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ABSTRACT 
.t 

The-southeastern Magdalena  Mountains  have  a  complex 

middle  to  late  Tertiary  geologic  history.  This  study 

area  is  located  entirely  within  the  Norkh  Baldy  cauldron, ' 

from  which  the  Hells  Mesa  Tuff  erupted about 3 2  to 33 m.y. . 

ago. The  Hells.Mesa Tuff  is  at  least 2000 feet  thick in 

the  study.area.  The  unit of  Hardy  Ridge  (rhyolite  lavas 

and  domes,  and  volcaniclastic  sedimentary  rocks)  filled 

the  North  Baldy  cauldron  after  the  Hells  Mesa  Tuff was 

erupted. ! 
! 

I 

! 

\ 

. I  

n 
~ - 1  

I 

The A-L Peak  Tuff  (pinnacles membq 3 )  erupted  from 

the  Sawmill  Canyon  cauldron  about 3 2  m.y.  ago. This  tuff 

is at least 3000  feet  thick  in  the  soutkeastern  Magdalena 

Mountains.  The  unit of.Sixmile Canyon  (as  much  as 2500 

feet  thick)  is a heterogeneous  assemblage  of rhyolite.and :.: . .  

andesite  lavas,  tuffs,  and  volcaniclagtic  sedimentary  rocks 

that  filled  the  Sawmill  Canyon  cauldron  after  the A-L Peak 

Tuff was erupted. 

l 

I .  

The  part  of  the  Sawmill  Canyon  cauldron  that  has  been 

delineated so far-is roughly  elongate  in an east-northeast 

direction.  The  east-northeast  trending  Morenci  lineament 

may  have  influenced  the  shape  of  the  Saiimill  Canyon  cauldron. 

The  northern  cauldron  margin  transects !he northwestern 

portion  of  this  study  area;  part  of  thiL  margin  is  the  ring ' 

fracture  and  part  of it is  the  topographic  rim of the  cauldron. 

The  southern  ring  fracture  of  the  Sawmill  Canyon  cauldron 

vii 
I 
1 



t i s  exposed i n  Ryan H i l l  Canyon; elsewhere,  it is covered 

with  younger  rocks.  A p o r t i o n   o f   t h e  sosl iern topographic  

rim has  been mapped sou th   o f   t h i s   s tudy ,   a r ea .  .A wide  zone : 

/.., 
. .  

. between  the   southern   r ing   f rac ture  and the.   southern  . topo-  

graphic  r i m  i n d i c a t e s   ' t h a t  consider able^ slumping  and  caving'  

of  the  cauldron  vjall   took  place.   Apparkntly,  l i t t l e  o'r  no 

slumping  occurred  along  the  .northern  c+ildron  margin i n  

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

, I 

I '  

. I  , -  . 

! 
The'  tuff of  Lemitar  Mountains  erupted  from  the  Socorro 

- 
cauldron  about  27 m.y. ago. The wester+ margin  of t h i s  

cauldron may p a s s   t h r o u g h   t h i s   s t u d y   a r e a .   I f  it does ,  it 

i s  a hinge  zone  an a t rap-door   cauldront  The tuff   of   Lemitar  

Mounta ins   th ickens   s l igh t ly   across   th i s   cau ldron   margin ,  

b u t  it i s  unusual ly   . th ick   ou ts ide   the   cau ldron .   This  may 

be  because  the  tuff  o f  Lemi ta r   Moun ta ins   "pa r t i a l ly   f i l l ed  

a depression  remaining  in^ the'   Sawmill  Canyon cauldron. . ' 

1 . .  

. 1  

l . .  . .  

.,- . . .:* I 

l 

.. . ! 
. .  . . ,. ., 

. .  
Sedim.entary 'rocks and   i n t e rbedded   i ava   f l ows   i n   t he  

Santa  Fe Group cover   severa l   square  miles i n   t h e  eastern 

por t ion   o f   t he   s tudy   a r ea .  - A  number o f   , r e g i o n a l  and l o c a l  

: unconformit ies   exis t   between  the  younge 's t   rocks  of   the  Santa  

Fe  Group  and the  Oligocene  rocks.  
. .  i 

Numerous f au l t s . a s soc ia t ed   w i th   ex tens ion   o f   t he   R io  

Grande r i f t  occur i n  the s tudy   a re? .  The transverse shea r  

zoxe ,   which   t ransec ts   the   nor thwes tern   $or t ion   o f   th i s   s tudy  

area, s e p a r a t e s   f i e l d s   o f   o p p o s i t e l y   t i l t e d . f a u l t   b l o c k s .  

Most o f   t h i s   s t u d y   a r e a  is south   o f   the    transverse s h e a r  

I 

I 

&> z o n e ,   w h e r e   t h e   s t r a t a   d i p   t o   t h e  east And most of t h e   f a u l t s  
I I 

v i i i  ' I  
I 

. ,  . 



I 
I . 

dip  to  the wes+& .However,'some of,the strata  in  the  north- 

western  portion  of  the  study  area  (on t$e transverse  shear 

zone)  dip  to  the  west.  The  structural  heformation  that 

produces  the  tilted  strata  'has  been  called  "domino-style'' 

faulting.  This  style  involves  progressive  tilting 0.f ' ,  

both  the  strata  and  the'faults.  New fahts form  when  the 

older  faults  become  too  shallow  €or  movement  to  occur on 

.them. 

I 
.I 
I 

, 

! 

! 

I 
1 

, 

The  Sawmill  Canyon  cauldron  was  the  major  structural 

control  for  most  of  the  mineralization  in  this  study  area. 

Gold  and  silver  mineralization  occurs  aiong  the  northern 

cauldron  margin.  This  mineralizction  is  closely  associated 

with  white  rhyolite  dikes  that  intruded~  north-trending 

faults  and  the  east-trending  ring  fractkre  of  the  Sawmill: 

Canyon  cauidron.  Manganese  'rnineralizat$.on  occurs  in a 

wide  zone  between  the  southern  ring  fracture  and  the  southern 

topographic  rim of the  Sawmill  Canyon  cauldron. It is 

especially  intense  at  the.  intersection  of  the  ring  fracture 

of  the  Sawmill  Canyon  .cauldron  with  the'  hinge  zone o f  the 

Socorro  cauldron. A regional  potassium;  metasomatism has 

affected  some  of  the  rocks in  the  study  area. . ~ 

.. 

I .  

.. . 

. .  . . .  . . ,  , . .. 

I 

. ,  

. .  
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.. ' INTRODUCTION I 

. .  
I 

. .  . ,  , 

Purpose 'of the  Investigation I 
1 

, , .  . 

The'objectives of. th.is  study  ara:i 1) -to define  the 
I . .  

volcanic,  .and  sedimentary  stratigraphy o f '  the  southeastern 

Magdalena  Mountains  and  to  fit  it intolthe I known  strati- 
, 

, . graphic  section  in  the  Socorro-Magdalena  region, 2 )  to 

map  and  interpret  the  geology of overlapping  cauldrons 

located  within  the  thesis  area,  3)  t,o  map  and .+nterpret 

extensional  structures  within  the  thesis  'area  that  may  be 

related  to  the  Rio  Grande rift,-md 4) it0  evaluate  the 

mineral  potential  of  this  area. 

I 

I 

. .  I 

! 

' I '  . 
I 

I Location  and  Accessibility i 
The  study  area  covers  about 35 sqvare  miles  in  the 

southeastern  Magdalena  Mountains,  Socorro'.County,  New . -. 
Mexico.  The  area  shown  in'  Figure 1  is^ bounded on the . '  

northwest  by  Timber  Peak, on  the  southhest.  by  I'talian 

Peak, and on  the  east  by  the  Chupaderal  Mountains. Figure 

2 shows  the  general  physiographic  feathres of the  area., 

surrounding  studies,  and  access  routes1 

paved  portion of Forest  Route  235  continues  beyond  the 

Forest  Route  235 to the  Water  Canyon  Campground. An  un- 

study  area  can  be  reached  from U.S. Highway 60 by  following 

Forest. The' the  study  area  is in  the  Cibola  National 

About.one-half~ of 

This road  passes  through the northwestern  portion of the 

campground  to  the  Langmuir  Laboratory on South  Baldy. 

, . .  

I 

I 

. .  . .  

I 

b 

, .  
, .  . ,  

.. 
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Figure 2. Locat ion map showing  phys iographic   fea tures   o f   the . s tudy  
a rea ,   su r round ing   s tud ie s  and  acc.es,s  routes. f 
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'9  study  area  (secs. 3 ,  4, and 5, T. 4 S., R. 3-W.,  unsurveyed, 

and  sec. .34, T. 3 S . ,  .R. 3 W.) . The  eastern  portion 

.can  be  reached  .by  following. an unpaved  road  which  leaves 

U. S. Highway  60  -about 6 . 3  miles -we&] of Socorro. This 

road  passes.  the  Pound  Ranch  and  conti.nues  south-southwest 

until  it  connects  with.  Forest  Route 43~2.  . The  eastern  portion 

,.. 

~. .. . _  

can  also  be  reached  by  following  Interstate  Highway  25 

to  the  San  Marcia1  exit,  then  following.  Forest  Route 

472 northwest. 

Physiographic  Setting 

A high,  north-trending  ridge connecting'Timber.Peak 
. +.. 

(10,510. feet) .and Italian  Peak ( 9 , 0 5 2  feet) forms.the 

western  boundary  of  the  study  area.  South  danyon  and  Six- 

mile  Canyon  $rain  northeastward  from  the,  north  end  of  'this . . .  , , '  

ridge;  Ryan  Hill  Canyon,  the  largest  canyon  in  the  study :, ' 

area,  drains  southeastward  along  the  east  side  of  this 

ridge.  About  2500  feet of topographic  relief  exists 

between Timber  Peak  and  .the  floor  of  Sixmile  Canyon, 1.1 

' .  miles  to  the  east.  The  lowest'  elevations  .'(5600-6200  feet) 

:.. . 

are  found  in  the  north-trending  graben  that  separates  the 

Magdalena  and  Chupadera  Mountains.  Figure. 3 is a  panoramic 

view  which  shows  some  of  the  features  mentioned  above. 

Most  of  the  southeastern  Magdalena  Mountains  are 

dominated by east-tilted  fault  blocks, kome of which  form 

prominent  hogbacks. A transverse  shear  zone  (Chapin  and 

& others, 1978) transects  the  northwestern  portion of the 

, .  . .  .:,. .. .I . 



I Figure  3. Panoramic v.iew o€ t h e   t h e s i s  area f rom  the   sou theas t .  The nor th-  
trending  r idge  connecti7.g  Timber  Peak ( 1 0 , 5 1 0  feet)  and I t a l i an   Peak   (9 ,052  
f ee t )   fo rms   t he   wes t e rn   boundary   o f   t he   t hes i s  area. Molino  Peak  (8,902 
f e e t )  i s  t h e   h i g h e s t  summit east  of Ryan H i l l  Canyon.  The eastern boundary 
of the   thes j . s  area i s  loca ted   in   the   wes te rn   Chupadera   Mounta ins .  A better 
view of  the  Chupadera  Eountai 'ns  can be .seen i n  F igu re  18.  The dis tance 
between I t a l l a n  Peak   and   the   eas te rn 'boundary  i s  about  8 . 5  miles. 
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- 
* ,f".. 

area.  Morth  of  this  transverse  shear  zone,. the' strata 

dip  to  the'west. ~ Five  overlapping  cauldrons  have  been 

found  in  the  Magdalena  Mountains;'the  study  area  includes 

portions  of  three of these  cauldrons. In the easternmost 

portion of the  study  area,  nearly  flat-lying  Pliocene ( ? )  

basalts  cap  older  sediment6  of  the  Santa Fe Group., 

*;. 

.. . . -  

Previous  Work 

Winchester  (1920)  examirsd  the  volcanic  rocks  along 

the  northern  edge of the  Datil-Mogollon  volcanic  field 

and-  named  them.  the  Datil  Formation  after  the  Datil 

Mountains. His  type  section,  however,  is  at  the  north 

end of. the .Bear Mountains.  Laughlin  and"Koschmann  (1942) 

- 

. .  

z published  a  detailed study.of  the  geology  and  ore 

deposits of.the Kelly  mining  district. .Kalish (.1953) 

studied  the  geology of, the  Water  Canyon  area  northeast 

of  this  study  area.  Miesch  (1956)  mapped  the  Luis  Lopez 

manganese  district  and  the  northern  Chupadera  Mountains. - 
, 1. 

Tonking  (1957)  published  the  first  .detailed  study of 

the  volcanic  rocks  in  the  Datil  Formation  north of Magdalena. 

He mapped  the  Puertecito  quadrangle  and  divided  the  Datil 

Fdrmation  into  three  members;  from  oldest to youngest - .  

. .  

these  are  the  Spears,  Hells  Mesa,  and  La  Jara  Peak  Members. ' 

Givens  (1957)  mapped  the  Dog  Spring  Quadrangle  and  divided 

the  Hells  Mesa  Member  into  seven  mappable  units.  Weber 

(1963)  excluded  the  La  Jara  Peak  Member  from  the  Datil 1 

. . .  
I i 
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II 

. .  
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Formation.  Later,  Weber  (1971)  elevated.%he Datil  For- 

mation  to  group  status..'  T.he  Spears,  Hells  Mesa,  and  La 

Jara  Peak  Members  were  raised  to  formational  status 

by  Chapin  (1971a). .Brown (1972)  mapped  &he  southern 

Bear  Mountains  and  subdivided  the  Hells  Mesa  Formation 

into  two  informal  units:  the  tuff  of  Goat  Springs  and  the. 

tuff  of  Bear  Springs.  The  Hells  Nesa  Formation  has  since 

been  restricted to.the quartz-rich,  crystal-rich  ash-flow 

tuffs  that  are  the  basal  unit  of  Tonking's  Hells  Mesa 

Memljer  and  the  tuff  of  Goat  Springs  ,of  Brown  (Chapin, 1974; 

Deal  and  Rhodes,  1976). The  tuff of Bear  Springs  was 

renamed  the A-L Peak  Rhyolite  by  Deal  and  Rhodes  (1976). 

-Elston (1976)  recommended  that  the  term  Datil  Group  be 

abandoned. 

Recently, a number  of  theses  and  dissertations have. 

been  completed in  the  Socorro-Magdalena  area  which .have 

further  defined  the  volcanic  and  sedimentary  stratigraphy. 

... Figure 2 shows  the  location  of  published  maps  and maps in 

preparation  in  the  Magdalena  and  Chupadera  Mountains. 

Krewedl  (1974)  studied  the  geology of'the.  central  Magdalena 

Mountains  in  order.  to  evaluate  the  economic  potential of 

that  area. A portion of the  southern  part  of  Krewedl's 

area was remapped  for  this  study.  Blakestad  (1978)  mapped 

hnd  described  the  geology  of the.Kelly~min.ing district 

in  the  northwestern  Magdalena  Mountains  while  Osburn  (1978) 

studied  the  geology of the  southeastern  Magdalena  Mountains 

just  north  of  this  thesis  area.  Bowring  (in  preparation) . . 
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mappeir the  upper  Sawmill Canyon a rea   concur ren t ly   w i th  

th i s   s tud ,   and   shared  t common boundary  a long  the c res t  

of  Timber  Peak.  Roth ( in   p rog res s )  is mapping the ' l ower  

portion  of  Sawmill  Canyon, west-sout.bwest  of t h i s  s tudy  

area.   Other   recent   s tudies   in   the  Socorro-Magdalena  area 

inc lude   t hose  by Park (1971) , ,  Bruning  (1973),   Deal  (1973),  

Simon (1973) ,, Woodward (1973) , Chamberlin ( 1 9 7 4 ) ,  Siemers 

' ( 1 9 7 4 ,  1978),   Deal and  Rhodes' ( 1 9 7 6 ) ,  Sp rad l in  ( 1 9 7 6 ) ,  

Ni lkinson ( 1 9 7 6 ) ,  and I o v e n i t t i  ( 1 9 7 7 ) .  The c o n t r i b u t i o n s  

of   these   and   o ther   au thors  will be   d i scussed   i t imore  

d e t a i l   i n   t h e   s e c t i o n s  on s t r a t ig raphy   and  s t r u c t u r e .  

Th i s   s tudy   a r ea  is l o c a t e d   i n   t h e   R i o   G r a n d e   r i f t ;  summary 

papers  on t h i s   c o n t i n e n t a l   ' r i f t   h a v e   b e e n   p u b l i s h e d  by 

Chapin  (1971b),  Chapin  and  Seager  (1975),  and  Cordell 

(1978).  

A. 

. .  

. .  . .  - . .  . .  . .  

.Methods  of I n v e s t i g a t i o n .  

Detailed  geologic  mapping.was  done a t  a scale of 

1 : 2 4 , 0 0 0 '  on  a base map c o n s i s t i n g  of p a r t s  of t h e  Molino 

Peak  and  South  Baldy 7 1/2-minute .quadrangles. Aerial 

photographs""'of t h e  GS-VAVL series (8-6-64; scale, 1:34',682 

and  1:8,276)  and  the GS-V"A series (3-7-56; sca le ,   1 :9 ,317)  

were used   a s   an   a id   i n   l oca t ing   ou tc rops   and  making 

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

months of f i e l d  work were done  between June ,  1977 and 

November, 1978. 

~. 

Nine ty - th ree   t h in   s ec t ions  were made from  samples 
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collected  throughout  the  study  area.  Most  of  the  thin 

sectjlons were  stained  for  potassivT  with . .  sodium  cobal- 

tinitrite.  (after  Deer,  Howie  and  Zussman; 1966, p. 311). 

Petrographic analyses'were  done  on  a  Zeiss  binocular 

microscope. All samples  were  described  usin9  the  petro- 

graphic  classification  of  Travis'(1955)..  Visual  estimates 

were  used  to  determine  the  min_eral  abundances. 

i - *w 
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6 '! STRATIGRAPHY  AND  PETROGRAPHY 
h 

. .  * 
Pre-Tertiary  Rocks 

Pre-Tertiary  rocks  are  not  exposed  in  the  study area; " 

but  they  do  drop  out  about  one-half  mile  north  of  the  study.,.' . .' 

area. . The  'pre-Tertiary  .rocks in.  the  central  Magdalena. 
~. 

-. . 
. .  

. .  Mountains  have  been  described  recently  by  Krewedl'(l974); . 
-. 

Siemers  (1974,  1978) , and  Osburn  (1978). 
' a t ,  

The  closest  Precambrian  rocks  crop  out  along  Water 
.. 

.Canyon about  1.5  miles  northeast of the  study  area.  These 

rocks  are  metasedimentary  rocks'mapped  as  argillite  by 

Krewedl (,1974). , Further  north,  Krewedl  also  mapped 

Precambrian  granite  intruding  the  argillite.'  Sumner 

(in  preparation)  has  mapped  the  Precambrian  rocks  in  the 

north-central  Magdalena  Mountains. 
, .  

The'  Paleozoic  rocks  in  the  Magdalena  Mountains  have ' '*.: 
. .  

been  discussed  by  Laughlin  and  Koschmann  (1942),  Arnstrong 

(1958,  1963),  Kottlowski  (1960,  1963),  Krewedl  (1974) ,' 
Siemers  (1974, ' 1978) , .Blakestad  (1978) , and  Osburn  (1978) 
Krewedl  (1974)  divided  the  Paleozoic  rocks  in  the  central 

Magdalena Mountains,into five  map units:, The  oldest q f '  

these  is  the  Mississippian  Kelly  Limestone,  which i.s.a 

light-bluish-gray,  medium-  to  coarse-grained,  crinoidal 

biosparrite  and is )approximately  80-100  .feet  thick in  the 

Water  Canyon  area.  Above  this  is  the  Sandia  Formation of 

k . .  Pennsylvanian  age,  which  Krewedl  (1974)  divided  into a 

lower  quartzite  .member  and an upper  shale  member. The 
I 

. . .  

. .  



1 -. 

. .  

i 

. 

a Y 
I 

11 

Sandia  Formation  is  approximately 5'50 feet  thick  in  the 

Water  Canyon  area.  The  thickest  Paleozoic  unit  in  the 

Water Canyon area- is %he  Pennsylvanian  Madera  'Limestone, 

which  is a s  much  as 1800 feet  thick  in  the  central  Magdalena 

Mountains  (Siemers; 1978) .  . .  The  Madera  Limestone  is  mostly 

a  thick, homogeneou,?  sequence of gray  to  black  micritic. 

limestone,  although'  the  lower  part  contains  some  interbedded 

'quartzose  sandstones.. 'The contact  betyeen  the  Madera 

Limeskone  and  the  underlying  Sandia  sandstones  and  shales 

is  gradational;  Krewedl  placed  the  base of the  Madera 

Limestone' at the  horizon  above  which  limestone  predominates 

over  sandstone  and  shale. ,.~Zn the  Water  Canyon  area., 

Krewedl (1974)  reports  that  the  Madera  Limestone  is " 

overlain  by  the  Spears  Formation  of  .Oligocene age; further 

' north  in  the  Nagdalena  ?4ountains,  the  Permian  Abo  Formation 

separates  the Mad&  and Spears  -Formations  (Laughlin and. 

Koschmann, 1 9 4 2 ) .  

. 

. .  

- -. , 

-. 

. .  

. .. .', 
- 

Tertiary  Volcanic  and  Sedimentary  Rocks. 

During  the  late  Eocene',  central  New  Mexico  was  eroded 
". 

to a  surface of low relief  (Epis  and  Chapin, 1 9 7 5 ) .  Because 

of  this  erosion  surface,  OIigocene  volcanic  rocks  were 

able  to  spread  over  large  areas  in  central  New  Mexico. 

The basal  Oligocene  rocks  in  the  Magdalena  area  are 

andesitic  and  latitic  conglomerates,  laharic  breccias, ' .  

and  sandstones  of the Spears  Formation.  Lavas  and  ash-flow 

tuffs of similar  composition  are  abundant  in  the  upper , . I .  

. .  

I. 
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I x.  Spears  Formation. The Spears  is t y p i c a l   o f   t h e   a n d e s i t i c -  

l a t i t i c  a: . rons  of   volca-1ic   .and  volcaniclast ic   rocks  found 

a t  t h e   b a s e  of t h e   f o r e l a n d   v o l c a n i c   f i e l d s  of t h e  western 

United States (Lipman  and o t h e r s ,  1 9 7 0 ) .  Af t e r   depos i t i on  

of  .about 2000  f e e t  of  the  Spears  Formation,  extensive  ash-flow 

t u f f   s h e e t s  were formed  by py roc la s t i c   e rup t ions   f rom 

cauldrons  in   south-central   and  southwestern N e w  Mexico. . . 

. .  . .  

. .  . .  

. I n   t h e ,  Magdalena'  Mountains,  several  of ' these   cau ldrons  

overlap  one  another   (Fig. '  2 0 ) ;  t h i c k   p i l e s  of l a v a s ,   t u f f s ,  

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

Beginniilg i n  l a t e  Oligocene-e"a1y  Miocene time,  basins 

formed  a l@cg  the Rio G r a n d e ' r i f t  and were f i l l e d  w i t h  

c las t ic  sediments   of   the   Santa  Fe Group.. Basal t fc   'and 

r h y o l i t i c  lavas are interbedded  with  these  sediments ,   in ,  

t h e   s t u d y  area. A l l  of t he  rocks   exposed   in   the  area 

mapped are Cenozoic i n   a g e .   S t r a t i g r a p h i c  columns d e p i c t  '.:, 

t h e   O l i g o c e n e   u n i t s   i n   F i g u r e  4 and  Miocene-Pliocene  units 

i n   F i g u r e  13. 

Spears  Formation . .  
The Spears  Formation i s  a group of interbedded  volcani-  

- 
c las t ic  sedimentary  rocks,  Xava f lows ,   and   ash- f low  tuf fs  

which  represent   the  beginning  of   Oligocene volcanism i n  

t h e  Socorro-Magdalena area. - Tonking  (1957)  measured a 

t h i c k   s e c t i o n  of these   rocks  on t h e  Guy Spears   ranch i n  t h e  

Puerteci to   Quadrangle   and  named'  them t h e   S p e a r s  Member 

o f   t h e  Datil  Formation.  Chapin  (1971a)  raised  the  Spears 
.. 

' ,  
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g n i t  .,r sixnilc Carwont '~1000~2000 f t . )  ANDESITE t o  BASALTIC AWESITE LAVAS. 
... 

H5iYULZE ??.VAS. AS%OLi TUFFS, LAVARIC BHECClAS and S A N W I S W S :  cauldron 

r h y o l i t e   l a v a s ,  tufIs and  l i zh ic - r ich  5s. o v e r l a i n  by dense, cry. t o  &rY.- 
fill Of Sawmill Cnnyon tau ldron:   loser   in te rva l   o f  xl.-pooF, Pk. t o  l t - - W Y . *  

p r p l . ,  andesi te   lavas   interbedded  with  pale-rd.   to   pk.-gry.   rhyol i te  lavas 
and  ninor   dk.-ery.   to  prpl.. he te ro l i t h i c ,   1aha r i . c   b recc i a s .   Th in  SS. and 
siltst. o v e r l i e   t h e   l a v a s   i n  places. TUFF  OF CAROliiTA CAiqYON ( i n  unper p a r t  
o f   u n i t )  is a mult inle-f low.   s imole  cool ine.   uni t   of   a&-flaw  tuff   consis t ing 
of a lo i e r~member  0: brick-&d. t b  cry., x1;-poor, andes i te   ash- f low  tuf f   and  
an  "mer member of gry, xl-r ich,   q tz . - r ich.   rhyol i te   ash-f low  tufr ' i   q tZ.-   and 
feld;'-rich ES. occurs   near   top   o f   un i t .  '"La Jara Peak liite" b a s a l t i c  
andes iaes   over l ie  these and   unde r l i e   t he   t u f f  O f  Lemitar  Mountains. 

A-L Peak  Tuff - o innac lc s  nembber(?): 32 m.y.'(3?00+ f t . )  ASH-FLO'N TUPFSI 

with  gry.-rd. t o  brn.  pumice. l e a t h e r s  co small, p l a t y  ta lus<  pu:nice l i neazcd .  
rhgo l i t e ,   dense ly  welded.  l-celd. ,   XI.-poor,   pum~cecu~. t u f f s :  g r y .   t o   r d . - b m .  

Unit   believed  erupted  fro2  Sarrmill  Canyon cauldron:   p robably   cor re la t ive   wi th  
pinnacles  member. Base n o t  knovm. b u t   u n i t  is minimally several thousand ft .  
thick.  Gry. t o  pnk .   rnyc l i t e   l ava5  With 10-15S phen.  of san id ine   and   q tz . .  
l i t h i c - r i c h  SS. and  thin.   poorly welded t u f f s   i n t e r b e d d e d   i n   u p p e r   p a r t   o f  u n i t ,  

t in i t  of HardV aidqet  (400-900(?) f t . )  RHYOLITE  LAVAS and DC.XES. ASH-FLOW 
TUFFS and SANDSTONESr cauldron fill of North  Baldy  cauldron.  f iostly pk. t o  
em.. X ~ . - D O O ~  r h v o l i t e   l a v a s  and doms.  Thin. DoorlY welded.  ash-flow  tuffs 
;nil ied.-cis . -gnd; ,   l i th ic-r ich SS. o v e r l i e   t h e   t h y o l i t e   l a v a .  

HellS.%esa  Tuff8 32-33 m. y. (200Ot f t . )  ASH-PLOLJ  TUFFS, rhyol i te ,   mul t ip le ' -  

tuffs.  Pk. t o  rd.-brn. when-fresh.  gry. when propyl .   a l te red .   Weathers   to  
flow, sixple   cool ing  uni t .   densely  welded.   x1.-r ich,   q tz . - r ich,   2-feld, .  'ma'ss. 

blocky  b ldrs .  nasal t u f f s  similiar t o  t u f f  f Grani te  Kcn.: ab rup t   i nc rease  ~- 
i n  st;. 10-25 f t .  above  base. Source is North  Baldy  Cauldron. 

Soears Parmation - Umer laws and breccias ,  (520 I t . )  ANDESITE to IATITE 
WYhS and  minor MCD-FLOW DEPOSITS: mostly  dense. l a t i t e   t o   a n d e s i t e   l a v a s .  
p r p l .   t o  dk.-gry. One type is a p h a n i t i c   l a t i t e ;   o t h e r   t y p e  is p o r p h y r i t i c  
andesi te .   Contains  minor in t e rbedded   andes i t i c   t o  laritic mud-flow b recc ia s .  

soears  Formation - t u f f  of Grani te  !:ountaint (400-500 f t . )  ASH-FLOW TUF.S~ 

rich,   qt2.-poor.  mass. tuffs1  rd.-brn when f r e s h .  dk.-grn.-gry. when propyl .  
l a t i t e .  mult iple-f low,   s imple  cool ing  uni t .   dcnsely  welded,   XI . - r ich.   l i rhic-  

a l t e r e d .  

Soears  Formation - ' " turkey  track. '   andesite,  (500 f t . )  ANDESITE  LAYAS, gry.- 
rd .   to   prpl .   porphyri t ic   andesi te   with  crudely  f low-al imed  plag.   phen.  
Under l i e s   t u f f  o r  Nipple  Iltn.  in  northern  Kagdalena Nits.4 t u f f   n o t  recag- 
nized  here. 

0 
Figure 4. Oligocene  stratigraphic  section for  focks in  the 

modified  after,Chapin and  others, 1978, and Osburn, 1978. 
eastern  Magdalena Mountains'. Graphic  sections  and  descriptions 



, t o   f o r m a t i o n a l   s t a t u s ;  however, t h e  terms Da t i l   Fo rma t ion  

and Datil Group'  (Weber, 1971)  .have  been  abandoned  (Elston, 

1976 ,  p. 134).   Burke  and  others  (1963)  reported a X-Ar 

date of 37.1 m.y. from b i o t i t e   i n  a b m l d e r  from the   upper  

p a r t   o f   t h e   S p e a r s .  

The Spears  Formation i s  f,ound o n l y   i n   t h e   n o r t h w e s t e r n  

po r t ion   o f   t he   s tudy   a r ea  '(secs. 3 and 4 ,  T. 4 S . ,  R. 3 W . ,  

unsurveyed,  and secs. 33 and  34, T. 3 S. ,  R. '  3 W . )  a long  

the   road  to  Langmu'ir Laboratory. It cove r s   abou t   t h ree  

" q u a r t e r s  of a .  square  mile. According t o  Krewedl ( 1 9 7 4 ) ,  

the   Spears   Formation~unconformably  overl ies   the Madera 

Limest.one i n  most   places; ,  however -at  the  head  of   Pat tersor ;  

Canyon, it o v e r l i e s   t h e  Abo Formation.  The'base of the . 

Spears  ?ormation i s  not  exposed i n  th i . s   s tudy   a r ea .  

. _  

The Spears   Format ion   has   severa l   d i f fe ren t   rock   types  

which may undergo  marked facies changes  from  one  area t o  

another .  Brown (1972) ,  Chamberlin ( 1 9 7 4 ) ,  S p r a d l i n  ( 1 9 7 6 )  

and  Nilkinson ( 1 9 7 6 ) ,  d iv ided  the Spears   Formation  into 

upper  and  lower members. I n ~ g e n e r a l ,   t h e   l o w e r  m e m b e r  

c o n s i s t s  of a n d e s i t i c - l a t i t i c   v o l c a n i c l a s t i c   c o n g l o m e r a t e s  

and  sandstones  with  minor  lava  flows; wh i l e  the   upper  

member c o n s i s t s  of l a t i t i c  a s h - € l o w   t u f f s ,   a n d e s i t i c   t o  

l a t i t i c  lc7va f l o w s ,   l a h a r i c   b r e c c i a s  and o ther   sed imentary  

rocks.   Usually  the  boundary  between  the two member:, is  

placed a t  t h e  base of  a " t u r k e y   t r a c k "   a n d e s i t e   t h a t  

under l ies   the   tu f f   o f   Nipple   Mcunta in .  
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The  Spears  Formation  has  recently  been  mapped  in  the 

Magdalena  Mountains  by ICrewedl  (197.4) ,, Blakestad  (1978) 
and  Osburn  (1978). ' In  the  central Magdalena~Mountains, 

the  tuff  of  NipFle  Mountain is not  present.  Here,  .Krewedl 

(1974)  divided  the  Spears  Formation  into  three  mappable 

units,  with a "turkey  track"  andesite  '(middle  member) 

separating  an  upper  member  from' .. '. a lo,wer  member. ,According 

to  Krewedl, the. "turkey  track"  andesite.  he  mapped is 

equivalent ,to the  "turkey'  track"  andesite  .mapped  by  Brown. 

(1972).  If  this  correlation  is'  correct,  then  Krewedl's 

middle  and  upper  members  are  equivalent to  Brown's  upper 

member. . Krewedl's  lower  member is not exposed.in this 

thesis  area,  but  his  middle  and  upper  member's  are.  For 

this  study,  the  Spears Formatio:. was d,ivided  into  three 

mappable  units,  which  from  oldest to  youngest  are  the 

"turkey  track"  andesite,  the  tuff of Granite  Mountain, 

and an upper  unit  of  andesitic-latitic  lavas and-laharic 

,breccias. The tuff of  Granite  Mountain  and  the  upper 

unit  of  andesitic-latitic  lavas  and  laharic  breccias  were 

, .  . .  

- 
. 

. .  

. .  

. .  

. ,  

: mapped  together  by  Krewedl as  his  upper  member. 

"Turkey  Track".  Andesite.  A  distinctive  series  of 

porphyritic  lava  'flows,  which  exhibit  a  "turkey  track" 

texture  imparted  by  a  subparallel  alignment  of  plagioclase 

phenocrysts,  covers  about  one  quarter of a square mile  in 

the northwestern  portion  of  the  study  area.  They  crop 

out  along the Langmuir  Laboratory  access  road  and  continue 
. .  

i :., 
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northwestward. i n t o   the area mapbed  )by Krewedl. ' The 

"turkey  t rack"  a 'ndesi te  A s  probably  about.  550  . f e e t .   t h i c k ,  

b u t   f a u l t i n g  makes i-t ' d i f f i c u l t  ' t o  , g e t .   a n   a c c u r a t e  estimate. 

. . c .  . . .~ 

. .  . .  . . .  ~ 

. .  . .. . . -  . .  

.The .base of .'$he ' ' turkey  t rack '?   andesi te  i 7  n o t  exposed i n !  
. .  

.* 

. .  . , .~ . .  . .  . .  . .  
~. 
. .  t h i s  thesis'  ama,  ..bur 'it. . ,~ . i s  exposed less t han  O.'l mile 

nor th   o f  t h e   northern^ bou'ndary i n  sec. 3 4 ,  T. 3 S., 

R. 3 w: 

. .  .. ,. ~. 

. -  .." 
. .  . 

Outc rops .   o f .   t he   " . t u rkey   t r ack"   . andes i t e  are  poorly 
. .  . .  . .  

. . ,  

exposed  .and  'scattered  because it weathers  very e a s i l y  

and is  .. often  covered  by  col iuvium. Some o f   t h e   b e s t  ex- 

posures  are found  along tlie road t o  Langmuir Laboratory; 

e lsewhere,  t h e  " turkey  - t rack"  and.3si te .   usual ly   forms 

i so l a t ed ,   rounded   ou tc rops   s epa ra t ed   by   t a lus  and so i l .  

The jo in ts   vary   f rom  be ing   roughly   p lanar  t o  h igh iy  

i r regular ;   consequen ' t ly ,   the   . t a lus   and   co l luv ium  b locks  

vary  from  angular t o  somewhat rounded. 

. .  

. .  

The "turkey track" a n d e s i t e  i s  p u r p l e   t o   g r a y  when 
.% 

f r e s h ,   b u t  it 'is f r e q u e n t l y   a l t e r e d  t o  a greenish-gray 

color i n  t h e   s t u d y   a r e a .   1 t . u s u a l l y   c o n t a i n s  20  t o  4 0  

pe rcen t   p l ag ioc la se '   phenoc rys t s   i n   an   aphan i t i c   ma t r ix .  

These  plagioclase  phenocrysts  are  t abu la r   and   va ry , f rom 

1 nun t o  about 1 2  , m m  i n  length ,   ' bu t   they  'are f a i r l y   u n i f o r m  

i n  s i z e  within  any 'one  specimen. .  The tAickness   o f   the  . .  

u n i t  and t h e  variations i n  LDlagioclase  size  and  abundance 

s u g g e s t s   t h a t   t h e r e  are seve ra l   f l ows ;  Gowever, it was 

. .- . 

not p o s s i b l e   i n   t h e   f i e l d   t o  map indiv idua l   f lows .  

Amygdules f i l l e d   w i t h  ca lc i te ,  ce ladoni te ,   cha lcedony,  



li 

. .  . .  .. . .,, , . .  . . .  

and  quar'tz 'are common  in  the  ."tugkey  track"  andesite. 
. .  

. .  
. .  .. 

In  thin  section,  the  "turkey track''  andesite  consists .. 
. -  

of  about 30 percent  phenocrysts  of  'euhedral  plagioclase 
. .  .~ 

: (An3*;  Plichel-Levy  method, 8 grains)  distributed  in a 
.~ 

subparallel'  alignment  (see  Fig. 5)  . The. plagioclase 

. varies  from  about 0.5 to 5 mm in  length  and  averages 

. .  . 
. .  

