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ABSTRACT 

The  Squaw  Peak  area  in  the  southwestern  Magdalena 

Mountains  has a complex  volcanic  history.  Two  overlapping 

cauldrons  intersect  in  this  area  and a third  cauldron  may  be 

present.  The  western  margin  of  the  North  Baldy  cauldron  is 

probably  buried  beneath  younger  units  in  the  central  or 

western  part of this  area.  The  Magdalena  cauldron  margin  is 

well  exposed  to  the  north  (Allen, 1979; Bowring, 1 9 7 9 )  and 

projects  across  the  central  part  of  this  study area. The 

eastern  margin  of a cauldron  related  to  eruption  of  the  Tuff 

of Lemitar  Mountains  may  be  present  in  the  western  part of 

this  study  area  or  alternatively,  the  tuff of Lemitar 

Mountains  nay.have  filled  the  topographic  depression  of  the 

older  Magdalena  cauldron.  Rift-related  fanglomerate 

sedimentation  (Popotosa  Formation)  definitely  occurred  after 

eruption  of  the  tuff of S o ~ t h  Canyon  and  nay  have  started 

prior  its  emplacement.  Andesitic  and  rhyolitic  lavas  were 

emplaced  contemporaneous  with  Popotosa  sedimentation;  the 

rhyolite of Magdalena  Peak ( 1 3 . 6  n.y.) postdates  the 

Popotosa  deposition  in  this  study  area. 

Extensional  faulting  began  prior  to,  or  during,  the 

time  interval 31.7 to 26.6 m.y. ago. In general,  the 

faults  trend  north-northwest  with  normal,  down-to-the-west 



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

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

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

The  He l l s  Mesa T u f f   h a s   b e e n   p r o p y l i t i c a l l y   a l t e r e d   a n d  

t h e   t u f f  of L e m i t a r   H o u n t a i n s ,   s e v e r a l   d o m e s   a n d   i n t r u s i o n s ,  

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

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

r e g i o n a l   a l t e r a t i o n   i n   t h e   S o c o r r o - M a g d a l e n a  a r e a .  

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

e m p l a c e d   a f t e r   t h e   m a j o r   g e o t h e r m a l   a l t e r a t i o n  e v e n t .  PI inor  

m a n g a n e s e   m i n e r a l i z a t i o n   i n   j o i n t s   a n d   b r e c c i a   z o n e s  i s  

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



I N T R O D U C T I O N  

A r e a  o f  S t u d y  

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

M o u n t a i n s   a p p r o x i m a t e l y  2 3  n i l e ' s   s o u t h w e s t   o f   S o c o r r o   a n d  

a b o u t  1 4  m i l e s   s o u t h  o f  M a g d a l e n a .   T h e   a r e a   e n c o n p a s s e s  

a p p r o x i m a t e l y  3 5  s q u a r e   m i l e s ,   i n c l u d i n g   t h e   s o u t h e r n   h a l f  

o f  t h e  S q u a w   P e a k   q u a d r a n g l e   e a s t   o f   S t a t e   H i g h w a y  107 a n d  a 

t w o - m i l e - w i d e   s t r i p  on t h e   a d j a c e n t   S o u t h   B a l d y   q u a d r a n g l e  

w e s t  of H a r d y   R i d g e .   F i g u r e  1 s h o w s   t h e   l o c a t i o n  of t h e  

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

f e a t u r e s ,  a n d  r o u t e s   o f   a c c e s s .  

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

T h e   R i o   G r a n d e   r i f t   t r a n s e c t s  New M e x i c o   f o r m i n g  a 

s e r i e s   o f   b a s i n s   w h i c h   e x t e n d   i n t o   C o l o r a d o .  In t h e  

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

of p a r a l l e l   b a s i n s  a n d  i n t r a r i f t   h o r s t s   ( C h a p i n ,  C .  E . ,  

1 9 7 1 ) .  T h e   L a   J e n c i a   B a s i n   a n d   M u l l i g a n   G u l c h   g r a b e n   a r e  

e x a m p l e s  of p a r a l l e l   b a s i n s   s e p a r a t e d   b y   t h e   M a g d a l e n a  



. 

1.) Osburn,  1978 
2.) Pz.tty,  1979 
3 . )  Allen ,   1979 
4 . )  Surmer, 1980 

5.)  Chamberlin,  1983 
6. ) Bocrring, 1.9SO 

8.)  This   s tudy  
7.)   Roth,  i n  p r o g r e s s  

Figure 1. Locatio@. map showing t h i s  s t u d y   a r e a   a n d   r e l a t i o n s h i p   t o  some o f  
t h e  o t h e r  s tud ie s   done  in t h e  ::agdal?na a11.d Sccorro-Lenitar  ?!ountains,  routes 
of access ,   and   o ther   geographic   and   phys iographic   fea tures .  
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Mountains  which  is  an  intrarift  horst. 

The  volcanic  rocks  exposed  in  the  Socorro-Hagdalena 

area  include  latitic  conglomerates,  mudflows,  sandstones, 

lavas,  and  ash-flow  tuffs  representing  the  volcaniclastic 

apron  that  formed  around  the  Datil-Mogollon  volcanic  field 

before  the  ignimbrite  climax  (Chapin  and  others, 1978). 

Overlying  this  volcaniclastic  apron  are  rhyolitic  ash-flow 

tuffs  with  interbedded  basaltic-andesite  and  rhyolitic 

lavas. 

Two  major  crustal  lineaments,  the  Morenci  and  Capitan 

lineaments,  intersect  in  the  Socorro  area  and  have had a 

majo'r influence on tectonics  and  magmatism  in  this area. 

The  Morenci  lineament  forms a domain  boundary  that  separates 

two  fields  of  faulted  and  rotated  blocks  (Chapin  and  others, 

1978). North  of  the  lineament  blocks  are  stepfaulted  to  the 

east  and  rotated  to  the  west  while s0ut.h of the  lineament 

the  blocks  are  stepfaulted to the  vest  and  rotated to  the 

east. This  structural  style  greatly  complicates 

interpreting  the  preexisting  volcanic  structures. 



Objectives 

The  main  objectives o f  this  study  area  include: 1) to 

determine the Cenozoic  stratigraphy o f  the  area  and to 

correlate  stratigraphic  units  with  those  established in 

adjacent  areas; 2 )  to establish  the  structural  framework o f  

the  area; 3 )  to prove, or disprove, the existence of  the 

North  Baldy,  Hop  Canyon, and Magdalena  cauldron  margins 

which  have  been  proposed  to  pass  through  the  study  area 

(Chapin  and  others, 1 9 7 8 ) ;  and 4 )  to evaluate  the  mineral 

potential of the  area. 

Previous Work 

The  stratigraphic  nomenclature of  th’e Datil-Mogollon 

volcanic  field  in  the  Socorro-Magdalena  area  has  been 

developed  over  the  past  few  years by a group of studies 

known  as the Magdalena  Project.  Figure 1 summarizes  some of  

the  workers  and  aress  mapped  during  the  Magdalena  Project. 

Other  recent  investigations  include  Deal ( 1 9 7 3 ) ,  

Krewedl ( 1 9 7 4 ) ,  and  Spradlin ( 1 9 7 6 ) .  Deal  mapped  nearly 300 

square  miles in the  San  Mateo  Mountains on  a reconnaissance 

basis  and  proposed a large  resurgent  cauldron  with  the 
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eastern  margin  within  this  study area. Krewedl  mapped  an 

area  in  the  central  Magdalena  Mountains on a  reconnaissance 

basis. Spradlin (1976) mapped  the  volcanic  rocks of the 

Joyita  Hills  at 1:24,000 and  produced an excellent 

stratigraphic  column.  The  chronologic  developnent of  the 

volcanic,  stratigraphic  nomenclature in the 

Socorro-Magdalena  area  is  summarized  in  Figure 2 .  

Methods of Investigation 

Geologic  field  mapping  was  done  at a scale of 1:24,000 

on the  Squaw  Peak  and  South  Baldy 7 1/2-minute  quadrangle 

maps.  Color  aerial  photographs  of  the  BLM-LCS  series 

(1:31,680) were  .used to aid in  napping  and  structural 

interpretation. 

' Thin  sections  were  analyzed  to  support  'field 

correlations  and t o  define  petrographic  characteristics. 

A l l  thin  sections  were  stained f o r  potassium  with  sodium 

cobaltinitrate  using  the  standard  procedures of Wilson  and 

Sedeora (1979). Etching  times  were  increased  from 1-1.5 

seconds to 30  seconds.  Petrographic  rock  names  are  from 

Travis (1955). Rock  colors  reported  are  fron  the  GSA  rock 

color chart. 
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S T R A T I G R A P H Y  A N D  PETROGRAPHY 

G e n e r a l   T e r t i a r y   S t r a t i g r a p h y   o f   t h e   S o c o r r o - M a g d a l e n a   A r e a  
1 

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

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

a n d   m u d s t o n e s   o f   t h e   B a c a   F o r m a t i o n ,   t h e   b a s a l   T e r t i a r y  

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

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

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

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

l a v a s   ( O l i g o c e n e   t o   e a r l y   M i o c e n e ) .   R e g i o n a l   e x t e n s i o n  

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

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

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

b o l s o n   s e d i m e n t s   i n   e a r l y   a n d . l a t e   M i o c e n e   t i n e .  

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

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

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

l a v a s ,   a n d   s e d i m e n t a r y   r o c k s . '   T h e  map u n i t s   a r e   s u m m a r i z e d  

g r a p h i c a l l y  o n  F i g u r e  3 .  





Hells  Mesa  Tuff 

The  Hells  Mesa  Tuff,  a  multiple-flow,  densely  welded, 

crystal-rich  ash-flow  tuff  is  the  oldest  unit  exposed  in 

this  study  area.  The  Hells  Mesa  is  correlative  with  the 

lower part of Tonking's ( 1 9 5 7 )  Hells  Mesa  Menber of  the 

Datil  Formation  and Brown's ( 1 9 7 2 )  tuff  of  Goat  Springs 

Menber of the Hells  Mesa  Formation.  Chapin ( 1 9 7 4 )  and  Deal 

and  Rhodes ( 1 9 7 6 )  restricted  the  Hells  Mesa  Tuff to include 

only  the  basal,  densely  welded,  crystal-rich  unit 

correlative  with Brown's tuff of Goat  Springs. ' The  average 

for 3 R-Ar  dates  obtained  for  the  Hells  Mssa  Tuff  is 31.7  

m.y. (Appendix A). 

The  source of  the  Hells  Mesa  Tuff  is  the  North  Baldy 

cauldron  (Chapin  and  others, 1 9 7 8 )  which  encompasses  part of 

this  study area. All of the  Hells  Mesa  exposed  in  this  area 

is  cauldron-facies;  it  reaches  an  apparent  thickness of 

3800 feet (1160 m) in  the  central  Magdalena  Mountains 

(Krewedl, 1 9 7 4 ) .  The  outflow-facies  Hells  Mesa  Tuff  has  a 

thickness of 4 0 0  to 6 4 0  feet ( 1 2 0  to 9 5  n) (Brown, 1 9 7 2 ) .  

The  three  locations  where  the  Tells  Mesa  crops  out  in 

this  study  area  include: 1 )  north-trending  exposures  along 

major  range  faults on the  west  side of Eardy  Ridge; 2) a 

rectangular-shaped  outcrop  bound o n  two  sides by major  range 
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faults  near a small  manganese  mine (sec. 34, T.4S.,  R.4W.); 

and 3 )  a small  isolated  outcrop  just  north  of  Squaw  Peak 

(sec 21, T.4S., R.4W.). This  isolated  outcrop  has  been 

interpreted  as a float  block  which  has  been  forced  up by the 

rhyolitic  intrusions  in  this  area.  An  alternate  hypothesis 

is  that  the  Hells  Mesa  outcrop  is a megabreccia  block on the 

margin of the  Xagdalena  cauldron.  The  maximum  exposed 

thickness  in  this  study  area  is 1850 feet ( 5 6 0  m); the  base 

of  the  unit  is  not  exposed.  Cauldron-fill  andesitic  and 

rhyolitic  lavas  of  the  unit  of  Hardy  Ridge  overlie  Hells 

Mesa  throughout  most  the  Hells  Mesa  exposures;  however, 

along  the  crest o f  Hardy  Ridge  the  Hells  Mesa  is 

unconformably  overlain  by  the  tuff  of  Lemitar  Mountains,  or 

tuff-breccias  of  the  unit  of  Sawmill  Canyon.  These 

stratigraphic  relationshiqs on Hardy  Ridge  suggest  that  the 

area  was  deeply  eroded  prior to the  deposition  of  the  tuff 

.of Lemitar  Mountains  and  the  breccias  in  the  unit  of  Sawmill 

Canyon.  The  absence  of A-L Peak  Tuff in this  exposed 

portion  of  the  North  Baldy  cauldron  further  suggests  that 

the  area  was  topographically  high  during  the  emplacement  of 

A-L Peak T u f f .  

The  Hells  Mesa  is  typically  bleached  to  pale  red  purple 

or  light  gray,  weathers  into  small  blocky  rubble,  and  forms 

steep  slopes.  The  Hells  Mesa  contains  between  45-55  percent 
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phenocrysts of quartz,  sanidine,  plagioclase,  and  biotite in 

a matrix of glass  shards  and  devitrified  glass.  The  average 

phenocryst  size  ranges  from 1 to 2 QEI, although  quartz 

phenocrysts  commonly  reach 5 mm in diameter. In areas o f  

deepest  exposures  of  the  Hells  Mesa  Tuff, a quartz-poor, 

crystal-rich  tuff  is  present.  This  quartz-poor  zone  may  be 

correlative  with  the  quartz-poor  zone  observed  in  the  Bear 

Mountains  or  may  be  megabreccia  blocks  exposed in the  botton 

of  the  North  Baldy  cauldron. 

In thin  section,  the  matrix of the Hells  Mesa  consists 

of devitrified  glass  and  glass  shards  with  most  original 

shard  structures  obliterated  during  devitrification.  Glass 

shards  are  deformed  around  phenocrysts  indicating  dense 

welding.  Anhedral,  rounded,  and  typically  embayed  quartz 

phenocrysts  comprise  about 10 percent of the  rock.  Sanidine 

is  generally  twice  as  abundant  as  quartz  and  is  commonly 

altered. .to clays.  Plagioclase, .more abundant  than  quartz 

but  less  abundant  than  sanidine,  makes up approxinately 15 

percent o f  the rock. The  plagioclase  has  both  albite  and 

carlsbad  twinning;  however,  alteration  to  clays  has 

obscured  some  twinned  crystals.  The  composition of the 

plagioclase  is  about An 32 ( 7  grains,  Rittmann  Zone Zlethod) 

which  agrees  favorably  with  the  compositions  determined  by 

Krewedl ( 1 9 7 4 )  and  Allen ( 1 9 7 9 ) .  
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L a t h - s h a p e d   b i o t i t e   p h e n o c r y s t s ,   a v e r a g i n g  1 m m  i n  

l e n g t h ,   c o m p r i s e   b e t w e e n  1 a n d  2 p e r c e n t   o f   t h e   r o c k .  T h e  

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

A t r a c e   o f   r o u n d e d   m a g n e t i t e   g r a i n s ,   a v e r a g i c g  0 . 2  rnrn i n  

d i a m e t e r ,  a re  a l s o  p r e s e n t .  

T h e   r e a d e r  i s  r e f e r r e d   t o  B r o w n   ( 1 9 7 2 ) ,   C h a m b e r l i n  

( 1 9 7 4 ) ,   a n d   S p r a d l i n   ( 1 9 7 4 )   f o r   p e t r o g r a p h i c   c h a r a c t e r i s t i c s  

o f   r e l a t i ' v e l y   f r e s h   H e l l s   M e s a .  

U n i t   o f   H a r d y   R i d g e  

T h e   u n i t   o f   H a r d y   R i d g e ,   n a m e d   i n f o r m a l l y   b y   B o w r i n g  

( 1 9 8 0 ) ,  i s  a t h i c k   s e q u e n c e  of  r h y o l i t i c   a n d   a n d e s i t i c  

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

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

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

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

Mesa  Tuff  i n   t h i s   a n d   B o w r i n g ' s   s t u d y   a r e a s .   T h e s e   l a v a s  

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

a n d   t u f f - b r e c c i a s   o f   t h e   u n i t   o f   S a w m i l l   C a n y o n ;   n o w h e r e  i s  

t h e  A-L P e a k   T u f f   e x p o s e d   i n ' t h i s   s t u d y   a r e a .   T h e   u n i t   o f  

H a r d y   R i d g e  i s  b e l i e v e d   t o   d i p   3 4   d e g r e e s   t o   t h e   e a s t ' b a s e d  

on f o l i a t i o n s   a n d   c o n t a c t   r e l a t i o n s h i p s   w i t h   o t h e r   u n i t s .  
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Thickness  estimates  from  cross  section  using  this  dip  give a 

maximum of 1 6 8 0  feet ( 5 1 0  m). Crystal-poor  rhyolitic  lavas, 

andesitic  lavas,  and  crystal-free  rhyolitic  lavas  were 

mapped  separately  in  this  study  area. 

Andesites.  The  andesitic  lavas  in  the  unit of Hardy  Ridge 

form a linear  outcrop  belt,  marked by a  topographic  bench  at 

approximately 8 3 2 0  feet  elevation on the  west  side of Hardy 

Ridge.  These  andesitic  lavas  overlie  the  Hells  Mesa  Tuff 

and  are  conformably  overlain by rhyolitic  lavas  in Bowring's 

map  area. In this  study  area,  the  andesitic  lavas  near  the 

top of Hardy  Ridge  average  about 440 feet ( 1 3 0  m) in 

thickness  and  are  unconformably  overlain  by  tuff-breccias of 

the  unit of Sawmill  Canyon. A small,  triangular-shaped, 

andesitic  outcrop  is  located  near  the  western ba.se of Hardy 

Ridge  (northeast o f  manganese  mine,  sec 3 4 ,  T.4S'.,  R.4W.). 

These  lavas  are  stratigraphically  between  two  lithologically 

different  rhyolitic  lavas of the  unit of Hardy  Ridge. A 

definite  correlation  between  these  andesitic  lavas and  the 

zndesitic  lavas  higher on Hardy  Ridge  is  impossible  because 

of the  intense  weathering of the  small  ouzcrop and 

dissimilar  stratigraphic  relationships. 

