   cau ld ron ,   wh ich   i n   t u rn  are  b e l i e v e d   t o  re f lec t  pre-  

r i f t   f r a c t u r e s  of the  Morenci   and  Capi tan  l ineaments .   North 

of Socorro   Deak ,   severa l   longi tudina l  r i f t  f a u l t s  make ab rup t  

bends o r   g r a d u a l l y   t u r n   t o w a r d   o r i e n t a t i o n s   p a r a l l e l  t o  t h e  

m a r g i n   o f   t h e   S o c o r r o   c a u l d r o n   s u g g e s t i n g   t h a t   t h e y   h a v e  

l o c a l l y   u t i l i z e d   r i n g   f r a c t u r e s   a n d   p e r i p h e r a l   f r a c t u r e s  of 

the   cau ldron .   The   Pa thway Canyon r i n g   f r a c t u r e   f a u l t   h a s  

b e e n   r e a c t i v a t e d  a s  a t r a n s v e r s e  r i f t  f a u l t  as evidenced  by 

a 60 m o f f s e t  of the lower  Popotosa  Formation. S t r a t i -  

g r a p h i c   j u x t a p o s i t i o n   a l o n g   t r a n s v e r s e   f a u l t s   g e n e r a l l y  

i n d i c a t e s   t h a t   t h e y  are  n o r m a l   f a u l t s  w i t h  short o r   d i s c o n -  

t i n u o u s  traces.  On t h e   e a s t   f a c e   o f   S o c o r r o   P e a k ,   t r a n s -  

verse f a u l t s  para l le l  t o  t h e   r i n g   f r a c t u r e   t r e n d ,   t e n d   t o  
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d e f l e c t   o r   o f f s e t   l o n g i t u d i n a l  f a u l t s ;  whereas i n   t h e   n o r t h -  

e r n  Chupadera  Elountains many n o r t h e a s t - t r e n d i n g   t r a n s v e r s e  

f a u l t s   a p p e a r  t o  terminate o n ,   o r  be o f f s e t   b y ,   l o n g i t u d i n a l  

f a u l t s .  

Observa t ions  of s l i c k e n s i d e s   o n   t r a n s v e r s e   f a u l t s  would 

a t  first s u g g e s t   t h a t   t h e y  are  m o s t l y   o h l i q u e   s l i p   f a u l t s  

w i t h   l a r g e   c o m p o n e n t s   o f   l a t e r a l   s l i p .  However, t h e  admit- 

t e d l y  limited o b s e r v a t i o n s   a r e   a l s o   c o n s i s t e n t   w i t h   t h e i r  

i n t e r p r e t a t i o n   a s   o r i g i n a l   d i p - s l i p   f a u l t s   t h a t   h a v e  la te r  

been   ro t a t ed .   Nor th   o f   t he   t r ansve r se   shea r   zone  ( L e m i t a r  

Map), t h e   s l i c k e n s i d e s   o n   t r a n s v e r s e   f a u l t s   c o n s i s t e n t l y  

plunge a t  small a n g l e s   t o   t h e   n o r t h e a s t   a n d   o n   t h e   s o u t h  

s i d e   t h e y   p l u n g e   t o   t h e   s o u t h w e s t .  A t r a n s v e r s e   d i k e  of 

Oligocene  age (T iap )  a t  the   B ig   Roadcu t   exh ib i t s   nea r  ver- 

t i ca l  ( d i p   s l i p )   s l i c k e n s i d e s   i n d i c a t i n g  some pos t   O l igocene  

movement. T h i s   d i k e   o c c u r s   i n   a n   e s s e n t i a l l y   n o n - r o t a t e d  

b l o c k   w i t h i n   t h e   t r a n s v e r s e   s h e a r   z o n e .  

The p r i m a r y   f u n c t i o n   o f   t r a n s v e r s e   r i f t   f a u l t s  i s  well 

i l l u s t r a t e d  b y   r e l a t i o n s h i p s   a l o n g   t h e  Woods Tunnel f a u l t  

zone,  which a r e  summar ized   i n .F igu re  4 0 .  Al though  the  

t r a n s v e r s e   f a u l t s  are  n o t  w e l l  exposed ,   ou tc rop   con t ro l  i s  

s u f f i c i e n t   t o   d e m o n s t r a t e  several o f f s e t s   ( d e f l e c t i o n s ? )   o f  

t h e  main f a u l t  of t h e  Woods Tunnel   zone  a long  t ransverse 

fau l t s .   Abrupt   changes  i n  d i p   o f   a d j a c e n t  s t ra ta  and i n  
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Socorro couldron * . *  
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Formation 

730 (meters1 for Woods Tunnel 
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Figure 40. Interpretative  map  of the Woods  Tunnel  fault 

rotation  of'longitudual  fault  blocks by  reactivated 
zone.  Map  illustrates  accomodation  of  differential 

segments of  ring  fracture  faults  utilized  as  trans- 
verse rotary  faults.  Note  southerly  decrease in 
dip of strata  is  matched  by  approximately  equivalent 
increase in dip of  faults.  Several  deflections of 
the main  Woods  Tunnel  fault  and  related  minor  faults 
occur along  transverse  faults. 
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d i p   o f   t h e   l o n g i t u d i n a l   f a u l t   z o n e   a p p e a r   t o   o c c u r   b e t w e e n  

segments   o f   the   zone   separa ted   by  transverse f a u l t s .  

Thus ,   t he   conc lus ion  i s  t h a t   t h e   t r a n s v e r s e   f a u l t s   a r e  accom- 

m o d a t i n g   d i f f e r e n t i a l   r o t a t i o n   o f   t h e   l o n g i t u d i n a l   b l o c k s .  

A s  def ined   by   Gary   and   o thers  ( 1 9 7 2 ) ,  t h e   t r a n s v e r s e   f a u l t s  

a re  a c t i n g   a s   r o t a r y  o r  h i n g e   f a u l t s ,   w h i c h   p e r m i t   r o t a t i o n  

a b o u t   a n   a x i s   r o u g h l y   p e r p e n d i c u l a r   t o   t h e   f a u l t   p l a n e .  

The i n c r e m e n t a l   d e c r e a s e   i n   d i p   o f   s t r a t a   g o i n g   s o u t h  

from Woods Tunnel may b e   i n t e r p r e t e d  as  t h e  effect  of a 

decreasing  amount  of c r u s t a l   e x t e n s i o n   t o w a r d   t h e   a x i s  of 

t h e   t r a n s v e r s e   s h e a r   z o n e .   S u c h   a n   i n t e r p r e t a t i o n  i s  i n  

accordance   wi th   the   Mor ton   and  Black ( 1 9 7 5 )  model o f   c r u s t a l  

a t t enua t ion ,   even   t hough   t hey   d id   no t   cons ide r   such   va r i a -  

t i o n s   w i t h   r e g a r d  t o  t r a n s v e r s e   s t r u c t u r e s .  An o v e r a l l  

d e c r e a s e   i n   s t r a t i g r a p h i c   t h r o w   o f   t h e  Woods Tunnel  zone 

t o w a r d   t h e   s o u t h   a l s o   s u p p o r t s   t h i s   i n t e r p r e t a t i o n .  

The  accommodation  of d i f f e r e n t i a l   r o t a t i o n   o f  "domino" 

b l o c k s  i s  m o s t   a p p a r e n t   a c r o s s   n o r t h e a s t - s t r i k i n g   t r a n s v e r s e  

f a u l t s   o f   t h e   C h u p a d e r a  twist z o n e   ( f i g .  3 9 ) .  One o f   t h e s e  

t r a n s v e r s e   h i n g e   f a u l t s  a t  t h e   n o r t h e a s t   e n d   o f   t h e   z o n e  i s  

a l s o  a s c i s s o r s   f a u l t   t h a t  separates b l o c k s   t i l t e d   i n  oppos- 

i n g   d i r e c t i o n s .   A n o t h e r   e l e m e n t  of t h e  Chupadera twist zone 

i s  a s y n c l i n a l   f o l d   i n   u p p e r   P o p o t o s a   s t r a t a   i n   t h e   S h r i n e  

V a l l e y .   T h i s   f o l d  ax i s  t a k e s  a t r a n s v e r s e   o r i e n t a t i o n   w h e r e  
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t h e  East- and West- S h r i n e   V a l l e y   f a u l t s  a ie  out ,   which   sug-  

g e s t s   t h e   f o l d  may b e   r e l a t e d   t o  a s c i s s o r s  l i k e  z o n e   i n  

t h e   u n d e r l y i n o   f a u l t   b l o c k s .  However,  away  from t h i s   t r a n s -  

verse s e g m e n t ,   t h e   f o l d  may b e   r e a d i l y   i n t e r p r e t e d   a s  a d rag  

f l e x u r e .  The  Chupadera t w i s t  z o n e   a p p e a r s   t o . e n d   o n   t h e  

s o u t h w e s t   a g a i n s t   t h e  West Chupadera f a u l t  and may p r o j e c t  

t o   t h e   n o r t h e a s t  as f a r  as t h e   S o c o r r o   f a u l t   z o n e .   S e v e r a l  

l o n g i t u d i n a l   f a u l t s   a p p e a r   t o   d i e   o u t   o r   c h a n g e  t he i r  direc- 

t i o n   o f   d i s p l a c e m e n t   a c r o s s   t h e   e a s t e r n   e n d   o f   S o c o r r o  Can- 

yon,  which l i es  a l o n g   t h e   p r o j e c t i o n   o f   t h e  twist zone. 

Both  the  Chupadera twist zone  and the  t r a n s v e r s e   h i n g e  

f a u l t s  on Socorro  peak are l o c a l   e x p r e s s i o n s   o f   t h e   t r a n s -  

v e r s e   s h e a r   z o n e  of Chapin   and   o thers   (1978) .   They  are con- 

sidered h e r e   t o  mark t h e   n o r t h   a n d   s o u t h  limits of t h e   s h e a r  

zone   whose   ax is  i s  shown as a shaded  band i n   f i g u r e  39. 

C h a p i n   a n d   o t h e r s  ( 1 9 7 8 )  r ecogn ized  -- p r i m a r i l y   f r o m  

naps   o f   the   "Magdalena   Pro jec t"  -- t h a t   t h e   r o t a t i o n   o f  

domino s t y l e   b l o c k s   i n   o p p o s i t e   d i r e c t i o n s   o c c u r s   a l o n g  a 

l i nea r   zone   ex tend ing   wes t - sou thwes t   f rom  Socor ro .  We noted  

t h a t  t h i s  t w i s t i n g   m o t i o n   i n   t h e   s u r f a c e   r o c k s   r e q u i r e s  

l a t e r a l   s h e a r i n g   i n   t h e   d u c t i l e   l o w e r   l i t h o s p h e r e   a n d   t h e r e -  

f o r e  referred t o  t h i s  s t r u c t u r e   a s   t h e   S o c o r r o   t r a n s v e r s e  

s h e a r   z o n e   ( f i g .  35, 3 9 ) .  The t r a n s v e r s e   s h e a r   z o n e   o c c u r s  

a long   t he   s egmen t   o f  the Morenc i   l i neamen t   t ha t  lies w i t h i n  
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t h e   R i o   G r a n d e   r i f t .  From t h e   o n s e t   o f   r i f t i n g ,   t h e   v e r t i -  

c a l   f a b r i c  of t h e   l i n e a m e n t   h a s   b e e n   r e a c t i v a t e d   a s  a t r a n s -  

form f a u l t   c o n n e c t i n q   e n   e c h e l o n   a x e s   o f   e x t e n s i o n   i n   t h e  

r i f t .   S i n c e   t h e   s u r f a c e   e x p r e s s i o n   o f   t h i s   t r a n s f o r m   f a u l t  

i s  - n o t  a m a j o r   s t r i k e  s l i p  f a u l t ,   t h e r e  m u s t  be some decoup- 

l i n g  ( h o r i z o n t a l   s h e a r i n g )   b e t w e e n   t h e  d u c t i l e  a n e   b r i t t l e  

z o n e s   o f   t h e   c r u s t .   D i f f u s e   c o n t i n e n t a l   t r a n s f o r m   s t r u c -  

t u r e s ,  which conta in   e lements   o f   bo th   ex tens ion   and   shear -  

i n g  ( s i m i l a r   t o   t h e   S o c o r r o   s h e a r   z o n e ) ,   h a v e   b e e n   o b s e r v e d  

in   t he   Pas in   and   Range   p rov ince   (Ea ton ,  1 9 7 9 )  and i n   t h e  

Afar   depress ion   (Barber i   and   Vare t ,  1 9 7 7 ) .  The f i r s t  v i s u a l  

observa t ions   o f  a s e a f l o o r   t r a n s f o r m   s t r u c t u r e   ( v a l l e y )   h a v e  

shown it t o   b e  a complex   t r ansve r se   g raben ,   wh ich   con ta ins  

b o t h   l o n g i t u d i n a l   a n d   t r a n s v e r s e   e l e m e n t s ,   f l a n k i n g  a narrow 

z o n e   o f   l a t e r a l   s h e a r i n g   i n   t h e  deepest p a r t   o f   t h e   v a l l e y  

(Choukroune and o t h e r s ,  1 9 7 8 ) .  Thus,  even i n  a s e a f l o o r  

s p r e a d i n g   e n v i r o n m e n t ,   t r a n s f o r m   f a u l t s   a r e   n o t   n e c e s s a r i l y  

s i m p l e   s t r i k e - s l i p   f a u l t s .  

As d.efined  by  Chapin  and  others ( 1 9 7 8 )  t h e   s u r f a c e  

e x p r e s s i o n   o f   t h e   S o c o r r o   t r a n s f o r m   s t r u c t u r e  i s  a "zone  of 

j o s t l e d   f a u l t   b l o c k s  1 .5  km o r  more in   w id th   ac ross   wh ich  

t h e  tilt of   beds   and   sense   o f   ex tens ion   changes   markedly" .  

Where the   t r ansve r se   shea r   zone   c ros ses   t he   Socor ro   Peak  

v o l c a n i c   c e n t e r  it appears t o  be an  8-kn-wide  zone of t r a n s -  
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v e r s e   h i n g e   f a u l t s ,   a n d   c l o s e l y   s 3 z c e d   h o r s t s  ar.d s r abens  

formed by in te rmeshing  of domino-s ty le   fau l t s .  The  most 

v i s i b l e   a s p e c t   o f   t h i s   d i f f u s e  zone i s  t h e   c h a n g e   i n   l i p  

d i r e c t i o n s   o f   s t r a t a   a c r o s s  i t ,  a s  i l l u s t r a t e d   i n   F i g c r e  

41. Dips of  s t r a t a   g e n e r a l l y   d e c r e a s e   t o w a r l   t h e   a x i s   o f  

t h e   s h e a r  zone, which i s  l o c a l l y  marked. by a n u l l   l i n e  of 

mesas. 

The t r a n s v e r s e   s h e a r   z o n e   h a s   a g p a r e n t l y   t e n d e l   t o  be 

s t r c c t u r a l l y   a n d   t o p o p r a p h i c a i l y  h i q h ,  probably  because it 

i s  E ban2 of less extendez c r u s t  r e l a t i v e   t o   a r e a s   t o   t h e  

n o r t h   a n d   s o u t h .   ? h i s   r e l a t i o n s h i s  i s  eviEent  by shallow- 

ing   of   the   Xul l igan   Gulch   graben  ani? t h e  La J e n c i a   b a s i n  

s o u t h w a r d   a g a i n s t   t h e   t r a n s v e r s e   s t r u c t u r e .  The  .south- 

eas t e rn   marg in   o f   t he   Popo tosa   bas in   i n   N iocene  time ( f i g .  

3 6 )  was most l i k e l y  a m a n i f e s t a t i o n  of t h e   t r a n s v e r s e   s h e a r  

zone. 

