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v i  

Al3STRACT 
. .  

Eedrocli  exposures i n   t h e   C o u n c i l  Rock d i s t r i c t  are 

chief ly   Ol igocene   ash- f lov   tu f fs  o f  t h e  D a i A l  volcanics .  

Andes i te   l ava  flows 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   o c c u r   i n  

sone cool ing  breaks i n  t h e   t u f f s .  No s ignLf i can t   d i f f e rences  

i n  s t r a t i g r a p h i c   r e l a t i o n s h i p s  o r  petrology were observed i n  

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

Bear Kountains (Broen, 1972), A late Oligocene s tock partially 

exposed i n  the sou th   cen t r a l   po r t ion   o f  the area c o n s i s t s  of  

a g r a n i t e   c o r e  wiri%h andes i t e   t o   qua r t z   monzon i t e   a round   t he  

border .   Ter t iary-Quaternary  pedimnt   gravels   and basalt f lows  

occur i n  grabens forned by  basin  and  range block' f a u l t i n g .  

Observa t ions   ou ts ide   the  area conf i rm  tha t counc i l  BOCK i s  on 

the   bu r i ed   f l ank  o f  a Lararnide u p l i f t e .  

. 

1kajor s t r u c t u r a l   f e a t u r e s  o f  the Council Rock & i s t r i c t  

are h i g h   a n g l e   f a u l t s  (NNU and P I E  t rends  dorninant)  and a 

partially  exposed  north-trending  monoclinal  fold  which  forms 

t h e  east f l ank  of the G a l l i n a s   u p l i f t ,   B o t h  f au l t  t.rends 

have  been ac t ive   ep i sod ica l ly   s ince   mid -Ol igocene   t i ne  and 

i t  is  p roposed   t ha t   t hey   mi r ro r   p reex i s t ing   f au l t  zones i n  

basenent   rocks.   Fomation  of   the  monocl inal   fold is a t t r i b u t e d  

t o   i n t r u s i o n  of a 20-mi1.e-long pluton a t  depth i n  l a t e  

Oligocene t i n e .  I n t e r s e c t i o n s  o f  major  Oligocene  faults.  

s t r i k ing   approx ima te ly  N 10" \!/ and i'J 45" E were important  

c o n t r o l s   i n  t h e  emplacenent o f  severa l   s tocks   which  are 

i n f e r r e d  t o  be extens ions   o f   the   e longate   p lu ton .  

Two' unexposed  stocks are i n f e r r e d   i n   t h e   a r e a  on t h e  

basis of  f e l s i c  d . i h  siv%rms, hgdro the rna l   a l t e r a t ion ,   ve in ing  
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I . . v i i  

and  local   s t ructural   features .   Epi i thermal   quartz-carbonate  

veins   near   Counci l  iiock,  once  mined f o r  t h e i r   s i l v e r   c o n t e n t ,  

are   an  expression  of  oxe of these   unexposed .   s tocks . .   S t ra t igraphic  

and s t r u c t u r a l   r e l a t i o n s h i p s   i n  this a r e a  sugiest  the roof  of . 

t h e   s t o c k  nay  be *:1ithin'2000 f e e t ,  of %he su r face ;  The a r e a  is 

recommended as a favorab le   t a rge t  f o r  fu r the r   eva lua t ion   w i th  

regard  t'o porphyry-type  base  metal   sulf ide  mineral izat ion.  

Extensive  hgdrotherrxd.   a l terat ion  coincident  with t h e  wst 

s i d e  o f  the  Kulligan.  Gulch  graben is proba 'bly  genet ical ly  

t i e d  t o  the  deep  pluton  vhich  produced  the  monoclinal '   fold.  

A pet ro logic   s tudy  of  t h e  Tres Nontosas   s tock   sugges ts  

. .  

.- 

t h a t  upward d i f f u s i o n  o f  a lka l i - r i ch   wa te r  'vapor vas t h e  most  

s i g n i f i c a n t   p r o c e s s   i n  its d i f f e r e n t i a t i o n .  Narrow rims of 

or thoc lase  commonly mantle  high-temperature  plagioclase 

phenocry8ts i n   t h e   b o r d e r   f a c i e s   r o c k s .  T h i s  featu-re is  

i n t e r p r e t e d  as evidence o f  an a lkal i  d i f fus ion   p rocess  which 

has  been tlfrozenll i n t o   t h e   r o c k s  by rap id   c rys ta1 l . iza t ion .  

.. .~.., 

Compositional var ia t ion  of f e l d s p a r s   i n   t h e  Hells Hesa 

Bornmtion ind ica t e '  i t  i s  an  "upside dom'l compos-itional3.g 

zoned  ash f l o n  s h e e t ,  R model proposed by B r o m  (1972, p. 74)  

concerning  the  petrogenesis  of t he  Bells Mesa and A-JA Peak 

ash- f low  shee ts  is expanded  upon. The expanded model advocates 

tha t   i nco rpora t ion   o f  a l a r g e  cmount of  meteoric  water 

(Lipman  and f i i e d a a n ,  1974) i n t o  a b a t h o l i t h i c   s i z e d  volume of 

a l k a l i - a n d e s i t e  m g l a  folloilred domi.nant1y by upward d i f f u s i o n  

of an alkalj.-rich  aqueous  vapor phase is t h e   c r i t i c a l   p r o c e s s  

in   t he   deve lopaen t  o f  s i l i c i c  aagmas which are erupted t o  

form ash- f low  tuf fs .  



Purpose - of .- t h e   I n ~ e s t l g a t i o n  

The ob jec t ives  of t h i s   t h e s i s   a r e  t o  .d.etermine t h e  . 

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

hydrothersnal   a l terat ion,   and the  d i s t r i b u t i o n  Of i n i m x i v e  
. .  

r o c k s   i n  

Nexico 

reasons  : 

1, 

the  Council  Rock d i s t r i c t ,  Socorro  County, Hew 

These r e l a t i o n s h i p s  are inpor t an t   fo r   t he   fo l lowing  

S t r u c t u r a l   r e l a t i o n s h i p s  tha t  con t ro l l ed   t he  

emplacenent  of  an  esposed,  non-mineralized, 

hypabyssa l   Ter t ia ry   s tock  (here named the Tres 

Nontosas  stock)' may be used t o  l o c a t e   o t h e r   i n t r u s i v e  

c e n t e r s  as targets o f  possible  f tporphyry-typett  o r  

"replace~aent-type"  basa aetal" n i n e r a l i z a t i o n .  

The i n t e r - r e l a t i o n s h i p s  o f  i n t r u s i o n s  t o  hydrotherxal 

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

a n d   s t r u c t u r a l   f e a t u r e s  a t  Council  Rock,  provides 

a basis on which t o  e v a l u a t e   t h e   d i s t r i c t ' s   e c o n o x i c  

p o t e n t i a l ,  

D e s c r i p t i o n s   o f   v a r i a t i o n s   i n  the vo lcan ic   s t r a t ig raphy  

betvieen the   Southern  Bear Mountains (Drown, 1972) 

2. 

3 .  

and the  Council  Rock d i s t r i c t  may be of v a l u e   i n  

fu tu re   geo log ic   i nves t iga t ions  t o  t h e  west o f  

Council I?oc!c. 

Location & Accessibi1.it.y 

The Counc i l   2ock   d i s t r i c t ,  as mapped, covers  a nea r ly  

r ec t angu . l a r   mea  of abou t   t h i r ty   squa re   mi l e s   w i th in   t he  
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Cibola  lJationa1  Forest. The cen te r  of t h e   d i s t r i c t  is about 

14 miles  due  west o f  t h e  t o m  of  Magdalena,  Socorro  County, 

New Mexico ( f i g .  1 ) The'  map a r e a  is approximately  ,bounded 

t o   t h e   n o r t h  by 34" 12' N l a t i t u d e ,  t o  t h e   s o u t h  by 34" N 

l a t i t u d e ,  t o  t h e   e a s t  by 107" 23' 7" W longitude  and t o  t h e  

west  by 107 a 28' 30" W longi tude.  

The- s t u d y   a r e a  is  1ocat.ed i n   t h e   n o r t h e a s t e r n   c o r n e r  o f .  

the  Dat i l -Hogollon  volcanic   f ie ld  (Fig. 1 ) Council Rock is 

t h e  name g i v e n   t o   t h e  pxominent  outcrop  of i basalt d ike  i n  

t h e   n o r t h e a s t   q u a r t e r  of t h e   d i s t r i c t .  Tho  name :'LS der ive6  

from the   u se  o f  t h i s  landmark as a meeting  place  between 

I n $ i a n s   a n d   s e t t l e r s   i n   t h e  1800's. 

Physiographically,   ' the  Council  Rock d i s t r i c t  is l o c a t e d  

on t h e  east.?rn edge  of a lo;? north-'south  divide  which  connects 

the  Gal l inas   Mountains   with  the  San Widceo Mountains.  Present 

topography is s t r o n g l y   c o n t r o l l e d  by   b lock   f au l t i ng   t yp ica l '  

of  tho  Basin  and Range province.  Grabens  occuring t o   t h e  

east and t o  the  west of t h e   G a l l i n a s   u p l i f t   a r e   t h e  bIullLgan 

Gulch  trough, a l s o  knom as the  Ikgdalena  Plain. ,   and  the 

1Jorth L&Q Bas in ,   respec t ive ly .   F igure  2 is  a pan.oramic 

view oE the  study  area  and  the  su.rrounding  landforms.  Relief 

is  l e s s   t h a n  900 f e e t   i n   t h e   d i s t r i c t  and  along most  of t h e  

d iv ide ;  homever, a prouinent  landmark k n o ; ~ ~  as Tres Montosas 

j u s t   s o u t h  o f  t h e   s t u d y   a r e a ,   r i s e s  about  '1300 f e e t  above t h e  

surrounding  terrain. ,   Phyoiography  changes  rapidly  toward  the 

north  because  of  the  proximity o f  the  Colorado  Plateau 

province.   Another   s ignif ican 'c   tectonic   feature   of   great  

importance,   the  north-south  trending  Rio Grande r i f t ,  is 



. .  
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loca ted   about  35 mi les  east of  Council Roc!:, 

Ea.sjr access  t o  t h e   n o r t h   h a l f   o f   t h e   d i s t r i c t  i s  

provided  by ai ilnproved fo,-es% service  road  which  t rends 

wester ly   fcon S ta te  Road 52 to Horth Lalre v i a   t he   Couxc i l  

Rock  Ranch. The southern   por t ion  o f  t h e   t h e s i s  area is  

best reached  from U.S, €Ii.ghmy GO by  ranch  roads o f  t h e  

Nontosas Cattle Company. Ylood c u t t e r s  trails are numerous 

throughout  the  area  and  allow  four-wheel-drive  vekicular 

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

. .  

Nethods - o f  I n v e s t i g a t i z  

. D u r i n g   t h e   s u n w r   a n d   f a l l  of 1971, surface  geology 

was mapped  on po r t ions  o'f t he  Tres lkfontosas and  Gal l inas  

Peak 7.5 minute  quadrangles ( 1  :24000) published by t.he ' '  

United. States Geological  Survey. Aerzal photographs  from 

t h e  Geolo@xal Survey (VABJ series,  3-20-63) at a sca l e   o f  

5 :31, 680 proved t o  be va luable  in l o c a t i n g   a n d   o u t l i n i n z  

o u t c r o p s .   S t r u c t u r a l   l i n e a m n i x  ~ k r e  o f t e n  1x31 displayed 

on t h e s e  aerial photographs, k topographic  base map on 

mylar vas used   for   p repara t ion  of %he f i n a l   g e o l o g i c  map, 

. .  

One hundred  and  seventeen  thin  sect ions were made 

from roc!; samples c o l l e c t e d   i n  t!le area f o r  the purposes 

of  correla. t ing o r  charac te r iz fng   rock  I m i t S ,  s tudying  

hydro thermal   a l te ra t ion ,  and determining  the  paragenesis  

of vein minerals  and pe t rogenes is  of  i n t rus ive   rocks .  

Nodal analyses o f  e ighteen  t .h in   sect ions  of   samples  from 

the Tres i , iontosas s tock  were p r e p r e d  by Janes Bruning 

u s i n g  a Zeiss  z icroscope equipp2: . .th a Swift automatic 
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poin-t  counter. Ten of these  samples were c o l l e c t e d  by 

W.H. Willdnson,  from  the  south  border  of  the  stock.  Another . 

e i g h t   t h i n   s e c t i o n s   o f   t h e  Tres Montosas  stock were i a t e r  

s t a i n e d  t o  a i d  i n  the i d e n t i f i c a t i o n  o f  potassium  feldspar 

by u s i n g   t h e  method  of  Chaycs  (1952). 

Fab r i c   desc r ip t ion ,   p re l imina ry   mine ra l   i den t i f i ca t ion  

and  estimates  of  modal  mineralogy were completed on a Ze i s s  . . 

binocular  petrographic  microscope.  Microscopic  visu.al  

estimates of  modal  mineralogy  were  used t o   c l a s s i f y  rocks 

a c c o r d i n g   t o   T r a v i s  (195.5). The cornposition o f  p lag ioc lase  

was determined  using  the  Fouque'method  (Troger,  1959, p. 101) 

and' by the Ri t tmmn  mne method (Enmons, 1911-3, p.. 115-133) 

u t i l i z i n g  a f ive -ax i s   un ive r sa l  stage. The un ive r sa l  stage 

was ale0 u s e d   t o   m e a s u r e   o p t i c   a x i a l . . q g l e s .  of a l k a l i   f e l d s p a r ,  

plagioclase  and  pyroxenes.   Ext inct ion  angles  of clinopyroxenes 

(ZAG) mere a l s o  measured u t i l i z i n g   t h e   u n i v e r s a l   s t a g e .  

Opt ica l  d a t a  were  used t o  de t e rmine   t he   s t ruc tu ra l  s tate 

and  composition of fe ldspars   and  the  composi t ion of pyroxenes. 

The methods  of  these  determinations are d e s c r i b e d   i n  t h e  

appendix e 

Previous Work 

P rev ious   geo log ica l   i nves t iga t ions   i n   t he   Counc i l  Rock 

area have  been o f  a reconnaissance  nature.  The first 

r e c o r d e d   i n v e s t i g a t i o n   i n   t h e   v i c i n i t y  was made by  Herrick 

' ( 1 9 0 0 )  Eis p a r t  of a reconnaissance   survey   in   por t ions   o f  

Socorro  and'Valencia  Counties,  His br i e f   obse rva t ions  

were t h a t   t h e   G a l l i n a s ,  Datil. and  Bear  Nountains were 

. composed of   t rachy- te   and   r l ;yo l i te .   in t rua ivcc .  ::'inchester 
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( 1920) obseriwl   volcanic  r o c k s  overlyirlg  formations of 

Cretaceous age along  the  hlamosa Creek Valley ( X i 0  Sa lado) .  

He named these v o l c a n i c   u n i t s   t h e  ttDatil Formationtt .and 

descr ibed  a. type- loca l i ty  a t  the   no r th   end  of  t h e  Bear 

Mountains. 

Loughlin  and Koschmann (1942) began a d e t a i l e d  

comprehensive  geological   invest igat ion of t h e  Magdalena 

raining d i s t r i c t   i n  1945; t h e i r  work was later published as 

U.S. Geological  Survey  Professional  Paper 200. They stated 

t h a t   t h e i r  banded r h y o l i t e   u n i t   ( e q u i v a l e n t .  t o  t h e  lower 

A-L Peals. Formation o f  t h i s   m p o r t )  is  an ex tens ive  formation 

mt3t of  Magdalena.  Givens  (1957) and Tonking (1957) made 

independen t   s tud ie s   o f   t he   Te r t i a ry   vo lcan ic   rocks  5-11. the  

Dog Spr ings  and P u e r t e c i t o  15-minute  qu-adrangles,  renpectively. 

TGnking subdivided  the ' Datil F o r m a t i o n   i n t o   t h r e e  melnbbers 

which  he named itSpearstt ,  6113[ells Nesa" and "La Jara Pezktt 

( f rom  oldest  t o  youngest) ,   Givens  subdivided  tha He1l.g' 

Nesa Nember i n t o   s e v e n  mappable s u b u n i t s   i n   t h e   G a l l i n a s  

Kountains,   Equivalents of the  La Jara Peak Mc;aber were 

not  observed by Tonking,  Givens o r  t h e  writer i n  t h e  , 

Gal l inas  1-Iountains. I ' l i l lard ( 1  959)   cond i t iona l ly   co r re l a t ed  

the  La Jara Peds Member wi.th a post-Datil  basalt sequence i n  

the Datil Mountains.  Later, Weber (1963) excluded  the  La 

Jara Peak Member f rom t h e  Datil Formation. Weber ( I  971 ) 

then   e leva ted  the  Datil Formation t o  group  s ta tus .   Park  

(1971 ) has conducted a d e t a i l e d   p e t r o l o g i c   s t u d y  of the  

Anchor Canyon s t o c k   l o c a t e d  a t  the   nor th   end  of t he  llagdalena 

range. 
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Brown (1972)  and  C,E.,Chapin ( o r a l  ccmmun., 1972) 

p rov ided   de t a i l ed   desc r ip t ions  and ana lyses  o f  measnred 

s e c t i o n s   i n   t h e   S p e a r s   a n d   H e l l s  Mesa Formations, Brown 

( 1  972)   subdivided  the  Hel ls  Mesa Formation i n t o  a loyrer.  ' 

c r y s t a l - r i c h  member, informally  termed  the t u f f  of  Goat 

Springs,  and an  upper   crystal-poor  member, termed  the t u f?  

of Bear Springs.  Deal  and  Rhodes  (1974, i n   p r e s s )   s u b s e q u e n t l y  . 

renamed t h e   t u f f  of Eear Spr ings  as t h e  A-L Peak  Formation 

f o r  a 2000-foot  section  exposed on A-L Peak i n  the   no r the rn  

S a n  I4ateo Mountains. 