. .  

about  2.0 mm. These  plagioclase  phenocrysts  are  always 

partially  altered  to  clays.,  fine-grained  quartz,  and 

calcite(?).'  The  rock  also  contains  about 10 percent 

xenocrysts ( ? )  that  have  been  a,ltered  to  a  porous  honeycomb- 

like  structure of, fine-grained  quartz'  and  clays. The ' 

xenocrysts ( ? )  often  exhibit  eight-sided  euhedral  outlines 

that  range  from 0.4 to 4 mm  in  diameter  and  average  1.8  mm. 

The rock  also  contains about.2 to 3 percent  magnetite  and 

about 1 percent  pyroxene'  (probably  hypersthene),  which  is 

about 0.5 mm in  diameter. The matrix  consists  mostly  of 

small  crystals of plagioclase  (average  length  about 0.1 mm).  

. .  

. r  

~. 

. .  

. .  

About 10 percent of the  thin  section  consists of hematite, 

which  occurs  as  tiny  blades  and  irregular  masses  replacing 

the groundmass. 

Tuff  of  Granite  Mountain. The tuff of Granite  Mountain 

is a  latitic,  crystal-rich,  quartz-poor,  ash-flow tuff.which 

overlies  the  "turkey  track"  andesite  in  the  area  mapped. 

It is a  densely  welded,  multiple-flow, ~ simple  cooling  unit 

(Chapin  and  others,  1978).  The  tuff of  Granite  Mountain 

is an  informal  name  proposed  by  Chapin  (1974). The  type 

, .  

I 
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. .  . . .  

. .  . . .  . .  

. Figure 5. Photomicrograph of the,"turkey track"  andesite. 
The blocky,  euhedral  phenocrysts  are  altered  plagioclase. 
The subparallel  alignment of these  phenocrysts  gives the 
rock  its  distinctive  "turkey  track"  texture  in  hand  speci- 
men.  The  large  grain on the  right  side of the  photomicro- 

entirely  of  a  fine-grained  aggregate  of clay.minerals and 
' graph  is  part of .a xenocryst ( ? ) .  These  xenocrysts  consist 

' -  calcite  and  are  too  altered  to  identify.  All of the  rocks 

' intensely  a.ltered. The plagioclase  phenocrysts  in  the 
' in  the  northwestern  portion of the  study  area  .have  been 

"turkey  track"  andesite  are  always  partially  altered to 

products  seen  in  this  photomicrograph  (gray,  cloudy 
clays,  fine-grained  quartz  and  calcite. The  alteration 

opaque  minerals  in  the  groundmass  are  secondary  hematite. 
Crossed  nichols, 31.25~. 

,.. 

' material)  consists mostly Jf  clay  minerals.  Most of the 

. .  , . .  . .  . .  . .  ~. .. : .,.' , , .~ . .  
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local i ty  is on  Grani te   Mountain  northeast  of Magdalena. 

The tuf f   a f   Grani te   Mounta in  was included.  by Krewedl 

( 1 9 7 4 )  i n   h i s   u p p e r  member. T h i s   t u f f   , h a s   a l s o  been 

desc r ibed  by Brawn ( 1 9 7 2 ) ,  Chamberlin ( 1 9 7 4 ) ,  Wilkinson 

( 1 9 7 6 ) ,  Blakestad (19781 ,  anq  Osburn  (1978). I t  covers  

about  one. quart3.r   'of  a square mile, o r  ' less, .  i n   t h e  

nor thwes tern   por t ion  of! t h i s   s t u d y  area where it is  about  

500 feet  t h i c k .   I n   t h e  Tres Montosas area, . the  t u f f  of 

Granite  Mountain i s  immediately  overlain  by  the Hells 

Mesa Pormakion;  however, i n   t h i s   s t u d y  area, t h e  two t u f f  

u n i t s  are always separated.s t ra t igraphical1y by a series 

of lava  f lows and6 b recc ia s .  

' 

.. . 

~. 

x*: 

I n  hand  specimen,  the  tuff   of  Granite  Mountain i s  a 

moderately t o  dense ly   welded ,   c rys ta l - r ich ,   quar tz -poor ,  

l i t h i c - r i c h ,  l a t i t i c  ash- f low  tuf f .  Plagioclase, s a n i d i n e ,  

and b i o t i t e  are the  predominate   phenocrysts .  A few pe rcen t '  

l i t h i c   f r a g m e n t s  are usua l ly   p re sen t ;  the most common 
-. 

.;. l i t h i c   f r a g m e n t s  are red- to-gray ,"   f ine lgra ined   andes i t ic  

f r a g m e n t s   t h a t  are. u s u a l l y ,   a b o u t  0 .5  t o  3 crn i n .  d iameter .  

Pumice i s  p r e s e n t   i n  amounts  ranging  from  about 2 t o  .lO 

percent. The rock i s  u s u a l l y   p u r p l e  when f r e s h ,   b u t  it 

i s  f r e q u e n t l y   a l t e r e d  t o  a g reen   co lo r .  The best exposures  

of t h i s   t u f f .  are on t h e   r o a d   t o   t h e  Langmuir  Laboratory. 

L lsewhere ,   sca t te red   ou tcrops  are u s u a l l y  low,  rounded 

exposures p a r t i a l l y   c o v e r e d  with colluvium. 

I n  t h i n   s e c t i o n ,   t h e   t u f f  of Granite  Mountain contains 
1 

5 0  t o  60 percent phenocrysts ,  5 t o  1 0  p e r c e n t   l i t h i c  

. .  
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fragments,  and  about 5 percent  pumice.  All the  feldspars 

are  highly  .altered,  so^ $6 is difficult  to  estimate  abun- 
,. . .  . .  

dances.  About 80 .to..'90  percent  of  the.phenocrysts  are 

feldspars, a?d  it. appears  tl-at  plagioclase  (andesine) is 

four  to  five  times as  abundant.as  potash  feldspar.  However, 

some  of  Lhe  feldspars are  too  altered to identify.  .Previous 

workers  have'reported  that  the  plaGioclase  is  only  slightly 

more  abundant  than  the  potash  feldspar. The  feldspars " 

have  an  average gram size  of  about 1.1 to 1.2 'm, but 

some  phenocrysts are'as much as 2.6 mm long. In thin 

. .  

section,  the  tuff  also  contains  about  4 to 5 percent  biotite, 

2 percent  magnetite, 1 percent  Quartz  and  a  trace  of  pyroxene. 

The quartz averages  about 2 - 7 mm in  diameter  and  is  ,deeply 
embayed. The pumice  and  matrix  are  devitrified  and  altered 

to the  point  that  little  vitroclastic'texture  remains. 

The  pumice is now  mostly  represented  by  streaks  of  vapor- 

phase  quartz  and  hematite  stain. 

Upper  Unit. In some partsof the  Magdalena  area,  the 

tuff  of  Granite  Mountain  is  immediately  overlain  by  the 

Hells  Mesa  Tuff  (Chamberlin, 1974).,. In this  study area, 

however,  the  two  tuffs  are  separated by a group of . 

andesitic to latitic  lavas  and mud-flow,deposits  which 

were  mapped as  the  upper  unit  of  the  Spears  Formation. 

These  rocks  cover  about  one  quarter of a square  mire, or 

less,  and  are  about 500 feet  thick. 

. ,  

. ,  

4 

\ 

At  least two different.'lava  flows  are  present. One 

. .  

.-. 
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is  a  porphyritic  andesite with.10 to 20 percent  feldspar 

phenocrysts,  that  are'  as'much 8 s  1 cm  in  length.  The 

feldspars  are  usually  altered  to  a  white  or  light-green 

color. The~other lava  flow  is  a  very-fine-grained  latite 

or  quartz  latite.  Both  lavas  are  very  dense.  and  gray  to 

grayish-purple  when  fresh.  They  usually  break  along  joints 

to  form  sharp,. angular.talus  fragments.  Occasionally, 

mudflow  conglomerates  and  breccias  are  exposed  in  the 

upper  unit.  This  rock  type  consists  of  unsorted,  un- 

stratified,  subrounded  to  angular,  andesitic  and  latitic 

fragments  in  a  muddy matzrix.  .Thc.porphyritic  lava  appears . 

to  be  the  most  abundant  of the-three rock  types  in  the 

upper  unit;  the  crystal-poor  lava  is  next in abundance. 

The  mudflow  deposits  are  exposed  in  only  a  few  places. 

.I 

r_, 

.I 

. .  

In  thin  section,  the  porphyritic  lava  contains  about 

10 percent  phenocrysts  of  feldspar,  some  with  a  glomero- ' ' . x . .  .... 

porphyritic  texture.  Xost  of  the  phenocrysts  are  subrounded 

plagioclase  (andesine,  to  labradorite);  although  about 2 to 

3 percent of .the  rock is sanidine  phenocrysts.  The 

feldspar  phenocrysts  average  about 3 to 4 mm in  diameter, 

but  may  be  as  much a s 6  mm in diameter: The feldspars. ' 

are  all  partially  altered  to  clays  and  fine-graised  quartz. 

Five  to C percent  of  the  rock  consists  of  opaque  minerals. 

About  one-half  of  this (2 to 3 percent  of  the  rock;  is 

probably  primary  magnetite.  The  remainder  consists  ,of 

hematite  and  magnetite which.have replaced  biotite ( ? )  

or  other  mafic  minerals. 'The groundmass  appears  to  have 

.. 