14 

. 
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In hand  specimen,  the  andesitic  lavas o f  the  unit of 

Hardy  Ridge  are  aphanitic  and  dense  with some' vesicles 

partially  filled  by  secondary,  drusy  quartz.  The  rock  is 

dark  gray  with  green  blotches, 0.5 mu  in  diameter, on the 

weathered  surface. In thin  section,  these  green  blotches 

are  micaceous  chlorite  after  olivine  and/or  pyroxene.  The 

groundmass  is  made  up  predominantly  of  plagioclase 

microlites, 0.3 mu  long,  which  are  oriented  preferentially 

with  the  long  axis of the  crystals  roughly  parallel.  The 

composition of the  phenocrysts  averages An 26 ( 3  grains, 

Rittmann  Zone Method). The  remaining 25 to 30 percent  of 

the  groundmass  consists  of  small,  rounded  magnetite  grains 

and  iron  oxide  weathering  products  after  mafic  minerals. 

Rhyolites.  Two  varieties  of  rhyolitic  lavas of the  unit of 

Hardy  Ridge  have  been  mapped  separately  in  this  study area. 

The  stratigraphically  lower,  crystal-poor  rhyolitic  lavas 

occur  near  the  western  base  of  Hardy  Ridge  (east of 

manganese  mine,  secs. 34, 35, T.4S.,  R.4W.). 'In this  area, 

the  crystal-poor  lavas  overlie  the  Hells  Mesa  Tuff  and  are 

overlain  by a small,  discontinuous,  andesitic  outcrop  and by 

crystal-free  rhyolitic lavas. 
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I n  hand specimen,  the  crystal-poor  rhyolitic  lavas  are 

light  bluish  gray  and  contain  variable  amounts of 

spherulites  about 1 cm  in  diameter. In thin  section,  these 

crystal-poor  lavas  contain  approximately  equal  amounts of 

quartz and sanidine  phenocrysts,  totaling  about 5 percent of 

the  rock,  and  averaging '1 mn and 1.5 mm  in  diameter, 

respectively.  Approximately 1 percent  rounded  magnetite 

grains, 0.07 mm  in  diameter,  are  also  present. 

Stratigraphically  above  the  andesitic  and  crystal-poor 

~hyolitic lavas  is a thick  sequence of crystal-free 

rhyolitic  .lavas.  These  crystal-free  lavas  overlie 

discontinuous  andesitic  lavas  and  crystal-poor  lavas  near 

the  western  base of Hardy  Ridge (secs. 3 4 ,  35 T . 4 S . ,  

R . 4 V . ) ;  no  base  is  exposed  elsewhere  is  this  study area. 

The  upper  nenber of  the  tuff of Lemitar  Mountains 

unconformably  overlies  the  crystal-free  rhyolitic  lavas  on 

tha  west  side of Hardy Ridge. 

I n  general,  the  crystal-free  rhyolitic  lavas  are  pale 

pink  along  weathered  foliation  planes  and  medium  light  gray 

when  €resh.  These  lavas  commonly  contain  spherical  to 

semispherical  bodies (Fig. 4 )  localized  along  foliation 

planes, Tjhich are  thought to be a form of spherulite 

(Rowring, 1980). The  bodies  range  from,about 10 cm  to 0.2 

mm  in  diameter  and  average  approximately 5 cm  in diameter. 



Figure -4 .   Sphe r i ca l   t o   s emisphe r i ca l   bod ie s   l oca l i zed   a long  

Ridge. Hammer i s  approximately 30 cm i n   l e n g t h .  
f o l i a t i o n   p l a n e s  i n  t h e   r h y o l i t i c  lavas of t h e   , u n i t  of Hardy 



r 
For  more  detailed  descriptions of these  spherical  bodies  the 

reader  is  referred to  Bowring (1980). 

I n  thin  section,  these  rhyolitic  lavas  contain 

essenrially n o  phenocrysts.  The  groundmass  has  been 

spherulitically  devitrified to quartz  and  alkali  feldspar. 

Approximately 5 percent  magnetite  grains (0.02 mm  in 

diameter)  conprise  the  remainder of the  rock. 

Tuff  of  Lemitar  Xountains 

The  tuff of Lemitar  Mountains  is a multiple-flow, 

compositionally  zoned,  simple  to  compound  cooling  unit of 

densely  welded  tuff  (Chapin  and  others, 1978): The tuff o f  

Lemitar  Mountains  was  first  described by Brown (1972) who 

naned  it  the  tuff of Allen \Jell. Osburn (1978)  has 

presented a detailed  description  of  the  tuff  of  Lemitar 

Mountains  in  the  eastern  Xagdalena  Mountains  and  has  divided 

the  unit  into a lower,  crystal-poor  member  and  an  upper, 

crystal-rich  member.  Chamberlin (1980) has  neasured a 

~eference  section  in  the  Lemitar  Hountains  after  which  the 

unit  was  named.  Five  K-Br  dates  from 3 locations  in  the 

Socorro-Xagdalena  area  average 27.6 m.y. (Appendix A ) .  
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T o p o g r a p h i c   l o w s   a t   t h e   t i n e   o f   e r u p t i o n   o f   t h e   t u f f   o f  

L e n i t a r   H o u n t a i n s   g r e a t l y   i n f l u e n c e d   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   t h e   t u f f ,   O u t s i d e   o f   t h e   c o n p l e x   o f   n e s t e d  

c a u l d r o n s   i n   t h e   S a n   ? l a t e 0   a n d   N a g d a l e n a   M o u n t a i n s ,   t h e  

l o w e r   m e m b e r   o f   t h e   t u f f  o f  Lemi tar  X o u n t a i n s   h a s   l i m i t e d  

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

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

t i m e   o f   e r u p t i o n   o f   t h e   t u f f   o f   L e n i t a r   H o u n t a i n s ,   h a s   a b o u t  

5 0 0  f e e t  ( 1 5 0  n )  o f  t h e   l o w e r   m e m b e r   e x p o s e d .   A p p r o x i n a t e l y  

2 0 0 0   f e e t   ( 6 0 0  m) o f  t h e   l o w e r   m e m b e r   o f   t h e   t u f f   o f   L e m i t a r  

N o u n t a i n s  i s  p r e s e n t  o n  A-L P e a k  (A-L P e a k   o f  Dea l ,  1 9 7 3 ;  

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

o f  L e n i t a r  X o u n t a i n s  i s  w i d e s p r e a d .   T h e   t u f f  i s  a b o u t  1 0 0  

f e e t  ( 3 0  m) t h i c k   i n   t h e   J o y i t a  H i l l s ,  v a r i e s  f r o m  0 t o  6 0 0  

f e e t  ( 0  t o   1 8 0  rn) t h i c k   i n   t h e  L e m i t a r  M o u n t a i n s  

( C h a m b e r l i n ,   1 9 8 0 ) ,   a b o u t   7 5 0   f e e t   ( 2 3 0  m) t h i c k   i n   t h e  

S a w m i l l  C a n y o n   c a u l d r o n   ( R o t h ,  i n  p r o g r e s s ) ,   a b o u t  1200  f e e t  

( 3 6 0  m) t h i c k   i n   P o t a t o   C a n y o n   ( P o t a t o   C a n y o n   o f   D z a l ,   1 9 7 3 ;  

O s b u r n ,   o r a l   c o m m u n i c a t i o n ) ,   a n d   a b o u t  1 9 0 0  f e e t   ( 5 8 0  m) 

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

o f  t h e   t u f f   o f   L e n i t a r   M o u n t a i n s   a r e   a b s e n t   i n   m o s t  a r e a s  

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

of  L e m i t a r   M o u n t a i n s   m a k e   u p  a s i m p l e  c o o l i n g   u n i t ;  no  

w e l d i n g   r e v e r s a l  i s  o b s e r v e d . .   T h e   n o n p l a n a r   c o n t a c t  
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r e l a t i o n s h i p   o f   t h e   t w o   L e n i t a r   m e m b e r s   e a s t  o f  S t a t e  

H i g h w a y   1 0 7   ( s e c s .   2 5 ,   2 6 ,  3 5 ,  T.4S., R.514.) s u g g e s t   t h a t  

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

member.  

l o w e r   m e m b e r .   T h e   l o w e r   m e n b e r   o f   t h e   t u f f  o f  L e m i t a r  

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

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

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

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

Lemi t a r ,  In t h e   N u l l i g a n   G u l c h  a r e a ,  t h e   l o w e r   L e m i t a r  

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

o f   5 0 0   f e e t  (150  m ) .  T h i s  i s  a minimum t h i c k n e s s   s i n c e   t h e  

' b a s e   o f   t h e   l o w e r   L e m i t a r  i s  n o t   e x p o s e d .  I n  t h e   e a s t e r n  

p a r t   o f   t h i s   s t u d y   a r e a ,   m i n o r   a m o u n t s  o f  l o w e r  Lemi ta r  may 

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

30 f e e t  ( 9  m) i n   t h i c k n e s s .  

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

t h e   l o w e r   m e m b e r   ( F i g .  5 )  a n d   g i v e   a n   a v e r a g e   f l o w  

d i r e c t i o n   o f  eas t -wes t .  T h e s e   l a m i n a r   f l o w  structures 

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

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

p o i n t   ( C h a p i n   a n d   L o w e l l ,   1 9 7 9 ) .  F l o w  f o l d s  a r e  p r e s e n t  i n  

t h e  l o w e r  L e m i t a r  ( F i g .   6 )   w i t h   a n p l i t u d e s   ' v a r y i n g   f r o m  6 
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F igure  5. Highly   e longated   and   f la t tened  pumice in  the dense ly  
welded  lower memlier of the t u f f   o f  Lemitar M o u n t a i n s .   P e n c i l   i n  
photograph is approximately 15 cm long  and is p a r a l l e l   t o   t h e  
d i rec t ion   of   f low.  The photograph was taken   eas t   o f   Mul l igan  Gulch 
(sec.  26, T.4S, R.5W.). 



Figure 6 .  Primary ( 1 )  f o l d . i n   t h e  lower member o f   t h e   t u f f   o f  
Lemitar  Mountains, Hammer i s  approximately 30 cm long  and i s  
p a r a l l e l  to t h e   a x i a l   p l a n e  of t h e   f o l d ,  The a x i a l   p l a n e   d i p s  

. t oward   t he  camera i n d i c a t i n g   a . f L o w   d i r e c t i o n  away from  the  camera 
(Chapin  and  Lowell, 1979) .  The photograph was t a k e n   i n   a n   a r r o y a , e a s t  
of Mulligan  Gulch  (sec. 26, T .4S. ,  R,5W,). 
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t o  3 0  f e e t  ( 1 . 8  t o  9 m ) .   T h e   b e s t   e x p o s u r e s   o f   t h e   f o l d s  

a r e   f o u n d  i n  a smal l  g u l l y   e a s t  oE M u l l i g a n   G u l c h   ( n o r t h e a s t  

1 1 4 ,  s e c .  2 6  T . 4 S . ,  R . 5 U . ) ;  h o w e v e r ,   o n l y  one t r e n d  o n  a 

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

T h e   f o l d   a x i s  was 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   t u f f s  

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

C h a p i n   a n d   L o w e l l   ( 1 9 7 9 )  who a t t r i b u t e   t h e s e   f o l d s   t o   l o c a l  

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

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

a s h   f l o w s .   T h e   a x i a l   p l a n e   o f   t h e   f o l d   d i p s  t o  t h e   w e s t  

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

a n d   L o w e l l ,   1 9 7 9 ) .  An a l t e r n a t e   e x p l a n a t i o n   i n  t h i s  c a s e  i s  

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

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

f l o v   d i r e c t i o n .  I n  t h i s  same a r e a ,  a f e w   b l o c k s  of  

s a n d s t o n e s   a n d   r h y o l i t i c   l a v a s ,  2 s  much as 6 f e e :  (1 .8  m) i n  

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

m e m b e r   o f   t h e   t u f f   o f   L e n i c a r   X o u n t a i n s .  

- 

On f r e s h   s u r f a c e s ,  t h e  l o w e r  Lemi ta r  v a r i e s  f r o n  medium 

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

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

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

a n d   r h y o l i t i c   l i t h i c s ,   a v e r a g i n g  1.5 cm i n  d i a m e t e r ,   v a r y  

f r o m  a t r a c e   t o   a b o u t  5 p e r c e n t   o f   t h e   r o c k .  
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In  thin  section,  the  lower  menber  consists  of ab;ac 5 

percent  quartz,  sanidine,  plagioclase,  and  bcotite 

phenocrysts  in a matrix of glass  shards and deviczified 

glass.  The  rock  contains  about 3 percent  sa=idine 

phenocrysts,  averaging 0.8 Dm in  diameter,  which  are 

slightly  altered  along  cleavage  planes.  Quartz con;rises 

about 2 percent of the  rock  and  averages  about 1 zm  in 

diameter.  Trace  amounts  of  plagioclase  phenoc~ysts, 

averaging 0.7 mm  in  length,  are  extensively alte:+d to 

phyllosilicates.  Pleochroic,  lath-shaped t:otite 

phenocrysts,  averaging 1 . 3  nn in  diameter,  are  alter+d  to 

iron  oxides  along  crystal  edges  and  cleavage  planes. 

Glass  shards  and  pumice  are  compacted  and  ds5ormed 

around  lithic  fragments  and  phenocrysts.  The  pur5-e  has 

been  partially  devitrified to a mosaic of  quartz  and  elkali 

feldspars  which  average 0.05 m m  i n  diameter. 

upper  member.  The  upper  menber  of  the  tuff  of  Lemitar 

Mountains  is a densely  welded  ash-flow  tuff  which  varies 

from 1 6  to 4 0  percent  phenocrysts in this  study area. In 

the  western  part o f  the  area,  the  upper  Lenitar  forms 

continuous,  linear  outcrops,  The  upper  aember  conformably 

overlies  the  lower  member  and  is  conformably  overlain by 

basaltic-andesite  lavas  which  sporadically  crop o ~ t  along 
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the  upper  surface of the  tuff o f  Lernitar Mountaias.  The 

upper  member  and  the  basaltic-andesite  lavas  are 

unconformably  overlain  by  the  lower  sedimentary  unit  and  by 

the  rhyolite of Xagdalena  Peak  which  was  deposited  on a much 

younger  unconformity. In the  eastern  part of the  area,  the 

upper  Lenitar  conformably ( ? )  overlies  the  crystal-free 

rhyolitic  lavas of the  unit  of  Hardy  Ridge  and  unconfornably 

overlies the  Hells  Mesa  Tuff  near  the  head  of  Puertecito 

Canyon.  The  upper  Lemicar  is  overlain by sedimentary  rocks 

where  the top oE the unit  is  exposed. 

Three  variations  of  upper  Lenitar  are  exposed  in  this 

study area. In ascending  stratigraphic  order  they  are: 1) 

a lower  unit  consisting o f  approximately 16 to 25 percent 

phenocrysts,  which  in  this  study  will be called  the 

intermediate  zone of the upper  Lemitar; 2 )  a quartz-poor, 

crystal-rich  zone;  and 3 )  a thin,  quartz-rich,  crystal-rich 

zone, 

The  intermediate  zone of the  upper  iemitar  consists o f  

a densely  weldzd,  flow-banded;  ash-flow tuff. This  zone 

conformably  overlies  the  lower  Lemitar  and  is  overlain  by 

the  quartz-poor  zone of the  upper  Lemitar;  welding 

reversals  are  not  observed  at  these  contacts. A maximum 

thickness  of 1500 feet ( 4 6 0  n )  of the  intermediate  zone has 

been  determined  from  cross-section.  Osburn (1978) defined a 
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5-to 50-foot  transition  into  upper  Lemitar  in  the  eastern 

Magdalena  Mountains  which  contains  approximately  the  same 

phenocryst  content  as  the  intermediate  zone o f  the  upper 

Lemitar  in  this  study  area.  Figure 7 summarizes  the  general 

Lenitar  stratigraphy  in  the  Lemitar  Xountains,  southeastern 

Nagdalena  Xountains,  and  this  study  area. 

Primary  laminar  flow  structures  are  well  developed  in 

the  intermediate  zone.  An  average f l o w  azimuth of north  85 

degrees  east  was  obtained  using  lineated  punice  and 

stretched  gas  cavities  from  several  localities.  Rotated 

lithic  fragmenzs  consistently  gave a flow  direction of west 

to east.  Folds  are  uncommon  in  the  intermediate  zone; 

however,  the  one  fold  observed  in  an  arroyo  east of >fulligan 

Gulch (sec. 1,  T .5S., R. 5 ! J . )  had a fold  axis  roughly 

perpendicular to  the  flow  direction  which is charecteristic 

o f  primary f o l d s .  

Megabreccias  and  Mesobreccias. In the  western  part of the 

study  area,  the  intermediate  zone o f  the  upper  Lemitar  has 

lense-shaped  zones of mesobreccias and megabreccias  which 

stratigraphically  interfinger  with  normal, 1i:hic-poor, 

upper  Lenitar.  Lipnan (1976) suggests  that  masobrecciaa 

form  by  small  to  mediun-sized  rock  falls  and  rock  slides 

from  unstable  caldera  walls  during  caldera  collaps?  and  that 
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m e g a b r e c c i a s   o r i g i n a t e   f r o m   n a j o r   s l u m p i n g   o f   t h e   c a l d e r a  

w a l l .  

The   meso5recc ia . s  i n  t h e   i n t e r m e d i a t e   z o n e  o f  t h e   t u f f  

o f  L e m i t a r   M o u n t a i n s   c o n t a i n   b l o c k s   o f   H e l l s   M e s a   T u f f ,  

a n d e s i : i c   l a v a s ,   r h y o l i t i c   l a v a s ,   s a n d s t o n e s ,   a n d  

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

3 0  f e e t  i n  d i a m e t e r   ( F i g .  8 ) .  T h e  i n d i v i d u a l   b r z c c i a  

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

i n t e r m e d i a t e   z o n e   o f   t h e   t u f f   o f   L e m i c a r   > f o u n t a i n s   ( F i g .  

9 ) .  T h e   o n c e   v i t r i c   n a t u r e   o f   t h e   m a t r i x   g i v e s   a n   i m p o r t a n t  

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

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

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

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

r h y o l i t i c   i n t r u s i o n   i n   M u l l i g a n   G u l c h   ( s e c .  1 ,  T.5S . ,  

R.5W.). T h e s e   n e g a b r e c c i a s   c o n s i s t   o f   l a r g e   b l o c k s   o f  H e l l s  

Mesa T u f f ,   q u a r t z - p o o r   a s h - f l o w   t u f f s ,   a n d   b l o c k s   c o m p r i s e d  

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

c o n s o l i d a t e d   b l o c k s   c o n s i s t   p r e d o m i n a t e l y   o f  H e l l s  Mesa ,  

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

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

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

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

m a t r i x   s u r r o u n d i n g   t h e   m e g a b r e c c i a   b l o c k s   c o n s i s t   o f   t h e  
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Figure 8. Tyeical  mesobreccia in the  intermediate  zone  of  the  tuff 
of  Lemitar  Mountains.  The  hammer  is  about 30, cm long and is on the 
contact  of  the grayish-red-purple'Hells Mesa  block  and  the  moderate- 
reddish-brown  matrix  consisting  of  the  tuff  of  Lemitar  Mountains. 
Photograph was taken  east  of  Mulligan  Gulch (sec. 25, T.4S, R.5W.). 