The pr imary cont ro l  of  magmatism a t  t he   Socor ro  Peak 

v o l c a n i c   c e n t e r   h a s   b e e n   t h e   P r e c a m b r i a n ( ? )  b!orenci l i n e a -  

ment,  which i s  now expressed i n   t h e   t r a n s v e r s e   s h e a r   z o n e  

o f   t h e   r i f t .  The Socor ro   cau ld ron   r ep resen t s  only one  of 

several Ol igocene   F lu tons   i n t ru l ed .   a long   t he   l eaky   ve r t i ca l  

g r a i n  of t h e  l ineament ( f i g .  3 6 ) .  The l a t e  EIiocene vo lcan ic  

v e n t s  of t h e   w e s t e r n  b1agdalena  Mountains, t h e  pound  Ranch 

area a n d   t h e  Socorro peak area are d i s t r i b u t e d   a l o n g   t h e  





t r a n s v e r s e   s h e a r   z o n e .  Magmas a r e   a g a i n   b l e e d i n g  upwards 

a l o n g   t h e   l i n e a m e n t  a t  Socor ro   t o   p rov ide   t he   hea t   sou rce  

f o r   t h e   g e o t h e r m a l   a r e a .  As shown o n   P l a t e  3 map 4 ;  t h e  

deep magna body   gene ra l ly   ends   aga ins t   t he   shea r   zone   an6  

t h e   s h a l l o w   d i k e - l i k e   b o d i e s  are grouped i n  a n   o v e r a l l  

n o r t h e a s t - t r e n d i n g   a r r a y   a l o n g  it. The   nor th   t rend   of   these  

d i k e s  i s  c o n s i s t e n t   w i t h   b r i t t l e   e x t e n s i o n  of the   upper  

c r u s t   i n  a g e n e r a l   e a s t - w e s t   d i r e c t i o n .  

R e i l i n g e r   a n d   O l i v e r  ( 1 9 7 6 )  have  demonstrated modern 

u p l i f t   a s s o c i a t e d   w i t h   t h e   d e e p  magna body a t  Socorro. 

Since  magmatic   inf la t ion  and  doming i s  common i n   a c t i v e   v o l -  

c a n i c  areas,  t h e   q u e s t i o n  arises:  d o e s   t h e   c l u s t e r   o f   s h a l -  

low magma bod ies   a round   Socor ro   Peak   have   any   su r f i c i a l  

s t r u c t u r a l   e x p r e s s i o n ?  The writer offers  a t e n t a t i v e   y e s .  

Seve ra l   anomalous   and   appa ren t ly   un re l a t ed   f ea tu re s  when 

t a k e n   t o g e t h e r   s u g g e s t   t h e   r o u g h   o u t l i n e  of a n   e l l i p t i c a l  

neomagmatic upl i f t   ex tending   wes t -southwes t   f rom  Socorro  

Peak.  The ax i s  of t h e   p o s s i b l e   u p l i f t   c r o s s e s   t h e  head- 

waters of S o c o r r o  Canyon  and   ex tends   in to   the  east  s i d e   o f  

t h e  L a  J e n c i a   b a s i n . ,   I f  it exists,  t h e  magmatic u p l i f t  

appea r s  t o  be l a r g e l y   t r u n c a t e d   b y   t h e   S o c o r r o   f a u l t   z o n e ,  

a l t h o u g h   c o n f l u e n t   d r a i n a g e s   i n   t h e   b a s i n   d u e   e a s t   o f  

Socorro  Peak may a l s o   b e  pa r t  o f   t h e   u p l i f t   p a t t e r n .  

'T-2274 4 2 4  
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The p o s s i b l e   m a g m a t i c   u p l i f t  i s  d e f i n e d   b y   t h r e e  

elements: 1) v a r i a t i o n s   i n   e l e v a t i o n   o f   t h e   b a s e  of t h e  

Socorro  Peak  Rhyolite lava flows, 2 )  e l eva t ion   changes  a t  

t h e   b a s e  of t h e   b a s a l t   o f   S e d i l l o  H i l l  i n   t h e   a r e a  west of 

Socorro  Canyon,  and 3 )  d r a i n a g e  pat terns  i n  t h e  L a  J e n c i a  

and  Socorro  basins .  Plows of t h e   r h y o d a c i t e   a n d   q u a r t z  

l a t i t e   u n i t s   o f   t h e   S o c o r r o  Feak  Rhyolite  form a nor th-  

n o r t h w e s t - t r e n d i n g   b e l t  from 6 0 0 1  Mesa t o   S t r a w b e r r y  Peak 

( f i g .  2 9 ) .  The e l e v a t i o n s   o f   t h e s e   s e p a r a t e  flows d e c r e a s e s  

a b r u p t l y   t o   t h e   n o r t h   a n d   s o u t h  away from  Socorro  Peak. 

From Nogal  Canyon t o   S t r a w b e r r y  Peak t h e   e l e v a t i o n  

i n c r e a s e s ;   t h i s  would p l ace   Noga l  Canyon a long  a s y n c l i n a l  

t rough .   In   t he   wes t e rn   Socor ro   Moun ta ins ,   t he  bases of 

flows of t h e   p h e n o c r y s t - r i c h   r h y o l i t e   a p p e a r   t o   s l o p e  away 

from v e n t s  a t  6633 Peak and  Tripod  Peak,   a l though the 

d e c r e a s e   i n   e l e v a t i o n   t o   t h e   s o u t h   h e r e  i s  minor. 

The basal t  of S e d i l l o  H i l l  forms a bel t  o f   no r th -  

n o r t h w e s t - s t r i k i n g   c u e s t a s   t o   t h e   n o r t h  of S e d i l l o  H i l l .  

T h i s   o u t c r o p   b e l t   a n o m a l o u s l y   i n c r e a s e s   i n   e l e v a t i o n   t o   t h e  

no r th  away from t h e   v e n t  area.  The h i g h e s t   p o i n t   o n   t h e  

b a s a l t   f l o w   o c c u r s  west of the   headwa te r s  of Socorro  Canyon. 

T h i s   g e n e r a l   t r e n d   o f   s t r u c t u r a l l y ( ? )   h i g h   p o i n t s   f r o m  

Socorro  Peak t o   t h e   h e a d w a t e r s   o f   S o c o r r o  Canyon appears t o  

e x t e n d   i n t o   t h e  L a  J enc ia   and   Socor ro   bas ins  as topo- 
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d e p o s i t s ) .  
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h i g h   d r a i n a g e   d i v i d e s  (see Q u a t e r n a r y   s u r f i c i a l  

T a k e n   t o g e t h e r   t h e s e   e l e m e n t s   s u g g e s t   r e c e n t  (o r  

p r o g r e s s i v e ? )   u p l i f t   a l o n g   t h i s   t r e n d .   S e v e r a l  aspects of 

t h e s e   o b s e r v a t i o n s   a r e   p r o b l e m a t i c a l .  Most i m p o r t a n t l y   t h e  

axis o f   t h e   h y p o t h e t i c a l   u p l i f t  l ies s i g n i f i c a n t l y   n o r t h  of 

t h e   l o c u s  of s h a l l o w   i n t r u s i o n s  ( p l .  3 ) ' .  It is  q u i t e  pos- 

s i b l e   t h a t   t h e  above o b s e r v a t i o n s   r e p r e s e n t  a f o r t u i t o u s  

c o m b i n a t i o n   o f   u n r e l a t e d   s t r u c t u r e s .  However, t he   hypo the -  

sis o f   n e o m a g m a t i c   u p l i f t  may be   wor th   t e s t ing  by indepen- 

dent   means,   such as a tiltmeter survey .  . 
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The  major  conclusions of t h i s   i n v e s t i g a t i o n  may be sum- 

m a r i z e d   i n   t h e  form of a g e o l o g i c   h i s t o r y .  The Cenozoic 

h i s t o r y  of t h e   S o c o r r o  Peak   Volcanic   cen ter   has   been   grea t ly  

inf luenced   by  a p r e e x i s t i n g   r e g i o n a l   s t r u c t u r a l   g r a i n .  TWO 

m a j o r   c r u s t a l  flaws -- t he   no r theas t - t r end ing   Morenc i   l i nea -  

ment   and  the  west-northwest- t rending  Capi tan  l ineament   of  

Chapin   and   o thers  ( 1 9 7 8 ,  f i g .  1) -- i n t e r s e c t   n e a r   S o c o r r o .  

These   deeply   pene t ra t ing   f laws ,   which  are p a r t l y   d e f i n e d  by 

t h e i r   t e n d e n c y   t o   " l e a k "  magmas, appea r   on   r eg iona l  maps a s  

l i n e a r  bel ts  o f   Cenozo ic   i n t rus ions   and   vo lcan ic   ven t s   cu t -  

t i n g   a c r o s s  cen t r a l  K e w  Mexico.  The  Morenci  and  Capitan 

l i neamen t s   r e spec t ive ly   pa ra l l e l   t he   P recambr ian   wrench  

f a u l t   z o n e s  of the  Colorado  l ineament   (Warner ,  1 9 7 8 )  and 

the   Texas   l ineament   (Albr i t ton   and   Smi th ,   19561,   sugges t ing  

t h a t   t h e y  may be of s i m i l a r   o r i g i n .  

The n o r t h e r l y   s t r u c t u r a l   g r a i n  of t h e   S o c o r r o  area was 

d e v e l o p e d   ( o r   r e a c t i v a t e d ? )   d u r i n g   p e r i o d s   o f   r e g i o n a l  com- 

p r e s s i o n   i n  l a t e  M i s s i s s i p p i a n   t o   P e r m i a n  time ( a n c e s t r a l  

Rocky  Mountains  orogeny)  and i n  l a t e  Cre taceous  t o  middle  

Eocene time (Laramide orogeny)   (Chapin  and  Seager ,   1975) .  
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Socorro Peak l ies  on a b road   La ramide   up l i f t   abou t   15  km 

from i t s  e a s t e r n   f l a n k ,   w h i c h  i s  expressed  by a no r th -  

no r theas t - t r end ing   h igh -ang le  reverse f a u l t  (Wilpolt and 

Wanek, 1951) .  E y  l a t e  Eocene time, t h i s  Laramide u p l i f t  

was s t r i p p e d  of a thick  sequence  of   Mesozoic  strata and 

beveled  by a n  e r o s i o n   s u r f a c e   o f  low r e l i e f   ( C h a p i n   a n d  

o t h e r s ,   1 9 7 5 ;  E p i s  and  Chapin,   1975).  The massive  Pennsyl- 

vanian  Madera  Limestone  apparently  formed a r e s i s t a n t  cap- 

rock o n  t h e   L a r a n i d e   u p l i f t   i n   t h e   S o c o r r o   a r e a .   T h e s e  

l i m e s t o n e s   m o s t   l i k e l y  now form t h e   t o p  of t h e   p r e v o l c a n i c  

basement  throughout t h e  s u b s u r f a c e   o f   t h e   v o l c a n i c   c e n t e r .  

Cenozoic s t r a t a  i n   t h e  mapped area p rov ide   an   e s sen -  

t i a l l y   c o m p l e t e   n e o l o g i c   r e c o r d   s i n c e   m i d d l e   O l i g o c e n e  time. 

However, t h e   m i d d l e   a n d  l a t e  Cenozoic   sec t ions  are  also 

broken  by  numerous  local   erosional   and  angular   unconformi-  

t i e s  developed across con temporaneous   f au l t   b locks  re la ted 

t o   b o t h   t h e  l a t e ( ? )  Ol igocene   Socor ro   cau ld ron   and   t he   R io  

Grande r if t .  R e g i o n a l   s t r a t i g r a p h i c   d a t a   o f   t h e  N e w  Mexico 

Bureau  of  Mines  and  Mineral   Resources  "Magdalena  Project" 

h a v e . f i l l e d   i n  some of t h e s e   g a p s   i n   t h e   r e c o r d .  

I n  e a r l y   O l i g o c e n e  time, g r e a t   v o l u m e s   o f   a n d e s i t e  t o  

q u a r t z  l a t i t e  lavas began t o  e r u p t   f r o m   c e n t r a l   v o l c a n o e s  

n e a r   t h e   h e a r t  of the   Da t i l -Mogo l lon   f i e ld   (Chap in   and  

o the r s ,   1975) .   Penecon temporaneous   e ros ion   o f   t hese  vol- 
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canic   h ighlands   p roduced  a t h i c k   v o l c a n i c l a s t i c   a n d  a l l u v i a l  

a p r o n   t h a t   s p r e a d   n o r t h e a s t w a r d   a c r o s s   t h e   S o c o r r o   a r e a  

d u r i n g   t h e   p e r i o d   a b o u t  37-32 m.y. ago.  These  mudflow 

depos i t s ,   conglomera tes   and   sands tones   o f   in te rmedia te   vo l -  

c a n i c   d e t r i t u s ,  are now a s s i g n e d   t o   t h e  Spears Formation. 

The Spears Formation i s  l o c a l l y   a b s e n t   o n   S o c o r r o   F e a k ,  

where   t he   base  of t h e   O l i g o c e n e   s e c t i o n  i s  exposed,  because 

of a l a t e ( ? )  Ol igocene   e ros iona l   unconformi ty  a t  t h e   n o r t h  

margin of t h e   S o c o r r o   c a u l d r o n   ( c a l d e r a ) .  To t h e   n o r t h   a n d  

sou th  of the   ca lde ra   marg in ,   t he   Spea r s   Fo rma t ion   shou ld   be  

p r e s e n t   i n   t h e   s u b s u r f a c e   o f  t h e  map area. 

About   32-33  m.y.   ago  major   volcanic   act ivi ty   shif ted 

t o  voluminous  erupt ions  of  s i l i c i c  ash- f low  tuf fs ,   which  

c o n t i n u e d   i n t e r m i t t e n t l y   u n t i l  2 6  m.y. ago .   Dur ing   t h i s  

pe r iod   s even   ma jo r . a sh - f low  shee t s  were e r u p t e d  from a g r e a t  

c h a i n  of overlapping  and nes ted  cauldrons ,   which   ex tend  

abou t  80 km to  the  southwest   f rom  Socorro  (Chapin  and 

o t h e r s ,  1978 ,  f i g .  2 ) .  These   cau ldrons  are t h e   s u r f a c e  

e x p r e s s i o n s   o f   s h a l l o w   g r a n i t i c   p l u t o n s   i n t r u d e d   a l o n g   t h e  

zone  of   weakness   of   the   Morenci   l ineament .  

Crus t a l   ex t ens ion ,   wh ich  has p roduced   t he  Rio Grande 

r if t  of today ,   began   i n   t he   Socor ro   r eg ion   abou t  32 m.y. 

ago  (Chapin,  1 9 7 8 ) .  The f irst  s i g n  of e x t e n s i o n a l  stress 

was t h e   e r u p t i o n   o f  a b i m o d a l   s u i t e  of r h y o l i t e   a s h   f l o w s  
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a n d   v o l u m i n o u s   b a s a l t   t o   b a s a l t i c   a n d e s i t e   l a v a s ,  a magmatic 

a s s o c i a t i o n  commonly a t t r i b u t e d   t o   e x t e n s i o n a l   t e c t o n i s m  

(Chr is t iansen   and   Lipman,   1972) .   Near   the   nor th   end  of t h e  

Socorro   Peak   vo lcanic   cen ter ,   in   the   ou t f low  envi ronment   o f  

t he   Lemi ta r  Iwlountains, the   record   o f   th i s   magmat ic   change  

c o n s i s t s   o f   t h e  s i l i c i c  ash - f low  shee t s   o f   t he  3 1  t o  32- 

m.y.-old A-L Peak  Tuff,  the  28-m.y.-old Lemitar T u f f  and 

t h e  26-m.y.-old t u f f  of South Canyon. Here t h e   a s h - f l o w  

s h e e t s  are  sepa ra t ed   by   no r thward   t h i cken ing   t ongues   o f   t he  

La J a r a  Peak Basa l t i c   Andes i t e ,   e rup ted   mos t ly   f rom  no r th -  

t r e n d i n g   f i s s u r e s   a l o n g   w h a t  i s  now the   sou the rn   marg in  of 

the   Colorado   P la teau   (Tonking ,   1957;   Mass ingi l l ,  1 9 7 8 ) .  