Deal and Rhodes  (1974, i n   p r e s s )  have   de l inea ted   the  

boundaries  of a cau ld ron   ( ca lde ra )   i n   t he  Mount Vlithington 

a r e a  o f  t h e  San Mateo Mountains.  They be l i eve  t 'hat t h i s  

cauldron i s  the   source  f o r  both A-L Peak Formation  and a 

t h h r ' s e q u e n c e   o f   o v e r i y i n g   t u f f s   w h i c h   t h e y  named t h e  

Pota to  Canyon Rhyolite.  , Els ton   and   o thers  (1968, 1970, 1973) 

a re  now i n   t h e   p r o c e s s  of   s tudying   e rupt ive   pa t te rns   and  

the i r   t ec ton ic   r e l a t ionsh ips   i n   t he   Da t ib -Mogo l lon   vo l . czn ic  

province.   Simon  (1973)  recently  completed  an  investigation 

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

S i l v e r  Hill area .  \YoHe Wilkinson ( i n   p r e p a r a t i o n )   h a s  

completed  detai led mapping o f  t h e  Tres Montosas a rea   cont iguous  

t o ,  and south  of ,   the   Counci l  Rock d i s t r i c t .  D.A, Krewedl 

( i n   p r e p a r a t i o n )  has mapped the   cen t ra l   Nagdalena  Range and 

sugges ts   the   p resence  o f  a n o t h e r   c a u l d r o n   i n   t h e  Sarnni.11 

Canyon a rea ,  which may a l s o .  have  been a v e n t   a r e a   f o r   t h e  

A-L Penk Formation. 

Numerous radiometric  (mostly K-Ar) da t e s   on   t he  Datil- 
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Mogollon  volca.nic  units  and  intru.sions have  been  provided 

b y   s e v e r a l   i u t h o r s .  Weber and Bassett'(1963) obta ined   ages  . 

f o r   t h e  Nitt and Anchor Canyon s t o c k s   l o c a t i d   i n  the Kel ly  

m i n i n g   d i s t r i c t  and f o r  t h e  basal 'welded ash-flom of the 

Hells Mesa Member a t  Tonking's  type  section, Burke  and 

o t h e r s  ( 1  963)  dated a l a t i t e  boulder from the  base  of   the  

Spears  Member and two welded t u f f s  of t h e  Hells Mesa Member. . 

Kottlowski,  V!ebex. and  Willard  (1969) l i s t e d  Lt9 rad iometr ic  

d a t e s  of Cretaceous  and  Tert iary  igneous.rocks i n  the  

New Mexico r eg ion   and   summar ized   t he i r   r e l a t ionsh ips   t o  

mineralization  episodes,   Five  prevS.ously  unpubllshed age 

de termina t ions  were l i s t e d  by Weber (1971) f o r  T e r t i a r y  

igneous rocks  f rom  cent ra l  New Mexico,  Recently,  Chapin 

(7971)  published a date f o r  the  La Jam Peak Formation and 

eva lua ted  its s i g n i f i c a n c e   i n  regard t o  ra lneral   explorat ion.  

E.1, Smith and o thers  (197kr i n  press) have  dated  the 

A-L Peak and P o t a t o  Canyon Formations i n   t h e  San Mateo 

Mountains  uslng thc f i s s i o n  t r a c k  method, E l s t o n  and  othnrs  

(1  973)  have  sumarized a l l  I<-Ar dates ava i l i ih le   for  the 

I3ogollon-Datil  province, The rocks da ted  are i n t e r p r e t e d  

t o  r e p r e s e n t  3 separa te   vo lcanic   cyc les .  A new date on t h e  

u n i t  o f  Arroyo  Montosa (SZnIon, 1973)  provides a narrow 

b racke t ing  f o r  the onset of  bas in  and. r m g e   f a u l t i n g   i n   t h e  

Magdalena  area. 

Acknomledeements . .  - 
I g r a t e f u l l y  acfr.nowledge the   he lp   o f  the many i n d i v i d u a l s  

who a s s i e t e d  me during  the  course of t h i s   p r o j e c t ,  W.E, Arnold 



and N.J. Jaworslri provided  eqaiproent'  and ideas  used i n   t h e  

p repa ra t ion  of the   geologic   nap. A . J ,  Budding, R,H. Weber, 

K+Ce Condie  and W0H. I ' l i lk inson  furnished  the  author .with 

helpful   ide 'as   and  information  concerning  the  s tudy  during 

,~ i n fo rma l   o f f i ce   d i scuss ions .  ply wife Louise was a great 

help  in   the  preparat ion  of   the  manuscr ipt .   Thanks a l s o  

go t o  Pete Evans, a r a n c h e r   i n   t h e  thesis area, who g r a c i o u s l y  

permi t ted   access   th rough  h i s  private lands   and  V0Ee Walsh, 

of   Santa  Fe, New Mexico, vrho provided  information on t h e  

magnet i te   nl ineral izat ion a t  the  Big John mine. 

To Charles E. Chapin, my t h e s i s   a d v i s o r ,  I owe s p e c i a l  

g r a t i t u d e   f o r  the o r ig ina l   sugges t ion  o f  t h e   s t u d y  area and 

f o r  h i s   . v z l u a b l e  ad.vice and  keen  observations i n   b o t h   f i e l d  

a n d  o f f i ce .   F inanc ia l   a s s i s t ance  f o r  f i e l d  work was provided 

through  the New bkxico S t a t e  Bureau ' o f  Iti.nes and  Miner& 

Resources. 

. .. 
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STRATIGRAPHY AND PEllROLOGY 

P r e v o k a n i c  

Pravolcanic  sedimentary rocks crop   ou t   about  1% miles  

t o  t he   no r th  and I mile t o  t he   sou th   o f  the thesis area. . .  

To the   no r th ,  mapping  by  Tonlring (9957) i n d i c a t e s   t h a t   t h e  

base of  the  Spears  Formation  of  Oligocene age res t s  conformably 

on t h e  Baca  Formation  of  Eocene  age.  Fluvia.1  sandstones, 

mudstones and limestone-cobble  conglomerates  of  'the  Baca 

Forma'tion mere observed   jus t   nor th   o f  the study area.at t h e  

head  of Deep \!'ell Canyon by the writer and C.E. Chapin. About 

one mile southeas t  o f  the  Tres   Montosas   s tock,  W.H. Wilkinson 

( i n   p r e p a r a t i o n )  has mapped a paleo-topographic  'high  of t!le 

Ab0 Formation of Permian age surrounded  by  outcrops  of  the 

'Spears  Fornation. . .... 

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

f rom conforrnity t o  unconformity  have  been  observed by Tonking 

(1957) and Brovm (197%) i n  the Bear  Nountxins  and i n  t h e  

northern  Hagdalena  Hountains .   These  re la t ionships   suggest  

t ha t   bo th   t he   Counc i l  Rock and  the  Bear  Plountains are 

l o c a t e d  on the   no r th   f l ank   o f  a pre-Oligocene u p l i f t .  The 

age  of the u p l i f t  is Lararni.de ( l a t e   Cre t aceous   t o   midd le  

Eocene). D.O. Snyder (197'1 1, conducted a pa leocur ren t  

d i r e c t i o n   a n a l y s i s  on exposures   of   the   Baca  Fornat ion  in  

Socorro  and  Catron  Counties  and  concluded  that  i t  was 

depos i t ed   i n   an   ea s t - t r end ing   bas in .  In addi t ion ,   Snyder  

sugges t s   t . ha t   t he   ma jo r   sou rce   o f   de t r i t i u s  was from  posi t ive 

areas to   t he   sou th   and   wes t   o f  t h e  basin,  
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I n  t h e   l a t e  Eocene, j u s t  p r i o r  t o  the onset  of  Oligocene 

volcanism,  west-central  New Mexico was eroded t o  a su r face  

of moderately lorn r e l i e f   ( C h a i i n ,  1971b; . Epis  and  Chapin, 

1973) Hence, t h e  base of the  Oligocene  volcanic  'pile 

v a r i e s  from a conformabie  re la t ionship  with  the  Eocene,  

Baca  Formation i n   t h e   e a s t - t r e n d i n g  Laram2de.basi.n t o  an 

angular  unconformity which p l aces   t he  base of t h e  Spears 

Formation in   con tac t   w i th   p rog res s ive ly   o lde r   rocks   sou thva rd  

toward  Tres  Montosas. The t r a n s i t i o n  from a conformable t o  

unconfornable   re la t ionship  is not  exposed within t h e  study 

a r e a  and cannot be accu ra t e ly  de-termirvxl from available dataa, 

Tert5.arx VolcaniL go?%% 

Bodsock  exposures i n   t h e   t h e s i s   a r e a   a r e   c h i e f l y  wevelded 

a sh - f low  tu f f s  o f  Tert iary  age.   Interbedded lava flows  and 

volcanic las t ic   sed imentary   rocks  are minor i n  outcrop   a rea ,  

Oligocene  volcanic   rocks  and  volcaniclast ic   rocks are 

d iv ided  i n t o  three formations  vhich are fxom o l d e s t  t o  

youngest, the Spears, I.Iel.18 Xesa. and A-L Peak FormatLons. 

A maximum total thLclmess f o r  these t h r e e   f o r m a t i o n s   i n  

the  Counci l  Rock d i s t r i c t  is  est ic la ted t o  be 4425 f e e t  

(Fige 3 ) .  About 400 feet   of   Oligocene  basal t ic-andesi te  

f l o w s  cap   the  A-L Peak Formation i n   t h e  study area and a r e  

t e n t a t i v e l y   c o r r e l a t e d  with t h e   a n d e s i t e .  of Landavaso 

Reservoi r  (Simon, 1973, Po 34) .  Brom (4972) has   p resented  

d p t a i l e d   d e s c r i p t i o n s  and moclal ana lyses  of samples from 

measured  sect ions f o r  most of' t hese  saxe rock  units i n   t h e  

southern  Bear  Kountains. 
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Regional Unconformity 

* 800 f o o t   i n t e r v a l   n o t  

DESCRIPTION 

purplish-gray,  aphanitic,   platy,   f low-folded, 
b a s a l t i c - a n d e s i t e   f l o w  at ba.se t o  redd:Lsh- 

orphyr i t ic ,   b locky ,  flo\:.s o f  andes i t e  
a t  I? O"*m t o p  P a.ndesite o f  bandavaso  .Reservoir) 

1-ight-gray to   wh i t e ,   s imp le   coo l ing   un i t  of 
densely t o  moderately  welded,  moderately . 
c r y s t a l - r i c h ,   r h y o l i t e  ash-f.:.xJ t u f f  

reddish-brovm and purpl.ish-gray, compound 

and flaggy  .(so~netines  pumice-rich) , 1i tV-c-  ' 

coo l ing  unit of densely vrelded, crystal-goor  

poor ,   rhyol i te   ash- f low  tuf f  

a n d e s i t e  flows a t  base . t o  reddish-brom, 
dark gray, po rphyr i t i c ,   ( o l iv ine )  basaltic- 

basa l t i c - andes i t e  f lows  a t  t o p  
po rphyr i t i c  s' (pyroxene 1. p a r t i a l l y  amygdaloidal. ~ 

l i gh t -g ray  and massive t o   f l a s g y  arid purplish- 
brown,  fluidal-banded,  contorted, compound 
cool ing   un i t   o f   c rys ta l -poor ,   dense ly  \welded, 
r h y o l i t e  ash-flow t u f f s  

pink  to   purpl ish-gray,   mult ipla-f lov,  simple 
coo l ing  v m i t  of  densely  welded,  massive, 
blocky,   c l i f f - for .ming,   crystal-r ich,  qua:rtz- 
s ' i c h ,   q u m t z   l a t i t e  t o  rhyol i te   ash- f low  tuf fs  

purplish-to  reddish-gray,  (greenish-gray where 
p ropy l l t i xed )  corapound coo l ing   un i t  of p o r l y  

r i c h   ( l i t h i c - r i c h  at b a s e ) ,   l a t i t e  ash-flosr 'iu-ff 
to   densely  welded,   crudely  bedded,   crystal-  

dark pu rp le ,   andes i t i c  mudflow breccia-s  a-nd 
conglomerates  with  minor  reddish-brom, 
aphan i t i c   and   po fphyr i t i c ,   t r achy t i c   andes i t e  
floitls  (upper  contact is grada t iona l )  

l igh t   p ink   to   g ray ish-wh- i te ,  cornpomnd cqol iug 
u n i t  of  poorly t o  noderately  Velded,  massive, 

a sh - f low  tu f f s  with nedium-gray,  coarsely 
c r y s t a l - p o o r ,   s c r a e t i w s   l i t h i c - r i c h ,   l a t i t e  ( ? )  

porphyri t ic ,   amygdaloidal   andesi te   f lows at 
base ( t u f f  of  Nipple  Kountain) 

purple  and  reddish-brown  (greenish-gray t;;Lere 

and sandstones 
p r o p y l i t i z e d )   l a t i t i c   a n d   m d e s i t i c   c o n g l o m e r a t e  

? 1 I I ,5P0' I 22Y0 
6 h o m S c a l e   ( i n   f e e t )  
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Spears  Fornation 

Tonking  (1957) named t h e   t h i c k  basal s e c t i o n   o f   l a $ i t i c  

and a n d e s i t i c   e p i c l a s t i c   v o l c a n i c   r o c k s  q d '  less volurninous 

in te rbedded   ash- f low  tuf fs  and l a v a s   t h e   S p e a r s  Member of t h e  

Datil Formation,  Rocks'  of t h i s   t y p e  mark .the  beginning  of 

volcanism i n  many Oligocene  volcanic  provinces  of  the 

Southern Rocky Mountain  region (Lipman and  others,   1970).  

Burke  and others   (1963)   reported a date   of  37.1 m.y, ,(K-.Ar) 

f o r  a l a t i t e  t u f f   b r e c c i a   c o l l e c t e d  from the   uppe r   pa r t  o f  

t h e   S p e a r s   i n   t h e   J o y i t a  Hills about   for ty  miles n o r t h e a s t  

of Council Rock.  ReceutXy Weber (1971 ) r a i s e d   t h e  Datil 

Formation t o  group  sta.tus  and  Chapin  (1971a) i n  . t u rn   has  

raised the   Spears  to formational status, BrOVM (1972) has 

since  subdivided  the  Spears  Formatio.n, . into a lower e p i c l a s t i c  

member and  an  upper member o f  volcanic   rocks and minor 

interbedd.ed  volcaniclast ic   sedimentary  rocks.  

Exposures  of  the  upper member o f  the  Spears   Formation 

. i n d i c a t e   t h a t  i t  is a con t inuous   un i t   t h roughou t   t he   l eng th  

of   the  s tudy  area.  The lovrer member, is o n l y   p a r t i a l l y  

exposed i n  t h e   a r e a   b u t  d r i l l  hole data i n d i c a t e   t h a t  it is  

a t h i c k ,   c o n t i n u o u s   u n i t   i n   t h e   s u b s u r f a c e  of' the   Counci l  

Rock d i s t r i c t .  The m a x i m u m  total thickness '   of   the   Spears  

Formation i n   t h e   d i s t r i c t  is est imated a t  2200 f e e t .  

_I_ 
Lower Member. Within  the  s tudy area a s i n g l e   s m a l l  

outcrop o f  the  lower member,,of the  Spears  Formation i s  

l o c a t e d  j u s t  southeas t  of the  Tres  14ontosas  stock, It 

c o n s i s t s  o f  dark  purple ,   andesi t ic ,   pebble   conglomerates  

and 'a  few t h i n   i n t e r b e d s  o f  purple  medium-grained  sar:iatones. 



An es t imate  o f  the  thickness   and  l i thology  of   the 

lower member of .the Spears  Formation i n   t h e   s u b s u r f a c e   o f  , , 

the  Council  Rock d i s t r i c t   c a n  be rnade from s e v e r a l   s o u r c e s  

17hich d e s c r i b e   t h i s   u n i t   i n   n e a r b y  areas, A t  He l l s  %sa, 

Tonking (1957, p. 56)  measured  and  descriibed 1025 f e e t   o f  

sect ion  compris ing  the lower member and  which cons i s t s   o f  

q u a r t z   l a t i t e   t u f f s ,   b r e c c i a s  and  agglomerates  interbedded 

with  volcanic  conglomerates,  sandstones  and  numerous  th.in 

beds o f  s i l t s t o c e  and  claystone. Brown (1972, p. 10) 

desc r ibes  marked fac ies   changes   in   the   Spears   Format ion  

a long   the  E e a r  Nountains  and  northern  Nagdalena  Mouatains. 