Figure 9. Photomicrograph. of the  matrix  of  the  mesobreccias in the 
intermediate  zone  of  the  tuff of Lemitar  Mountains.  The spherulitically 

hypothesis o f  the  formation  of  some  vitrophyres  by  chilling. 
devitrified  glass  is an important  bit of evidence  supporting  the 
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i n t e r m e d i a t e   z o n e   o f   t h e   u p p e r   L e m i t a r   a n d   m e s o b r e c c i a  

c l a s t s  of He l l s  M e s a ,   a n d e s i t i c   l a v a s ,   l o w e r   L e m i t a r ,   a n d  

q u a r t z - p o o r   t u f f s   ( F i g .  1 0 ) .  S p h e r u l i t e s ,   g a s   c a v i t i e s ,  

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

c o n t a c t s   o f   t h e   n e g a b r e c c i a s   w i t h   t h e   L e m i t a r   m a t r i x   ( F i g .  

11) .  

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

u p p e r   L e m i t a r   g r a d a t i o n a l l y   i n c r e a s e s   f r o m   a b o u t  1 6  t o  18 

p e r c e n t   p h e n o c r y s t s   a t  trhe b a s e   o f   t h e   z o n e   t o   a b o u t  2 5  

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

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

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

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

H i g h   c o n c e n t r a t i o n s  of s t r e t c h e d   g a s   c a v i t i e s  were o b s e r v e d  

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

Q u a r t z   p h e n o c r y s t s  make up  4 t o  8 p e r c e n t   o f  t h e  r o c k ,  

a v e r a g e  0 . 8  m a  i n   d i a m e t e r ,   a n d   a r e   c o m m o n l y   e n b a y e d .  

S a n i d i n e   p h e n o c r y s t s   m a k e   u p  8 t o  1 2  p e r c e n t  o f  t h e  r o c k   a n d  

a v e r a g e  0 . 8  m m  i n   d i a m e t e r .   T h e   s a n i d i n e   p h e n o c r y s t s   h a v e  a 

p e r t h i t i c   t e x t u r e   w h i c h  may a c c o u n t  f o r  t h e  w h i z e  c h a l k y  

a p p e a r a n c e  i n  h a n d   s p e c i m e n .   T h e   r e m a i n i n g   s a s i d i n e  

p h e n o c r y s t s   a p p e a r  c l ~ e a r  a n d   u n a l t e r e d .   T h e   r a t i o  of  q u a r t z  

t o   s a n i d i n e   a v e r a g e s  0 . 6 1  f o r   t h e   i n t e r m e d i a t e   z o n e  o f  t h e  

u p p e r   L e n i t a r .   T h i s   r a t i o  i s  c o n s i d e r a b l y   ‘ n i g h e r   t h a n   t h e  
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Fizure  
meiiatL "ne of t h e  t u f f  o f  Lemirar   i lountai is .   Contact   exhibi ts   ,a  
small welding  reversal   (wr)  w i t h  an abundance of gas c a v i t i e s ,  a v i t r i c  

. l a y e r   ( v i ) ,   a n d , t y p i c a l - l o o k i n g   t u f f  of Lemitar Moun.tains (lm). Photo- 
graph was taken i n  an a r r o y o   e a s t  of  t he   Mul l igan   Gu lch   rhyo l i t i c  dome 
(sec.  1, T.5S. ,  R.5W.).  
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upper  Lemitar  in  the  eastern  Nagdalena  and  Socorro-Lemitar 

Nountains  (Osburn, 1 9 7 8 ,  and  Chamberlin, 1980). About I 

percent  of  the  rock  consists  of  plagioclase  phenocrysts 

which  are  extensively  altered  to  phyllosilicates  and 

replaced  by  potassium-feldspar.  Biotite, 0.4 mm in 

diameter,  partially  replaced  by  iron  oxides,  and  small, 

rounded  magnetite  grains  each  make  up  about 1 percent of the 

rock. See  Figure 12 for a summary  of  modal  data  from  the 

tuff  of  Lemitar  Mountains. 

Glass  shards  are  deformed  around  phenocrysts  and  lithic 

fragments  indicating  that  the  rock  was  densely  welded.  The 

pumice  and  some  of  the  glassy  matrix  has  been  devitrified  to 

quartz  and  alkali  feldspar  crystals  which  average 0.15'mm in 

diameter. 

The  second  variation  in  the  upper  member of the  tuff of  

Lemitar  Nountains  consists  of a quartz-poor,  crystal-rich 

zone  which  overlies  the  intermediate  zone o f  the  upper 

member  in  this  study  area.  The  quartz-poor  zone  has a 

variable  thickness  because of  an  eroded  upper  surface; 

howe-ver, a minimum  thickness o f  approximately 180 feet (55 

mm) was  obtained  from a cross  section in the  western  part  of 

this  study  area (sec. 3 6 ,  T.4S.,  R.5W.I. The  quartz-poor 

zone of the  upper  Lemitar  weathers  to  ioderately  steep 

slopes  which  are  covered  with  angular  blocks  of  colluvium. 
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XD-LU4 

MD-LU3 

MD-LU2 

MD-LU1 

$ID-LL1 

t o t a l  
phen. 

34.6 

22.6 

24.0 

1 6 . 3  

17.4 

17.9 

4.7 

Phenocrysts  
s an id .   qua r t z   p l ag .  b io .  

11.6 

11 .7  

12.0 

10.3 

9.4 

8.2 

2.6 

1.3 19.7 

4.0  6.5 

6.0 4.5 

4.6 0.7 

7.7 0.1 

7.9 1.2 

1.8 0.2 

2.0 

0.4 

1.5 

0.7 

0.2 

0 . 6  

0.1 

q t z f s a n i d .  

0.11 

0.34 

0.50 

0.45 

0.82 

0.96 

0.69 

F igu re   12 .   Foda l   da t a   and   s t r a t ig raph ic  column of  the   t u f f   o f  
Lemitar Elountains east of  Mulligan  Gulch  (sec.  36, T.4S. ,  R.5W.), 
A l l  t h i n   s e c t i o n s   h a d  2000 poin ts   counted .  
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In contrast to the  underlying  intermediate  zone,  the 

quartz-poor  zone of the  upper  Lemitar  does  not  exhibit 

primary  laminar  flow  structures. It also  weathers  more 

rounded  and  appears  softer  and  more  porous. 

The  quartz-poor  zone  of  the  upper  Lemitar  contains 

approximately 3 0  percent  phenocrysts o f  plagioclase ( ? ) ,  

sanidine,  quartz,  and  biotite  in a groundmass  of  devitrified 

glass  and  glass  shards.  Quartz  phenocrysts  make  up  about 1 

percent  of  the  rock,  are  comnonly  embayed,  and  average 0.75 

mm  in  diameter.  Sanidine  and  plagioclase ( ? )  phenocrysts, 

averaging 0.75 mm  in  diameter,  each  comprise  about 1 4  

percent o f  the  rock.  The  plagioclase  phenocrysts ( ? )  have 

been  pervasively  altered  to  montmorillonite  that  was 

commonly  washed  out  during  thin  section  preparation;  some 

plagioclase  phenocrysts  have  been  partially  replaced by 

potassium-feldspar.  Sanidine  phenocrysts  typically  have a 

perthitic  texture  which  is  identical  to  the  sanidine 

phe,nocrysts in the  intermediate  zone oE the  upper  Lenitar. 

Biotite  phenocrysts  make  up  about 2 percent  of  the  rock  and 

are  altered  to  iron  oxides. 

The  groundmass  of  the  quartz-poor  zone  of  the  upper 

Lemitar  consists  of  devitrified  glass  and  glass  shards.  The 

degree o f  welding  and  compaction  decreases  gradationally 

through  the  internediate  zone  and  moderately  welded  and 
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compacted  quartz-poor  zone  of  the  upper  Lemitar.  Pumice 

fragments  can  be  readily  identified  because  of  substantially 

larger  devitrification  crystals (1.2 mm in diameter)  than 

those  of  the  devitrified  groundmass (0.05 mn in diameter). 

The  third  variation  of  the  upper  Lemitar  consists  of a 

quartz-rich,  crystal-rich  zone  which  was  observed  in  the 

eastern  part of the  study  area (sec. 35, T.4S., R.4W.); 

however,  the  unit  is  quite  thin  and  is  not  continuous  over a 

large  area. In hand  specimen,  the  quartz  rich  zone  of  the 

upper  Lemitar  is  medium  light  gray on fresh  surfaces.  The 

rock  contains  approximately 8 percent  quartz  phenocrysts, 

s o n e  exceeding 3 mm in' diameter.  Sanidine  phenocrysts 

average 1.5 mm  in  diameter  and make' u p  about 17 percent  of 

the  rock.  Approximately 7 percent o f  the  rock  is  made  up of 

plagioclase  phenocrysts,  about 1 mm  in  diameter,  which  aze 

pervasively  altered to  phyllosilicates.  Biotite 

phenocrysts,  about 3 mrn in diameter,  make u p  approximately 2 

percent  of  the  rock.  Although  stratigraphic  relationships 

are  not  clear  cut  in  this  area,  the  quartz-rich  zone 

overlies  the  quartz-poor  zone  of  the  upper  Lemitar  in  other 

areas. 

Stratigraphic  and  structural  information  pertinent  to 

an  understanding of the  caldera  complex  in  the  Socorro, 

Nagdalena,  and San Mateo  Mountains  has  been  obtained  from 
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the  tuff  of  Lemitar  Xountains  in  this  study area. There  is 

strong  evidence  that  the  eastern  margin  of  the  Mount 

Withington  cauldron  (source  cauldron  for  the  tuff  of  Lemitar 

Mountains)  extends  into,  or  east  of  the  western  part of this 

study  area. A summary  of  this  evidence  includes: 1) 

mesobreccias  and rnegabreccias in  the  tuff of Lemitar 

Mountains; 2) folding  of  the upperand  lower  members  of  the 

tuff  of  Lemitar  Mountains  which  is  characteristic  of 

cauldron-facies  tuffs; 3 )  a thickness o f  at least 2000 feet 

( -600 m) of  the  tuff of' Lemitar  Mountains  with no  exposed 

base; 4 )  a 1500-foot  (450 m)-thick intermediate  zone  which 

has  not  been  documented  elsewhere  in  the  Socorro-Magdalena 

area;  and 5 )  the  presence of lower  Lemitar  in  the  western 

part  of  this  study  area  and  its  absence o n  Hardy Ridge. 

However,  there  is  significant  evidence  against  the  Mount 

Withington  cauldron  in  the  western  part  of  this  stuzy  area 

including: 1) the  basaltic-andesite  lavas  conformably 

overlying  the  upper  Lemitar  were  eroded,  prior  to . the 

deposition  of a sedimentary  interval,  indicating  that  the 

western  part  .of  this  study  area  was  probably  not 

topographically'  low; 2) the  sedimentary  interval  between 

the  tuff  of  South  Canyon  and  the  tuff  of  Lemitar  Mountains 

is only 4 0 0  feet  (120 m) thick in some  areas; 3 )  the  tuff 

of  South  Canyon  is n o t  unusually  thick  in  this  area. In 
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c o n t r a s t   t o   t h e   a b o v e   e v i d e n c e ,   t h e   w e l l - e x p o s e d   S a w m i l l  

C a n y o n   c a u l d r o n   h a s  1 2 0 0  f e e t  ( 3 6 0  m) o f  t h e   t u f f   o f  Lemitar  

M o u n t a i n s   o v e r l y i n g   n e a r l y  2000  f e e t   o f   c a u l d r o n - f i l l  

d e p o s i t s   a b o v e   t h e   c a u l d r o n - f a c i e s  A-L P e a k   T u f f   ( R o t h ,  i n  

p r o g r e s s ) .  

T h e   N o u n t   W i t h i n g t o n   c a u l d r o n   m a r g i n  may b e   p r e s e n t  in 

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

t u f f   o f   L e m i t a r   M o u n t a i n s   c a n   b e   e x p l a i n e d   b y  an a l t e r n a t e  

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

i n   t h e   s o u t h w e s t e r n   p a r t   o f   S o w r i n g ’ s  ( 1 9 8 0 )  s t u d y  a r e a  a n d  

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

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

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

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

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

t u f f   o f   L e m i t a r   M o u n t a i n s .   T h i s   w o u l d   e x p l a i n  t h e  g r e a t  

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

i n t e r m e d i a t e   z o n e   o f  t h e  u p p e r   L e m i t a r   w h i c h   m a y   b e  

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

s o u r c e   c a u l d r o n   i n   t h e  . S a n   M a t e o   M o u n t a i n s .   T h i s  

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

fill  u n i t s   a n d  t h e  l a c k   o f   t h i c k e n i n g   i n   t h e   t u f f   o f   S o u t h  

C a n y o n .   T h e   f o l d i n g   i n  t h e  t u f f   o f  Lemitar N o u n t a i n s   c o u l d  

h a v e   r e s u l t e d   f r o m   d e p o s i t i o n   o f   t h e   t u f f  on t h e  i r r e g u l a r  
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surface  of  the  Magdalena  cauldron  margin.  The  megabreccias 

and  mesobreccias  in  the  tuff  of  Lemitar  Mountains  are  not 

easily  explained  by  this  interpretation.  These  types  of 

breccias  have  been  well  docunented  in  intra-caldera  tuffs, 

but  have  not  been  documented  in  outflow  sheets.  However, 

the  mesobreccias  and  megabreccias  could  have  formed in the 

Magdalena  cauldron  if  the  cauldron  margins  were  unstable 

from  seismic  activity  during  eruption  of  the  tuff  of  Lemitar 

Mountains.  Major  slumping,  rock  falls,  and  rock  slides on 

the  Magdalena  cauldron  margin  with  simultaneous  eruption  of 

the  tuff  of  Lemitar  Mountains  could  have  resulted in the 

devalopnent of breccias  in  the  outflow-facies  Lemitar tuff. 

Future  mapping to  the  west  and  development of a  better 

understanding of the geology  in  the  San  Nateo  Mountains 

should  clarify  the  interpretation  of  the  western  part  of 

this  study area. 

Lower  Basaltic-Andesite  Lavas 

Conformably  overlying  the  tuff of Lemitar  Mountains  are 

small  discontinuous  outcrops, of basaltic-andesite  lavas  with 

eroded  tops.  These  lavas  'crop  out  sporadically in the 

western  part  of  this  study ' area  and .a snail,  isolated 
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outcrop  of  similar  lithology  and  stratigraphic  positioning 

is  present o n  the  west  side  of  Hardy  Ridge (sec. 2 5 ,  T . 4 S . ,  

R.4W.). These  lavas  do  not  exceed 160 feet ( 4 9  n) in 

thickness.  The  basaltic-andesite  lavas  are  unconformably 

overlain by sedimentary  rocks  in  most  areas  and by the 

rhyolite o f  Magdalena  Peak  about  one  mile  west  of  Alameda 

Spring (sec. 3 6 ,  T . 4 S . ,  R . 5 W . ) .  

In hand  specimen,  the  rock  is  medium  gray on fresh 

surfaces  and  light  alive  gray on weathered  surfaces. In 

thin  section,  the  rock  contains  about 7 percent  phenocrysts 

made  up of approximately  equal  amounts  of  clinopyroxene  and 

olivine ( ? )  in a groundmass  consisting  of  rounded  magnetite 

grains,  plagioclase  nicrolites,  and  iron  oxide  alteration 

products  after  mafic  minerals.  Subhedral  clinopyroxene 

phenocrysts, 0.8 mn in diameter,  are  compositionally  zoned 

and  partially  altered  to  low-birefringent  phyllosilicates. 

Olivine ( ?  ) phenocrysts  are  pervasively  altered t o  

low-birefringent  phyllosilicates  and  iron  oxides. 
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Lower  Sedimentary  Unit 

The  lower  sedimentary  unit  consists  of  red,  moderate to 

poorly  indurated  sandstones  and  conglomerates  and  varies 

from 4 0 0  feet (120  m) to 1000 feet (300 m) in thickness. 

This  thickness  variation  nay  reflect  variable  deposition  in 

strike  valleys  during  the  time of deposition.  The  lower 

sedimentary  unit  overlies  eroded  remnants of 

basaltic-andesite  lavas  and  the  tuff  of  Lemitar  Mountains; 

the  unit  is  conformably  overlain  by  the  tuff of South 

Canyon. 

In the  western  part  of  this  study  area,  the lower  

sedimentary  unit  crops  out  in  topographically l o w  areas 

between  hogbacks of more  resistant  ash-flow tuffs. The  unit 

is  overlain by  piedmont  gravels  in  the  central  and  eastern 

part  of  this  study  area  with  exposures  commonly  restricted 

to  arroyos. 

The  lower  sedimentary  unit  commonly  consists  of 

conglomerates  interbedded  with  sands tones. The 

conglomeratic  beds  are  made up predominantly  of  clasts  of 

the  tuff  of  Lemitar  Mountains  ranging  from 1 to 20 cm in 

diameter. In addition t o  the  cobbles,  the  conglomeratic 

beds  consist o f  angular  grains of quartz,  feldspar,  and 

bioti&e  in  a  moderate-red,  silt-sized  matrix.  Interbedded 

, . . . . . _ .  
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with  the  conglomerates  are  moderate-red  to  light-brown 

sandstones.  These  poorly  indurated  sandstones  consist  of 

grains  of  quartz,  feldspar,  and biot'ite. The  lower 

sedimentary  unit  becomes  ore tuffaceous  upsection  and  is 

interbedded  with  thin  ash-flow  tuffs  and  bedded  air-fall 

deposits  near  the  base of the  tuff of South  Canyon;  these 

contacts  are  gradational  in  some  places. 

The  lower  sedimentary  unit  is  significantly  different 

near  the  western  base  of  Hardy  Ridge  (south  of  manganese 

mine, sec. 34, T.SS., R.4W.). In this  area,  the  lower 

sedimentary  unit  is  very  well  indurated  because  of  pervasive 

alteration  and  silicification.  The  silicification  appears 

to  be  strongly  controlled  by  the  permeability  of  the 

original  sedimentary  rock  and  is  probably  related  to  the 

period  of  manganese  mineralization.  The  clasts  in  this  area 

consist of crystal-poor  rhyolitic  lavas,  Hells  Mesa  Tuff, 

and  minor  amounts  of the  tuff  of  Lenitar  Mountains. 