Near t h e  ax i s  o f   t h e   d e v e l o p i n g  r if t ,  domino-style  nor- 

mal f a u l t i n g  was w e l l  underway  by 28 m.y. ago when t h e  

Lemitar T u f f   a s h - f l o w   s h e e t   b u r i e d   m u l t i p l e   f a u l t   b l o c k s  

a l r e a d y   t i l t e d  5 -15   deg rees   t o   t he  west i n   t h e  Lemitar Moun- 

t a i n s  area ( C h a m b e r l i n ,   1 9 7 8 ) .   P r o g r e s s i v e   r o t a t i o n  of t h e  

c lose ly   spaced   domino   b locks   p roduced   r e l a t ive ly   minor  

f a u l t - b l o c k   t o p o g r a p h y   t h a t  was m o s t l y   f i l l e d   i n   b y   c o n t e m -  

p o r a n e o u s   b a s a l t i c - a n d e s i t e   l a v a s   o f   t h e   m i d d l e  L a  Jara Peak 

t o n g u e .   T h u s ,   t h e   d i s t r i b u t i o n   o f  t he  Lemitar Tuff  was 

r e l a t i v e l y   u n a f f e c t e d   b y   o n g o i n g   c r u s t a l   e x t e n s i o n .  
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S i n c e   t h e   o n s e t   o f   c r u s t a l   e x t e n s i o n ,   t h e   v e r t i c a l  

g r a i n  of t h e  Morenci   l ineament   has   been   u t i l i zed  as a deep- 

sea ted   zone   of   l a te ra l   shear ing ,   which   has   accommodated  

e x t e n s i o n  of t h e  crust i n   o p p o s i n g   d i r e c t i o n s .   I n   t h e  

Socorro-Lemitar  mountains area, n o r t h   o f   t h i s   t r a n s v e r s e  

shea r   zone ,   t he  domino b locks   have   been   s tepped  down toward 

a n   a x i s  of e x t e n s i o n ,   l o c a t e d   t o   t h e  east ,  concur ren t   w i th  

t h e i r   w e s t e r l y   r o t a t i o n .   S o u t h  of t h e   s h e a r   z o n e ,  i n  t h e  

Chupadera  Mountains   area,   the  domino blocks  have  been down- 

thrown  toward a w e s t e r l y   a x i s   a n d   r o t a t e d   t o   t h e   e a s t .   I n  

o the r   words ,  t h i s  segment of the   Morenci   l ineament   has  been 

r e a c t i v a t e d .  a t  d e p t h   a s   a n   i n c i p i e n t   t r a n s f o r m   f a u l t   c o n -  

n e c t i n g   e n   e c h e l o n   a x e s   o f   e x t e n s i o n   i n   t h e  r if t  (Chapin 

a n d   o t h e r s ,  1 9 7 8 ) .  Where t h e   t r a n s v e r s e   s h e a r   z o n e   c r o s s e s  

t h e   s o u t h - c e n t r a l   p o r t i o n  of t h e   S o c o r r o  Peak volcanic   cen-  

ter ,  t h i s   d i f f e r e n t i a l   r o t a t i o n  of l o n g i t u d i n a l   b l o c k s   h a s  

been  accommodated  by a d i f f u s e   z o n e   o f  transverse f a u l t s ,  

most  of  which are h i n q e   f a u l t s  and some of  which are  scis- 

s o r s   f a u l t s .  

Subs idence   o f   the   Socorro   cau ldron ,   which  may be a com- 

p lex   combina t ion   of  a t rapdoor   and  a r e s u r g e n t   c a u l d r o n ,  

h a s   b e e n   t e n t a t i v e l y   c o r r e l a t e d   w i t h   e r u p t i o n  of t h e  com- 

p o s i t i o n a l l y   z o n e d  Lemitar Tuff   about  28 m.y. ago. The f o l -  

lowing   tenuous   h i s tory   assumes   cau ldron-fac ies   tu f fs   exposed  
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i n   t h e   e a s t e r n   ( r e s u r g e n t )   h a l f   o f   t h e   c a u l d r o n   t o   b e   u p p e r -  

mos t   quar tz - r ich  Lemitar T u f f   r a t h e r   t h a n   t h e   p o s s i b l e  

a l t e r n a t i v e ,   w h i c h  i s  t h e  32-m.y.-old Hells Mesa Tuff  (see 

"Lemitar T u f f  -- cau ld ron  fac ies" ) .  . Erupt ion   of   the   lower  

c rys t a l -poor   zone ,   and   t he   midd le   c rys t a l - r i ch   qua r t z -poor  

zone ,   o f   t he  Lemitar t u f f   i n i t i a l l y   f o r m e d  a t r a p d o o r   c a u l -  

d ron   h inged   on   t he  west (Osburn, 1978; P e t t y ,  1 9 7 9 ) .  Then 

a p p a r e n t l y   a f t e r  a s h o r t  time b r e a k ,   e r u p t i o n   o f   t h e   u p p e r -  

m o s t   c r y s t a l - r i c h ,   q u a r t z - r i c h   z o n e   o f   t h e  Lemitar Tuff  

c a u s e d   d i f f e r e n t i a l   s u b s i d e n c e   o f   t h e   e a s t - h a l f   o f   t h e   c a u l -  

d ron   a long  a p r e - e x i s t i n g   n o r t h - t r e n d i n g   f a u l t   z o n e .   T h i s  

o l d e r   f a u l t   z o n e  may h a v e   b e e n   a n   e a r l y - r i f t  f a u l t  o r  may 

r e f l e c t   t h e   e a s t e r n   m a r g i n   o f   t h e   S a w m i l l  Canyon  cauldron. 

As much as  0 . 9  km of d e n s e l y  welded u p p e r   L e m i t a r ( ? )  

T u f f   a c c u m u l a t e d   i n   t h e   e a s t e r n   p a r t   o f   t h e   c a l d e r a  as  it 

co l l apsed .  A t h i c k   s e c t i o n  of cau ld ron-co l l apse  meso- 

breccias (Lipman, 1 9 7 6 )  were fo rmed   nea r   t he   base   o f   t he  

upper  zone as a r e s u l t  of l a n d s l i d i n g   o n   t h e   o v e r s t e e p e n e d  

sou the rn  wall of t h e   c a l d e r a .  Near t h e   e n d ' o f   t h e  

L e d t a r ( ? )   a s h - f l o w   e r u p t i o n s ,   r h y t h m i c   b l o c k i n g   a n d   e x p l o -  

sive c l e a r i n g   o f  a local ign imbr i te   vent   p roduced   bedded  

l a g - f a l l  breccias conta in ing   abundant   f ragments   o f   sen i -  

congealed magma. T h e  magma fragments  were e s s e n t i a l l y  non- 

v e s i c u l a t e d   a n d   c o m p o s i t i o n a l l y   e q u i v a l e n t  t o  t h e   h o s t   t u f f .  
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A l t h o u g h ' t h e   S o c o r r o   c a u l d r o n   a p p a r e n t l y   f o r m e d   d u r i n g  

t h e   i n i t i a l   s t a g e s   o f   c r u s t a l   e x t e n s i o n ,  i t s  development 

was p r i m a r i l y   c o n t r o l l e d   b y   c h a n g i n g  magma p r e s s u r e s .  A 

p e r i p h e r a l   h i n g l i n e   s t r u c t u r e   i n   t h e   s o u t h e r n   L e m i t a r  Moun- 

t a i n s   i n d i c a t e s   p r e - L e m i t a r   t u m e s c e n c e   a n d   p o s t - L e n i t a r  sub- 

s idence .   However ,   subs idence   and   resurgence   was   apparent ly  

accommodated l o c a l l y  by p r e v o l c a n i c   s t r u c t u r e s .  

F o l l o w i n g   t h e   m a j o r   p e r i o d   o f   s u b s i d e n c e   o f   t h e   S o c o r r o  

cau ld ron ,   mos t ly   con temporaneous   w i th   t he   a sh - f low  e rup -  

t i o n s ,  a p e r i o d   o f   e r o s i o n   p a r t i a l l y   f i l l e d   t h e   d e p r e s s i o n  

w i t h   v o l c a n i c l a s t i c   s e d i m e n t a r y   r o c k s .  The nor thern   margin  

o f   t h e  caldera -- now e x p o s e d   o n   t h e   e a s t   f a c e   o f   S o c o r r o  

Peak -- s h e d   l a n d s l i d e   d e p o s i t s   a n d   c o l l u v i u m   d e r i v e d  from 

t h e   p r e - c a u l d r o n   S p e a r s   F o r n a t i o n   a n d   t h e   u n d e r l y i n g  Madera 

L i m e s t o n e   i n t o   t h e   c a l d e r a .   S h o r t l y   t h e r e a f t e r   t h e   e a s t e r n  

c o r e   o f   t h e   c a u l d r o n   b e g a n   t o  be r e s u r g e n t l y   u p l i f t e d .   T h i s  

formed a s e m i c i r c u l a r  moat  between t h e   r e s u r g e n t   b l o c k  (now 

exposed i n   t h e   n o r t h e r n   C h u p a d e r a   M o u n t a i n s )   a n d   t h e   e a s t e r n  

rim o f   t h e   c a l d e r a .   D u r i n g   r e s u r o e n c e   t h e   m o a t - l i k e   a r e a  

between  Socorro  Peak  and  the  Chupadera  Mountains  was f i l l e d  

b y   a l t e r n a t i n g   l o c a l   e r u p t i o n s   o f   i n t e r m e d i a t e   ( a n d e s i t e  t o  

r h y o d a c i t e )   l a v a s   a n d   l i t h i c - r i c h   r h y o l i t i c   a s h - f l o w   t u f f s  

t h a t  were t h e n   c a p p e d   b y   h i g h - s i l i c a   r h y o l i t e   d o m e s   a n d  
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a s s o c i a t e d  t u f f s .  These   complexly   in te r tonguing   and   he te ro-  

g e n e o u s   d e p o s i t s ,   c o l l e c t i v e l y   a s s i g n e d   t o   t h e   L u i s   L o p e z  

F o r m a t i o n ,   c o m p l e t e l y   f i l l e d   i n   t h e  500-800-n-deep moat and 

o v e r l a p p e d   t h e   i n n e r   t o p o g r a p h i c   w a l l  of t h e   c a l d e r a   i n   t h e  

Socorro Peak area. Minor   subsidence  of   the  moat- l ike  block,  

a l o n g   r i n g - f r a c t u r e   f a u l t s   a n d   f a u l t s   p a r t l y   b o u n d i n g   t h e  

resurgent   b lock ,   occur red   contemporaneous ly   wi th   moat  

f i l l i n g .  The l a t t e r  f a u l t s ,   w h i c h   t r e n d   n o r t h   a n d   n o r t h -  

e a s t e r l y ,   a p p a r e n t l y   r e f l e c t   p r e v o l c a n i c   f r a c t u r e s  ( i . e .  

Morenc i   l i neamen t )   i n   t he   cau ld ron   b lock .  

Major   ash-f low  volcanism  ended  in   tbe  Socorro  region 

about  26 m.y. ago   w i th   e rup t ion  of the   tu f f   o f   South   Canyon,  

wh ich   appa ren t ly   f l owed   i n to   t he   Socor ro   cau ld ron  area from 

a s o u r c e   c a u l d r o n   t o   t h e  west. The t u f f   o f   S o u t h  Canyon 

f i l l e d   p a l e o v a l l e y s   i n   t h e   m o a t  area and wedged o u t   o n t o  

the  cauldron  margin  northeast   of   Socorro  Peak.   Minor  vol- 

can i sm  r e l a t ed  t o  t h e  waning  Dat i l -Mogollon  f ie ld   con-  

t i n u e d   i n t o  ear ly  Miocene time as r e p r e s e n t e d   i n  a f e w  

i s o l a t e d   a r e a s   o u t s i d e   t h e   S o c o r r o   P e a k   v o l c a n i c   c e n t e r .  

The  Neogene h i s t o r y  of t h e   S o c o r r o  Peak area i s  pro- 

v ided   by   bas in - f i l l   s ed imen ta ry  s t ra ta  and   in te rbedded  

vo lcan ic   rocks   o f   t he   San ta   Fe   Group .  The development  of 

rift b a s i n s   i n   t h e  map area may b e   d i v i d e d   i n t o   t h r e e   s t a g e s  

t h a t  are  r e c o r d e d   i n  s t ra ta  o f :  1) the   lower   Popotosa   For -  
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mation of: e a r l y  Miocene  age, 2 )  the  upper   Popotosa  Formation 

o f   m i d d l e   t o  l a t e  Miocene age ,   and   3)   the  Sierra  Ladrones 

Formation of P l iocene   t o   midd le   P l e i s tocene   age .  S i l i c i c  

domes a n d   t u f f s   o f   t h e   S o c o r r o  Peak Rhyo l i t e ,   e rup ted   du r ing  

t h e   p e r i o d  12-7 m.y. a g o   i n t e r b e d d e d   i n   t h e  upper 

Popotosa   Format ion ,   p rovide   impor tan t   marker   hor izons   in  

t h e   b a s i n  f i l l .  These l a t e  Miocene s i l i c i c  domes, e rup ted  

a l o n g   t h e   n o r t h   m a r g i n  of t h e   S o c o r r o   c a u l d r o n ,  are the   mos t  

v i s i b l e  aspect o f   t h i s   l o c u s   o f   r e p e a t e d  magmatism. F i g u r e s  

2 4 ,  2 6 ,  a n d   3 3   r e s p e c t i v e l y   s u m m a r i z e   t h e   s t r a t i g r a p h i c   a n d  

s t r u c t u r a l   r e l a t i o n s h i p s   o f   t h e   P o p o t o s a   a n d   S i e r r a   L a d r o n e s  

fo rma t ions  a t  t h e  time o f   t h e i r   d e p o s i t i o n .  

By ea r ly   Miocene  time, about  25 m.y. ago,  domino-style 

normal   fau l t ing   had   produced  a b road   s ag   bas in  (lower 

P o p o t o s a   b a s i n )   t h a t   i n c l u d e d   m o s t   o f   t h e  map area. The 

r e s u r g e n t   b l o c k   o f   t h e   S o c o r r o   c a u l d r o n   a n d   o t h e r   c a u l d r o n  

h i g h l a n d s   t o   t h e   s o u t h w e s t - s h e d  mudflow depos i t s   and   con-  

g l o m e r a t e s   n o r t h w a r d   o n t o   t h e   d i s t e n d e d   f l o o r  of t h e   b a s i n  

and   bu r i ed   domino   b locks   t i l t ed  as much as  30 degrees .  The 

less e x t e n d e d   a r e a   a l o n g   t h e   t r a n s v e r s e   s h e a r   z o n e  may have 

tended t o  rema in   h igh   and   t hus   added   t o  t he  e l e v a t i o n   o f  

t h e s e   v o l c a n i c   h i g h l a n d s   t h a t   f o r m e d   t h e   s o u t h e r n   m a r g i n  of 

t h e  ear ly  Popotosa   bas in .   Contemporaneous   ho t   spr ing  

a c t i v i t y   i n   t h e   v o l c a n i c   h i g h l a n d s  may accoun t  for t h e  
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extreme i n d u r a t i o n   o f   t h e   s i l i c a - c e m e n t e d  mudflow d e p o s i t s  

and t h e i r   a p p a r e n t   h i g h  ferric i r o n   c o n t e n t  now expressed  

b y   t h e i r   d e e p   r e d   c o l o r a t i o n .   T h i s   i n f e r r e d   e a r l y  Miocene 

p e r i o d  of e x t e n s i v e   h y d r o t h e r m a l   a l t e r a t i o n  may be related 

to   widespread   po tass ium  metasomat i sm  (Chapin   and   o thers ,  

1 9 7 8 )  t h a t   h a s  affected e s s e n t i a l l y  a l l  t he   O l igocene   vo l -  

c a n i c   r o c k s   i n   t h e   S o c o r r o   P e a k   a r e a .  