ILis observat ions may be  sumnsrized  by ts?o g e n e r a l i t i e s :  

. -  

1. Volcaniclast ic   sedimentary  rocks  of  the lower 

llleraber general ly   coarsen toward the   south ,  

2. Lava f l o w  and  ash-flow  tuffs" 'of  the  upper member 

general ly   thicken  toward  the  south,  . 

Approximately 1200 f e e t  of t h e  lower Spears  Forination 

was p e n e t r a t e d   i n   t h e  Banner d r i l l  hole at ,the  Six;ty Copper 

p r o s p e c t s   I n  this d r i l l  hole ,  the  lower Spews c o n s i s t s  

predoainantly  of  coarse  conglomeratos  grad-ing t o  f i n e r  

conglomerates.lomer in   t he   s ec t ion .   In t e rbedded   s ands tones  

and s i l t s t o n e s   a r e  more abundant near the   base   o f   the   sec t ion .  

A few minor l a t i t e  flox:is were also observed i n  the.  sequence. 

C r o s s  sec t ions   p resented  by  Givens (1957, p l a t e   I )   s u g g e s t  a 

th i ckness  o f  about /.tOOOfeet fo r   t he   t o t a l   Spea r s   Fo rma t ion  

a t  the   nor thern   base  of Gal l inas   PIountains .   This   thickness  

is probably  exaggerated by un recogn ized   t r ansve r se   f au l t s  

r e p e a t i n g   t h e   s e c t i o n ,  A thiclrness o f  1200 f e e t  f o r  t h e  

i . .  
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lowr member o f  the  Spears  Formation, as indi.cated frorn 

t h e  Banner d r i l l  hole i s  probably  the most reasonable  

e s t ima te  f o r  the   s tudy   a rea .  

Upper Ikrnber.  Volcanic  and  interbedded  epiclastic- 

volcanic   rocks  of   the   upper   port ion 'of   the  Spears   are  

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

t h e s i s   a r e a .  The w r i t e r  has subdiv ided   these   rocks   in to  

t h r e e  map uni t s ,   In   the   Bear  Mountxiins, t h e   r e s i s t a n t  

overlying Bells Xesa   Format ion   has   c rea ted   c l i f f s  o r  

escarpments i7hich .have  shed a mantle of  t a lus   ove r   t he  

upper  Spears making a rflappable subdivis ion  of   the  upper  

member impossible.   Gentle  slopes cormon i n   t h e   C o u n c i l  

Rock a r e a  have  not   a l lowd.   the formation of  major t a l u s  

cones ,   and   t hese   un i t s   a r e   ell exposed. In   a scend ing  

s t r a t i g r a p h i c   p o s i t i o n ,   t h e   u n i t s   a r e   d e s i g n a t e d  as fo l lows :  

( 1  ) t u f f  of Nipple  Mountain (Brovx, 1972, p. Ilk) (2)  upper' 

S p e a r s   e p i c l a s t i c  rocks ,  and ( 3 )  c r y s t a l - r i c h  l a t i t e  t u f f s  

of t h e  u.pper Spears,  

.. 

Tuff  of Itipple Mountain. The t u f f  of  Ripple  Mountain 

as descr ibed by Brovm (1972, p. 14) is  he re   r ede f ined  t o  

inc lude   the   " turkey   t rack"   andes i te  flows (Brovn, 1972, 

p. 13) com~nonly found a t  the  base of t h e   t u f f  o f  Nipple 

Mountain  ash-flow  sequence,  Reasons  for  this  change  are 

the   occur rence   o f   andes i te   l avas   which   a re   in te rbedded   in  

the   ash   f low t u f f s  t h a t   f o r n   t h e  main  body  of t h e   u n i t  and 

t h e   c o m o n   s t r a t i g r a p h i c  and s p a t i a l   a s s o c i a k i o n  o f  t he  

" turkey   t rackf r"  lavas ir/j.131 these   tu f fs .   Regional  mapping in 

the  Hagdalena,  Bear and Gal l inas  bioumtains h a s  shown the .  
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t u f f  of  Nipple  Xountain to be an  excel lent   marker   horizon 

between  %he  upper  and  lovler members of   the  Spears Formation. 

Outcrops  of  the  tuff  of  Nippie  I4ountain  cover  approximately 

three-quarters   of  a square mile i n  the   fo l lowing   t h ree  

sepa ra t e   l oca l i t i e s :   ea s t   o f   t he   " r e s   Mon tosas   s tock ,   sou th  ' .  

of Council Rock Arroyo  and  north  of  Gallinas  Springs Canyon. 

Outcrops  of   the  ash-f low  port ion.weather .   to  a buff-colored 

platy  and  sandy soil and the   " tu rkey   t rnck f l   andes i t e s   fo rm.  

a dark g r a y   s o i l   w i t h   d - i s t i n c t i v e   p o r p h y r i t i c  clasts. Tho 

u n i t  charac te r i s t ica l ly   forms   hogbacks  where s t e e p l y   i n c l i n e d .  

The t u f f  of  Ripple  Mountain  crops  out  discontinously  along 

t h e  east side of t he   Ga l l inas  u p l i f t  over a d.istance o f  

approximately 12 miles. E a s t  o f  Granite  Kountain  und i n  

the  Kelly  mining d is t r ic t ; ,  t h e   t u f f  o f  Nipple H o m t a i n  fills 

c h a n n e l s   c u t   i n   t h e   l o w e r  member o f  the   Spears .  A similar 

r e l a t i o n s h i p  may be   respons ib le   for  the d iscont inous   na ture  

of  t h i s  unit a l o n g   t h e   G a l l i n a s   u p l i f t .   N t e r n a t i v e l y   t h i s  

d i s c o n t i n u i t y  may be s t r u c t u r a l l y   d e r i v e d ,  

. .. 

The i f turkey   t rack"   andes i te   ranges  f rom a th ickness  of  

zero f e e t  a t  Gallinas Spr ings  Canyon to   approximately 100 

fee t  south  of  Hontosa  Arroyo. In  the v i c i n i t y  of   the Tres 

Montosas  stock, i t  contains  amygdules  outl ined  by  pistachio- 

green ep ido te   and   f i l l ed   w i th   euhedra l   b rom  andrad i t e -  

garne t .  Metamorphism of t h i s   r o c k   u n i t  will be discussed 

la te r  i n  a sect ion  concerning  the  Tres   Hontosas   s tock.  

E a s t  of   the   Tres  Montosas s tock ,   the   " turkey   t rack"  

a n d e s i t e   v a r i e s  from a blue-gray  color,   mottled  with  white 

p lag ioc lase   phenocrys ts ,   to  a dense  black  rock  with  f resh,  
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c l e a r   p l a g i o c l a s e   v i s i b l e   o n l y  as r e f l e c t i o n s   a l o n g   c l e a v a g e  

planes.  The l a t t e r   v a r i a t i o n   o c c u r s . a d . j a c e n t  t o  the c o n t a c t  

w i th  the s t o c k ,  One o the r  small t r iangular-shaped - outcrop  

of   the  ' I turkey  t rack"  andesi te  is found  about  'one  half mile 

west-northwest  of  the  Council Rock Ranch. Here again, i t  

is  a blue-gray  color ,   but   the   amygdules   consis t  o f  white  

c a l c i t e   g r a d i n g   o u t w a r d   t o   p i n k   h e m a t i t i c   c a l c i t e ,  Sn t h i n  

s e c t i o n ,  t h i s  rock   con ta ins  from 15 t o .20   pe rcen t   phenoc rys t s  

of   plagioclase,  Ang3 (Fouqe'method,  one g ra in ) ,   ave rag ing  

approximately 4 rn i n   l e n g t h   i n  a groundmass of c a l c i c  

andesine (Michel-Levy  method, 20 me.asurements).  Both 

phenocrysts and groundmass p l ag ioc la se  are o f t e n  partially 

a l t e r ed   t o   l ow-b i r e f r ingen t   c l ay   mine ra l s .  

Cooling  breaks  occupied  by  andesite f lows were observed 

nea r  the middle o'f t h e   t u f f  of  Nipple  Mountain in the   Banner  

dri l l  hole  a t  t h e  "Sixty Copper  prospect"  and i n  a hole  

on t h e   n o r t h e a s t  s ide  of   the  Tres   Montosas   s tock d r i l l e d  by 

Bear Creek Wining Company. These  breaks,   together with 

v a r i a t i o n s   i n  abundance  of . l i t h i c  fragments and  pulnice 

i n d i c a t e  that the  ash-flow  sequence  of  tuff   of Nipple 

Mountain i s  a multiple-flow compound c o o l i n g   u n i t .  The ash- 

f low  po r t ion   o f   t he   t u f f  o.f Nipple  Kountain i s  e s t i m a t e d   t o  

have' a th ickness  of 400 f e e t .  

.. 

Purple   and brokn a n d e s i t i c   l i t h i c  fragments con ta in ing  . 

white   argiLl ized  plagioclase  phenocrysts  are f a i r l y  abundant 

a t  the   top   and   base  o f  t h e  t u f f s  (Fig. 4). In t h i n   s e c t i o n ,  

a d e v i t r i f i e d  matrix cf poorly  welded glass sha rds   ave rag ing  

0.2 t o  0.3 mm i n   l e n g t h ,   w i t h  a few unbroken  oval-shaped 
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figure 4. Outcrop of t h e  t u f f  of  Kip2le  Eiountah.  Note 
the  presence of t y p i c a l  Spears lit!xic  fragments 
of purp le   2orphyr i t ic   andes i te .  The f13.$aT 
f r a c t u r e  snd l i g h t  gray c o l o r  s?e comon .to this 
u n i t   i n  tLe  Council Rock area.  
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glass  bubbles,  comprises  'about 85 percent  o f  t h e  rocks .   In  

most sec t ions ,   very   f ine-gra ined   cher ty   quar tz  fills t h e  

remaining  pore  space and a h igh-b i re f r ingent   c lay   minera l ,  

p r o b a b i g   i l l i - t e 7  commonly fills c a v i t i e s   i n   u n c o l l a p s e d  . 

pumice. T h i s  che r ty  ceiaent is  probably   the   cont ro l l ing  

f ac to r   i n   t he   r e s i s t an t ,   mass ive   v i ea the r ing   cha rac t e r  of 

this unit .   Disseminated opaque d u s t   w i t h i n   t h e   a x i o l i t i c -  

d e v i t r i f i e d   g l a s s , s h a r d s  makes then   r ead i ly   d i sce rn ib l e   f rom 

t h e   c l e a r   s i l i c e o u s  cement.  This  ash-flow  sequence  appears 

t o  have  been a p r e f e r e n t i a l  channelway for  hydrothermal 

solutions  and(or)meteoric  maters,   because o f  its h igh  

i n i t i a l   p e r m e a b i l i t y .  

Crystals   normally make up l e s s   t h a n  two t o   t h r e e   p e r c e n t  

o f  t h e  t u f f  o f  Nipple Mount:l.in, Small microper th ic   san id ine  

c rys t a l s   con ta in ing   exso lved   s t r ings  and  patches of  

po lysyn the t i ca l ly   t v inned   a lb i t e ( ? )   appea r   t o  be approximately 

e q u a l   i n  volume t o  th3.t o f  a l t e r e d   p l a g i o c l a s e ,  The composition 

of  a s ingle   p lag ioc lase   phenocrys t  was .An, (Pouque'  methoci) 

I n  many t h i n   s e c t i o n s ,  however, bo th   f e ldspa r s  are completely 

a l t e r e d  t o  a gray opaque clay.  

. . . .; . 

.. 

J7 

Thin   sec t ions  from dense  gray  blocky-jointed  outcrops 

of  the  tuff  of  Nipple  Mountain where i t  ' a b u t s   t h e  Tres 

Montosas  stock  are composed  of a fe l s i c ,   a l l o t r iomorph ic -  

granular ,   very-f ine  grained (0.05 t o  0.05 ma i n  diameter) ' 

matrix with a few small gra ins   o f   magnet i te   wi th   ha loes  o f  

b i o t i t e  and a fer1 completely  argi l l ized  phenocrysts   of  

fe ldspar .  The v i t r o - c l a s t i c   n a t u r e  of  t h i s  rock  has  been 

completely  erased by h o r n f e l s i c   r e c r y s t a l l i z a t i o n ,  
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Upper S p e a r s   E p i c l a s t i c  Rocks.  Outcrops  of  these rocks 

cons i s t   p r imar i ly  of  crudely  bedded  well-indurated mud-flo:rr 

b recc ia s   w i th  no r e c o g n i z a b l e   i n t e r n a l   s t r a t i f i c a t i o n  o r  

imbr i ca t ion  of l i i thic  fragments. :A few thin  reddish-brovm 

aphani t ic ,   and  sometimes  porphyri t ic ,   andesi te  f lows  a r e  

i n t e r b e d e d   w i t h   t h e   l a h a r i c   b r e c c i a s  at Montosa  and  Council 

,Rock  Arroyos, A t  Gal l inas   Spr ings  ,Canyon, a n d e s i t e  f l O T i S  

c a p   t h e   e p i c l a s t i c   b r e c c i a s   a n d  are  nea r ly   equa l  t o  them 

i n  volume. Lit1xi.c fragments i n   t h e  mud-flow breccias are 

vrell-rounded t o  sub-angular  and  vary  from  pebbles t o  boulders  

of a n d e s i t e  axd l a t i t e  (Fig, 5). 
These  m~1dfloi~/s and andesite  f lovis  crop  out  . ra, ther  poorly , 

compared t o   t h e  t u f f  of Nipple Nountain, o r  the   dense ly  

I.relded c r y s t a l - r i c h  l a t i t e  tuffs   immediately  above them, 

The e p i c l a s t i c   r o c k s  norma.lly  form a dark reddish-brown t o  

purple  s o i l  containing  abundant  well-rounded,  c'obbles and 

pebbles of lat i tes and andes i t e s ,  The  only exception t o  this 

weather ing   habi t  is  found i n  the  baked  periphery o f  the Tres 

I4ontosas  stock  where  rounded  clasts do n o t   w e a t h e r   l n t o  the 

s o i l ,   I n  this area, Spears   rocks may be d i s t ingu i shed  from 

the   maf ic   border   fac ies   o f  the s t o c k  only  where vague o u t l i n e s  

o f   l i t h i c   f r a g m e n t s  c2.n be'  observed. 

.. . .. 

Although  the  upper  Spears epiclast ic  rocks   could   vary  

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

a p p s a r s   t h a t   t h e   r e l a t i v e l y  smooth  erosion  surface  developed 

on t h e  t u f f  of  Nipple  Mountain  resulted i n  a r e l a t i v e l y  

uniform  thic!mess vihich v a r i e s  from 130 t o  200 fee t .  A 

th ickness   o f  369 €ee t  $01' t h i s   u n i t   i n   t h e  Bear Creek d r i l l  
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Figure 5, Outcrop  of massive mudflom brecc ias   o f  the 
upper member o f  the Spears  Formation i n  
Gal l inas   Snr ings  Canyon. A greenish-black 
p r o p y l i t i z e d   n a f i c  dike,  abou t   f i ve   f ee t  
t h i c k ,   c u t s   t h e   S 2 e a r s   e p i c l a s t i c   r o c k s  on 
t h e   l e f t  s ide of   the   p r in t .  

3 



hole may be exaggerated by a lLigigh-angle r e v e r s e   f a u l t  

(Cross   sec t ion  %"I, P l ,  1 ) .  The upper   contact   of   these 

rocks   wi th  the o v e r l y i n g   c r y s t a l - r i c h   l i t h i c - r i c h   l a t i t e ,  

ash f1w.w o f t e n   c o n s i s t s   o f  a gradational  change marked  by 

. an  increasing  abundance o f  white f e ldspa r   phenoc rys t s   i n  

t h e  matrix of a l i t h i c - r i c h  f l o x  of mud and  ash. 

Upper Specam Crys ta l - r ich  La t i te  Tuffs .   Variat ions i n  

composition, grain s ize   and   degree   o f   ve ld ing   ind ica te   tha t  

' these   ash- f low  tuf fs   a re  a uul t ip le - f low compound coo l ing  

u n i t .  Lateral th ickness  variati0n.s i n  this uppermost  portion 

o f  t h e  S p a r s  are normally  minore One notable   except ion 

occurs i n   t h e   v i c i n i t y  of   Gal l inas   Sprixgs Canyon where 

aporox ina te ly   ha l f  o f  t h e   s e c t i o n   a p p e a r s   t o  be missing, 

apparent ly  due t o  non-+position  of  the lower l i t h - i c - r i ch  

ash flows i n   t h e   v i c i n i t y   o f  a pa1e.o-topographic  high. 

Es t ina t e s   o f   t he   t h i ckness  o f  t h e s e   t u f f s  range from a 

' ninimum o f  100 f e e t   t o  a maximum of 300 feet ,  

Outcrops of the basal poorly vrelded l i t h i c - r i c h   a s h  
I .  

flow o f  t h i s   u n i t  at Council Rock arroyo are cormonly  pale 

greenish-gray  due t o  p e r v a s i v e   p r o p y l i t i c   a l t e r a t i o n .  