The  lower  sedimentary unit. was  not  mapped  with  the 

Popotosa  Formation  because  the  unit  may  be  cauldron  fill of 

a.Lemitar-aged  cauldron  in  the  west  and  central  portions  of 

this  study area. However,  the  variable  thickness  of  the 

lower  sedimentary  unit  and  the  angular  unconformity  between 

the  tuff  of  Lemitar  Mountains  and  the  tuff  of  South  Canyon 

suggests  that  the  lower  sedimentary  unit  may  have  been 
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deposited  in  strike  valleys  during  early  stages of rifting. 

Tuff of South  Canyon 

The  tuff of South  Canyon  is  a  multiple  flow,  simple  to 

compound  cooling  unit of rhyolitic  ash-flow  tuff.  The  tuff 

of South  Canyon  was  named  informally by Osburn ( 1 9 7 8 )  and  is 

correlative  with  portions of  Simon's ( 1 9 7 3 )  "upper  tuffs" 

and  with Spradlin's ( 1 9 7 4 )  "Potato  Canyon  Xhyolite".  The 

average  for  two  K-Ar  dates  obtained  for  the  tuff of South 

Canyon  is 26.0 n.y. (Appendix A ) .  A 310-.:oot ( 9 3  m) 

section of the  tuff of South  Canyon  was  measured  east of 

Chocle  Well (sec. 3 5  T.4S.,  R.5W.I where the section  is 

well-exposed. A maximum  thickness of 5 5 0  feet  (165 n) was 

obtained  from  a  cross  section  east of Squaw  Peak (sec. 3 5 ,  

T.4S., R..5W.). The  .tuff of South  Canyon  conformably 

overlies  the  lower  sedimentary  unit  and is overlain by the 

Popotosa  Formation  and  andesitic  lavas. An angular 

unconformity  occurs  between  the  tuff of Lemitar  Mountains 

and'  the  tuff o f  South  Canyon. 

The  tuff of South  Canyon  is  exposed  in  many  areas  in 

the  western  and  central  portion of this  study  area; 

however, to  the  east on Hardy  Ridge  the  tuff of South  Canyon 
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is  not  exposed  because  the  nature of the faulting  has 

repeated  stratigraphically  lower  units.  The  tuff  crops  out 

as  rounded  hills  covered  with  talus  and  forms  steep  cliffs 

along  arroyos. 

In this  study  area,  the tuff of South  Canyon  can be 

divided  into 3 units based on phenocryst  content  and  welding 

characteristics.  These  units  in  increasing  stratigraphic 

order  are: 1)  the  basal  unit  which  consists  of  poorly 

welded,  crystal-poor,  ash-flow  tuffs; 2 )  a  thin,  moderate 

to densely  welded,  crystal-poor  unit;  and 3 )  the  upper  unit 

which  consists  of  moderate to crystal-poor,  moderately 

welded  ash-flow  tuffs. 

The  basal  unit  of  the  tuff of South  Canyon  consists of 

thin,  crystal-poor  ash-flow  tuffs  interbedded  with  minor 

amounts of  bedded  air-fall  tuffs,  or  possibly 

pyroclastic-surge  deposits.  The  tuff  consists  of  about 5 to 

1 1  percent  aphanitic  to  crystal-rich  lithic  fragments  which 

average  about 1 cm  in  diameter.  Angular  pumice, 1.5 cm  in 

diameter,  make  up  about 20 percent  of  the  rock  and  is 

preferentially  weathered.  The I rock consists of 

approximately 2 percent  quartz,  sanidine,  and  plagioclase 

phenocrysts  averaging 0.5 mm in diameter. 



Page 4 4  

Overlying  the  basal,  crystal-poor  unit of the  tuff  of 

South  Canyon  is a moderately  welded,  crystal-poor unit. In 

hand  specimen,  the  unit  is  light  gray  with taedium-gray 

pumice  that  are  flattened,  average 1.5 cm  in  diameter,  and 

have a cross-sectional  thickness  of  about'0.25  cm.  In  thin 

section,  the  rock  contains  about 2 percent  quartz  and 

sanidine  phenocrysts  in  approximately  equal  abundance. 

Rounded  magnetite  grains,  averaging 0.15 mm in  diameter,  are 

present  in  trace  amounts.  The  matrix  consists  of  quartz  and 

alkali  feldspar  crystals, 0.05 mm  in  diameter,  which  formed 

by  devitrification.  Glass  shards  are Y shaped  and  not 

extensively  deformed  around  phenocrysts  suggesting  moderate 

welding  and  compaction. 

Overlying  the  crystal-psor  unit  is a moderately  welded, 

moderate  to  crystal-poor  ash-flow  tuff  that  contains a 

welding  reversal  in  the  basal  portion  of  the unit. In  hand 

specimen,  the  rock  is  light  gray  with  very-light-gray 

pumice. On weathered  surf  aces,  the  pumice  are 

preferentially  weathered  forming  cavities  which  average 

about 1 cm  in  diameter.  Chatoyant  sanidine  phenocrysts is a 

comnon  characteristic  of  the  tuff of South  Canyon. 

In thin  section,  the  upper  unit  of  the  tuff  of  South 

Canyon  consists  of  approximately 7 to 1 3  percent  quartz, 

sanidine,  plagioclase ( ? ) ,  and  biotite  phenocrysts  in a 
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matrix  of  devitrified  glass  and  glass shards. Subhedral 

quartz  phenocrysts, 0.7 mm in diameter,  comprise  about 3 to 

7 percent  of  the  rock  and  are  comnonly  enbayed. 

Approximately 4 to 7 percent  of  the  rock  consists of 

subhedral  sanidine  which  averages 0.8 mm  in  diameter. 

Zircon  euhedra  and  biotite,  partially  to  completely  altered 

to iron  oxides,  are  present  in  trace  amounts.  Approximately 

1 percent of the  rock  consists of void  spaces  which  may  have 

been  altered  plagioclase  phenocrysts  that  were  plucked 

during  thin  section  preparation.  Most  of  the  glass  in  the 

matrix  has  been  devitrified  to  quartz  and  alkali  feldspar. 

The  glass  shards  which  have  not  been  devitrified,  are n o t  

extensively  flattened  or  deformed  around  phenocrysts. 

Detailed  petrographic  data  from a measured  section  east  of 

Chocle  Well (sec. 35, T . 4 S . ,  R.5W.)  is  summarized on Figure 

1 3 .  

Popotosa  Formation 

The  Popotosa  Formation,  the  basal  formation of the 

Sanza  Fe  Group,  consists  of  laharic  breccias,  conglomerates, 

sandstones,  and  playa  mudstones.  The  Popotosa  Formation  was 

named by Denny ( 1 9 4 0 )  for  exposures  along  Arroyo  Popotosa 
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southeast of the  Ladron  Hountains.  Bruning ( 1 9 7 3 )  divided 

the  Popotosa  Formation  into  a  fanglomerate  facies  and a 

playa  facies.  Chapin  and  others ( 1 9 7 8 )  divided  the  Popotosa 

Formation  in  the  Socorro  area  into  upper  and  lower members. 

The  lower  member  consists of mudflow  deposits,  fanglomerates 

and  sandstones  while  the  upper  member  is  largely  made  up of 

mudstones,  siltstones,  and  sandstones  (Chapin  and  others, 

1 9 7 8 ) .  

The  Popotosa  Formation  was  deposited  in  a  broad, 

early-rift  basin  during  the  interval  from  about 26  m.y. to 

7 m.y. ago  (Chapin  and  others, 1 9 7 8 ) .  The  source  regions 

for  the  Popotosa  Formation  were  the  Colorado  Plateau  and  the 

Ladron  Nountains  to  the  north  and  the  Gallinas,  San  Mateo, 

and  Magdalena  Mountains to  the  west  and  south. 

In this  study  area,  the  Popotosa  Formation  overlies  the 

tuff of South  Canyon (26 .0  m.y.) and  is  overlain by the. 

rhyolite o f  Nagdalena  Peak ( 1 3 . 6  m.y.). The  lower 

sedimentary  unit  is  lithologically  similar to the  Popotosa 

Formation  and  probably  represents  the  earliest  rift-related 

sedimentation  in  this  study  area;  however,  portions  of  this 

unit  may  be  c'auldron  fill of a  Lemitar-aged  cauldron. 

The  Popotosa  Formation  crops  out  discontinuously 

throughout  the  west  and  central  portions of  this  study area. 

The  geometry o f  the  local  Popotoss  basins  appear  to be wedge 
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shape  because of sedimentatipn  in  strike  valleys.  The  dips 

of the  sedimentary  rocks  decrease  upsection  indicating  that 

faulting  and  rotation  were  occurring  during  sedimentation. 

A thickness of 1 1 5 0  feet ( 3 5 0  m) was  determined  from  a  cross 

section  in the northwest  corner of this  study  area; 

however,  the  thickness  decrease  rapidly to the  east  where  a 

thick  section of rhyolitic  and  andesitic  lavas  is  present. 

Interbedded  with,  and  overlying, the Popotosa  Formation 

are  rhyolitic  and  andesitic  lavas  which  thicken  where the 

sedimentary  rocks  thin  and  vice  versa.  For  example,  in  the 

southern  part of this  study  area  the  andesitic  lavas  are 

approximately 1000 feet (300 m) thick  and  the  Popotosa 

Formation  is  very  thin,  or  absent. T o  the north,  the 

andesitic  lavas  are  only  about 30 feet (9 m) thick  and  are 

interbedded  with  a  minimum o f .  1 1 5 0  feet ( 3 5 0  m) o f  the 

Popotosa  Formation (sec. 23,  T.4S., R.5W.). I n  the 

north-central  part of this  study  area,  two  rhyolitic  lavas 

totaling  approximately 5 0 0  feet ( 1 5 0  m) in  thickness  overlie 

and  are  interbedded  with  the  Popotosa  Fbrmation  which  is 

here  approximately 1 5 0  feet (45 m) thick.  The 

interfingering of the  rhyolitic  and  andesitic  lavas  in  the 

Popotosa  Formation  is  summarized o n  Figure 14. 
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In this  study  area,  the  Popotosa  Formation  consists of 

sandstones,  conglomerates,  local  ash-flow  tuffs,  air-fall 

tuffs  and  pyroclastic-surge  deposits.  The tuf'faceous beds 

are  most  abundant  where  the  Popotosa  Formation  overlies the 

tuff  of  South  Canyon  and  beneath  the  rhyolitic  lavas  in the 

northern part  of  this  study  area.  The  tuffaceous  beds 

exposed  beneath  the  the  rhyolitic  lavas will be referred to 

as  the  unit  of  Garcia  Ranch;  however,  this  unit  was not 

mapped  separately  except  where  exposures  and  thicknesses 

permitted. 

Near  the  base  of  the  Popotosa  Formation,  air-fali  tuffs 

and/or  pyroclastic-surge  deposits  are  interbedded  with 

sandstones.  The  tuffaceous  units  are  conmonly  finely 

laminated,  consist o f  fine-sand-sized  tuffaceous  grains,  and 

are  typically  white.  The  sandstones  contain  grains  of 

quartz,  sanidine,  biotite>  and  aphanitic  lithic  fragments  in 

a tuffaceous  matrix. T h e  sandstones  are  light  gray  to  white 

and  poorly  indurated.  The  tuffaceous  material,  believed  to 

be  associated  with  the  eruption  of  the  tuff  of  South  Canyon, 

gradationally  decreases  with  an  increase  in  clastic  material 

upsection. 

The  majority o f  the  Popotosa  Fornation  in  this  study 

area  consists  of  sandstones  and  conglomerates.  These 

clastic  rocks  typically  crop  out  in  arroyos and small 
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gullies;  however,  in  the  northeastern  part of the  area  the 

conglomeratic  beds  are  well  indurated  and  weather  to  rounded 

hills  covered  with  clasts  derived  from  the  conglomerates. 

In general,  the  percentage  of  conglomeratic  beds  are  more 

abundant  in  the  northeastern  portion  of the area  and  the 

sandstones  are  nore  abundant  in  the  central  and  western 

portions. 

In hand  specimen,  the  sandstones  are  light  gray to 

grayish  red  and  exhibit  moderate  to  poor  bedding and 

induration.  The  sandstones  consist  of  grains  of  quartz, 

sanidine,  biotite,  and  aphanitic  lithic  fragaent  in a 

fine-grained  matrix.  Interbedded  with  the  sandstones  are 

light  gray to  noderate-red  conglomerates.  The  conglomerates 

are  moderate to well  indurated  and  contain  clasts (1 to 5 cm 

in diameter)  of  the  tuff of Lemitar  Mountains,  the  tuff of 

South  Canyon,  Hells  Mesa  Tuff,  andesitic  lavas,  and 

rhyolitic  lavas. 

Moderate-red  siltstones  are  present  in  some  localities; 

however,  siltstones  are  not  abundant.  The  siltstones  are 

poorly  bedded  and  vary  from  slightly  to  well  indurated. 

The  small,  rounded  outcrop of Popotosa  rocks  northwest 

of  Squaw  Peak (sec. 28, T.4S., R . 4 N . )  appears  to  be a 

laharic  breccia.  These  breccias  overlie  sandstones, 

tuffaceous  sandstones,  and  siltstones  that  are  exposed in 

. .  
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the  road  cut.  The  laharic  breccias  consist  of 

matrix-supported  clasts of Hells  Mesa  Tuff,  tufE  of  Lemitar 

Mountains,  tuff of South  Canyon,  and  bedded  sedimentary 

rocks  exceeding 1.5 feet ( 0 . 4 6  m)  in  diameter; no internal 

stratification  was  observed.  The  matrix  is  moderate red and 

contains  sand-sized  grains of quartz,  feldspar,  and biotite. 

tuffaceous  unit  of  Garcia  Ranch.  Several,  local, 

discontinuous  ash-flow  tuffs,  pyroclastic-surge  and/or 

air-fall  deposits,  and  reworked  tuffaceous  rocks  are 

interbedded  with  the  Popotosa  Formation  in  the  northern part 

of  the  study  area.  Several,  thin  ash-flow  tuffs  are  exposed 

in the  gullies  east of Mulligan  Gulch (sec. 2 3  T.4S., 

R5W.); however,  the  tuffs  are  not  continuous  to  the south. 

The  ash-flow  tuffs  are  typically  white,  crystal  poor to 

moderately  crystal  rich,  and  rich  in  lithic  fragments. 

Interbedded  with  the  ash-flow  tuffs  are  pyroclastic-surge 

deposits ( ? ) ,  air-fall  tuffs ( ? ) ,  reworked  tuffaceous  rocks 

and  sandstones.  Because of the  local  extent,  poor 

exposures,  and  thin,  discontinuous  nature,  these  ash-flow 

tuffs  were  mapped  with  the  Popotosa  Formation. 

A thin,  ash-flow  tuff,  associated  with  the  eruption  of 

the  crystal-poor  rhyolitic  lavas,  was  mapped  separately 

where  thickness  allowed.  This  ash-flow  tuff  crops  out 
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beneath'  the  crystal-poor  rhyolitic  lavas  southeast o f  Garcia 

Ranch (sec. 2 4 ,   T . 4 s . ,  R.5W.). It  is  quite  thin  and  poorly 

exposed  north  of  Squaw  Peak, (sec.20, T.4S..  R.4W), but is 

well  exposed  in a road  cut  north of this  study  area (sec. 

9, T . 4 S . ,  R.4W.). In  hand  specimen,  this  ash-flow tuff  is 

moderate  red  with  black  pumice  and  is  bath  phenocryst  poor, 

and  moderately  welded.  In  thin  section,  the  rock  contains 

trace  amounts  of  compositionally  zoned  plagioclase 

phenocrysts  that  range  from 0 . 0 4  t o  1 mm  in  length  and 

average 0.1 mm  in  length.  Biotite  laths, 0.5 mm  long,  make 

up  approximately 1 percent  of  the  rock  and  are  typically 

unaltered.  The  matrix  consists of moderately  flattened 

glass  shards  which  drape  over  phenocrysts.  Pamice  fragments 

vary  from  spherulitically  devitrified  glass to fragments 

with  very  little  devitrification. 

The  distribution  and  lithologies  of  the  Popotosa 

Formation  suggest  that  sedimentation  was  structurally 

controlled.  Sandstones  and  alluvial  fans  were  deposited in 

strike  valleys  during  faulting. I n  the  southern  part  of 

this  study  area,  the  Popotasa  Formation  thins  and  andesitic 

lavas  interbedded  with  the  sedimentary  rocks  thicken.  In 

the  northern  part o f  the  area,  local  ash-flow  tuffs, 

pyroclastic-surge  deposits,  air-fall  tuffs and rhyolitic 

lavas  are  interbedded  with  the  Popotosa  Formation.  Clast 
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lithologies  and  several  transport  directions  suggest  that 

source  regions  for  the  Popotosa  Formation  were  structurally 

high  areas  between  strike  valleys. 

Andesitic  Lavas 

In this  study  area,  dexse,  phenocryst-poor  andesitic 

lavas  crop  out  in  the  stratigraphic  interval  above the  tuff 

of South  Canyon.  The  andesitic  lavas  form  small, 

discontinuous  outcrops  in  the  north  and  central  portion  of 

this  study  area  and  thick,  continuous  outcrops  to  the south. 

The  andesitic  lavas  conformably  overlie, and are  interbedded 

with,  variable  thicknesses of the  Popotosa  Formation;  ,the 

lavas  unconformably  overlie  the  tuff of South  Canyon  where 

the  sedimentary  interval  is  absent.  The  andesitic  lavas  are 

conformably  overlain by the  Popotosa  Formation  or by the 

younger  rhyolite o f  Magdalena  Peak  and  Squaw  Peak  crater 

deposits. A maximum  thickness  of 1000 feet (300 m) was 

obtained  for  the  andesitic  lava  from a cross  section  using 

the  dip of the  overlying  Popotosa  Formation;  this  thickness 

may  be  exaggerated  by  faults. In the  northern  portion of 

' the  'study  area,  the  andesitic  lavas  are  only 30 feet ( 9  n) 

thick  and  seem to have  thinned  gradually  from  south  to 
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The a n d e s i t i c   l a v a s   o f   t h e   a r e a  O C C U K  i n   t h e   s a m e  

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

O s b u r n ’ s   ( 1 9 7 8 )   i n t e r n e d i a t e   l a v a s   a n d   A l l e n ’ s   ( 1 9 7 9 )  a n d  

B o w r i n g ‘ s   ( 1 9 8 0 )   a n d e s i t e s .   A l t h o u g h   t h e   a n d e s i t i c   l a v a s  

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

b e e n   d a t e d   a t  2 6 . 0  n a y .   a n d   t h e   o v e r l y i n g   r h y o l i t e  o f  

H a g d a l e n a   P e a k   h a s   b e e n   d a t e d   a t  1 3 . 6  m.y. If t h e   a n d e s i t i c  

l a v s s   i n   t h i s   s t u d y   a r a a   a r e   c o r r e l a t i v e   w i t h   O s b u r n ’ s  

( 1 9 7 8 )   i n t e r z e d i s t e   l a v a s ,   t h e n   t h e   a g e  o f  t h e   l a v a s   n a y   b e  

b e t w e e n  26 .0  m . y .   a n d   t h e  2 0  m.y .  a g e   o f   t h e   W a t e r   C a n y o n  

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

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

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

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

( s e c s .  1 2 ,  13, 18 ,  T . S S . ,  R.5W.) .  IE h a n d   s p e c i m e n ,   t h e  

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

f r e s h   s u r f a c e s   a n d   g r e e n i s h   g r a y  t o  d a r k   g r e e n i s h   g r a y  on 

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

p o r p h y r i t i c   a n d   r a n g e   € r o m   d e n s e  t o  v e r y   v e s 7 . c u l a r .  