. .  
~~~ ~ 
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been holocrystalline,'although it  has  been  altered  and 

partially  replaced  by  other  minerals. It consists  mainly 

of  feldspar  microlites  (about  0.05 mn~long) , but  also 
contains  larger  fragments  of  feldspar,  crystals, a few  of 

which  range  in  size  up  to t.hat of the  phenocrysts.  Most 

of  the  small  feldspar  crystals are highly  .altered,  but 

they  are  probably  plagioclase. 'i'hFre.is a crude  sub- 

parallel  alignment  of  the  crystals  in  the.groundmass of 

this  rock.  About  5'  percent of the rock  in  thin  section 

is  secondary  quartz;  traces  of  pyroxene  are  also  present. 

. .  

The fine-grained  lava  discussed  earlier  is a latite 

or  quartz  latite.  The  average  size  of'phenocrysts  in  thin 

section is about 0.1 mm; the  largest  phenocryst  .observed 

was about 0 . 3  m - i n  diameter. This  rock  appears  to  be 

holocrystalline,  but'  it  has  been  partially to completely 

altered  in  some  places. In  thin  section,  it  contains . .... . 
approximately  equal  amounts of plagioclase'  (An52)  and 

..sanidine.  About 5 to 10 percent  quartz'and 3 to 5'percent 

magnetite  phenocrysts  are  present  in  the  rock.',  About  5 

perqent  hematite  occurs as  a,replacement  of other  minerals. 

Hells  Mesa  Tuff 

. The Hells .. Mesa  Tuff is a"multip1e-flow,  simple  cooling 

u.nit of densely  welded;  crystal-rich,  quartz-rich  ash-flow . . 

tuff (Chapin  and  others, 1978):. Detailed  petrographic 

work by  &own  (1972),  Chamberlin  (1974),  and  Spradlin 

(1976)  has  shown  that  the  Hells  Mesa  Tuff is a  quartz 

_ _  

. -*. 

t . '  

I I. 
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latite to rhyolite  in  mineralogical  composition.  Tonkinq 

(1957)  orjqinally  named  the  Hells  llesa Member  of  the  Datil - 
Formation  after  Hells  Mesa  in  the  eastern  Bear  Mountains. 

His  type  locality  was  in  the  Puertecito  auadrangle  (sec. 

31, T. 2 N., R. 4 W.). The Hel-1s  i4esa was'elevated  to 

formational  status  by  Chapin  (1971a).  Brown  (1972)  con- 

ducted  a  detailed  study of the  Hells  Mesa  Formation  and 

. divided it into  the  tuff of.Goat Spring  and  the  tuff of' 

Bear Springs.  Chapin  (1974)  .and Deal and  Rhodes  (1976) 

restricted  the  Hells  Mesa  Tuff to  the  lower,  crystal-rich, 

quartz-rich  unit,  formerly  called  the  tuff  of  Goat  Spring 

by  Brown  (1972).  Brown's  tuff of Bear  Springs wa's renamed ' 

the A-2 Peak  Rhyolite  by  Deal  and  Rhodes  (1976).  X-Ar 

dates obk-ained  from  the  Hells  Mesa  are  30.6 2 2.8  m.y. 

(Weber  and  Bassett,  1963;  Weber,  1971),  and 32.1 5 1.5 ' '. 

and  32.4 2 1.5  m.y.  (Burke  and others, 1963). 

. .  

. .  . .. . .  
'.,'.. . 

The  Hells  Mesa  Tuff was  first  studied  in  the  Kelly 

mininq-district  of  the  Kagdalena  Mounta'ins  by  Laughlin 

ana  Koschmann  (1942),  although  they  mistakenly  interpreted 

it  to be a. rhyolite  porphyry  sill.  Blakestad  (1978)  has 

remapped  the  Kelly  mining  district  and  Xrewedl  (1974) 

and  Osburn  (1978)  have  mapped  some of the  Hells  Mesa  Tuff 

in  the  south-central  and  southeastern  parts  of  the 

Magdalena  Mountains,  respe-tively.  Based  on  their  mapping, 

the  source  of  the  Hells  Mesa  Tuff  has  been  determined to 

be  the North  Baldy  cauldron  (see  Fig. ~ 20, and  Chapin  and 

others, 1978).. The Hells  Mesa Tuff mapped  for  this  thesis 

.- . .- 



is  en t i r e ly   w i th in   t he   Nor th   Ba ldy   cau ld ron .   Exposures .  . 

of Hells Mesa are c u t   o f f   t o   t h e   s o u t h  by the  younger  

.1 s 

. .  Sawmill Canyon cauldron (see Plates 1 and 2),. 

The Hells Mesa.Tuff i s  found  only  . in   the  northwestern 

p o r t i o n   o f   t h i s   s t u d y  .area  (secs. 3 ,  4 ,  and  5; T. 4 S., 

R. 3 W., unsurveyed,  and .secs. 3 2  and 3 3 ,  T. 3 S . ,  R .  3'.W.) 

where it covers   an   a rea   o f   about   1 .5   square  miles. Krewodl ' 

( 1 9 7 4 )  repor t s   an   angular   unconformi ty   be tween  the  Hells 

, e ,  

Mesa Tuff  and  the  Spears  Formation. i n  t h e   c e n t r a l  Magdalena 

Mountains,   but  exposures were i n a d e q u a t e   t o ' v e r i f y  it i n  

t h i s   t h e s i s   a r e a .  The s t r a t i g r a p h - i c   t o p  ,of t h e  Hells Mesa 

Tuff i s  n o t e x p o s e d   d u e   t o   e r o s i o n .   o t h e r   s t u d i e s   o u t s i d e  

o f   t h e  Magdalena  Mountains r e p o r t  a t h i c k n e s s  of about  600  

t o  800 Ceet, b u t   s i n c e   t h i s   s t u d y   a r e a  is w i t h i n ' t h e  

infer red   Nor th   Baldy   cau ldron ,   the  Hells~Mesa Tuff may . .  

be much t h i c k e r .  Xrewedl (1974)  r e p o r t e d  a maximum th i ck -  

ness   of  3850 feet  i n   t h e   c e n t r a l  Magdalena  Mountains,  but 

t h i s   t h i c k n e s s  may be  excessive  because  of   unrecognized 

f a u l t i n g .   F a u l t s  are v e r y   d i f f i c u l t  t o  r ecogn ize  i n  t h i c k ,  

cau ldron-fac ies  Hells Mesa Tuff .  In t h i s   s t u d y   a r e a , ~ t h e  

Hells Mesa probably  exceeds 20.00 feet  in"thickness .  ' 

,-. 

' 't 

The bes t   exposures  of t h e  H e l l s  Mesa occur   a long   t he  .. 
road . t o  t k 3  Langmuir Labora tory   and   the  gold mine  road. 

Along t h e s e   r o a d s ,   t h e  Hells Mesa is u s u a l l y , h i g h l y   j o i n t e d ;  

t h e s e   j o i n t s  may be s h e e t - l i k e   i n  some areas or   curved  and 

h i g h l y  erratic i n   o t h e r   a r e a s .  The %eils Mesa u s u a l l y  

;c 
1 

. _  .. 

. .  
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b r e a k s   a l o n g   j o i n t s   t o  form sharp ,   b locky   ta lus .  Much 

of the a rea  is  covered"by t h i s   t a l u s ,   b u t   o c c a s i o n a l l y  

t h e  Hells Mesa forms  s teep  ledges and c l i f f s .  

.-. 

., . 
I n  hand spccimen, tfie Hells Mesa T,uff i s  u s u a l l y  . 

. .. 

whi te   to   g ray   because   o f   s t rong   b leaching   and   propyl i t ic  . 

a l t e r a t i o n .  Mhere una1tered;the Hells Mesa is reddish-  

brown i n   c o l o r  (Brown, 1 9 7 2 ;  Sp rad l in ,  ' 197G) .  I t  u s u a l l y  

con ta ins  4.0 t o  50 pe rcen t   phenoc rys t s   o f .   s an id ine ,   p l ag io -  

c l a se ,   qua r t z   and   b io t i t e .   Quar t z   o f t en   occu r s   a s   d i s t i nc t ive  

"eyes"   measuring  as  much a s  4 mm i n  d iameter .   the  Hells 

Mesa is usua l ly   very   pumice   poor ,   a l though  the   a l te ra t ion  

may make t h e  pumice d i f f i c u l t  t o  see i n  some a r e a s .  I n '  

a few p l a c e s ,   t h e  Hells Mesa i s  moderately  pumice  r ich.  

... 

^ I  -. 

Detai led  petrographic  work  on t h e  Hells Mesa has  

been  done.by Brown (1972) ,  Chamberlin ( 1 9 7 4 )  and  Spradl in  . 

( 1 9 7 6 ) .  Brown (1972, p. 21-24) r e p o r t e d   t h a t   t h e  Hells ' 

Mesa Tuff ( h i s   t u f f   o f  Goat   Spr ing)   usua l ly   conta ins  4 0  . 

. .  .. . 

, t o  5 0  percent   phenocrys ts   o f   b roken   and   par t ia l ly   resorbed  

crys ta l   f ragments .   Sanid ine   varies from~ 1.0 t o  30 p e r c e n t  

.' o€ t h e   r o c k ,   w h i l e   p l a g i o c l a s e   v a r i e s   f r o m ' l 0   t o  20 
Y. 

percent   and  averages  about  12 percen t .   Quar t z  i s  ve ry  

s c a r c e   i n   t h e   l o w e r  10 t o  20 f e e t  of Brown's Hells Mesa, 

b u t  it i n c r e a s e s   t o  5 to, 15 perce:lt o f l t h e   r o c k   h i g h e r  

Ln t h e   section.^ Bio t i te   compr ises   about  1 to  4 percen t  . 

of t he   rock .  
. .  I '. 

One t h i n   s e c t i o n   o f   t h e  Hells'Mesa Tuff was examined 

from  the  s tudy  area.  It conta ins   . about  4S percent   phenocrys ts .  
"8 
\r ,' 
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q. 

Quartz   comprises   about  '10 t o  1 2  percent   o f   the   rock  

and  occur? as subhedral .   but   deeply embayed phenocrysts  

ranging. i n  s i z e  from 0.3 t o  4 . 0  mm and  averaging  about 1 .8  

mm in   diameter . .   Feldspar-comprises  abou',: 30 percent   o f  

the   rock .  About 65 percent   of  ' t he  f e l d s p a r  is  s a n i d i n e ,  

which  ranges  in  s i z e  from 0 . 4  t o  4 . 0  mm in   d iameter   and  - 
averages  about  0 .75  mm in diameter .  . The rest 0.f t he  

. .  . .. 

'. f e l d s p a r  i s  p lag ioc la se  .which h a s   b e e n   p a r t i a l l y   ' a l t e r e d  

t o   c l a y s  and calcite.  About 2 t o  3 p e r c e n t   b i o t i t e .   o c c u r s  

a s   s m a l l , ,   r u h e d r a l   g r a i n s ,  which  range'from 0.25 t o  1.1 

mm i n ' d i a m e t e r .  A t race   amount 'b f   magnet i te   a l so   occurs  

i n  the   rock .  The mat r ix   has  iieeil c o m p l e t e l y   d e v i t r i f i e d  

and   a l t e r ed .  

-. . 

Unit of  Hardy  Ridge' 

The un i t   o f  I!ardy Ridge  consis ts   of   phenocryst-poor  
. . .. 

rhyo l i t e   l avas ;   poor ly   we lded ,   l i t h i c - r i ch , ,   , - a sh - f low 

. tu f f s ;   and   vo lcan ic l a s t i c   s ed imen ta ry   rocks .   Th i s   un i t  

. -  

o v e r l i e s   t h e  Hells Mesa Tuff  and is b e l i e v e d   t o - b e   p a r t  

o f   t he   cau ld ron   f i l l   o f '   t he   Nor th   Ba ldy   cau ld ron .  It 

was named by  Bowring ( i n   preparation)^ for   exposures   on 

Hardy  Ridge . .  i n  . t he   sou the rn  Magdalena  Ftountains. . So f a r ,  

th i s .un i t   has   on ly   been   found  on  Hardy Ridge,  and  in'Sawmil1, 

Ryan H i l l  and   Ca ron i t a   canyons   ( a l l   i n   t he   sou the rn  Mag- 

dalena  Mountains) .   These  outcrops  are   probably i n  t h e  

southern  port ion  of   the  North 'Baldy  cauldron.  

ti, I n  t h i s   s t u d y   a r e a ,   t h e   u n i t   o f  Hardy  Ridge  dccurs i n  
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southern Ryan H i l l  Canyon (secs:25, 2G and .35 ,  T. 4 S. ,  

R. 3 W . ,  unsurveyed;  and sec. 36', T .  4 S., R. 3 W.). I t  

was mapped a s  two u n i t s :  a phenec rys t -poor   rhyo l i t e  lava 

( T h r )  ,' and a group  of   volcaniclast ic   sedimentary rocks and 

welded t u f f s  ( T h r s ) .  The b a s e   o f   t h i s   u n i t  is seldom  ex- 

posed i n  tlie study area. However, one small outcrop   of  

Hells Mesa Tuff i s  exposed i n  S / 2 ,  sec. 36 .  T h i s  ou tcrop  

i s  o v e r l a i n  by t h e   u n i t   o f  Hardy  Ridge.  South of t h i s  

K\ 

-. 
. .  

. exposure,   outcrops  of  the Hells' Mesa Tuff become more 

abundant   a~s  the  topographic   margin  of   the  Sawmil l  Canyon . 

cauldron i s  approached  (Osburn, 1979 ,  oral   communicat ion) .  

The u n i t   o f  Hardy  Ridge i n   t h i s   s t u d y  area  (sec. 25, 2 6 ,  

35 2nd 36)  apparent ly  l ies  between t h e   topographic r i m  and 

t h e  mhin r ing   f r ac ' t u re  of t h e  Sawmill .Canyon cauldron  .(see 

Plates 1 and 2 ) . .  The main r i n g   f r a c t u r e   d o v ~ n f a u l t e d   t h e  

u n i t  of  Hardy  Ridge 1 0 0 0  f e e t  or. more, so it is  no longer  :.., . 

exposed   no r th   o f   t ha t   s t ruc tu re .  T b e  . un i t   o f  Hardy  Ridge 

is  o v e r l a i n  by t h e  A-L Peak  Tuff;  which becomes t h i n n e r  

as it approaches t h e  topographic r i m  of t h e  S a k i 1 1  Canyon 

cauldron.  

- I  

. 

Rhyolite  Lavas  (Thr).  Most o f . t h e   u n i t   o f  Hardy  Ridge 

cons is t s   o f   phenocrys t -poor   rhyol i te  lavas. The b e s t  

exposures   o f   the   ' rhyol i te  are a l o n g   t h e   f l o o r  o f  Ryan 

H i l l  Canyon. Along t h e   s i d e s  of t he   canyon ,   t he   ou tc rops  

are poor .   There,   they  usual ly   occur  as i so l a t ed   exposur . e s  

a f e w  fee.E i n  s i z e ,  which a r e   s e p a r a t e d   f r o m . e a c h   o t h e r  by .c> 
. 
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9 t a l u s  f r Q m  o v e r l y i n g   u n i t s ; ,  The r h y o l i t e  lava has  a 

minimum th ickness   o f   about  250 f e e t ,   b u t  it may exceed 

800 feet i n  places. S ince   t he   base  0.f t h e   r h y o l i t e  .is 

not  continu3usly  'exposed, a maximum thickness  c.annot  be : 

determined. It i s  o v e r l a i n  by a sequence of sedimentary 

rocks   and .   welded   tu i f s  ( .Thrsj .  - 

. .  

. .  

I n  hand  specimen, t h e   r h y o l i t e   l a v a  i s  a pink t o  g r a y  
. . .  

c o l o r .  It  is usua l ly   mass ive ,   a l t hough   occas iona l ly  

it may be flow  -banded or. b r . ecc i a t ed .   The   rhyo l i t e   l ava  

is phenocryst   poor;   only a few small c rys t a l s   (Secondary  

q u a r t z  7 )  can be seen i n  hand.  specimens. 

-. 

I n  t h i n   s e c t i o n ;   t h e   r h y o l i t e  lava c o n t a i n s   a b o u t  25 

percent spherul i t ic   chalcedony  and LO t o  2 0  percent q u a r t z  

crystals  which are about  0 . 1  t o  1 mm i n  d iameter .  ' These 

q u a r t z   c r y s t a l s  are anhedra l   and   occas iona l ly   occur  i n  

c l u s t e r s ;   p a r t  o r  all of them are  probab-ly  secondary . .  , .  . 

q u a r t z .  The res t -of  t h e   r o c k   c o n s i s t s  of f ine -g ra ined  

i \ 

'": (0 .02  t o  0 . 1  mm) quartz ,   chalcedony  and  sanidine ( ? )  .' . .  
-. 

- .  

. .  Sedimentary Rocks and  Tuffs   ' (Thrs)  . . A  sequence  of 

volcaniclast ic   sedimentary  rocks  and  poorly  welded t u f f s  

overlies t h e   r h y o l i t e   l a v a   i n  Ryan H i l l  Canyon.  The ou t -  

crops o f   t h i s   u n i t  are poor i n  most places; t h e   b e s t  

_.. . 

. outcrops occur on t h e  east side of Ryan H i l l  Canyon (SW/4, 

'sec. 25  and sec. 36). T h e r e ,   t h e   b e t t e r   o u t c r o p s   o c c u r  

as b locky ' exposures in   r av ines   where   e ros ion   has  removed 
. .  . 

t.1 . t h e   o v e r l y i n g  t a l u s .  This. u n i t   h a s  an ave rage   t h i ckness  
. .  

. .  
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- .* 
of a b o u t - 5 0  feet ,  a l t h o u g h   t h e   . t h i c k n e s s  may vary  from 

0 t o  1 0 0  f e e t .  
- 

The sedimentary  rocks  and t u f f s  are c h a r a c t e r i s t i c a l l y  

v e r y   t h i n  and. d i s c o n t i n u o u s   l a t e r a l l y ,  so on ly  a g e n w a l  

d e s c r i p t i o n   o f   t h e  rocks i n   t h i s   u n i t  i s  given.  'The sed i -  

mentary   rocks   cons is t   mos t ly  of even,  para.lle1-bedded, 
" 

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

. conglomera tes   and   brecc i ,as   occur   in ,   th i s   un i t .  The t u f f s  

are usua lxy   gray  'to green,  poor ly   to   modera te ly   welded ,  

and l i t h i c   r i c h . .  They u s u a l l y  contain a b o u t   1 0 . t o  20 

pe rcen t   l i t h i c   f r agmen t s   o f   andes i t e   and   rhyo l i t e ,  5 t o   1 0  

pe rcen t   qua r t z   phenoc rys t s ,  5 tcj 1 0  percent f e l d s p a r   ( m o s t l y  
*. 

s a n i d i n e ' a n d   p e r t h i t e ) ,   a n d  5 t o  20 p e r c e n t  pumice. 

A-L .Peak  Tuff 

The A-L Peak Tuf f  is  a composite sheet of dense ly  
. .  

. .  

welded   c rys t a l -poor ,   one - fe ldspa r ,   rhyo l i t i c  . .  ash - f low  tu f f .  

(Chapin  and  others ,   1978) .  Deal and  Rhodes  (1976) named 

t h e  A-L Peak   Rhyol i te   for  a 2 0 0 0 - f o o t - t h i c k   s e c t i o n   i n   t h e  

n o r t h e r n  San Mateo Mountains. Most worke r s   i n   t he   Socor ro -  

Magdalena 'area now refer t o  t h i s '  format ion  as t h e  .A-L Peak 

T u f f  (Chapin  and  others,  1978).  The A-L -Peak  Tuff is  

,. 

,. . .  

_" , 

e q u i v a l e n t   t o   t h e  "banded  rhyol i te"  of Laughlin  and 

Koschmann (1942).  It  i s  a l s o   e q u i v a l e n t  t o  B r o w n ' s  (1972) 

t u f f  of Bear Springs,   which is t h e   u p p e r  par t  of   Tonking 's  

(1957) Hells-Mesa Formation. . Brown (19721, Simon (1973) ,  

and   Spradl in  (1976) .  h a v e   p r e s e n t e d   d e t a i l e d   p e t r o g r a p h i c  a I: 
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I , d e s c r i p t i o n s   o f   t h e  A-L Peak  Tuff.   Chapin  and  others 

(1978)  div ' ided  the A-L' Peal: Tuff i n t o   t h r e e  members, 

 which from o l d e s t   t o   y o u n g e s t   a r e   t h e   g r a y - m a s s i v e  member, 

. .. . . .  flow-bandea m @ m D e r ,  and  pinnacles  member. Smith  and  others  - . .  . .  . .. . .. 
, . . .  .. 

( 1 9 7 6 )  ob ta ined  -a  f i s . s ion- t rack  da t e  of 31.8 k-1.7 m.y. f o r  . . .  
. .  

' ,  ' . the  A-L Peak  Tuff a t  the t y p e   l o c a l i t y .  

. .  
' The A-L Peak  Tuff   general ly   contain 2 t o  1 0  percen,t  

phenocrysts  of  sanidin.e  and  .quartz.  The s a n i d i n e  pheno- 

c r y s t s  are u s u a l l y  several times more  abundant  than  the 

quar tz   phenocrys ts   and   a re   found as e u h e d r a l   t o   s u b h e d r a l  

g r a i n s   a b o u t  1 t o  2 mm i n   l e n g t h .  The quar tz   phenocrys ts  

are  u s u a l   l y  sm?.il (less than  ' 0 . 5  mm) and 'anhedral.   The 

lower gray-massive member of t h e  A-L Peak,  Tuff . .  i s  g e n e r a l l y  

l i g h t   g r a y  a'nd pumice poor. It i s  over la in   by   the   f low-  

banded member, which i s  g r a y   t o   r e d d i s h ' b r o w n  and  charac- 

t e r i z e d  by  abundant,  higlily  welded,  lineated  pumice.  Flow:' 

f o l d s  are occasionaMy  found i n  t h e  flow-banded member. 

, .  

, - . T h F p i n n a c l e s  member usua l ly   con ta ins   abundan t ,   non- l inea ted  

pumice; however, it may have  highly  welded,  l ineated  pumice 

i n   t h e  Sawmill Canyon cauldron.  
- 

Each of t h e  members of t h e  A-L Peak T u f f  has  been 

c o r r e l a t e d   w i t h  a major ash-flow t u f f  e r u p t i o n   a s s o c i a t e a  

wi th   cau ld ron   co l l apse   (Chap in   ana   o the r s ,  1 9 7 8 ) .  The 

gray-massive member was p rev ious ly   t hough t  t o  have  caused 

t h e  i n i t i a l  c o l l a p s e  of t h e  Mt. Withington  cauldron 

(Deal, 1973; D e a l  and  Rhodes, 1 9 7 6 ;  Chapin  and  others ,  

i 9 7 8 ) .  More r e c e n t  work,  however, i n d i c a t e s   t h a t   t h e  
b 
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1 
*? 
4 d 

gray-massive member probably'came  from  the  Magdalena 

cauldron  (Chapin, 1979 ,  oral  commv?ication). T?e flow- 

banded member was a l so   e rup ted  from t h e  Magdalena  cauldron 

and is  welded' t o   t h e  gsay-massive member. The p innac les  

member i s  be l i eved   t o  have erupted  from  the  Sawmill  Canyon 

cauldron.  The Sawmill Canyon cauldron  contains  a s e c t i o n  

of A-L Peak  Tuff  which may exceed 3 0 0 0  f e e t   i n   t h i c k n e s s ,  

bu t  s i n c e  t h e  bottom  of t h i s   t u f f  i s  not  exposed i n  most 

.. . of   the  cauldron and  because  of   possible   concealed  faul ts ,  
. .  

t h i s  i s  only   an   es t imate .  The p innac le s  member i s  no t  

flow banded i n  its outflow  facie;,  but  the  A-L.Peak  Tuff 

i n   t h e  Sawmill  'Canyon cauldron  contains  flow-banded, 

l i n e a t e d  pumice. I f   t h e   p i n n a c l e s  member d id   e rupt   f rom 
b '  
" I  t h e  Sawmill Canyon cauldron,   then it was h o t  enough . t o  

cause  extreme  welding  and  produce  f low  banding  in  the 

c a u l d r o n ,   b u t , n o t   i n ' t h e   o u t f 1 o w . f a c i e . s .  The p innac le s  

and  flow-banded members a r e   v e r y   s i m i l a r   p e t r o g r a p h i c a l l y ,  

so it i s  d i f f i c u l t   t o   d e t e r m i n e  which m e m b e r . f i l l e d   t h e  

Sawmill Canyon cauldron  by  only  examining  the  rocks i n  t h e  

cauldron.  

I n  t h i s   s t u d y   a r e a ,   t h e  'A-L Peak  Tuff i s  found a t  t h e  

head  of  Sixmile Canyon (sec. 1 0 ,  T. 4 S . ,  R. 3 W., unsur- 

veyed) alld i n  Ryan H i l l  Canyon. .Outside ' the  Sawmil l  Canyon 

cau ld ron ,   t he  A-L Peak Tuff   usual ly  overlies t h e  Bl ls  

Mesa Tuff.' I n  t h i s   s t u d y   a r e a ,  however, t h e  A-L Peak 

Tuf f   occu r s   en t i r e ly   i n s ide   t he  Sawmill Canyon cauldron,  

and t h e   b a s e   o f   t h e  A-L Peak'Tuff is not   exposed   except   in  

I 

! 
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K\\ 
,the southern  part  'of  Ryan  Hill  Canyon  (secs. 25, 26 and 3 6 ) .  

.f - Here,  the A-L Peak  Tuff  overlies  the  unit  of  Hardy  Ridge. 

This  area  is  between  the  topographic  wall  and  the  main 

ring  fracture o: the  Sawmill  Canyon  cauldron  (see  Plates 

1 and 2 ) .  The A-L Peak  Tuff  thins  as  it  approaches  the 

topographic  margin  of  the  cauldron  and  is  only  about 200 

to 300 feet  thick  in  section 3 6 .  It apparently  overlies 

an  unconformity  formed  inside  the  topographic  wall. 

Osburn  (1979,  oral  commun.)  reports  that  the  unit  of 

Sixm'ile  Canyon  (part  of  the  fill  of  the  Sawmill  Canyon 

cauldron)  also  thins to the  south  against  the  topographic 

wall  of  the  cauldron. 

." 

I 

North of the  southern  ring  fracture  of  the  Sawmill  Canyon 
.. .. 
.. . cauldron  (Plate 2 ) ,  the A-L Peak  Tuff  thickens  dramatically. 

The base  of  the  tuff  is  not  exposed,  but  the  tuff  is  at 

least 2000 feet  thick  less  than 1 mile  north  of  the  r.ing 

fracture.  South  of  the  ring fracture,,it is  usually  about 

,500 feet  thick.  Further  north in Ryan'Hill Canyon,  the 

A-L Peak  may  exceed 3000 feet  in  thickness. 

. The A-L Peak  Tuff is faulted  againdt  younger  units 

on  the  west  side  of  Ryan  Hill  Canyon;  on  the  east  side, 

it  is  overlain  stratigraphically  by  the  unit  of  Sixmile 

Canyon. The unit  of  Sixmile  Canyen fihed the  Sawmill 

Canyon  cauldron  after  the A-L Peak  Tuff  erupted.  Pro- 

nounced  lateral  facies  changes  occur in  the  unit  of  Sixmile 

Canyon. In the  northern  part  of  the  kanyon,  andesite  lavas 

I 

G 
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overlie  the A-L Peak;  whereas  further  south,  rhyolite 

lavas,  82:rlstones,  or t'lin ash-flow  tuffs  may . .. overlie  it. 

At the  head  of  Sixmile  Canyon,  the A-L Peak  Tuff and. 

the  unit  of  Sixmile  Canyon  are  faulted  together  in  a corn- 

plex  manner.  This  area'  is  on  the  transverse  shear  zone 

(Chapin  and  others,  1978;  Plate 2, this  studv) . ' It 'is 
also cl'ose to the  northern Sawmill'Canyon-cauldron  margin, 

so complex  structures are likely.  Slide  blocks  emplaced 

in the Sawmill  Canyon  cauldron  could  also  account  for  some 

of  the  outcrop  complexities.  The most'likely possibility 

though,  is  that  these  complexities  result  from  'complicated 

normal  faulting  like  that  described  in  the  section  on 

structural  geology (p. 137). In  sixmile  Canyon,  the  A-L 

Peak  Tuff  is  overlain  by  a sequence.of:thin welded  tuffs 

and  volcaniclastic  sedimentary  rocks,  which  are  part of 

the  unit of  Sixmile  Canyon.  These'  rocks  are  very  similar 

,to the  tuffs  and  sedimentary  rocks  that  overlie  the A-L 

Peak  Tuff  in Ryan-Hill Canyon. 

. .  

.. 

, 

The A-L  Peak  Tuff is  characterized  by abundant,, 

closely  spaced  sheetjoints; it is almost  impossible  to 

collect  a  hand specimen'free  of joints. In the  less 

densely  welded  zones,  the  joints  are  more  irregular. In 

the  most  densely  welded  zones,  the  A-LiPeak  Tuff  commonly 

breaks  both  along  the  foliation  and  the  sheet  joints  to 

form small  "platelets". In some  places,  outcrops  are 

I 

I 

4L largely  masked  by  a  covering of these  "platelets". The 

Q A-L  Peak  Tuff is exposed  moderately  well in Sixmile  Canyon,. 

I 
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I -  

' . . -  
b u t   f u r t h e r   s o u t h   i n  Ryan H i l l  Canyon,, it is often  found 

i n  i so l a t ed ,   c l i f fy   exposures   su r rounded   . by   t a lus .  

z 

I n  hand  specimen, t h e  A-L Peak  Tuff i s  u s u a l l y  a g ray  

color   in   northwestern  S. ixmile  Canyon, b u t  it becomes gray  

t o   r e d d i s h  brown f u r t h e r   s o u t h   i n  Ryan H i l l  Canyon. The 

A-L Peak  Tuff  usually  contains  about 5 t q  6 percent .pheno-  

c r y s t s   o f   s a n i d i n e  and qua r t z ;  however, the   phenocrys t  

content  ranges  from 2 t o  15 percent .  Most o f   t he  A-L Peak 

Tuff   contains  less than 5 p e r c e n t   l i t h i c   f r a g m e n t s ,   b u t - t h e  

u p p e r   p a r t   o f   t h e   t u f f  may c o n t a i n   a s  much a s  1 0  t o  15 

pe rcen t   l i t h i c   f r agmen t s .   These   cons i s t   mos t ly   o f   f r agmen t s  

of   andes i te   and   rhyol i te .  The  A-L.Peak Tuff i n  S i x m i l e  

Canyon is  moderately pumice p o o r ,   b u t   i n   t h e   c e n t r a l   t o  

sou the rn   pa r t   o f  Ryan H i l l  Canysn, it may c o n t a i n   a s  much 

a s  25  percent  pumice. 

r. 

. .  . .  

., . .  . .  
I n  some placesT'the A-L Peak Tuff i s  so highly  welded ' .  

t h a t  it may resemble a flow-banded r h y o l i t e  lava. I n  

t h e s e   a r e a s ,   t h e  pumice i s  a l s o   h i g h l y   l i n e a t e d  and 

o c c a s i o n a l l y  some pr imary  f low  folds  ,. can , . b e   s e e n   i n   t h e  

t u f f .   F i g u r e s  6 and 7 show some o f   t h e s e   f e a t u r e s .  

T h e s e   s t r u c t u r e s   a r e   t h o u g h t   t o   b e   p r i m a r y   i n   o r i g i n ;  

t h a t  i s ,  t o  have  formed  before   the ' forward  motion  of   the 

t u f f  had  ceased.   Structures   of  tl:is t y p e   i n   i g n i m b r i t e s  

i n  cen t ra l  Colorado  have  .been  described  by  Chapin  and 

L o w e l l   ( i n   p r e s s ) .  They sugges t   t ha t   unusua l ly   ho t   a sh  

f l o w s   b e g i n   t o  weld before  forward  motion ceases and ' ' 

t h a t   d e p o s i t i o n  occurs i n  a laminar  boundary  layer.   This 

. .  

. .  
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, Figure l a .  Lineated pumice i n   t h e  A-L Peak  Tuff (SW/4, 
sec. 1 0 ,  T. 4 S . ,  h. 3 W . ,  unsurveyed).   The  l ineated 
pumice i s  probably a p r i m a r y   s t r u c t u r e ,   t h a t  i s ,  it 
forms i n  c. t u f f   t h a t   b e g i n s  t o  we ld   be fo re   t he   t u f f  
has  come t o  rest. During t h i s   s t a g e ,   t h e   t u f f   d e v e l o p s  

I a h i g h   v i s c o s i t y   a n d   t h p u m i c e  i s  s t r e t c h e d   i n   t h e  
d i r e c t i o n  of flow. 

. .  Figure 7b. Close-up of l i n e a t e d  purnice  'in F igure  l a  



35 

.Figure 6. Primary flow fold in'the A-L :Peak  Tuff (NW/4, 

occasionally  seen in the cauldron-facies A-I, Peak  Tuff 
'sec. 15, T. 4 S., R. 3 W., unsurveyed). ' Such  folds are 

(pinnacles member ? )  within  the study area  (Sixmile 

are restricted to the. flow-banded member, in the  outflow 
facies. 

: Canyon and northern  Ryan  Xi11  Canyon);  however,  they 

. .  
.. 

.- 
.1 

. . > .  

- .  
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causes  the  tuff 50 develop  a  high'viscosity and  to  behave 

as  a  rhyo?ite lava.  Dvxing  deposition,  the  pumice  is 
Q 

stretched  in  the  direction  of  movement  of  the  tuff.  Con- 

tinued  movement  of  the  tuff  may  produce  shear  planes  and 

folds,  similar 'to some  structures  in  rhyolite  lavas.  The 

primary  folds  are  aligned  with  their  axes  perpendicular 

to  the  direction  of  movement. 

Nine  measurements on lineated  pumice  are  shown  on 

Plate 1. Most o f  the  symbols  on  the  map  represent  several 

measurements  taken at the  same  location.  Although  there  is 

some  variation  in  the  measurements,  they  average  about 

N 8 0  E, if one  erratic  value  is  omitted.  This  lineation 

is  almost  perpendicular  to  the  other  measurements  recorded 
1' 
_ ,  nearby.  Bowring  (oral  communication)  reports  that  in 

Sawmill  Canyon,  just  west of this  study  area,  the  linea- 

tions  were  oriented  approximately  east-west. 
. ,  

The A-L Peak  Tuff  has  both  vertical  and  lateral  varia- 

tions  in  the  study  area.  In  Sixmile  Canyon, it is  usually 

gray,  pumice-poor,  densely  welded, and'contains only 1 

to ,2 percent  phenocrysts  and 1 to 2 percent  lithic  fragments. 

Primary  folds  are  occasionally  found  in  this  area,  although 

they  are  not  common. 

In Ryan  Hill  Canyon, The A-L Peak  Tuff  is  less  densely. 

welded  than in  Sixmile Carzyon. The  Pumice is still  lineated, 

but  not as highly as in  the  Sixmile  Canyon  area. A few 

primary  folds  were  seen  in  the  northern  part of the  canyon, 

but  few,  if  any,  occur  in  the  central  to  southern  'part o$ 6;; 
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the   canyon.   In  Ryan H i l l  Canyon, t h e  A-L Peak  matrix is  

usua l ly   g ray   t o   r edd i sh  brown and  >he  pumice i s  u s u a l l y  a 

g r a y i s h - r e d   t o  dark-brown c o l o r .  The A-L Peak  Tuff i n  

Ryan H i . 1 1  Canyon is  s l i g h t l y  more c r y s t a l -  and l i t h i c - r i c h  

than it is i n  Sixmile Canyon. It  usua l ly   con ta ins  3 t o  8 .  

percent   phenocrysts   of   sanidine  and  quartz ,   a l though it 

may con ta in  a s  much as 15 percen t   phenoc rys t s   i n   t he  

u p p e r   p a r t   o f   t h e   t u f f .  Two t o  15 p e r c e n t   1 i t h i c . f r a g m e n t s  

o f   andes i t e  and r h y o l i t e   o c c u r   i n   t h e  A-L Peak  Tuff i n  

Ryan H i l l  Canyon. 

On t h e   e a s t e r n   s i d e  of Ryan H i l l  Canyon, t h e   s t r a t a  

d ip   t o   t he   ea s t ,   t he reby   expos ing   t he   midd le  ( ? I  t o   u p p e r  

po r t ion   o f   t he  A-L Peak  Tuff  and t h e   l o w e r   p a r t   o f   t h e  

uni t   o f   S ixmi le  Canyon. Unfor tuna te ly ,  much of t h i s ,  

e s p e c i a l l y  i n  the   no r the rn   pa r t   o f   t he   canyon ,  i s  l a r g e l y  

covered   wi th   t a lus .   Al though  most   o f   th i s   a rea  is u n s u i t -  

a b l e   f o r   t a k i n g  a measured section, gene ra l i za t ions   can  be 

made about   the   upper  A-L Peak  based on!  mapping  and t h e  

gene ra l   ve r t i ca l   s equences .  I 

A t  t h e   t o p   o f   t h e   s e c t i o n ,  severa~l t h i n   r h y o l i t e   l a v a s ,  

sandstones and t u f f s  are interbedded i;” t h e  A-L Peak  Tuff.  

These  rocks are d e s c r i b e d   i n   t h e   f o l l o w i n g   s e c t i o n   ( p .  4 3 ) .  

Below t h e   l a v a s ,   t h e  A-L Peak  Tuff   contains  4 t o  6 p e r c e n t  

phenocrysts   of   sanidine  and  quartz ,   and 1 0  t o  15 p e r c e n t  

l i t h i c   f r a g m e n t s .  The percentage  of   l ’ i thic   f ragments  

increases gradual ly   f rom  the  bot tom  of   the  canyon t o  t h e  

base  of the   rhyo l i t e   l ava - sands tone   i n t e rva l .   A l though   t he  
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tuff  is  highly  welded  throughout  the  section,  the  degree 

of  weldin?  decreases  slightly  upwards in  the section. 

The tuff  below  the  rhyolite  lava-sandstone  interval 

generally  cvntains  three  to  five  times  a3  much  sanidine 

as quartz. 

The A-L Peak  Tuff  above  the  lava-sandstone  interval " 

is  similar to the  underlying A-L Peak,  except  that  it  con- 

. tains 8 to.10 percent  phenocrysts  of  quartz  and  sanidine, 

and  the  quartz  is  about  as  abundant as the  sanidine.  The 

tuff  in  this  interval is only  moderately  to  d,ensely  welded. 
- 

- In  thin  section,  the A-L Peak  Tuff in Sixmile  Canyon 

is very  crystal-poor,  containing  only  about 1 to 2 percent 

phenocrysts  of  sanidine  and  quartz.  Sanidine  is  more 

abundant  than  the  quartz  and  usually  occurs as subhedral 

to  euhedral  grains as much as 1.0 mm in  length.  The 

sanidine  in  this  area,  as  well as all  the  other  areas 

from  which  thin  sections  were  made,  was  partially  altered. 

Some of  the  sanidines  were  partially  replaced  by  a  low 

i' 
' 5  , 

I 

birefringent  clay,  giving  them  a  cloudy  appearance,  while 

others  were  completely  replaced  by  sericite  and  other . 

clay minerals. The quartz  occurs as small (0.2 mm or 

less),  anhedral  grains.  Hematite  is  fairly  ubiquitous 

throughout  the  thin  section,  usually  occurring  as  small, . 

bladed or acicular crysta;s. Pumice  occurs  in  amounts 

of about 5 percent  or  less  in  the most' highly  welded  zones. 

This pumice  has  length to thickness  ratios  greater  than 

100 to 1; in  thin  section  the  pumice  rarely  exceed 0.3 mm in 
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thickness.  Crystals  of  vapor-phase  quartz  with  a  diameter 

of 0.1 mm, or  less,  occur  in  the  pnmice  and  along  shear 

planes  in  the  matrix  (see  Fig. 8 ) .  
- 

The A-L Peak  Tuff  in  Ryan  Hill  2anyon  (except  that 

above  the  rhyolite  1ava)usually  contains 3 to 5 percent 

phenocrysts  of  sanidine  and  quartz.  The  sanidine  has an 

average  length  of  about 0 .15  nun and  is  euhedral  to  sub- 

hedral.  It  is  between  three  and  five  times more. abundant 

than  the  quartz.  The  sanidine  is  always  altered  to  some 

extent.  The  quartz  has  an  average  diameter of about 0.2 

mm  and  is  anhedral.  Trace  amoucts  of biotite.occur in 

thin  section,  and  usually  a  few  percent  hematite  is  present 

as bladed  and  acicular  crystals.  This A-L Peak  usually 

contains  about 2 to 10 percent  lithic  fragments,  which 

are probably  andesite  and,  rhyolite  fragments,  and  10  to 

15 percent  pumice. The  amounts  of  pumice  and  lithic 

fragments  generally  increase  upward  in,  the  tuff. The 

pumice  and  matrix  are  both  devitrified’  to  a  fine-grained 

assemblage  of  quartz  and  feldspar;  occasional  spherulitic 

and  axiolitic  structures  were  seen in ;the matrix.  Outlines 

of  the  original  glass  shards  are  preserved  by  hematite 

dust  in the  matrix.  Most of the  thin  sections  also  contain 

extensivl  vapor-phase  minerals  consisting of feldspar  and 

quartz  as  much  as 0.3 nun in  diameter. , Most of the  feldspar 

has  been  completely  altered  to an  opaque  mixture  of  clay 

minerals.  Much of the  pumice  has  been  replaced  by  small 

feldspar  crystals  which  point  inward  and  are  surrounded 

by  anhedral  quartz. 

I 

“a 
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Figure 8 .  Photomicrograph  of  flow-banded A-L Peak  Tuff. 
This  sample  came  from  Sixmile  Canyon  where  the  tuff  is 
very  highly  welded  and  appears  flow  banded  in  hand  specimen 

The  shear  planes  in  the  tuff  are  defined  by  light-colored 
and  outcrop.  The  phenocryst  in  the  photograph  is  sanidine. 

vapor-phase  minerals.  Crossed  nichols,,31.25  x. 

. .  
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The uppermost A-L Peak  Tuff   ( that   tuff   separated  f rom 

t h e  rest by t h e   r h y o l i t e   l a v a - s a n d s t o n e   i n t e r v a l )   c o n t a i n s  

8 t o  1 0  percent   phenocrysts   of   quartz   and  sanidine,   and 

1 0  t o   1 5   p e r c e n k  l i t h i c  fragments.  The main   d i f fe rence  

between t h i s   t u f f  and t h e   t u f f  below t h e   r h y o l i t e   l a v a s  

i s  t h a t  it c o n t a i n s   a b o u t   a s  much q u a r t z  as f e l d s p a r .  The 

t h i n   s e c t i o n   s t u d i e d   c o n t a i n s   a b o u t  5 t o  6 p e r c e n t   q u a r t z  

and 3 t o  4 percen t   s an id ine .  The qua r t z   has   an   ave rage  . 

diameter of  about  0.3 nun; t h e   l a r g e s t   q u a r t z   p h e n o c r y s t  i s  . 

0.7 nun diameter.  The san id ine   has   an   average ,   l ength   o f  

about  0.4'mm. The l i t h i c   f r a g m e n t s  are m o s t l y   a n d e s i t e  

and rhyol i te   f ragments .  Pumice c o m p r i s e s . 1 5   t o  20 p e r c e n t  

of the   rock .  The A-L Peak  Tuff i n   t h i s   u n i t  i s  o n l y  

moderately  to   densely  welded.  

f .. 'i 
. .~ 

e' 
i. 

Interbedded  Rhyol i te  Lavas, Sandstones,   and  Tuffs.  I n  ' . . 

t h e   c e n t r a l   p o r t i o n  of Ryan 'Hi l l  Canyon (secs. 22,  23,  and 

2 6 ,  T. 4 S., R. 3 VI., unsurveyed) ,  a t h i n  seyence of  

r h y o l i t e  lavas ( T a l r )  , and sandstones and t u f f s  (Tals) 
-. , .  