E'lsevrhere, f r e s h  hand  specimens are cha rac t e r i zed  by purp l i sb-  

g r a y   c o l o r s   s p c k l e d  v r i . t h  abundant  chalky-rrhi'te  phenocrysts 

' of  san id ine   and   p lag ioc lase  in approximately equal proport ions.  

Quartz i s  g e n e r a l l y   a b s e n t   e x c e p t   i n   t h e   t r a n s i t i o n  t o  t h e  

ash f l o u   t u f f s  o f  the   over ly ing  I b l l s  lhsa li'ormation. 

Copper-colored, b i o t i t e  i s  common i n   d e u t e r i c a l l y   a l t e r e d  e 
. zones   near   the   top  o f  t h e   c r y s t a l - r i c h  l a t i t e  t u f f s .  
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Crystals   general ly   comprise  11.0 t o  50 percent  of  these  roclrs.  

The upper   contac t   o f   these   tu f fs   wi th   the  Bells Mesa 

Formation is qu i t e   sub t lo .  A tMn  hematite-stained  'conglomerate 

(Brown, 1972, p. 17) s e p a r a t e s  th.e Spears  from the Reells 

Hesa i n  the Bear  Nountains;   unfortunately,   the  conglomerate 

is  m i s s i n g   i n  the Council Rock d i s t r i c t ,   Consequen t ly ,  t h e '  

forriiation  boundary is  placed a t  t h o  first appearance of 

abundant  quartz  phenocrysts,  wMch approximately  concides 

wi th  a consis tent   morphological   change  re la ted t o  welding 

c h a r a c t e r i s t i c s .  The moderately  to  densely  welded l a t i t e  

ash  f lows  of  the Spears of ten  have a crudely bedded appearance, 

weather t o  rounded  outcrops,  and  form an equ ig ranu la r   so i l .  

On the  other  hand,  outcrops  of  the  densely  welded IIells 

Mesa t u f f s  have a massive  bloclry-jointed  appearance  and  form 

large angular   blocks o f  t a l u s .  
- .. 

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

hornfels   zone  around  the  Tres   Montosas   s tock  f rom  their  

equiva len ts   ou ts ide   th i s   zone .   L i th ic -poor   c rys ta l - r ich  

l a t i t e  t u f f s  of  the  upper part of the   Spears  are found i n  

contac t   wi th  the east border  o f  t he   s tock   nea r   P ine  Viell, 

I n  t h i s  area h o r n f e l s e d   c r y s t a l - r i c h   l a t i t e   t u f f s   a r e   d a r k -  

gray  massive  blocky-  jointed  rocks  which  strongly  resemble 

monzonite  border  facies  rocks  found  along  the  west  and 

south  boundary  of t h e  stoclr. Hand specimens  of these 

ho rn fe l sed   t u f f s   have  a riaxy-gray matrix conta in ing   f ine-  

g r a i n e d   c l e a r   p l a g i o c l a s e ,  white potash feldspar and 

abundant   c lo t s  of metal l ic   black  magnet i te .  The observat ion 

0.f a n d e s i t i c   l i t h i c   f r a g m e n t s   o u t l i n e d  by potash (?)  f e ldspa r  
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r e a c t i o n  rim i n  some outcrops mas t h e   o n l y .   f i e l d   i n d i c a t i o n s  

tha t   these   ou tcrops   be longed  t o  the   Spears   Format ion   ra ther  

t han   t o   t he   s tock .   In  t h i n  s e c t i o n ,  a h o r n f e l s e d   l a t i t e  

t u f f  sample  consisted of about 20 percent  brolien  phenocrysts 

of  potash f e l d s p a r  and nea r ly  eqv.al amounts  of  plagioclase 

f e l d s p a r  (An- Fouque' method,  average  of  three  measurements) 

i n  a matrix o f  equigranular ,   very   f ine-gra ined   po tash   fe ldspar .  

and  clinopyroxene. Broken c rys t a l s   and  a s e r i a t e   t e x t u r e   a r e  

pr imary   tex tures   re rna in ing   to   revea l  its p y r o c l a s t i c   o r i g i n .  

. 32' 

Petrographical ly ,   samples   of   crystal-r ich l a t i t e  t u f f s  

from t h e   v i c i n i t y  o f  Council Rock arroyo  vary  widely i n  

t h e i r   d e g r e e  of a l t e r a t i o n ,  which is g e n e r a l l y   i n v e r s e l y  . 

propor t iona l  t o  the  degree o f  welding,  Tuffs a t  the   base  

o f   t he   s ec t ion  are poorly melded and a r g i l l i c   a l t e r a t i o n  of 

bo th   p lag ioc lase   and   san id ine   to  a gray opaque c l a y  is n e a r l y  

comple te .   Tuffs   h igher   in   the   sec t ion   usua l ly   exhib i t  

varying  degrees   of   propyl i t ic   replacement  of s an id ine  by 

c a l c i t e  and  replacement  of  bioti te by c h l o r i t e .  Copper- 

c o l o r e d   b i o t i t e s  near t h e   t o p  o f  the  sequence  apparent ly  

formed by oxida t ion   processes   re la ted  t o  welding, 

. . . , 

Conpos i t i ona l   va r i a t ions   i n   t hese   t u f f s   appea r  t o  be 

minor.   Plagioclase  ranges'  i n  composition from AnZ8 t o  An33 
(Fouque' method) f o r  six phenocrys t s   i n  3 d i f f e r e n t  th in  

sec t ions .   Sanid ine  is s l igh t lymore   abundan t   t han   p l ag ioc la se ,  

and   toge ther   these   c rys ta l s  make up ab0v.t 40 i e r ' c e n t  of t h e  

rock.   Feldspar   phenocrysts   vary  in   length from  ab0u.t 1 t o  . 

3 m. ' Mafic  minerals  normally make up less t han  10  percent  

of the   rock  and, i n   o r d e r  of decreasing  abundance,  include 

.. 
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r cagne t i t e ,   b io t i t e   and  'minor  clinopyroxene. The groundmass 

of  densely velded t u f f s   i n  t h i s  s e r i e s   c o n s i s t s   o f   r e d d i s h -  

brovrn, p a r t i a l l y   t o   c o m p l e . t e l y   d e v i t r i f i e d  homogenous glass. 

Quar tz   phenocrys ts   a re   no t   en t i re ly   absent   f rom  the   upper  

t u f f s   n e a r  the i r  g rada t iona l   con tac t   w i th  the Hells Nesa, 

bu t  they.are much smaller i n  s i z e  and spa r se  i n  abundance. 

Hells Mesa Formation 

By agreement among g e o l o g i s t s   p r e s e n t l y   w o r k i n g   i n  the 

northeast   Datil-Wogollon  volcanic f i e l d ,  t h e  Hells Mesa 

Forma t ion   has   been   r e s t r i c t ed   t o ' t he  basal u n i t  of Tonking's 

measured  sect ion (1957, p. 56)  of  what  he c a l l e d   t h e  Hells 

Nesa ?<ember of   the Datil Formation. In its new r e s t r i c t e d  

sense,  the Hells Nesa is a quartz-rich  densely-welded 

mul t ip le - f lon  simple' c o o l i n g   u n i t  o f  quar t z  l a t i t e  t o  r h y o l i t e  

ash-flow  tuffs,   Older  terminology  applied t o   e q u i v a l e n t s  

o f  t h i s  formation are:  rhyol i te   porphyry sill (Loughlin 

and Koschmann, 1911.2,' p. 33) ,  a n d   t u f f  o f  Goat Spr ing  (Brown, 

1972, p. 19). B i o t i t e  from outcrops   near   the  base of this 

f o r x a t i o n  a t  He l l s  Iksa has  been da ted  by t h e  IC-Ar method 

as 30.6 2 2.8 m,y,  ('Veber and  Basset t ,  1963). Dates of 

32.1 may, and 32.14 m.y. (Burke and  others ,  1963) f o r  c r y s t a l  

r i c h   t u f f s  i n  the  Gal l inas   Xountains   and the  J o y i t a  Hills 

c o r r e l a t e d   w i t h   t h e   H e l l s  Mesa are i n   b e t t e r  agreement with 

o the r  da t ed  uni t s ,   Geologic  mapping i n  the   Ga l l inas ,   Bea r ,  

Magdalena,   San  Xateo  and  Lei i tar   Hountains ,   has   show  the 

I I e l l s  Mesa Forlaation t o  be a mappable u n i t   o f   r e g i o n a l  

importance. 



The Hells &sa Forna t ion   - t yp ica l ly   fo rms   s t eep   c l i f f s  

i n  the   b lock- fau l ted   and   t i l t ed  Bear 1-fountains, The Hells 

Mesa a l s o  f o r m  mos t  of t he   s t eep   s lopes   o f  Tres Montosas, 

where 5-t. is- est imated t o  be about  GOO f e e t   t h i c k .  Hosrever, 

t a l u s  masks uuch of t h e  lower s l o p e s  o f  Tres Montosas malring 

this es t ima te   t ena t ive .  A t  Galliias Springs a rflaximum 

thiclrness  of 1200 f e e t  was orig; inal ly   es t imated f o r  t h e  

Hells Mesa, Fur ther   observa t ion   ind ica ted  that  at  l e a s t  

two t r a n s v e r s e   f a u l t s  may repea t   por t ions   o f   the   sec t ion . .  A 

second   ca l cu la t ion   i nd ica t ed  a minimum t h i c h e s s   h e r e  o f  

800 f e e t  which i s  considered by the w r i t e r  t o  be a reasonable  

estimate  of i t s  t rue   t h i ckness  at t h i s   l o c a l i t y ,  In t h e  

s tudy   a rea ,   the  Hells Mesa Formation  crops  out as low rounded 

hills with  a few s t e e p   s l o p e s  formed only  where  cut by 

major drainages D' T h i s '  unusual  geonorphic  expression f o r  

t h e  Hells I4esa may be r e l a t e d   t o   s t r u c t u r a l   c o m p l e x i t i e s  

o r  poss ib ly  t o  abrupt changes i n   t h i c k n e s s  f rom Vest t o  

E a s t  i n   t h e   C c u n c i l  Bock a rea ,  The l a t t e r  conclus-ion is 

p re fe r r ed  by t h e  m i t e r  s i n c e  a maimunl' t h i ckness  o f  503 

. .,. 

. f e e t  is  i n d i c a t e d   f o r   t h e  Hells I k s a  i n  a v e r t i c a l   s e c t i o n  

j u s t   e a s t  o f  the  Tres  Liontosas  stocli,  T h i s  t o p i c  will be 

d i s c u s s e d   i n   g r e a t e r   d e t a i 2 .   i n   t h e   s t r u c t u r a l   s e c t i o n  o f  

this repor t .  

The Bells Kesa Formation  crops  out i n  a semi-continuous 

manner over  apgroximately .six square miles i n   t h e   a r e a  of 

i n v e s t i g a t i o n .  The best   exposures OCCUP i n   s t eep -wa l l ed  

canyons of the  Council  Rock and Ga1.lina.s Spr ings   d ra inages  

Irlhere the massive homoseneous r e s i s t a n t   n a t u r e  of   the 

. .  
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forma-tion i s  bes t   revea led ,  Pumice of ten  weathers  

d i f f e r e n t i a l l y  from some outcrops  leaving  bekind  '!crescent- 

like!! cavities,  convex-upmard at the top .and  f la t  on t h e  

bottom, However, pumice is  of ten   absent  from these  densely 

welded  outcrops  and  a t t i tudes of compact ion  fol ia t ion are 

o f t en   d%ff i cu l t   t o   de t e rmine .  

. .  

Broad,   gent ly   s loping  surfaces   developed on this u n i t  

i n  the  Council  Rock area are gene ra l ly  mantled b y . l a r g e  

angular blocks  averaging  from s i x  i n c h e s   t o  one foo t  i n  

l eng th .   In t e r s t i ce s   be tween   b locks  are commonly f i l l e d  by 

buff colored  sand,  

. Fresh  hand  specimens  of  the Bells Nesa t u f f s  exhibi t  

varying  hues o f  medium t o  1iS'ht-purplish-gray.plish~gray l i t h o i d a l  

matrix comprising  about 50 t o  60 percent   o f   the  volume o f  

the  rock,  \ ' /eathered  surfaces are normally  shades o f  brown 

o r  gray. P lag ioc la se   o f t en   has  a greenish-gray cast and 

san id ine  i s  nearly  always  milky amd white.  Fragments o f  

f e l d s p a r   c r y s t a l s  shovr a continuum o f  sizes  from  about 

3 mm t o  0.4 KT; snal ler  g r a i n s   t e n d   t o  be  crowded toge the r  

as c l o t s  i n   t h a  matrix. Clear  sub-equant  quartz crystals, 

as much as 4. oln i n  diameter,  commonly comprise  about 5 
t o  10 percent  of the   rock .   Outcrops   near   the  t o p  o f  t h e  

formation,  however,.  contain as much as I5 percent  quartzs.  

Black t o  copper-colored ' b i o t i t e  is the  only  other  commonly 

recognized  phenocryst .) 

The upper  contact  zone o f  t h e  Hells Hesa Formation is 

often  bleached  by  hydrothermal  solutions o r  poskibly by 

groundwaters, The contac t   o f   the  Hells Ibfesa Formation s i t11 



the   over ly ing  A-L Peak Fornation is  not  exposed anyvrhere 

i n   t h e   s t u d y   a r e a .   U s u a l l y   t h e   c o n t a c t  i& along small 

~ ~ u v i a t e d  drainage  channels. A f r i a b l e   b e n t o n i t e   l a y e r  

about t y o  f e e t   t h i c k  is exposed i n  a road   cu t  at t h i s  

contac t  on Gray IJLill, four  m i l e s   t o   t h e   s o u t h  of  t h e   t h e s i s  

area (I'lilkins&, in   p repa ra t ion ) ,   Ou tc rops  of Hells Mesa ' ' 

axe uniformly.  and  densely melded, Pumice and  a l jhani t ic  , 

purp le   l i t h i c   f r agmen t s  become abundan t   l oca l ly   bu t   a r e  

gene ra l ly   absen t .  Some outcrops  ,near   the  base of  t h e   H e l l s  

Mesa conta in  10 percent  o r  more l i t h i c  fragments,  These 

o b s e r v a t i o n s   i n d i c a t e   t h a t   t h e   H e l l s  &sa Formation is  a 

multiple-flow simple coo l ing   un i t ,  

Thin   sec t ions  shovr t h a t   r o c k s   i n   t h e  €reIells Mesa Formation 

a l l  have a porphyr i t i c   and   s e r i a t e   t ex tu re ,   Exp los ive  

pu lve r i za t ion  and (or) i n t r a - f l o w   a < & c i o n   r e s u l t e d   i n  

conminution of the  phenocrysts .   Both  sanidine  and  plagioclase 

e x h i b i t  rninor degrees of d e u t e r i c   a l t e r a t i o n  t o  low-birefr ingent  

c lay   minera ls ;   san id ine  is gene ra l ly   ' t he  least a l t e r e d  of 

t he   pa i r .   San id ine  is of ten   microper th i t ic ,   conta in ing  

pa tchy   exsolu t ions  of albite-.tvLinned  plagioclase Some 

san id ines  have  undergone  patchy  replacement  by  calcite 

which may be replacing  exsalved  plagioclase;   however ,  

in te rmedia te   s tages   o f   p lag ioc lase   rep lacement   conf i rming  

this were not  observed.  In most t h in  s e c t i o n s ,   s a n i d i n e  

is  abou t   t v i ce  as ,abundant as p lag ioc la se  and normally 

comprises over 20 percent  o'f t h e   t o t a l  roc!< volume,  Subhedral 

q u a r t z   c r y s t a l s   o f t e n  have  'inwardly mushrooming  embagments 

f i l l e d  v i t h  brown g lass .  A few percent  of  b i o t i t e  . i s  common 



i n   r o c k s  of t h e  Iklls ;.lesa.  The b i o t i t e  may vary  from a 

p a l e   g r e e n   s l i g h t l y   p l e o c h r o i c   v a r i e t y   t o  a type   s t rong ly  

p l e o c h r o i c   i n  reds and  brolms.  Traces o f  cl inopyroxene 

and  hornblende may be acc iden ta l   xenoc rys t s   i nco rpora t ed  

from vent .   rocks o r  from the   under ly ing   e ros ion   sur face .  

Densely welded  gla'ss i n   t h e  groun&%ass. o f  t h e  Re l l s  

Mesa is reddish-brown t o   l i g h t  brovm i n   c o l o r .  The g l a s s  

is  normal ly   devi t r i f ied ;   and  small s p h e r u l i t e s  of r a d i a l l y  

d i s p o s e d   c r i s t o b a l i t e  and potash   fe ldspar  are cornmona 

Dust-l ike  inclusions  of  iron  oxide  which a re  abundant i n   t h e  

ma.trix, commonly ou t l ine   fu sed   g l a s s  shards,  Glass shards  

are   s t rongly  mapped  around  phenocrysts  due t o  d i f f e r e n t i a l .  

compaction.  Only one type of l i t h i c  fragment is cormon 

i n   t h e   H e l l s  Hesa  Formation.  These  granule . .. . t o  pebble  t;ized, 

reddish-brovn  l i th ic   f rasments   a re   porphyr i t ic   aphani t ic  

a n d e s i t e s  composed of a r g i l l i z e d   f e l d s p a r  and d i s i n t e g r a t e d '  

maf ic   minera ls   in  a brorm  groundmass, The l i t h i c   f r a g m e n t s  

a.re ve ry  lil.:eLg derived from the  Spears  Formation. 