I n   t h e   e a r l y   p a r t   o f   l o w e r   P o p o t o s a  time, d i s t a l   f a n  

depos i t s ,   de r ived   f rom a h i g h l a n d   t o   t h e   e a s t ,   e n t e r e d   t h e  

Socorro   Peak   a rea   in   the   "shadow"  of  some small, l a t e  

Ol igocene   vo lcanoes   i n   t he   F lue  Canyon a r e a .   I n   t h e  later 

p o r t i o n   o f  lower Popotosa time t h i s   e a s t e r n   h i g h l a n d  -- 
probably  now rep resen ted   by   t he  Loma de  l a s  Canas u p l i f t  

( f i g .  2 )  -- c o n t i n u e d   t o   b e  a source of sediments]   which 

ove r l apped   t hese  domes and  then  prograded west a c r o s s   t h e  

o l d e r  mudflow depos i t s .   These   h igh lands  t o  t h e   e a s t  of t h e  

R i o  Grande. were a p p a r e n t l y  a c o n s t a n t   s e d i m e n t   s o u r c e  

throughout   lower   and  upper   Popotosa time. T h i s   r e l a t i v e l y  

f i x e d   e a s t e r n   m a r g i n   o f   t h e   P o p o t o s a   b a s i n  may have  been 

l o c a l l y   c o n t r o l l e d  by r e a c t i v a t i o n  of a Laramide reverse 

f a u l t  as a down-to-the-west  normal f a u l t .  

By middle  Miocene time, abou t  2 0  m.y. ago ,   t he  extreme 

heat-f low  regime of t h e   D a t i l   v o l c a n i c   p e r i o d   h a d   l a r g e l y  

d i s s i p a t e d   a n d   t h e r e  was a change i n   t h e   s t r u c t u r a l   s t y l e  
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of r i f t i n g   ( C h a m b e r l i n ,   1 9 7 8 ) .  A t  a b o u t   t h i s  time t h e  west- 

e rn   Popotosa   bas in  was broken  by a h o r s t   b l o c k   i n   t h e   a r e a  

t h a t  now i n c l u d e s   t h e   n o r t h e r n  Magdalena  Mountains  and  the 

sou the rn  Bear Mountains .   Chapin  and  Seager   (1975)   referred 

t o   t h i s   a r e a  a s  t h e   a n c e s t r a l  Magdalena  Mountains.  This 

m o d i f i c a t i o n   t o   t h e   g e o m e t r y  of the   o r ig ina l   l ower   Popo tosa  

b a s i n   s h i f t e d   t h e   b a s i n   a x i s   i n t o   t h e   S o c o r r o   P e a k   a r e a   a n d  

gave it a g e n e r a l   n o r t h - s o u t h   t r e n d .  A s  much as  8 0 0  m of 

playa muds were d e p o s i t e d   a l o n g   t h e   a x i s   o f   t h e   r e l a t i v e l y  

deep  upper  Popotosa  basin.   The  playa was borde red   by   t oes  

of a l l u v i a l   f a n s  a t  t h e  east  and west f r i n g e s   o f   t h e  map 

area.   The  south  margin of t h e   p l a y a  was more s t r u c t u r a l l y  

t h a n   t o p o g r a p h i c a l l y   c o n t r o l l e d .  Here t h e   p l a y a  muds lapped 

on to  a bedrock   h igh   in   the   nor thern   Chupadera   Mounta ins ,  

which was probably r e l a t e d   t o   t h e   s t r u c t u r a l l y   h i g h   t r a n s -  

verse shea r   zone .   Th i s   sou th   marg in   o f   t he  bas in  extended 

t o   t h e  west i n t o   t h e  Pound  Ranch a rea   o f   t he   Magda lena  Moun- 

t a ins   (Osburn ,   1978) .  

I n  l a t e  Miocene time, from 1 2  m.y. t o  7 m.y. ago, 

nulperous r h y o d a c i t i c   t o   r h y o l i t i c  domes and t u f f s  of t h e  

Socorro  Peak  Rhyol i te  were p e r i o d i c a l l y   e r u p t e d   o n t o   t h e  

playa f loor .  A t  t h i s  time, t h e   e a s t  side o f   t h e   p r e s e n t  

S o c o r r o   u p l i f t  was a l r e a d y  a d i s c r e t e   t i l t e d   f a u l t   b l o c k ,  

b u t  it had no t o p o g r a p h i c   e x p r e s s i o n   s i n c e  it was awash 
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under a t h i n   c o v e r   o f   p l a y a   d e p o s i t s .   U n c o n f o r m i t i e s   i n  

the  uppe r (? )   Popo tosa   Fo rma t ion   i n   t he   Lemi ta r   Moun ta ins  

s u g g e s t   t h a t  it t o o   a l r e a d y   e x i s t e d   a s  a t i l t e d   b l o c k  

la rge ly   mant led   by  a t h i n  cover of a l luv ium (Lemitar Map). 

Depos i t i on   o f   p l aya   and   f an   depos i t s   o f   t he   uppe r   Popo tosa  

Format ion   cont inued   dur ing   e rupt ion   of   the  s i l i c i c  domes 

and u n t i l  sometime a f t e r   t h e  l a s t  e r u p t i o n  7 m.y. ago,  which 

formed t h e   G r e f c o  per l i te  dome. During t h i s   i n t e r v a l   o f  

r h y o l i t i c   v o l c a n i s m  a second  period  of  domino-style  normal 

f a u l t i n q   o c c u r r e d   i n   t h e   S o c o r r o  Peak a r e a .   T h i s   e v e n t  

r o t a t e d   s t r a t a   o f   t h e   u p p e r   P o p o t o s a   F o r m a t i o n   ( a n d   o l d e r  

s t r a t a )  as  much a s  1 5  d e g r e e s   p r i o r   t o   d e p o s i t i o n  of t h e  

S ier ra   Ladrones   Format ion .  Some h y d r o t h e r m a l   a l t e r a t i o n  

a n d   m i n e r a l i z a t i o n   i n   t h e   S o c o r r o  Peak area is  clear ly  

related t o  l a t e  Miocene i n t r u s i o n .  Here b a r i t e - s i l v e r   v e i n s  

c u t   r h y o d a c i t i c  flows o f   t he   Socor ro   Peak   Rhyo l i t e ,   and  

re la ted   vo lcanic   necks   have   been   po tass ium  metasomat ized .  

Between 7 and 4 m.y. a g o ,   e p e i r o g e n i c   u p l i f t   a n d   h i g h -  

a n g l e   n o r m a l   f a u l t i n g   ( h o r s t   a n d   g r a b e n   s t y l e ? )  exhumed t h e  

Socorro  and L e m i t a r  u p l i f t s   f r o m   u n d e r   t h e i r   t h i n   a l l u v i a l  

cove r   and   e l eva ted  them s u f f i c i e n t l y   t o   t o p o g r a p h i c a l l y   d i s -  

r u p t   t h e   f l o o r  of t h e  Fopotosa   bas in .   Dur ing   th i s   per iod  

t h e   a n c e s t r a l   R i o   G r a n d e  was formed,   apparent ly  as a r e s u l t  

of increased   runoff   f rom  newly   e leva ted  a lp ine  areas i n  
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Colorado  and  northern N e w  Mexico (Chapin, 1 9 7 8 ) .  F l u v i a l  

s a n d s   o f   t h e   a n c e s t r a l  R i o  Grande now occur  a t  the  immediate  

f o o t  of Socorro   Peak ,   sugges t ing   tha t   the   Socorro   Mounta ins  

were not  much o f  a t o p o g r a p h i c   f e a t u r e   i n   m i d d l e   P l i o c e n e  

time. By 4 m.y. ago,  when t h e  basalt  o f   S e d i l l o  H i l l  was 

e r u p t e d ,   t h e   S o c o r r o   f a u l t   z o n e   h a d  become t h e   s t r u c t u r a l  

marg in   o f   t he   Socor ro   bas in .   These   basa l t   l avas   f l owed ,  

from t h e i r   v e n t s  a t  S e d i l l o  H i l l ,  down a b road   va l l ey  cu t  

on   uppe r   Popo tosa   p l aya   depos i t s   and   f i na l ly   on to   t he   f l ood-  

p l a i n   o f  t h e  ances t r a l   R io   Grande .  The  4-n.y.-old  lavas 

bur ied   the   Socorro   fau l t   zone   and   over lapped   p iedmont   s lope  

gravels   shed  f rom  the  eastern  Magdalena  Mountains .   These 

piedmont   s lopes of the   middle   P l iocene   eas te rn   Magdalena  

Mounta ins   apparent ly   covered   mos t  of the  Chupadera 

Mountains. S imi la r  p i e d m o n t   g r a v e l s   l o c a l l y   d e r i v e d  from 

the   Socor ro   and  Lemitar Mountains,  were d e p o s i t e d   a c r o s s  

b r o a d   p e d i m e n t s   t r u n c a t i n g   t i l t e d  s t ra ta  o f   t h e   u p p e r  

Popotosa  Formation.   These  ranges  cont inued  to  rise d u r i n g  

l a t e   P l i o c e n e   a n d   P l e i s t o c e n e  time. Since  middle  

P l e i s t o c e n e  time c o n t i n u i n g   e p e i r o g e n i c   u p l i f t ,   f a u l t i n g ,  

and   l ower ing   o f   t he  base level cf the  Rio  Grande  by i t s  cap: 

t u r e  a t  E l  Paso  has   enhanced.   the   topography  of   the  modern 

r a n g e s .   S o c o r r o   P e a k   p r o b a b l y   r e p r e s e n t s   t h e   b o l d e s t  topo- 

g raph ic  relief i n   t h e  map area s i n c e   f o r m a t i o n  of t h e  

. 
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Socor ro   cau ld ron  i n  l a t e (? )  Oligocene time. 

As a f irst  o r d e r   o f   a p p r o x i m a t i o n ,   t h e   p r e s e n t   r a n g e s  

and   bas ins  of t h e  map area r e p r e s e n t   r e l a t i v e l y  wide and 

s l i g h t l y  t i l t e d  domino b l o c k s  of P l iocene   and   P l e i s tocene  

age ,   which   a re   bound  by   h igh-angle   normal   fau l t s .   The  l a t e  

Cenozoic f a u l t   b l o c k s  are superimposed  on  numerous  closely 

spaced   and   modera t e ly   t o   s t rong ly  t i l t ed  domino b l o c k s   o f  

l a te  O l i g o c e n e   t o  l a t e  Miocene  age  bounded  by normal f a u l t s  

of modera t e   t o  low d i p .  The change  f rom  west- t i l ted t o  

e a s t - t i l t e d  domino b l o c k s   i n   t h e   s o u t h - c e n t r a l   p o r t i o n   o f  

t h e   v o l c a n i c   c e n t e r  marks t h e   g e n e r a l   l o c a t i o n   o f   t h e   t r a n s -  

verse shea r   zone .   The   p re sen t   su r f ace   expres s ion  of t h e  

t r a n s v e r s e   s h e a r   z o n e   i n   t h e  mapped area i s  a d i f f u s e  zone 

o f   d i s c o n t i n u o u s   t r a n s v e r s e   h i n g e   f a u l t s ,   w h i c h  have al lowed 

d i f f e r e n t i a l   r o t a t i o n   o f   t h e   l o n g i t u d i n a l  domino b locks .  

As much a s  8 km wide ,   the   shear   zone  also contains   numerous 

ho r s t -g raben   b locks  formed by in t e rmesh ing   o f   t he   oppos ing  

domino sets. Dips of s t r a t a   g e n e r a l l y   d e c r e a s e   t o w a r d   t h e  

axis  of t h e  transverse shear  zone.  The  change i n   d i r e c t i o n  

o f   d ip   and  a null l i n e  of mesas a long  the a x i s  of the t r a n s -  

verse shear   zone  are  t h e  most v i s i b l e  aspects o f  t h i s  s u b t l e  

t r a n s f o r m   s t r u c t u r e   ( f i g .  4 1 ) .  

The  "leaky" ver t ical  f a b r i c  of t h e  Morenci   l ineament ,  

which i s  now e x p r e s s e d   b y   t h e   t r a n s v e r s e   s h e a r   z o n e ,   h a s  
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b e e n   t h e   p r i m a r y   c o n t r o l   o f   r e c u r r e n t  magma i n t r u s i o n ,  

s i l i c i c  v o l c a n i s m   a n d   h y d r o t h e r m a l   a c t i v i t y   i n   t h e   S o c o r r o  

Peak v o l c a n i c   c e n t e r .  The d e e p l y   p e n e t r a t i n g   l i n e a m e n t   h a s  

f a c i l i t a t e d   t h e   a s c e n t  of magmas i n   t h e  Socorro-Magdalena 

r e g i o n   i n :   m i d d l e   t o  l a te  Oligocene time (32-26 m.y. a g o ) ,  

e a r l y  Miocene time ( 2 0  m.y. a g o ) ,   l a t e  Miocene time (13-7 

m.y. ago) ,   and   middle   P l iocene  time ( 4  m.y. ago) .   Wi th in  

t h e   S o c o r r o  Peak v o l c a n i c   c e n t e r ,  s i l i c i c  e r u p t i v e   e v e n t s  

have  been  dated a t :  2 8 . 6 ,  11.9-10.3,  10.5-9.0,  and 7 . 4  m.y. 

The span of l a t e   O l igocene   i n t rus ion   and   vo lcan i sm,   wh ich  

may have  been as  long as 4 n i l l i o n   y e a r s ,  i s  underrepresen-  

t e d   b y   t h e   s i n g l e  28.6  n.y.   date.  Late Miocene  calc- 

a l k a l i n e   l a v a s   o f   t h e   S o c o r r o  Peak R h y o l i t e   a r e   a s s o c i a t e d  

wi th   unda ted   (R idd le   t o   1a t e 'Miocene )   p recu r so r   and   an tece -  

d e n t   e r u p t i o n s  of a l k a l i   o l i v i n e  basal ts  and   xenoc rys t i c  

b a s a l t i c   a n d e s i t e s   a s s i g n e d   r e s p e c t i v e l y  t o  t h e   b a s a l t  of 

Kel ly   Ranch   and   the  basalt  o f  Bear Canyon. The a l k a l i c  

b a s a l t  of S e d i l l o  H i l l  was e r u p t e d  4 .0  m.y. ago  from  vents 

w i t h i n   t h e   t r a n s v e r s e  sbear z o n e   n e a r   t h e   s o u t h w e s t   s i d e   o f  

the v o l c a n i c   c e n t e r .  However, b a s a l t s  of Pliocene  age  (3-5 

m.y. o l d )  are  w i d e l y   d i s t r i b u t e d   a l o n g   t h e   R i o   G r a n d e  rift 

(Chapin,  1'3791, s u a g e s t i n g   t h a t   t h e   t r a n s v e r s e   s h e a r   z o n e  

h a s  l i t t l e  c o n t r o l   o n   b a s a l t i c  magmas. 

I n   l i g h t  of pas t  ep i sodes  of volcanism,  it is no t   su r -  



"-2274 4 4 2  

p r i s i n g   t h a t   s h a l l o w  magma b o d i e s  are p r e s e n t l y   r i s i n g   a l o n g  

t h e   t r a n s v e r s e   s h e a r   z o n e  a t  Socorro.   These  shal low (4-5 

km) d i k e - l i k e  magma bod ies ,   geophys ica l ly   de f ined   by  

Sanfo rd   and   o the r s ,   appa ren t ly   fo rm  the   hea t   sou rce  of t h e  

Socorro   geothermal   a rea   (Chapin   and   o thers ,  1 9 7 8 ) .  
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G O T H E R M A L  POTENTIAL 

For a d e t a i l e d   d i s c u s s i o n   o f   t h e   g e o t h e r m a l  framework 

and   geothermal   po ten t ia l  of t h e   S o c o r r o   P e a k   a r e a ,   t h e  

r e a d e r  i s  r e f e r r e d   t o   C h a p i n ,   C h a m b e r l i n   a n d   o t h e r s  ( 1 9 7 8 ) .  

I n  b r i e f ,   t h e   p o t e n t i a l   f o r  commercial geo the rma l   r e se rvo i r s  

i n   t h e   S o c o r r o  Peak a r e a  i s  good.   Favorable   aspec ts   inc lude  

t h e   p r e s e n c e  of :  1) geophys ica l ly   de f ined   sha l low magma 

bodies  a t   d e p t h s   o f  4-5 km ( p l .  3 ,  map 4 ) ,  2 )  h i g h   h e a t  

f low, a s  h i g h   a s  11.7 HFU ( p l .  3 ,  map 4 ) ,  3 )   p o t e n t i a l  

r e s e r v o i r   h o r i z o n s   i n   t h e   s t r a t i g r a p h i c  column  which  have 

been  downfaulted t o  f a v o r a b l e   d e p t h s   ( n e a r   t o p s   o f  magma 

b o d i e s )   b y   c a u l d r o n   s u b s i d e n c e   a n d   b y   s u b s i d e n c e   i n  r if t  

bas ins ,   and  4 )  r e l a t ive ly   impermeab le   cap rocks .  