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

w i t h   c a l i c h e .  
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The  andesitic  lavas  contain 5 to  15  percent 

clinopyroxene,  plagioclase,  quartz,  and  biotite  phenocrysts 

in a groundmass  of  plagioclase  microlites,  low-birefringent 

phyllosilicates  and  iron  oxides  after  mafic  minerals. 

Clinopyroxene  phenocrysts, 0.2 mm  i3  diameter,  are  partially 

to completely  altered  to  low-birefringent  phyllosilicates 

and  iron  oxides,  and  make up 3 to 8 percent of the rock. 

These  clinopyroxene  phenocrysts  are  occasionally 

polysynthetically  twinned.  Clinopyroxene  rims,  averaging 

0.1 mm  in  thickness,  commonly  coat  quartz  phenocrysts. 

Plagioclase  phenocrysts, 0.6 mm long, make up about 3 

percent o f  the  rock.  These  plagioclase  phenocrysts  are 

embayed,  compositionally  zoned,  and  exhibit  preferential 

alteration o f  the  outer  plagioclase  zone  which,  in  turn, 

commonly  has a thin  overgrowth of more  sodic  feldspar.  The 

outer  compositional  zones  average An 35 while  the  inner 

compositional  zones  average An 43,(9  grains,  Rittmann  Zone 

Method). 

Quartz  phenocrysts,  averaging 0.4 nm in diameter,  are 

present  in  trace  amounts  and  are  rimmed  by a thin  layer of 

clinopyroxene (Fig.15). There  is  strong  evidence  suggesting 

that  most of .the  quartz  are  phenocrysts  rather  than 

xenocrysts  from  upper  crustal  material.  Only  one  possible 

polycrystalline  quartz  grain  was  observed  .and  other 
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F igure  15. Photomicrograph of a h igh-pressure   quar tz   phenocrys t  
( l a rge   cen te r   phenoc rys t )  rimmed with a t h i n   l a y e r  of c l inopyroxene.  
(c rossed   n ichols )  
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polycrystalline  rock  fragments  are  absent.  Concentrations 

o f  Sr  in  the  basaltic-andesite  lavas  in  the 

Socorro-Magdalena  area  average 820 ppn Sr  (Chapin 

unpublished data). This  high  concentration  of  Sr  suggests 

that  crustal  contanination of a aore  basaltic  composition by 

upper  crustal  material  was  insignificant  since  contamination 

should  lower  Sr  concentrations.  Plagioclase  phenocrysts  are 

compositionally  zoned  (An 35 to  An 4 3 ) ,  indicating  that  the 

chemical  and  physical  parameters of  the melt: changed  through 

time. It is  hypothesized  that  the qilartz phenocrysts  are 

high-pressure  quartz  and  that  the  nelt  moved  up  rapidly 

through  the  crust  during  incipient  rifting.  The 

clinopyroxene  coatings  on  the  quartz  phenocrysts  slowed 

down, o r  prevented,  the  expected  reaction oE quartz  with  the 

melt at low  pressur~s  from  going to  completion.  The  single 

polycrystalline  quartz  grain  suggasts that sone  xenocrysts 

may  be  present. 

Crystal-poor  Rhyolitic  Lavas 

In  the  norther2  part  of  this  study  area, 

phenocryst-poor,  floe-banded  rhyolitic  lavas  are  interbedded 

with  the  Popotosa  Formation  and  locally  overlie  chin 



Page 59 

ash-flow  tuffs.  These  lavas  form  steep,  cliffy  slopes 

covered  with  angular  blocks of colluviuo. A dark 

vitrophyre,  locally  autobrecciated,  occurs  at  the  base of 

the flow. The  crystal-poor  rhyolitic  lavas  crop  out 

extensively  north of this  study  area. A thick  section of 

the  lavas  is  well  exposed  in  road  cuts  west of McDaniel  tank 

(sec. 9, T.4S., R.4W.). The  maximum  exposed  thickness  in 

this  study  area is about  420  feet (130 m). These 

crystal-poor  rhyolitic  lavas  have  well-defined  primary  flow 

foliations  that  are  intricately  folded  in  oany areas. In 

hand  specimen,  the  lavas  are  finely  foliated  and  contain 

moderately  abundant,  flattened  vesicles 0.3 to 3 no in 

diameter. O n  fresh  surfaces,  the  rock  is  erayish  red  with 

very-light-g:ay layers  along  foliation  planes. 

I n  thin  section, the crystal-poor  rhyolitic  lavas 

contain  only  trace  amounts  of  plagioclase,  sanidine,  and 

.biotite  phenocrysts.  Both  plagioclase (An 20, 1 grain, 

Rittnann  Zone  Xethod)  and  sanidine  phenocrysts  average  about 

0.15 mm  in  diameter.  Biotite  euhedra,  averaging 0.5 m a  in 

length,  are  preferentially  oriented  along  foliation  planes 

and  are  partially  altered  to  iron  oxides.  Small,  rounded 

magnetite  grains  comprise 3 to 8 percent of the  rock.  The 

groundmass  consists of finely  laminated,  henatite-rich 

layers  alternating  with  quartz-rich  layers.  The  quartz  was 
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p r o b a b l y   p r e c i p i t a t e d   d u r i n g   c o o l i n g  o r  f r o m  l a t e r  f l u i d s .  

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

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

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

a s s e m b l a g e .  

R h y o l i t e   o f   H a g d a l e n a   P e a k  

T h e   r h y o l i t e  o f  N a g d a l e n a   P e a k ,  a p o r p h y r i t i c   l a v a ,  i s  

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

were f i r s t  d e s c r i b e d  b y  L o u g h l i n   a n d   K o s c h m a n n   ( 1 9 4 2 )  who 

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

M a g d a l e n a   P e a k   a n d   E l e p h a n t   M o u n t a i n .   W e 3 e r   ( 1 9 5 7 )   h a s   d o n e  

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

r h y o l i t e   o f   N a g d a l e n a   P e a k  a t  t h e   S c e n d e l  p e r l i t e  d e p o s i t  

s o u t h   o f   N a g d a l e n a   P e a k   ( s e c .  10, T.3S . ,   R .4N. ) .   Dea l  

( 1 9 7 3 )   i d e n t i f i e d  a p o r p h y r i t i c   " q u a r t z  l a t i t e "  i n  t h e  

n o r t h e r n   p a r t   o f  t h i s  s t u d y  a r e a .  O s b u r n   ( 1 9 7 8 )   a n d  

C h a m b e r l i n  (1980) h a v e   d e s c r i b e d  l a v a s  o f  s imi la r  

l i t h o l o g i e s   i n t e r b e d d e d   w i t h  t h e  P o p o t o s a   F o r m a t i o n ;  

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

M a g d a l e n a   P e a k .   A l l e n   ( 1 9 7 9 )   a n d   B o g r i n g  ( 1 9 8 0 3  h a v e  

d o c u m e n t e d  t h e  r h y o l i t e   o f   M a g d a l e n a   P e a k   o v e r   m u c h  o f  She 
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d i s t a n c e   b e t w e e n   t h i s   s t u d y   a r e a   a n d   t h e   t ! a g d a l e n a   P e a k   v e n t  

( F i g .  1). 

A K - A r  a g e   o f  13 .6  n . y .   ( a v e r a g e   o f  2 d a t e s )   h a s   b e e n  

o b t a i n e d   f o r   t h e   r h y o l i t e   o f   M a g d a l e n a   P e a k   ( A p p e n d i x  A ) .  

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

w h i c h  i s  w e l l   e x p o s e d  o n  N a g d a l e n a   P e a k   ( A l l e n ,  1 9 7 9 ) ;  n o  

e v i d e n c e   f o r   v e n t s   w a s   f o u n d   i n   t h i s   o r   B o w r i n g ' s   s t u d y  

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

t h e   w e s t   f l a n k   o f   t h e   M a g d a l e n a   M o u n t a i n s   f r o m   A l a n e d a  

S p r i n g ,   i n   t h e   c e n t r a l   p a r t   o f   t h i s   s t u d y  a r e a  ( s e c .  3 4 ,  

T . T S . ,  R . 4 W . ) ,  t o   M a g d a l e n a   P e a k   j u s t   s o u t h  o f  t h e  . town  of  

M a g d a l e n a   ( s e c .  3 4 ,  T . 2 $ . ,  R . 4 W . ) .  I n  t h i s   s t u d y   a r e a ,   t h e  

r h y o l i t e  o f  i 4 a g d a l e n a   P e a k   f o r m s  a b r o a d ,   c o n t i n u o u s   o u t c r o p  

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

T h e   r h y o l i t e   o f   : 4 a g d i l l e n a   T e a k   c o n f o r m a b l y   o v e r l i e s   t h e  

P o p o t o s a   F o r r n a t i o c   w h i c h   b e c o m e s   m o r e   t u f t a c e o u s ' n e a r   t h e  

c o n t a c t   o f   t h e   l a v a s .  

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

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

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

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

T h e   r h y o l i t e   o f   X a g d a l e n a   P e a k   h a s  a n a x i n u n   t h i c k n e s s  o f  

5 0 0  f e e t  ( 1 5 0  n) ir. t h i s   s t u d y   a r e a ;   h o w e v e r ,  t h e r e  i s  a 

c o n s i d e r a b l e   v a r i a t i o n   o f   t h i c k n e s s   b e c a u s e  o f  d e p o s i t i o n  o n  
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paleotopography  and  subsequent  erosion. 

The  rhyolite o f  Xagdalena  Peak  forms  steep  cliffy  hills 

covered  with  angular blocks of colluvium.  The  base of the 

rhyolitic  lavas  typically  has a dark  vitrophyre a s  much  as 

8 0  feet ( 2 5  n) in  thickness.  The  rhyolite o f  Magdalena  Peak 

exhibits  primary f l o w  structures (ie. foliations,  elongate 

gas  cavities,  lineations, etc.) which  are in:ricately folded 

in  many  area;  in  addition,  secondary  folding  nay  have 

occurred  in  areas o f  steep  topography  at  the  time of the 

lavas  emplacement. 

On fresh  surfaces,  the  rhyolite of Niagdalena Peak  is 

light  browaish  gray  xith  white  feldspars  and  black to 

moderate-brown  biotite  and  hornblende  phenocrysts. 

Mineralogically,  the rhyolirre of  Magdalena  Peak  is  an 

andesite  (Travis, 1 9 5 5 )  containing 13 to IS percent 

plagioclase,  sanidine,  biotite,  and  hornblende  phenocrysts; 

however,  chemically  the  lavas  are  rhyolites (IJaber 1 9 5 7 ) .  

Euhedral to subhedral  plagioclase  phenocrysts,  averaging 0 . 7  

mm  diameter,  exhibit  normal  compositional  zoning ( A n  23 to 

An 31, 11 grains,  Rittmann  Zone Method). Sanidine 

phenocrysts, 1.5  mm in diameter,  are  present  in  some  thin 

sections  in  amounts  as  great a s  one  percent;  sanidine  is 

absent  in  other  thin  sections.  Lath-shaped  hornblende 

phenocrysts,  about 0 . 6  mn long,  are  present  in  trace 
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a m o u n t s ;   s o m e   c r y s t a l s   a r e   p a r t i a l l y   a l t e r e d   t o  

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

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

i r o n   o x i d e s   a n d   m a k e   u p   a b o u t  3 p e r c e n t  o f  t h e   r o c k .   T h e  

l a v a s   c o n t a i n   a p p r o x i m a t e l y  3 p e r c e n t   s m a l l ,   r o u n d e d  

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

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

T h e   r h y o l i t e  o f  N a g d a l e n a   P e a k  i s  p a r t  o f  t h e   b i m o d a l  

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

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

o f  2 0  t o  7 m . y .   a g o   ( C h a p i n   a n d   o t h e r s ,  1 9 7 8 ;  O s b u r n ,  

1 9 7 8 ) .   T h e   r h y o l i t e  o f  M a g d a l e n a   P e a k ,   t h e   P o u n d   R a n c h  

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

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

w h i c h   t h e y   l i e   b y  1 6  t o   1 8   m . y . .   T h e   r h y o l i t i c   l a v a s  in t h e  

S o c o r r o - X a g d a l e n a  a rea  a r e   i n   c l o s e   p r o x i m i t y  t o  t h e   S o c o r r o  

t r a n s v s r s e  s h e a r   z o n e   s u g g e s t i n g   t h a t .  t h i s  s t r u c t u r e ,  i n  

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

may h a v e   c o n t r o l l e d   t h e   e m p l a c e m e n t  o f  t h e   l a v a s   ( C h a p i n   a n d  

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



Tertiary  Domes  and  Intrusions 

Locations,  petrographic  characteristics,  and  informal 

names  for  eleven  domes  and  intrusions  in  this  study  area  are 

sunmarized  in  Appendix B.. These  eleven  domes  and  intrusions 

will be discussed  individually below. The  age of these 

rocks  are not  constrained by overlying  stratigraphic  units 

and  ages  have n o t  been  obtained. A maxinun  age  is  given  for 

each by the  age of the  youngest  unit  intruded. 

Chocle  Windnill  Rhyolitic  Intrusion 

A small  rhyolitic  intrusion  located  vest  of  Chocle  Windnill 

(sec. 3 5 ,  T.4S., R.51.I.) has  well-exposed,  steep,  intrusive 

contacts  with  the  tuff of Lenitar  Mountains.  Several, 

discordant  blocks of the  tuff of Lemitar  Xouatains, 

exceeding 10 feet  in  diameter,  are  surrounded  by  the 

rhyolite. In hand  specimen,  the  rock  is  dense, 

phenocryst-poor,  and  varies  from a very  light  gray to medium 

light  gray. In thin  section,  the  rock  contains  only  trace 

amounts of quartz,  sanidine, and biotite  phenoczysLs  in a 

groundmass of blocky  quartz  and  alkali  feldspar 

devitriEication  crystals. 
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Xulligan  Gulch  Rhyolitic  Dome 

A small,  intrusive-extrusive  complex,  dissected by Nulligan 

Gulch (sec. 1 ,  T.5S., R . 5 W . ) ,  consists of bedded, 

pyroclastic  crater  deposits  intruded  by a rhyolitic plug. 

The  pyroclastic  material  was  probably  deposited  by  phreatic 

pyroclastic  eruptions  preceeding,  or  during,  the  intrusion 

of  the  rhyolitic  plug.  The  pyroclastic  deposits  consists  of 

angular  fragments of pumice,  as  much  as 12 cm in diameter, 

and  lithic  fragnents  of  the  surrounding  country  rock, 0 . 5  to 

25 cm  in  diameter,  surrounded by a tuffaceous  matrix.  The 

pumice  are  typically  white  and  the  matrix  light  gray  to 

grayish  orange  pink.  These  pyroclastic  deposits  arp  bedded 

and  dip  inward  toward  the  rhyolitic  intrusion (Fig. 16). 

The  rhyolitic  plng  which  intrudes  the  pyroclastic 

deposits  consists  of  crystal-poor,  commonly  autobrecciated 

rhyolitic  bodies  with  intricately  contorted  foliation 

planes. In the  autobrecciated  portions,  the  rock  consists 

of  very-light-gray  fragments  surrounded  by a 

medium-light-gray  matrix. In areas  where  autobrecciation 

did n o t  occur,  the  foliation  planes  are  defined by 

alternating  very-light-gray  to  nedium-light-gray  layers. In 

thin  section,  the  rhyolitic  lavas  contain  only  trace  anounts 

of biotite  phenocrysts, O . G 5  mm in length,  in a groundnass 



.. 
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of  devitrified  glass;  minor  amounts of alteration  minerals 

including  low-birefringent  phyllosilicates  and iron oxides 

are  also present. 

B. 0. Ranch  Rhyolitic  Dome 

The B. 0. Ranch  rhyolitic  dome  consists of bedded 

pyroclastic  deposits  intruded by a  rhyolitic  plug.  This 

intrusive-extrusive  complex  is  quite  similar to the  Mulligan 

Gulch  rhyolitic  done;  however,  the  dome  is  much  larger and 

forms  a  tall,  steep,  rounded  hill  west of the B. 0 .  Ranch 

(secs. 6 ,  7,  T.5S., R.4W.). Bedded  pyroclastic  deposits 

crop  out  sporadically  around  the  perimeter of the  igneous 

. .  

complex  and  dip  toward  the  rhyolitic  plug.  The  pyroclastic 

deposits  are  white  with  light-gray  to  black  glassy  fragments 

(Fig. 17). 

I n  thin  section,  the  pyroclastic  rocks  contain  trace 

amounts of  quartz,  sanidine,  and  plagioclase  phenocrysts 

averaging 0.25 mm in diameter;  trace  amounts o€ biotite, 

0.05 ma  in  length,  are also present. Phenocrysts and 

glassy,  Enaltered  pyroclastic  fragments  are surrortnded  by a 

partially  devitrified  matrix. 
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Figure 1 7 .  Glassy ,   s . l igh t ly   per l i t i c ,   f ragments   assoc ia ted   wi th   the  
p y r o c l a s t i c . d e p o s i t s  of t h e  B. 0. Ranch r h y o l i t i c  dome. 

. ,  

. .  . .  . .  