' ' is  i n t e r b e d d e d   i n   t h e   u p p e r  A-L Peak Tuf f .  The t o t a l  

t h i ckness  of t h i s   u n i t   d o e s  not exceed! 200 t o  3 0 0  feet: 

it is probably less t h a n   t h i s   i n   m o s t   p l a c e s .  

The rocks  of t h i s   u n i t  are usua l ly   very   poor ly   exposed;  

ou tc rops  are u s u a l l y  small and separated by   cons ide rab le  

t a l u s .  Because of t h e   p o o r   e x p o s u r e s , s i t  is imposs ib le  

to trace i n d i v i d u a l   r o c k   u n i t s   l a t e r a l l y  f o r  more t h a n  a 

few t e n s  of feet. However, t h e   g e n e r a l  ver t ical  sequence G 
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a can   be   e s t ab l i shed   i n  a few p l a c e s .  A s  t h e  map shows t , 
(Plate l)., t he   rhyo l i t c .  lava i s  under la in   end   over la in  

by a sands tone   and   t u f f   i n t e rva l   i n   mos t   p l aces .  

The r h y o l i t e   l a v a   ( T a l r )  is gr?.y t o   p i n k  and u s u a l l y  

c o n t a i n s  1 0  t o  1 5  percent   phenocrysts .  The phenocry.sts 

a r e   m o s t l y   q u a r t z   a n d   f e l d s p a r ;   i n  hand  specimen,  the 

matr ix  i s  aphan i t i c .  One t h i n   s e c t i o n  examined  contains 

' about 15 percent  phenocrysts.   About 7 percent   o f   the   rock  

i s  subhedra l ,   pa r t i a l ly   co r roded   qua r t z   w i th   an   ave rage  

diameter  of  about 0.5 mm; t h e   l a r g e s t   q u a r t z   p h e n o c r y s t  i s  

about 1 .5  mm i n  d iameter .   This   rock   conta ins  two types   o f  

f e l d s p a r .  About 3 percent   o f   the   rock  i s  p e r t h i t e ,   w i t h  

an  average  diameter  of 0.6 t o  0.7'mm. ,A l so ,   abou t  2 
- .  
1 percen t   o f   t he   rock   cons i s t s   o f  a phenoc rys t   t ha t   has  

been rep laced  by c lay   minera ls   and  is, too a l t e r e d   t o   i d e n t i f y .  

About 2 p e r c e n t   b i o t i t e   ( l a r g e l y   r e p l a c e d  by  hematite1 i s  " 

p r e s e n t   i n   t h e   r o c k .  The mat r ix   cons is t s   mos t ly   o f   f . ine-  

.g ra ined  ( 0 . 1  mm, o r  less) c h e r t y   a n d   s p h e r u l i t i c   q u a r t z ,  

f e l d s p a r   ( s a n i d i n e  ?) ,  and  chalcedony.  Also  hematite  dust  

is sca t t e red   t h rough   t he  matrix. 

The sandstone  and t u f f  u n i t   ( T a l s )   c o n s i s t s   o f  a 

heterogeneous mixture o f   p o o r l y   w e l d e d ,   l i t h i c - r i c h   t u f f s ,  

and  interbedded  sandstones.  The sandstones are mostly 

g ray i sh   g reen ,  medium g r a i n e d ,   l i t h i c   r i c h ,   f e l d s p a r .   r i c h  

and  moderately to poor ly   so r t ed .  The t u f f s  a r e   g e n e r a l l y  

brown t o   p i n k   a n d ' c o n t a i n  5 t o  1 0  percent   phenocrys ts  of 

f e l d s p a r  and  qua.rtz,  and 1 0  t o  25 p e r c e n t   l i t h i c   f r a g m e n t s  
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(mostly  andesite).  The  tuffs are  moderately  to  poorly 

welded  and  frequently  pumice  rich. 

Unit  of  Sixmile  Canyon 

The  unit  of  Sixmile  Canyon  is  a  thick  sequence  of 

andesite  and  rhyolite  lavas,  ast:-flow  tuffs,  and vol- 

caniclastic  sedimentary  rocks.  The  rocks in this  unit 

undergo  rapid  lateral  facies  changes;  in  some  places, 

thick  andesite  lavas  interfinger  with  thick  rhyolite 

lavas.  Krewedl  (1974)  named  the  Sixmile  Canyon  andesite 

after  some  outcrops  in  the  heads  of  Sixmile  and  South 

Canyons.  This  name  was  changed  to  the  unit  of  Sixmile 

Canyon  by  Osburn  (1978).  Krewedl  (1974).  also  mapped  a 

unit in  the  head  of  Sixmile  Canyon  which  he  called  the 

Sawmill  Canyon  Formation.  Krewedl's  Sawmill  Canyon  For- 

mation  consists  mostly  of  A-L  Peak  Tuff,  and  to  a  lesser 

extent,  of  the  unit of Sixmile  Canyon  (as  mapped  for  this 

thesis).  Krewedl's  South  Baldy  Peak  andesite  is  also 

included  in  the  unit c.f Sixmile  Canyon. The  unit  of 

Sixmile  Canyon  has  not  yet  been  dated,  but  the  underlying 

and  overlying  units  have  been  dated  at  31.8 m.y. (A-L 

Peak  Tuff)  and 26.3 m.y.  (tuff  of  Lemitar  Mountains). 

The  unit of Sixmile  Canyon  overlies  the  A-L  Peak  Tuff 

and is  part  of  the  cauldron  fill of the  Sawmill  Canyon 

cauldron. So far,  it  has  not  been  found  outside  of  the 

cauldron,  but.rocks  of  similar  appearance  and  stratigraphic 

position  are  present  in  the  Magdalena  cauldron  (Chapin, 

oral communication). 
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The nor the rn   r i ng   f r ac tu re   o f   t he   Sawmi l l  Canyon 
.. . 

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

s tudy   a r ea   (P la t e  2 ) .  It i s  a n e a r - v e r t i c a l   c o n t a c t  

between t h e  Xells Mesa Tuff  and t h e   u n i t   o f  S ixmi le  Canyon. 

Pa r t   o f   t he   no r the rn   cau ld ron   marg in   r ep resen t s  a depo-si- 

t i o n a l   c o n t a c t   a l o r 3   t h e   t o p o g r a p h i c  r i m  and pa r t   o f  it i s  

t h e   r i n g   f r a c t u r e   ( P l a t e  2 ) .  L a t e r   f a u l t i n g   h a s   r e a c t i v a t e d  

the   cau ldron   margin   in  some p l a c e s ;   p a r t   o f   t h e ,   c a u l d r o n  

marg in   has   a l so   been   up l i f t ed   i n  a ho r s t   b lock .  

The s o u t h e r n   r i n g   f r a c t u r e  of t h e   c a u l d r o n   ( P l a t e  2 )  

appa ren t ly  was n o t   r e a c t i v a t e d   b y - f a u l t i n g   a f t e r   t h e  

depos i t i on   o f   t he  u n i t  of  Sixmile Canyon, s i n c e   t h a t   u n i t  

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

Osburn ( i n   p r o g r e s s )   i n d i c a t e s   t h a t   t h e   u n i t   o f   S i x m i l e  

Canyon p inches   ou t   aga ins t   the   topographic   cau ldron   margin  

on the   sou th   s ide   o f   t he   cau ld ron .  The un i t   o f   S ixmi le  

Canyon has  a maximum th i ckness  of about 2500 - f e e t .  

I n  some p l a c e s ,   t h e  strikes and d i p s   i n   t h e  A-L Peak 

. T u f f   i n  Ryan H i l l  Canyon d i f f e r  from t h o s e   i n   t h e   o v e r -  

l y i n g  u n i t  of  Sixmile Canyon. T h i s   c o u l d   i n d i c a t e   t h a t  

t h e r e  i s  an  angular  unconformity  between  the two u n i t s :  

however, f a u l t i n g  is  p robab ly   r e spons ib l e   fo r   mos t   o f   t he  

d i f f e r e n c e   i n   t h e   s t r i k e s  and  dips.  The u n i t  of Sixmile 

Canyon is  o v e r l a i n  by t h e   t u f f   o f  Lemitar Mountains.  There 

i s  no. .apparent   angular   unconformity  between  the  tuff   of  

Caroni ta  Canyon (upper   par t   o f   the  u n i t  of Sixmile Canyon) 

and t h e   o v e r l y i n g   t u f f  of Lemitar  Mountains,   al though  there 

is an  erosion  surface  between  khe ' two.  
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6" Lower  I n t e r v a l   o f  T u f f s ,  Sandstones  and  Lavas. A group 
4. 
" 

of   tu f fs ,   sands tones  ar.? l a v a s   o v e r l i e s  t he  A-L Peak Tuff 

i n  most   of   the   s tudy  area.  A t  the  head  of  SixmiJe  Canyon, 

this g r o u p   c o n s i s t s   e n t i r e l y   o f   t u f f s  and sandstones,   and 

was mapped a s  Txt .  In  .southern Ryan H i l l  Canyon, t h i s  group 

c o n s i s t s   o f   r h y o l i t e   l a v a s ,   t u f f s  and sandstqnes.  The 

r h y o l i t e   l a v a   ( T x r l )   o v e r l i e s ,  and i s  over la in   by ,  a t u f f -  

sandstone  sequence  (Txtl and T x t 2 ) .  The t u f f s  and  sandstones 

in   Txt ,   Txt l ,   and T x t 2  t y p i c a l l y   c o n s i s t  of t h i n  (5- t o  

2 0 - E t )  i n t e rva l s   o f   i n t e rbedded ,   poor ly   we lded   t u f f s   and  

sandstones.  There axe s e v e r a l   d i f f e r e n t   t u f f s   i n  these 

u n i t s ,   b u t   m o s t   o f   t h e s e   a r e   l o c a l   t u f f s   t h a t  were only  

s e e n   i n  a few p laces .  The  T x t 2   u n i t   a l s o   c o n t a i n s  a t h i n  

a n d e s i t e   l a v a .  

The complex o u t c r o p   p a t t e r n s   i n   t h e   h e a d  of S ixmi le  

Canyon are i n t e r p r e t e d   t o  be caused  most ly   by  faul t ing;  

however, some o f   t he   un i t   o f   S ixmi le  Canyon (Txt) could  

have  been  emplaced as s l i d e   b l o c k s   i n  t he  a n d e s i t e   l a v a  

(Txal) .   This   area is d i s c u s s e d   f u r t h e r   i n   t h e   s e c t i o n  on 

s t ruc tu ra l   geo logy .  

The Txtl ,  T x r l ,   a n d   T x t 2   u n i t s   a l l   o c c u r   i n   s o u t h e r n  

Ryan H i l l  Canyon (secs. 25 ,  2 6 ,  and  36,, T. 4 S., R. 3 W . ,  

unsurveyed).  The T x t l  u n i t   o n l y   c r o p s   o u t   o n   t h e   e a s t e r n  

s l o p e  of Ryan Hill Canyon. It is a t h i n   u n i t   t h a t  is  

f r equen t ly   cove red   w i th   t a lu s .  The bes t   exposures   occur  

i n   r a v i n e s  where e ros ion   has  removed t h e   o v e r l y i n g   t a l u s .  

A r h y o l i t e   l a v a  (Txrl) ove r l i e s   t he   t u f f s   and   s ands tones :  
l4 6; 
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of  the  Txtl  unit.  This  lava  is  in  turn  overlain  by  another 

tuff  and  sandstone  unit  (Txt2).  mhe  rhyolite l m a  and Txt2 

units  are  fairly  well  exposed  on,.the  eastern  rim  of  Ryan 

Hill  Canyon  and  in  the  upper  reaches  of  Caronita  Canyon. 

The  rhyolite  lava  occurs as low,  blocky  to  cliffy  outcrops, 

while  the Txt2'unit occurs  as  low,  .rounded  outcrops. 

The  tuffs  in  Txt,  Txtl  and  Txt2  exhibit  a  wide  variety 

of  characteristics  in  hand  specimens.  In  general,  they 

are  lithic-rich,  moderately  crystal-rich  and  poorly  welded. 

. In  thin  section,  most  of  these  tuffs  contain 5 to 15 

percent  quartz  and 5 to 1 0  percent  feldspar  (mostly  sanidine 

and  some  perthite). 'They also  contain 5 to 25 percent  lithic 

fragments,  which  consist  mostly  of  andesite  and  lesser 

amounts of rhyolite. Also, a  few  lithic  fragments  are 

fine-grained  silicic  fragments  which  consist  mostly  of 

anhedral  quartz  grains.  The  tuffs  are  usually  moderately 

pumice  rich;  the  pumice  may  comprise 10 to 40 percent  of . "' 

the rock. 

. .  

The  sandstones  usually  consist of  even,  parallel 

beds,  although  occasionally,  cross-bedding was observed. 

They  are  mostly  medium-  to  coarse-grained (0 .25 mm) sand- 

stones,  consisting of angular  grains of quartz,  feldspar 

and  lithlc  fragments. The  proportion  of  these  grains 

may  vary,  but all the  sandstones  are  lithic  rich  and 

contain 10 to 50 percent  lithic  fragments. .One thin 

section of the  sandstone  contains 40 to 50 percent . 

lithic  fragments, 25 to 30 percent  quartz, 10 percent 

".e 
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sanidine, 5 percent  plagioclase  and 5 percent  opaque  minerals 

(probably  Fagnetitel.  Tke  sandstone  is  poorly  sorted  and 

the  average  grain  diameter  is  about 0.9 mm. A number  of 

different  types  of  lithic  fragments  were  observed.  The  most 

common  types  are  fine-grained  Silicic  fragments ivhich  are . 

probably  rhyolites.  Lesser  amounts  of  andesite  or  latite 

fragments  occur  in  the  sandstone. 

. .  

.. 

. .  

The  rhyolite  lava  (Txrl)  in  southern  Ryan  Hill  Canyon 

is pink to  white  and  phenocrysts  poor.  Occasionally,  the 

rhyolite  is  flow  banded  or  brecciated,  but  usually  it  is 

massive a d  aphanitic. A few  crystals  can  be  seen  in'  hand 

specimens]  but  these  are  probably  secondary  quartz. 

Andesite  Lavas (Txal)- A thick  sequence  of  andesite 

flows  crops  out  in  the  upper  portions of Sixmile,  South  and . 

Sawmill  Canyons.  Krewedl  (1974)  included  the  andesites in 

both  his  Sixmile  Canyon  andesite  and  South  Baldy  Peak .. 

andesite,  although  there  is  no  difference  between  the  two 

units.  Osburn  (1978)  included'  the  andesites in  the  unit of 

Sixmile  Canyon. 
. .  

These  andesite  lavas ('lxal) prob~bly interfinger  with 

the  sanidine  rhyolite  lava  (TxrZ)  at tlie head  of  Ryan  Hill 

Canyon  (sec. 15, T. 4 S .  , R. 3 W. I unsurveyed) . Most  of 

the  unit  of  Sixmile  Canyon  has  been  removed  by  erosion  in 

this area.  However,  Osburn  (1978)  and  ,Bowring  (in  prepara- 

tion)  report  that  the  andesite  lavas  probably  interfinger 

with  the  rhyolite  lavas in their  study  :areas.  There'  is,  a 
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thin  layer  of  andesite  lava  beneath  the  sanidine  rhyolite 

lava  on  the  northeastern  side of Ryan  Hill  Canyon;  a  thin 

andesite  lava  flow {.Txa2) overlies  the  rhyolite  lavas  in . 

Chavez  Canyon. 
. .  

In  a fewplaces, the  andesite  lavas  (Txal)  may  overlie 

the A-L Peak  Tuff;  however,  in  most  places  the  andesite  lavas 

overlie  tuffs  and  sandstones  mapped as Txt  for  this.thesis. 

The  andesite  lavas  are  probably  about 2000 feet  thick  in 

the  Timber  Peak  area;  here,  they  are'overlain  by  tuffs  and 

sandstones which'are  in the  upper  part  of  the  unit  of  Six- 

mile Canl7on. 

The  best  outcrops  of  the  andesite  lavas  occur on the 

ridge  north  of  Timber  Peak.  Here,  the  andesites  usually 

C' break  along  closely  spaced  joints  to  form  sharp,  blocky 
" I  

outcrops.  On  the  sides  of  this  ridge,  the  andesites  are 

frequently  covered  with  talus.  They  are  usually  well  ex- 

posed on  the  ridges  at  the  head  of  Sixmile  Canyon  (east  of 

.Timber  Peak) . . .  

Osburn  (1978)  divided  the  andesite  lavas  into  three 

types: 1) dense,  aphanitic; 2 ) pyroxene-porphyritic  (La 

Jara  Peak-like);  and  3)  plagioclase-porphyritic.  Rock  typ'es 

similar to these  were  recognized in this  study  area. The 

pyroxene-porphyritic  lavas  were  maL-ped as  Txa3  for  this 

stJdy. The andesites  in  Txal  consist  mostly  of  dense, 

aphanitic  and  plagioclase-porphyritic  lavas.  Also,  a few 

pieces  of  a  very  coarse-grained (2 cm  or  more),  porphyritic 

' lava  were  seen in. talus,  although  no  definite  outcrops  of 
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this  unit  were  observed.  Because  the  andesites  in  this 

study  area  occix  on  the .?tip slope  of  Timber  Peak,'  and 

because  of  faulting,  it  is  difficult  to  determine  the 

vertical  distribution'of  the  different  andesite  types. 

I. 

The  most  abundant  rock  type  in  the  study  area  is  a . 

gray-to-purple,  aphanitic  andesite.  This  rock is often 

dense  and  massive,  but  occasionally,  it  is  brecciated  or 

.contains  moderately  abundant  to  abundant  vesicles.  The 

vesicles  are  frequently  filled  with  calcite,  quartz  or 

celadonite.  Occasionally,  this  rock  type  may  contain 1 

to 3 percent  small (1 to 2 mm) phenocrysts  of  feldspar, 

or 1 to 4 percent  small  (about 1 mm) phenocrysts  of 

magnetite. 

" 

$? . 
< ,  In  thin  section,  this  rock  consists  mostly  of  fine- 

.grained  plagioclase  with an average  length  of  about 0.1 

mm. Three  to 4 percent  phenocrysts  of  magnetite  were 

also  observed  in  one  thin  section.  These  phenocrysts 
. .  

are  euhedral  and  have  an  average  diameter of 1 mm. Ten 

to 20 percent o f  the  thin  section  consists  of  small  opaque 

minerals  (magnetite ?) .  They  have  an  average  length of 

about 0.02 to 0.03 mm. This  rock  generally  has  a  trachytic 

texture. 

Second  in  abundance  are  the  plagioclase-porphyritic 

andesites.  These  lavas  contain 20 to 50 percent  plagio- 

clase.  Most of the  plagioclase  phenocrysts  are  about 2 

to 3 mm' in  length  and  are  frequently  altered to white, 

chalky  clays.  Differences  in  mineralogy  indicate  that G 
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5 there  probably  is  more  than one type of plagioclase- 
f? 

porphyritic  andesite.  One  thin  seelion.  examined  contains 

about 40 percent  phenocrysts o f  plagiocla'se  with an 

average  length  of  about 1.9 mm. The  matrix  consists 

mostly of plagioclase  with  an  average  length of about 

0.1 mm. About 3 0  percent  of  the  matrix  consists  of 

opaque  minerals.  Some  of  these  minerals  consist  of 

hematized  mafic  minerals  (probably'  pyroxene  and  biotite) 

anh  some  are  probably  magnetite. The  size of the  opaque - 
minerals  varies  from  about 0.01 to  0.25 nm. Another  thin 

section  examined  contains  about 23  percent  phenocrysts  of 

plagioclase  with  an  average  diameter of'about 2.0 mm. It 

also  contains  about 15 percent  opaque  minerals  with  an 
c ,  
%. . ,  average  length  of  about 1.0 mm. -These minerals  probably 

consist  mostly  of  pyroxene  which  has  been  partially  altered 

to hematite.,  Some  of  the  opaque  minerals  may  also  be 

magnetite. 
! 

The  very-coarse-grained,  porphyritic  lava  was  found 

only  at  one  locality (NW/4, SW/4, sec. 4 ,  T. 4 S., R. 3 W., 

unsurveyed). It consists  of  about  20  percent  plagioclase(?) 

phenocrysts  which  range  from  about 1 to 4 cm  in length. 

The plagioclase  phenocrysts  are a1tered:to a  yellowish- 

white,  chhlky  clay.  The  matrix  is  purpie  and  codtains  5 

to 10 percent  pyroxene (?) which  is 2 to 3 mm in length. 

In  a  few  places,  coarse  andesitic  breccias  crop  out. 

G 
The breccias  are  comprised  of  clasts  averaging 6 inches  to 

i a foot in  diameter  set  in a finer-grained  (silt  to  sand  size), 
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f2 purple- to-gray  matr ix .   These  rocks  are   probably  lahar ic  

b recc ia s   depos i t ed   a long   t he  walls 7f   the  Sawmil? Canyon 

cauldron. 

Sanidine  Rhyolite  Lavas  (Txri)- Brown to   p ink i sh -g ray ,  

po rphyr i t i c ,   r hyo l i t e   l avas   w i th   s an id ine   phenoc rys t s  a s  

l a r g e  a s  1 cm, c rop   ou t   over  a l a r g e   p a r t   o f   t h e   s t u d y  

area .   These   l avas  were mapped a s   Txr2 .  They were f i r s t  

desc r ibed  by Osburn (1978)  w;:o mapped a p a r t   o f   t h i s   u n i t  

i n   S ixmi le  Canyon. . .  . .  

The san id ine   rhyo l i t e   l avas   cove r   abou t  3 square  'miles 

i n   t h e   s t u d y   a r e a  and cap   t he   no r theas t e rn  r i m  of Ryan 

H i l l  Canyon (Fig.  9 ) .  The r h y o l i t e   l a v a s   a r e   a l s o   e x p o s e d  

in   the  upper   port ions  of   Chavez,   Caroni ta ,   Xol ino,   and 

Madera  Canyons.  These rhyo l i t e   l avas   have   been  mapped  by 

Bowring ( in   p repa ra t ion )   and  Roth ( in   p rog res s )   i n   Sawmi l l  

Canyon. Sou th   o f   t h i s   s tudy   a r ea ,  Osburn ( i n  p rogres s )  

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

the   southern   topographjc  r i m  of  the  Sawmill  Canyon cauldron.  

The rhyo l i t e   l avas   a r e   p robab ly   abou t  1100 t o  1 2 0 0  

f e e t   t h i c k  on t h e  eastern r i m  of Ryan H i l l  Canyon. Fu r the r  

sou th ,   i n   Ca ron i t a  Canyon, t h e   r h y o l i t e   l a v a s  may exceed 

2000 f e e t  i n  th ickness .  However, unrecognized   fau l t ing  

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

i' 
'. I 

I 

Where t h e   b a s a l   c o n t a c t  is  exposed ,   the   san id ine  

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

lavas t h a t   c o m p r i s e   t h e   u n i t s  Txtl, TxtZ, and  Txrl. On t h e  Q;; 
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4"' northeastern  slope  of  Ryan  Hill  Canyon,  the'sanidine  rhyolite 

may  also  overlie  the  A-L  Peak  Tuff,  or  andesite  lavas  from 

the  Txal  unit;  however,  the  contact.is  always  covered  with 

talus.  The  sanidine  rhyolite  lava 2 s  usually  overlain  by 

either  sedimentary rock of  the  Txsl  unit  or  andesite  lavas 

,of the  Txa2  unit  in  Chavez  and  Caronita  Canyons.  At  the 

head of  Molino  and  Madera  Canyons,  the  sanidine  rhyolite 

may  be  overlain  by  either  the  upper  or  lower  members  of 

the  tuff of Caronita  Canyon. The sanidine  rhyolite  lava 

probably  interfingers  to  the  north  with  andesite  lavas of 

the  Txal  unit. 
".. 

The  sanidine  rhyolite lava's may  form  bold,  prominent 

ridges,  but  they  are  frequently  covered  with  small  blocky 
d \  

~ .I talus,  as  on  the  northeastern  rim of Ryan  Hill  Canyon  (Pig. 

9). Occasionally,  the  rhyolite  lavas  display  excellent 

flow  banding  (Fig. 10). This  flow  banding is not  displayed 

everywhere  and,  in  general,  beeomes  more  prevalent  towards 

the south.  Secondary  quartz  and  chalcedony  which  formed 

. along  shear  planes  in  the  rhyolite  lava  enhance  the flow 

' banding. 

.a. r 

In hand  specimen,  the  rhyolite  usually  contains 15 to 

40 percent  phenocrysts of sanidine,  quartz  and  biotite. 

About 15 to 30 percent  of  the  rock is sanidine,  which is 

usually  about  twice as abundant as quargz.  Most of the 

sanidine  ,consists  of  euhedral  to-  subhedral  Phenocrysts 

which  have an average  length  of  about 2 to 3 mm, although 

some  of  them are  as long as 1 cm. The sani'dine is  usually 
G 
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Figure  9.  V i e w  l ook ing   no r theas t  a t  t h e   e a s t e , r n  r i m  of 
Ryan H i l l  Canyon. The r i m  is' capped by a san id ine  
r h y o l i t e  lava ( T x r 2 )   t h a t   d i p s  t o  t h e  east 'and forms a 
prominent  hogback.  Talus,   derived  mostly  from  the 
r h y o l i t e   l a v a ,  covers xuch of t h e  e a s t e r n  slope of Ryan 
H i l l  Canyon. T h i s   t a l u s . c o m p l e t e l y   c o v e r s   t h e   r h y o l i t e  
and   under ly ing   un i t s  on the   upper   s lope ,of   the   canyon.  ;t 

Figure '19   p re sen t s  a be t t e r   v i ew of t h e  large,  a c t i v e  

r i g h t  s i d e   o f  the  photograph. 
t a l u s  d e p o s i t  on t h i s   s l o p e .  Molino Peak i s  o n   t h e   f a r  

3 
I 
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Figure  1 0 .  Example of flow banding i n   t h e   s a n i d i r i e  
r h y o l i t e  lava (Txr2 )   i n  Chavez Canyon ( N N / 4 ,  sec. 2 5 ,  
T. 4 S., R. 3 N., unsurveyed) .  The area where t h i s  
photograph was t aken   con ta ins   t he   mos t   spec tacs l a r  
flow banding i n   t h e   s a n i d i n e   r h y o l i t e   l a v a .   N o r t h   o f  
t h i s   a r e a ,   t h e   f l o w   b a n d i n g  is  poorly  developed or 
absen t .   Sou th   o f   t h i s  area, t h e  flow banding is  o n l y  
sporadica l ly   deve loped .  Flow f o l d s  and ' e r ra t ic  s t r i k e s  
and d i p s  are common. 
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altered  to  a  pink  or  white  color,  although  occasionally, 

they  are.clear  and  display  chatoyaray.  The  quartz  usually 

occurs  as  small,  anhedral  phenocrysts  with  an  average 

diameter  of  about 0.5 nun. The rhyolite  also  contains 1 

to 3 percent  biotite.  Two to 3 percent  lithic  fragments 

of brown,  fine-grained  andesite  occur  in  most 'bf the 

rhyolite  lavas. , The  matrix  is  usually  aphanitic  and  dense 

in  hand  specimen. 

.* 

There  may  have  been  two  or  more  lava flows in  this 

unit.  The  rocks  in  the  lower  part  xsually  contain 15 to 

2 5  percent  phenocrysts,  while  the  rocks  in  the  upper  part 

contain 2 5  to 35 percent  phenocrysts.  The  sanidine/quartz 

ratio  i,s  always  about 2 to 1, but  the  rock  contains  about 

1 percent  biotite  at  the  base  and 4 percent  at  the  top of 

the  unit. 

Thin  sections of the  sanidine  rhyolite  lava  contain 
I 

between 2 0  and 35 percent  phenocrysts  which  consist of 

sanidine,  quartz  and  biotite.  Sanidine,  which  comprises 

about 10 to 2 0  percent  of  the  rock,  is  usually  about  twice 

. .  

as abundant  as  quartz.  The  sanidine  is^ euhedral  and  has 
an average  length  of  about 1.1 mm; the  maximum  length ob- 

served  in  thin  section is, about 3 . 3  mm. ~ The  quartz  is 

anhedral 20 subhedral  and  has  an  average  diameter of about 

0.5 nun; the  maximum  diameter  is  about 1!0 mm. Some of the 

quartz  is  slightly  embayed.  .Biotite,  with an  average 

diameter of 0.3 mrn to 0.4 mrn, comprises 1 to 4 percent  of 

the rock.  Most  of  the  biotite  is  a  deep  red  color. A 
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I 
4 -., trace  to 1 percent  opaque  minerals  (probably  magnetite) 

also  occurs  in  the  rhyolite. 

The matrix  consists  mostly  of  chalcedony,  and  fine- 

grained  quartz  and  sanidine ( ? ) .  Some  rocks  contain 

spherulitic  structures in.the matrix.  Layers  of  quartz 

and  chalcedony  define  the  flow  banding  in  these  rocks. 

These  minerals  probably  formed  along  shear  planes  in  the 

rhyolite. 

Andesite  Lavas  (TxaZ1, A thin  sequence  of  andesite 

lavas  overlies  the  sanidine  rhyolite  lavas in Chavez  and 

Caronita  Canyons. In  a  few  places,  these  andesite  lavas. 

are  overlain  by  sedimentary  rocks  (Txsl);  elsewhere,  they 

” < are  overlain  by  the  tuff  of  Caronita  Canyon. A complete 

section  of  these  lavas  is  not  exposed;  however,  the  total 

thickness  of  the  lavas  probably  does  not  exceed 30 to 40 

feet. The lavas  are  always  partially  to  completely  covered 

with  talus  derived  from  the  overlying  tuff  of  Caronita 

Canyon. 
. 

I 

In hand  specimen, the  andesite  lavas  are  brownish 

gray,  dense  to  vesicular  and  fine  grained. The vesicles 

are  usually  filled  with  quartz,  opal or celadonite. The 

andesites  usually  contain 1 to 3 percent  small  (less  than 

1 mm) phenocrysts  of  feldspar  (probably  plagioclase). The 

matrix  has  an  aphanitic  texture. 

G 
Sandstones  and  Siltstones (Txsl)’ A thin  sequence of 

sandstones  and  siltstones  crops out in  Caronita  Canyon 
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(sec. 31, T. 4 S., R. 2 W.) and  on  Timber  Peak.  In  Caronita 

Canyon,  this  unit  overlies  an  andesfte  lava (Txa;)  and is 

overlain  by  the  tuff  of  Caronita  Canyon.  This  unit  is 50 , 

feet  thick  or  less  in  Caronita  Canyon  and  is  exposed  in 

only  a  few  elongate  outcrops.  White  to red, very  thinly 

bedded (1 cm or less)  siltstones  comprise  most  of  the 

unit  in  Caronita  Canyon.  Pieces  of red,  medium-  to  coarse- 

grained  sandstone  were also observed  in  talus  in  areas  where 

this  unit  was  covered. 

This  unit  also  occurs  in  a  few  outcrops on Timber 

Peak,  where  it  has  a  maximum  thickness  of  about  150  feet. 

The  best  outcrops  are  on  the  north  side  of  Timber  Peak. 

Here, this  unit  consists  mostly  of  greenish-gray,  poorly 

bedded  siltstones  and  sandstones. A few coarser  grained 

rocks  (mostly  .sedimentary  breccias)  also  occur  on  Timber 

Peak. The  clasts  in  this  breccia  consist  mostly  of 

andesite  fragments. 

. .  . 

Tuff  of  Caronita Cmyon. The  tuff  of  Caronita  Canyon 

is  a'multiple-flow,  simple  cooling unit;of ash-flow  tuff. 

It consists  of  a  lower  member.  of  poorly 'to densely  welded, 

crystal-poor,  moderately  lithic-rich,  andesitic  (in 

mineralogy)  tuff  and  an  upper  member  of  imoderately  to 

densely  welded,  crystal-rich,  rhyolite  ash-flow  tuff. 

Good  exposures  of  these  tuffs  can  be  found in Caronita 

and  Chavez  Canyons  (sec.  25, T. 4 S., R. 3 W., unsurveyed; 

and  secs. 30 and.31, T. 4 S., R. 2 W.). The tuff of 



' 6% Caron i t a  Canyon is e q u i v a l e n t   t o   p a r t   o f   t h e  T 6 t  t u f f s  

mapped by  Osburn  (1978) in  Sixmile  and  South  canyons.  

Qsburn ' s  T s t  t u f f s   a l s o   i n c l u d e d  some o t h e r   t u f f   u n i t s .  

The tuff   of   Caroi l i ta  Canyon has   a l so   been  mapped  by Bowring 

( i n  preparat ion)   and  Roth  ( in   progress)   in   Sawmil l  Canyon. 

Osburn ( o r a l  communica t ion )   r epor t s   t ha t   t h i s   un i t   p inches  

o u t   s o u t h   o f   t h i s   s t u d y   a r e a   a g a i n s t  t h e  southern  topo- 

g raph ic  r i m  of  the  Sawmill  Canyon cauldron. 

*@-., 

The tuf f   o f   Caroni ta  Canyon is w i d e l y   d i s t r i b u t e d  

throughout   the  western ha l f   o f   the   s tudy   a rea .  A small  

exposure   o f   t h i s  u n i t  occurs  on  Timber Peak. Fu r the r   sou th ,  

larger   exposures   occur  on I t a l i a n  Peak  and  on the   wes t e rn  

s i d e  of Ryan H i l l  Canyon.  Most o f   t he   ea s t e rn   s lope   o f  

I t a l i a n  Peak cons is t s   o f   the   upper  member o f   t h e   t u f f   o f  

Ca ron i t a  Canyon. This   tu f f   covers   about  1 square  mile 

i n  Chavez  and  Caronita  Canyons. 

The th i ckness   o f   t he  t u f f  of Caroni ta  Canyon is 

va r i ab le   t h roughou t   t he   s tudy   a r ea .  It  i s  about 200 f e e t  

t h i c k  on  Timber  Peak,  but it may be  almost 1 0 0 0  feet t h i c k  
~. 

' on . I t a l i a n  Peak.  These  differences i n  t h i c k n e s s   a r e  

probably  due,  i n  p a r t , .   t o   d i f f e r e n c e s   i n   e l e v a t i o n   o f  

t h e   s u r f a c e  on  which t h e   t u f f   o f   C a r o n i t a  Canyon was 

depos i ted .   There  are a l s o   d i f f e r e x e s   i n   t h e  relative 

th i cknesses   o f   t he   uppe r  and  lower members. I n  p a r t s  of 

the   uppe r   r eaches  of Madera Canyon, t he   l ower  member is 

t& 
m i s s i n g ;   w h i l e   i n   p a r t s  of Chavez  Canyon, the   lower  member 

may be 500 t o  600 feet th i ck .  
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On Timber  Peak, t he   t u f f   o f   Ca ron i t a  Canyon o v e r l i e s '  

sedimentar-  rocks and t s f f s  i n  Txsl. Fu r the r   sou th ,   t he  

t u f f  of Caroni ta  Canyon may over l ie   sed imentary   rocks  i n  

Txs l ,  andes i tes   o f   Txa2 ,   o r   the   rhyo? . i te   l avas   o f   Txr  

The tuf f   o f   Caroni ta  Canyon is  o v e r l a i n  by sandstones 

(Txs ) i n  some p l a c e s ;  these sands tones   cons is t   mos t ly   o f  

2' 

2 

material   eroded  from  the  upper member. Where the   sands tones  

' a r e   absen t ,   t he   t u f f   o f   Ca ron i t a  Canyon i s  o v e r l a i n  by 

e i ther   the   tu f f   o f   Lemi tar   Mounta ins   o r   andes i te   l avas  

(Txa3).  The andes i te   l avas   occur   mos t ly .  on  Timber  Peak 

and t h e   r i d g e  betwee.n  Timber  Peak  and I t a l i a n  Peak. 

Lower Member. The  lower member o f   t he   t u f f   o f   Ca ron i t a  

Canyon is an   andes i te   in   minera logica l   composi t ion .  It  

c o n t a i n s  3 t o  2 0  pe rcen t   phenoc rys t s   o f   p l ag ioc la se ,   b io t i t e  

and magnet i te .  The degree  of  welding  increases  from a 

poorly  welded  base t o  a densely  welded  top.  The minera l  

p ropor t ions   a r e . r a the r   cons t an t   t h roughou t   t he   l ower  member, 

bu t   the   phenocrys t   conten t  increases upward i n   t h e   t u f f  as 

the   degree   o f   weld ing   increases .   This  member can  be 

divided  into  thr .ee   zones  based on the   degree   o f   weld ing ,  

phenocryst   content   and  color .  , .  

I 

The basal   zone  of   the  lower.member! is  brown t o   p i n k ,  

poorly  welded  and  usual ly   contains  4 t o '  5 pe rcen t  pheno- 

c r y s t s ,  5 t o  1 0  pe rcen t   l i t h i c   f r agmen t s ,   and  1 0  t o  20 

pe rcen t  pumice.   This   basal   zone  crops  out   poorly.  The 

bes t   exposures  are i n  stream  beds;  elsewhere,   this  zone 

, .  
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n is  usual ly   covered  with:   ta lus   f rom  the  overlying,   .more 

densely  welded  zones.   This  zone i s  ust la l ly   about  50 f e e t  

t h i c k ,  or less, although it may be as much as 200 f e e t  

t h i c k  east  o f  Moiino  Peak  and i n   p a r t s   o f   C a r o n i t a  Canyon. 

The poor  exposures  of  this  zone make it d i f f i c u l t   t o  

o b t a i n   a n   a c c u r a t e   t h i c k n e s s .   T h i s   b a s a l   z o n e , i s   f r e q u e n t -  

I 

. .  

,ei 

l y   m i s s i n g  from t h e  lower member. 

The middle  zone  of  the lower member i s  gray t o  brown, 

moderately  welded  and  contains 5 t o  1 0  percent   phenocrysts ,  

5 t o  2 0  p e r c e n t   l i t h i c   f r a g m e n t s  and 5 t o  1 0  percent  pumice.  

This   zone  usual ly   crops  out   moderately well, and  forms low, 

angular  outcrops  which  occasionally  form low ledges.  I t  

b reaks   a long   j o in t s  to. form  angular   t a lus   f ragments .   This  

zone i s  u s u a l l y  50 to 200 f e e t   t n i c k  where  exposed. 

The upper  zone is brick-red,   densely  welded,   and 

c o n t a i n s  1 0  t o  20 percent 'phenocrys ts ,   about  1 0  pe rcen t  

l i t h i c   f r agmen t s ,   and   15  t o  25 percent  pumice.  The  pumice 

is u s u a l l y  a darker   red  color than   t he   ma t r ix .  The uppe r '  

, zone is usua l ly   t he   bes t   exposed   o f   t he   t h ree   zones   and  

' f requent ly   forms  ledgy or c l i f f y   o u t c r o p s .  It  breaks 

a l o n g   j o i n t s  t o  form sharp ,   angular  talus fragments.  TI-& 

upper zone is a lways   p resent  when t h e  lower member is ex- 

posed;  whereas,   the  underlying  zones are n o t  a lways   p resent  

(02 not   exposed) .  The upper  zone i s  u s u a l l y  50 t o  1 0 0  

f e e t   t h i c k ,   a l t h o u g h   o c c a s i o n a l l y ,  it may be as much as 

250 i ee t  th i ck .  
I 

I n  t h i n   s e c t i o n ,   t h e  lower member o f   t h e   t u f f   o f  
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Caronita  Canyon  contains 2 to 20 percent  phenocrysts  of 

plagioclas-,  biotite am? magnetite. It also  contains 

traces of sanidine,  quartz  and  clinopyroxene.  Usually, 

about 70 percent  of  the  phenocrysts  are  plagioclase  (about 

An48; Michel-Levy  method', 3 grains) . The  plagioclase  is 

euhedral  to  subhedral  and  has  an  average  lenath  of 0.9 mm. 
Biotite  is  second  in  abundance  and  usually  makes  up 15 

.to. 25 percent of the  phenocrysts.  Biotite  is  usually 

euhedral  and  has  an  average  length  of 0.75 mm. Magnetite 

may  comprise  as  much  as 10 percent of the  phenocrysts (2 

percent  df  the rocl:) . Quartz, is' present'  in  trace  amounts 

in  the  lower  half  of  the  lower  member,  but  it  may  comprise 

5 to 10 percent  of  the  phenocrysts  in  the  uppermost 10 to 

. .  

- .  
~. 20 feet. of the  lower  member.  Trace  amounts  of,  sanidine 

and  clinopyroxene  also  occur  in  the  rock. 

The lower  member  also  contains' 2 to 20 . .  percent  lithic 

fragments.  These  consist  mostly  of  andesite  fragments  and 

fine-grained  silicic  rock  fragments.  In  hand  specimen, 

brown,  fine-grained  lithic  fragments  with  closely  spaced 

(a few mm or less)  parallel  bands  were  seen.  These  may  be 

equivalent  'to  some of the  fine-grained  silicic fragments 
observed  in  thin  section. 

The  pumice  has  been  extensively  replaced  by  cherty 

quartz  and  spherulitic  chaicedony.  In  most  of the'thin 

sections  examined,  the  matrix  is  devitrified  and  occasionally 

contains  spherulites.  However,  one  thin  section  from  a 

vitrophyre  collected  by G.R. Osburn at Torreon  Springs G 
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f: 
(sect ion 8,  T. 5 s . ,  R. 2 w.) cons i s t s   mos t ly   o f  fresh 

g l a s s .  

Upper Member. The upper member of  the  tuf,f   of  Caronita 

Canyon is  a white t o  gray ,   dense ly   welded ,   , c rys ta l - r ich ,  

rhyo l i t e   a sh - f low  tu f f .  Where o k e r v e d ,   t h e . b a s e  of t h e  

upper member i s  welded t o   t h e   t o p   o f   t h e   l o w e r  member. The 

contact  between  the  upper  and  lower members i s  g rada t iona l  

through a s t r a t i g r a p h i c   i n t e r . r a l . o f   a b o u t  1 0  t o  20 f e e t ,  

i n  which t h e   t u f f   g r a d u a l l y  becomes  more phenocryst  rich 

and the   co lor   changes   f rom  red   in   the   lower  member t o   g r a y  ' 

or   wh i t e  i n  the  upper  member. The  lower  portion  of  the 

upper member.niay b,e l i g h t  brown i n   p l a c e s ,   b u t   a b o v e   t h e  

basa l   po r t ion ,   t he   uppe r  member becomes 'gray   to   whi te .  A t  