B r i t t l e  s t r a t i g r a p h i c   h o r i z o n s ,   s u c h  as densely  welded 

t u f f s  ( i . e .  Lemitar Tuff ,  A-L Peak   Tuff )   and   the   ex t remely  

i n d u r a t e d  lower Popotosa  Formation (Tpsd) ,  are l i k e l y   t o   b e  

good reservoir rocks  because of f r a c t u r e   i n d u c e d  per- 

- m e a b i l i t y .  Most p e r e n n i a l   s p r i n g s   i n   t h e   S o c o r r o  Peak vol- 

c a n i c   c e n t e r   i s s u e  from t h e  lower Popotosa  Formation,  where 

groundwater flow toward t h e  R i o  Grande  Valley is blocked by 

f a u l t s   t h a t   j u x t a p o s e  impermeable c l a y s t o n e s  of the   uppe r  
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Popotosa   Format ion   (Tpkp)   aga ins t   the  lower Popotosa  con- 

glomerates   (Tpsd,  T p l r l ) .  Poor ly   we lded ,   moa t - f i l l   t u f f s  

of the  Luis   Lopez  Formation ( T l t ,  T l t 2 ,  T l r b t ,  T l r s t )  

apparent ly   had  a h i g h   i n i t i a l   p o r o s i t y   a n d   p e r m e a b i l i t y ,   a s  

i n d i c a t e d   b y   n u m e r o u s   s i l i c i f i e d   z o n e s   a d j a c e n t  t o  i n t r u -  

s i o n s .   B a s a l t i c  t o  i n t e r m e d i a t e   l a v a s  ( L a  J a r a  Peak  Basal- 

t i c  Andes i te ,   Luis  Lopez Formation lavas: Tlal ,   TlaZ,   Tla3,  

Tlap ,  T l a 4 )  t e n d   t o  ac t  a s  caprocks   because   t hey   a r e  less 

b r i t t l e  and  have  low  pr imary  permeabi l i ty .  The Pennsyl- 

v a n i a n   S a n d i a   s h a l e s ,   a n d e s i t i c   c o n g l o m e r a t e s   o f   t h e   S p e a r s  

Forma t ion   ( f ig .  6 ) ,  and   p l aya   c l ays tones   o f   t he   uppe r  

Popotosa  Formation are probably  the  most   widespread  poten-  

t i a l  caprocks.  

The  depth t o  p o t e n t i a l  reservoir ho r i zons  i s  c o n t r o l -  

l e d   b y   t h e   o v e r p r i n t i n g  of m u l t i p l e   g e n e r a t i o n s  of domino- 

s ty le  f au l t   b locks   on   t he   O l igocene   Socor ro   cau ld ron ,   wh ich  

i s  i n   t u r n   s u p e r i m p o s e d  on a L a r a m i d e   u p l i f t .  Much of t h e  

c o m p l e x   o l d e r   s t r u c t u r e  i s  masked  by b a s i n  f i l l  o f   t h e   S a n t a  

Fe  Group.  Younger s t r u c t u r e s   t h a t   c u t   t h e   b a s i n  f i l l  are  

d e c e p t i v e l y  simple. 

H y d r o t h e r m a l   a l t e r a t i o n   p a t t e r n s   i n   t h e   S o c o r r o  Peak 

v o l c a n i c   c e n t e r   a p p e a r   t o   r e p r e s e n t  a t  l e a s t  two a n c i e n t  

geo the rma l   sys t ems .   S i l i c i f i ed   Pennsy lvan ian   l imes tones ,  

a t  Socorro  Peak ( p l .  1, f i g .   1 3 ) ,   a n d   j a s p e r i z e d   t u f f s  



T-2274 445 

( T l t  ) of t h e  mat-f i l l  sequence, a t  t h e   S h r i n e   v a l l e y   ( p l .  

1, p l .  21, are  most l i k e l y  l a te  O l i g o c e n e   f e a t u r e s   r e l a t e d  

t o   t h e   S o c o r r o   c a u l d r o n .  Barite and silver v e i n s   o f   t h e  

Socor ro   Peak   d i s t r i c t ,   wh ich   occu r   i n   t he   Popo tosa   Fo rma t ion  

and i n   f l o w s  of t h e   S o c o r r o  Peak R h y o l i t e ,   a p p e a r   t o  be 

r e l a t e d   t o  a l a t e  Miocene  geothermal  system. 

2 

The  Socorro  Peak area l i e s  w i t h i n  a l a rge   po ta s s ium 

metasomatism  anomaly t h a t   e x t e n d s  fa r  o u t s i d e   t h e  limits of  

t h e  S o c o r r o   c a u l d r o n   o r   t h e   i n t r u s i v e  be l t  o f   t h e   S o c o r r o  

Peak Rhyo l i t e   (Chap in   and   o the r s ,  1 9 7 8 ) .  Chemical   analyses  

of O l i g o c e n e   r o c k s   ( m o s t l y   w e l d e d   t u f f s )   f r o m   t h e   S o c o r r o  

r e g i o n  commonly show K20 c o n t e n t s   o f  6 t o  11 p e r c e n t   i n  

r o c k s   t h a t   n o r m a l l y   c o n t a i n  4 t o  5 p e r c e n t  K 0. I n   t h i n  

sec t ion ,   the   po tass ium  metasomat ized   rocks  are c h a r a c t e r -  

i z e d   b y   p l a g i o c l a s e   p h e n o c r y s t s   t h a t   h a v e   b e e n   r e p l a c e d   b y  

po ta s s ium  f e ldspa r   and  potassic "clays" ( f i g .  15, f i g .  20). 

Other  calcic mine ra l s ,   such  a s  cl inopyroxene  and  sphene,  

are commonly replaced  by  Fe-oxides   and  leucoxene,  respec- 

t i v e l y .   I n   c o n t r a s t ,   p o t a s s i c   m i n e r a l s   l i k e   s a n i d i n e   a n d  

b i o t i t e  are  n o r m a l l y   f r e s h   i n   t h e   p o t a s s i u m   m e t a s o m a t i z e d  

rocks .  The e x p e r i m e n t a l   d a t a   o f  Orville ( 1 9 6 3 )  have  shown 

t h a t  i n  vapor   dominated  geothermal   systems,potassium i s  

l e a c h e d   f r o m   t h e   h o t t e r   r o c k s   a n d   t h e n   d i s p l a c e s   s o d i u m  

from the c o o l e r  rocks. 

2 
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O n g o i n g   c h e m i c a l   a n d   p e t r o g r a p h i c   s t u d i e s   i n d i c a t e   t h a t  

t h e  Socorro potass ium  anomaly   occurs   wi th in  a l a r g e   t r i a n -  

g u l a r ( ? )  area,  which i s  a b o u t  6 0  km long   on   each   s ide  (C.E.  

Chapin, 1 9 8 0 ,  o r a l  commun.).  The  anomaly  extends  from t h e  

western Magdalena  Mountains, east  t o  the   southern   Chupadera  

Mountains ,   and  north  to   near   the  Ladron  Mountains .  Two 

f e a t u r e s :  1) a f i e l d   o f   s t r o n g l y   t i l t e d   O l i g o c e n e   v o l c a n i c  

s t r a t a ,   a n d  2 )  an   a rea   o f   anomalous ly  well i n d u r a t e d ,   r e d  

lower   Popotosa   Format ion ,   bo th   appear   to   be   l a rge ly   co in-  

c iden t   w i th   t he   po ta s s ium  anomaly .  The  potassium  anomaly 

and   unusua l ly   red   sed iments  are  be l i eved   t o   be   geochemica l  

s i g n a t u r e s  of a metamorphic core complex of l a t e   O l i g o c e n e  

t o  ear ly  Miocene  age (C. E. Chapin,  1 9 8 0 ,  o r a l  commun.). 

The f i e l d  of domino s t y l e   n o r m a l   f a u l t i n g ,   w h i c h   i n v o l v e d  

3 0  t o  4 0  d e g r e e s   r o t a t i o n  of b l o c k s   i n  l a t e  Ol igocene   t o  

ea r ly   Miocene  time, i s  c o n s i d e r e d   t o  be t h e   s t r u c t u r a l  

e x p r e s s i o n  of the   metamorphic  core complex. 

A d d i t i o n a l   r e s e a r c h   o n   h y d r o t h e r m a l   a l t e r a t i o n ,  

m i n e r a l i z a t i o n ,   a n d   t h e   p o t a s s i u m  metasomatism anomaly a t  

Socorro  i s  war ran ted .   Th i s   t ype  of d a t a   s h o u l d   b e   q u i t e  

u se fu l   i n   eva lua t ing   t he   modern   geo the rma l   sys t em.  
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s o u r c e  problem: s i g n i f i c a n c e  of a co-ignimbri te  
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A: Measured  Sect ions 

Note: R.ock c o l o r s  are  f rom  Geologica l   Soc ie ty  of Acerica 

"R.ock Co lo r   Cha r t "   an2   bed   t h i ckness   c l a s s i f i ca t ion   fo l lows  

t h a t  of Inc ram  (1954) .   Co lo r s   a r e   o f   f r e sh   rocks   excep t  

w h e r e   i n s i c a t e d   o t h e r w i s e .  

Sec t ion  1: Socorro  Peak  Pennsylvanian  Rocks 

Formations:  Madera Limestone and.  Sandia  Formation 

Loca t ion :   Gene ra l   r e f e rence   s ec t ion   measu red   on  east  face 

of Socorro Peak  i n  NE14  and  hV14 Sect. 9 ,  T3S, RIW. Measured 

p a r a l l e l   t o   a n d  250 f ee t  ( 7 6  m )  sou th  of section l i n e  commn 

t o   s e c t i o n s  4 and 9 ,  T3S, R1P. E e g i n s   i n  lower Sandia  For- 

mation, a t  e l e v a t i o n  of 5400 feet ,  about   175  feet  ( 5 3  m) 

n o r t h  of g u l l y  bottom w h e r e   l i g h t   p u r p l i s h   g r a y   v o l c a n i c -  

r i c h   c o n g l o m e r a t i c   s a n d s t o n e  of lower  Popotosa  Formation 

(Tpsw,  pl. 1) i s  i n   f a u l t   c o n t a c t   w i t h  lower Sandia   Formation 

s a n d s t o n e   ( p l .  1). Sect ion   proceeds   ups lope   due  west. 

Average  dip,  25O west. Described by R. M. Chavber l in   and  

W. T. S i e n e r s ,  May 1977. 

. .  



T-2274 4 6 4  

10 

9 

8 

U n i t  No. Thickness   and   Li thology 

” Top of s e c t i o n  a t  b a s e  of covered slope wi th   r ed  

muddy soi l  a n d   l i m e s t o n e   c o b b l e s   i n   f l o a t ,  below 

c l i f f  of red-brown,   l i th ic - r ich ,   lower- tuf f  member 

( T l t l ,  p l .1 )  o f   t h e   L u i s  Lopez Formation. 

98 fee t  ( 2 9 . 9  m )  : s i l i c i f i e d   l i m e s t o n e :   l e d g e  and 

c l i f f  f o r m i n g ,   f l i n t y ,   l i g h t -   t o  medium-gray: 

shows th ick ,   uneven   bedding:   b lack   cher t   nodules  

a n d   s i l i c i f i e d   f o s s i l s   t y p i c a l   o f   l i m e s t o n e s   i n  

l o w e r   u n i t s ;   l i m o n i t e   s t a i n i n g   l o c a l l y   o n   f r a c t u r e s .  

6 9  f ee t  ( 2 1 . 0  m ) :  ( ? )  interbedded  mudstone  and lime- 

s tone :   poor ly   exposed ,  slope forming ,  ( ? )  medium- t o  

th ick-bedded ,   dark-gray  micrite a n d   l i g h t -   t o  medium- 

gray  l imy  mudstone,  some s a n d y   l i m e s t o n e s   i n   f l o a t .  

1 4 1  fee t  ( 4 3 . 0  m ) :  l imes tone :   bo ld  c l i f f  former, 

l i g h t -   t o  medium-gray micrite: t h i c k   t o  very t h i c k ,  

uneven   bedd ing :   modera t e ly   fo s s i f e rous   ( fusu l in ids ,  

b r a c h i o p o d s ,   c r i n o i d s ) ,   b l a c k   c h e r t   n o d u l e s   a b u n d a n t  

i n   t o p  20 f ee t  (6.1 m ) .  

7 115 feet .  ( 3 5 . 1  m ) ;  ( ? )  interbedded  mudstone  and 

l i m e s t o n e ,   s l o p e   f o r m e r   l i k e   u n i t  9 .  

6 6 fee t  (1 .8  m ) :  s i l i c i f i e d   l i m e s t o n e :   f l i n t y ,  

medium-gray,  weathers  moderate  reddish brown. 
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5 

4 

3 

2 

126 f ee t  ( 3 8 . 4  m ) ;  l imestone;   ledge  and c l i f f  former,  ' 

f o r m s   p r o m i n e n t   r i d g e   i n  NW/4, sect. 4 ,  T3SIR1FI; 

l i g h t - b l u i s h - g r a y   t o  medium-gray micrite, t h i c k -  t o  

very  thick-bedded  with a f e w  laminated  limy  mudstone 

p a r t i n g s ,   m o d e r a t e   t o   s l i g h t l y   f o s s i l i f e r o u s  

( c r i n o i d s ,   b r a c h i o p o d s ,   f u s u l i n i d s ,   h o r n   c o r a l s ) ,  

8-10 cm b l a c k   c h e r t   b e d   w i t h   w h i t e   f u s u l i n i d  tests 

occur s   abou t  3 0  feet  ( 9  m )  above   the  base. 

2 4  f e e t  ( 7 . 3  m ) ;  w h i t e   r h y o l i t e ;  s i l l - l i ke  i n t r u s i v e  

i n   f a u l t  subparallel t o  bedd ing ;   r epea t s  small 

t h i c k n e s s   o f   l o w e r  EIadera; contor ted   and  paral le l  

f low-banded ,   phenoc rys t s   o f   wh i t e   a rg i l l i zed   f e ld -  

s p a r   a n d   g l a s s y   q u a r t z ,   l o c a l l y   s p e c k l e d   w i t h  yellow- 

brown l i m o n i t e  a f t e r  ( ? )  p y r i t e .  

4 3  feet  ( 1 3 . 1  m ) ;  l imes tone ,   l edge   and  slope forming,  

l i gh t -b lu i sh -g ray  t o  medium g r a y - m i c r i t e ,   t h i c k -  

bedded,   laminated t o  massive, w i t h   m i n o r   i n t e r -  

bedded medium- to   dark-gray  l imy  mudstone.  Base o f  

Madera  Limestone, t o t a l   t h i c k n e s s   w i t h   e r o d e d   t o p :  

5 9 8  fee t  ( 1 8 2 . 3  m ) .  