Figure  18. A dark ,   v i t r i c ,   au tob recc ia t ed   zone   su r rounds   t he  
B. 0. Ranch r h y o l i t i c  dome and forms a prominent,  dark-colored 
ledge .  
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A dark,  vitric,  autobrecciated  zone, o n  the  perimeter 

uf the rhyolitic  intrusion,  is  more  resistant to  weathering 

than  the  pyroclastic  deposits  and  forms  a  dark-colored  ledge 

around  the  dome (Fig. 17). The  rhyolitic  lavas  that are 

not  autobyecciated  are  very  light  gray  to  light  gray. In 

thin  section,  the  rock  contains  trace  amounts o f  quartz  and 

sanidine  phenocrysts  that  average 0.75 and 0.5 mm in 

diameter,  respectively.  The  groundmass  consists of glass 

which  has  been  devitrified to quartz  and  alkali  feldspar; 

as  much as 10 percent  iron  oxides  are  also  present. 

Spherulites,  about 1.4 mm in  diameter,  typically  have a 

nucleus of quartz  crystals.  These  nuclei  are  free of iron 

oxides  which  appear to have  diffused to  the outer  portions 

o f  the  spherulites  during  crystallization. 

Squaw  Peak  Rhyolitic  Dome 

A large  rhyolitic  dome  intrudes the andesitic  lavas  and  the 

Popotosa  Formation in the  central  part of this  study  area 

(secs. 29, 32, T.4S., R..5W.). The  dome  forms  steep, 
*!. . 

cliffy,  poorly  dissected  hills  covered  with  large,  angular 

blocks of colluvium.  Associated  with  the  dome  are  several, 

small  rhyolitic  lava.  flows  that  have  dark  vitrophyres  at 
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their  bases (Fig. 19). Bedded,  tuffaceous  crater  deposits 

that  are  lithologically  similar  to  the  Mulligan  Gulch  and B. 

0. Ranch  pyroclastic  deposits  are  present  north  of  the  dome 

(sec. 29 T.4S., R.4W.). Foliation  planes  are  very  steep 

and  dip  toward  the  center  of  the  dome (Fig. 19). The  rock 

is  typically  medium  light  gray  and  appears  glassy  in  some 

areas. 

In thin  section,  the  Squaw  Peak  rhyolitic  dome  contains 

approximately 1 5  percent  phenocrysts of quartz,  sanidine, 

plagioclase,  biotite,  and  hornblende  in a devitrified  to 

glassy  matrix.  Approximately 10 percent  of  the  rock  is  made 

up of subequal  amounts o f  quartz'  and  sanidine  phenocrysts 

which  average 0.4 mm  in  diameter.  Plagioclase  phenocrysts, 

0.5 ma  in  diameter,  make u p  about 5 percent  of  the  rock  and 

have a composition  of An 24 (6 grains,  Rittmann  Zone 

Method). Biotite  phenocrysts  which  average 0.2 ma  in 

length,  are  strongly  pleochroic  and  commonly  unaltered. 

Trace  amounts of hornblende  phenocrysts  are  extensively 

altered  to  iron  oxides.  The  groundmass  consists of glass  or 

partially to completely,  d-evitrified  spherulitic  glass. 

' 0  
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F igure  1 9 .  N e a r l y   v e r t i c a l   f l o w   f o l i a t i o n s   o f . t h e  Squaw Peak 
r h y o l i t i c  dome are well exposed i n  the d i s s e c t e d   p o r t i o n  of the 
dome. The da rk   a r ea  i n  t h e  l e f t  center   por t ion   o f   the   photograph  
i s  a small r h y o l i t i c  f low a s s o c i a t e d   w i t h   i n t r u s i o n  o f  t h e  dome. 

~ .. 

. .  

. . .  , . .   . .  . 
. .  

. .  

, . .  
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Cibola  Andesitic  Intrusion 

A small  andesitic  intrusion ( ? )  located  just  north of  Squaw 

Peak (secs. 21,   28 ,  T.4S., R.4W.) forms a small,  rounded 

hill  covered  with  angular  blocks o f  colluvium; the 

intrusion  is  surrounded by  alluvium.  The  outcrop  has  been 

interpreted  as  intrusive  based o n  steep  foliation planes. 

In hand  specimen,  the  andesitic  intrusion  is  grayish  orange 

pink  Kith  conspicuous  black  hornblende  phenocrysts  that  are 

preferentially  oriented. 

In thin  section,  the and.esitic intrusion  contains 

approximately 1 4  percent  plagioclase,  hornblende,  and 

biotite  phenocrysts  in a groundmass o f  plagioclase 

microJites  and  mafic  alteration  products.  Plagioclase 

phenocrysts, 0.5 mm  in  length,  exhibit  normal  compositional 

zoning  and  make  up  about 9 percent of  the rock. The 

composition  of  crystals  varies  from An 5 5  to An 4 0  from  the 

center  to  outer  compositional  zones ( 3  grains,. Rittmann  Zone 

Methad). Hornblende  phenocrysts  make up about 3 percent  of 

the  rock,  average 0.5 m m  in length,  and  are  altered  to  iron 

"xides  along  the  crystal.  edges . and  cleavage planes. 

Approximately 2 percent  of  the  rock  is  made  up of biotite 

phenocrysts 0.25  mm in length.  Small,  rounded  magnetite 

grains  comprise 2 percent of the rock. The  groundmass o f  
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the  andesitic  intrusion  consists  of  plagioclase  microlites, 

and  low-birefringent  phyllosilicates  and  iron  oxides  after 

mafic  minerals 

National  Rhyol itic  Intrusions 

Several  crystal-poor  rhyolitic  bodies  have  intruded  the 

Popotosa  Formation  approximately 1 mile  north  of  Squaw  Peak 

(secs. 20,  21, T.4S., E.4W.). Steep  contacts  with  the 

Popotosa  Formation,  nearly  vertical  foliations,  and 

vitrophyres  located  near  the  contacts  with  sedimentary  rocks 

suggest  that  the  bodies  are  intrusive.  The  elongate  outcrop 

o f  the  Hells  Mesa (sec. 21, T.4S., R4W.) has  been 

interpreted  as a large  block  which  hes  been  forced  up  by 

these  intrusions. 

The  National  rhyolitic  intrusions  are  medium  gray  to 

medium  dark  gray  and  exhibit  closely  spaced,  contorted 

.foliation  planes in hand  specimen. In thin  section,  these 

intrusive  rhyolites  contain  embayed  quartz  and  sanidine 

phenocrysts, 0.25 mm  in  diameter,  that  make up about 2 and 7 

percent  of  the  rock,  respectively.  Biotite  phenocrysts, 0.1 

mm  in  length,  are  present  in  trace  amounts.  The  groundmass 

consists o f  quartz  and  alkeli  feldspar  devitrification 

. .  
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products  and  minor  amounts  of  iron  oxides. In areas  where 

the  intrusion  has  been  autobrecciated,  the  matrix  can be 

differentiated  from  the  breccia  fragments by 

different  devitrification  texture  and  composition. 

slightly 

Deer  Plot  Tank  Dacitic  Intrusions 

The  Deer  Plot  Tank  dacitic  intrusions,  named by  Bowring 

(1980), consists  of  several,  porphyritic  dacitic  bodies  that 

crop  out  near  Hill  Place  Spring  and  Deer  Plot  Tank (secs. 

21 > 

22 ,  26 ,  27, 2 8 ,  T.4S., R . 4 W . ) .  These  rocks  intrude  the 

tuff  of  Lemitar  Mo'untains,  the  lower  sedimentary  unit 

(Bowring's Popotosa  Forsation)  and  the  tuff  of  South  Canyon. 

The  Deer  Plot  Tank  intrusions  erode to steep,  cliffy  slopes 

covered  with  angular  blocks  of  colluvium. 

In hand  specimen,  the  Deer  Plot  Tank  intrusions  are 

dense,  white to  very  light  gray,  and  extensively  altered. 

In thin  section,  the  rock  contains  about 10 percent 

phenocrysts  of  quartz,  plagioclase,  and  biotite  in a 

devitrified  matrix.  Approximately 5 percent of the  rock  is 

made  up oE enbayed  quartz  phenocrysts  that  average 0.5 mm  in 

dianeter.  Plagioclase  phenocrysts ( ? ) ,  0.5 mm in length, 
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make  up  about 5 percent .of the rock  and  are  pervasively 

altered.  Some of the  plagioclase  phenocrysts  have  been 

replaced  by  an  optically  continuous  mineral  which  appears to 

be  alkali  feldspar.  Quartz  crystals  commonly  fill  void 

spaces  formed by alteration of plagioclase ( ? )  phenocrysts. 

The  groundmass of the  lavas  consists of a mosaic of quartz 

and  alkali  feldspar  devitrification  crystals  and s,econdary 

quartz. 

Hardy  Ridge  Andesitic  Intrusion 

A small  latitic  to  andesitic  plug  intrudes  the  unit of Hardy 

Ridge  in  the  northwestern  corner of section 26 (T.4S., 

R.4W.) and  has  the  texture  commonly  called  "birds  eye" 

porphyry  in  the  mining  literature.  The  andesitic  intrusion 

is  largely  covered by colluvium of the  unit of Hardy  Ridge; 

however,  the  andesitic  outcrops  can  be  identified by a 

reddish  soil  containing  andesitic  fragments  averaging 0.5 cn 

in diameter. In hand  specimen,  the  rock  is  medium  light 

gray on fresh  surfaces.  The  rock  contains  large  feldspar 

phenocrysts ( ? )  that  exhibit  reaction  rims  and  nay  have  been 

incorporated  during  emplacenent of the  intrusion.  Lithic 

fragments, of unknown  identity,  averaging 1 cm in  diameter, 
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are  also  present  in  the  intrusion. 

In thin  section,  the  andesitic  lavas  contain 

approximately 3 percent  plagioclase, 5 percent  biotite,  and 

trace  amounts of quartz  phenocrysts  in a matrix  of 

plagioclase  microlites  and  iron oxides. Plagioclase 

phenocrysts, 0.5 mn  in  diameter,  are  commonly  altered to 

calcite  and  have  an  average  composition o f  An 29 (3 grains, 

Rittmann  Zone Method). Biotite  laths, 0.5 mm in  length,  are 

partially  altered to iron  oxides.  Quartz  phenocrysts 

average 2 mm  in  diameter  and  are  typically  embayed.  The 

groundmass of the  rock  consists  of  plagioclase  microlites 

and. low-birefringent  phyllosilicates  and  iron  oxides  after 

mafic  minerals. 

'ilardy Ridge  Rhyolitic  Intrusion 

A phenocryst-poor  rhyolitic  body  intrudes  the  Hells  Mesa 

Tuff,  the  unit of Hardy  Ridge,  and  the  tuff  of  Lemitar 

Mountains on the  west  side of Hardy  Ridge (sec. 36, T . 4 S .  

R.4W.). The  intrusion  erodes  to  steep,  cliffy  slopes  that 

76 

are  covered  with  small,  platy  colluvium. In hand  specimen, 

the  rock  is  very  light  gray on fresh  surfaces  and  weathers 

to  medium  light  gray. In thir. section,  the  rock  contains 
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trace  amounts  of  quartz  phenocrysts, 0.3 mm in diameter. 

The  groundmass  consists  of  a  mosaic of quartz  and  alkali 

feldspar  devitrification  products  with  minor  amounts of 

high-birefringent  phyllosilicates  in  fractures  and  between 

groundmass  crystals.  Close  proximity  and  lithological 

similarities  of  the  Hardy  Ridge  rhyolitic  intrusion to the 

intrusions of  the  unit  of  Sawmill  Canyon  suggests  that  they 

may be correlative. 

Puertecito  Canyon  Dacitic  Dome 

Porphyritic  dacitic bo'dies intrude  the  unit  of  Hardy  Ridge 

in  this  study  area (sec. 3 2 ,  T . 4 S . ,  R.4W.) and  the  tuff of 

Lemitar  Mountains  south  of  this  study  area.  The  Tuertecito 

Canyon  dacitic  dome  forms  steep,  cliffy  slopes  covered  with 

large,  angular  blocks of  colluvium.  Steep  contacts of the 

dome  with  the  unit  of  Hardy  Ridge  and  nearly  vertical 

foliation  planes  near  the  contacts  suggest  that  the  dome  is 

intrusive. 

In hand  specimen,  rocks  of  the  Puertecito  Canyon 

dacitic  dome  are  moderate  to  grayish  red on fresh  surfaces 

and  weather  to  pale  red.  Small,  rectangular-shaped  cavities 

are  common on weathered  surfaces  and  form by the 
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preferential  weathering  of  plagioclase ( ? )  phenocrysts. In 

thin  section,  the  rock  contains  approximately 3 0  percent 

phenocrysts o f  plagioclase ( ? ) ,  sanidine,  and  biotite  in a 

groundmass of devitrified  glass.  Approximately 26 percent 

of the  rock is made  up of plagioclase ( ? )  phenocrysts, 0.7 

mm  in  diameter,  that  have  been  extensively  altered to 

calcite  and  high  birefringent  phyllosilicates  or  replaced by 

an  optically  continuous  mineral  which  appears to  be  alkali 

feldspar (?).  Fresh  sanidine  phenocrysts, 0.7 mm  in 

diameter,  make  up  about 3 percent  of  the  rock.  Biotite 

phenocrysts  have  been  completely  altered to iron  oxides  and 

comprise  approximately 3 percent o f  the  rock.  The 

groundmass ' consists of a mosaic  of  quartz  and  alkali 

feldspar  devitrification  products  and  minor  amounts  of  iron 

vxides. 

Unit o f  Sawmill  Canyon 

The.unit  of  Sawmill  Canyon  consists  of a large  complex  of 

rhyolitic  domes  and  pyroclastic  crater  deposits  that  intrude 

units  as  young  as  the  tuff  of  Lemitar  Mountains.  The  dona1 

complex  forns a large,  continuous  outcrop  along  the  crest  of 

Hardy  Ridge  from  about 1 mile  north (sec. 19; T.4S., R.3W.) 
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to approximately 0.5 miles  south of this  study  area (sec. 

6 ,  T.5S., R.3W.) and  eastward  to  the  bottom  of  Sawmill 

Canyon.  Rhyolitic,  crystal-poor  pyroclastic  deposits 

overlie the andesitic  lavas of  the  unit  of  Hardy  Ridge  and 

the  Hells  Mesa  Tuff  in  this  study  area  and  cut  across  the 

rhyolitic  lavas  of  the  unit  of  Hardy  Ridge  in  Bowring’s 

study  area (1980). The  pyroclastic  deposits  probably  formed 

by phreatic  eruptions  prior to, o r  during,  the  emplacement 

of the  rhyolitic  intrusions of the  unit o f  Sawmill Canyon. 

In hand  specimen, the pyroclastic  deposits  are  very 

light  gray  to  medium  light  gray.  The  rock  consists of 

fragments of crystal-poor  rhyolite,  minor  amounts of dark, 

aphanitic  lithic  fragments, and  lithic  fragments  of  the  tuff 

of Lemitar  Mountains  surrounded by a  tuffaceous  matrix.  In 

thin  section,  the  rock  primarily  consists of rhyolitic 

fragments  that  can  be  distinguished  from  the  groundmass by 

variations  in  the  amount of devitrification  and  differences 

in  the  size of the  quartz  and  alkali  feldspar 

devitrification  crystals.  Minor  amounts of mafic  lithic 

fragments  and  fragments of the  tuff of Lemitar  Hountains  are 

also  present.  Quartz  and  sanidine  phenocrysts, 0.25  mm  in 

diameter,  are  present  in  trace  amounts.  Intruding  or 

overlying  the  pyroclastic  deposits  are  phenocryst-frae, 

dense  rhyolitic  lavas.  The  contact of the  intrusive 
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rhyolite  with  the  pyroclastic  deposits  is  marked  by a 

topographic  bench  at  an  elevation  of 8,680 feet.  The 

rhyolite  weathers to moderately  .steep  slopes  covered  with a 

platy,  pebbly  colluvium. 

In hand  specimen,  the  rock  is  very  light  gray on fresh 

surfaces;  it  is  dense  and  phenocryst-free  in  hand  specimen 

and  thin  section.  The  rock  consists of quartz  and  alkali 

feldspar  devitrification  crystals,  trace  amounts  of 

high-birefringent  phyllosilicates,  and  approximately 3 

percent  magnetite.grains 0.02 m m  in diameter. 
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rhyolite  with  the  pyroclastic  deposits  is  marked  by a 

topographic  bench  at  an  elevation  of 8,680 feet.  The 

rhyolite  weathers to moderately  .steep  slopes  covered  with a 

platy,  pebbly  colluvium. 

In hand  specimen,  the  rock  is  very  light  gray on fresh 

surfaces;  it  is  dense  and  phenocryst-free  in  hand  specimen 

and  thin  section.  The  rock  consists of quartz  and  alkali 

feldspar  devitrification  crystals,  trace  amounts  of 

high-birefringent  phyllosilicates,  and  approximately 3 

percent  magnetite.grains 0.02 m m  in diameter. 

Summary. In order  to  gain a better  understanding  of  the 

genetic  history o f  the  domes  and  intrusions of this  study 

area,  ages  for  these  igneous  rock  types  must  be  obtained. 

Petrographically  and  geomorphically,  many of the  domes  and 

intrusions  appear  significantly  younger  than 

cauldron-related  intrusions.  It  is  hypothesized  that  some 

of the  domes  and  intrusions  are  related  to  magmatism  along 

the  Socorro  transverse'  shear  zone  and  that  the  magmas 

intruded  through  much  older,  cauldron-related  structural 

flaws;  however,  without  better  age  control, it is  not 

possible  to  exclude  the  possibility  of  ring  fracture 

volcanism  of  the  type  described by Smith  and  Bailey (1968). 
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Rhyolitic  Dikes 

Rhyolitic  dikes  are  common  throughout  much of  the 

Socorro-Magdalena  area  and  this  study  area.  Two  elliptical 

areas  of  rhyolitic  dikes  are  surrounded  by  piedmont  gravels 

north  of  the o f  Deer  Plot  Tank  dacitic  intrusives (sec. 22, 

T.4S.,  R.4W.I. In hand  specimen,  the  dikes  are 

phenocryst-free  and  very  light  gray  to  light gray. An 

outcrop of a  lithic-rich  variety of rhyolite  dike  is  present 

in  the  same  locality  (Bowring, 1980) suggesting  that  a 

larger  body  may  be present. These  dikes  are  intruded.  along 

the  hypothesized  Nagdalena  cauldron margin. 

Several,  small  rhyolitic  dikes  intrude  along, or in 

close  proximity  to,  a  najor  north-trending  fault on the  west 

side o f  Hardy  Ridge (sec.36, T.4S, R.4W.). In hand 

specinen,  the  rhyolitic  dikes  are  phenocryst-free and  very 

light  gray  to  light  gray.  These  dikes  are  quite  similar to 

the  rhyolitic  lavas o f  the  unit  of  Sawmill  Canyon  and  may  be 

correlative. 