F i e ld  and labra tory   observa t ions   sugges t  a c o n s i s t e n t ,  

v e r t i c a l   c o a p o s i t i o n a l - v a r i a t i o n   i n   t h e  Ilells  Mesa Formation, 

Data presented by Brown ( 1  972, p. 26-28, Table 1 , f i g u r e s  

7 and 8) i n d i c a t e  an upward overall i n c r e a s e   i n   t h e  q u a r - t d  

f e l d s p a r  ratio.  Chemical  analyses by Deal  and  Rhodes (1972, 

o r a l  c ormun. ) of two samples: 1.1-24-23 and X-24-33 from t h e  

measured  section o f  Brown (1972, p. 2 7 )   i n d i c a t e   a n  upwerd 

d e c r e a s e ' i n  CaO f rom 0,537; t o  0,277 and,  unexpectedly, a 

s l i g h t   d e c r e a s e   i n  Na20 i n   t h e  sane direct i .on.   The  wri ter  

has  measured  the  anokthite  content  of 20 p l a g i o c l a s e   c r y s t a l s  
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(Rittmgnn  zone  method) ~i.thi11 tvro t h i n   s e c t i o n s  fron t h e  

Hells Hesa Fornlation i n   t h e   s t u d y  areao Sample 1-16 was 

c o l l e c t e d   a p p r o x i m t e l y  30 f e e t  above t h e  basal contac t  o f  

the Heils Ibiesa, The range   of   anor th i te   conten t -   for   t en  

p l a g i o c l a s e   c r y s t a l s   i n  this sample is An t o  An32 with 

an average  value  of Anz8., I n  Sample  1-17, c o l l e c t e d  

approximately 40 f e e t  below the   top   o f  the FIells Mesa, . ten 

p lag ioc lase   c rys ta l s   ranged   in   co inpos i t ion  f r o m  An22 t o  

An25 .and averaged An I n  add i t ion ,   t he   ave rage  axial 

angle  of  sanidine (measured. on the   un iversa l   s tage]   decreased  

upviards from a 2Vx=460 (average  of 4) t o  a 2Vx=41" (average 

of  '5) I n   g e n e r a l  the 2V of  1017 san id ine  becomes smal le r  

w i th   dec rms ing  i?a content  (Troger,  19.56, p. 961, Howver,  

the  degree  of   order ing o f  A1 c a t i o n s  is another   important  

factor   nl l ich  cof i t rols   the 2-V of sanidine.  

. .  

2-5 

23 

. .  

These  observations suggest a t rend  opposi te   of  that 

t y p i c a l l y   c i t e d   i n  the. l i t e r a t u r e   ( L i p a a n  and others, 1966; 

Ratte'  and  Steven, 1964; Smith and Bailey, 1966) Llpman 

(ope c i t .  p. 18) s t a t e s   t h a t   t h e   t y p i c a l   c o m p o s i t i o n a l   t r e n d  

i n   t h i c k   a s h - f l o w   s h e e t s  is from a c rys t a l -poor   rhyo l i t e  a t  

the base t o  a more c r y s t a l - r i c h   q u a r t z  l a t i t e  at the top.  

The Hells Xesa appems t o  .have a $rend  from l a t i t e   t o   q u a r t z  

l a t i t e  t o  r h y o l i t e .  Brown (1972, p. 7 4 )   h a s   p o s t u l a t e d   t h a t  

f i s s u r e s   i n i t i a l l y   t a p p e d  a zoned magma chamber at a 1017 

level, which  allowed more mafic magma t o  be  erupted first 

followed by increasingly  s i1iceou.s  magma, Th i s   p rocess  

Would requ.ire more S i l i C C O U S  magma t o  move down t o  t h e  Level 

of the v e n t i n g   f i s s u r e s  as the  magua chamber was dra ined ,  



The r e s u l t  \70Uld be compositionally  zoned  ash-flow  sheet 

whose zonation is t h e   r e v e r s e  of t h a t  commonly observed, 

A-L Peak  Formation . . 
Tke A-L Ped<  Formation i s  t h e  f o r m a l  name proposed 

by Deal and Rhodes (1974) f o r  a 2 0 0 0 - f o o t - t ~ ~ c k   s e c t i o n  

of ho!nogenous, densely-welded , crystal-poor  , rhyo l i t e   a sh -  

f low t u f f s  exposed on the   no r theas t  f lank of A-L Peak i n  

the   nor thern   San  Ma.teo Mountains,  Deal  .and  Rhodes  (1974) 

have ' a l s o  del ineated  the  boundaries  o f  a ma.jor resu&pnt 

cauldron (20-2.5 mi l e s   i n   d i ame te r )   cen te red   abou t  M t ,  

\ t i th ington ,  vr'nich is  loca ted  about 20 miles  south  of  Council  

Rock. They b e l i e v e   t h e  Mt, I'iithington  cauldron- is  t h e  

source area f o r  t h e  A-L Peak  Formation  and a younger  sequence 

newly named the   Po ta to  Canyon Rhyolite.  .. . .. 

St ra t ig raph ic   and   pe t ro log ic   equ iva len t s  o f  t h e  A-L 

Peak Formation  have  been  previously  described and in fo rma l ly  

named i n   e a x l i e r   i n w s t i g a t i o n s .  The fo rma t ion   co r re l a t e s  

r;rith t h e  "banded rhyol i te I i  o f  Loughlin ancl Koschmann (1942), 

middle  65  feet  o f  the   type   sec t ion  o f  Tonkingrs 1Tell.s Hesa 

Member (Todiing, 19.57), and  the  tuff   of   Bear   Springs (Brown, 

1972, p. 311, E.I. Smith, and others  (1974)  have  dated the 

A-L Pea.!< Rhyoli te  a t  31 -8 2 1.7 m,y. u s i n g   t h e   f i s s i o n   t r a c k  

method. 

Outside  the Itt. Witkington  cauldron,'   the A-L Peak 

R h y o l i t e   g r a d e s   l a t e r a l l y   i n t o  a composi te   sheet  (R,L. Smith, 

1960, p. 158) i n  which rhyo l i t e   c rys t a l -poor   a sh - f low  tu f f s  

are i n t e rbedded   w i th   t h in   c rys t a l - r i ch ,   qua r t z   1 . a t i t e   a sh -  
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fl0M t u f f s  and b a s a l t i c - a n d e s i t e   l a v a  flovrs (Chapin  and 

o the r s , ,   i n   p repa ra t ion ) ,  F O ~  this reason i t  is  r e f e r r e d  t o  here 

as t h e  A-L Peak  Formation  rather than A-L Peak Rhyoli te  

as rimed by Deal and  Rhodes, The A-L Peak Formation  has 

been  subdivided  into  four mappable u n i t s  i n  the   Counci l  

Rock area .   Three   ash- f low  cool ing   un i t s   a re   recognized ,  

of which  the  lower  and  middle  cooling  unit   are  quito  simi1a.r  . 

p e t r o l o g i c a l l y  bu$ a re   s epa ra t ed  by i n t e r v e n i n g   b a s a l t i c -  

andesite flows. The upper   cooking  uni t  i s  a simple  cool ing 

un i t  of modera t e ly   c rys t a l - r i ch   rhyo l i t e .  

I__ Lower Cooling m. The loivest  subdi.vision of the 

A-L Peak  Fornation  crops o a t  over  about  three agd one h a l f  

square nliles o f   t he   t hes i s  area.o It is exposed  semicontinously . 

a long  a .north-tre.nding  zone,  about  one mile wide, Prom 

&royo  Hontosa t o  Gal l inas  Canyon. It is, hovever,   noticeably 

absen t   i n   an   a r ea   nea r   Counc i l  Rock, Coincident  with i ts 

nor ther ly   ou tcrop   t rend  is a zone of c o n c e n t r a t e d   f z u l t i n g  

a n d  hydro the rna l   a l t e r a t ion ,  For t h i s  reason.,  the  lovrer 

A-L Pedr  crops  out as low rounded hills which  weather   readi ly  

t o  a s o i l  of reddish-brosm and vrhi te   platy fragments of small 

s i z e .  

. .. 

A second area o f  vide'   exposure  of  these  lower A-L Pea!! 

t u f f s  'is found  along an e a s k r e s t   t r e n d   i n  the northwestc  

corner  of t h e   t h e s i s   a r e a ,  A t  this l o c a l i t y ,  their  c h a r a c t e r  

is r e m a r k a b l y   s i n i l a r   t o   t h a t   d e s c r i b e d  by Brown (1972, p. 31 1 
in t h e  Bear I.Iountains. 

The lower  cooling u n i t  of t he  A-L Peak Rhyoli te  is  a 

multiple-flow compound-cool-ing u n i t  cornprised  of two 
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recognizable  members i n   t h e   s t u d y   a r e a .  The basal nenber 

c o n s i s t s  of approximately 350 f e e t  of l ight-purpl ish-gray,  

nas s ive ,   c rys t a l -poor   rhyo l i t e   (F ig -  6 )  e Its massive 

nature appears t o  be r e l a t e d   t o  a s c a r c i t y  of '  pumice and a 

moderate t o  low degree.of  welding, 

VIelded t o  t h e  lover member is the  purplish-brown 

densely  velded,  f luidal-banded,  contorted member (Brown, .. 

1972, p. 38)* Its th i ckness  is est imated a t  250 f e e t .   I n  

the  upper  t h i r d  o f  the   contor ted  member, the  compaction 

fo l i a t ion   has   been  warped t o  form f l o w f o l d s .  The flow- 

fo lds   o f ten   occur  as f la t -bot tomed  sync l ines   and   t igh t  

V-shaped a n t i c l i n e s  vrith  amplitudes o:t about two f ee t   and  

navelengths  of aSout 10 f e e t  (Figc 7)* Axial p l anes   o f   t hese  

a symmet r i c   fo lds   d ip   t o   t he   no r th   Ad   r ange   i n  str ike from 

IT 85' L'l t o  S 83' L'j (8 measurements). However, when t h e  

r e g i o n a l   d i p  is removed  by r o t a t i o n   t o   t h e   h o r i z o n t a l   t h e  

axial plzmes o f  t hese  f o l d s  a1 d i p  t o  t h e   s o u t h  a t  m g l e s  

averaging about 80 degrees.  Schmincke and Swvanson (1967, 

p. 656)  have  described similar s t ruc tu res   i n   we lded   a sh -  

f l o v   t u f f s  of  t h e  Gran Canaria  Island. They observed that 

the  nore  gent, le limb of t he  f o l d s  cons is ten t ly   d ipped  

sourcewad.  Zrovrn's d a t a .  (1 972 , p. 78) a a d   t h e   m i t e r s  

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

a re   cons is ten t   wi th   the   p roposed   source  of t h e  A-L Peak 

Formation i n   t h e  Snn  I4ateo  Hountains. The o r i e n t a t i o n   a n d  

repeated  occurrence of these   widespread   s t ruc tures   a rgues  

f o r  a pri:nary  origino  Because  the compaction f o l i a t i o n  

i t s e l f  is deformed,  development o f  t h e  f l o w  folds must 

.. . .. 



Figure 6. Outcrop o f  t h e  basal gray-massive amber  of t h e  
A-L Peak Formation  near Gallinas Ssr ings.  Columar 

a t  r i g h t  angles t o   t h e  cordpaction f o l i a t i o n .  
j o i n t i n g  is readi ly   apparent  and approxixately 
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have  occurred  af ter   the  f l o w  had' l a r g e l y  compacted and began 

t o  weld,  but mhile the   i na t e r i a l  Y ~ S  still moving i n  a lCminar . 

rianner (Loriel1  and  Chapin, 1972) 

Elongated pumice also f o r m  a p r i m a r y   l i n e a t i o n   i n   t h e  

', lover  part of   the   contor ted  member. Trends from four  outcrops 

v a r i e d  from N 8"  W t o  N 3" E, approx5mately at r i g h t  angles. . . 

t o  t h e  axial planes of nearby  flom f o l d s ,  The  pumice l i n e a t i o n  

probably  formed  by  differential  movement w i t h i n   t h e   t u f f  at 

t h e  same t ime  the flow f o l d s  forned, 

Megascopically,   colors  range from l igh t   g ray   and  

p u r p l i s h   g a y   i n   m o d e r a t e l y   v e l d e d   p o r t i o n s  of the  sequence 

t o  'dark chocolate b r o m  where densely  ~velded,.  Phenocrysts 

average about 1 .O 1:m i n   l e n g t h  and  comprise  generally less . 

than  about   f ive  percent  o f  the  rock. Thris is  notably less 

than  the  average  of  approximately 10 percent  phenocrysts . 

observed in   the  southern  Bear   Mountains  (Brown, 1972, p. 35) 

Chalky  nhi te   sanidine (005-280 I ~ Q )  i s  the  dominant  rdneral. 

phase,  followed by smoky qua r t z  (less than 1 .O mm) and t r a c e s  

of p l ag ioc la se   and   . b io t i t e ,   I n  many spec inem  subhedra l  

s an id ine   c rys t a l s   appea r  t o  have  been l e a c h e d   t o  form c e l l u l a r  

"honey-combrl l i k e   c r y s t a l s .  Pumice and l i t h i c   f r a p e n t s  are 

c h a r a c t e r i s t i c a l l y   s c a r c e  in the  gray  massioe member, However, 

t h e   c o n t o r t e d   u n i t   m y   c o n t a i n   u p  t o  i 5  percent  pumice  and 

about  3 percent   aphani t ic ,  b r o m  a n d e s i t e   l i t h i c  fragments, 

. .... 

. 
Pe t rog raph ica l ly ,   t he re  is l i t t l e   d i f f e r e n c e   i n  t!re 

mineralogy of t hese  ash f l o w .  E u t a x i t i c   s t r u c t u r e  is  

evident  from sub-para l le l   e longate  glass shards   and  f r o 2  

f l a t t e n e d  pu:nice vhic!? ,is o f t e n   d i f f e r e n t i a l l y  compacted 

~ 
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aound .   c rys t a l s  and l i t h i c  fragments.  Pumice,  near  the t o p  . 

Of t he   con to r t ed  u n i t  has  been  completely  replaced by bladed . 

c r y s t a l s  of po tash   fe ldspar  e o u n d  t h e  r i m  vri.th equigranular,  

anhedra l   quar tz  crystals (0.05 t o  0.3 nun) f i l i i n g   t h e   c e n t e r .  

The grou.ndmass o f  t h e s e '   t u f f s  is c o n s i s t e n t l y   d e v i t r i f i e d  

to   very   f ine-$ra ined   quar tz   and   a lka l i   fe ldspar  as a x i o l i t e s  

and  uxoriented  masseso Tmo to   three  percent   of   the   groundmass.  

i n   t h e   m a s s i v e  member is h a i r l i k e   h e m a t i t e   c r y s t a l s   ( l e s s  

than .0.1 mm long;). A much grea te r   concent ra t ion   of   very  

f ine  disseminated  hemati te  (15 p e r c e n t )   i n   t h e   m a t r i x  o f  t h e  ' 

contor ted  u n i t  is  apparent ly   the  major   reason f o r  its darker  

co ior .  The greater   'degree o f  welding i n   t h e   c o n t o r t e d  

member is a l s o  probably  important in this color  change. 

Sanidine is t h e  most abundant  phenocryst   throughout  the 
.. . .. 

lower   cos l ing   un i t ,  It is esthtated.  t o  be about  4 t o  5 t imes 

as abundant as quartz  and  range from 4 , t o  7 percent  by  volume, 

Nearly all sanid ine  appears t o  have been p e r t h i t i c ,   b u t  

a l t e r a t i o n  o f  t he   exso lved   po ta s s i c   phase   t o   s e r i c i t e  and 

i l l i t e  (?) masks the t rue   re la t ionship ,   Secondary   po tash  

f e l d s p a r  prod?Jced  during  devitrif ication  and f rom 'vapor 

phase  processes  has i n  some i n s t a n c e s  also b e e n   a l t e r e d   t o  

clay.  T h i s  fac t   sugges ts   tha t   hydro thermal  f l u i d s ,  o r  ground 

wa te r s ,   a r e   t he  cause of a r g i l l i z a t i o n ,  Renloval o f  t hese  

c l a y s  from t h e ' s a n i d i n e   c r y s t a l s  is the  prob2ble   or igin for 

the   l lhoney-conb' t   texture   descr ibed  ear l ier .  

Quar tz   c rys ta l s  are usual ly   anhedral   and are s l i g h t l y  

more abundant i n  the  gray  massive member t h a n   i n   t h e   c o n t o r t e d  

member. Eovrever, quar tz  novel- exceeds one percent  by volume 
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i n   e i t h e r .   P l a g i o c l a s e  was not   observed. in   any  specinens 

f rom t h e  1o;Ter coo l ing   un i t ,  

- Interbedded AndesiAeA. I n  tlost of   the.   s tudy &ea t h i n '  

f l o w s  of de&. reddish-brown  aphani t ic   basal t ic   andesi te  

separate the  lovier ad middle   cool ing   un i t s   o f   the  A-L Peak 

Formation,  Thin  beds o f  tuffaceous  sandstone  and  granulestone 

occur   l oca l ly  where these  lavas t h i n  over  a s t r u c t u r a l l y  . ' 

control led  topographic   Ugh,  The thiclrness is  h i g h l y   v a r i a b l e  

ranging from 0 t o  200 f e e t .  