2 0 5  fee t  (62.5 m ) ;  sha l e   w i th   minor   i n t e rbedded  

l imes tone   and   sands tone ;   s lope   forming ,   dark-gray  

t o   b l a c k   c a r b o n a c e o u s   s h a l e ;   w i t h  1-3 m i n t e r b e d s  

of ledge  forming,   dark-brownish  gray,   moderately 
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t o   r i c h l y   f o s s i l i f e r o u s   ( b r a c h i o p o d s ,   f u s u l i n i d s )  

biomicrite, and  reddish-brown t o  dusky-brownl  f ine- 

t o  c o a r s e - g r a i n e d ,   s i l i c e o u s ,   f e l d s p a t h i c   a n d   q u a r t z  

s ands tone .  Top of   Sandia   Format ion  

1 299 f ee t  ( 9 1 . 1  m ) ,  s i l i c e o u s   q u a r t z   s a n d s t o n e   w i t h  

minor   i n t e rbedded   s i l t s tone   and   muds tone ;   l edge   and  

c l i f f  forming,  weathers  dark-reddish-brown t o   b l a c k ,  

moderate  yellowish-brown t o  light- gray^ o n   f r e s h  

s u r f a c e ,   f i n e -   t o   c o a r s e - g r a i n e d ,   m a s s i v e   t o   c r o s s  

l a m i n a t e d ,   s i l i c e o u s   q u a r t z   s a n d s t o n e ;   w i t h   s e v e r a l  

1-2  m beds  of medium-l ight-gray  s i l ts tone  and  l imy 

mudstone.  Lowermost  75 f e e t  ( 2 2 . 9  m )  e x t e n s i v e l y  

b r e c c i a t e d   a n d   s i l i c i f i e d .  Base of   Sandia   Formation 

n o t  exposed, minimum t h i c k n e s s :  504 f ee t  (153.6 m ) .  

T o t a l   t h i c k n e s s   o f   P e n s y l v a n i a n   s t r a t a :  1 1 0 2  feet  

(335.9 n). 
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S e c t i o n  2: 

Formation: A-L Peak  Tuff 

Loca t ion:   Composi te   sec t ion   measured   in   cen t ra l   and  west- 

cen t r a l   Lemi ta r   Moun ta ins   cons i s t ing   o f  3 s e p a r a t e   s e c t i o n s :  

LM-dA, LM-4B, and LM-4C; r e s p e c t i v e l y   s u r v e y e d   a t  ( A )  N W / 4 ,  

S E / 4 ,  NW/4 Sect. 11, T 2 S, R 2 W, from  6320 t o  6 6 0 0  fee t  

e l e v a t i o n ,  (B) NE corner   o f  S E / 4 ,  S E / 4 ,  S E / 4 ,  S e c t .  1 2 ,  T2 

S, R 2 W, a t  5600 f e e t   e l e v a t i o n ,  and (C) N W / 4 ,  S E / 4 ,  NW/4 

t o  PJE/4, SW/4, NP7/4, S e c t .  11, T 2 S I  R 2 W, a c r o s s   r i d g e  

c r e s t   f r o m  6 5 8 0  t o  6 5 6 0  f e e t   e l e v a t i o n .   D e s c r i b e d  by R.M. 

Chamberlin,  December, 1 9 7 6 .  

Unit  

NO. 

9 

.Zone  Thickness  and l i t h o l o a  

LM-4C 

p i n n a c l e s ( ? )  member (uppe r  t u f f  of Bear 

Spr ings :  Brown, 1 9 7 2 ) :  (Ta lp ,  Lemitar 

map; 1 6 0  f e e t ,  48 .8  m )  

d 25 f e e t  ( 7 . 6  m )  cove red   d ip   s lope ,   t op  

o f   u n i t   e s t i m a t e d   f r o m   p r o j e c t i o n   o f  

c o n t a c t   v i s i b l e  1 2 0  m t o   sou th   where  

o v e r l a i n  by b a s a l t i c   a n d e s i t e   ( T b a l l  

Lemitar Map).  Where l o c a l l y   e x p o s e d   i n  
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Uni t  

No. - Zone Th ickness   and   l i t ho logy  

N E / 4 ,  S E / 4  of  Sect.  2 4 ,  T 2 S ,  R 2 W, 

t h e   t o p  1 0  m of t h e  ( ? )  p i n n a c l e s  member 

c o n s i s t s  of g r a y i s h - p i c k ,   p a r t i a l l y  

we lded ,   l i t h i c - r i ch ,   pumiceous ,  crystal-  

poor r h y o l i t e   w i t h  5 p e r c e n t   g l a s s y  

san id ine   and   minor   qua r t z ,  3 to 5 

pe rcen t   sma l l  ( < l  cm) brown a n d e s i t e  

l i t h i c s ;  and 1 0  p e r c e n t  small (0.5 - 
3 cm) g ray i sh -ye l low  pumice   l en t i l s .  

9 C 1 2 7  feet ( 3 8 . 7  m )  ; densely  welded  and 

vapor-phase  zone; c l i f f -  and  hogback- 

fo rming ;   da rk -g ray i sh - red -purp le   t o  

l ight-brownish-gray a t  t o p ;   v e r y  

c r y s t a l - p o o r   t o   c r y s t a l - p o o r   r h y o l i t e  

a sh - f low  tu f f   w i th  3 t o  8 percent medium- 

g r a i n e d   p h e n o c r y s t s  of d u l l  t o  p e a r l y  

whi te   san id ine ,   minor  small quar tz   and  

rare small b i o t i t e ;   m o s t l y  moderately 

pumiceous,   l ight-gray  sandy-looking 

pumice f i l l e d   w i t h   v a p o r - p h a s e   q u a r t z .  
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Un i t  

No. Zone 

9 

9 

b 

a 

Th ickness   and   l i t ho logy  

A d i s t i n c t i v e   i n t e r v a l  of very l a r g e  

e l l i p s o i d a l  " f a t "  pun ice  up t o  a meter 

i n   l e n g t h   a n d  1 5  cm t h i c k   o c c u r s   n e a r  

middle of t h i s  zone; some sanidine  pheno-  

c rys t s   weather   to   honeycomb- l ike   vuggy 

remnants. A n o t i c e a b l e   i n c r e a s e   i n  

c r y s t a l   c o n t e n t   o c c u r s   a b o u t  4 0  f e e t  

(12 .2  m )  a b o v e   t h e   b a s e  of zone c.  

1 f o o t  ( 0 . 3  m ) ;  s p h e r u l i t i c   z o n e ;  

gray ish- red   mot t led   wi th   pa le - red  

sphero ids   and  small orangish-pink 

streaks (pumice?) ; v e r y   c r y s t a l - p o o r  

r h y o l i t e   a s h - f l o w   t u f f   w i t h   t r a c e s   o f  

f i n e - g r a i n e d   w h i t e   s a n i d i n e ;   s h a r p   b a s e  

and   grada t iona l   top ,   exposed   on  c l i f f  

face. 

7 feet  (2.1 m )  ; basal  nonwelded t o  

p a r t i a l l y   w e l d e d   z o n e ;  well i n d u r a t e d ,  

cemented  by  si l ica;   medium-gray, 

a p h y r i c   r h y o l i t e   a s h - f l o w   t u f f   w i t h  

t r a c e  of s m a l l   a n d e s i t i c   l i t h i c s   h a l o e d  
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Uni t  

No. Zone 

8 

7 

470  

T h i c k n e s s   a n d   l i t h o l o g y  

by l i g h t - g r a y  s i l i ca ;  15  cm of  laminated 

a i r - f a l l   t u f f  a t  c l i f f   b a s e .  

LM-4B 

basa l t ic  a n d e s i t e   a n d   s a n d s t o n e :   ( T a l a ,  

Lemi tar  Map; 9 4  f ee t ,  28 .7  m )  

85 f e e t  (25 .9  m ) ;  b a s a l t i c   a n d e s i t e  

lava ;   s lope   and   ledge   forming;   g ray ish-  

r ed -purp le ,   mo t t l ed   w i th  1 0  p e r c e n t ,  

f ine-   to   medium-gra ined ,   reddish-brown 

FeMg p h e n o c r y s t s   ( o l i v i n e ? )   a l t e r e d   t o  

i d d i n g s i t e   a n d   h e m a t i t e .  A p o o r l y  

exposed  base ( 1 6  feet ,  4 - 9  m )  and  top 

( 3 1  feet ,  9 . 4  m )  are probably  formed  by 

s c o r i a c e o u s  flow b r e c c i a ;   t h e  massive 

a n d   r e l a t i v e l y   r e s i s t a n t   c e n t e r   ( 3 8  fee t ,  

1 1 . 6  m )  con ta ins   numerous   s t r i nge r s   o f  

calci te .  

9 f ee t  (2 .7  m ) ;  r h y o l i t i c   t u f f a c e o u s  

sands tone , ;   pa le - red   to   l igh t -brownish-  

g ray ;   f i ne -   t o   med ium-gra ined ,   w i th  sub- 

a n g u l a r   g r a i n s   o f   s a n i d i n e ,   q u a r t z ,  
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U n i t  

NO. Zone 

6 b 

Th ickness   and   l i t ho logy  

t u f f   f r a g m e n t s ,   a n d   m i n o r   b i o t i t e ;  shows 

pa ra l l e l   l amina t ion   and   g raded   bedd ing ;  

well i n d u r a t e d ,   s i l i c e o u s  ( ? ) .  

flow-banded - and  gray-massive  members,  and 

o t h e r   t u f f s :   ( T a l f ,   L e m i t a r  Map; 4 9 1  f e e t ,  

1 4 3 . 7  m) 

upper l i t h i c - r i c h   t u f f  

5 feet  (1.5 m )  p a r t i a l l y   w e l d e d   z o n e ;  

ledge   forming;   pa le - red   mot t led  wi th  

reddish-brown l i t h i c s  and  grayish-yel low 

pumice ;   l i t h i c - r i ch ,   pumiceous ,   c rys 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 ,  wi th  1 0  t o  15 p e r c e n t  

f i n e   g r a i n e d   p h e n o c r y s t s   o f   q u a r t z ,  

s u b e q u a l   t o   w h i t e ,   c h a l k y   s a n i d i n e   a n d  a 

trace o f   b i o t i t e ;  3 t o  5 p e r c e n t  small 

(41 cm) l i t h i c s  of red-brown andesi te  

and  pale-grayish-red,  crystal-poor, rhyo- 

l i t e  ( ?  welded t u f f ) ;  1 0  t o  15 p e r c e n t  

small, angular ,   g ray ish-ye l low  and   whi te ,  
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U n i t  

N o .  Zone - T h i c k n e s s   a n d   l i t h o l o g y  

6 

5 

4 

a 

c r y s t a l - p o o r ,   p u m i c e   l a p i l l i   a r e   a l t e r e d  

t o  c l a y .  

5 f e e t  ( 1 . 5  m )  nonwelded  zone,  poorly 

exposed  slope  forming  nonwelded  equiva- 

l e n t  of u n i t  6 zone  b. 

qray  pumiceous t u f f  

1 f o o t  ( 0 . 3  m )  d e n s e l y   t o   p a r t i a l l y  

welded;  light-brownish-qray;  pumiceous, 

v e r y   c r y s t a l - p o o r ,   r h y o l i t e   a s h - f l o w  

t u f f ,   w i t h  1 p e r c e n t   f i n e - g r a i n e d  

san id ine   and  traces of   quar tz   and  bio- 

t i t e :  abundant small ( 1 - 2  cm) l i g h t -  

g r a y   p u m i c e   l e n t i l s ;   s h a r p   w e l d e d  

c o n t a c t  a t  base wi th   top   o f   f low-banded 

member. 

d 

LM-4A 

flow-banded member (249 feet ,  75.9 m )  

47 fee t  (14.3 m )  d e n s e l y   t o  p a r t i a l l y  

we lded ,   g ray ,   we l l - fo l i a t ed   zone :  c l i f f -  
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Uni t  

NO * - 

4 

Zone 

C 

473 

Thickness   and   l i tho logy  

t o  bench-forming;  light-brownish-gray 

c r y s t a l - p o o r   r h y o l i t e   a s h - f l o w  t u f f  w i th  

3 t o  7 percent   f ine-   to   medium-gra ined  

g l a s s y   s a n i d i n e ,   s p a r s e  small quartz   and 

r a r e l y  traces of   b io t i te ;   mediurn- l igh t -  

gray pumice forms 5 t o  1 0  p e r c e n t   o f  

rock as s u b t l e   t h i r   f o l i a   l o c a l l y   w i t h  

f a i n t   l i n e a t i o n   a p p a r e n t   i n   t h e   f o l i a -  

t i o n   p l a n e .  A t  t h e   b a s e   o f   s e c t i o n  

LM-4B, t h e   t c p  10 m o f   t h i s   z o n e  i s  p a l e  

p ink ,   pa r t i a l ly   we lded   and   con ta ins  

r e l a t i v e l y   a b u n d a n t  1% t o  1 p e r c e n t )  

l a r g e   f l a k e s   o f   r e d d i s h  brown b i o t i t e  

and. sparse, small, non-lineated  pumice 

l e n t i l s ;   f o l i a t i o n   a t t i t u d e s   i n   t h i s  

zone a re  cons i s t en t   and   confo rmab le   t o  

a d j a c e n t  s t ra ta ;  lower   con tac t   w i th  

con to r t ed   and   l i nea t ed   zone   g rada t iona l  

ove r   abou t  5 rn i n t e r v a l .  

152 feet (46.3 rn) densely  welded,  flow- 

banded ,   l inea ted   and   contor ted   zone;  
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U n i t  

No. Zone - 

474 

Thickness   and   l i t ho loqy  

c l i f f  forming;   g ray ish- red-purp le ,  

m i c r o c r y s t a l l i n e  matrix ( g r a n o p h y r i c  

c r y s t a l l i z a t i o n ? )   w i t h   a b u n d a n t   l i g h t -  

g r a y   t o   w h i t e   f o l i a   o f   s t r e t c h e d   p u m i c e  

replaced  by  vapor-phase  quartz   produc-  

i n g   t h e   a p p e a r a n c e   o f  a flow-banded  lava,  

c r y s t a l - p o o r   r h y o l i t e   a s h - f l o w   t u f f   w i t h  

5 t o  1 0  pe rcen t   f i ne -   t o   med ium-gra ined  

phenoc rys t s   o f   g l a s sy   ( somet imes  

p e r t h i t e - l i k e )   s a n i d i n e ,   m i n o r  small 

quar tz   and  traces o f   b i o t i t e  (mostly 

o x i d i z e d   t o   b l a c k   h e m a t i t e ) ;  gray 

ex t r eme ly   f l a t t ened   and   s t r e t ched   pumice  

forms 1 0  t o  15 p e r c e n t   o f   r o c k   a n d  i s  

s t r o n g l y   l i n e a t e d   i n   t h e   f o l i a t i o n   p l a n e :  

f o l i a t i o n   a t t i t u d e s  are v a r i a b l e  

ind ica t ing   b road   open   fo lds :  small- 

scale chevron   fo lds  are p r e s e n t   l o c a l l y :  

we l l -deve loped   d i f f e ren t i a l   compac t ion  

occurs   a round sparse a n d e s i t e   a n d  

crystal-rich r h y o l i t e   l i t h i c s ,  v i t ro-  
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U n i t  

No. 

4 

4 

Zone 

b 

a 

Thickness   and   l i tho logy  

c l a s t i c   t e x t u r e s   n o t   o b s e r v e d ;   l o w e r  

con tac t   g rada t iona l   i n to   pumiceous   zone .  

50 feet  (15 .2  m )  lower,   densely  welded, 

pumiceous  zone;  steep-slope  former 

commonly mantled  by t a l u s ;  grayish-red-  

purp le   s t reaked   wi th   modera te ly   abundant  

medium-light-gray t o  l ight-gray  pumice; 

c r y s t a l - p o o r   r h y o l i t e   a s h - f l o w   t u f f ;  

mi.neralogy same as f low-banded  contor ted 

z o n e ;   m o d e r a t e l y   f l a t t e n e d   g l a s s   b u b b l e s  

v i s i b l e  i n  pumice   where   on ly   pa r t i a l ly  

rep laced   by   vapor   phase   quar tz ;   pumice  

commonly shows d i s t i n c t i v e   f l a m e - l i k e  

e n d s ;   f o l i a t i o n   a t t i t u d e   c o n s i s t e n t   a n d  

confo rmab le   w i th   ad j acen t   s t r a t a ;   pumice  

becomes l i n e a t e d   n e a r   t o p   o f   z o n e ;  base 

no t   exposed .  