t he   base   o f   t he   t r ans i t i on   i n t e rva l ,   t he   l ower  member 

con ta ins  a few percent   quar tz   and .san id ine .  The qua r t z  

i n   t h i s   i n t e r v a l  i s  f r e q u e n t l y   v e r y   l a r g e   ( a s  much as 4 mm 

i n  diameter)   and  con~picuous,   even i n  hand  specimens. 

Upward i n   t h e   t r a n s i t i o n   i n t e r v a l ,   q u a r t z   a n d   s a n i d i n e  

becomes  more abundant ,   whi le   the   p lag ioc lase   conten t  

decreases .  

a ,  

" I  

The upper member u s u a l l y   c r o p s   o u t   v e r y   p o o r l y  i n  Ryan 

H i l l  Canyon. There,   the   upper  member w e a t h e r s   t o   l a r g e  

boulders  (1 meter o r  more i n  d i a m e t e r )   t h a t   t e n d   t o   c o v e r  

the   ou tcrops .  The ou tc rops   t ha t   do   occu r  are u s u a l l y  low 

and somewhat rounded. I n  Chavez and  Caronita  Canyons, 

and  around  Molino  Peak,  the  upper member usua l ly   forms  G 
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good ou tc rops   a long   t he  crests of r i d g e s   a n d   o n   t h e   h i l l t o p s .  

There,   the   upper  member occur s   a s   rounded   t o   b locky   ou tc rops .  

On the   s ides   o f   t hese   r i dges   and   h i l . l s ,   ' t he   uppe r  member i s  ' 

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

.. . 

The upper member o f   t h e   t u f f ' o f   C a r o n i t a  Canyon con-' 

t a i n s  4 0  t o  55 percent   phenocrys ts  of s an id ine ,   qua r t z   and  

b i o t i t e .  The to t a l   phenoc rys t   con ten t   i nc reases   f rom 35 t o  

4 0  pe rcen t  a t  t h e  base t o  about  55 p e r c e n t  a t  t h e   t o p   o f  

t h e   u n i t .  However, t h e   m i n e r a l   p r o p o r t i o n s  are f a i r l y  

constant   throt ighout   the  upper  member. San id ine  i s  t h e  

most  abundant  phenocryst  and  quartz i s  second i n  abundance.' 

The base  of   the   upper  member con ta ins   abou t  20 p e r c e n t  

s an id ine   and   15   pe rcen t   qua r t z ,   wh i l e   t he   t op   con ta ins   abou t  

30 percent s a n i d i n e  and 20 t o  25; percent q u a r t z .  The 

sanidine  occasional ly   displays  chatoyancy  in   hand  specimens.  

The q u a r t z  is d i s t i n c t i v e . b e c a u s e  of i t s  l a r g e   s i z e  (as much 

as  6 mm diameter)  and  because it f r e q u e n t l y   o c c u r s  as 

euhedra l ,   d ipy ramida l   c rys t a l s .  The upper member a lso 

c o n t a i n s  2 t o  4 p e r c e n t   b i o t i t e .  Most hand'  specimens a l so  

c , . 
*_ 

' c o n t a i n  1 t o  2 pe rcen t  .small l i t h i c   f r a g m e n t s ,   c o n s i s t i n g  

mostly  of red a n d e s i t i c  ( ? )  material. The  upper member 

c o n t a i n s  5 t o  1 0  pe rcen t  pumice a t  t h e  base and 1 0  t o  1 5  

percent  pumice a t  t h e  top. This  pamice i s  whi te  t o  g r a y  

axd   c rys ta l   poor .  

I n  t h i n  section, t h e  sanidine is subhedra l   and   ranges  

from 0.15 t o  3.5 mm i n  l eng th .  The q u a r t z  i s  euhedra l  t o  

subhedral   and  occasional ly  embayed. It  has   an   average  45 
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/'4 
8 ,  

diameter  of 1.6 nun, but  the  maximum  diameter  observed  in 

thin secticn is 4.0 nun. Two to 4 percent  biotite  and 1 

to 2 percent  magnetite  occur  in  the  rock. The biotite 

has  an  average  length  of  about 0.4 mm.' The matrix  was 

devitrified  in all  of  the  thin  sections  examined. 

Sandstones ( T x s 2 k  Overlying  the  tuff of Caronita 

Canyon  is  a 20- to  80-foot  interval of fixely  laminated to 

cros..-bedded  sandstc.xe.  This  sandstone was  mapped  by 

Osburn  (1978)  in  Sixmile  Canyon. It also  occurs  on  Timber 

Peak  and  was  found  in  talus on the  western  side.of'  Ryan 

Hill  Canyon,  although  no  outcrops  were  found.  East  of 

Ryan  Hill  Canyon,  it  occurs  in  scattered  outcrops  in  Caronita 

/ .  and  Chavez  Canyons,  and  in  the  upper  reaches , of  Xolino  and 
. .  Madera  Canyons. The sandstone  consists  mostly of  detritus 

derived  from  the  underlying  upper  member  of the tuff  of 

Caronita  Canyon;  in  many  places, it consists  mostly of, 

large,  euhedral  quartz  grains  similar  to  the  quartz-  phenocrysts 

in  the  underlying  tuff. The sandstone  unit  is  usually 20 

to 50 feet  thick,  but in.a few  pdaces it may  be  as  much  as 

8 0  feet  thick. 

The  sandstone  often  crops  out  in  ledgy  slopes.  Usually, 

the sandstones  have  even,  thick  bedding '(0.1 to 1.0  m.) and 

fine  to  very  fine (0.1 to a few mm.), planar,  parallel 
laminations. A few  outcrops  containing  ,coarse-grained 

sandstone  display  planar  cross-bedding. ' In hand  specimen, 

the sandstone  is  usually  brownish  gray to gray. It consists G 
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mostly  of  poorly  to  moderately  sorted,  fine-  to  coarse- 

grained  quartz  and  feldspar  in  a  rc? to  gray mat:-ix. . The 

sandstone  usually  contains  subequal  amounts  of quarkz-and 

feldspar,  although  quartz  usually  predominates  over  feldspar. 

It usually  contains a few  percent  magnetite ( ? )  grains  and 

rock  fragments. 

.Andesite  Lavas (Txa3)' A  sequence  of  andesite  lavas 

overlies  the  tuff  of  CaroniL.  Canyon on TimGsr  Peak  and on 

the  ridge  between  Timber  Peak  and  Italian  Peak.  The  andesite 

lavas  apparently  pinch  out  to  the  south;  they  do  not  occur 

east  of  Italian  Peak  in  secs. 27 and  34',  and  they  were  not 

seen  in  Caronitz  and  Chavez  Canyons.  However,  a  thin 

sequence  of  andesite  lavas  overlies  the:  tuff  of  Caronita 

Canyon  north  of  Molino  Peak.  The  lavas:  are  about 150 feet 

thick  on  Timber  Peak.  South  and  east of Timber Peak, they 

thin  to  about 50 feet  in  thickness.  Occasionally,  the 

andesites  form  ledgy  outcrops,  but  usuakly  they  form  talug- 

covered  slopes.  In  many  places  south of Timber  Peak,  these 

andesites  are  only  seen  in  talus  and  coiluvium. The.rocks 

in  this  unit  consist  of  greenish-gray  to  reddish-gray 

andesites  and  basaltic  andesites.  The  .andesites  are 

dense  and  fine  grained,.  while  the  basaltic  andesites  are 

dense  to  vesicular  and  contain as much  as 10 percent 

hematized  pyroxene (? )  phenocrys'ts  in an aphanitic  matrix. 

1 ,  

Tuff of Lemitar  Mountains 

The  tuff  of  Lemitar  Mountains  is  a  multiple-flow, 
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compagitionally  zoned,  simple  to  compound  cooling  unit of 

densely  welded  rhyolite  tuff  (Chapin  and  others,  1978). ThE 

outflow  sheet  can  be  divided  into a crystal-rich  upper 

member  and  a  more  crystal-poor  lower'member. The  Socorro 

cauldron  is  beiieved'to  be  the  source  for  the  tuff  of 

Lemitar  Mountains.  (Chapin  and  others,  1978) - 

e 

Detailed  petrographic  work on the  tuff  of  Lemitar 

Mountains  has  been  done  by  Simon  (1973),  Osburn  (1978) 

and  Chamberlin  (in  preparation).  Simon  (1973)  studied 

samples  from  the  Crouch  "drill  hole  in  the  Silver Ilill area 

(he  misidentified  the  unit  as  tuff  of  La  Jencia  Creek  due 

to  its  presence  in  a  paleovalley):  Osburn  (1978)  described 

the  tuff  of  Lemitar  Ilountains  in  the  southeastern  Magdalena 

Mountains,  just  north  of  this  study  area. He measured  and 

described  a  stratigraphic  section of the  lower,  moderately 

crystal-poor  member  in  Sixmile  Canyon  (sec. 7, T. 4 S., 

R. 2 W.) . Chamberlin  (in  preparation)  described  a  section 

in  the  Lemitar  Mountains,  after  which the tuff  is  named. 

K-Ar  dates  of 26.3 2 1.0 m.y.,  27.0, 2 1.11 m.y.,  and 28.5 

2 0.7  m.y.  have  been  obtained  from  the  tuff of  Lemitar 

Mountains  (Chapin,  unpub.  data).  All  are  biotite dates; 

the  average is 27.4 m.y. 

The tuff  of  Lemitar  Mountains is widely  distributed 

throughout  the  study  area. It caps  Timber  Peak  and  occurs 

in scattered  outcrops on the  ridge  trending  south  from 

Timber  Peak. It also  occurs  in  relatively  continuous 

outcrops  throughout  the  central  portion  of  the  study  area. , 
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The  tuff  of  Lemitar  Mountains is  about 500 feet  thick on 

Timber  Peak  (erosional  t.op);  east of Italian  Peak  (sec. 

3 5 ,  T. 4 S., R. 3 W., unsurveyed), it  is  about 1400 to 

1500 feet  thick.  Throughout  the  central  part  of  the  study 

area,  the tuff  of  Lemitar  Nountains  is  about 1500 to 1 8 0 0  

feet  thick.  Chamberlin  (oral  communication)  reports  that 

it  may  be as much  as 2900 feet  thick  in  the  northern 

. Chupadera  Nountains.  However,  Osburn (1978)  reports  that 

the  tuff  is  only 650 feet  thick  .at  the  Tower  Mine (ND7/4, 

NW/4, sec. 7, T. 4 S., R. 1 W.) . 
The  relative  thicknesses  of  the  upper  and  lower  members 

is also  variable  over  the  study  area.  East  of  Italian 

Peak,  the  lower  member  varies from'about 200  to 4 0 0  feet 

i ,- in  thickness,  while  the  upper  member is'about 1100 .to .1230 

feet  thick.  Further  east,  in  Chavez  Canyon,  the  lower 

member  varies from.about 300 to.800 feet  thick  and  the 

upper  member  is  about 1100 to 1200 feet  thick. . 
These  thickness  variations  can  be  explained  in  two 

ways. First,  the  tuff  of  Lemitar'Mountains  could  have 

partially  filled an irregular  depression  remaining  after 

the  Sawmill  Canyon  cauldron  formed.  The  tuff  of  Lemitar 

Mountains is usually  about 400 feet  thick  in  the  outfrow 

facies  in  the  Lemitar  Mountains  (Chamberlin, 1979, oral 

communication),  compared tu an average  thickness of about 

1500 feet  in  the  study  area.  Second,  the  slight  increase 

in  thickness  from  west to east  could  represent  a  thickness 

G increase  across  a  hinge  zone  along  the  western  margin of 
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the  Socorro  cauldron  if  it  is  of tlie trap-door  type  (Plate 

2) - 
*. 

The  tuff  of  Lemitar  Mountains  usually  overlies  the 

tuff  of  Caronita  Canyon;  however,  in a-few places,  it  overlie5 

andesite  lavas  of  the  Txa  unit  (on.Timber Peal;  and on  the 

ridge  south of Timber  Peak)  or  the  sanidine  rhyolite  lava 

(north of Molino  Peak). In  the  central  part  of tlle study 

3 

area, the  tuff of Lemitar  Mountains  is  overlain  by  either 

basaltic  andesites  (Tbal)  or  the  tuff of South  Canyon.  The 

basaltic  andesites  apparently  pinch  out  to  the  south  (in 

sec. 33, T. 4 S., R. 2 W.). Furtiler west,  in  secs. 35 

and 36, T. 4 .S . ,  R. 3 W., it is overlain  at  different 

locations  by  one of the  following:  tuffs  and  sandstones 
.. . I. 
i I (Ttl),  rhyolite  lavas (Trl), the  tufE  of  South  Canyon,  or 

.. . 

mudflow  deposits of the  Popotosa  Formation (Tpl). This 

variation  in  overlying  units  was  probably  caused  by 

topographic  depressions on top  of  the  tuff  of  Lemitar 

Mountains. The.Popotosa Formation  alsoIoverlies'a  regional 

unconformity  formed on the- older  Oiigocene  rocks. 

. .  
. .  

Lower  Member.  Osburn  (1978).divided  the  lower  member 

of  the  tuff  of  Lemitar  Mountains  into  three  zones  on  the 

basis  of  outcrop  pattern,  degree  of  welding,  total  pheno- 

cryst  content,  pumice  and  lithic  content,  and  color. In 

general,  the  lower  member  avarages 13 percent  phenocrysts 

of  sanidine, quartrand biotite. The  phenocryst.morpho1ogies 

and  sizes  are  fairly  constant  throughout  the 1ower.member 

(Osburn 1978, Fig. 9). 

.G 
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. 4\ The  basal  zone  of  the  lower  member  is  light  gray  to 
'i .. 

brown  in  color,  poorly  to  moderately  welded,  moderately 

lithic  rich,  and  pumiceous.  East'  of  Italian  Peak  (secs. 

21 and 34, T. 4 S., R. 3 W., unsurveyed),  the  basal  zone 

is  very poorly welded  and  thus  forms  rounded  to  very 

irregularly  shaped  olxtcrops.  On  Timber  and  Molino  Peaks, 

the  poorly  welded  tuff is absent  or  scarce,  and  the  basal 

zone  is  usually,  gray  to  white  and  moderately  we'lded.  There, 

it forms  moderately  steep  slopes  and  weathers  to  angular 

talus  fragments.  The  basal  zone  usually  contains 10 to 15 

percent  phenocrysts of sanidine  and  quartz,  and 5'to 10 

percent  lithic  fragments.  However,  one  thin  section  of 

the  very  poorly  welded  tuff  only  contains 5 to 8 percent 
C '  ,/ phenocrysts.  Osburn  reported  trace  amounts  of  plagioclase 

in  the  lower  zone;  however,  none  was  observed  in  thin . .  

sections  from  the  lower  zone in  this  study  area.  This 
. .  

..., 

1. basal  zone  is  usually 50 t o  100 feet  thick,  although  it 

may  be  absent  or  very  thin  in  Chavez  Canyon. It may  be 

as much  as  100  to  150  feet  thick  on  Molino Peak. 
I 

Above  .this  basal  zone,  the  lower  member  is  grayish  red 

to reddish  brown.  Outcrops  are  often  steep  and  cliffy  and 

they  may  appear  brecciated;  the  tuff  breaks  to  form  sharp, 

angular  fragments.  This  second  zone  has  a  gradational 

contact with the  basal  zone. It usually  contains 8 t o  12 

percent  phenocrysts of quartz  and  sanidine,  and  minor 

biotite. This  zone  usually  contains  a  few  lithic  fragments, 

and  pumice  is not prominent. 
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1 c The t h i r d  and  upper  zone o.f t h e  lower member o f t e n  

has  a streaked  appearance  produced  by  an increase i n   t h e  

s i z e  and  abundance of light-gray,  hi 'ghly  compressed  pumice 

and  by  darkening  of   the  matr ix .  See &burn ( 1 9 7 8 ,  p. 38- 

4 1 )  for   photographs and a descr ip t ion   of   the   minera logy   of  

t h i s  zone. The phenocrys t   conten t .  of t h i s  zone  increases  

from 8 t o  1 5  pe rcen t  upward i n   t h e   s e c t i o n .  The rock  has  

an average   quar tz   conten t  of 2.5  percen.;. 

I n   t h i n   s e c t i o n ,   s a n i d i n e  is the  most   abundant   phenocryst  

(8 t o  1 0  p e r c e n t ) ,   h a s   a n  average length   o f   about   0 .9  mm, 

and may show a per th i t ic   t ex ture   (Osburn ,   1978,   p .   35) .  

Quar tz   occurs  i n  amounts  between 1 and 6 percent   and   has  fin 

average  diameter   of  0.7 mm: Trace amounts  of b io t i t e  and 

magnetice also occur i n   t h e  lower member. Osbum  repor ted  

a t race  amount of p l ag ioc la se ;   bu t .  it w a s  l a r g e l y   a l t e r e d  

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

5' 
k ,  

.... 

i Upper Member. ?he  upper member o f ' t h e   t u f f   o f   L e m i t a r  

Mountains is u s u a l l y . r e d  t o  g r a y i s h   r e d ;  it i s  c r y s t a l   r i c h  

and   u sua l ly   con ta ins  30 t o  35  percent   phenocrysts   of   sani-  

d i n e ,   p l a g i o c l a s e ,   q u a r t z ,  and b io t i te .  ~ It usua l ly   weathers  

t o  form rounded outcrops which may formlrounded,   t a lus  

covered   s lopes ,   wi th   occas iona l  c l i f f s  and l e d g e s .   I n  

t h e   s o u t h - c e n t r a l   p o r t i o n   o f   t h e   s t u d y  area, the   uppe r  

member occas iona l ly   wea the r s  t o  form "slabby" outcrops. 

These "slabs" are u s u a l l y  a f e w  inches   th ick   and   one  foot  

t o  several feet  i n  width  and  length.  G 
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. ,  

f3' 
The con tac t   w i th   t he   unde r ly ing  lower member i s  

! 

gradations' .  over an in t e rva l  of 5 t o  50, f e e t .   T h i s  contact 

i s  marked  by a gradual  increase i n  t h e  ' to ta l  phenocryst  

con ten t  t o  aljout 35 percent ,   and a p a r a l l e l   i n c r e a s e   i n  

p l ag ioc la se   con ten t .   Osburn   - (1973)   r e f e r r ed   t o   t h i s - . zone  

as t h e  " t ransi t ion  zone."   The.base  of   ' the   upper  member. was 

mapped a t  t h e   i n c r e a s e  i n  phenocryst   content ,  or where 
. .  

. the   p rominent  pumice s t r e a k i n g  i n  t h e  lower member ends.  

The  upper  few t e n s   o f   f e e t  of t h e   t u f f   o f  Lemitar 

Mountains may be  gray  or   pinkish  gray.   Osburn  bel ieved 

t h i s  t o  be a z o n a t i o n   i n   t h e   t u f f   r a t h k r   t h a n   a l t e r a t i o n ,  

s ince  most   of   the   phenocrysts  were f r e s h .  The t o t a l  pheno- 

c r y s t s   c o n t e n t   r a n g e s   u p   t o  almost 50 p e r c e n t ,   b u t   t h e  

p" 
. I  p lag ioc la se   con ten t  is only.   about  2 p e r c e n t   i n   t h i s   p a r t  

of t h e   t u f f .  

The upper member contains  both  gray  and  red  pumice.  

Osburn   r epor t s   t ha t   t he   r ed   pumice  i s  scarce i n   t h e   n o r t h e r n  

p a r t   o f   h i s  area, b u t  becomes  more  abundant t o  t h e   s o u t h . ' ,  

Both t h e   g r a y  and r ed  pumice  occur i n   t h i s   s t u d y   a r e a ,   b u t  

t h e   r e d  pumice  predominates. The r ed  pumice is  ,quartz-  and 

san id ine-poor ,   bu t   p lag ioc lase-   and   b io t i te - r ich ;  it may 

occur as l a r g e   s t r e a k s   s e v e r a l  feet  i n  : l e n g t h   ( s e e . F i g .  

I 

11). 

I n  t h i n  section, san id ine  is t h e  most abundant  pheno- 

c r y s t  i n  the  upper  member and may comprise as much as 25 . 

percen t  of t h e  lower po r t ion   o f   t he   uppe r  member. Osburn 

(1978)   repor t s   tha t   p lag ioc lase   compr i ' ses   about  .7 p e r c e n t  



Figure  11. Xed pumice i n   t h e   u p p e r  member o f   t h e   t u f f  
of Lemitar  Mountains (SW/4, sec. 1 9 ,  T .  4 S., X. 2 W.) . 
The tu f f  a l so   conta ins   g ray   pumice ,   bu t  it i s  less 
abundant  than  the  .red  pumice i n   t h e  area where t h i s  
photograph was taken. The red pumice  contains  abundant 
p l a g i o c l a s e  and b i o t i t e ,   b u t  l i t t l e  q u a r t z  and s a n i d i n e .  
Some of t h i s  pumice may be several feet  i n   l e n g t h .  
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and  quartz  about 1 p e r c e n t   o f   t h e ' r o c k  i n  t h i s   l o w e r   p o r t i o n .  

Thin  sect ions  f rom  the  upper   port io-   of   the   upper  member 

c o n t a i n   a s  much a s  50 percent  to ta l  phenocrys ts :   san id ine  

(average   l ength ,  1 . 4  mm)  comprises  about 25 percent   o f   the  

I 

rock ,   quar tz   (average   l ength ,  1 . 6  mm) comprises  about 1 5  

percent   of   the   rock and b io t i t e   compr i se s  3 t o  5 pe rcen t  

of  the  rock.  Another  phenocryst,  which i s  t o o   a l t e r e d  t o  

ident i , fy ,   compr ises   about  2 percent   o f   the   rock .   This  

minera l  may be p l ag ioc la se .  

Tuffs  and  Sandstones 

A sequence  of  thin,   welded  tuffs  and  sandstones  over- 

l ies  the  tuff   of   Lemitar   Mountains   in  sec. 35, T. 4 s . ,  
-. R. 3 i v . ,  unsurveyed.  This  unit   probably  occurs i n  a 

paleovalley  which  formed on an   e ros ion   su r f ace  on t o p  of 

the  tuff   of   Lemitar   Mountains .  

T h e s e   t u f f s  and sandstones  occur  a t   t h e  same s t r a t i -  

g r a p h i c   i n t e r v a l  as ".he u n i t  of  Luis  Lopez, mapped  by 

Chamber l in   ( in   p repara t ion)   in   the   .nor thern   Chupadera  

Mountains. The u n i t  of  Luis Lopez i s  t h e   m o a t   f i l l   o f   t h e  

Socorro  cauldron  and is widely  exposed i n  the   no r the rn  

Chupadera  Mountains. However, because   o f   the   l imi ted  

exposures ,  it is not  p o s s i b l e  t o  d e t e r m i n e   i f   t h e  t u f f s  

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

o f  L u i s  Lopez. 

The thickness   of   this   sequence  of   tuffs   and  sand-  

s t o n e s   v a r i e s  from 0 t o  350 f e e t .  The sequence is composed G 
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of  at  least  three  tuEf  units  and  one  sandstone  unit.  Each 

of  these  units  is 100 feet,  or  less,  in  thickness. 
.. 4'.< 

3-  

The  tuffs  consist  mostly  of  pink-to-brown,  crystal- 

poor (1 to 5 percent  phenocrysts),  moderately  lithic-rich 

(10 to 20 percent),  poorly  to  moderately  welded,  rhyolitic ( ? )  

ash-flow  tuffs.  They  weather  readily  and  form  very  poor 

outcrops.  The  sandstone  occurs  towards  the  top  of  the 

sequence.  This  sandstone  consists  of  very  coarse,  angular 

grains  of  quartz,  feldspar  and  lithic  fragments. In a 

few places, it may  consist of angular  breccia  clasts. 

Rhyolite  Lava  (Trl) 

A gray,  crystal-poor,  spherulitic,  rhyolite  lava 

- .~ overlies  the  tuffs  and  sandstones  of  the  Ttl  unit in NW/4 
., 

sec. 35, T. 4 S . ,  R. 3 W., unsurveyed. It also  unconform- 

ably  overlies  the  tuff  .of  Lemitar  Mountains.  This  rhyolite 

lava,  like  the  underlying  tuffs'  and  sandstones,  probably 

occurs  in  a  paleovalley  cut  in  the  underlyiny  tuff  of 

Lemitar  Mountains.  The  rhyolite  lava i_s overlain  by  the 

tuff  of  South  Canyon.  Like  the  underlying  tuffs  and  sand- 

stones,  the  rhyolite  lava  could  be  correlative  with  the 

unit of Luis  Lopez,  but  there  are  insufficient  exposures 

to  determine  this. 

. .  

-. 

The  rhyolite  lava is probably  about 200 to. 250 feet 

thick. It crops  out  in  a  few  blocky  outcrops;  elsewhere, 

it  is  largely  covered  with  colluvium.  This  rhyolite  is 



I '  seen i n  hand  sp.ecimen. The most c h a r a c t e r i s t i c   f e a t u r e  

o f   t h i s   r h l 3 l i t e  is t h e  :.bundant s p h e r u l i t e s  it con ta ins .  

These   sphe ru l i t e s  are u s u a l i y  1 t o  2 c m  in   d iameter   and  

t e n d   t o   o c c u r   i n   c l u s t e r s   o f  1 0  t o  20 o r  more. These 

c l u s t e r s  are bound toge the r  by flow-banded  rhyolite.  

I n d i v i d u a l   s p h e r u l i t e s  may be  egg  shaped t o  f q o t b a l l  

shaped,  and  have a l e n g t h  of 5 t o  . I 5  c m .  

Basalt ana Basaltic Andesite  Lavas  (Tbal) 

A sequence  of   porphyri t ic ,   pyroxene-bearing,   basal t   and 

b a s a l t i c   a n d e s i t e  lava flows overl ies  t h e   t u f f   o f  Lemitar 

Mountains  throughout most of t h e   c e n t r a l   p a r t  of t h e   s t u d y  

area. These lavas p inch   ou t   t o   t he   sou th   and  are no t  

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

(sec. 3 3 ,  T. 4 S., R. 2 W.) . Osburn  (1978) mapped t h e s e  

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

(oral  communica t ion )   r epor t s   t ha t '   ba sa l t i c   andes i t e  lavas 

are  p resen t  a t  t h i s   s t r a t i g r a p h i c  l e v e l ' i n  t h e  Lemitar 

Mountains. Basaltic a n d e s i t e  lavas  a r e ' a l s o  present   between 

t h e   t u f f   o f  Lemitar Mountains  and t h e   t u f f  of South Canyon 

i n  t h e   ' J o y i t a  Hills (Spradl in ,  1 9 7 6 )  and   e l sewhere   in   the  

Magdalena area. 

. .  

The lavas are usua l ly   about  50 f e e t   t h i c k ,   o r  less. 

However, i n  W/2, sec. 21,. T; 4' S., R. 2 ,W., t h e y  may be 

a s  much as 350 f e e t   t h i c k .  Osburn  (1978) r e p o r t s   t h a t  

t h e s e  lavas may be as much a s  600 fee t  th i ck   a long   Sou th  
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a p p e a r   t o   c u t   t h e   t u f f  of L e m i t a r  Mountains ,   but   not   the  

t u f f  of South Canyon: these f a u l t s  may c o n t r o l   t h e   t h i c k -  

ness  o f   t he   basa l t i c   andes i t e s .   Fau l t s   do   no t   appea r  t o  

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

However, a few p laces   do   conta in  somewhat t h i cke r   t han  

normal  accumulations of t h e   l a v a s  and  these  could  have 

a c c u m u l a t e d   n e x t   t o   f a u l t s .  The l avas   u sua l ly   occu r  as . 

' low, rounded h i l l s   cove red   w i th   co l luv ium of small, angular  

f ragments;   occasional ly ,   they  crop  out   a long  the  s ides   of  

stream beds.  

I n  hand  specimen, t h e   b a s a l t  and b a s a l t i c   a n d e s i t e  

l a v a s   a r e   u s u a l l y   g r a y  t o  black and occas iona l ly   g ray i sh  

brown.  They are p o r p h y r i t i c  and may c o n t a i n  a few pe rcen t  

phenocrys ts   o f '   pyroxene ,   p lag ioc lase   and   o l iv ine  set i n   a n  

a p h a n i t i c  matrix. S m a l l  o l iv ine  and  pyroxene  phenocrysts 

about  1 . 0  mm i n   d i a m e t e r  are common: t h e   o l i v i n e s  are 

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

- .  

One t h i n   s e c t i o n   o f   t h e   b a s a l t i c   a n d e s i t e s   c o n t a i n s  

4 0  t o  45 percent   phenocrysts   of   plagioclase (Ans0; Michel- 

' Levy  method, 1 0  gra ins) .   This   p lag ioc1as .e   has  a seriate 

t e x t u r e   w i t h  s izes  ranging from about 0 .5  mm t o  1.3 mm. 
The p l a g i o c l a s e  is most ly   euhedral .  The smaller pheno- 

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

alignment.   Clinopyroxene  (probably  augite)  comprises 4 t o  

5 percent   o f   the   rock   and   occurs  a s  subhedral  t o  euhedra l  

phenocrysts   with an average diameter  of  about 0.35 nun. 
Some of   the  pyroxene  occurs  i n  glomeroporphyritic  clumps G 
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which may be as much a s  1 .8  mm i n   d i a m e t e r .  Two t o  3 

percent  phenocrysts  of . .  w h e d r a l   t o   s u b h e d r a l   o l i v i n e ,  

wi th  a n  average  diameter  of 0 .5  mm. occur   sca t te red   th rough-  

ou t   t he   rock .  The o l i v i n e   h a s   b e e n   p a r t i a l l y   r e s o r b e d .  

The o u t e r  rims of  most  of t h e   o l i v i n e   a r e   a l t e r e d   t o  

i d d i n g s i t e  ( ? )  or   hema t i t e ;  some o l i v i n e   c r y s t a l s   a r e  

a lmost   completely  replaced by these   mine ra l s .  The ma t r ix  

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

p l ag ioc la se .  It  a l s o   c o n t a i n s  a few percent  pyroxene  and 

o l i v i n e .  The t h i n   s e c t i o n   c o n t a i n s   a b o u t  1 0  pe rcen t  

v e s i c l e s ;  a f e w  of  which a r e   f i l l e d   w i t h   c a l c i t e .  

Rhyol i te  Dome ( T r 2 )  

A p ink- to-gray ,   phenocrys t -poor ,   spheru l i t i c ,   rhyol i te  
f '  
- 7  . dome c r o p s   o u t   i n  sec. 1 9 ,  '2. 4 S., R. '2 , .W. T h i s   r h y o l i t e  

ove r l i e s   t he   basa l t i c   andes i t e s   (Tba l )   and  i s  o v e r l a i n  by 

t h e   t u f f  of South Canyon.  The r h y o l i t e  i s  d e s c r i b e d   a s  a 

dome because oC i ts  r e s t r i c t e d   l a t e r a l   e x t e n t .  However, 

it could   a l so   be  a r h y o l i t e   l a v a   w i t h  a v e r y   r e s t r i c t e d  

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

i n t e r v a l  as t h e   u n i t   o f   L u i s  Lopez ( i n  &he  northern  Chupadera 

Mountains). It has  a .maximum.thickness~of   about  600  f e e t .  

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

c rops   a long   t he  crest of a h i l l ;   a l o n g   t h e   s i d e s   o f - t h i s  

h i l l ,   t h e   . r h y o l i t e   c r o p s   o u t  i n  more  ledgy  exposures 

surrounded 'by colluvium. 

G I n  hand  specimen, t h e   r h y o l i t e   u s u a l l y   h a s  a pink 



8 0  

matrix,  which is  f i l led with  gray t o  w h i t e  sphe . ru l i tes  a'nd 

masses  of  secondar'y  quartz and chal-edony. , Thesk  s p h e r u l i t e s  

are usua l ly   about  1 to .  2 cm in  diameter   and  they  vary  f rom 

0 t o  about 2 0  percent   in   abundance.   Usual ly ,  t h e  secondary 

qua r t z  and  chalcedony  forms 1 0  t o  50 percent   of   the   rock.  

It  occurs   most ly  as small, rounded t o  i r r egu la r   masses ,  a 

few mm t o  2 c m ,  o r  more, i n  diameter, and scattered through- 

o u t   t h e   r o c k .   I n   t h i n   s e c t i o n ,  the  r h y o l i t e   c o n s i s t s  

most ly  of sphe ru l i t i c   agg rega te s   o f  a l k a l i  f e l d s p a r  and 

s i l ica  minera ls ,   and   cher ty   quar tz .  The t h i n  s e c t i o n . a l s o  

c o n t a i n s  a few c r y s t a l s  of secondary  quartz  a s  l a r g e  as 

0 .3  mm i n  diameter. . .  

Tuff  of  South Canyon 

The tuff   of   South Canyon i s  a mult iple-f low,   s imple ., 

c o o l i n g   u n i t  of rhyo l i t e   a sh - f low  tu f f   (Chap in  and o the r s ,  

1978).  Osburn  (1978) named t h i s   t u f f   a f t e r  a measured 

s t r a t i g r a p h i c  sectio:I a t  the mouth of South Canyon (SW/4, 

sec. 30,  T. 3 S . ,  R. 3 W.). All of   t he r tu f f   un i t s   above  

t u f f  of L e m i t a r  Mountains  have  been called t h e   u p p e r   t u f f s  

by some r e c e n t  workers. Simon (1973)  mapped u p p e r   t u f f s  

i n  t h e  Silver H i l l  area, b u t   t h e   r e l a t i o n s h i p  between h i s  

uppe r   t u f f s   and   t he   t u f f   o f   .Sou th  Canyon is  unknown. The 

tu.ff of South Canyon is equiva len t  t o  the   upper   "Pota to  

Canyon Tuff"  of  Spradlin  (1976) i n  t h e   J o y i t a  Hills. The  

t u f f  of South Canyon has   recent ly   been   descr ibed  by Allen 

( in   p repa ra t ion )   and  Bowring ( i n   p r e p a r a t i o n )   i n  the 

. . .  5 
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Magdalena  Mountains,  and  Chamberlin  (in  preparation)  in 

the  Lemitar  and  Chupadera  Mountains.  Chapin  and  others 

(1978) have  correlated  the  eruption  of tkie tuff  of  South 

Canyon  with  the  collapse  of  the  Hop  Canyon  cauldron.  The 

tuff  of  South  Canyon  has  been  dated  at 26.2 ?I 1.0 m.y. 

using  the K/Ar method  on  biotite  from  rocks  collected  in 

the  Joyita  Hills. 

._ . .  

The  tuff  of  South  Canyon  occurs  in  outcrops  which  trend 

north-northwest  in  the  central  portion  of  the  study  area. 

There,  it  overlies  the  tuff  of  Lemitar  Mountains,  the 

basaltic  andesite  lavas  (Tbal)  or  a  rhyolite  dome (Tr2). 

It is  overlain  in  most  of  this  area  by  basalt  and  basaltic 

andesite  lavas  (Tba2),  although  in  secsl 17 and 18, T. 4 S., 
-, 
. *  R. 2 W., it  is  overlain  by  tuffs  of  the  Twt,  unit.  The  tuff 

of  South  .Canyon  is  usua.lly  between  250  and 750 feet  thick. 

Most  of  the  variation in.thickness is  due  to  erosion  on 

top  of  the  tuff  of  Lemitar  Mountains.  The  tuff  of  South 

Canyon  also  crops  out  in  sec. 36, T. 4 S . ,  R. 3 W., on  the 

, western  side  of  Ryan  Hill  Canyon.  There,  it  overlies 

.' either  the  tuff of Lemitar  Mountains or  rhyolite  lavas  of 

the  Trl  unit  and is overlain  by  the  lower  Popotosa  Formation. 

A small  outcrop of the  tuff of South  Canyon  also  occurs 

on  the  western  side  of  Ryan Hill Chnyon in sec. 21, T. 4 S., 

R. 3 W. , unsurveyed. 
See Osburn (1978) for a detailed  description  of  the 

mineralogy  and  zonation  of  the  tuff of South  Canyon.  In 

general,  the  tuff  of  South  Canyon  contains  subequal  amounts 
0; 

. . .  .._ 
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of  quartz  and  sanidine  except  near  the  top of the  unit, 

where san'idine may  be  nearly  ?,ice .?s abundant  ac  quartz. 

The sanidine  often'displays  chatoyancy.  The  total  pheno- 

cryst  content  increases  from  about 3 percent  at  the  base 

of  the  tuff  to  a  maximum  of  about 21 percent  above  the 

middle'of the  tuff  and  then  decreases  'to  about 12 percent 

at  the  top  of  the  tuff  (see  Osburn, 1978, Fig. 14). Nost 

of  the  tuff  contains  a  trace  of  several  percent  lithic 

fragments;  the  basal  portion  of  the  tuff  may  contain  as 

much  as 8 percent  lithic  fragments. The'tuff contains 10 

to 35 percent  pumice. 
I 

Tho.  jpff  of  South  Canyon can  be  divided  into  three 

zones  based on degree  of  welding,  character of the  pumice, . 
?. 
. I  and  presence  of  lithophysal  cavities. The  basal.zone  is . , 

poorly  welded,  crystal poor. (3 to. 9 percent  phenocrysts), ' ' 

and  may  contain 3 to 8 percent  lithic  fragments. This . .. 

basal  interval  is  best  exposed in s'ec. i s ,  T. 4 S., X. 2 W., 

where  it. is about 50 to 100 feet  thick. ! South  of  this  area, 

the  basal  zone  is  usually 10 to 5 0  feet  thick.  This  zone 

usually  weathers  very  easily and>may form  saddles  between 

topographic  highs  of  the  overlying  material  (see  Fig. 

12). In sec. , 3 3 ,  T. 4 S., R. 2 W., a  portion  of  this  zone 

was unwelued. 
I 

Above  the  basal  zone is a  lithophysal  zone  which is 

highly  welded  and  may  contain  lithophysjl ,cavities  as  much 

as 6 inches  in  length.  This  zone  occurs  sporadically  in 

sec. 18, T.. 4 S., R. 2 W.; elsewhere, it  is usually not 

exposed. 

G 
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Figure 12. Basal,  poorly  welded,'  moderately  lithic-rich 

.R. 2 X.). This  could  be an air-fall  tuff  or  a  series  of 
zone of  the  tuff  of  South  Canyon (SE/4, sec. 18, T. 4 S., 

thin,  ash-flow  tuffs at  the  base  of the,unit. Osburn 
(oral  communication)  reports  that  the  basal  portion of 
the  tuff of South  Canyon  occasionally  contains  bedded 
tuffs  in  Sixmile  and  South  Canyons. 
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The  upper  zone  has  a  streaked  appearance  imparted  by 

abundant  light-gray  pumice  in  a  darker,  pale-red  or  grayish- 

red  matrix.  The  upper  zone  is  the most  common  of  the  three 

zones;  most  If  tne  tuff  of  South  Canyon  in  this  study  area 

belongs  to  this  zone.  The  upper  zone  is  moderately  to 

densely  welded  and  weathers  to  angular,  blocky  talus  which 

covers  most  of  the  exposures. 

In  thin  section,  the  tuff  of  South  Canyon  consists 

mostly  of  sanidine  and  quartz,  which  are  usually  present 

in  subequal  amounts.  Osburn (1978) reported  traces  of 

badly  altered  plagioclase,  but  no'plagioclase  was  observed 

in  thin  sections  from  this  study  area.  Trace  amounts  of . 

magnetite ( ? )  and  small,  'euhedral  biotite  phenocrysts  occur 
i '  _ _  in  the  tuff of South  Canyon. As much  as 8 percent  lithic 

fragments  occur.  in  the  lower,  crystal-poor  part  of  the ' . 

tuff,  but  they  decrease  in  abundance  upward  in  the  tuff. 

The  lithic  fragments  consist  of  gray-to-red,  aphanitic, 

silicic  rock  fragments  (some  are  flaw-banded),  andesite, . 

and  crys'tal-poor to  crystal-rich  tuff (?)  fragments. 

'' Fragments  from  both  the  lower  and  upper  tuff  of  Lemitar 

Mountains  also  occur  in  the  tuff  of  South  Canyon. 

The  sanidine  is  subhedral  to  euhedral  and  has  an 

average  length  of 1.0 mm. The lary,est  phenocryst  in  the 

section  has a length  of 3.0 mm. Carlsbad  .twinning  is 

common in sanidine,  and  much  of  the  'sanidine  shows  ex- 

solution  of  albite  in  thin  section  (see  Osburn, 1978, 

Fig. 16). Quartz  occurs  as  subhedral  to  euhedral  crystals, 
G 
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d ..~, which  are  occasionally  embayed  and  have 'an  average  diameter 
' _  

of 1.0 mm. They  often s:.ow internal  conchoidal  fracturing. 

Basalt  and  Basalti.2  Andesite  iavas ('!ha2) 

A sequence  of  basalt  and  basaltic  andesite  lavas  over- 

lies  the  tuff of South  Canyon  in  the  central  portion of the 

study  area.  These  rocks  are  similar  to  the  basalt  and ' 

basaltic  andesite  lavas  (Tbal)  that  underiie  the  tuff  of 

Souti,  Canyon.  They  asually  contain 10 to 25 percant  pheno" 

crysts of pyroxene,  olivine  and  plagioclase.  These  lavas 

have  not  been  dated, so they  could  be  anywhere  from 12 

m.y.  old  (age  of  overlying  Pound  Ranch  lavas)  to 26.2 m.y. 

old  (age  of  the  underlying  tuff  of  South  Canyon). 

e .  The  thickness  'of  these  lavas  varies  from 0 to 600 (3) 

feet  in  this  study  area.  Osburn  (1978)  'reports  that  they 

post-date  erosion  of  the  tuff  of  South  Canyon  and  are cut . . . #  

by  a  later  period' of erosion  in  the  area  he  mapped.  This ._ 
appears  to  be  the  case  in  this  study  area  as  well,  and  it 

probably  explains  much.  of  the thickness'variation through- 

out  the  area.'  The  lavas  'pinch  out  to  tde  north of this '' 