Outcrops  generally  weather t o  a dark-brown clayey soil 

found  a long   gent le   s lopes  a t  the  base o f  r i d g e s  or as small 

hol?ovs betwen  outcrops  of  welded t u f f ,  The, best   exposures  

are found i n  small t r ibu ta ry   d ra inages   a long   t he   sou th   s ide  

of  Gal l lnas  Canyon (Fige 8 ) ,  The a n d e s i t e s  are gene ra l ly  

massive  although sone are -autobrecciated.   Vesicular  

horizons a r e  rarely  exposed,  but where found   t he   ves i c l e s  

a r e   n e a r l y  a l l  f i l l e d  y.6th che r ty   qua r t z  and may contain 

some bl.ue--green ce ladoni te  

. .  

.. . 

Iiand specimens are usua l ly   aphaa i t i c -po rp l ly r i t i c  

a l though,  a t  first g lance ,   the   f ine   g ra in   s ize .   (approximate ly  

0.5 rm) and  dark  color  of most phenocrysts may cause  them 

t o  be overlool;ede Flows near   the  base of t h e  ser ies  t e n d   t o  

be darker ard  more abundant i n  ferromagnesian  minerals. 

. f ine-gra lned   reddish-brown  idd ings i te   (a f te r   o l iv ine)  and 

b lack  pyroxene may comprise as much a.s 25 percent  by volume 

of these  lavas .   Phenocrysts   of   plagioclase (0.5-2.0 mn long)  

becane  .abundant  near  the to12 o f  this l a v a  f l o w  sequence. 

Determination of e x t i n c t i o n   a n g l e s '  f o r  p l ag ioc la se  
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phenocrysts and groundmass mic ro l i t e s   sugges t ed   t ha t   t hese  

lavas a r e   b a s a l t i c   a n d e s i t e s ,  A samole  taken f rom the   base  

of t h i s  uni t   conta ined  15 percent   o l iv ine  and 10 percent  

a u g i t e  <2Vx= 53" 3 4O , ZAG= 44" ?: 20) as f i n e   g r a i n e d .  

phenocrysts (0.5-1.5 mra'). *Olivine  occurs as subliedral  and 

euhedral   hexagonal   forms  r imed by reddish-brown  iddingsi te ,  

Angitor i te   sometimes  occurs   a long  f ractures .   Augi te  is 

presen t  as f r e s h , . n e u t r a l - g r a y   c r y s t a l s   ( i n   t h i n   s e c t i o n )  

that ,are   smaller   than  the  ol ivine  phenocrysts   and corhrnonly 

glomeroporphyrit ic.   Calcic l a b r a d o r i t e  m i c r o l i t e s  (An 

average o f  5 determinat ions by Rittmann  zone  method) are 

t h e  dominant phase i n   t h e  groundmass and comprise  about 40 

percent  o f  the  rocks volume. Approximately  equal  volumes  of 

augi te   and  magnet i te  form the  remaining  groundmass. 

64' 

Less mafic lavas, which form t h e  major  volurne o f  t h e  

sequence,  have  plagioclase as the  dominant  phase i n   b o t h  

phenocrysts  and matrix, P l a g i o c l a s e   c r y s t a l s  are normally 

zoned; one phenocryst  ranged  from An t o  An,+G (Fouque' 

method) .   In   general   p lagioclase  phenocrysts  are sod ic  

l a b r a d o r i t e   v h i l e  groundmass  plagioclase  microl i tes   are  

calcic  andesine.   Augite  phenocrysts a n d  t r a c e s   o f   o l i v i n e  

a re  a l s o  present  malring as much as 15 percent  o f  t he   rocks  

volume. 

.. . .. 
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Small outcrops o f  tuffaceous  sandstone  and  granulestone 

occur   ad jacent   to  a nor th- t rending   fau l t   which   t runca tes   the  

basa l t i c   andes i t e s   abou t  one-hal:f mile   south of  G a l l i n a s  

Springs.  Clasts in   the   g ranules tone   a re   p redominant ly  

der ived f rom the  gray  massive member of t he  lower c o o l i - .  ; 
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unit.  Densely  welded clasts derived f r o m  the   contor ted  

member a r e  also p r e s e n t   i n  mall  amounts ( l e s s   t h a n  3 
percent )  e Fragments are sub-angular t o  sub-rounded 'and va ry  

f rom t l p e e   t o   f i v e   m i l l i m e t e r s   i n   l e n g t h ,  Sub-rounded 

"honey-combedft s a n i d i n e   c r y s t a l s  and rn i c roc rys t a l l i ne   che r ty  

cement  conprise  the  remabder  of  the  rock, A tu f faceous  

f ine- to  medium-grained  sandstone  which  overlies  the ' . 

granulestone is  chalky-white   and  thinly  laminated;   In  

decreasing  order   of   abundance  sand-sized  tuff   c las ts , .   angular  

qu t i r tz   g ra ins   and   per th i t ic   san id ine  are cenented by c h e r t y  

qua r t z  t o  form t h i s  rock. 

' Thinning  of  the  basalt ic-andesites  accompanied by t h e  

occurrence  of   these  local ly   der ived  sediments   approaching 

the   no r th - t r end ing   f au l t   sugges t s   t he  minimum  a.ge o f   t he  faul t  

t o  be  la.te  .Oligocene  (slightly  younger  than  the lower A-L 

Peal< Formation).  This  conclusion is confirmed by t h e  

occurrence o f  a welded fau l t   contac t   be tmen  the   g ray   mass ive  

member a d  the   con to r t ed  nember about two hundred  yards 

d o n g   t h e   s t r i k e  o f   t h e   f a u l t  t o  t h e   n o r t h  of t he   t u f f aceous  

sandstone  outcrop (Figo 17, this r e p o r t )  ., The term  %eldedfl 

f a u l t  contac t  imppies t h a t   t h e   f a u l t  formed  while t h e   c o n t o r t e d  

u n i t  vas still  h o t  enough :to r ewe ld   i t s e l f   t o   t he   fov ie r  

member a f t e r   b e i n g  emplaced i n   c o n t a c t   u i t h  i t  across t h e   f a u l t ,  

. .. 

Middle Cool5.ng u, The middle   cool ing   un i t   o f   the  

A-L Peds  Formation i s  a uniform  multiple-flow  sequence  of 

c rys t a l -poor   w lded   rhyo l i t e   a sh - f low  tu f f s ,  Its es t imated  

maximun t h i c k e s s  is f ive  hundred  feet .   ,Exposures   are  

m o s t l y   r e s t r i c t e d  t o  a four-square-mile  area of r o l l i n g  . 
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hills i n  the nor';hmest quadrant of t i le  study areao The l a c k  

of d i s t i n c t   z o n e s  o f  welding  and a l o w  d ip  t o  these t u f f s  

are major c o n t r o l s  i n  its topograpllic  expression. The lower 

contact   normally  fol lows a topographic break, ivhich may be 

a t t r i b u t e d   t o  the r e l a t i v e l y  s o f t  na ture   o f   the   under ly ing  

andesites or  poss ib ly  an unwelded basal zone i n   t h e  ash-flows, 

The cha rac t e r i s t i c   occu r rence  of a .  s p h e r u l i t i c  densely melded . 

zone  within ten fee t  of the  base would n e c e s s i t a t e  a very 

t h i n  unmelded  zone, i f  p re sen te  A similar s p h e r u l i t e  zone 

has been  noted i n   t h e  Bear Mountains (Bro~m, 1972, p. 42) .  
Hand specimens  of the  Iniddle c o o l i n g   u n i t  from densely 

melded  zones are u s u a l l g  l igh t   purp l i sh-gray  on . f r e s h   s u r f a c e s  

and weather t o  a l i g h t  brovri, A few reddish-bro;:m  zones are 

a s s o c i a t e d  ~ t h  moderately  to  poor*ly welded po r t ions  o f  the 

sequence  Phenocrysts of subhcdral., cha1.l.i~ white s a n i d i n e  

(0.5-3.0 n m )  appear t o  be s l i g h t l y  more abundant than i n  the 

Lorver coo l ing   un i t .  The san id ine -qua r t z   r a t io   p rog res s ive ly  

i n c k e a s e s   u p m r d s   i n   t h e   u n i t  as a l s o .  does the t o t & '   c r y s t a l  

content ,   Est imates   of   phenocryst   content   range  f rom f i v e  

p e r c e n t   c r y s t a l s  a t  the   base  t o  about   e igh t   percent  at the 

top.  Pumice i s  most  abundant  near  'the middle of the section 

where i t  is  e s t i m a t e d   t o  bB f i v e   t o   ' t e n   p e r c e n t  by volume. 

Li thic   f ragments  2re rare and  where  found  they are c o n s i s t e n t l y  

small (less than 2.0 mm). They c o n s i s t   o f   a p h a n i t i c   a n d e s i t e  

and make up less than one percent  of  the  rock. 

.. 

I n   t h i n   s e c t i o n   t h e  groundmass  consists o f  moderately 

to   dense ly   welded  glass. shal>ds .and pumice. A l l  v i t r i c  

material has c rys t a l . l i zed  t o  f i ne   g ra ined   qua r t z  and alkali 
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f e l d s p a r  (0,1-0,5 mu) Ghosts of g l a s s   sha rds  are v i s i b l e  

under  hi&  magnificatlon  only  because of very   f ine   hemat i te  

d u s t  ( l e s s   t h a n  -005 m) which o n t l i n e s  them. D e v i t r i f i c a t i o n  

usua l ly   hasproduced  a r,andom o r i e n t a t i o n  o f  the  quartzo-  . .  

f e ldspa th i c   i n - t e rg rowth ,   a l t hough   ax io l i t e s   and   sphe ru l i t e s  

were also observed, 

F resh .  sanidine  phenocrysts  were r&ely  observed  in   t ls in  . 

sec t ion .  Hos t  are chalky  white   and  a l tered  to  a. lovr-birefringent 

c l a y  which is probably a product   o f   deuter ic   a l te ra t ion .  T h i s  

conclusion is s u b s k n t i a t o d  by the   pers i s ten t ,   widespread  

occurrence  of   the  a l terat ion,  

' Sanidine is t h e  most  abundant  phenocryst,  comprising as 

much as 5 percent  by  volume.  Neasurements o f  axial angles  

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

middle   of   the   uni ts   var ied f rom 2Vx=  26' 2" t o  30" ?: 2". 

Small   a lbi . te- twinned  plagiocl .ase   crystals   are   of ten  enveloped 

vzi thin  large  euhedral   sanidines .  The plagrioclase is anoma1ousl;r 

f r e s h  compared t o  the  saxidine,   even when present  as Lnclividual. 

c r y s t a l s ,   E x t i n c t i o n  .- angles and 2V measurements f o r  t h e  

p l ag ipc la se   i nd . i ca t e   t ha t  i t  is high   tempera ture   a lb i te  t o  

sodic  oligoclase.   Anorthite  values  for  three  measureruents 

ranged ' f r o 3  seven   t o  eleveli percent.  The 2V of one c r y s t a l  

vas measured as 2V = 48' 2" t o  e l iminate   ambigui t ies   involved 

f o r  e x t i n c t i o n   a n g l e s  ( X f A  (010)) of l ess  than 14" on the   Ri t tnann  

zone  curves, The anorthi te   content   determined by 2 V  and 

that  determined by e x t i n c t i o n   a n g l e   d i f f e r e d  b~ one percent  

anorthi te .   Plagiocl .ase  v m  p r e s e n t   i n  a l l  of seven  thin 

s e c t i o n s  f rom t h e  nlAdd.le coo l ing   un i t ;  however, e s t ima tes  d i d  

x 
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not   exceed one percent  by volume. Traces  of  reddish-brown 

b i o t i t e  were n o t e d   i n  a few sections,   Subhedral  and  angular 

broken   quar tz   c rys ta l s   compr ise  from  one ' t o  th ree   percent   o f  

rocks  from the   midd lcun i t .   Quar t z  becomes s l i g h t l y  more 

abundant   toward   the   top   o f   the   middle   cool ing   un i t ,  

. CoolTns - Unit,  The youngest  of  the A-L Peak ash- 

flow t u f f s  is a simple  cool ing  uni t   of   poorly t o  densely 

vrelded, modera t e ly   c rys t a l - r i ch   rhyo l i t e  ash-flow t u f f .  It 

is exposed a t  two small outcrops i n  the  northwest  quadrant 

of the thesis  a rea .  The larger and   be t te r   exposure   occurs  

as a narrow nor th - t r end ing   s t r ip   abou t  one mile i n   l e n g t h  

i n   , t h e   v i c i n i t y   o f   S o u t h  Welle A var iable   es t imated  thi 'ckness  

of 75 t o  1 2 5   f e e t  i s  a t t r ibu ted .   to   e ros ion   of   the   upper  

poorly  melded  zone p r io r  t o  ex t rus ion   o f   t he   ove r ly ing   l ava  

f l o w .  A t  South Well, .where a l l  bu t  bhe poorly vrelded basal 

zone is  exposed,   the   upper   tuff   crops  out  as a ser ies  o f  

rounded  bloclry ledges from which  compacted purrice easily 

w e a t h e r s   t o  form platel ike vugs. The s t r a t i g r a p h i c   p o s i t i o n  

and p e t r o l o g y   o f   t h i s   u n i t   s u g g e s t s   t h a t  i t  nay be  equivalent  

t o  the lower Potato '  Canyon Rhyoli te  (Dea.1 and Rhodes,  1974). 

Hand speci~nens of the   upper   cool ing   un i t  are l i g h t  gray 

- 

t o  l i g h t   p i n k i s h   g r a y  on a fresh surface.   Weathered  surfaces  

a r e  commonly l i g h t   t a n  o r  may be  sta.ined dark r e d d i s h   b r o w  

by i ron   ox ide   l eached  from the   over ly ing   andes i tes .  The t u f f  

c o n t a i n s 1 0   t o  20 percent   phenocrys ts   wi th   quar tz   s l igh t ly  

more abundant  than  sanidine  which is  sometimes  chatoyant. 

Li thic   f ragments  ( 0 - 3  t o  1 .O cm) of  aphanitic  reddish-brown 

andes i t e   and   l i gh t -p ink  welded t u f f   a r e  common throughout 

. .. c .  
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the   un i t   and  may comprise 3 oercent   of   the   rocks vo1u:ne. 

Pumice is most  abundant i n  the uppe r   ha l f   o f   t he   un i t  where 

i t  ranges from about 2 t o  3 cm i n   l e n g t h   a n d  makes Up 10 t o  

15 percent   o f   the   rocks  volume. 
. .  

Petrographic   analysis   of   sanidine  and  plagioclase 

u t i l i z i n g  a u n i v e r s a l  stage sugges ts  a s l i g h t l y  more mafic 

compos i t ion   fo r   t he   uppe r   coo l ing   un i t   i n   compar i son   t o   t he  . .  

middle  cool ing  unft .   Sanidine has an  average 2Vx= 36"' ( f ive  

c r y s t a l s )   a n d  ranged from 32" t o  39". The average  composition 

of p l ag ioc la se  is  Anl2 ( th ree   c rys t a l s ,   R i t tmann  zone  method). . .  

The modal  mineralogy of  a densely  welded  sample was estima,ted 

t o . b e  11 percent   quartz ,  7 percent   san id ine ,  1 percent  

p l ag ioc la se ,  a t r a c e   o f   b i o t i t e ,  3 percen t   l i t h i c   f r agmen t s  

and 10 percent  pumice i n  a f i n e l y   d e v i t r i f i e d  groundmass. 

Crp ta l s  range i n   s i z e  from 0.2 n m  fd .4.0 mm with  an  average 

of  about 1.0 mm, On the   ave rage ,   s an id ine  is o n l y   s l i g h t l y  

larger than qua r t z  but bo th  are s i g n i f i c a n t l y   l a r g e r   t h a n  

plagioclase,   which  averages 0.4 mm i n   l e n g t h .  , 

_ .  

Andzsite  of  Landavaso  Reservoir 

The youngest of the  Oligocene  volcanic  rocks  exposed i n  

t h e   s t u d y   a r e a . i s  a s e r i e s  of th in   purp l i sh-gray  t o  reddish- 

brovrn b a s a l t i c - a n d e s i t e   f l o w  (map designation: T a )  * These 

l a v a   f l o w  are equ iva len t   i n   s t r a t ig raph ic   pos i t i on   and   o f  

similar petrology  to   the  andesi te   of   Landavaso  Reservoir  

mapped by  Simon (1973) a long   the   eas t   s ide   o f   the   Mul l igan  

Gulch  graben.  Reconnissance  traverses  to  the west of   the 

t h e s i s   a r e a ,  i n  the   v i c in i ty   o f   L ion  Houn'cain, ind ica te   . tha t  
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t h e s e   b a s a l t i c   a n d e s i t e s  are over l a in  by a thick  sequence o f  

"moonstonet1 (chatoyant   sanidine)   moderately  crystal-r ich wvelded ' 

rhyol i te   ash- f low  tuf fs .  These tu:ffs are most l i k e l y   e q u i v a l e n t ,  

i n  p a t ,  t o ' t h e   P o t a t o  Canyon Formation  which  also  overlies  the 

andes i t e   o f   Ladavaso  Reservoir .at Landavaso  Reservoir. The . 