Tertiary-Quaternary  Deposits 

Piedmont  Gravels 

In the  eastern  and  central  portions of this  study  area, 

west-  to  southwest-sloping  piedmont  gravels,  formed  by 

coalesci.ng  alluvial  fans  derived  from  the  western  slope  of 

the  Mdgdalena  Mountains,  unconformably  overlie  Tertiary 

units,  Similar  east- to southeast-sloping  piedmont  gravels, 

derived  from the  eastern  slope  of  the  San  Mateo.Mountains, 

are  present  west  of  Mulligan  Gulch.  Two  levels  of  piedmont 

gravels  were  mapped  separately  and  are  marked  by  prominent 

benches  in  many  areas. 

The  piedmont  gravels  are  partially  dissected  and 

thicknesses of 100 feet (30 m) have  been  observed;  however, 

the  gravels  commonly  constitute  a  thin  layer  unconformably 

overlying  Tertiary units. The  piedmont  gravels  consists  of 

boulder-to  sand-sized  clasts of ash-flow  tuffs and both 

rhyolitic  and  andesitic  lavas;  local  variations in the 

components  of  the  gravels  reflect  differences in the  source 

areas. 



Quaternary  Deposits 

Alluvium 
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Stream  terraces  along  modern  streams  have  been  mapped 

a s  alluviun.  The  largest  areas of alluvium  in  this  study 

area  occur  along  Mulligan  Gulch  and  the  stream  east of the 

B. 0. Ranch. 

Stream  Gravels 

Sediments  deposited  in  modern  stream  beds  were  mapped 

as  stream  gravels. 

Talus/Colluvium 

Active  talus s 1 o p . e ~ .  and  stabilized  colluviun is 

widespread in this  study  area. In general,  talus/colluvium 

was  mapped  where  important  geologic  contacts  or  faults  were 

obscured. 



L a n d s l i d e   d e p o s i t s  
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. 
L a r g e ,   l a n d s l i d e   b l o c k s   h a v e '   d e v e l o p e d   i n   a r e a s   w h e r e  

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

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

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

m o v e d   d o w n s l o p e   a l o n g   l o w - a n g l e   s l i d e   p l a n e s   a n d   a r e  

c h a r a c t e r i z e d  b y  e i t h e r   r u b b l y   s l o p e s   w i t h   v a r i a b l e   s t r i k e s  

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

t h e   r h y o l i t e  o f  M a g d a l e n a   P e a k .  
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STRUCTURE 

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

i n   c e n t r a l  N e w  M e x i c o   a n d  a r e  a p p l i c a b l e   t o   t h e  

S o c o r r o - M a g d a l e n a  a rea  i n c l u d i n g :  1) l a t e  C r e t a c e o u s   t o  

m i d d l e   E o c e n e   ( L a r a m i d e )   u p l i f t s   w h i c h  were e r o d e d   a n d   t h e  

d e t r i t u s   d e p o s i t e d   i n   a d j a c e n t   d o w n w a r p s   ( 7 5   t o   5 0  m.y. 

a g o )   ( C h a p i n   a n d   S e a g e r ,   1 9 7 5 ) ;  2 )  v o l u m i n o u s   v o l c a n i c  

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

( 3 7   t o  2 6  m a y .   a g o )   ( C h a p i n   a n d   o t h e r s ,   1 9 7 8 ) ;  3 )  r e g i o n a l  

e x t e n s i o n   a n d   development^ of  t h e   R i o   G r a n d e   r i f t  ( 3 2  m.y. 

a g o   t o   p r e s e n t )   ( C h a p i n   a n d   o t h e r s ,   1 9 7 8 ) ;   a n d  4 )  r e g i o n a l  

u p l i f t   a n d  block f a u l t i n g   o f  t h e  M a g d a l e n a   a n d   S a n   M a t e o  

M o u n t a i n s   ( a b o u t  7 m.y. t o  4 m.y. a g o )   ( C h a p i n   a n d   o t h e r s ,  

1 9 7 8 ) .  

L a r a m i d e   U p l i f t   a n d   E r o s i o n  

Most  o f  t h e  a r e a  west o f   t h e   R i o   G r a n d e ,   s o u t h   o f   S a n  

Acacia,  a n d   w e s t w a r d   t o  t h e  S a n   M a t e o   M o u n t a i n s  has  b e e n  

i n t e r p r e t e d  as  a b r o a d ,   L a r a m i d e   u p l i f t   ( C h a p i n ,   1 9 7 4 ,  

C h a p i n   a n d   o t h e r s ,   1 9 7 8 )   w h i c h   s h e d . d e t r i t u s   i n t o   a d j a c e n t  

s y n c l i n a l   d o w c w a r p s   ( C h a p i n   a n d   S e a g e r ,   1 9 7 5 ) .  The.  Baca  
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F o r m a t i o n   i n   t h e   S o c o r r o - X a g d a l e n a   a r e a   r e c e i v e d   p a r t   o f  i t s  

d e t r i t u s   f r o m   t h i s   L a r a m i d a   u p l i f t   ( C a t h e r ;   i n   p r o g r e s s ) .  

In t h e   s o u t h e r n   R o c k y   M o u n t a i n s ,   r e l a x a t i o n  o f  c o m p r e s s i o n a l  

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

M i d d l e   E o c e n e   t i m e  ( 4 5 - 5 0  m . y . )   a n d   e r o s i o n   r a p i d l y   p l a n n e d  

t h e   t o p o g r a p h y   ( C h a p i n   a n d   S e a g e r ,  1 9 7 5 ) .  T h e r e   a r e  no 

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

t h e   a n c e s t r a l   M a g d a l e n a   M o u n t a i n s   d u r i n g   L a r a m i d e  time; 

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

time i n   t h i s   a r e a   a s  i t  d i d   i n   t h e   s o u t h e r n   R o c k y   M o u n t a i n s .  

C a u l d r o n - R e l a t e d   S t r u c t u r e s  

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

a b o u t  3 7  m.y. a g o   a n d   g r e a t l y   i n f l u e n c e d   t h e   r e g i o n a l  

s t r ~ c t u r e .   S e v e r a l   c a u l d r o n s   h a v e   b e e r .   d 0 c u m e n t e . d   i n   t h e  

S o c o r r o - M a g d a l e n a   a r e a   i n c l u d i n g :  a l o w e r   S p e a r s - a g e d  

c a u l d r o n   a p p r o x i m a t e l y  27 miles n o r t h w e . s t   o f   M a g d a l e n a  

( H a r r i s o n ,   i n   p r o g r e s s ) ;   t h e   N o r t h   B a l d y ,   M a g d a l e n a ,   a n d  

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

( C h a p i n   a n d   o t h e r s ,  1 9 7 8 ) ;  a n d   t h e   M o u n t   W i t h i n g t o n   a n d  

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

p r e s e n t   i n   t h e   n o r t h e r n  S a n  M a t e o   M o u n t a i n s .  
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The  eruption  of the Hells  Mesa  Tuff and collapse  of  the 

North  Baldy  cauldron  occurred  about 3 2  m.y. ago. The 

topographic  margin  of  the  North  Baldy  cauldron  is  well 

exposed o n  Socorro  Peak  (called  Socorro  cauldron by 

Chamberlin, 1 9 8 0 ) ,  o n  North  Baldy  in  the  central  Xagdalena 

Mountains  (Blakestad, 1 9 7 8  and  Allen, 1 9 8 0 ) ,  and  in  the 

southern  Chupadera  Mountains  (Osburn,  oral communication). 

The  Magdalena  cauldron  and  the  Sawmill  Canyon  cauldron 

are  the  source  cauldrons  for  the A-L Peak  Tuff ( 3 2  m.y.). 

The  Magdalena  cauldron  appears to  be the  source  cauldron  for 

the  gray-massive  and  flow-banded  members  of  the A-L Peak 

Tuff,  (Chapin,  oral  communication);  howevsr,  more  evidence 

is  needed to make  a  definite  correlation.  The  eastern 

margin  of  the  Magdalena  cauldron  is  well  exposed on the 

western  flank of the  northern  and  central  Magdalena ~ 

Mountains  (Allen, 1 9 7 9 ,  Bowring, 19'80) ;  Hells  Mesa  and 

Spears  outcrops on the  west  side  of  Cat  ?fountain  nark  a 

western  limit  to  the  cauldron.  The  Sawmill  Canyon  cauldron 

appears  to  be  the  source  cauldron  for  the  pinnacles  member 

~f the A-L Pe,ak Tuff. Segments  of  the  Sawmill  Canyon 

cauldron  are  well  exposed in Osburn's ( 1 9 7 8 ) ,  Petty's 

( 1 9 7 8 ) ,  Bowring's ( 1 9 8 0 ) ,  and Roth's (in  progress)  study 

areas  and in the  Torreon  Springs  area  (Osburn,  oral 

commurrication). 
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In this  study  area,  original  cauldron-related 

structures  are  not  exposed;  however,the  structural  margins 

of  three  cauldrons  can  be  inferred  to  be  present. 

Cauldron-facies  Hells  Mesa  Tuff  and  the  unit o f  Hardy  Ridge 

(cauldron-fill of the  North  Baldy  cauldron)  have  been 

documented ill Bowring‘s ( 1 9 8 0 )  study  area, to the  north,  and 

the  eastern  part  of  this  study area. These  outcrops  mark 

the  western-most  exposures  of  the  cauldron-facies  Hells 14esa 

Tuff  indicating  that  the  North  Baldy  cauldron  margin  is  west 

of these  outcrops. 

Projecting  the  trend  of  the  Xagdalena  cauldron  margin 

from  Allen’s ( 1 9 7 9 )  and  Bowring’s ( 1 9 8 0 )  map  areas,  the 

southern  part o f  this  cauldron  should  be  present  in  this 

study area. The  strong  transverse  element  in  the 

rift-related  faulting  present  in  this  study  area  is  believed 

to  mark  the  approximate  location  of  the  southern  Nagdalena 

cauldron margin. These  transverse  faults  are  believed  to 

occur  as a result  of  reactivation  of  older  cauldron-related 

structural  flaws  which  should  be  nearly  perpendicular  to.the 

rift-related  faults  in  this  area.  The  presence of Hells 

Mesa  and  unit  of  Hardy  Ridge  outcrops on Hardy  Ridge  place a 

southern  limit  to  the  Magdalena  cauldron. 
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In t h e   w e s t e r n   p a r t   o f   t h i s   s t u d y  a r e a ,  t h e r e  i s  s t r o n g  

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

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

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

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

The Hop C a n y o n   s t r u c t u r e   ( C h a p i n   a n d   o t h e r s ,   1 9 7 8 )  

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

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

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

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

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

e x p o s e   o l d   e n o u g h   s t r a t i g r a p h i c   i n t e r v a l s .   P l a t e  2 

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

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

a r e a   a n d   F i g u r e  2 0  s u m m a r i z e s   t h e   c u r r e n t   t h o u g h t  on t h e  

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

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

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

M o u n t a i n s  l i e  o n   o r   n e a r  t h e  S o c o r r o   t r a n s v e r s e  shear  z o n e  

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

p a s t  3 2  m.y. ( C h a p i n   a n d   o t h e r s ,   1 9 7 8 ) .  
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F igure  20.  Overlapping  and  nested  caxldrons  and t h e  Socor ro   t r ansve r se  
shear   zone.  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  and a s s o c i a t e d  ash- 
flow  Cuffs  are:  1) b r t h  Baldy  cauldron-Hells Nesa Tuff ;  2 )  1,kgdalena 
cauldron-A-L  Peak Tuff,  gray  massive  and  flow-banded members; 2a) less- 
subsided Corti1  end of  Nagdalena  cauldron; 3)  Sawmill Canyon  cauldron-A-L 

Lemitar  Xountains (?). Nodified from  Chapin  and  others (1978). 
Peak  Tuff,pinnacles member (? ) ;  4 )  M t .  Withington  cauldron  (?)-tuff of 



R e g - i o n a l  Ex tens ion  a n d  t h e  D e v e l o p m e n t  

R i f t  

P a g e   9 1  

o f  t h e  X i 0  G r a n d e  

T h e   R i o   G r a n d e   r i f t   c l e a v e s  N e w  M e x i c o   i n   t w o   a n d   e x t a n d s  

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

3 2  m . y .   a g o   w i t h   e x t e n s i o n   a l o n g   m a j o r   n o r t h   t r e n d i n g   z o n e s  

o f   w e a k n e s s   ( C h a p i n ,   1 9 7 6 )   a n d   h a s   c o n t i n u e d   t o  t h e  p r e s e n t .  

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

s e r i e s  o f   p a r a l l e l   b a s i n s   a n d   i n t r a r i f t   h o r s t s ;  t h e  L a  

J e n c i a   b a s i n ,   M a g d a l e n a   M o u n t a i n s ,   a n d   M u l l i g a n   G u l c h   g r a b e n  

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

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

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

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

M o r t o n   a n d   B l a c k   ( 1 9 7 5 )  i n  t h e   A f a r   d e p r e s s i o n  of E a s t  

A f r i c a   a n d   b y   P r o f e t t   ( 1 9 7 7 )   i n   t h e   Y e r i n g t o n   d i s t r i c t   i n  

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

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

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

( C h a m b e r l i n ,   1 9 8 0 ) .  

T h e   M o r e n c i   l i n e a m e n t ,  a m a j o r   c r u s t a l   l i n e a n e n t   o f  

p r o b a b l e   P r e c a m b r i a n   a g e , '   c u t s   a c r o s s  t h e  c e n t r a l   p o r t i o n   o f  

t h e  S o c o r r o - M a g d a l e n a   a r e a   ( C h a p i n   a n d   o t h e r s ,   1 9 7 8 )   ( F i g ,  

20) .  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   o c c u r s   a l o n g  t h e  
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M o r e n c i   l i n e a m e n t   a n d  i s  marked  by a m i l e   w i d e   ( 1 . 5  km) z o n e  

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

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

t r a n s v e r s e   s h e a r   z o n e ,   t h e   f a u l t   b l o c k s .   a r e   r o t a t e d   t o   t h e  

w e s t   a n d   f a u l t i n g  i s  down t o   t h e   e a s t ;   s o u t h   o f   t h e   z o n e ,  

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

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

A f a r   d e p r e s s i o n   o f   E a s t   A f r i c a   ( B a r b e r i   a n d   V a r e t ,   1 9 7 7 )   a n d  

i n  t h e   B a s i n   a n d   R a n g e   P r o v i n c e   ( S t e w a r t ,   1 9 7 9 ) .  

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

M a g d a l e n a   N o u n t a i n s   h a v e   h a d  a s i g n i f i c a n c   i n f l u e n c e   o n   t h e  

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

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

B a i l e y   ( 1 9 6 8 )   h a v e   b e e n   d o c u m e n t e d  i n  s e v e r a l   p l a c e s   a n d   a r e  

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

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

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

s t r u c t u r e s   a r e   n o t   e x p o s e d .  

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

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

p a r a l l e l ;   h o w e v e r ,   w h e n   t h e   s t r u c t u r a l   t r e n d s   a r e  

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

d i s r u p t e d   a n d   h a s  a s t r o n g   t r a n s v e r s e   e l e m e n t .  I n  t h i s  
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study  area,  the  rift-related  faulting  typically  trends 

between  north  20  degrees  west  and  due  north;  some  small 

east-west  jogs  are  present.  The  fault  blocks  have  been 

rotated  25 to 4 5  degrees  to  the  east  and  displacement  is 

down  to the  west.  The  faults  dip  between 30 to 50 degrees 

to  the  west,  suggesting  that  they  were  high-angle,  normal 

faults  before  rotation.  Older  stratigraphic  units  have  been 

rotated  more  than  overlying units. In the  eastern  part  of 

the  area,  the  Hells  Hesa  Tuff  has  been  rotated  approximately 

10 degrees  more  than  the 28.6  m.y.-old tuff  of  Lenitar 

Mountains. In the  western  part of this  study  area,  the  tuff 

of  Lemitar  Mountains  has  been  rotated  about 10 degrees  more 

than  the  tuff  of  South  Canyon,  suggesting  some  faulting  and 

rotation  prior  to  the  emplacement  of  the 25.0 m.y.-old tuff 

of South  Canyon.  This  rotation  can  explain  the  variable 

thickness of the  lower  sedimentary  unit  and  Popotosa 

Formation  which  appear  to  have  been  deposited in the  strike 

valleys  formed  during  faulting  and  rotation. 

The 1 3 . 6  m.y.-old, flat-lying  rhyolite  of  Magdalena 

Peak  has n o t  been  appreciably  affected by  rift-related 

faulting  and  rotation. In this  area,  faulting  and  rotation 

appears to have  started  during  the  time  span of 31.7 m.y. 

to 28.6  m.y. ago,  based on the  angular  unconformity  that 

exists  between  the  Hells  Mesa  Tuff  and  the  tuff  of  Lemitar 
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Mountains,  and  ended  prior to  the  emplacement  of  the 

rhyolite of Magdalena  Peak  (approximately 13.6 m.y.  ago). 

In the  northern  part of the  area,  block  faulting 

becomes  complex  and  diverges  from  the  simple  trends  observed 

to the  south.  This  is  thought  to  be  caused  by  the  tendency 

of the  rift-related  faults  to  reactivate  or  jog  along 

structures  related  to  the  Magdalena  cauldron. 

I n  this  study  area,  the  normal,  down-to-the-west  faults 

appear  to  have a crude  periodicity.  Usually,  several  small 

faults  (displacement 500 to -800 feet, 1 5 0  to 2 4 0  m) occur 

between  major  faults  (displacement 3000 feet t o  4 0 0 0  feet, 

9 0 0  tn 1 2 0 0  n). The  large  faults  occur  approximately 5 

miles (8.0 km) apart  and  the  small  faults  are  approximately 

0.75 miles (1.2 km)  apart.  This  fault  pattern  results  in 

the  exposure o f  different  parts  of  the  stratigraphic  section 

in  different  parts  of  this  study area. 



Regional  Uplift  and  Block  Faulting 

The  Popotosa  basin  was  disrupted  after 7 m.y. and  before 4 

m.y. by  extensional  forces  which  broke  the  basin  into a 

series  of  parallel  uplifts  and  grabens  (Chapin  and  others, 

1 9 7 8 ) .  The  San  Nateo  and  Xagdalena  Mountains  are  examples 

of fault-block  uplifts  which  are  separated by a graben.  The 

cause of the  uplift  is  not  known;  however, it coincides  in 

time with a major  uplift  event  which  occurred  throughout  the 

Rio  Grande  rift  (Chapin  and  others, 1 9 7 8 ) .  