study  area  in  secs. 17 and 18, T. 4 S., 13. 2 W., but  they 

are  exposed  again  further  north  in  the  area  mapped  by 

Osburn  (1978). 
I 

In secs. 16, 17 and 21, T.-4 S . ,  R. 2 W., the  basaltic 
. ,  

andesite  lavas  are  overlain by either  tuffs of the  Twt 

unit  or  the  Pound  Ranch  lavas.  Elsewhere  in  the  study  area, 

4LY the  upper  contact  of  these  lavas  is  not  ;exposed. 

. .  .. 

. .  
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or  nru iy  area. 

O L I G O C E N E  .. 

. .  
Figure  13:  Miocene 
rocks  i n  t h e   e a s t e r n  
Chupadera. Blountains. 
1978 * 

Iiolocene  stra"ii&phic  section f o r  -. 

. Wagdalena  Mountains  and.ivest-centra1 
Descr ipt idns~  modif ied  af , ter   Osburn,  . . .. '. 

. .  
- 

.. . .  
.. 

. .  
~. 
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These  lavas  usually  form  gentle,  rounded  slopes  covered 

with  colluvium.  In  hand  specimen, +.he lavas  are  usually 

gray  to  black  when  fresh,  and  brownish  gray  when  altered. 

They  contain 10 to 25 percent  phenocrysts  of  pyroxene, 

olivine  and  plagioclase.  Frequently,  both  the  pyroxene 

I and  olivine  are  replaced  by  hematite, so it  is  difficult 

to estimate  the  relative  abundance of these  minerals  in 

hand  specimen. 

- Osburn (1978)  reported  that  some of these  rocks  in 

his  study  area  contain  olivine  clots as  much  as 2.0 cm.in 

diameter.  These  rocks  are  coarsely  porphyritic  and  contain 

as much as 25 percent  phenocrysts  of  plagioclase,  olivine 

and  pyroxene.  The  Si02  content of these  rocks - is 49.5 

- 

c '. 
- I  percent  (Osburn, 1978,  appendix B). 

A thin  section of a  sample  from SF7/4, section  21, 

T. 4 S., R. 2 W., contains  about 15 percent  phenocrysts 

of olivine,  pyroxene  and  plagioclase in'a matrix  that 

consists  mostly of plagioclase. 0livine.phenocrysts  with 

an  average  diameter of 0.4 mm comprise  about 5 percent  of 

the rock.  Most of them  are  subhedral  and have.been partially 

resorbed.  They  are  usually  partially  aitered,  to  iddingsite , ( ? I  

and  hematite.  Subhedral  to  anhedral  pyroxene  phenocrysts' 

(probably  augite) .with an  average  diameker of 0.75 mm 

comprise  about 5 percent of the  rock. 

Plagioclase  comprises  most  of  the  katrix  and  a  few 

1) '.- percent of the  phenocrysts. I.t has  an  average  diameter  of 

0.2 mm.but has  a  seriate  texture.  Osburn (1978)  reported 
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I 
c 

, .  

6 -? that  the  plagioclase  compositions  .in the  rocks  he  studied 

vary  betwe.-n  An49  and Ar. ' (Rittmann  zone  method, 6 grains). 

The plagioclase  in  the  thin  section  studied  for  this  thesis . 

has  a  composition  of  An  (Michel-Levy  method, 8 grains). 

70 

68 

The  matrix  is  compo'sed  mostly  of  plagioclase  with  a 

pilotaxitic  texture.  Thirty to 40  percent of the  matrix 

also  consists  of  small  pyroxene,  oliv.ine  and  magnetite 

. .  

. grains: 

Lower  Popotosa  Formation 

The  Popotosa  Formation  was  named  by  Denny  (1940)  for 

exposures  of  fanglomerates  and  playa  deposits  of  the  lower 

Santa Fe Group  along  Arroyo  Popotosa  southeast of the  Ladron 

X '  Mountains.  The  Popotosa  consists  of  a  ,variety  of  rock  types, 
. I  

including  mudstones,  siltstones,  sandstones,  conglomerates 

and  mudflow  deposits.  Only  the  mudflow;  deposits  of the 

-lower  Popotosa  Formation  are  exposed  in'  this  study  area. 

Most  of  t.hese  belong to the  "fanglomerate  facies"  described 

by  Bruning  (1973). 

, 

I 

The lower  Popotosa  Formation  crops out  in three  loca- . .  

tions.  One  outcrop  occurs  in  sec.  13, :T. 4 S., R. 2 W. 
The base  of  this  outcrop  is  not  exposed!  and the  top  is . 

eroded;  north  of  this  study  area.,  in  tee  areas  mapped  by 

Osburn  (1978)  and  Chamberlin  (in  preparation),  the  lower 

Popotosa is overlain Ijy playa  mudstones  that  probably 

belong  to  the  upper  Popotosa.  Several  'smaller  outcrops 

G of  the  lower  Popotosa  occur  in sec. 18, T. 4 S., R. 2 W. 
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Osburn (1978) called  these  pre-Pound  Ranch  lava  sediments 

. (Ts) , but  their  age  and  lithologic  -haracteristi,s  correlate 
with  those  of  the  lower  Popotosa.  These  sedimentary  rocks 

overlie  the  upper  member  of  the  tuff  of  Lemitar  I4ountains 

and  the  tuff  of  South  Canyon.  They  are  overlain  by  the 

upper Pound Ranch  lavas.  They  consist  mostly of reddish- 

brown,  well-cemented  mudflow  breccias  and  conglomerates. 

In sec. 36 ,  T. 4 S., R. 3 W., tile Popotosa  overlies  both 

the  tuff  of  South  Canyon  and  the  upper  member  of  the  tuff 

of  Lemitar  Mountains.  There,  the  Popotosa is overlain  by 

a  poorly  welded.tuff ( T t Z )  of  uncertain  age.  This  tuff 

may  be  equivalent  to  the  Twt  tuffs  that  underlie.the 

upper  Pound  Ranch  lavas  further  north. 1 

I 

.i ' 
The age of these  sedimentary rocks must  be  between 

that  of  the  underlying  tuff  of  South  Canyon (26 .2  miy.1 

and  the  overlying  Pound  Ranch  lavas (10.4 m.y.). They 

overlie  the  tuff  of.  South  Canyon  with  angular  unconformity 

in  sec. 18, so they  are  probably  a  few  million  years  younger 

than  that  unit. In sec. 3 6 ,  the  Popotosa  dips  steeply (35 

degrees),  but  not as steeply  as  the  underlying  units. The 

Popotosa  appears  to  be  cut  by  an  erosion  surface  in  sec. 

. .  

- 

18; Osburn (1978) reported  that  the  lower  Popotosa  appears 

to be  cut by an  erosional  uncpnformity  of  considerable 

relief  southeast of the Pound  Ranch. 

The Magdalena  Mountains  were  probably  uplifted  and 

eroded  during  Miocene  time,  thus  acting as a  source  for 

the Popotosa  Formation  (Bruning, 1973). The Popotosa 
g> 
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Formation  probably  accumulated  in  topographic  depressions, 

producing  thickness  variations at  the  time  of  deposition. 

Subsequent  erosion  may  have  produced  even  greater.variations 

in  thickness. 11, sec. 18, The Popotosa  is  about 200 feet 

thick  and  in  sec. 36, it  may  be as thick as 500 feet. 

Elsewhere,  an  accurate  thickness  cannot  be  determined. 

The  lower  Popotosa  mudflow  deposits  usually  form  well- 

exposed  outcrops.  They.frequently  crop  out as  cliffs and 

ledges.  Usually,  the  outcrops  are  fairly  massive  and 

display  few  sedimentary  structures:  however,  in  a  few 

places,  the  mudflow  deposits  are  crudely  bedded  (see  Fig. 

14).  The  Popotosa  mudflow  deposits'areiwell  indurated, 

but  they  frequently  weather  to  individual.  boulders 

(Fig. 15). 

The  rocks  are  usually  reddish  brown in. color  and 

consist  of  angular  to  rounded,  boulder  and  cobble  clas.ts 

in  a  sandy  to  silty  matrix.  The  clasts'  are  very  poorly 

sorted  and  the  larger  clasts  are  often  supported  by  the 

finer-grained  matrix.  This is characteristic  of  clasts 

transported  by  mudflows.  Fragments  of  the  upper  member 

of  the  tuff o f  Lemitar  Mountains  are . ,  the  most  abundant 

type  of  clast;  they  usually  comprise 50:to 75  percent of 

the  cobble  and  boulder  clasts.  Thc  other  clasts  consist 

of fragments of the  tuff  of  South  Canyon,  andesite or 

basaltic  andesite,  the  lower  member  of the tuff  of 

Lemitar  Mountains  and  the  tuff of Caronita  Canyon. 
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Figure  14. Outcrop  of lower Popotosa  mudflov  deposits 
(SPJ/4, sec. 3 6 ,  T.  4 S. , R. 3 W. , unsurveyed) . These 
rocks dip 35 t o  40  degrees  t o  t h e  east. 

4 

’ .  

Figure  15 .  Outcrop  of lower Powotosa mudflow d e p o s i t s  

cons i s t   o f   angu la r   t o   rounded ,   cobb le   t o   bou lde r  c las t s .  
from same l o c a t i o n   a s   i n   F i g u r e  14. T h k s e  d e p o s i t s  

Mountains (I,) comprise  about 7 5  pe rcen t  of t h e  c las t s  
Fragments of t h e  upper member o f   t he   t u f f   o f  Lemitar 

i n   t h i s  area. The o t h e r  c las t s  c o n s i s t , m o s t l y . o f  
a n d e s i t e  ( A )  ; the lower member o f   t h e   t u f f .   o f  Lemitar 
Mountains ,   and  the  tuff  o f  Caron i t a  Canyon (lower member, 
Cl; upper member, C u ) .  

I : 
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Pre-Lava Ash-Flow T u f f s  (Twt and T t 2  ( ? ) )  

A thin  sequence  of   poorly.   welded,   l i thic-  ard pumice- 

r i ch ,   l i gh t - co lo red   a sh - f low  tu f f s  ( T w t )  und ,er l ies  the 

Pound Ranch l a v a s  i n  t h e  Pound  Ranch area (Osburn,  1978). 

Only a few small exposures   o f   t h i s   un i t   occu r  i n  t he   no r th -  

c e n t r a l   p o r t i o n  of t h i s   s t u d y  area (secs'. 1 7  and 18, T. 4 S. ,  

R. 2 V?.) . A small ou tc rop  of . t u f f s  of Simi lar   appearancz  

( T t 2 )  o c c u r s   i n  SE/4 ,  SW/4, sec. 3 6 ,  T. 4 S., R. 3 W. i n  

Ryan H i l l  Canyon. T h e s e   t u f f s  are p o o r l y   w e l d e d ,   l i t h i c  

and  pumice r i c h  and l i g h t  brown; they  may be   equ iva len t  

t o  t h e  Twt t u f f s ,   b u t   l i m i t e d   e x p 3 s u r e s  imake it imposs ib le  

t o   d e m o n s t r a t e   t h i s .  
1 

The t u f f s   i n   b o t h  Ryan H i l l  Canyon~and secs. 1 7  .and 
c -  
_ I  18  over l ie   an   e ros iona l   unconformi ty .  The T w t  t u f f s  are 

o v e r l a i n  by the   upper  Pound  Ranch lavas, w h i l e   t h e  T t 2  

t u f f s   h a v e   a n   e r o s i o n a l   t o p .  The T w t  t u f f s  are 0 t o  200 . '  

feet t h i c k  i n  secs. 17  and  18,   and  the T t 2  t u f f s  are 0 t o  

about  60 feet  t h i c k .  

, .  . .  

Osburn   (1978)   repor ted   tha t   the  T w t  t u f f s   c o n t a i n  as 

much as  20 percent   phenocrys ts   o f   p lag ioc las ' e ,   san id ine ,  

quar tz ,   b io t i te   and   hornblende .   This   minera logy  i s  similar 

t o  t h a t   o f   t h e  'lower Pound  Ranch lavas and   t he  two u n i t s  

may b e   r e l a t e d .  

Lower Pound  Ranch Lavas 

G 
C r y s t a l - r i c h ,   q u a r t z - r i c h  lavas crop o u t   i n  sec. 15, 

T. 4 S . ,  R. 2 W . ,  a l ong   t he   no r the rn   bo rde r  of t h e   s t u d y  
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area. Osburn  (1978) named these   t he   l ower  Pound  Ranch 

-1avas. These  lavas   have  been  dated a t  1 1 . 8  ? 0 . 5  m.y. 

u s i n g   t h e  K/Ar  method  on b i o t i t e  (Osburn, 1 9 7 8 ) .  I n  ' 

m i n e r a l o g y ,   t h e   l a v a s   a r e  l a t i t e s  o r   q u a r t z   l a t i t e s ;   b u t  

chemica l ly ,   they  are r h y o l i t e s  ( 7 3 . 0  pe rcen t  S i 0 2 ;  Osburn, 

1 9 7 8 ;  appendix C ) .  Chamber l in   ( in   p repara t ion)   has  mapped 

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

Peak area t h a t  are s i m i l a r   i n   l i t h o l o g y   a n d   a g e   t o   t h e  

Pound  Ranch lavas. . 

The  lower Pound Ranch l a v a s   c r o p  o u t  i n  a much smaller 

a rea   t han   t he   uppe r  Pound Ranch lavas. 'The  lower Pound 

Ranch lavas   cover   about   one   quar te r   o f  a square  mile 

i n   t h i s   s t u d y  area. These   l avas  are not  exposed  more  than 

about  a mile s o u t h   o f   t h e   n o r t h e r n   b o r d e r   o f   t h i s   t h e s i s  

area. It  i s  p o s s i b l e   t h a t   t h e  lava's never  flowed much 

f u r t h e r   s o u t h   t h a n   t h e i r   p r e s e n t   e x p o s u r e s .  

I 

Osburn  (1978)  reported a minimum t h i c k n e s s  of 4 0 0  
. .  

feet  for  the   lower  Pound  Ranch l avas .  The lavas are 

p r o b a b l y   t h i s   t h i c k   i n  sec. 15,  bu t  t h e   t o p  of t h e s e  lavas 

is  eroded.   These  lavas   usual ly   weather  t o  form rounded 

b o u l d e r s   t h a t   c o v e r  much of t he   ou tc rop ,   a l t hough   occas iona l  

c l i f f s  and  ledges  do  occur.  

I n  hand specimen, t h e  lower Pcmd Ranch l a v a s  are 

u s d a l l y   l i g h t  brown or p ink   and   con ta in~abundan t ,  coarse 

phenocrys ts  of p l ag ioc la se ,   s an id ine ,   qua r t z   and  b io t i te .  

Crude flow banding can occas iona l ly   be   s een  i n  t h e  lavas; 

t h e  flow banding is de f ined  by g r a y   s t r e a k s   i n   t h e  brOVM 

matr ix .  

. .  
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e I n  t h i n   s e c t i o n ,   t h e   r o c k   c o n t a i n s  825 t o  30 pe rcen t  

phenoc rys t s   o f   qua r t z ,   p l ag ioc la se ,   s an id ine   and   b io t i t e .  

About 1 0  t o  12 p e r c e n t   q u a r t z   o c c u r s   a s   a n h e d r a l   t o  

subhedral,   fr-equently embayed g r a i n s   a s  mdch a s  4 . 0  mm 

in   d i ame te r ,   bu t   ave rag ing   abou t  1 .0  mm. Zoned pl'agio- 

c l a s e ,  which v a r i e s   i n   l e n g t h  from 0 .5  t o  4 . 0  rcm-and has 

an  average  length  of 1 . 5  mm, comprises 9 t o  1 0  percent  

.of the  rock.  Osburn ( 1 9 7 8 )  reported  compositions  from 

Anz4 t o  And3 (Rittmann  zone  method, 10 g r a i n s ) .  

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

aggregates,   which may p o i k i l i t i c l y   e n c l o s e   c r y s t a l s   o f  

b i o t i t e .   T h r e e   t o  5 p e r c e n t   s u b h s d r a l   s a n i d i n e   o c c u r s   i n  

the   rock .  It  has  an average   l ength  of about  1 . 6  mm, b u t  

f '; one  phenocryst   observed i n  t h i n   s e c t i o n   m e a s u r e s  1 . 0  cm 

i n  length .  Some euhedra l   san id ine   phenocrys ts  as l o n g   a s  

2 . 0  c m  o c c u r   i n  hand  specimens. The s a n i d i n e   i n   t h i n  

s e c t i o n   o f t e n .   p o i k i l i t i c l y   e n c l o s e s   c r y s t a l s   o f   b i o t i t e  

and  plagioclase.  Two to 3 p e r c e n t   b i o t i t e ,  1 pe rcen t  

magnet i te  and a t r a c e  amount  of  hosnblende  also  occur 

i n   t h e  rock,. The groundmass c o n s i s t s  of s p h e r u l i t e s  

(probably   in te rgrowths  of a l k a l i   f e l d s p a r s   a n d   s i l i c a  

m i n e r a l s ) ,  and f ine-gra ined   quar tz   and   po tass ium  fe ldspar  ( ? I .  

I 

Upper  Pound  Ranch Lavas 

The upper Pound  Ranch. l a v a s   a r e   p o r p h y r i t i c   l a v a s  

con ta in ing  10 t o  25 percen t   phenoc rys t s   o f   p l ag ioc la se ,  

b i o t i t e  and  hornblende.  They  occur i n  ex tens ive   ou tc rops  G 
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5' in  the  area  south of  the  Pound  Ranch.  Osburn  (1978) 

mapped  most  of  these  outcrops  and  lncatdd  a  probpbie  vent 

about  one  mile  southwest  of  Pound  Ranch  (about  one  mile 

.~ 

north  of  this  study  area)..  These  lavas crop  out in  secs. 

15, 16, 17, 18, 21 and 22, T. 4 -S., R.' 2 VI. It Li iikely 

that  they  never  flowed  much  farther  south  than  their 

present  exposures.  These  lavas  have  been  dated  at 

10.5 2 0.4 m.y.  using  the  K/Ar  method, on biotite  (Osburn, 

1978). In  mineralogy,  these  lavas  are  andesites,  but 

chemically,  they  are  rhyolites  or  quartz  latites ( 7 2 . 3  

percent  SiOz;  Osburn, 1978; Appen-iix  C). 

The upper  Pound  Ranch  lavas  are  probably  600  feet 

thick, or more,  in  sec.  16;  they  apparently  pinch  out 

- ,  to  the  south.  These  lavas  were  deposited on  an erosion 

surface  and  they  may  unconformably  overlie all units  above 

the  tuff  of  Lemitar  Ilountains. In  this ~ study  area,.  the - 
lavas  are  not  overlain  by  any  units  except  Quaternary 

alluvium.  The  upper  Pound  Ranch  lavas  usually  weather 

to  rounded  boulders  that  cover  the  more^ gentle  slopes; 
however, theyalso crop  out as cliffs  and  ledges  on  the 

steeper  slopes. 
I 

The  upper  Pound  Ranch  lavas  are  zoned  texturally, 

but  not  mineralogically  (Osburn,  1978). Close to  the 

vent,  this  unit  consists of a  basal  vitrophyre, ovc:lain 

by  a  finely  flow-foliated  zone  which  gradually  becomes 

more  massive  upward. The finely  flow-foliated  zone  is 

not  present in this  study  area;  Osburn  reports  that  it 
G 
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is  restricted  to  within  about  a  mile of the vent. The I 

basal  vitrophyre  is  a  few  feet  to 100 feet  thick. It 

crops  out  fairly  regularly  in  sec. 22; elsewhere,  the 

outcrops  are  mor?  sporadic.  Above  the  vitrophyre,  the 

lavas  are  usually  grayish  red  to  light r'ed. 'They frequently 

are  brown  to  brownish  red on the  weathered  surfaces. A 

crudely  defined  flow  banding  is  usually'  present,  although 

some  outcrops  appear  almost massive:' 

Osburn (1978) reported  an  upward  increase  in  the 

phenocryst  content  from 10 to 25 percent.  Thin  sections 

examined  for  this  thesis  contain 1 5  to  20  percent  pheno- 

crysts o€ plagioclase,  biotite,  and  hornblende.  Plagio- 

clase  comprises 70 to 80 percent  of  the  phenocrysts  and 

has  an  average  length  of  1.5 mm, and  a  maximum  length  of 

3 . 3  nun. It occurs  as  euhedral  to  subhedral  phenocrysts, 

and  occasionally  in  glomeroporphyritic  aggregates.  Much 

of  the  plagioclase is strongly  zoned;  Osburn (1978) 

reported  that  the  composition  may vary.from An32  to  An55 

(Rittmann  zone  method, 20 grains).  Some of  this  plagioclase 

'. poikiliticly  encloses  crystals  of  biotite  and  possibly 

hornblende. 

Biotite  and  hornblende  each  comprise 2 to 3 percent  of 

the  rock.  They  are  both  pleochroic  and  display  greenish- 

brawn  to  red  colors.  The  euhedral  to  subhedral  biotite 

phenocrysts  have  an  average  length  of  about 0.7 mm. The 

hornblende  is  also  euhderal  to  subhedral  and  has  an  average 

cross-sectional  diameter  of 1.0 mm. The  matrix  of  the 
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.. vitrophyre  consists  mostly  of  glass,  some of which  has c? 
undergone  yartial  spherulitic  devitrification. 

Tertiary  Intrusive  Rocks 

White  Rhyolite  Dikes 

The  white  rhyolite  dikes  are  light  in color,  massive 

to  flow  banded,  and  contain 0 to 30 percent  phenocrysts 

.of.quartz, sanidine  and  biotife.' A few of the  more  crystal- 

rich  dikes  also  contain  plagioclase;  dikes  that  have  been 

mineralized  may  contain  sulfides.  Most of the  dikes  occur 

. in  the  ncrthkestern  portion of the  study  area  (secs. 3 ,  4, 

5 and 10, T. 4 S., R. 3 W., unsurveyed),  although  one  also 

occurs  in  Ryan  Hill  Canyon  (sec. 26, T. 4 S . ,  R. 3 W., 
i '  . ?  unsurveyed).  Most  of  the  dikes  were  emplaced  along  north 

or  north-northwest  trending  faults;  some  dikes  also  trend 

east-west,  parallel  with  the  northern  Sawmill  Canyon  ring 

fracture.  Most  of  the  dikes  are  near  vertical,  although 

locally  the  dip  may  vary.  The  dikes  usually  range  from 

a  few  inches  to  about 150 feet  in  thickness..  Some  of 

the  more  resistant  dikes  stand up as "walls"  above  the 

surrounding  surface  (Fig. 16). 

In hand  specimen,  the  white  rhyolite  dikes  are  usually 

white  or  gray  and  may  contain  as  much as 30 percent 

phenocrysts.  Quartz is usually  the  dominant  phenocryst 

and may comprise  as  much  as 20 percent of  the rock. 

Sanidine  is  second in abundance  but  is  usually  not  easily 

recognized.in hand  specimens.  Traces to a few percent 
G 
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Figure 1 6 .  White r h y o l i t e   d i k e  . i n  NE/4, sec. 4,  T.  4 S .  , 
R. 3 W., unsurveyed.  These  dikes are a f e w  inches  t o  
about   150  feet  i n  widtn.  Some o f   t he   l a rges t   d ikes   fo rm 

much more subdued. 
prominent  outcrops,  as shown here,   but   most   outcrops are 
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I e biotite  may  also  be  present.  Many of the  white  rhyolite 

dikes  have  been  silicified  and  minsr-alized. Pyr'te 

(frequently  altered  to  limonite) and.minor chalcopyrite 

occur in'a few  dikes.  The  gold  mine  in SW/4, sec. 3 ,  T. 4 S.. 

R. 3 W., unsurveyed,  is  located  along  a  white  rhyolite  dike 

(see  section  on  economic  geology). 

In  thin  section,  the  quartz  is  usually  euhedral  to 

subhedral  and  has  an  average  diameter of 0.4 mm. Sanidine 

is  subhedral  and  has  an  average  length o f  0 . 9 . m ;  it  has 

usually  been  partially  replaced  by clay,minerals. Biotite . . 

usually  has  an  average  length  of 1.0 mm'. Some biotite(?) 

phenocrysts  are  bleached  and colorless.'  Traces of badly 

altered  plagioclase  occur  in  a  few  rocks. 
f' 
. I  

Rhyolite  Intrusions 

Two types  of  rhyolite  intrusions  occur  in  the  study 

area: one  contains  sanidine  and  minor  quartz  and  the 

other  is  very  crystEl  poor.  The  sanidine  rhyolite  in- 

trusions  occur  in  the !?.pper reaches  of  Rincon-Madera 

Canyon  (sec. 13, T. 4 S., R. 3 W., and  sec. 18, T. 4 S., 

R. 2 W.). This  rock  type  occurs  in two'intrusions in  the 

study  area;  Osburn (1978) also  mapped  one  of  these  in- 

trusions  and  reported  that  at  least  two  others  occur  in 

the  area  he  studied.  These  intrusions  may  have  been 

emplaced.  along  .fault  zones  (see  Plates i and 2) ; 

alternatively,  they  may  have  been  faulted  since  their 

emplacement. 

- 

! 

I 
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The  crystal-poor  rhyolite  intrusions  occur  in  Italian 

Canyon (secs..  21, 27 and 28, T. 4 S., R! 3 W., unsurveyed) 

and  Ryan  Hill  Canyon  (sec. 3 6 ,  T. 4 S . , ' R .  3 W.). The 

intrusion  in  Itaiian  Canyon  appears  to  have  partially  domed 

the  overlying  strata:  some  of  the  units west of the  intru- 

sion  dip  to  the west. but the  regional  dip  is  to  the  east. 

In  outcrop,  the  crystal-poor  rhyolite  frequently 
.. 

stands  out  as  blocky  cliffs  partially  covered  with  talus. 

These  rhyolites  are  flow banded-to massive  and  are  usually 

pink  to  gray  in  color.  Occasionally, theycontain abundant 

spherulites.  Breccia  occurs  along  the  margin of the 

intrusion  in  Italian  Canyon. 

IF' 

The  sanidine  rhyolite  intrusions  usually  weather  to 

%, low,  subdued  outcrops,  except  where the,rocks are  silicified. 

These  rocks  closely  resemble  the  Txr2  rhyolite  lavas. They.. 

are  pale  red  to  pinkish  gray  and  contain 10 to 2 0  percent 

phenocrysts.  Sanidine,  the  predominent  phenocryst, 

frequently  occurs  as  large,  tabular  crystals,  which  may 

. .  

I 

I 
. be  almost 1.0 cm  in  length.  The quartz'is small  and  not 

conspicuous  in  hand  specimen. A few  andesite  lithic  frag- 

ments  occur  in  some  areas. 

One  thin  section  of  the  sanidine  rhyolite  contains 

about 6 to 8 percent  sanidine  and 2 to 4 percent  quartz 

phenocrysts.  The  sanidine  has  a  maximum  length  of 4.5 

mm, but  averages  about 2.0 mm. The  quartz  is  subhedral 

and  has an average  diameter of 0.4 mm. About 1 percent 

biotite  and  a  trace  of  magnetite  occurs in  the  rock. 
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c In  thin  section,  the  crystal-poor  rhyolites  contain 

few, if any, phenocryst?. A few  small  crystals  of  quartz 

(about 0.1 mm diameter)  occur  in  the  thin  section,  but 

most  of  these  are  probably  secondary  quartz.  The  matrix 

consists  of  fine-grained' (0.01 mm or  less  diameter)  quartz 

and  potassium  feldspar ( ? I .  

Monzonite  Dikes 

Two  monzonite  Cikes  occur  in  the  northwestern  portion 

of  the  study  area (NV/4 ,  sec. 3 and S E / 4 ,  sec. 4, T. 4 S. , 

X. 3 W., unsurveyedj.  These  rocks  are  usually  a  mottled 

green  color  and  contain  very  coarse (5 cm  or  more  in 

length)  feldspar  phenocrysts. The dikes  in  this  study 

g ~> area  are 30 to 50 feet  thick'and  can  be  followed  for  onlv 
. I  

. a  short  distance on the  surface.  Some o'f these  dikes  in, 

the  Magdalena Mountains stand  up as walls;  however,  in  this 
study  area,  the  dikes  usually  form.-low,  rounded  outcrops. 

Hand  specimens  of the.monzonite dikes  are  grayish 

green  and  coarsely  porphyritic.  Phenocrysts  of  feldspar, 

quartz  and  mafic  minerals  may  comprise 25 to 30 percent 

of  the  rock.  The  feldspars  probably  consist  of  both 

sanidine  and  plagioclase,  but  they  are  altered  to  a  white, 

clayey  material.  Many of the  feldspar  phenocrysts are 1 

cm or more  in  length,'  and  a few  are  as  much as 5 cm  long. 

The  quartz  usually occurs as  small  grains, 1 to 2 nm in 

diameter,  and  may  comprise as much as 5 percent  of  the  rock. 

Most  of  the  mafic  minerals  are  probably  biotite,  although 

some pyroxene  and  magnetite  may  also  be  present. . 

.G 
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Both of the   monzon i t e   d ikes   i n   t h i s '   s tudy  area have 

been   i n t ense ly   a l t e r ed .  The surrounding  country  rock  has  

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

be  bleached. Krewedl  (1974)  .reported t h a t  many o f   t h e  

maf ic   minera ls  had  been  replaced by c h l o r i t e ;   t h i s   p r o b a b l y  

produced   the   g reen   co lor  common i n   t h e   r o c k s .   S i l i c i f i c a -  

t i o n   o f   t h e   d i k e   a n d   c o u n t r y   r o c k s  are a l so  common. ' 

Kafic  Dikes 

Smal l ,  f ine-gra ined   maf ic   d ikes  are common i n  secs. 

3 and 4 ,  T. 4 S., R .  3 W., unsurveyed, i n   t h e   n o r t h w e s t e r n  

po r t ion   o f   t he   s tudy  area. A few d i k e s   a l s o   o c c u r   i n  secs. 

9 and 10, T. 4 S., X. 3 N., un'surveyed. Most of t h e   d i k e s  

< \  probably   in t ruded   a long   fau l t s ,   a l though  d i sp lacemene   a long  

t h e s e   f a u l t s  may b e   d i f f i c u l t   t o ' p r o v e .   I n  many c a s e s ,  the 

m a f i c   d i k e s   i n t r u d e   t h e  same f a u l t s  as t h e   w h i t e   r h y o l i t e  ' . . .  . . 

d i k e s .   U s u a l l y ,   t h e  mafic d ikes   appear  t o  be  younger .. 

t h a n   t h e   w h i t e   r h y o l i t e   d i k e s .  The mafic dikc.s are a f e w  , 

i n c h e s  t o  a few feet  i n  width  and  usual ly   cannot   be  fol lowed 

for  more t h a n  a few t e n s  of f e e t   a l o n g   s t r i k e .  

" 

. . ,. ~. 

.. . . 

The  mafic   dike  rocks are gene ra l ly   g reen  i n  color and 

f i n e  grained.,   Occasionally,  a f e w  small phenocrys ts  of 

p l a g i o c l a s e  ( ? )  can  be  seen  in  hand  specimen. Alterat ion 

tends  t o  obscure   the   t ex tures .   Thin   sec t ions   examined  f o r  

t h i s   s t u d y  consist  most ly  of a f ine-grained assemblage of 

calcite, qua r t z   and   c l ay   mine ra l s .  Relics of plagioclase ( ? )  

and  pyroxene (? )  phenocrysts   can  be  seen.  Traces of hemat i t e  



104 

f? are  present  as  replacement  products  of  other  minerals. 

Tertiary-Quarternary  Rocks 

Sierra  Ladrones  Formation 

Sediments. The'Sierra Ladrones  Formation  consists  of 

gently  dipping,  poorly  consolidated  sands  and  gravels, 

boulder  alluvium  and  interbedded  basalts,  which  comprise 

the  upper  part  of  the  Santa  Fe  Group.  The  Sierra  Ladrones 

Formation  was  named  by  Machette (1978) for  the  Sierra 

Ladrones,  which  are low foothills  of  the  Ladron  Hountains. 

In  the  type  area,  the  Sierra  Ladrvnes  Formation  is  early 

Pliocene  to  middle  Pleistocene  in  age  and  the  sediments 

consist  of  alluvial-fan,  piedmont-slope,  alluvial-flat, 
< '  
. I  flood-plain  and  axial-stream  deposits  (Xachette, 1978). 

In  this  study  area,  the  Sierra  Ladrones  Formation 

crops  out  mainly  in  a  group  of  low,  rounded  hills  in _, 

secs. 13 ,  14 and 24, T. 4 S., R. 2 W., and on  a  basalt- 

capped  mesa  in  secs. 25, 26,  35 and 36, T. 4 S., R; 2 W. 

A few  small  outcrops  also  occur  in  stream  beds  in  secs. 

14,  15,  23  , and 24; Figure 17 shows  a  .typical  outcrop in 

. a  stream  bed. 

In the  rounded  hills  (secs. 13, 14, and 2 4 ) ,  the 

outcrops  are  almost  always  mantled  by  a  lag  gravel of 

rounded  cobbles  and  boulders.  Outcrops ,can  only be  seen 

in a  few  places  in  sec. 13, where  stream  erosion  has 

F removed  the  lag  gravel.  These  outcrops  consist  mostly 
Q!Y 

of  sandy  gravels,  although  occasionally,  outcrops of 
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Figure 17. Outcrop of Sierra  Ladrones  Formation in a. 
stream bed (SN74, sec. 14, T. 4 S., R. 2 N . )  . The 
sands and gravels of this unit are  usually partly con-' 
solidated, but they  crop  out  poorly.  The  sediments 
in  the  outcrop  shown-here  dip  about 10 degrees  to  the 
east;  quaternary  alluvium overlies  the  Sierra  Ladrones 
Formation. 
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boulder  alluvium  occur. The boulders  and cobbles.in  the 

coarser-grained  deposits  probably  remain  behind  after the 

outcrops  are  eroded  and  the  finer-grained  sediments 

removed.  This  e;rentually  results  in  a  layer of  boulders 

and  cobbles  which  cover  the  older  deposits. . These  boulders 

and  cobbles  are  inostly  rounded  and  consist of fragments  of 

tuff  of  Lemitar  Nountains,  tuff  of  South  Canyon,  basaltic 

andesites  and  Pound  Ranch  lavas. A few  scattered  outcrops 

of  basaltic  lavas  (Tsbl)  crop  out at the  base  of  the 

low hills  in  secs. 13 and 14. These  basalts  are  probably 

interbedded  in  the  sediments. A minimum  thickness  for  the 

Sediments  of  about 3 5 0  feet  is  indicated  by  the  topographic 

relief. 

Outcrops of the  sediments  in  the  Sierra  Ladrones 

Formation  on  the  basalt-capped  mesa  (secs. 2 5 ,  26, 3 5 ,  

and 3 6 )  consist  mostly  of  sandy  gravels. The sediments 

and  overlying  basalt  flows  are  nearly  flat  lying  although, 

Locally,  the  dips  may  be 3 to 5 degrees. The topographic 

relief  indicates  that  the  sedimentary  unit is  at  least 

300 feet  thick  on  the  basalt-capped  mesa. This  unit 

erodes  easily  and  is  therefore  poorly  exposed  in most 

places:  the  best  outcrops are  in NW/4, sec. 25. Pebble 

imbrications at this'location indi,ate transport  directions 

frJm  the  southeast to the  northwest  (see  Plate 1). Trans- 

port  directions  from  outcrops  in  sec. 14 also  indicate 

transport  from  the  southeast  to the northwest. 

Basaltic  Lavas. A series  of  basaltic  lava  flows are 
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interbedded  in  the  Sierra  Ladrones  Formation  in  the eastern' 

portion of the  study  ares.  These lavas'  all have  similar 

petrographic  characteristics;  they  consist  of  a  fine-grained 

mosaic  of  plagioclase,  pyroxene  and  oliviae.  These  rocks 

were  mapped as  two  lava  flows  (Tsbl  and.  Tsb2),  .based  on 

their  general  stratigraphic  and  field  relationships. 

The  Tsbl  lavas  in  Secs.  13, 14 and NW/4, sec.  24, 

.T. 4 S., R. 2 W. are  probably  interbedded  in  sands  and 

gravels  of the Sierra  Ladrones  Formation,. .These larvas may 

dip 5 degrees  or  .more  to  the  northeast. The  Tsb2  lavas 

overlie  the  sands  and  gravels,  and  are not overlain  by 

younger  units.  They  are  essentially  flat  lying,  although 

they may-dip as much as 3 degrees to the  northeast.  Figure 
&. ..I 

_ I  18  shows  the  outcrop  expression  of  some  of  these  basalts 

in  the  western  Chupadera  Mountains.  Orientations  can 

occasionally  be  obtained on vesicles in  the  lavas,  but 

in  most  places,  it  is  difficult  to  obtain  strike-dip  data. 

The basalt  flows  have  not yet been dated, but  they 

are interbedded  in  the  Sierra  Ladrones  Formation,  which  is 

probably  of.  Pliocene to middle  Pleistocene  age  (Machette, 

1978). The  Tsb2  lavas  probably  have a maximum  thickness 

of about 200 feet;  however,  the  top of these  lavas  is 

eroded. The  Tsbl  lavas  are  not  well  enough  exposed to 

obtain  an  accurate  thickness  estimate  but  they  are  probably 

less  than  100  feet thick. 

G These  rocks  usually  weather to gentle  slopes  covered 

with  blocky  colluvium.  Many  of  these  blocks  are  several I 
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Figure   18 .  V i e w  looking  east  from  Molino  Peak. The 
Chupadera  Mountains a r e  i n  t h e   c e n t e r  of the  photograph.  
The Rio  Grande  can  be  seen j u s t  above   the   top  of t h e  
Chupadera  Mountains. The d a r k   o u t c r o p s   i n   t h e  center 
of the   photograph   a re   basa l t s   capping  a  low  mesa; t h e  
western  port ion '  of t h i s  mesa i s  i n   t h e   t h e s i s   a r e a .  
The basa l t s   ove r l i e   s ands   and   g rave l s   o f   t he   S i e r r a  
Ladrones  Formation. A po r t ion  of a manganese  mine 
i n  NW/4, sec. 3 0 ,  T. 4 S. ,  R. 2.V7. can  be  seen i n  t h e  
lower   r i gh t   co rne r  of the  photograph.  
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feet  in  diameter.and  it  is  frequently  difficult  to  determine 

whether  they  are  true  outcrops  or 1-ose blocks. 

In hand  specimen,  the  basaltic  lavas  are  usually 

dense,  gray  to  black,  and  fine  grained.  They  consist  mostly 

of  plagioclase,  pyroxene and.olivine phenocrysts  with  a 

diameter of about 1 mm. Occasionally,  a few larger 

phenocrysts  (2  to  4 mm diameter)  can  be  seen.  Some of the 

basalts  conta'in as much  as 15 percent  vesicles,  which  are 

occasionally  filled  with  calcite. 

In  thin  section,  the  basalts  consist  of 5 to 10 percent 

corroded  olivine  grains  surrounded  by  an  intergranular 

,mixture of euhedral  to  subhedral  labradorite  and  inter- 

stitial  grains  of  augite.  The  two  lava flows (Tsbl  and 

Tsb2)  both  contain  similar  percentages  of  constituents, 

axthough  the  amounts  of  individual  minerals  may  'vary  by  a 

few  percent  between  flows. 

Plagioclase  (Ani4;  Michel-Levy  method, 10 grains) 
. .  

comprises  about 60 to 70 percent  of  the  rock. It has  a 

maximum  'length of 1.9 mm and  averages 0.7 mm in length. 

Anhedral  pyroxene  (probably  augite)  comprises 10 to 25 

percent  of  the  rock  and  is  intergrown  with  the  plagioclase. 

The pyroxene  has  an  average  length  of 1.0 mm, but  some 

phenocrysts  are as long as 4.0 mm. The olivine  has  an 

average  length of about 0.75 mm; the  largest  phenocl-yst is 

1.85 mm in  length. Some of the  olivine  has  been  partially 

altered  to  iddingsite.  One to 3 percent  magnetite  and 

ilmenite (? )  also  occur  in  the  basalts. 
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f'. 
Quaternary   Uni t s  

_, . .  

. . Al luv ia l .   Fan   Depos i t s  

Poor ly   consol ida ted   g rave ls   and   sands   tha t   accumula ted  

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

s t u d y  area were mapped a s   Q u a t e r n a r y   g r a v e l s . ( Q g ) .  Two 

a l l u v i a l   f a n   d e p o s i t ; :   o c c u r   i n   t h i s   a r e a .  . Both  of   these 

f a n s  are cc r ren t ly   be ing   d i s sec t ed   by  ac t ive  str'eams, b u t  

t h e   n o r t h e r n   f a n  (secs. 21 ,  2 6 ,  and 2 7 ,  T. 4 S. ,  R. 2 W. ) 

is  more d i s sec t ed   t han   t he   sou the rn   f an .   These   f ans  were 

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

fdrmed a f t e r   t h e   d e p o s i t i o n   o f   t h e  Santa  Fe Group. 

Outcrops of t he   Qua te rna ry  'gravels are u s u a l l y  

2 '  
poorly  exposed. .  Where t h e y   d o , o c c u r ,   t h e y   c o n s i s t   o f  

poor ly   so r t ed   depos i t s   wh ich   con ta in  sand t o  boulder  

s i z e  clasts.  Some o f   t he   bou lde r s  are 1 foot or more i n  

d iameter .  Most o f   t h e  c las ts .are  subrounded t o  well rounded; 

t h e   c o a r s e r  clasts (boulders   and  cobbles)  are better 

rounded  than   the  f i n e r  clasts. They c o n s i s t   m o s t l y  of 

- .  t u f f  of Lemitar Mountains,   with lesser amounts of t u f f  

.. 

of   Ca ron i t a  Canyon, r h y o l i t e  lava and   andes i te .  

Alluvium 

Quaternary   a l luv ium  inc ludes   xos t ly   Holocene   depos i t s  

of poor ly   sor ted   sand  and g r a v e l .  I n  most p l a c e s ,   t h e s e  

sediments were d e p o s i t e d   i n  active stream channels.  

However, i n   t h e   e a s t e r n   p o r t i o n  of t h e   s t u d y  area, some 