Pota to  Canyon B'nyolite  has  been  dated  by Smith and  others  (1974.) , 
u s i n g   t h e   f i s s i o n   t r a c k  method, at  30s3 2 1.6. C I ~ ; ~ ~ ~  

Exposures of , t h e   a n d e s i t e  o f  Landmaso  Reservoir   consis t  of 

platy. t o  massive  lavas  which  cover  an area of  approsimately 

one square mile i n   t h e   n o r t h w s t   q u a d r a n t  o f   t he   t hes i s  areao 

The estimated maximum t f i c l m e s s  of these  f lows  i s  400 f e e t -  

The largest  continous  exposure is centered  around a topographi.-, 

high, hill It7914" which is i n t e r p r e t e d  as the   source   vent  f o r  

these lavas .   This   vent  area is  here rimed the  Gallinas Springs 

in t rus ive   cen te r .   Nea r ly   ve r t i ca l   f l ow  fo l i a t ion   obse rved  on 

this h i l l t o p  and a concentric  arrangement  of f l o a  f o l d  axes . 

about the   h igh  are t h e  basis o $ . t h i s  i n t e r p r e t a t i o n  (fig" 9). 
Tile'basal. 1ava.s  of tks u n i t   c h a r a c t e r i s t i c a l l y   w e a t h e r  t o  

large p la t e - l i ke  fragrflents  from s i x  i n c h e s   t o  one f o o t   i n  

length  and  averaging  about   one-half   inch  in   thiclmess.  The 

p l a t y   f r a c t u r e  of these   rocks  is a t t r i b u t e d   t o   t h e   a c c u m d a t i o n  

o f  vo la . t i l es   a long   c lose ly   spaced  shear planes  d.eveloped 

during  flovage.  Lzvas become massive  with  increasing  dis tance 

from the vent  as v f e l l  as upward i n   t h e   s e c t i o n .  The upper 

h a l f   o f   t h e   a n d e s i t e  o f  Lanclavaso Rese rvo i r   t ends   t o  be 

r e d d i s h  broun i n   c o l o r  and blocky i n  outcrop   chmacter .  

. . .. 

Handspeciaens  of  the  platy lavas are  phenocryst   poor 

and  contain less than th ree   pe rcen t  o f  pinkLsh-urhite 



47 

Figure 9. Exposure of a l a rge   p lung ing   sync l ina l  flovr-fold 
i n  the basal p l a ty   basa l t i c - andes i t e  f lorrs  o f  t h e  
andes i t e  of Landavaso  Reservoir.   For  scale,   the 

abundance of l a r g e   p l a t y  f ragnents   which  are  
dog s t a n d s  about one f o o t  i n  height.  Note  the 

t y p i c a l  0 2  t h e  basal f l o m .  The outcrop is  l o c a t e d  
approxinately t;vo miles southwest of Gal l inas  
Springs.  
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p l a g i o c l a s e   l a t h s   r a n g i n g  from 2 , O  t o  11.0 ma i n   l e n g t h .  

A fern greenish-black  stubby  pyroxene  phenocrysts  (average 

length  approximately 1,O mm) may also b e . p r e s e n t  i n  specimens 

of t h e   p l a t y  flows. In  comparlson,  the 51.Qcky flows are 

d i s t j n c t l y   p o r p h y r i t i c   a n d  may conta in  f rom 10 t o  20 pe rcen t  ' 

p l a g i o c l a s e   l a t h s  ( as much as 7.0 mm long)   and  a few 

percent  of  pyroxene.  Drusy  quartz  and  blue-green  celadonite . 

may occur as a c a v i t y   f i l l i n g   i n   v e s i c u l a r   z o n e s .  

-Pe t rog raph ic   ana lys i s  o f  t h e   p l a t y   l a v a s  showed' them 

t o  be   basa l t i c   andes i t e s .  The la rger   phenocrys ts  of p l ag ioc la se  

a r e  'commonly zoned i n  a normal  and o s c i l l a t i o r y  manner. The 

composition of one s t rong ly  zoned  phenocryst  -ranged from 

An70 i n   t h e   c o r e  t o  An i n  its' narrow,   sharply  def ined rim. 

M i c r o l i t e s  o f  p l a g i o c l a s e   i n   t h e  same' rock   va r i ed - in   compos i t ion  

from An t o  An,, and averaged An ( f ive '   de t e rmina t ions  

by Rittmann Zone method). The groundmass  of this smple 

f rom t h e   p l a t y  f lows  c o n s i s t s  o f  approximately 70 percent  

t r achy t i c   p l a$ ioc la se ,  15 percen t   i n t e r se r t a l   magne t i t e   cubes  

and 1.5 percent  stubby  neutral-brown  clinopyroxene.  This sane 

clinopyroxene a l so  occurs as glomeroporphyrit ic  phenocrysts 

and was determined t o  be d i o p s i d i c   a u g i t e  ( 2 V  = 55' 2 2', 

46 

45 >+ 51 

Z 

znc= 39- ) "  

Siztilax ana lyses  o f  t h e   b l o c k y   l a v a s   i n d i c a t e d   t h a t   t h e y  

axe predominan t ly   andes i t e s .   Eve   p l ag ioc la se   phenoc rys t s   i n  

a sample of the  blocky l avas  ranged from An t o  Anb8 and 

averaged An (Rittmann zone nethod). A zoned  plagioclase 

in t h i s  sane s m p l e  vas determined t o  have a core of An 

and a rim of An, (Fouque' method).  ClinopJroxene  phenocrysts 

42 
45 
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i n   t h e   b l o c k y  Plows were determined t o  be aug;ite (2V,= 49 - 2 " ,  

ZAC= 43" ) . These r e l a t i o n s h i p s   s u g g e s t ,   t h a t   t h e   b l o c k y  

a n d e s i t e s   a r e   d i f f e r e n t i a t e s  of t he   basa l t i p -andes i t e  magma. 

The groundmass of' the   b locky   andes i tes  varies ,from dark-brovm 

g la s s   t o   sub t r achy t i c   and   f e l ty   p l ag ioc la se   mic ro l i t e s   v r i t h  

minor  nasneti te  and  clinopyroxene. 

a t .  

- T e r m  I n t r u s i v e  m ! ~  
Mafic  Dikes 

Two d is t inc t   g roups   o f   maf ic   d ikes   a re   recognized  i n   t h e  

s t u d y   a r e a  on t h e  basis o f  petrology  and  re la t ive  age,   Dikes  

of ' s imi la r   occur rence   and   pe t ro logy ' in   the  Bear Nountains   are  

descr ibed by Brown (1972, p. 55) and  Loughlin  and Koscfmann 

(1942, p. 43 )*   Basa l t i c   andes i t e  ( o r  a n d e s i t e )  and lmprophyre  

d ikes   compr i se   t he   o lde r   g roup   des iha t ed  on the   geo log ic  map 

as Tmd. The younger  group  consists of o l i v i n e  basalt dikes 

which cut  pediment  gravels  and  are  the  source  of f lows capping 

these   g rave l s ,  T h i s  group *vi11 be  discussed i n  a l a t e r  

sect ion  under   the  heading,  basalt of  Council l?oclr, 

Five  individual   mafic   dikes   belonging  to   the  older   'group 

were mapped. Three o f  t h e s e   a r e   a n d e s i t e s  o r  b a s a l t i c   a n d e s i t e s  

of q u i t e  similar composition  and.  tex-tures t o   l a v a  f l o w s  

in te rbedded   wi th in   the  A-L Peak Formation  and t o  the andes i t e  

of Landavaso  Reservoir,  There i s  compell ing  evidence  for  a 

. l a te   Ol igocene   age   for   the   longes t  of t hese   d ikes ,   Th i s   d ike , .  

cropping  out  about 13 miles  southwest o f  Gallinas Springs,  

i s  remarkably similar i n   t e x t u r e  and  composition t o  blocky 

a n d e s i t e s  from t h e   a n d e s i t e  o f  Landavaso  Reservoir. It i s  

. 
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less than  one-half nile from the  proposed  volcanic   vent ,  

Horeover it is s i g n i f i c a n t l y   v e s i c u l a r   ( a b o u t  5 percent )  '. 

sugges t ing   t ha t   t he   p re sen t  level of e ros ion  is very   near  

t o   t h a t  o f  the  ground  surface when the   d ike  was emplacedi 

The two o ther   maf ic   d ikes   observed   in   the  area a r e   b e s t  

descr ibed as l m p r o p h y r e s   i n   t h a t   t h e y   a r e  dark a p h a n i t i c  

rocks  containing  sparse   phenocrysts  o f  a ferromagnesian 

mineral  (Figo 5, p. 22 of t h i s   r e p o r t ) .  The outcrops of  

both  lamprophyres are about  two-thirds o f  a m i l e   e a s t '  of 

Gal l inas   Spr ings  on t h e   n o r t h   s i d e  o f  the   a r royo ,   Recurr ing  

movement a long   the  f a u l t  zone i n t o  which  they  were  injected 

has in t ense ly   f r ac tu red   t he   d ikes   and   pe rmi t t ed   s t rong  

p r o p y l i t i c   a l t e r a t i o n  by hydro thermal   so lu t ions ,  

, 

The larqrophyres   are   grouped  vr i th   the  andesi te   dikes  

on t h e  basis of similar composition. 'The groundmass of t h e  

lamprophyres  consists  of 70 percent   sub- t rachyt ic   p lag ioc lase ,  

p a r t i a l l y   r e p l a c e d  by c a l c i t e  a1d quartz.  The  remainder is 

comprised o f  an   i n t e r s t i t i a l   g ranu la r   f e r roma ,gas i an   mine ra l ,  

probably  pyroxene, which is  completely  replaced by c h l o r i t e ,  

A semi- f resh   p lag ioc lase   micro l i te  of  the  lamprophyres was 

determined t o  have a composition o f  An (Bittmmn  zone  method). 

In   the   andes i tes ,   p lag ioc lase   phenocrys ts  are s o d i c   l a b r a d o r i t e  

and groundmass m i c r o l i t e s  are ca lc ic   andes ine .  Hence the 

a n d e s i t e s  and lamprophyres  appear t o  have similar compositions, 

42 

The a n d e s i t e s  and b a s a l t i c   a n d e s i t e s  are d i s t i n c t l y  

p o r p h y r i t i c  and d iS fe r  from the  lamprophyres   mainly  in   texture .  

The modal mineralogy of a t y p i c a l   a n d e s i t e  is: 24 percent  

p l ag ioc la se  (An5,-59), 3 p e r c e n t   i d d i n g s i t e   a f t e r   o l i v i n e ,  
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and 3 percent   augi te  (2V,= 5.3 -, 0 - + 2 ' ,  ZAG = Ll.1" 1. (all as 

phenocrys t s )   i n   an   i n t e rg ranu la r  groumdmass of  p l ag ioc la se  

(-hLk6), clinopyroxene  and  minor  olivine. 

L a t i t e   l n t r u s i v e s  

The major concent ra t ion  of l a t i t e   i n t r u s i v e s   i n .   t h e  1 

s tudy   a rea   occurs   wi th in  one mile .of the   per imeter   o f   the  

Tres  Montosas  stock. Brovnl (1972, p. 64) 'has   found a similar 

r e l a t i o n s h i p   o f   l a t i t e  dikes a s soc ia t ed   w i th   t he  L a  J e n c i a  

(monzonite)  stock  in  the  Bear  Xountains.  The d i s t r i b u t i o n  

of l a t i t e   d i k e s   i n  radial  and   concen t r i c   f au l t s   abou t   t he  

Tres   Montosas   s tock   a long   wi th   subt le   s imi la r i t i es  i n  

pe t ro logic   charac te r   to   the   monzoni te   fac ies   o f   the   s tock  

suggest  a g e n e t i c   t i e .  The d ikes  range from 1 f o o t  t o  20 f e e t  

i n   t h i c k n e s s  .and 50 t o  15.00 f e e t   i n   i e n g t h  o f  outcrop. 

An oval-shaped  plug o f  l a t i t e  porphyry 1200 by 1400 

.feet  forms a topographic  high 3/11 of a mile east o f  Pine 

Ilrel.lL. The outcrop is' bloclry  ,and  massive i n  appearance. 

Talus derived from tkis r .es i s tau t   rock   un i t   sur rounds  rauch 

of  the  outcrop  and  obscures most o f  t h e   i n t r u s i v e   c o n t a c t .  

Fresh  hand  specimens o f  l a t i t e  are g e n e r a l l y   l i g h t  

brol*mish-gray t o   l i g h t - b u f f   i n   c o l o r .   G r e e n i s h - g r a y   v a r i e t i e s  

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

The l a t i t e   d ikes   a round   t he   T res  Montosas s t o c k  are q u i t e  

similar i n   t e x t u r e  and  composition t o  a sample from the  plug. 

Phenocrysts  af  normally  zoned  plagioclase  form  about 25 

percent  o f  t h e   l a t i t e s  and  occur as s m a l l  l a t h s  and l a r g e r  

equant   c rys ta l s  from 1.0 t o  7.0 mm i n   l e n g t h .  The most  

- 
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s t r o n g l y  zoned  phenocryst  observed  had a core  of An and 

rim mater ia l   o f  An,7 (Fouque' method). I?any of   the 

p l a g i o c h s e   c r y s - t a l s  are mantled by  narrow rims of  untvdnned 

cloudy alkali f e ldspa r .   Th i s   f ea tu re  is a l s o   q u i t e   c o m o n  

33 
t 

., i n  samples from the  monzoni te   porphyry  facies   of   the  Tres 

Montosas  stock.  Brovn to   dark-reddish-brom  pleochroic  

b i o t i t e  is  the only  other  cornrnon phenocryst  and may comprise 

about 3 t o  7 percent  by volume of  the l a t i t i c   r o c k s .  The 

. . groundmass  fe ldspars   of   these l a t i t e  dikes  are'connfionly 

' a l t e r ed   t o   l ow-b i r e f r ingen t   c l ay   mine ra l s ,  The repea ted  

occurrence  of t h i s  feature i n  what appear t o  be una l t e red  

l a t i t e s  sugges ts  some type  of a s e l e c t i v e   r e a c t i o n   ( a i t e r a t i o n ? )  

process.  I n  the  sample from t h e  l a t i t e  plug,  about 95 pe rcen t  

of t h e  groundmass is stubby carlsbad tsrins o f  alkali fe ldspar ,  

probably  or thoclase,  (0-02 t o  0.3 m i i o n g )   w i t h  the remainder 

cons is t ing   o f   magnet i te ,   Traces   o f  apati te were  .observed  in.  

. s e v e r a l   l a t i t e  samples, 

. Other l a t i t e   d i k e s   i n   t h e   , n o r t h v e s . t  past of t h e  ma-p 

a*-ea crop  out   within I +  mile o f   t he   Ga l l inas   Sp r ings   i n t rus ive  

c e n t e r .   I n  hand  specimen,  they  appear  quite similar t o  

l a t i t e   d i k e s   n e a r  the Tres Montosas  stock except t h a t  some 

have a pinkish  groundmass,, I n  t h i n   s e c t i o n  homever, i t  is 

. appa ren t   t ha t   t he i r   compos i t ion  is  markedly d i f f e r e n t .  Very- 

fine-grained (0,05 t o  0,2 mm) quartz   anhedra i n   t h e  groundmass . 

make up  about  10 percent   o f   the   rock .   P lag ioc lase   micro l i tes  

a r e  also p r e s e n t -   i n   t h e  groundmass (-15 percent),   These 

samples are more co r rec t ly   desc r ibed  as q u a r t z   l a t i t e s .  . T h i s  

composi t ional   di f ference,   a long  with t h e .  geographic   loca t ion  
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of   these  dikes ,   suggests  that they are related. t o  t h e  

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

Nontosas  stock. 

Phenocrys ts   o f   ca lc ic   to   sodic   o l igoc lase  and b i o t i t e  

a re  coimon t o   t h e   q u a r t z   L a t i t e s  and i n  approxina te ly   the  

same propor t ions  as i n   t h e   l a t i t e s ,  Because of the ,   very  

small  s ize  o f   t he   qua r t z   c rys t a l s ,   t h i s   impor t an t   d i f f e rence  

i n  composition was not reco,%ized i n   t h e   f i e l d .   T h e r e f o r e  

t h e  la t i tes  a n d   q u a r t z   l a t i t e s  are n o t   d i f f e r e n t i a t e d  on 

the  geologic  map. 

Rhyo l i t e   In t rus ives  

Fels ic   quartz-porphyry  dikes  o f  q u a r t z   l a t i t e   t o  

rhyol i te   composi t ion are proba.bly the  youngest  of  the  Oligocene 

i n t r u s i v e  rocks, These s i l i c i c   i n t r u s i v e s  are anomalous i n  

t ha t  t h e i r  two major outcro,   trends,  N 80" W and N 70" E, 

are c l e a r l y  di.scorda.nt  with  the major s t r u c t u r a l   f a b r i c  i n  

the s tudy  area. Outcrops  range i n  width from 30 t o  200 f e e t  

a n d  i n   l e n g t h  from 400 t o  lf.000 fee t ,   Hos t   a re   sen icont inous  

and  lilzear i n   n a t u r e ,   h o w v e r ,   s o u t h w s t  of Ga l l inas   Sp r ings  

a change t o  an en echelon  pattern  occurs.  