In the  eastern  part  of  this  study  area (sec. 34,  T.4S, 

R.4W.), a large  normal  fault  with  approximately 3000  feet 

( 9 0 0  m) of  stratigraphic  displacement  is  believed  to  be 

continuous  with  the  major  range-bounding  faults  of  Allen 

( 1 9 7 9 )  and  Bowring ( 1 9 8 0 ) .  This  fault  bifurcates at’ the 

approximate  location  of  the  underlying  Nagdalena  cauldron 

margin  which  may  have  been  reactivated  at  this time. In the 

northern  Magdalena  Mountains,  Allen ( 1 9 7 9 )  has  deternined 

displacement  in  excess  of 2 9 0 0  feet ( 8 8 0  m) for  the 

range-bounding  fault  which  agrees  favorably  with 

displacement of 3000 feet ( 9 0 0  m) in  this  study area. 
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ALTERATION AND MINERALIZATION 

Alteration 

Propylitic  alteration  (Neyer  and  Hemley, 1967) and 

potassium  metasomatism  which  occur  in  the  SDcorro-Magdalena 

area  are  also  present  in  this  study  area.  Propylitic 

alteration  is  poorly  developed  and  is  characterized by 

intense  bleaching of  the  rock  and alteration of sanidine  and 

plagioclase t o  high-birefringent  phyllosilicates.  The 

propylitic  alteration  is  commor~ly  present  in  cauldron-facies 

tuffs;  however, it also  occurs  in  sone  outflow-facies  tuffs 

and  other  rock  types.  The  propylitic  alteration  decreases 

in intensity  away  from  plutons  and  ring  fractures. 

Potassiun  netasonatism  is the  second  type  of  alteration  in 

which  volcanic  rocks  are  enriched  in  potassium  and  depleted 

in  sodium. 

In thin section,  the  propylitically  altered  rocks  can 

be  identified ,by the  presence of high-birefringent 

phyllosilicates  after  sanidine  and  plagioclase. In the 

propylitically  altered  rocks,  original  phenocryst  structures 

(cLeavage,  twinning,  uniform  extinction)  are  not  destroyed. 

In contrast, the  rocks  affected  by  the  potassium 

. .  
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metasomatism  (alkali-exchange)  are  characterized  by 

plagioclase  phenocrysts  which  are  replaced  by 

potassium-feldspar  and  clays.  Although  plagioclase 

phenocryst  structures  have  been  destroyed,  sanidine  and 

biotite  phenocrysts  are  usually  unaltered. 

In this  study  area,  all  exposures  of  the  Hells  Mesa 

Tuff  are  cauldron  facies.  The  unit  has a weak,  pervasive 

hydrothermal  alteration.  Clay  minerals  occur  along  cleavage 

planes  in  plagioclase  and  sanidine  phenocrysts;  original 

phenocryst  structures  are  well  preserved. 

In the  tuff of Lemitar  Mountains,  montmorillonite  and 

potassiun-feldspar  replaces  plagioclase  and  sanidine  and 

biotite  phenocrysts  appear  Unaltered.  This is 

, petrographically  similar  to  the  alteration  found  throughout 

the  potassium  enriched  zone  in  the  Socorro-Magdalena area. 

The  tuff of South  Canyon  contains  approximately 1 

percent  plagioclase  phenocrysts in areas  where  tSe  tuff  is 

unaltered. In this  study  area,  the  tuff of South  Canyon  has 

no . plagioclase  phenocrysts;  however,  there  are a few 

percent  void  spaces,  that  probably  represent  clay 

pseudomorphs of plagioclase  tbat  were  plucked  during  thin 

section  preparation. 

. .  
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The  basaltic-andesite  lavas  overlying  the  tuff of 

Lemitar  Mountains and the  andesitic  lavas  overlying  the  tuff 

of  South  Canyon  have  relatively  fresh  plagioclase 

phenocrysts  indicating  that  the  alteration  fluids  did  not 

affect them. The  crystal-poor  rhyolitic  lavas,  the 

rhyolites of Hagdalena  Peak (13.6 m.y.), and  some of the 

intrusions a n d  domes  within  this  study  area  have  not  been 

affected by alteration  fluids;  this  suggests  that 

alteration  preceded  emplacement of these  rock  types.  The 

Deer  Plot  Tank  dacitic  intrusions  and  the  Puertecito  Canyon 

dacitic  dome  are  pervasively  altered  indicating  that  these 

domes  may be older  than  the  other  domes  in  this  study  area 

and  that  enplacement  may  have  preceded  the  alteration  event. 

The  plagioclase  phenocrysts of the  Deer  Plot  Tank 

dacitic  intrusions  were  extensively  altered  to 

potassium-feldspar;  biotite  is  fresh,  and  polycrystalline 

quartz  replaces  sone  subhedral  areas  believed  to  have  been 

plagioclase  phenocrysts.  The  plagioclase  phenocrysts in the 

Puertecito  Canyon  dacitic  dome  are  pervasively  altercd  to 

potassium-feldspar,  calcite, and. high-birefringent 

phyllosilicates.  The  alteration  assemblages  for  these  domes 

are  indicative ' o f  potassium  metasomatism  that  may  have 

occurred  during  regional  alteration  or  shortly  after 

emplacement by local  hydrothermal  fluids. 
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Piedmont  gravels  near  Alameda  Spring  are  bleached  white 

(Fig. 2.1) suggesting  that  the  spring  waters  were  chemically 

different at some time. A chemical  analysis of the  spring 

water  is  presented  in  Appendix C. 

The  complex  volcanic  history of the  Socorro-Magdalena 

area  suggests  that  one  or  more  geothermal  systems  could  have 

existed.  The  alteration of  the  major  ash-flow  tuffs and  the 

absence of alteration  in  younger  rhyolitic  lavas  suggest 

that  at  least  one  geothermal  system  existed  prior  to  the 

emplacement of the  rhyolitic  lavas.  The  small  scale 

alteration of the  piedmont  gravels  and  the  silicification of 

the  Popotosa  Formation  near  Alameda  Spring  sugsests  that 

some  recent  hydrothermal  activity  has  occurred  in  the  area. 

Mineralization 

Manganese  mineralization  occurs  throughout  this  study  area 

as  thin  coatings o n  joints  and  as  open-space  filling of 

breccia  zones.  The  Black  Goose,  a  group of l$ contiguous 

unpazented  clains  located  in  the  foothills of the  western 

flank  of  Hardy  Ridge  (secs. 27, 3 4  and 35, T.4S., R.4W.), 

was operated  for  a  short  period in the  middle 1950’s. The 

total  production  from  the  property  is  believed to have  been 
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o n l y  3 6  l o n g   t o n s   o f   o r e   a v e r a g i n g   1 8 . 2   p e r c e n t   m a n g a n e s e  

( F a r n h a m ,   1 9 6 1 ) .  

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

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

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

o c c u r s  i n  a b r e c c i a   z o n e ,   a p p r o x i m a t e l y   1 4 0   f e e t   ( 4 2  m) wide  

a n d   8 0 0   f e e t   ( 2 4 0  m) l o n g ,   w h i c h  i s  b o u n d e d   o n   t h e   n o r t h   a n d  

s o u t h   b y  a q u a r t z   a n d   c a l c i t e   v e i n   a p p r o x i m a t e l y  30 f e e t   ( 9  

m) i n   t h i c k n e s s .   T h e   q u a r t z   a n d   c a l c i t e   v e i n  i s  t r a c e a b l e  

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

B l a c k   G o o s e   m i n e .  

S e v e r a l  small  p r o s p e c c s   a r e   l o c a t e d   o n  a s m a l l ,  

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

e a s t   o f   B l a c k   G o o s e   m i n e   ( s e c s .  2 6 ,  3 5 ,  T . 4 S . ,  R.5W.). A 

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

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

r h y o l i t i c   l a v a s   o f   t h e   u n i t   o f   H a r d y   R i d g e   ( s e c .  3 5 ,  T.4S.,  

R.4W.); a s m a l l   p r o s p e c t  is l o c a t e d   o n   t h i s   v e i n .  A 

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

a p p r o x i m a t e 1 . y  2000  f e e t  ( 6 1 0  n) n o r t h w e s t  q f  t h e   B l a c k   G o o s e  

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

0 .01  a n d  0.08 o u n c e s   p e r   t o n   s i l v e r ,   r e s p e c t i v e l y ,   a n d   n o  

g o l d .  

1 0 1  
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Figure  21. Photogzaph  showing the  bleached  piedmont   gravels  
i n  the v i c i n i t y  of Alameda Spring.  
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In the  western  part  of  this  study  area,  quartz  and 

calcite  veins  occur  along  the  contact of the  tuff  of  Lemitar 

Mountains  and  the  overlying  basaltic-andesite  lavas 

southwest  of B. 0. Ranch  rhyolitic  done (sec. 7 ,  T.~s., 

R.4W.). A similar  vein  is  well  exposed  in  a  gully  east of  

' Mulligan  Gulch  (sec. 2 6 ,  T.4S., R . 5 N . )  and  occurs.along  a 

northwest-trending  fault. 

In this  study  area,  the  quartz and calcite  veins do  not 

exhibit  sulfide  mineralization  and  the  two  fire  assays  for 

silver  and.  gold  showed  only  trace  amounts  of silver. 

Manganese  mineralization  is  probably not economic  at  the 

Black  Goose  mine  since  cuttings  fron  several  hundred, 

shallow  drill  holes  in  the  area  average  only 4 percent 

manganese  (Farnham, 1961). 

The  Hardy  Ridge  andesitic  intrusion, a small  "birds 

eye" porphyry,  is  located  near  the  Magdalena  cauldron 

margin.  The  porphyry  intrudes  rhyolitic  lavas  of  the  uEit 

of  Hardy  Ridge  but  these  rocks  are  not  extensively  altered 

at  the  contact.  However,  because  of  the  lithologic 

. characteristics  of  this  intrusion  and  its  close  proximity  to 

the  Magdalena  cauldron  margin,  the  area  may  be  worth  a 

closer  examination. 
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CONCLUSIONS 

The  following  conclusions  can be made  from  this  study 

in  the  southwestern  Magdalena  Mountains.  These  conclusions 

are  divided  into  stratigraphic,  structural, and alteration 

and  mineralization  sections. 

Stratigraphy 

The  rocks  in  this  study  area  consist o f  ash-flow  tuffs 

with  interbedded  sedimentary  rocks,  basaltic-andesite, 

andesitic, and  rhyolitic  lava  flows.  Several  domes  and 

intrusions of varying  composition  are  also  present.  In 

general,  the  stratigraphic  units  exposed  in  this  study  area 

are  correlative  with the Tertiary  stratigraphy  developed by 

Chapin 'and others ( 1 9 7 8 )  for  the  Socorro-Magdalena  area. 

The  variation  for  these  rock  types  from  the  regional 

framework  are  listed  below: 

1) A quartz-poor,  crystal-rich  ash-flow  tuff  is  present 

in  areas of deepest  exposures o f  the  Hells  Mesa  Tuff  and  has 

been  interpreted  as  either  the  quartz-poor  zone o f  the Hells 

Mesa  Tuff  observed  in  other  localities  or  megabreccia  blocks 

exposed  in  the  bottom o f  the  North  Baldy  cauldron. 



Page 1 0 4  

2) The A-L Peak  Tuff  is  absent  in  the  eastern  part of 

the  area  which  was  probably  a  topographically  high  area on 

the margin of  the  Sawmill  Canyon  cauldron  during  the tuff's 

eruption. 

3 )  An angular  unconfornity  exists  between  the  Hells 

Mesa  Tuff  and  the  tuff of Lemitar  Mountains.  This  is 

believed  to  mark  the  beginning  of  rift-related  faulting  in 

this  study  area. 

4 )  In the  western  part of the  area,  the tuff  of  Lemitar 

Mountains  is  approximately 2000 feet (610 m) thick  and  has  a 

1500-foot ( 4 6 0  m)-thick zone  (intermediate  zone)  that  has 

not  been  documented  elsewhere  in  the  Socorro-Magdalena  area. 

The  intermediate  zone  overlies  the  lower  member and  is 

overlain by the  quartz-poor z o n e  of the  upper Lemitar. It 

contains  lense-shaped  zones  of  mesobreccias  and  megabreccias 

and has  been  interpreted  as  either  cauldron  fill  near  the 

eastern  margin of  the  Mount  Wirhington  cauldron  or 

post-collapse  fill  of  the  older  Magdalena  cauldron. 

5) The  lower  member  and the intermediate  zone of  the 

upper  member o f  the  tuff of Lemitar  Mountains  exhibit 

primary  flow  structures  which  includes  lineated  punice, 

stretched  gas  cavities,  and  possibly'primary  folds.  Primary 

flow  structures  are  present  in  the  tuff of  Lemitar  Mountains 

i n  the  Mulligan  Gulch  area  and  in  the  northern San Mateo 
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Mountains  where  nearly 2000 feet (610 m) of  the  lower  member 

is  exposed (A-L Peak  Tuff of Deal, 1973; Osburn,  oral 

communication). 

6 )  Basaltic-andesite  lavas  overlying  the  tuff  of 

Lemitar  Mountains  in  the  western  part of the  area  were 

eroded  prior  to  the  deposition  of  the  lower  sedimentary 

unit,  suggesting  that  the  area  was  not a closed  basin  before 

deposition of the  sedimentary  rocks. 

7) Pyroclastic-surge  deposits  occur  at  the  base  and 

overlie  the  tuff of South  Canyon  forming  gradational 

contacts betwe'en the  underlying  and  overlying  sedimentary 

rocks. 

8 )  Andesitic  lavas  interbedded  with  the  Popotosa 

Formation  are  similar  to  andesite  flows  in Allen's (1979) 

area. The  andesitic  lavas  appear  to  have  high-pressure 

quartz  phenocrysts;  however,  the  hypothesis  that  the  quartz 

are  xenocrysts  cannot  be  disproved. 

9) Quartz-poor  rhyolitic  lavas  interbedded'  with  the 

Popotosa  Formation  crop  out  in  the  northern  part  of  the  area 

and  reconnaissance  indicates  extensive  exposures  to  the 

north.  The  lavas  contain  trace  amounts  of  biotite  and 

plagioclase  phenocrysts. 
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10) The  rhyolite of Xagdalena  Peak  forms  continuous 

outcrops  from  the  central  part  of  the  area  to  the  inferred 

vent  at  Magdalena  Peak.  The  deposition of these  rhyolitic 

lavas  was  strongly  influenced by  paleotopography. 

11) Several  rhyolitic,  dacitic,  and  andesitic  dones and 

intrusions  are  present  in  this  study  area.  Some o f  the 

intrusions  appear to  be quite  young;  however, no  dates  are 

available  at  this time. The  intrusions  are  in cl.ose 

proximity  to  the  Socorro  transverse  shear  zone  and  probably 

intrude  along  cauldron-related  structural  flaws. 

Structure 

The  major  structural  features  in  this  study  arEa  are 

extensional  faults  associated  with the Rio  Grande rift. 

1) North-northwest-trending,  extensional, 

down-to-the-west,  normal  faults  occur  with  rotation of  the 

fault  blocks to the  east. 

2).The simple patte.rn  of  north-trending . .  faults . is 

disrupted  and  has a strong  transverse  element  in  the  area  of 

the  proposed  Magdalena  cauldron  margin. 



Page 107 

3 )  Several  small  faults  tend  to  occur  between  major 

faults  throughout the study  area  and  this  has  resulted  in 

the  exposure  of  different  parts  of  the  stratigraphic  section 

in  different  areas. 

4 )  Original  cauldron-related  structures  are  not  exposed 

in  this  study  area;  however,  three  cauldron  margins  are 

inferred to be present. 

Alteration  and  Mineralization 

1) Plagioclase  phenocrysts  have  been  altered in the 

major  ash-flow  tuff  units  in  this  study  area.  Propylitic 

alteration  is  observed in the  caoldron-facies  Hells  Mesa 

Tuff  and  potassium  metasomatism  is  observed in the tuff  of 

Lemitar  Mountains  and  may  be  present  in  the  tuff  of  South 

Canyon.  These  types of alterations  are  consistent  with  the 

regional  alterations  in  the  Socorro-Magdalena  area. 

2 )  Plagioclase  phenocrysts  are  not  altered  in  either 

rhyolitic l'avas interbedded  with  the  Popotosa  Formation  or 

the  majority  of  domes  and  intrusions,  indicating  that  the 

geothermal. system  responsible  for  the  alteration  preceded 

the  emplacement  of  these  units. 
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3) Manganese  mineralization  occurs  as  coatings on 

joints  and  as  open-space  filling of breccia  zones.  The 

manganese  mineralization  is  probably  associated  with  the 

geothermal  system  that  altered  the  rocks. 
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Name 

Hells Mesa Tuff 

- 

t u f f  o f  Lemitar 
Mountains 

t u f f  of  South 
Canyon 

Magdalena  Peak 
r h y o l i t e   o f  

Locat ion 

H e l l s  Mesa t y p e   s e c t i o n  
Gal l inas   Mountains  
Joyica  Hills 

San  Mateo  Mountains 
Lemitar  Nountains 
J o y i t a  Hills 
J o y i t a  Hills 
J o y i t a  Hills 

J o y i t a  Ilills 
J o y i t a  Hills 

Magdalena  Peak 
S t e n d e l   p e r l i t e   d e p o s i t  

APPENDIX A 
Date Method 

30.6m.y. 
32.lm.y. 

K-Ar, b i o t i t e  

32.4m.y. 
K-Ar, b i o t i t e  
K-Ar, b i o t i t e  

27 .0   1 .h .y .K-Ar ,   b io t i te  
26.3 1.Om.y.K-Ar, b i o t i t e  
28.8  0.7m.y.K-k, b i o t i t e  
27.6  1.lm.y.K-Ar, b i o t i t e  
28 .1  l.Zm.y.K-Ar, b i o t i t e  

26.2 1.Om.y.K-Ar, 3 i o t i t e  
25.8 l.Om.y.K-Ar, s a n i d i n e  

13.1 0.5m.y.K-Ar, b i o t i t e  
14 .0  0.7m.y.K-Ar, whole  rock ( 1 )  

Reference 

Weber and Bassett,  1963 
Burke  and  others,   1963 
Burke  and  others,  1963 

Chapin,   unpubl ished  dates  
Chapin,   unpubl ished  dates  
Chapin,   personal  communication 
Chapin,   personal  communication 
Chapin,   personal  communication 

Chapin,   unpubl ished  dates  
Bachman and  Mehnert,  1978 

Weber and Bassett, 1963 
Chapin,   Jahns,   and  others ,   1978 

Summary o f   r a d i o m e t r i c   d a t e s   f o r  some of t h e   u n i t s   e x p o s e d   i n   t h i s  
s tudy area. 
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