of these   sed iments  may have   been   depos i t ed   on   r e l a t ive ly  

u n d i s s e c t e d   a l l u v i a l   f a n s .  

G 
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Talus 

Material  mapped as talus  includes  mostly  clasts  of 

cobble to boulder  size.  Some  house-size  blocks  may  have 

slid  down  the  stzeper  slopes,  especially  in  Sixmile and. 

Ryan  Hill  Canyons. . This  unit  includes  both  active  and 

stabilized  talus'deposits. Some rock  glaciers,  as  much 

as a  mile  in  length,  occur  in  Ryan €5.11 Canyon' (see Fig. 

19). They  frequently  exhibit  wave-like  ridges  that  were 

probably  formed  during  movement  of  the  talus  pile. 

. .. 
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Figure  19.  A c t i v e   t a l u s   d e p o s i t   i n  Ryan H i l l  Canyon 
(NE/4, sec. 2 2 ,  and SE/4, sec. 15 ,  T. 4 S., 15. 3 W., 
unsurveyed) .   This   depos i t  i s  about 0 .5  miles long 

d i s p l a y  wavel ike   r idges  on t h e i r  su r f aces .  
and 750 f ee t   w ide .  Some of   the  l a r g e s t   t a l u s   d e p o s i t s  
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STRUCTURE 

Regional   S t ruc ture  

The Socorro-Magdalena  area i s  l o q a t e d   a t   t h e   j u n c t i o n  

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

t h e  X i 0  Grande r i f t   t r a n s e c t s   t h e   n o r t h e a s t e r n   p o r t i o n  

of   the   Dat i l -Mogol lon   vo lcanic   f ie ld .   Nor th   o f   Socorro ,  

t h e   r i f t  i s  conf ined   mos t ly   to  a series o f   l a r g e ,   s i n g l e  

bas ins .   In   t he   Socor ro -Magda lena   a r ea ,   t he   r i f t   w idens  

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

by i n t r a r i f t   h o r s t s   ( C h a p i n ,  1971 ,  1 9 7 8 ) .  Northwest  of 

Socorro,  t h e  Co.lorado  Plateau  forms a h igh ,   r i g id   b lock  

t h a t   h a s   r e s i s t e d  much o f   t h e   T e r t i a r y   s t r u c t u r a l   d e f o r -  

- 1  mation. The northeast- t rending  Morenci   l ineament   and  the 

west-northwest- t rending  Capi tan  l ineament   intersect   in   the 

Socorro   a rea  (see Chapin  and o t h e r s ,  1978, Fig. 1). These 

r e g i o n a l   s t r u c t u r a l  elements combine to   p roduce  a complex 

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

. .  

. .  

Pre-exis t ing   s t ruc tures   have   undoubtedly   in f luenced  

l a t e r   s t r u c t u r a l   d e f o r m a t i o n .   C e n t r a l  N e w  Mexico w a s  

de fo rmed   i n   l a t e   Mis s i s s ipp ian   t o   Pe rmian  time ( a n c e s t r a l  

Rocky Mountains)  and  again  during  the Late Cretaceous t o  

middle  Eocene  Laramide  orogeny. The Rio Grande r i f t  

' apparent ly   b roke   a long  crustal  weaknesses formed dur ing  

t h e s e  two s t ruc tura l   events   (Chapin   and   Seager ,  1 9 7 5 ) .  

I n  wes t -cent ra l  New Mexico, the  Paleozoic  and  Mesozoic 

rocks  were fo lded  and th rus t   f au l t ed   du r ing   t he   La ramide  
. .  
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+f\ orogeny  (Kelly  and  Wood,  194.6;  Tonking,  1957;.and  Kelly 

and  Clinton,  1960).  These  structures  are  still  poorly 

understood,  but  they  probably  influenced  the  geometry  of 

the  later  Tertiaxy  structures.  Since  no  .pre-Oligocene 

rocks  are exposed  in  this  study  area,  it is not  possible 

at the  present  time  to  evaluate  the  effects  of  Laramide 

$..~/ 

structures  on  subsequent  structures. 

After  cessation o f  the  Laramide  orogeny  (middle 

Eocene),  the  existing  uplifts  were  worn  down  to  produce 

an erosion  surface  of low relief  (Epis  and  Chapin,  1975). 

Detritus  eroded  from  some  of  the  Laramide  uplifts  was  shed 

into  the  Baca  basin  to  produce  the  Eocene ( ? )  Baca  For- 

mation  (Snyder,  1971). . The  subsequent  mid-Oligocene 
-, 
(I 

. I  volcanic  and  volcaniclastic  sediinentary  rocks  were  deposited 

.on a  relatively  flat  surface  and  were  able  to  spread  over . .  
. . .  

wide  areas.  Between  about 32 and  26  m.y. ago,  several 

overlapping  cauldrons  formed  in  the  Socorro-Magdalena  area 

.(Fig.  20). Portions  of  the  North  Baldy,  Sawmill  Canyon 

and  Socorro  cauldrons  are  located  within  this  study  area. 

The Morenci  and  Capitan  lineaments  intersect  the  Rio 

Grande  rift  in  the  Socorro-Magdalena  area  (Chapin  and  others, 

1978).  These  lineaments  are  major  crustal  weaknesses  and 

therefore  may  have  had  a  major  influence on the  development 

of. subsequent  structures.  The  geometry  of  the  Sawmill 

Canyon  cauldron  may  have  been  influenced  by  the  pre-existing 

Xiorenci  lineament (p. 120). The  Rio  Grande  rift  began to 

form  between 32 and 27 m.y. ago  (Chapin,  1978),  concurrent 
G 
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Figure  20. Reg iona l   s t ruc tu re  map of  the  Socorro-Magdalcna 
area. From o l d e s t   t o   y o u n g e s t ,  t h e  c a u l d r o n s   a n d   t h e i r   a s h -  

. f l o w   t u f f   s h e e t s  are: 1) North  Baldy--Hells  Nesa  Tuff, 2 )  Mt. 
Withington--A-L  Peak Tuff,   gray-massive member ( ? ) ,  3 )  Kagdal- 

A-L Peak Tuf f ,   p innac le s  member, 5 )  Kt. klithington--Potato 
ena--A-L Peak'Tuff,  flow-banded member, 4)  Sawmill Canyon-- 

Canyon T u f f ,  6 )  Socorro- - tuf f   o f   Lemi tar   Kounta ins ,   7 )  Hop 
Canyon--tuff of South Canyon. F igu re   mod i f i ed   a f t e r  Blakestad 
(1978) ,  Chapin  and  others  (1978).,  and,Osburn  (1978). 

6 
. .  



116 

with  cauldron  development  in t.he Socorro-Magdalena  area. 

The structl'ra.1  geology of the  Socorro  cauldron  may  be 

complicated  by  contemporaneous  rift  faulting. It has 

recently  been  recognized  that  the  Morenci  lineament 

separates  fields  of  oppositely  tilted  fault  blocks  (Chapin 

and  others, 1978). North  of  this  "transverse  shear zone , "  

the  strata  dip  to  the  west;  while  south of it,  the  strata 

.dip  to  the  east.  Chapin  and  others (1978, p. 115) state 

that  this  shear  zone  "is  acting as,an incipient  transform 

fault  connecting  en  echelon  s.egments  of  the  Rio  Grande 

rift. " This  "transform  fault"  apparently  connects  the 

Albuquerque  graben  to  the  northeast,  and  the  Mulligan 

Gulch  and  Winston  grabens  to  the  southwest.  Since  this 

transverse  shear  zone  penetrates  deeply  into  the  crust, 

magmas  have  tended  to rise along  this  zone  more  readily 

than  in  other  areas.  Modern  magma  bodies  also  appear 

to  accumulate  along  this  zone  (Chapin  and  others, 1978). 

The  transverse  shear  zone  is  about 1.5 km or  more  in 

width.  Within  this  zone,  the  'structures  may  be  quite 

complex  and  produce  blocks  with  erratic  orientations. 

During  the  early  stages of rifting ( 3 2  to 26 m.y. 

ago) , basaltic  andesite  lavas  were  interbedded  with  high- 
silica  ash-flow  sheets.  Although  the  silicic  volcanism 

died  out,  abundant  basaltic  andesite  volcanism  continued 

until  about 2 0  m.y. ago.  Chamberlin (1978) correlated 

this period ( 3 2  to 20 m.y.  ago)  with  high  heat  flow, 

rapid  spreading,  and  "domino-style''  structural  deformation 
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(p. 133) in  the  Lemitar  Mountains..  This  Same 

style  occurre6  in  the  Flagdalena MOW  tainc, pr 
g. z 

the  same  time  interval. In  the early  Miocene 

structural 

obatly  during 

(about  24 (? )  

m.y.  ago),  a  broad  basin  (the  Popotosa  basin)  began  to 

develop  in  the  Socorro-Magdalena  area. The ancestral 

Magdalena  Yountains  were  uplifted  to  provide  detritus  for 

this  basin  in  the  early  to  middle  Miocene ( 2 3  ( ? )  to 15 

m.y.  ago). By the  middle  Miocene (15 to 11 m.y.  ago),  this 

uplift  was  largely  worn  down  and  covered  by  Popotosa  sediments 

(Bruning,  1974). 

Silicic  lavas,  domes  and  intzusions  were  emplaced 

along  the  transverse  shear  zone  in  the  Socorro  and  eastern 

Magdalena  Mountains.  After  this  period  (during  the  interval - .  
. .  12 to 7 m.y. ago)  large  intrarift  horsts  formed,  creating 

the  modern  topography  (Chapin, 1978) and  disrupting  the ' 

Popotosa  basin.  Upper  Santa Fe sediments  (early  Pliocene 

to middle  Pleistocene)  were  deposited  with  angubar  uncon- 

formity  on  moderately  to  steeply  tilted  strata  of  the 

Popotosa  Formation.  These  upper  Santa Fe sediments  are 

cut by  some  high-angle  faults,  but  the  sediments  usually 

have  gentle  dips. 

Local  Structure 

The  transverse  shear  zone  divides  the  Magdalena  Moun- 

tains  into two structural  provinces.  North of the  transverse 

shear  zone, the Magdalena  Mountains  consist  of  west-tilted 

6; fault  blocks  that  expose  Precambrian,  Paleozoic  and  Tertiary 
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rocks.  South of  the  transverse  shear  zone,  east-tilted 

fault b1ocl:s expose  mostly  Tertiary  volcacic  r0cl.s. The 

transverse  shear  zone  transects  .the  northwestern  corner 

of this  study  area  (see  Plate 2). Most of this  study  area 

is  south of the  shear  zone  and  the  strata  dip  to  the  east. 

However, in secs. 3 and. 4, T. 4 S., R. 3 W., unsurveyed 

(on.the transverse  shear  zone) some of the  dips  are  to 

the  west.  North of this  study area, the  western  dips 

become  more  consistent. 

The study  area  includes  parts of th.ree  overlapping. 

cauldrons:  the  North  Baldy,  Sawmill  Canyon  and  Socorro 

cauldrons.  The  margins of the  Sawmill  Canyon  and  Socorro 

cauldrons p a s s  through  this  study  area. Plate 2 shows 

these  structures. 

North  Saldy  Cauldron 

The  North  Baldy  cauldron  (Fig. 20) is  the  oldest 
. :  

cauldron  that  has  be$n  identified  .in  the  Magdalena'Nountains. 

Little is known  about  the  shape of  this  cauldron  since it 

is  largely  buried  beneath  younger  volcanic  rocks.  The 

northern  cauldron  margin  passes  just  south of North  Baldy 

Peak  and'  trends  east-west.  This  part of the  cauldron 

margin was described  by  Blakestad (1978). The southern 

cauldron  margin  traverses  the  Devils  Backbone  (the  southern 

tip  of  the  Magdalena  Mountains)  with  an  east-west ( ? )  trend. 

This part  of  the  cauldron  has  not yet been  mapped, so the 

details  remain  to  be  worked  out.  The  eastern  and western. 
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1 p"i parts   of   the   North  Baldy  cauldron  have  been  buried  beneat$.  

younger  ror.'ts . - 
The Hells Mesa Tuff  erupted  from  the  North  Baldy 

cauldron  and  caused its collapse (Chapin  and  others,   1978).  

Outside <he c a u l d r o n ,   t h i s   t u f f  is usua l ly   abou t  6 0 0  f e e t ,  

o r  less, i n   t h i ckness ;   i n s ide   t he   cau ld r ,on ,  it may be a s  
1. 

much a s  3850 f e e t   t h i c k  (Xrewedl, 1 9 7 4 ) .  A f t e r   t h e  Hells 

'Mesa Tuff   erupted,  a s equence   o f   rhyo l i t e   l avas ,  domes ( ? )  

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

( in   p repara t ion)   in fo . rmal ly  named t h e s e   r o c k s   t h e  u n i t  of 

Hardy  RiCge. T h i s   u n i t   h a s  so f a r  been mapped i n  Sawmill 

and Ryan 9ill canyons,  and on  Hardy  Ridge. The d e t a i l s  

o f   t he   cau ld ron   f i l l   o f   t he   Nor th   Ba ldy   cau ld ron   a r e  
g? 
a_, poorly  understood  due t o  l imi ted   exposures .  

I n   t h i s   s t u d y   a r e a ,   t h e  f i l l  of the  North  Baldy  cauldron 

has  been mapped i n  two areas :   the   nor thwes tern   corner   o f  .. . .  

t h e   t h e s i s   a r e a  (secs. 3,  4 ,  and 5, T. 4 S., R. 3 W., un- 

surveyed) and sec. 36, T. 4 S., R. 3 W. The outcrops  i n  t h e  

no r thves t e rn   co rne r   o f   t he   s tudy  area c o n s i s t   e n t i r e l y   o f  a 

th ick   sequence   of  Hells Mesa T u f f .   I n  Ryan H i l l  Canyon, 

one  outcrop  of  Hells Mesa Tuf f   occu r s   i n  sec. 36. Th i s  

t u f f  i s  more l i t h i c - r i c h   t h a n   t h e  Hells Mesa. t o   t h e   n o r t h ,  

b u t  it is  very similar i n  mineralogy.  The Hells Mesa i n  

t h i s  area is o v e r l a i n  by r h y o l i t e  lavas a n d   v o l c a n i c l a s t i c  

sedimentary  rocks of t h e  u n i t  of Hardy  Ridge. 

Sawmill Canyon Cauldron 

The Sawmill   Canyon  cauldron  encompasses  part   of  the 
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c southeas te rn  Magdalena  Mountains  (Fig. 2 0 ) .  P o r t i o n s  

o f   t h e  nor':hern and  sout ' lern  cauldron  margins  are shown 

on Plate 2.  The approximate   pos i t ion '   o f   the   wes te rn  

cauldron  margin is shown i n   F i g u r e  20;  however , .   s ince   the  

exac t   l oca t ion   o f  this margin i s  n o t   y e t  known, it i s  n o t  

shown on P l a t e  2 . .  S. Roth i s  c u r r e n t l y  mappin4 i n   s o u t h e r n  

Sawmill Canyon and a more p rec i se   l oca t ion   o f   t he   wes t e rn  

.margin may be known s h o r t l y .  The e a s t e r n  limit of t h e  

cauldron i s  not  known a t   t h e   p r e s e n t  time since t h a t   a r e a  

is covered  with  younger  rocks. 

" .  

The Sawmill Canyon cauldron   does   no t   have   the   c i rcu lar  

shape   a t t r i bu ted   t o   mos t   cau ld rons  of t h i s   t y p e .   T h e r e  

a r e   s e v e r a l   p o s s i b l e   e x p l a n a t i o n s   f o r   t h i s .  The Sawmill 

Canyon cauldron is l oca t ed  on the  Morenci  lineament  (Chapin 

and   o thers ,  1 9 7 8 ) .  This   l ineament  i s  a d e e p   s t r u c t u r e  

t h a t   p r o b a b l y   c o n t r o l l e d   t h e   a s c e n t   o f   t h e  magma body 

t h a t  produced  the  Sawmill Canyon cauldron. The cauldron  

is  rough ly   e longa te   pa ra l l e l   w i th   t h i s   l i neamen t   (P l a t e  2 ) .  

The magma body tha t   p roduced   the   cau ldron  may have  been 

e longa te   pa ra l l e l   t o   t he   l i neamen t , and   t he   geomet ry   o f   t he  

cauldron may r e f l e c t   t h i s   e l o n g a t i o n .  

Another   possible   explanat ion is t h a t   t h e   p o r t i o n   o f  

the   cau ldron  shown on Plate 2 is only  a sma l l   pa r t   o f  a 

l a rge r   cau ld ron .  The Sawmill Canyon cauldron may widen 

e a s t   o f   t h e   a r e a  shown on Plate 2. S i n c e   t h i s   p a r t  of t h e  

cauldron is  buried  beneath  younger  rocks,  it is d i f f i c u l t  

a t  t h e   p r e s e n t  time to  de te rmine   t he   ove ra l l   shape  of t h e  

cauldron. * 

6;; 
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The e rup t ion  of t h e   p i n n a c l e s  member o f   t h e  A-L Peak 

Tuff   has   been   cor re la ted   wi th   the   c , l l apse   o f   thc  Sawmill 

Canyon cauldron  (Chapin  and  others,  1978 ;  a l s o  see p. 31, 

t h i s   t h e s i s ) .   T h i s   t u f f  may be as much as 3000  f e e t   t h i c k  

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

from t h i s   c a u l d r o n ,   t h e n  it was hot enough t o   d e v e l o p  

f low  banding  and  l ineated  pumice  inside  the  cauldron,   but  

no t   ou ts ide   o f  it. . 

Ins ide   t he   cau ld ron ,   t he  A-L Peak  Tuff i s  o v e r l a i n  

by a n d e s i t e  and r h y o l i t e   l a v a s ,   t u f f s  and sands tones  i n  

t h e  u n i t  of S i d l e  Canyon. T h i s   u n i t  may be a s  much as 

2500 f e e t   t h i c k   i n s i d e   t h e   c a u l d r o n ,   b u t  it is  n o t   p r e s e n t  

ou t s ide   t he   cau ld ron ,   excep t   poss ib ly   i n   t he   o lde r  Magdalena 

cauldron.  

The northern  cauldron  margin  (Fig.  21) t r ends   approx i -  

mately  east-west  from  South  galdy  to  about  0.5 miles north-  . ’ ~, 

west of puck Peak: then it t r e n d s   n o r t h e a s t   u n t i l  it i n t e r s e c t s  ’ 

the   younger   Socorro  cauldron (see Osburn, 1978;  F ig .  20 ,  t h i s  

t h e s i s ;  and  Bowring, in   p repara t ion) .   This   cau ldron   margin  

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

Mesa Tuff   on  the  north  and  the u n i t  of Sixmile  Canyon  on t h e  

sou th .   P l a t e  2 shows t h a t   p a r t   o f   t h i s   m a r g i n  i s  i n t e r p r e t e d  

t o   b e   t h e   r i n g   f r a c t u r e  and p a r t  of it t o   b e   t h e   t o p o g r a p h i c  

r i m  of   the  cauldron.   Apparent ly ,  l i t t l e  or  no  slumping 

occurred  a long  the  northern  cauldron  margin,and  the  topo-  

graphic  r i m  of   the   cau ldron  is l o c a t e d   c l o s e  t o  t h e   r i n g  

f r a c t u r e .  The northern  cauldron  niargin is  exposed t o  

4” 



Figure 21. View  from  the  gold  mine  road  showing  the  northern  Sawmill  Canyon 

pattern)  is  located on  this  cauldron  margin.  Timber  Peak  is  capped  by  the 
cauldron  margin  (shown by dashed  lines  on  photograph). The go13 nine  (crossed 

Timber  Peak  (right  skyline)  consists  of  andesite  (Txal)  that  filled  the 
lower  member of the  tuff of Lemitar  Mountains.  The  treeless  ridge  north of 

northern  margin  of  the  Sawmill  Canyon  cauldron.  The  area  shown  here  is 
also  on  the  transverse  shear  zone. 
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considerable  depth  because  of  topogsaphic  relief in 

excess  of  1000  feet  and  a  north-trending  horst  block 

that  has  uplifted  a  mile-long  segment  of  the  cauldron 

margin  in  excess  of 1000' feet.  The  level  of  exposure  .of 

the  cauldron  margin  in  the  gold  mine  area  is  more  than 

2000 feet  deeper  than at the  north  end  of  Timber  ridge, 

about 1.5 miles  to  the  west.  Therefore,  the  northern 

cauldron  margin  is  mapped as the  ring  fracture  in  the 

horst  block  (gold  mine  area),  but as the  topographic  rim 

outside  the  horst  block  (Plate 2). 

Osburn (1979, oral  communication)  has  recently 

identified  a  remnant  of  the  topographic  rim  of  the  southern 

cauldron  margin  south of this  study  area  (Plate 2 ) .  His 

mapping  has  shown  that  the  margin  has  an  east-northeast 

trend.  This  margin  probably  intersects  this  study  area 

along  the  southern  edge  of  secs. 3 3  or  34;'unfortunately, 

this  location  is  entirely  covered  with  younger  rocks. 

This  topographic  margin  is  expressed  as  an  unconformity 

between  the  unit  of  Sixmile  Canyon  and  either  the  under- 

lying  Hells  Mesa  Tuff  or  unit  of  Hardy  Ridge.  The  southern 

topographic  rim  has  also  been  identified  in  Sawmill  Canyon 

by S. Roth. 

The  southern  ring  fracture  of  the  Sawmill  Canyon 

caaldron  has  been  identified  in  Ryan  Hill  and  Sawmill 

canyons  (see  Plate 2 ) .  This  ring  -fracture  is  placed  where 

the A-L Peak  Tuff  suddenly  becomes  thicker  and  outcrops 

of  the  unit of Hardy  Ridge  end  (sec. 26, T. 4 S . ,  R. 3 W., 
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4-". unsurveyed  in  Ryan  Hill  Canyon). The outcrops  of  the  unit 

of  Hardy  RGdge in this  Ftudy  area  are  between  the  main 

ring  fracture  and  the  topographic  rim of the  Sawmill  Canyon 

cauldron. Tile A-L  Peak  Tuff  that  overlics  the  unit  of 

Hardy  Ridge  appears  to  thin  to  the  southeast  against  the 

topographic  rim of the  cauldron.  The  wide  zone  between 

the  southern'  ring  fracture  and  southern  topographic  rim 

.of  the  cauldron  indicates  that  considerable  slumping  and 

caving of this  cauldron  wall  occurred cluring cauldron 

collapse  (Flate 2 ) .  

A fcw  small  outcrops  of  tuffs  ana  rhyolites  in  Ryan 

Hill  Canyon (5/2, sec. 26)  may  be  megabreccia deposited~ 

just  inside  the  ring  fracture.  Lipman (1976) discussed 

the  origin  and  occurrence of breccias  intermixed  in 

intracaldera  ash-flow  tuffs..  He  described  "megabreccia" 

e. 

as deposits  "in  which  many  clasts  are so large  that  the 

fragmental  nature  of  the  deposit  is  obscure  in  many 

individual  outcrops"  (Lipman, 1976, p. 1397). Figure 22 

is a  model  that  Lipman  used to illustrate  the  way  in 

which  most  megabreccia  forms;  Most  megabreccia  accumulates 

in  the  deeper  portions of the  cauldron.  Lipman  described 

the  deep  portions  of  some  cauldron  fill  deposits  that 

consist  mostly  of  megabreccia  with  only  minor  amounts  of 

interbedded  tuff^. The uppcr  portions of most.cauldrons 

contain  only  a  small  amount  of  megabreccia  (Lipman, 1976, 

p. 1 4 0 8 ) .  G 
Bowring  (in  preparation)  has  mapped  what  he  interprets 



Figure  22.  Geometric model presented  by Lipman (1976)   t o  
i l l u s t r a t e   t he   fo rma t ion   o f   cau ld ron   co l l apse   b recc ia s .  
According  to  Lipman,  major  slumping  and  caving o f  the   ca ldera  
walls w i l l  t a k e   p l a c e   d u r i n g   t h e   e a r l y   s t a g e s  of  cauldron 
co l l apse .  Most of t h i s   b r e c c i a  will be  interbedded  with  the 
i n t r a c a l d e r a   a s h - f l o w   t u f f  in  t h e   d e e p e r   p o r t i o n s  o f  t h e  
cauldron.  Reproduced f r o m  Lipman, 1976, F igure  12. 
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to be  megabreccia  in  Sawmill  Canyon.  However,  megabreccia 

is  generally  uncommon  in:exposures >f the  .fill Oi the 

Sawmill  Canyon  cauldron. This may  indicate  that  only  the 

upper  portions  of  the  cauldron  are  exposed. 

Resurgent  doming of the  Sawmill  Canyon  cauldron 

cannot  be  demonstrated  in  this  study  area.  Block  faulting 

has  obscured  many  of  the  relationships  that  would  be  needed 

to  prove  resurgence  if  it  has  occurred. 

Socorro  Cauldron 

The  Socorro  cauldron  is  one  of  the  youngest  cauldrons 

in  the  Magdalena  Nountains  and  is  believed  to  have  collapsed 

during  eruption  of  the  tuff of Lemitar  Mountains  (Chapin 

and  others, 1978). Figure 20 shows  the  inferred  geometry 

of  the  Socorro  cauldron.  Much  of  the  cauldron  has  been 

down-faulted  and  buried  beneath  younger rocks, so the 

exact  boundaries  are  not  known  in  most  places. 
. .  

Chamberlin  (in  preparation)  has  delineated  the  northern 

cauldron  margin  on  Soccrro  Peak.  The  tu.ff of Lemitar 

Mountains  is  as  much  as 3000 feet  thick in  the  northern 

Chupadera  Mountains  but  only  about 400 feet  thick  in  the 

Lemitar  Mountains  (Chapin  and  others, 1978). Chamberlin 

has  also  mapped  cauldron  collapse  breccia  (mesobreccia 

in  the  terminology of Lipman, 1976) and moat  deposits 

(unit of Luis  Lopez)  in  the  Chupadera  Mountains.  The 

central  and  southern  Chupadera  Nountains  have  not  yet 

been  mapped,  but  reconnaissance  indicates  that  the 
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1 
' .  {> southern  cauldron  margin  probably  transects  this  mountain 

range. 
- 

The  western  margin  of  the  Socorro  cauldron  is  not as 

well  defined as ';he northern  margin.  If  the  location  of 

the  cauldron  margik  shown on Plate 2 and Figure 20. is 

correct,  then  this  mergin  is  probably  the  hinge  zone  of 

a  trap-door  cauldron.  This  conclusion was reached  because 

the  tuff of Lemitar  Mountains  does  not  exhibit  a  marked 

I thickness  increase  across  the  cauldron  margin.  In-  sec. 

3 3 ,  T. 4 S:, R. 2 W. (inside  the  cauldron),  the  tuff  of 

Lemitar  Mountains  is  about 1800 feet  thick;  while  about 

3 . 5  miles  west,  in  sec. 35, T. 4 S., R: 3 W., unsurveyed 

(outside  the  cauldron),  the  tuff  of  Lemitar  Mountains  is 

. .  

-. 
. .. still  about 1400 to 1500 feet  thick. 

Part of  the  cause  for  this  thick  section,  both  inside : 

and.outside  the  cauldron,  may  be  that  the  tuff o f  Lemitar 

Mountains  filled  a  depression  remaining  after  the  Sawmill 

Canyon  cauldron  had  collapsed.  The  slight  increase  in . 

thickness  across  the  hinge  zone  would  then  represent 

.. . . .  

'. thickening  across  the  cauldron  margin. 

About 650 feet  of  the  tuff  of  Lemitar  Mountains  was 

measured  at  the  Tower  Mine in  the  western  Chupadera 

Mountains  (Osburn, 1 9 7 8 ) .  About 1 km to the  southeast, 

tiie tuff  of  Lemitar  Mountains is as much as 2800  feet 

thick.  Chapin  and  others (1978,  p. 120) presented  several 

possible  explanations  for  these  thickness  changes. One 

possibility  is  that  the  buried  Sawmill  Canyon  cauldron 
G 
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e a c t e d  is a r ig id   b lock   wh ich   d id   no t   subs ide   a s  much a s  

the   eas te rn   ha l f   o f   the   Socorro   cau ldron .   Another   poss ib le  

explana t ion  i s  t h a t  a major,   north-trending,  down-to-the-east  

r i f t   f a u l t   l o c a t e d   j u s t   e a s t  of t h e  Tower mine  was a c t i v e  

du r ing   t he   co l l apse   o f   t he   Socor ro   cau ld ron .   Th i s   cou ld  

have   caused   t he   ea s t e rn   ha l f   o f   t he   Socor ro   cau ld ron   t o  

subs ide  more tha ,n   the   wes te rn   ha l f .  The e a s t e r n   h a l f  of 

. t he   Socor ro   cau ld ron   a l so   con ta ins   a s  much a s  2000  f e e t  of 

moat   deposi ts   (uni t   of  Lu i s  Lopez)   between  the  resurgent  

dome in  the  northern  Chupadera  Mountains  and  the  northern 

cauldron  margin.  

Although  the  Socorro  cauldro.1 i s  be l i eved   t o   be   rough ly  

c i r c u l a r  (Chapin  and  others, 1 9 7 3 ,  Fig.  21, it i s  .poss ib l e  
.I . 
. I  t ha t   t he   ma jo r   f au l t   s epa ra t ing   t he   ea s t e rn   and   wes t e rn  

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

cauldron.  This would imply t h a t   t h e   S o c o r r o   c a u l d r o n  is  

e l o n g a t e   i n  a no r th - sou th   d i r ec t ion .  The Socorro  cauldron 

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

Grande r i f t ,  'so t he   cau ld ron  may b e   e l o n g a t e   p a r a l l e l   w i t h  

t h e   r i f t .  

Osburn  (1978)  delineated a zone t h a t  may r e p r e s e n t  

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

a r e a ) .  H e  c i t e d  a change i n   s t r u c t u r a l   s t y l e ,   t h e   p r e s e n c e  

of   in t rus ions   and  more inte:lse a l t e r a t i o n   a s   e v i d e n c e   f o r  

the  cauldron  margin.  The i n f e r r e d   l o c a t i o n  of t h e   c a u l d r o n  

m a r g i n   i n   t h i s   s t u d y   a r e a   ( P l a t e  2 )  is con t inuous   w i th   t he  

margin  del ineated by Osburn. Two r h y o l i t e   i n t r u s i o n s   a n d  6 
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4 " a  rhyolite  dome  occur  along  this  cauldron  margin.  Extensive . -, 
manganese  mincralization  also  occur.'  along  this  r.srgin in 

Chavez  Canyon.  The  zone of intersection between.the Sawmill 

Canyon  and  Socorro  cauldrons  contains  the  most  intense 

mineralization.  The  Socorro  cauldron  margin  shown  on 

Plate 2 delineates a boundary  between  continuous  outcrops 

of the  tuff  of  Lemitar  Mountains  inside  the  cauldron,  and 

more  scattered  outcrops  outside  the  cauldron  (see  Plate 1). 

The  general  regional  structural  trends  in  the  eastern 

Magdalena  Mountains  seem  to  parallel  the  curvature  of  the 

Socorro  cauldron.  However,  these  trends  seem  to  continue 

outside  the  cauldron  and they  may  be  unrelated  to  the I 

cauldron  development.  The  evidence  presented  above  does 
-.. 
. ,  not  conclusively  delineate  the  western  margin  of  the 

Socorro  cauldron;  however,  if  the  cauldron  margin  is a . .  

hinge  zone,  then  it  would  not  display  all  the  features 

normally  attributed  to  cauldron  margins. 

Block  Faulting 

Middle to,late Cenozoic  block  faulting  has  extensively 

deformed  the  strata  in  the  southeastern  Magdalena Ellountains. 

The  transverse  shear  zone  (Plate 2 and  Fig. 20), which 

transects  the  northwestern  corner of this  study  area, 

separates  fields  of  oppositely  tilted  blocks.  Most  of  this 

study  area  lies  to  the  south  of  the  transverse  shear  zone, 

where  the  strata  dip  to  the  east  and  the  faults  dip  to  the 

l e; west. The  structural  style  frequently  produces  hogbacks 

such  as  those  shown  in  Figure 23. 
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Figure 23. View looking  northwest  at  hogbacks  formed  by ' . 
faulted,  east-dipping  strata.  This  area is about 4 miles 
south  of  the  transverse  shear  zone, so the strata  dip 
uniformly  to  the eas.;. The  left  arrow  on  the  photograph 
points  to  a  hogback  formed  by  the  tuff  of  Lemitar  Mountains 

The  right arrow  points  to a  hogback formed  by  the upper 
(27 m.y. old),  which  diZs about 30 to 3 5  degrees to  the  east. 

Pound  Ranch  lavas (10.5 m.y.  old). Dips  in  the  Pound  Ranch 
lavas  are  very  erratic,  but  the  lavas  probably  dip 10 to 
20  degrees to the  east.  These  lavas  unconformably  overlie 
older  Oligocene  rocks  that  were  faulted,  tilted  and  eroded 
before  the  lavas  were  deposited.  Later,  both  the  Pound 
Ranch  lavas  and  the  older  Oligocene  rocks  were  cut  by 
younger  faults. 
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f' 
The  dip of fault  planes  varies  within  the  study  area. 

... 
In some  places  (for  example,  on  Molino  Peak),  faults  with 

dips  as  steep  as 70 degrees  intersect  faults  with  dips as 

shallow  as 30 degrees.  Chamberlin (1978) has  mapped  normal 

faults  in  the  Lemitar  Mountains  wh,ich  dip as shallow  as 10 

degrees.  The  Leraitar  Mountains  are  north  of  the  transverse 

shear  zone, so the  strata  there  dip  to  the west and  the 

faults  dip  to  the  east;,  otherwise,  the  structural  style is 

the  same as that  south  of  the  transverse'shear  zone. 

Morton  and  Black (1975) presented  a  model  for  the 

origin  of  tilted  fault  blocks  in  the  Afar  region  of  Africa. 

This  area  has  undergone  rifting  and  extension  along  a ' 

spreading  center;  Their  model  involves  progressive  tilting 

. _  of  both  the  strata  and  the  fault  planes.  Early  faults . 
form  with  a  dip  of G O  to 70 degrees;  but as extension 

proceeded, these.fault planes  are  tilted so that  the  dips ~. 

become  more  shallow.  When  the  strata  are  tilted 20 to 30 

degrees,  the  fault  planes  dip  about 40 degrees  in  the 

opposite  direction.  Morton  and  Black  felt  that  once  this 

point  was  reached,  continued  extension  would  produce new 

faults  with  .dips of 60 to 70 degrees.  Continued  crustal 

extension  and  tilting of the  blocks  may  eventually  produce 

a  third  set  of  faults.  Figure 2 4  Lllustrates  the  concept 

of  progressive  block  tilting. The second  and  third 

generations  of  faults are more  closely  spaced  according 

to this  model. & 
Regional  mapping  in  the  Socorro-Magdalena  area  has 



6' 
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c .? defined  a  structural  style  that  appears  to  be  very  similar 
f 

to  that  described.  by  Morton  and Bla-k .  Chamherl'n (1978)  

referred  to  this  as  "domino-style"  faulting. In areas  with 

this  structural  style,  the  oldest  rocks  (Oligocene  and  early 

Miocene  rocks)  are  tilted  the  steepest,  are  cut  by  low- 

angle  normal  faults,  and  are  the  most  structurally  complex. 

Most  Pliocene  and  Quaternary  strata  have  dips  of 20 

degrees  or  less  and  are  only  cut  by  high  angle  faults. 

Morton  and  Black  envisioned  the  upper  crust  undergoing 

progressive  block  tilting  over  lower  crust  that  behaved  in 

a  ductile  manner.,  They  estimated  that  faulting  would 

extend  about 10 to 30 km into  the  crust.  Although  precise 

depths  cannot  be  given,  Chamberlin (1978)  considers 
I '  
. ,  progressive  block  tilting  to  'have  occurred  in  the  Lemitar ' 

Mountains  when  the  rigid  crust . M ~ S  thinner  than  when 

horst-and-graben-style  structures  formed. 

"Domino-style''  structural  deformation  apparently 

occurred  in  the  southeastern  Magdalena  Mountains  as  well. 

Although  no  horizontal  normal  faults  were  mapped,  some 

normal  faults  have  dips as shallow  as 30 degrees.  These 

faults  occur  only  in  Oligocene  rocks.  Chamberlin (1978)  

defined  two  periods  of  "domino-style''  normal  faulting  in 

the  Lemithr  Mountains: 29 to 20 m.y. ago,  and 12 to 7 m.y. 

ago.  Since most of the  rocks  in  this  study  area  are 

Oligocene  in  age,  it  is  not  possible  to  date  all  of  the 

faulting.  However,  based on  the  timing  of  the  faulting 

that  can  be  dated,  the  "domino-style"  faulting  probably 
G 
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! occurred  during  the  two  time  intervals  outlined  by  Chamberlin. 

Osburn  (19-9)  reported  tYat  some  faults  in  Sixmile  Canyon 

(about 1 mile  north  of  this  study  area)  appear tu cut  the 

tuff  of  Lemitar  Mountains,  but  not  thn tui'f of  South  Canyon. 

If  this  is  correct,  then'regional  extension  started  at 

least  26  m.y.  ago  in  this  area. 

The  A-L'  Peak  Tuff  contains  come of the  steepest  dips 

.of the  rocks in  the  southeastern  Magdalena  Mountains; it 

is  also  among  the  oldest  rocks  in  this  area (32 m.y.). 

However,  this  A-L  Peak  contains  laminar  flow  structures 

and  some of these  steep  dips  could be.primary dips.  The 

remaining  Oligocene  rocks  have  moderate to steep  dips 

(about 30 to 65 degrees)  and  are  occasionally  unconformably 

overlain  by  younger  rocks. In southern  Ryan  Hill  Canyon 

(sec. 3 6 ) ,  Popotosa  mud-flow  breccias  (early  to  middle. 

Pliocene  age)  with dips  of  about 3 5  degrees  unconformably . .  

overlie  Oligocene  rocks  with  dips  between 42 and 65 degrees. 

The  Popotosa  Formation  is,  in  turn,  unconformably  overlain 

by  younger  tuffs of uncertain  age'  (possibly  associated 

with  the  Twt  tuffs  and  therefore  about 10 to 12 m.y.  old) 

which  have  a  dip of 10 degrees  or  less. The Popotosa 

Formation  in  sec. 3 6  overlies  a  low  angle  fault ( 3 5  degrees) 

with  more  than 2000 feet  of  displacement  but  it  is  not cut 

by this fault.  Apparently, the  fault  was  inactive  by  the 

time  the  Popotosa  sediments  were  deposited. 

. ,  

f) 
The Pound  Ranch  lavas  and  associated  tuffs (10 to 12 

m.y. old)  in  the  north-central  part of the  study  area 

.%. 
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(Fig.  23). 

ed feet  of 
%' 

unconformably  overlie  older  Oligocene  rocks 

Osburn  was  able  to  demonstrate  several  hundr ~- 

displacement on faults  which cut  the Oligocene  rocks  but 

not  the  Pound  Ranch  lavas  (see  Osburn, 1978, Fig.  27  and 

Plate 1, section A-A'). Although  faults  such as  those 

Osburn  described  could  not  be  mapped  in  this  study  area? 

they  undouhtedly  exist'beneath  the  Pound  Ranch  lavas. 

The youngest  documented  faults  in the study  area  cut 

Pliocene ( ? )  basalts  in  the  eastern  portion  of  the  study 

area. 

In well-exposed  outcrops,  the  faults  in  this  study 

area  are  expressed as breccia  zones  or as' slickensided 

surfaces,  or  a  combination  of  the  two.  Outcrops  that 

display  these  characteristics  are  the  most  abundant  where 

the  relief is moderately  ,low  (about 500 feet  or less). In 

* \  

. 

places  with  higher  relief  (for  example,  Timber  Peak,  Italian : 
Peak  and  Ryan  Hill  Canyon),  the  faults are rarely  exposed 

and  mapping  of  faults  must  be  based  on  stratigraphic 

displacement. As  Plates 1 and  2 show, the  faults  sometimes 

bifurcate  and  rejoin  again.  Also,  high-angle  faults  may 

intersect  *low-angle  faults, or east-dipping  faults  intersect 

west-dipping  faults.  When  this  happens,  the  older  fault 

is displacod  by  the  younger  fault. 

There  are  several  places in  the study  area whe:.e thick, 

massive  units  conceal  faulting.  For  example,  south of 

Molino  Peak  in SE/4, sec.  23  and SW 4 ,  sec. 2 4 ,  T. 4 S . ,  

R. 3 W., unsurveyed,  several  faults  can  be  mapped  which  cut & 
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the  tuff  of  Lemitar  Mountains  ,and.  the  tuff  of  Caronita 

Canyon.  However,  after  these  faults  enter  the  sanidine ' 