6 feet  ( 1 . 8  m ) col luvium  covered   in te r -  

val ,  p o s s i b l y   r e p r e s e n t s  a minor f a u l t  

o r  basal  nonwelded  zone;  lowermost 5 

cm of u n i t  4 ,  zone b, has   hackled  o r  
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Un i t  

No. Zone 

3 

3 

b 

a 

Thickness   and   l i tho logy  

b recc ia t ed   appea rance ,   co lo r   change  

o c c u r s   a c r o s s   i n t e r v a l ,   w e l d e d   c o n t a c t  

o c c u r s  a t  t h i s   h o r i z o n   i n  Bear Mountains 

a n d   J o y i t a  Hills. 

gray-massive member: ( 6 1  f e e t ,  1 8 . 6  m )  

51  fee t  (15 .5  m )  d e n s e l y   t o   p a r t i a l l y  

welded;   s teeps lope   forming;   nedium-  

l i g h t - g r a y ;   m a s s i v e   ( n o n f o l i a t e d )  ; 

c r y s t a l - p o o r   r h y o l i t e   a s h - f l o w   t u f f  

w i th  5 to 1 0  p e r c e n t   f i n e -  t o  medium- 

g r a i n e d   p h e n o c r y s t s   o f   g l a s s y   p e r t h i t i c  

l ook ing   s an id ine   and  a minor  amount of 

small q u a r t z   i n  a f l i n t y ,   l i t h o i d a l  

matrix; t o p  3 m h a s  sparse, small, w h i t e  

pumice ( f i l l e d   w i t h   v a p o r - p h a s e   q u a r t z )  

and small a n d e s i t i c   l i t h i c s ;   p u m i c e o u s  

t o p  appears t o  De more  welded  than 

c e n t e r   i n d i c a t i n g  compound c o o l i n g ,  base 

no t   exposed .  

1 0  feet  (3.0 m) col luvium  covered 

i n t e r v a l ,   p o s s i b l y   r e p r e s e n t s  a minor 
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Uni t  

No. Zone 

2 

Thickness   and   l i t ho logy  

f a u l t   o r   b a s a l  nonwelded  zone:  color 

c h a n g e   a c r o s s   i n t e r v a l ,   n o   b r e a k   i n  

welding  recognized a t   t h i s   h o r i z o n   i n  

Bear Mountains o r  J o y i t a  H i 1  Is. 

m o t t l e d   t u f f  ( ?  zone  of  qray-massive 

member): ( 4 6  fee t ,  14.0 m )  

4 6  fee t  (14.0 n) densely  welded:   s teep-  

s lope  forming:   grayish-red-purple   micro-  

c r y s t a l l i n e   m a t r i x   m o t t l e d   w i t h  

i r r e g u l a r - s h a p e d   s p l o t c h e s  of grayish-  

r e d .   c r y p t o c r y s t a l l i n e  matrix: c r y s t a l -  

p o o r   r h y o l i t e   a s h - f l o w   t u f f  with 5 t o  10 

p e r c e n t   p h e n o c r y s t s  of g l a s s y   s a n i d i n e  

( a  f e w  show f a i n t   b l u e   c h a t o y a n c y )  

and  minor small q u a r t z ;   t o t a l   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   s l i g h t l y   t o w a r d   t o p ,  

2 t o  3 p e r c e n t  small, medium- t o  l i g h t -  

gray  pumice a t  base g r a d e s  t o  very  

sparse   pumice a t  top: s h o r t   ( 3 - 5  cm) 

d i s c o n t i n u o u s   i r r e g u l a r  fractures 
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Uni t  

No. Zone - 

1 C 

Th ickness  and l i t h o l o g y  

( c u t t i n g   t h r o u g h   P h e n o c r y s t s )  subparal- 

lel  t o   e u t a x i t i c   s t r u c t u r e   a n d   f i l l e d  

wi th   wh i t e  very f i n e - g r a i n e d   c r y s t a l l i n e  

q u a r t z   ( v a p o r   p h a s e ? )  are common n e a r  

t h e   m i d d l e  of t h e   u n i t ;   s h a r p   d e n s e l y  

we lded   con tac t   w i th   t op  of l o w e r   l i t h i c -  

r i c h   t u f f .  

lower l i t h i c - r i c h   t u f f :  (118  f e e t ,  36.0m) 

1 5  feet  ( 4 . 6  m) densely  welded  zone; 

l edge   fo rming ,   pa l e - r edd i sh -b rown ,   l i t h i c -  

r i ch ,   modera t e ly   pumiceous ,   c rys t a l -poor  

r h y o l i t e   a s h - f l o w  t u f f  w i th  5 t o  1 0  per- 

c e n t   f i n e -   t o  medium-grained  phenocrysts 

of g l a s s y   s a n i d i n e  and  minor  small 

q u a r t z ;  2 t o  3 percen t   sma l l   r edd i sh -  

brown a n d e s i t e   l i t h i c s  and   purp l i sh-  

g r a y   a p h a n i t i c   r h y o l i t e   l i t h i c s ,   a n d  1 

t o  2 p e r c e n t  small, medium-gray pumice; 

a b r u p t   c h a n g e   i n   c o l o r ,   d i s s a p p e a r a n c e  

of l i t h i c   f r a g m e n t s  and s l i g h t   d e c r e a s e  
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Uni t  

No. Zone 

1 b 

Thickness   and   l i tho logy  

i n   s i z e  and  amount o f   phenoc rys t s   occu r s  

a t  we lded   con tac t   w i th   mo t t l ed   zone  

i n d i c a t i n g   f l o w   u n i t   b o u n d a r y .  

7 1  f e e t  ( 2 1 . 6  m )  p a r t i a l l y  welded  zone, 

hackled,   ledge-  t o  slope-forming, 

moderate-orange-pink t o   l i g h t - b r o w n i s h -  

g r a y ,   l i t h i c - r i c h ,   p u m i c e o u s ,   c r y s t a l - p o o r  

r h y o l i t e   a s h - f l o w   t u f f   w i t h  5 t o  1 0  

percent   f ine-   to   medium-gra ined   pheno-  

crysts of g l a s s y   s a n i d i n e ,   m i n o r  small 

quar tz   and  traces o f   b i o t i t e   ( n e a r   b a s e  

of   zone) ;  5 t o  1 0  p e r c e n t  small and 

medium s i z e 2   ( u p   t o  5 cm) l i t h i c   f r a g -  

ments   o f   reddish-brown  porphyr i t ic  

t o   a p h a n i t i c   a n d e s i t e ,  medium-gray, 

s p h e r u l i t i c   t o  massive, c r y s t a l - p o o r  

r h y o l i t e  and  some r e d  muddy sands tone ;  

and 2 t o  4 p e r c e n t  small ( 1 - 2  cm) , very  

c rys ta l -poor ,   g ray ish-orange-p ink  t o  

l ight-gray  pumice;  pumice commonly has  

i n t e r n a l   b o t r y i o d i a l   t e x t u r e   n e a r   m i d d l e  
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Uni t  

No. Zone 

1 a 

480 

T h i c k n e s s   a n d   l i t h o l o E  

of  zone. 

32 f ee t  ( 9 . 6  m) nonwelded  zone: s l o p e   t o  

bench  forming:   poorly  exposed,   l ight-  

g r a y   t o   p i n k i s h - g r a y ,   c l a y e y   s o i l   f o r m e r  

wi th   abundant   weathered-out   andes i t ic  

l i t h i c   f r a g m e n t s ;   c r y s t a l - p o o r   r h y o l i t e  

a sh - f low  tu f f :   ove r l i e s   l edge   fo rming  

top of densely  welded Eel l s  Mesa Tuf f .  
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S e c t i o n  3: 

Formation:   Lemitar   Tuff   (Lemitar  Map, s e c t i o n  LM-6; 1 2 6  

feet ,  38.4 m )  

Locat ion:  Type a r e a   o f   L e m i t a r   T u f f   i n   t h e  central  Lemitar  

Morn ta ins   ad j acen t   t o   Canonc i to  d e l  P u e r t i c i t o   d e l   L e m i t a r  

where a small t r i b u t a r y   a r r o y o   c u t s   a c r o s s  a hogback of t h e  

welded t u f f  (NW c o r n e r ,  S E / 4 ,   S E / 4 ,  Sect. 12 ,  TZS, R2W) .  

A t  t h i s   l o c a l i t y   t h e  Lemitar Tuff  forms  two  hogbacks  because 

it is  repea ted   by  a no rma l   f au l t .   Sec t ion  was surveyed 

a l o n g   t h e   n o r t h   w a l l   o f   t h e   w a t e r   c u t   t h r o u g h   t h e   w e s t e r n  

hogback.  Average s t r i k e  and   d ip  i s  N - 5 ,  5 5 O W .  Descr ibed 

by R . M .  Chamberlin, December, 1 9 7 6 .  

General  comments: A t  t h i s   l o c a l i t y ,   t h e  Lemitar Tuff 

d e p a r t s   o n l y   s l i g h t l y  from a s i m p l e - c o o l i n g   u n i t   c o n s i s t i n g  

of a t  least  t h r e e  separate a sh   f l ows   (nudes   a rden te s )  

des igna ted  as f l o w   u n i t s  1, 2 ,  and 3 ,  from  bottom t o   t o p .  

Flow u n i t  3 i s  a d i s t i n c t i v e   c o m p o s i t i o n a l   s u b u n i t  of 

c r y s t a l - r i c h ,   q u a r t z - r i c h ,   r h y o l i t e .  The t o p s  of flow 

u n i t s  1 and 2 a r e  marked  by f i n e l y   v e s i c u l a r   z o n e s  

( s c o r i a - l i k e )   t h a t  are a b r u p t l y   t e r m i n a t e d  a t  a dense ly  

w e l d e d   c o n t a c t   w i t h   t h e   e s s e n t i a l l y   n o n - v e s i c u l a r   b a s e  of 

t h e   o v e r l y i n g   f l o w - u n i t .   C h a n g e s   i n   c o l o r   o c c u r  a t  b o t h  

c o n t a c t s ;   t h e  top of flow u n i t  2 i s  a l s o  marked by changes 

i n  wea the r ing   cha rac t e r   and   pumice   con ten t .   O the r   f l ow-un i t  
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boundar i e s  are probable   bu t   have   no t   been   recognized .  The 

ash- f low  shee t  i s  h e r e   s u b d i v i d e d   i n t o  1 0  zones  with  grada-  

t i o n a l   b o u n d a r i e s  marked  by  one or  more i n t e r r e l a t e d   c h a n g e s  

i n  color, wea the r ing   cha rac t e r ,   phenoc rys t   con ten t ,   pumice  

con ten t   and   deg ree   o f   we ld ing .   Add i t iona l   o r   a l t e rna t ive  

s u b d i v i s i o n s  are poss ib l e   depend ing   on   t he   pa rame te r s  

chosen.   Throughout   the  sect ion  potassium  metasomatism  has  

a l t e r e d   p l a g i o c l a s e   p h e n o c r y s t s  t o  cha lky   whi te   c lay   and  

m i l k y   w h i t e   g r a n u l a r   a p p e a r i n g   p o t a s s i c   f e l d s p a r .  The 

c l a y s  are  washed  from the   weathered   sur face   l eav ing   rounded  

t o   s u b h e d r a l   h o l e s   i n   t h e   s u r f a c e ;   t h e s e   s h o u l d   n o t   b e  

confused   w i th   t he   f i ne   s co r i aceous   zones  a t  t h e   t o p   o f   t h e  

f low  un i t s .   O the r   ca l c i c   mine ra l s ,   c l i nopyroxene   and  

sphene,  which local ly  occur i n  t race amounts, are a l t e r e d  

by  potassium metasomatism t o  hemat i t e ( ? )   and   l eucoxene  res- 

p e c t i v e l y .  Modal  and  chemical  analyses  .of  the major rock 

t y p e s  are i n c l u d e d   i n   t h e  t e x t  ( t a b l e s  3 and 4 respec- 

t i v e l y ) ;  sample numbers r e p r e s e n t a t i v e  of d i f f e r e n t   l i t h -  

o l o g i e s   a r e   i n c l u d e d   w i t h   e a c h   d e s c r i p t i o n   f o r  cross refer- 

ence t o  t h e s e   t a b l e s .  

._ . 
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upper member (Tlu, Lemitar Map; 88 feet ,  

26.8 m )  

3 C 

3 b 

483 

4 feet  (1.2 m); p a r t i a l l y   w e l d e d ,  

pumiceous ,   c rys t a l - r i ch ,   qua r t z - r i ch ,  

r h y o l i t e   ( l i k e  LM-6-8) ash - f low  tu f f ;  

g ray ish-p ink ,   weathers  t o  grayish-  

orange-pink;   mott led  with 3 p e r c e n t  cf 

medium-brownish gray,   moderately 

c r y s t a l - r i c h ,   s c o r i a c e o u s   r h y o d a c i t e  

pumice ( l i k e  LM-6-8a); sugary   looking  

vapor   phase minera ls  i n  pumice  and 

matrix; c o n s p i c u o u s   c o p p e r y   b i o t i t e .  

Over l a in  by lavas of   the   upper   tongue  

o f  L a  J a r a  Peak Basaltic Andes i te   wi th  

1 m of red s i l t y  mudstone a t   t h e i r   b a s e .  

2 1  fee t  (6.4 m ) ;  dense ly  we lded ,  pum- 

i c e o u s ,   c r y s t a l - r i c h ,   q u a r t z - r i c h ,  

r h y o l i t e   ( l i k e  LM-6-8 and LM-6-8b) 

ash-f low t u f f ;   l i g h t - g r a y i s h - r e d  

t o  pa le - red ,   weathers   pa le - red ,  
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U n i t  Zone Thickness   and   l i tho logy  

mott led  with  abundant  (3-10 p e r c e n t )  

g ray i sh - red ,   s co r i aceous ,   modera t e ly  

c rys ta l -poor ,   rhyodac i te   pumice  

(LM-6-8a) conta in ing   approximate ly  1 0  

p e r c e n t   p l a g i o c l a s e  ( a l t e r e d ) ,  2 per -  

c e n t   g l a s s y   s a n i d i n e   a n d  1 p e r c e n t  

c o p p e r y   t o   b l a c k   b i o t i t e .  Also p r e s e n t  

are  s p a r s e  ( < 1  percen t ) ,   wh i t e ,   vuggy ,  

v e r y   c r y s t a l   r i c h  ( 4 5 - 6 0  p e r c e n t ) ,   h i g h  

s i l i ca  r h y o l i t e   p u m i c e   ( l i k e  PR-1-77b) 

con ta in ing   coa r se -g ra ined ,   euhedra l  

s a n i d i n e   a n d   q u a r t z .  A swarm o f   l a r g e  

( a s  much as  6 0  cm long  by 7 cm t h i c k )  

mafic   pumice  about  2 m th ick   marks  base 

of zone b, g r a d a t i o n a l   t o p  a t  color 

change. 

3 a 8 fee t  ( 2 . 2  m ) ;  densely  welded,   massive,  

c r y s t a l - r i c h ,   q u a r t z   r i c h ,   r h y o l i t e  

(LM-6-8) a s h   f l o w   t u f f ;   l i g h t   g r a y i s h  

r e d ,  trace of w h i t e   c r y s t a l - r i c h  
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Uni t  

2 

Zone 

b 

Th ickness   and   l i t ho logy  

pumice,  forms basal zone  of  f low-unit  

no. 3 w i t h   s h a r p   w e l d e d   c o n t a c t  a t  base, 

c o n t a c t   h i g h l y   v i s i b l e   b e c a u s e   o f   c h a n g e  

i n   c o l o r   a n d   w e a t h e r i n g   c h a r a c t e r .  

9 feet  ( 2 . 7  m); f i n e l y   v e s i c u l a r  

( v e s i c l e s :  1-3 p e r c e n t ,  0 .2-0.5 mm 

diam. ) , densely  welded,   moderately 

pumiceous ,   c rys ta l - r ich ,   quar tz -poor ,  

q u a r t z  l a t i t e  ( l i k e  LM-6-6b and LM-6-5) 

a s h - f l o w   t u f f ;   l i g h t - r e d   t o   p a l e - r e d ,  

weathers   modera te - red   to   g ray ish- red ,  

j o i n t   b l o c k s   w e a t h e r  t o  rounded forms, 

abundan t   a l t e r ed   p l ag ioc la se   pheno-  

c r y s t s   w e a t h e r   o u t  t o  form subhedra l  

v u g s   g e n e r a l l y  much l a r g e r   t h a n   t h e  

a s s o c i a t e d   v e s i c l e s   c o n t a i n s  1 -2  per- 

c e n t  of l a r g e  (10 cm) mafic c r y s t a l - p o o r  

pumice  and  small-  ( C  1 cm) whi t e  crystal-  

r i c h  pumice. Bio t i te  i n  flow u n i t  2 

i s  b l a c k   t o   s l i g h t l y   c o p p e r y .   S h a r p  

we lded   con tac t  a t  top ,   l ower   con tac t  
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p l a c e d   a t   g r a d a t i o n a l   c h a n g e   i n   c o l o r  

and   ou tc rop   cha rac t e r .  