rhyolite  lava  (Txr2),  they  can  no  longer  be  followed  since 

they  do  not  dispiace  any  mappable  units.  Primary  structures 

within  the  rhyolite  lava  (erratic  foliation,  shear  planes 

.and  breccia)  make  it  difficult fo follow  the  faults.  In 

this  case,  the  faults  probably  turn  to  the  southwest  and 

follow  the  trend  of  the  rhyolite  lava.  Several  other 

thick  units  occasionally  conceal  faulting.  These  include 

the  Hells  Nesa  Tuff,  A-L  Peak  Tuff  and  the  tuff  of  Lemitar 

Mountains. 

Mor-ton  and  Black  (1975)  hypothesized  that  the  faults 

in the Afar  region  originally  formed  with  a  dip  of 60 to 70 
>. 
.. , degrees.  However,  in  the  southeastern  Magdalena  Mountains, 

the  fau1.t~  are  thought  to  have  formed  with  a  steeper  dip 

(75  to 90 degrees)  because  wheSe  the  faults  are  well  exposed, 

they  intersect  the  bedding  with  an  angle of almost.90 degrees. 

In  Rincon-Madera  Canyon  (sec. 20, T. 4 S., R. 2 W.); a  major 

fault  (about 1500 feet  displacement)  that  dips  about  57 

' degrees  to  the  west  intersects  bedding  that  dips  about 30 

degrees  to  the  east.  Osburn  (1978)  observed  the  same 

relationships  in  the  area  he  studied. 

The  fault  surfaces  appear  to,  Le  essentially  planar 

ovzr  the  distance  through  which  they  can  be  mapped.  The 

faults  on  the  cross  section  (Plate 1) were  drawn  as 

straight  lines,  although  it  is  uncertain  whether  there is 

any.  curvature  at  depth.  The  model  developed by Morton  and 
-ib; 
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6-l Black (1975)  could employ e i t h e r   s t r a i g h t  or c u r v e d   f a u l t  
i 

. sur faces .   9nderson  (197?.)  developed a  mode'l f o r   e x t e n s i o n a l  

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

a few k i lome te r s   dep th   i n to  a subhorizontdl  zone  of  de%ollement.  

Morton  and'  Black (1975)  f e l t  tha t   moveme~~t   a long   such  a sub- 

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

would be   un l ike ly . .   I n   e i t he r   ca se ,   ove r   t he   dep th   t h rough  

.which t h e   f a u l t s   a r e  shown i n   t h e   c r o s s   s e c t i o n s ,   . t h e  

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

Gold Mine Area .   A l though   t he   gene ra l   s t ruc tu ra l  

geology  of   th i s   s tudy   a rea   has   been   descr ibed ,   there   a re  

two s rna l l e r   a r eas   t ha t   need   fu r the r   d i scuss ion .  The north-  

- .  western  corner  of t h i s   s t u d y  area i s  a complex  region  where 

the   t r ansve r se   shea r   zone   i n t e r sec t s   t he   marg in   o f   t he  Saw- 

m i l l  Canyon cauldron. Two ma jo r   no r th - t r end ing   f au l t s  i n  

th i s   a rea   have   p roduced  a ho r s t   b lock .  The westernmost 

f a u l t  is downthrown t o  t h e  west and d i s p l a c e s   t h e   t u f f   o f  

Lemitar   Mountains   against   the  Txt  u n i t   ( i n   t h e   u n i t   o f  

Sixmile Canyon). The e a s t e r n m o s t   f a u l t  i s  downthrown'to 

t h e   e a s t  and is loca ted   about  0 . 5  miles east o f   t h e   g o l d '  

mine. This   hors t   b lock   apparent ly   exposes   rocks   f rom 

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

t h e   h o r s t .  It  c o n t a i n s  a h igh   concent ra t ion  of whi te  . 

r h y o l i t e   d i k e s  and a complex series of   ou tcrops .  

. .  . .  

Sou th 'o f   t he   go ld  mine ( i n  sec. 1 0 ,  T. 4 S. ,  R. 2 W., 
& unsurveyed) ,   the  A-L Peak Tuff  and u n i t  of S ixmi le  Canyon 
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I 
I crop  out  in  confusing  outcrops.  There  are  several  possible 

explanations  for  these  outcrop  patterns:  Some  of the  strata 

in  this  area  dip as steeply  as 80 degrees  to  the  east. 

However,  all  of  the  mappable  faults  ill.that  area  are  near- 

vertical.  The  most  likely  interpretation  for  this  is  that 

the  area  has  undergone  two  or  more  periods of faulting. 

The  early  faults  were  tilted  along  with  the  strata.  These 

earl'y  faults  were  then  cut  by  younger,  high-angle  faults.. 

The  result  is a complex  juxtaposition  of  blocks  such  as 

that  shown  in  Figure 24, stages 3 ,  4 or 5. After  an  area 

such  as  this  is  eroded,  the  result.ing  outcrops  may  appear 

confusing. 

Some  of the tuff  units.(Twk)  could  have  been  emplaced 

as  slida  blocks  in  the  andesite  lava  while  the  Sawmill 

Canyon  cauldron  was  being  filled. A combination  of  slide .'. 

block  emplacement  and  subsequent  faulting  could  also  have 

occurred,  but  most  of  the  complexities  are  probably due to 

faulting. 

Southern  Margin of  the  Sawmill  Canyon  Cauldron.  Plate 2 

shows  a  wide  zone  between  the  southern  ring  fracture  and 

southern  topographic  rim  of  the  Sawmill  Canyon  cauldron. 

This  area  apparently  contains  some  anomalous  structural 

features.  Much  of  the  manganese  mineralization  in  Chavez 

Canyon  occurs in brecciated rock, but no  faults  could  be 

mapped.' Also, some majorfaults appear  to  die  out  or 

4; bifurcate  as  they  approach  the  ring  fracture. For  example, 
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several  major  faults  north of the  manganese  mines  in NW/4, 

sec. 30, T. 4 S., R. 2 W. appear to dic out  as'they approacl. 
the  cauldron  margin. 

G. R. Czburn  is  currently  mapping  south of this  study 

area. He reports (1979, oral  communication)  that  many  of 

the faul'ts  turn  shari>ly  inside  this  zone.  This  appears  to 

be  the  case  in  this  study  area as well. . A major  fault on 

the western  side of Ryan  Hill  Canyon with'more'than 2000 

feet  displacement  turns  sharply as it  crosses  the  cauldron' 

margin  (see  Plates 1 and 2 ) .  Also, some  of  the  faults  in 

Rincon-Madera  Canyon  (sec. 28, T. 4 S. , X. 2 W. ) apparently 
bifurcate as they  approach  the  ring  fracture  zone. . 

..f'. 
several  major  faults  north of the  manganese  mines  in NW/4, 

see. 30, T. 4 S., R. 2 W. appear to dic out  as'they approacl. 
the  cauldron  margin. 

~- 

G. R. Czburn  is  currently  mapping  south of this  study 

area. He reports (1979, oral  communication)  that  many  of 

the faul'ts  turn  shari>ly  inside  this  zone.  This  appears  to 

be  the  case  in  this  study  area as well. . A major  fault on 

the western  side of Ryan  Hill  Canyon with'more'than 2000 

feet  displacement  turns  sharply as it  crosses  the  cauldron' 

margin  (see  Plates 1 and 2 ) .  Also, some  of  the  faults  in 

Rincon-Madera  Canyon  (sec. 28, T. 4 S. , X. 2 W. ) apparently 
bifurcate as they  approach  the  ring  fracture  zone. . 

: x . ,  
: . 

- 

I 
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ECONOMIC GEOLOGY 

Two  types  of  mineralization  occur in  this  study  area: 

gold  and  silver  in  the  northwestern  cornei  of the.study 

area, and  manganese  in  the  south-central  portion of the 

study  area.  Although  the  mineralogy  of  these  two  types 

of  deposits  is  different,  all of the  ore  deposits  in  this 

.study  area  are  localized  along  the  cauldron  margins  of  the 

Sawmill  Canyon  cauldron  (see  Plate 2 ) .  Local  geologic 

features  (see  following  sections)  also  influenced  the 

distribution  of  the  mineralization. 

Some of the  best  documented  cauldron  structures  in  the 

world  are  located  in  the  San  Juan  volcanic  field.  Lipman 
C' 
. I  and  others (1976) reported  that  much of the  mineralization 

in  that  area  was  localized  by  the  cauldron  structures but 

that  mineralization  occurred 2 to 15 m.y. after  cauldron 

collapse.  The  mineralization  is,  therefore,  genetically 

unrelated  to  the  magmas  that  produced  the  calderas.  Lipman 

and  others (1976) state  that  this  situation  is  typical of 

many  cauldrons  in  the  San  Juan  Mountains. 

1 

Apparently,  cauldrons  serve  primarily as a  structural 

control  for  the  emplacement  of  later  mineralization. The 

cauldron  margins  are  deep-seated  structures  that  are 

especially  susceptible  to  later  intrusion,  alteration  and 

mineralization.  This  appears  to  be  the case in  the  Sawmill 

Canyon  cauldron.  The  gold-silver  mineralization on the 

northern  margin  is  concentrated  in  a  narrow  zone  along  the 

. .  
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ring  fracture.  However,  the  manganese  mineralization on the 

southern  margin  occurs  in  a  wide  zone  between  the  ring 

fracture  and  the  topographic  rim  (Plate 2). The  central 

portion  of  the  cauldron,  as  it  has  becn  defined so far, 

contains  no  significant  mineralization. 

Although  the  regions  described  above  contain  several 

types of.local alteration,  there  also  appears  to  be  a 

regional  potassium  alteration  that  was  associated  with an 

ancient  geothermal  system.  This  alteration  has  been 

previously  discussed  by  Chapin  and  others  (19781,  and 

Osburn  (1978), so it  will  only  be  mentioned  briefly  here. 

Julie  D'Andrea  (Florida  State  University)  is  currently 

conducting  a  more  detailed  geochemical  study of this 

potassi3m  metasomatism.  In  general,  it  is  characterized 

by an  addition of potassium  into  the  rocks  and  a  depletion 

of  sodium in the  same  rocks.  In  the more K20-rich  rocks, 

the  plagioclase  feldspars  have  been  completely  replaced 

by  a  "clay-like"  aggregate.' 

-. 

The  exact  limits  of  this  alteration  zone  are  not yet 

known.  Chapin  and  others  (1978)  reported  that  the  altera- 

tion  extends  from  near  south  Baldy  in  the  Magdalena  Range 

northward  to  the  Ladron  Mountains.  Some  of  the  rocks in 

this stud:? area  have  also  been  affected. It is apparently 

most  intensive  in  certain  stratigraphic  units,  such  as  the 

. tuff  of  Lemitar  Mountains  and  the  tuff  of  South  Canyon. 

Other  units,  such as the  Hells  Mesa  Tuff  and  the A-L Peak 

Tuff, have  undergone  sericitic  alteration  (in  the  feldspars), 

but  not  potassium  metasomatism. . 

fi; 
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Gold Mine Area 

A gold-si lver   mine  (Timber   Peak  mine) 'and  several  

p rec ious   meta l   p rospec ts   occur   in   the   nor thwes tern   corner  

o f   t he   s tudy   a r ea  (secs. 3 and 1 0 ,  T.. 4 S . ,  E(. 3 W., un- 

surveyed) .   This   a rea  i s  l o c a t e d   a t  the. southern end of 

t h e  Water Canyon d i s t r i c t   ( J o n e s ,  1 9 0 4 ;  Lasky, 1932). 

Jones ( 1 9 0 4 )  r e p o r t e d   t h a t   g o l d ,   s i l v e r  and  copper  ores 

had  been  found i n   t h e   s o u t h e r n   p a r t   o f   t h e  Water Canyon 

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

major ores. Although l i t t l e  i s  known a b o u t   t h e   h i s t o r y  

of t h e  Timber  Peak  mine,  Jones ( 1 9 0 4 )  presented  the  most  

de ta i led   account   o f   the   min ing   'opera t ion .  

ear ly   season   of  1 9 0 0  completed a 150  ton  
ro l l -c rush ing   concent ra t ing   p lan t   enc losed  
i n  a steel bui ld ing .  The p l a n t  was operated 
on ly  a s h o r t  time and  then  c losed down in-  
d e f i n i t e l y .  

The p l a n t  was d ismant led   the   fo l lowing  
season  and a g r e a t e r   p o r t i o n  of the.  machinery 
was shipped t o  Kexico;   the   bu i ld ing  was re- 
moved across   the  range  to   Cat   Mountain.  

b u t  it seems c e r t a i n   t h a t   t h e  blame should  not  
Severa l  causes a re   a s s igned  t o  t h i s   f a i l u r e :  

b e   l a i d   t o   t h e  mine. The  Timber  Peak o re   bod ie s  
a r e   t h e   l a r g e s t  i n  t h e   d i s t r i c t ,   b u t  must  be 
c l a s s e d   a s  low g rade ;   benea th   t he   supe r f i c i a l  
oxidized  zone  heavy  sulf ides   are   encountered.  

gold and s i lver .  (Jones,  1904~,  p. 1 2 7 )  

The  lower  workings  of t h i s  mine a r e  now i n a c c e s s i b l e ;  

one   shor t   ad i t   remains   open ,   bu t .   on ly   minor   minera l iza t ion  

was seen   i n   t ha t   t unne l .   Apparen t ly ,   t he   "heavy   su l f ides"  

t h a t  Jones r e f e r r e d   t o  are no   longer   access ib le  i n  the  mine.  

The Timber  Peak  Mining Company i n   t h e  

The o r e  is about   equal ly   divided  between 

The g o l d - s i l v e r   m i n e r a l i z a t i o n  is loca ted  i n  a 
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4' structurally  complex  area.  The  transverse  shear  zone 

traverses  +his  area  and is probably  responsible  for  most 
~~ 

of  the  complex  faulting.  The  mineralization  is  also 

located  on  the  northern  ring  fracture  of  khe  Sawmill  Canyon 

cauldron  (Plate 2). Also,  a  north-trending  horst  block, 

transverse  to  the  cauldron  margin,  has  uplifted  the 

mineralized  are'a  by 1000 to 2,000 feet  (p. 137). 

The  mineralization  in  this  area  is  also  associated 

with  white  rhyolite  dikes.  These  dikes  intruded  several 

north-trending  faults  and  the  east-trending  ring  fracture 

of  the Szwmill Canyon  cauldron.  The  gold  mine  occurs  at 

a  place  where  several  thick  north-trending  white  rhyolite 

.dikes curve  to  intersect  the  ring  fracture. 
I \  

Although  there  are  several  varieties  of  white  rhyolite 

dikes, the  most  common  varieties  are  a  fine-grained, 

phenocryst-poor  rhyolite  and  a  porphyritic  rhyolite  that . . 

contains 10 to 20 percent  quartz  phenocrysts.  The  minerali- 

zation  occurs  mostly  along  the  margins  of  the  dikes,  although 

some  dikes  contain  disseminated  mineralization  in  places. 

The  topographic  expression  of  the  dikes  indicates 

that  they  intruded  near-vertical  faults  (Plate 1 and 

Fig. 16). Some of the  strata in  this  area  dip  as  steeply 

as 80 degrees.  If  the  model  presented in  the  structural 

geology  section  is  correct,  then  the  early  faults  would 

have  been  tilted  along  with  the  strata.  Therefore,  any 

near-vertical,  north-trending  faults  are  probably  young. 
v 

It'would be  risky  to  date  these  faults  (and  the  dikes  that 
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/\ intruded  them)  based on their dip, but it is likely  that 

they  are  much  ,younger  (at  least  several  miy.)  than  the 

Sawmill  Canyon  cauldron. 

..I 
.- 

. .  

The  relationships  described  above  are  similar to those 

described  by  Lipman  and  others  (1976)  in  the  San  Juan  volcanic 

field. He reported  that t'ne major  post-caldera  mineraliza- 

tion  is  closely  associated  with  distinctive,  quartz-bearing 

igneous  rocks  that  were  emplaced  several m.y.  after  the 

calderas  had  formed.  These  quartz-bearing  igneous  rocks 

were  apparently  not  associated  with  the  igneous  activity 

that  produced  the'calderas.  Instead,  the  calderas  act 

as a  major  structural  control  for  later  igneous  activity. 

Rrewedl  (1974,  Fig. 4 ,  Section F-F') speculated  that 
. 

the golil mine  area  was  located  over  a  large  intrusion  that 

produced  the  white  rhyolite  dikes. The  main  evidence  for 

this  is  the  existence  of  the  dikes  themselves.  There  also 

appears  to  be  a  higher  concentration  of dikes.in  the  horst 

block  previously  discussed. 

The  gold  mine  area  contains  several  types  of  altera- 

tion. The andesites  in  the  Spears  Formation  and  some of 

the andesites  in  the  unit  of  Sixmile  Canyon  have  been 

propylitically  altered. The  most  intense  propylitic 

alteratior.  occurs  in  andesites  (from  the  unit  of  Sixmile 

Canyon)  found in small  dumps  around  the  gold  mine. The 

' .Hells Mesa  Tuff is intensely  bleached  and  propylitically 

altered  throughout tke northwestern  portion.  of  the  study 

area. The feldspars  in the  Hells  Mesa  have  been  partially G 
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replaced  by  calcite,  sericite,  and  clay  minerals (?).  

All of  the  dikes  in  the  area  have  been  intens'ely  altered 

(see  sections on white  rhyolite,  mafic  and  latite  dikes). 

Si1icificatic.n  commonly  occurs  along  faults  and  in  associa- 

tion  with  the  whLte  rhyo.lite  dikes.  The  intrusive  contacts 

of some of  the  white  rhyolite  dikes  are  bleached.  This 

is  especially  true  near the gold  nine. 

Most  of  the  mineralization  is  confined  to  the  area 

immediately  around  the  gold  mine. A s  mentioned  previously, . 

the  lower  workings of the  mine  are  not  exposed;  the  part. of 

the  mine  that  is  exposed  contains  only  minor  mineralization. 

The  most  intensively  mineralized  rocks  were  found  scattered 

around  the  entrance  to  the  adits. 

The  host  rocks  for  this  mineralization  consist  of 

andesites  in  the  unit  of  Sixmile  Canyon,  white  rhyolite' 

dikes and  Hells  Mesa  Tuff. No mineralization  was  seen  in 

the  andesites  that  crop  out at the  surface;  however,  the . .  

most  iatense  mineralization  occurs  in  andesite  fragments 

found  near  the  mine  entrance.  These  andesites  are  part 

of  the  unit  of  Sixmile  Canyon;  they  probably.occurred 

near  the  ring  fracture  and  adjacent  to.the  white  rhyolite 

dikes  before  they  were  mined. The white  rhyolite  dikes 

also  contain  mineralization,  but  is  is  difficult  to  determine 

whether  the  rhyolites or .tke  andesites  contain  the  most 

mineralization  since  most of the  mine  is  now  inaccessible. 

Only  minor  mineralization was  seen in  the  Hells  Mesa  Tuff. 

Away  from  the  gold  mine,  only  traces of mineralization 
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' 0  were  seen. This  mineralization was alyays confined to 

the  white  rhyolite  dikes  or to the 'adjacent  intruded 

rocks.  ICrewedl (1974) believed 'that  the 1Ttineralization 

(he  described  only  silica  veinlets  an3  goethite) is 

confined  to  the  Hells Mesa.Tuff. However,  it  appears 

that  the  mineralization  is  associated  mostly  with  the 

whitCrhyolite dikes, so trace  amounts  of  mineralization 

could  he  found  in  &atever  rocks  the  dikes  have  intruded. 

- 

A detail.ed  mineralogical  and  chemical  study of the 

ore deposits  was  not  conducted  for  this  study.  Samples 

were  examined  with' a hand  lense  'and  a  binocular  microscope. 

Based on this  study,  the  mineralization  consists  of  barite, 

pyrite,  chalcopyrite,  galena  and  sphalerite. The sulfide 
X '  
. ,  minerals  are  usually  disseminated  throughout  the  host  rock. 

However,  the  barite  usually  occurs as veins  along  joints 

and  white  rhyolite  dikes;  it  probably  filled  open  spaces. 

The  only  samples  that  contain  significant  sulfide 
. ... 

mineralization  are  those  collected at the  gold  mine. 

Elsewhere,  only  trace  amounts  of  pyrite  and  chalcopyrite. ( ? I  

were  seen.  The  gold  mine  samples  always  contain less than 

20 percent  disseminated  sulfide  minerals. At least 9 0  

percent of this  mineralization  consists of pyrite.  Only 

a few percent of the  other  sulfide  minerals  were  seen  and 

these  occur  in  only a few samples.  These  minerals  fchalco- 

pyrite,  galena  and  sphalerite)  usually  occur as small  (less 

than 1 nun diameter)  crystals  disseminated  in  the  host  rock 

and  in  small  quartz  veinlets.  Limonite  pseudomorphs  (after G 
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1 pyrite)  are  common  in  the  rocks  and  limonite  stain 

frequently  coats  the  joint  surfaces. 

The  gold  and  silver  reported  by  Jones ( 1 9 0 4 )  probably 

occurs as impurikies  or  inclusions  in  other  minerals  or  in 

microscopic  crystals. No gold or  silver  minerals  could  be 

identified  in  hand  specimens or under  the  binocular  micro- 

scope. 

Manganese  Mineralization 
- Nost  of  the  manganese  mineralization  in this study, 

area  is  concentrated  in  a  wide  zone  between  the  southern 

ring  fracture  and  the  southern  topographic  rim  of  the 

Sawmill  Canyon  cauldron.  Minor  manganese  mineralization 

- 

- .  also  occurs  north  of  this  zone;  it  consists  mostly  of 
. ,  

manganese  minerals  coating  joint  surfaces,  but  no  mines 

or  prospects  were  found. A small  manganese  prospect  occurs 

in  the  Pliocene.(?)  basalts  near the eastern  margin  of the 

i study  area. 

Numerous  prospects  and  mines  occur  within  the  mineralized 
1 

' .  zone  (Plate 2). The-most intense  manganese  mineralization 

is in MW/r?, sec. 30, T. 4 S. , 3 .  2 W. ; and NE/4, sec . 25, 

T. 4 S., R. 3 W., unsurveyed. This area  is  located at  the 

intersection of the  southern  ring  fracture of the  Sawmill 

Canyon  cauldron  with  the  hinge  zone of the Socorro  cauldron. 

The boulder  shown  in  Figure 25 came from a  large  calcite 

vein  in  this  area.  Most  of  the  ore'  in  the  mineralized 

zone was probably low grade.  All the  ore mined  occurred 

. 
! 

c 
I 
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Figure  25. Boulder  of  banded  black  and  white calci te  and' 
minor  manganese  minerals  from a manganese  mine i n  XE/4, 
sec. 25 ,  T. 4 S., R. 3 W;, unsurveyed.  This  Loulder cane 
from a 15- t o  20-foot-wide  vein  which  had  been  strip mined. 
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within  about, 50 feet  of  the  surface;  it  was  apparently 

stripped  from  shallow  pits,  since no adits  were  seen. 

Although  the  cauldron  margin  is  the  major  regional 

control  for  che  mineralization,  local strxtures control 

the  precise  location  of .the  ore. The  rocks  in  the  zone 

n between  the  ring  fracture  and  the  topographic  rim  have 

been  brecciated  in  many  pl.aces  where  faults  could  not  be 

.mapped.  The  exact  cause  of  this  brecciation  is  not clear, 

but  it  could  be  related  to  the  existence  of  the cauldron' 

margin.  Usually  the  brecciation  produced  large  spaces 

between  khe  breccia  fragments.  These  fragments  were 

usually  not  rotated  extensively  or  sheared.  Much  of the 

breccia  has  been  cemented  with  manganese  minerals  and 
L' 
. *  calcite.  Nost  of  the  north-northwest-trending  faults 

shown  on  Plates.1  and  2  are  also  mineralized.  This 

mineralization  occurs  as  a  coating on joint:  surfaces  and 

as an  open-space  filling  where  larger  voids  were  formed. 

The  mineralization  occurs  in  rocks  as old as the  unit 

of  Sixmile  Canyon  and as young  as  the  Pliocene ( ? )  basalts 

(Tsb2).  However,  only one prospect.was found  in  the  young 

basalts  and  the  Oligocene  rocks  appear  to  be  more  highly 

mineralized  than  the  hasalts. It appears  that the'main 

control  for  mineralization  in  the  Oligocene  rocks was 

structural.  Therefore, m w h  of the  mineralization  probably 

occurred  after all of the  Oligocene  rocks  were  deposited 

6 but  before  the  Pliocene ( ? )  basalts  erupted. - 
The  host  rock  in  the  immediate  vicinity of the ore 
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deposits  is  frequently  bleached  and  the  feldspars  may be 

altered  to  clays.  However,  this  alteration  appears to be 

very  irregularly  distributed  around  the 'ore deposits. 

Occasionally,  fault  zones  are  bleache3  in  places  where 

there  is  little  or  no  mineralization.  Silicification 

occasionally  occurs  around  faults  and  adjacent  to  minerali- 

zation,  but  it  is  much  less  abundant  than  in  the  gold  mine 

area.  Calcite  is  commonly  found  along  faults  and  in 

association  with  the  mineralization. 

Several  large  calcite  veins  occur  in  the  study  area., 

The  largest  vein  occurs  in XE/4, sec. 25,  T. 4 S., R. 3 W., 

unsurveyed,  and  is  at  least 10 feet  wide. The boulder 

shown  in  Figure 25 is  from  this  vein.  Osburn (1978)  

reported  that one calcite  vein  in  his  study  area  is at 

least 100 feet  wide. The large  veins  in  this  study  area 

consist  mostly  of  banded,  coarsely  crystalline,  white 

calcite,  which  is  interlayered  with  lesser  amounts  of 

-.  
. ,  

black  calcite  and  manganese  oxides. 

A detailed  mineralogical  and  geochemical  study of the 

manganese  minerals  in  this  study  area  has  not yet been 

conducted.  The  major  minerals  reported  in otherparts of 

Socorro  County  are  psilomelane,  hollandite,  cryptomelane 

and  coronildite  (Hewett,  1964;  Willard,  unpublished  report)'. 

Miesch  (1956, p. 25)  concluded  that  psilomelane  was the 

most  prominent  ore  mineral  in the  Luis  Lopez district. 

The  Luis  Lopez  district  is  a  msjor  hanganese  district 

located  about 5 to 10 miles  east  of  the  manganese  mineraliza- 

tion  in  this  study  area. 
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All of the  manganese  oxiaes  occur  as  open-space  filling. 

Most of  the  minerals'occur.in massive., botryoidal and banded. 

aggregates.  Accessory minerals  include  calcite,  quartz, 

barite and fiuorite  (only  found  in  one ar.?a). 
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COSCLUSIONS 

This  study  has  made  several  contri.butions  to  the 

geology  of  the  Southeastern  Magdalena  Mountains.  These 

contributions  are  divided  into  three  sections:  stratigraphy, 

structural  geology  and  economic  geology. 

Stratigraphy 

A l l  of  the  rocks  exposed  in  this  study  area  are  of 

Tertiary  age;  volcanic  units  comprise the majority  of  the 

-stratigraphic units. A smaller  number  of  sedimentary  units 

are  interbedded  in  the  Tertiary  volcanic  rocks.  In  general, 

these  volcanic  and  sedimentary  units fit well  with the 

-. regional  stratigraphy  defined  by  Chapin  and  others (1978). 

However,  there  are  several  features of these  units  in  this 

study  area  that  are  unique  to  the  southeastern  Magdalena 

Mountains, or that  are  important  in  understanding  the 

regional  geology  of  the  Socorro-Magdalena  area.  These 

features  are  listed  below  from  oldest  to  youngest. 

. .  

. .  
. .  

1) A thick  accumulation  (at.least 2000 feet) of  Kells 

Mesa  Tuff  exists  in  the  southeastern  Magdalena  Mountains. 

The  Hells EIesa Tuff is unusually  thick  in  this  study  area 

because  the  area  is  located  entirely  within  the  North 

Baldy  cauldron,  which  was  the  source  for  the  Hells  Mesa 

Tuff  (Chapin  and  others, 1978). A heterogeneous  assemblage 

of  rhyolite  lavas  and  domes (? ) ,  tuffs,  and  volcaniclastic 

sediments  (the  unit  of  Hardy  Ridge)  filled  the  cauldron 

after  the  Hells  Mesa  Tuff  was  erupted. 
G 
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2) A thick  accumulat ion (a t  least 3000 feet)  of 

A-L Peak  Tuff  crops  out i n  Ryan H i l l  and  Sixmile  canyons. 

Th i s   unusua l   t h i ckness   occu r s   w i th in   t he  Sawmill Canyon 

cauldron  (Plates 1 and 2 ,  and  Fig. 201, which is  thought  

t o  have   co l l apsed   du r ing   e rup t ion   o f   t he   p innac le s  member 

o f   t h e  A-L Peak   Tuf f .   I n s ide   t he   cau ld ron ,   t he  A-L Peak 

Tuff i s  very  densely  welded; it is  flow  banded  and  contains 

l i n e a t e d  pumice i n  many places .  The A-L Peak  Tuff  thickens 

d r a m a t i c a l l y   i n s i d e   t h e   r i n g   f r a c t u r e  of the   cau ldron:  it 

appears  t o  t h i n  as it appoaches   t he   sou the rn   t opograph ic  

rim of   t he   cau ld ron .  

3 )  The u n i t  of Simile Canyon i s  a t h i c k  ( a t  least  

2500 f e e t ) ,  heterogeneous  assemblage  of   rhyol i te   and 

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

t h a t   f i l l e d   t h e  Sawmill Canyon c a u l d r o n   a f t e r   t h e  A-L Peak 

Tuff was e r u p t e d .   T h i s   u n i t  is conf ined  t o  t h e  Sawmill 

Canyon cauldron.  

4 )  The tu f f  of Lemitar Kountains i s  unusua l ly   t h i ck  

i n  t h e   s o u t h e a s t e r n  Magdalena  Mountains.   This  tuff   probably 

e rup ted   f rom  the  Socorro cauldron  (Chapin and o t h e r s ,  1 9 7 8 ) ;  

a s l i g h t   i n c r e a s e  i n  th i ckness  occurs i n   t h e   t u f f  across 

the   “h inge   zone”  of the   Socorro   cau ldron .  The t u f f  of 

Lemitar Xountains may h a v e   p a r t i a l l y  f i l l e d  a depres s ion  

r e m a i n i n g   i n   t h e  Sawmill Canyon cau ld ron :   t h i s   cou ld  

accoun t   fo r   t he   unusua l   t h i ckness  of t h e   t u f f   o u t s i d e   t h e  

Socorro  cauldron.  

5) Depos i t s  similar i n  appea rance   and   s t r a t ig raph ic  
. .  
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c p o s i t i o n  t o  t h e   u n i t   o f  L u i s  Lopez (moat d e p o s i t s  of t h e  

Socorro   cau ldron)  are p r e s e n t  i n  the  southeastern  Magdalena 

Mountains   (western  par t  of the   ' Socor ro   cau ld ron) ,   bu t  are 

u s u a l l y  less than  50 feet  th i ck .   Th i s   p robab ly   i nd ica t e s  

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

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

a n d e s i t e   l a v a s  (%al),  t u f f s   a n d   s a n d s t o n e s ,   r h y o l i t e   l a v a s  

.and a r h y o l i t e  dome ( ? ) .  Some of these rocks  were d e p o s i t e d  

i n  a l a r g e   p a l e o v a l l e y   i n   s o u t h e r n  Ryan H i l l  Canyon. The 

basa l t i c   andes i t e   l avas   (Tba l )   p inch   ou t   f rom  no r th   t o  

south .  

6 )  The lower Popotosa  Formation  (mostly mudflow 

d e p o s i t s )  was depos i t ed  on a n   e x t e n s i v e   e r o s i o n  surface i n  

f' 
i I t h e   s o u t h e a s t e r n  Magdalena  Mountains. I n  t h i s   s t u d y  arec., 

the  lower  Popotosa was probably  confined  most ly  t o  paleo- 

. v a l l e y s  and   depress ions .  

7 )  A th ick   sequence  of 11 .8  t o  1 0 . 5  m-y. o l d ,   r h y o l i t e  

lavas (Pound  Ranch lavas) erupted  from a v e n t   l o c a t e d   a b o u t  

1 mile n o r t h   o f   t h i s   s t u d y  area. (Osburn,  1978).  These . 

lavas are conf ined  t o  t h e   n o r t h - c e n t r a l   p o r t i o n  of t h e  

s t u d y  area. They  unconformahly overlie several u n i t s ,  

i n c l u d i n g   b a s a l t i c   a n d e s i t e  lavas (Tba2), t h e  t u f f  of South  

Canyon and  the  lower  Popotosa.Formation. Lavas o f   equ iva len t  

age and similar compositior.  overlie the  Popotosa  Formation 

i n  the  Socorro  Peak area. '  

8) The Sierra Ladrones  Formation,  probably of e a r l y  

P l i o c e n e  t o  midd le   P l e i s tocene  age, c r o p s   o u t   i n   t h e  
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eastern  portion of the  study  area.  This  formation  consists 

of  poorly  consolidated  sands  and  gravels  with  interbedded 

basaltic  lavas.  Paleocurrent  directions,  taken  from 

pebble  imbrications  in  the  sedimentary  units,  are  from  the 

southeast  to  the  northwest  (Plate 1). 

.- 

Structure 

Parts  of  several  overlapping  cauldron  structures 

occur  in  the  southeastern PlaFrlalena Mountains.  These 

cauldrons  have  had  a  major  influence on the  geologic 

evolution  of  this  area.  Based on this  study,  several 

conclusions  can  be  made  about  these  cauldron  structures: 

1) This  study  area  occurs  entirely  inside  the  North 

i. . Baldy  cauldron. A thick  sequence  of  Hells  Mesa  Tuff,  which 
. *  

erupted  from  the  cauldron  and  partially  filled it,  crops 

out  in  the  northwestern  corner of the  study  area. T h e  

unit  of  Hardy  Ridge,  also  part of the  cauldron  fill, 

occurs  in  the  southern  part  of  Ryan  Hill  Canyon. 
. .  

2) Parts of the  northern  and  southern  cauldron  margins 

of the  Sawmill  Canyon  cauldron  traverse  this  study  area 

(Plate 2). A segment of the  ring  fracture  and  part  of  the 

topographic  rim of 'the  cauldron  have  been  delineated  along 

the  northern  cauldron  margin.  Apparently,  little  or no 

slumping  occurred  along  this  part  of  the  northern  cauldron 

margin  and  the  ring  fracture  and  topographic  margin  nearly 

coincide.  Considerable  slumping,  however,  occurred  along 

the  southern  margin  and  produced  a  wide  zone  between  the +", 
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0 ring  fracture  and  the  southern  topographic  rim  of  the 

cauldron. 
.- 

3)  The part  of  the  Sawmill  Canyon  cauldron  that  has 

been  defined so far  appears  to  be  elongate  in an east- 

northeast  direction  (Plate 2 ) .  The  Morenci  lineament, 

of  similar  trend,  transects  the  northwestern  portion  of 

this  study  area  and  may  have  influenced  the  shape  of  the 

Sawmill  Canyon  cauldron.. 

4 )  The  western  margin  of  the  Socorro  cauldron  does 

not  display  all  of  the  features  usually  attributed  to 

cauldron  margins.  However,  the  tuff  of  Lemitar  Mountains 

does  appear  to  thicken  from  west  to  east  across  this  margin, 

whicn  appears  to  be  a  hinge  zone  on a trap-door  cauldron. 

Two  intrusions  and  a  rhyolite do:ne ( ? )  occur near  the 

cauldron  margin. 

. 

This  study  area  is  located  within  the  Rio  Grande  rift. 

Extensive  block  faulting,  caused  by extension'in the rift, 

has  broken  the  study  area.  Several  conclusions  can  be 

reached  about  the  structures  related  to  extension  in the. 

: rift: 

1) The  transverse  shear  zone  (Chapin  and  others, 

1978) transects  the  northwestern  portion  of  this  study  area. 

This  structure  separates  fields  of  oppositely  tilted  fault 

blexks.  Most  of  this  study  area  is  located  south  of  the 

transverse  shear  zone,  where  the  strata dip to  the  east 

and  most  of  the  faults  dip  to  the  west.  However,  a  small 

part of the  study  area  (the  northwestern  portion)  contains, 

strata  that  dip  to  the  west. 

t:.; 
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2) The fault-blocl-;  tilting  probably  occurred  in a 
g. - 

manner  similar to that  envisioned  by  Morton  and  Black 

(1975)  for  the  Afar  rift  in  Africa.  Chamberlin (1978) 

described  a  similar  structural  style  in  the  Lemitar 

Mountains  which  he  called  "domino-style"  faulting.  This 

structural  style  involves  the  progressive  tilting  of  fault 

blocks  and  the  formation  of riew generations  of  faults  when 

# .the  old  fau1.t~  become  too  shallow  for  movement  to  occur 

along  them  (Fig. 2 4 ) .  

3 )  The southern  cauldron  margin  of  the  Sawmill  Canyon 

cauldron  has  probably  influenced  the  later  faulting.  Some 

of  the  extensional  faults  appear to  die  out  or  bifurcate 

as they  approach  the  cauldron  margin.  Also,  some  of the 

faults  bend as they  cross the cauldron  margin. 
-, 
', 
. -  

Economic  Geology 

Several  conclusions  can  be  reached  about  the  mineraliza- .. 

tion  in  this  study  area: 

1) All of the  significant  mineralization  is  localized 

along  the  cauldron  margin of the  Sawmill  Canyon  cauldron. 

The  main  importance  of  this  cauldron  is  that  it  is  a  deep 

structure  which  may  act a's a  control  for  subsequent 

mineralization. 

2)  Gold-silver  mineralization is concentrated in 

a  narrow  zone  along  the  northern  margin of the Sawmill 

Canyon  cauldron. The mineralization is  also  closely 

t; associated  with  the  white  rhyolite  dikes  that  intruded 

many  of  the  north-trending  faults  and  the  east-trending 
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4' r i n g  f r a c t u r e  of t h e  Sawmill Canyon cauldron.  
- 

3)  The manganese m i n e r a l i z a t i o n  i s  c o n c e n t r a t e d   i n  

a wide   zone   be tween  the   r ing   f rac ture   and   the   southern  

topographic  r i m  of t h e  Sawmill  Canyon cauldron .   This .  

m i n e r a l i z a t i o n   o c c u r s  as a n   o p e n - s p a c e   f i l l i n q   i n  breccia 

and   a long   f au l t s .  The m i n e r a l i z a t i o n   o c c u r s . i q   r o c k s  as 

o l d  as t h e   u n i t  of Sixmile  Canyon  and a s  young as t he  

Pl iocene  ( ? )  h a s a l t s   ( T s h Z ) .  However, the   Ol igocene   rocks  

c o n t a i n  most o f  t h e   m i n e r a l i z a t i o n .  
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