25 feet  ( 7 . 6  m ) ;  non-ves icu lar ,   dense ly  

welded ,   pumice-poor ,   c rys ta l - r ich ,  

q u a r t z - p o o r ,   q u a r t z   l a t i t e  (LH 6-6b 

and LM-6-5) a s h - f l o w   t u f f ;   l i g h t -  

g ray ish- red-purp le ,   weathers   g ray ish-  

r ed -purp le ,   fo rms   angu la r   j o in t   b locks ,  

t r a c e s   o f   m a f i c  a n d  fe l s ic  pumice, 

uppe r   con tac t   g rada t iona l ,   l ower   con tac t  

i s  marked  by a s u b t l e   b u t   s h a r p   c o l o r  

change  (more  reddish  below  contact) .  

1 0  feet  (3 .0  m); massive, f i n e l y  

ves icu lar ,   dense ly   welded ,   pumice-poor ,  

c r y s t a l - r i c h ,   q u a r t z - p o o r ,   q u a r t z  

l a t i t e  (LM-6-5) ash-f low  tuff ;   moderate-  

g ray i sh - red ,   wea the r s   g ray i sh   r ed ,  

t r a c e s  of w h i t e   c r y s t a l - r i c h   p u n ’  ,Ice; 

l o c a l l y   c o n t a i n s  small enechelon   quar tz  

s t r i n g e r s   c u t t i n g   a c r o s s   b o t h  altered 
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1 d 

Th ickness   and   l i t ho logy  

and f r e s h   p h e n o c r y s t s   a n d   f i l l i n g  

v e s i c l e s ,  lower c o n t a c t   g r a d a t i o n a l .  

Offset  3 m t o   n o r t h   a c r o s s   m i n o r  low- 

a n g l e   n o r m a l   f a u l t   t h a t  repeats t h e  

b a s a l  1 .5  m of  zone "e".  

11 fee t  (3.3 m ) ;  compos i t iona l ly  

s t r eaked   zone   cons i s t ing  of i n t i m a t e l y  

mixed  bands ( 1 - 1 0  m long  and 1 -20  c m  

t h i c k   w i t h  flame-like t e r m i n a t i o n s )  

formed  by a mixture   o f   dense ly   welded ,  

c r y s t a l - r i c h ,   p l a g i o c l a s e - r i c h ,   q u a r t z -  

poor ,   qua r t z  l a t i t e  ( l i k e  LM-6-5) and 

dense ly   welded ,   modera te ly   c rys ta l - r ich ,  

plagioclase-poor ,   pumiceous,  s i l i c i c ,  

r h y o l i t e   ( l i k e  LM-6-3); q u a r t z   l a t i t e  

i s  massive  looking,   moderate-grayish-  

r ed   and   wea the r s   g ray i sh   r ed ;   rhyo l i t e  

i s  pa le- red-purp le   and   s t reaked   wi th  

abundant,   small ,   medium-light-gray, 

cher ty- looking,   pumice.   Darker   colored 

q u a r t z  l a t i t e  bands are dominant a t  t o p  
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of zone   and   loca l ly   conta in  small 

g ran i t i c - look ing   pods   o f   coa r se ly   c rys -  

t a l l i n e   s a n i d i n e ,   q u a r t z   a n d   p l a g i o -  

c l a s e ;   g r a d a t i o n a l   b a s a l   c o n t a c t   o f  

"upper member" and  zone  "d"  placed a t  

downward d isappearance  of small   wisps  

of q u a r t z   l a t i t e .  

lower member (T11, Lemitar Map; 38 fee t ,  

1 1 . 6  m ) .  

11 f e e t  ( 3 . 3  m ) ;  densely  welded, pumi- 

c e o u s ,   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  

(LM-6-3 and LM-6-2 c )  a sh - f low  tu f f ;  

top '  2.4 m of t h i s  zone is pale-red-  

purple ,   weathers   moderate-grayish-red,  

and is  mot t l ed   by   abundan t ,   c rys t a l -  

p o o r ,   l i g h t - g r a y ,  pumice t h a t   a r e   o u t -  

l i ned   w i th   modera t e -p ink   sphe ru l i t i c  

rims; lower 0.9 m of zone i s  l i g h t -  

brownish-gray,  weathers pale brown and 

h a s   a b u n d a n t   p u m i c e   l i k e   i n   t o p  pa r t  
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of zone: small, g r a y i s h - r e d   l i t h i c  

f r a g m e n t s   o f   p o r c e l l a n e o u s   c r y s t a l -  

p o o r   r h y o l i t e   o c c u r   s p a r s e l y .  Trace 

amounts  of  small , yellowish-brown, 

s k e l e t a l ,   c r y s t a l s   o f   l e u c o x e n e ,  af ter  

sphene, are c o n s p i c u o u s   i n   t h i s  

zone .   Color   change   f rom  red   to   g ray ,  

u s e d   l o c a l l y   f o r   r e f e r e n c e   i n   m a p p i n g  

lower versus upper member, occu r s   w i th -  

i n  3 m o f   t h e   a c t u a l   c o n t a c t .  

2 2  feet  ( 6 . 7  m ) :  p a r t i a l l y   w e l d e d ,  

pumiceous ,   l i th ic -poor ,   modera te ly  

c r y s t a l - r i c h ,   t o   c r y s t a l - p o o r ,   r h y o l i t e  

t o   h i g h - s i l i c a   r h y o l i t e  (LM-6-2b and 

LM-6-2) ash- f low  tuf f :   l igh t -brownish-  

gray ,   weathers   b rownish-gray ,   mot t led  

w i t h  small, c r y s t a l - p o o r ,   v e r y - l i g h t -  

g r a y   p u m i c e   l o c a l l y   o f   b o t r y o i d a l  

a p p e a r a n c e   i n   t h e  lower 3 m of t h i s  

z o n e ,   s m a l l   l i t h i c   f r a g m e n t s  of 

brownish-gray  crystal-poor  rhyo l i t e  
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(welded t u f f ? )  and  grayish-red,  por- 

p h y r i t i c   a n d e s i t e ,   a n d   r e d d i s h  brown 

muds tone (? )   occu r   spa r se ly   t h roughou t  

th i s   zone .   "Sandy"   vapor   phase  

mine ra l s   r ep lace   pumice   i n  t op  h a l f  

of th i s   zone   and   l ower   ha l f  of over- 

lying  zone c .  

1 a 23 f ee t  7 .0  m ;  t a l u s   c o v e r e d   s l o p e ;  

La J a r a  Peak B a s a l t i c   A n d e s i t e   l a v a s  

(Tbal  , Lemitar Map) exposed a t  base 

o f   s lope ;  5 feet  (1 .5  m )  of non-welded, 

f r i a b l e ,   c l a y e y ,   g r a y i s h - p i n k ,   c r y s t a l -  

p o o r   r h y o l i t e ( ? )   a s h - f l o w   t u f f  i s  ex- 

posed a t  t h e   s o u t h  end  of t h e   e a s t e r n  

hogback of Lemitar T u f f  about  1 0 0  m 

s o u t h e a s t  of t h e  bot tom  of   this   measured 

s e c t i o n ;   l o w e r  1 8  f e e t  (5.5 m )  o f   t h e  

covered slope assumed t o  be u n d e r l a i n  by 

b a s a l t i c - a n d e s i t e   l a v a s .  
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APPENDIX B: Data for  unpublished  radiometric  ages  cited  in  text. Dates are  unpublished data 
of C. E. Chapin, New Mexico Bureau of Mines and  Mi.nera1 Resources and were 

may be errorneous  are  queried; see text for additional  interpretations. 
performed  by  by Geochron  Laboratories,  except where noted  otherwise.  Dates that 

' location/smple no. 
Formation  (unit) 

A-L  PEAK  TUFF  Iflow-banded) : 

Lemitar Plts., 76-6-7 

LA J@ PEAK  BASALTIC  ANDESITE: 

Bear Mts..  SC-Po-1 

Bear  Mts.,  SC-PO-2 

LEMITAR  TUFF . 

Joyita  Hills,  77-12-5b 

san ~ a t e o  Hts.,  77-9-5 

Lemitar  Mts., 76-1-10 

LUIS LOPEZ FORMATION: . 
' (rhyolite of Hwy. 60) 

N. Chup.  Mts.,  77-5-2 

(rhyodac:tic  dike,  Tiep,  pl. 1) 

N. Chup.  MtS.,  76-6-4 

Age (m.y.) 

127.421.2 

30.2i1.4 

26.6fl.l 

'28.8*0.7 

27.0fl.l 

)26.3il.O 

28.6il.l 

?22.8?0.9 

Method 

K/Ar-sanidine 

K/Ar-whole rock 

K/Ar-whale  rock 

K/Ar-whole  rock 

K/Ar-biotitc 

K/Ar-biotite 

K/Ar-biotite 

K/Ar-biotite 

Ave  Ar"1ppm) 

0.006509 

0.004155 

0.008471 

(7.205)A 

0.01022 

0.01185 

0.01400 

0.01090 

K"Ippm1 

4.027 

2.330 

5.241 

(82.70)' 

6.431 

7.644 

8.299 

8.128 

percent K 

3.301 

1.910 

4.296 

6.38 

5.272 

6.266 

6.803 

6.662 

A  Ar40  (rad) x 10-6 sec 
1 Data  from A. L.' odom, Florida  state university 

B percent  radiogenic  K 
I 

I 



Formation  (unit) 
location/samplc  no. 

TUFF  OF  SOUTH  CANYON: 

Joyita  Hills,  76-4-2 

SUCORRO PEAK NlYOLIlif : 

(hornblende  rhyodacite) 

tuff  west Of J. 8. Kelly  Ranch, 
P-40 

Stonewall  dome, 77-8-1 

"6001"  Mesa,  77-5-1 

"6001"  Mesa,  77-5-1 

quartz  latitc-rhyolite) 
(biotite-hornblende 

Strawberry  Peak, 76-6-1 

Radar  Peak 

(phenocryst-rich  rhyolite) 

'signal  Flag,  76-6-2 

"6633"  Paak,  76-6-3 

(phenacrysc-poor  rhyolite) 

Grefco  mine,  77-5-4 

Age (m.y.) Method - ~ v c  ~r~"(ppm) K 40 (pen) percent  K 

26.2f1.0  X/Ar-biotite  0.01193  7.755  6.357 

211.910. 8 

10.,3?1.5 

310.3i. 

16.0i.0.6 

fission  track-zircon 

K/Ar-hornblcnde 

K/Ar-whole  rock 

K/Ar-hornblende 

" " 

0.000396 o. 658 

(0.7558)A (38.1)' 

0.000233 0.664 

" 

0.539 

1.88 

0.545 

ll.8?0.5 

411.5?1.0 

X/Ar-biotite 

K/Ar-whole  rock 

0.005605  8.103 

" " 

6.642 

" 

10.5i0.4 

9.0i0.4 

K/Ar-biotite 

K/Ar-biotite 

0.005387  8.730 

0.004267 8.068 

7.163 

6.613 

37.4i K/Ar-whole rock 4.71 

2  Data  from  Kim  Marjley,  U.S.G.S. Denver, CO 

4 data from c. T. Smith, New Mexico  Institute of Mining  and  Technology 
3 Data from A. L. Odom,  Florida  State  University 

A Ar40 (rad) x -10-6 sec 
B  percent  radiogenic  K 

P 
W 
N 
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Appendix C:  P e t r o g r a p h i c   R e f e r e n c e   C o l l e c t i o n  

The fo l lowing  l i s t  i n c l u d e s   o n e   r e p r e s e n t a t i v e   s a m p l e  

of e a c h   m a j o r   v o l c a n i c - s t r a t i g r a p h i c   u n i t   ( f r o m   o l d e s t  t o  

younges t ) ,  or p a r t i c u l a r   s t r a t i g r a p h i c   z o n e s   o f  i n t e re s t  i n  

the   Socorro   Peak   vo lcanic  center .  A hand  specimen  and 

t h i n   s e c t i o n   o f   e a c h   s a m p l e   i n   t h i s  l i s t  i s  h o u s e d   i n   t h e  

P e t r o l o g i c a l  Reference Col lec t ion ,   Depar tment   o f   Geologica l  

Engineer ing,   Colorado  School   of   Mines,   Golden,   Colorado.  

A more c o m p r e h e n s i v e   p e t r o l o g i c a l   c o l l e c t i o n   f o r   t h e  Socorro 

Peak volcanic   cen ter   and   the   Lemi tar   Mounta ins  i s  on f i l e  

a t  t h e  N e w  Mexico Bureau of Mines  and  Mineral  Resources, 

Socorro ,  New Mexico. 



P.R.C. 
No. 

165-1 
165-2 

165-3 

165-4 

165-5 
165-6 

165-7 

165-8 

165-9 

165-10 

165-11 

165-12 
165-13 

165-14 

165-15 

165-17 
165-16 

Sample 
No. 

LM-4-4b 
LM-4-7d 

SP-375 

- 

SP-376 

LM-6-2 
LM-6-5 

76-1-10 

LM-6-8 

77-2-2 

SP-303 

77-7-7 

77-5-6 
77-5-2 

LM-8-3a 

76- 1- 9 

76-6-1 
77-5-1 

Formation 

A-L Peak  Tuff 
A-L Peak  Tuff 

Lemitar(?)  Tuff 
cauldron-facies  

Lemitar(?)  Tuff 
cau ldron-fac ies  

Lemitar  Tuff 
Lemitar  Tuff 

Lemitar  Tuff 

Lemitar  Tuff 

La J a r a  Peak 
Basa l t ic   Andes i te  

Luis Lopez Fm. 

L u i s  Lopez Fm. 

Luis  Lopez Fm. 
Luis  Lopez Fm. 

t u f f   o f  
South Canyon 

upper  Popotosa Fm. 
Socorro  Peak  Rhyolite 
Socorro  Peak  Rhyolite 

- Unit 

f lowbanded member 
p innac le s (? )  member 

mesobreccia   uni t  Tlx 

l a g - f a l l   b r e c c i a  Tlu 

crystal-poor   zone 
quartz-poor  zone 

potassium  metasomatized 
quartz-poor  zone 

quartz-r ich  zone 

upper  tongue 

l i t h i c - r i c h   t u f f  

a n d e s i t e   l a v a  

rhyo l i t e   o f   B lue  Canyon 
r h y o l i t e   o f  Highway S ix ty  

upper  moderately 
c r y s t a l - r i c h  zone 

b a s a l t   o f   K e l l y  Ranch 

q u a r t z   l a t i t e - r h y o l i t e   u n i t  
rhyodac i te  u n i t  

T 1 1  
Tlu 

Tlu 

Tlu 

Tba2 

T l t 2  

Tla3  

T l r b  
Tlrst 

T s  c 

Tpkb 
Tsd 
T s  d Q 

W 
4 



P.R.C. 
No. No. 

Sample 
Formation Unit - 

165-18 
165-19 

76-2-2b Socorro  Peak  Rhyolite c r y s t a l - r i c h   r h y o l i t e   u n i t  
c r y s t a l - p o o r   r h y o l i t e   u n i t  

165-20 
165-21 

77-5-3 
76-6-11 

upper  Popotosa F’m. 
Sierra   Ladrones Fm. 

b a s a l t  of Bear Canyon 
b a s a l t  of S e d i l l o  H i l l  

77-5-4 Socorro  Peak  Rhyolite 

Symbol (p1.1) H 
hl 
I 

Ts r 
T s r  

Tbsh 
Tpkb 

.- 
N 
U c. 

P 
W 
v1 
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