.. _.. 

The r e l a t i v e   a g e  o f  these f e l s i c   d i k e s  is f a i r l y  well  

bracketed. They c u t   t h e   a n d e s i t e  of Landavaso  Reservoir 

southwest o f  Gal l inas   Springs  and are cu t   and   a l t e r ed  by 

.quartz   veins   near   Counci l  Rock. They a r e   a l s o   a p p a r e n t l y  

t runca ted  by major basin and range f a u l t s  at Council Rock. 

A s  s t a t e d  above the  composi t ion  of   these  dikes   var ies  

from q u a r t z   l a t i t e  t o  r h y o l i t e .  The longes t   sub- l inear  

t r e n d  (11 80" Y!) extends about 3 miles  from t h e   n o r t h v e s t  
\ 
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f o r k  o f  Council  Rock Arroyo  almost t o   t h e  v;est edge o f  t h e .  

map a rea .  Field. observations  and  petrographic  examination 

sugges t s  a progressive  compositional  change from q u g r t z   l a t i t e  

t o   r h y o l i t e  moving  from e a s t   t o   w e s t   a l o n g  this trend. 

From east t o  west  the  fol.losnng  changes are noted: 

quar tz   phenocrys ts   p rogress ive ly   increase   in  a.bundance from 

6 p e r c e n t   t o  I 3  percent ;   the  matrix changes, from white t o  

glassy black; the p l a g i o c l a s e / a l k a l i   f e l d s p a r   r a t i o   d e c r e a s e s  

from s l i g h t l y   g r e a t e r   t h a n  1,O t o  abaut  0.25; p lag ioc lase  

composi t ion   var ies  from An at  t h e   e a s t   e n d ,   t o  Anz7 near  37 
t h e  m-iddle t o  Anl3 a t  the  west  end;  and a decrease i n  

sal i idine 2vx- 42" t o  30" sugges ts   an   increase   in   po tass ium 

content   toward  the mest. S i n c e   t h e   f e l s i c  dikes cu t  

p rogres s ive ly   h ighe r   s t r a t ig raph ic   un i t s   t oward   t he   wes t  i t  

is d i f f i c u l t   t o   d e t e r m i n e  i f  these  changes  represent  lateral  

c o m p o s i t i o n a l   v a r i a t i o n s   i n  a magma chamber at depth o r  

v e r t i c a l   v a r i a t i o n s   i n  a l a t e r a l l y   u n i f o r m  dike. Addit ional  

ev idence   favors   the  l a t te r  s i t u a t i o n ,  The o p t i c a l   p r o p e r t i e s  

o f   p l ag ioc la se   i n   s ample  1-64 from t h e  east end   i nd ica t e  a 

low-temperature,  plutonic I s t r u c t u r a l  .state (zv,= 90' 2 z0 , 
X'A010= 20.5') This  is an   en igmat i c   s i t ua t ion   s ince  the 

same specimen a l s o  contains   sanidine  phenocrysts  as opposed 

t o   o r t h o c l a s e .  T h i s  da t a   sugges t s  a c o o l i n g   r a t e   i n t e r m e d i a t e  

t o   t h a t  of the  plutonic   and  volcanic   environments .  Sample 

1-67 from the   west   end  of   the  dike  t rend is a b l a c k   r h y o l i t i c  

vitrophyre.   This  sample  contains  high-t .ernperature  sodic 

o l i g o c l a s e  (2Vx= 52- 2 2' , X r A O 1 O =  8" ). The h igh ly   a lka l ine  

cha rac t e r   o f   t h i s   v i t rophyre  i s  revealed  by a t r a c e  of 

- 

II  
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spodumene phenocrysts (2Vz=  511 - 3' , ZAC= 27" 1. Thus  the 

changes i n  composition  described  above  are  probably related 

t o   v e r t i c a l   v a r i a t i o n s   i n   t h e   t r a n s i t i o n  from the  hypabyssal  

t o  the volcanic  environment. 

0 . 4  

A small t r i a n g u l a r   f e l s i c   p l u g ,   a b o u t  300 f e e t  , o n  a 

side,  which  crops  out 1% miles southj,iest of Gallinas Springs, 

c o n s i s t s   o f   m u l t i p l e   i n t r u s i o n   o f  a coa r se ly   po rphyr i t i c ,  

medium-gray d a c i t e ,  o r  qua r t z  l a t i t e ,  and a l igh t -g ray  

r h y o l i t e .  An e x t e n s i o n   o f   t h i s   i n t r u s i v e   t o   t h e   s o u t h  is 

the   on ly   rhyo l i t e  dike i n   t h e  area wi th  a nor the r ly   t r end .  

Loughlin  and ICoschmann (194.2, p. 43) and Brovm (1972, 

p.' 65)  d e s c r i b e   f e l s i c   d i k e s   o f  similar composition  and age 

r e l a t i o n s h i p s .  The geologic map o f  Loughliu  and  Kosckqann 

(1942, P1, 2 )   i n d i c a t e s   t h a t   w h i t e   r h y o l i t e   d i k e s  cut t h e  

granite and monzonite  of the Anchor Canyon and N i t t  s t ocks ,  

respect ively,   Chapin and o the r s   ( i n   p repa ra t ion )   have  

recognized   tha t  t he  e x t e n t  of  t hese   wh i t e   rhyo l i t e  dikes 

c o r r e l a t e s   v e r y  me11 w2th t h e   l a t e r a l   e x t e n t  of  the  ?4asdalena 

composite  pluton, A similar c o r r e l a t i o n   o f   f e l s i c   d i k e s  

wi th  a g rav i ty -de l inea ted   g ran i t i c   p lu ton   has  been observed 

i n   t h e   L i t t l e  B e l t  Mountains  of  Nontana (Vi.tk;ind and o t h e r s ,  

7970, p. B&). Thus i t  seem v a l i d   t o   u s e   t h e   p r e s e n c e   o f  

f e l s i c   d i k e  sxarms t o   d e l i n e a t e  unexposed  plutons.. The 

geologic  map (Pl. 1 ,  t h i s   r e p o r t )   s h o w   t h e   d i s t r i b u t i o n  

o f   t he   rhyo l i t e   d ikes .   The i r   c lo se   a s soc ia t ion  with 

hydro the rma l   a l t e r a t ion ,   qua r t z   ve ins ,   o the r   i n t rus ives  

and a volcanic   vent  a l l  support  .the  presence  of  unexposed 

s tocks  below  the  Counci l  Roc!: area and  below  the  intrusive 

. .  
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center   about  one mile  soathvfest  of  Gal l inas   Springs.  

Tres  Montosas  Stock 

In   the   south i r les t   corner  of t h e   s t u d y  'area a roughly 

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

c rops  out discontinously  from  under  pediment gravel and 

blow sand, Approximately 90 percent  of  t h e   s t o c k  is veneere 

by s u r f i c i a l   d e p o s i t s ;  however, t h e   d i s t r i b u t i o n   o f   o u t c r o p s  

along  with  topographic and s t r u c t u r a l   e x p r e s s i o n  of t h e  

d 

s toc l i   sugges t   t ha t  i t  i s  a continuous  cupola-like  body  beneath 

the  surface,   Because o f  t h e   i n t r u s i v e ' s   p r o x i m i t y  t o  the 

peaks of Tres Xontosas, one mile t o   t h e  southvmst, i t  is  

h e r e   r e f e r r e d   t o  as t h e  Tres Montosas  stock.  The Tres 

Montosas  stock i s  the  only  exposed  pluton knovrn i n  t h e  

Gallinas  Mountains.  .. , . 

The Tres Montosas  stock is q u i t e  similar i n  composition, 

l e v e l  of  emplacenent and c ros s -cu t t i ng ,   r e l a t ionsh ips  with 

count ry  roc!rs t o   s t o c k s   d e s c r i b e d   i n   t h e   v i c i n i t y  o f  Nagdalena. 

Best '   Imom of t hese  are the  monzonitic t o  g r a n i t i c   s t o c k s  . 

of  t h e  Kelly d i s t r i c t   d e s c r i b e d  by  Loughlin  and Ifoschmann 

(1942, p. 36-l@j. The Nitt and  Anchor Canyon s t o c k s  of t h e  

Kel ly  d i s t r i c t  have  been  dated by IC-Ar methods at 28.0 2 1.4 

m.y. and 28-3 - 1 . i t  m.y., r e s p e c t i v e l y  (Weber and Eassett, 

1953, p. 220) .  These ages are i n  good.agreement with t h o s e  

of  t h e  A-L Pede Rhyoli te  (31.8 m.y., Smith and others,   1974) 

which i s  the  youngest   rock  uni t  Imosm t o  be cut by   t he  

NagdalGna pluton,   and  the .La Jara Peak Andesite (23.8 m.y., 

Chapin, 1971-a) vhich is younger  than  the  pluton. By 

a s s o c i a t i o n ,  a l a t e  OlLgocene a.ge V I ~ S  o r i g i n a l l y   i n f e r r e d  

+ 
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by t h e  writer f o r   t h e  Tres Hontosas  stock. 

A sample of metasomatic  hedenbergite  syenite was 

c o l l e c t e d  by t h e  m i t e r  from the  margin  of  the Tres .I.Iontosas 

s t o c k  a t  t h e  Big Jolm  mine f o r  K-Ar dat ing.  The sample ' 

was s e l e c t e d  on the basis of i t ' s  fresh  appearance  ( though 

closely  .associated  with  apparent  hydrothermal  magnetite- 

ve in   mine ra l i za t ion  a t  the  mine).  A whole rock IC-Ar a n a l y s i s ,  

by Geochron Labora tor ies ,   Inc .   y ie lded  a date o f  33.9 n.y. 

which is  o lde r  t han   t he  A-L Peak Formation  which  the  stock 

in t rudes .  T h i s  apparent ly   h igh  age may be explained by t h e  

following  observation,  Petrographic  examination  of  the 

dated  sample  reveals  as much as 10 percent  pyroxene by v o l m e .  

According t o  Damon (1968, p. 1Lt)  pyroxenes  from i n t r u s i v e  

environments commonly y i e ld   h igh   ages  due to   excess   a rgon .  

- 

A pos i t ive   conclus ion  tha t  may be dram from t h e  date is 

t h a t   t h e   s t o c k  is de f in i t e ly   O l igocene   i n   age .  

Most, outcrops o f  ths  Tres  Montosas  stock are comprised 

by i ts  mafic   border   facies   which  discont inuously  out l ines   the 

s t o c k  by a s e r i e s   o f  low arcuate  r idges.   Border  exposures 

range f rom mass-ive,  bloclry c l i f f s   t o  lovi h i l l s  mantled by 

dark bro;.rn s o i l  wi th   abundant   mafic ,   aphani t ic   f loat .  The 

c e n t r a l   c o r e   r o c k s   c r o p  o u t  as small ledges project ing  f rom 

beneath  pediuent   gravels  and as very low flat lrills do t t ed  

with a few rounded  boulders. 

Most o f   t h e   c o n t x t   b e t w e e n   t h e   s t o c k  snd country  rock 

is approximately  locatbd  because o f  colluvium  and soil covert'. 

An except ion  is found  along  the  mest  margin vhere qua r t z  

monzonite  porphyry is c l e a r l y   v i s i b l e   i n   c o n t a c t  with 



58 
. .  

crys ta l - r ich   EIe l l s  Nesa t u f f s .  B1thouC;’n t h e  contac t  is an 

i r r e g u l a r   s u r f a c e ,  i t  is e s t i n a t e d  t o  d i p  a t  about 30 degrees 

t o   t h e   v e s t  at t h i s   l o c a t i o n .   T h i s   s u g g e s t s   t h a t   t h e   a p e x  .. 

o f  t h e  r o o f  of t h e  s tock  w.s approximately 1500 f e e t  above 

the   p re sen t   e ros ion   l eve l .  However, t h e  d i p  of   the  contact  

has  not  been  observed  elsewhere  making this conclusion 

t e n a t i v e .  Marked doming and  fau-lting  of vall rocks  around 

the   per iphery  o f  the   s tock ,   a long   wi th   the  vr?despread d i s t r i b u t i o n -  

o f   l a t i t e   d i k e s ,  suggest tha t   the   Tres   Montosas   s tock  Vras 

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

Probably less than 2000 f e e t  of Oligocene  volcanic strata 

separated  the  present   level   of   erosion  and  the  ground  surface 

a t  the  time  of  emplacement.  Therefore, i t  seem  r easonab le  

t o  assume  tha.t some type of vo lcanic   e rupt ion   occur red   in  

associat ion  with  intruis ion  of   the stock, 

Fac ie s .   Three   p r inc ipa l   f ac i e s   a r e   p re sen t   i n   t he  Tres 

Montosas  stoc!~:  andesite t o  g ranodior i te ,   pyroxene   la t i t e   and  

monzonite to   quartz   monzoni te , ,   and  grani te .   Grani te   occurs  

i n  the   core   o f   the   p lu ton  wi th  intermediate  composition  rocks 

occurr ing  a t  t h e  border .   Ferro-pyroxene  syeni tes   a lso  occur  

l o c a l l y  i n  bo rde r   f ac i e s   rocks  as a product o f  contac t  

metasomat i sm,   Spa t id .   re la t ionships  o f  outcrops  suggest 

t ha t  most o f  the   syeni tes   vere   o r ig ina l . ly   g ranodior i tes .  

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

and  sample  locat ions  discussed later i n   t h e  t e x t  are s h o m  

by Figure 10. The sin!ple r e l a t i o n s h i p s  betTween f a c i e s  as 

portrayed on t h i s  !nap are   highly  s implif ied  because  of  

poor  exposures. 

\ 
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Andes i te   and   granodior i te   a re  the o l d e s t   i n   t h e  

in t rus ive   sequence .  Andesites form a c h i l l e d   s h e a t h   a b o u t  

t h e   o u t e r   s u r f a c e  of the s t o c k  a t  the northwest,  southvrest 

and  south  margins.  Xear t h e  Big John  mine,   andesite  porphyry 

is a p p a r e n t l y   g r a d a t i o n a l   i n t o   f i n e -  t o  mediurn-grained 

granodiorite.  Andesite  hand  specimens are b l a c k   t o  dark- 

gray   dense   porphyr i t ic   rocks   wi th   smal l 'phenocrys ts   o f   c lear  . 

plagioclase  and  greenish-black  pyroxene. 

Under the  microscope  the  andesi te   porphyry is s e e n   t o  

cons i s t   o f   phenoc rys t s   o f   sod ic   l ab rador i t e   t o   ca l c i c   andes ine ,  

endiopside (Fig. 3 appendix),  and s p a r s e   m a g n e t i t e ,   i n  a 

t r i x h y t i c   t o   f e l t y  groundmass  of ca lc ic   andes ine   wi th   minor  

amounts  of  ma.gnetite  and  pyroxene.  Plagioclase  phenocrysts 

a r e   euhedra l ,  e x h i b i t  osci l la tory  and  normal   zoning  and,  i n  

one case,   possess  a narrow  reverse-zoned rim. .The average 

composition  of I 3  plagioclase  phenocrysts  i n  sample TX-12 is  

An43 - 8 
samples   for   the  Tres Montosas  stock are l i s t e d  i n  Table 1 .  

. .. 

. Modal ana lyses   o f  T?.1-12 and   o the r   r ep resen ta t ive  

Porphyr i t i c   g ranod io r i t e  hand  specimens  range  from 

black  t o  gray-brwm  with  Fhenocrysts  of  lath-shaped plagioclase, 

2.0 m t o  1 .O cm i n   l e n g t h  and medium grained  pyroxene. ;A 

fine-grained  groundaass o f  alkali feldspar   and  quartz ,  

conprises   about  20 t o  30 percent   of   the   rock.   Thin  sect ion 

examination of sample  number 1-88 s h o w  i t  t o  c o n s i s t  o f  65 

percent   calcic   andesine  (high-temperature)   and 15 percen t  

d iops id i c   aug i t e  BE phenocrysts,  Groundmass m i n e r a l s   c o n s i s t  

o f  a granophyric   intergrovth o f  alkali  fe ldspar   and   quar tz  

i n  a r a t i o  of about 4 t o  1. 
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Granophyric  groundmass i s  a f e a t u r e  c,ommon-to all. 

t h e   p r i n c i p a l   f a c i e s   i n  the stock. Barker (1970, p. 3342) 

ind-icates  granophyres  only  occur i n   e p i z o n a l   i n t r u s i o n s  and 

ext rus ive   igneous   rocks   and   sugges ts   tha t  rapid c r y s t a l l i z a t i o n  

is a c r i t i c a l   f a c t o r   i n   t h e i r   f o r m a t i o n ,   ' A n o t h e r  feature 

common t o  rocks   o f   the   border   fac ies  i s  t h e   m a n t l i n g   o f '  

h igh-temperature   (volcanic)   plagioclase ' by rims of  alkali  

f e ldspa r .  Alkal i  f e ldspa r  rims occurr ing i n  sample number 

1-13 have a 2Vf=47" and groundmass  fe ldspar   has  a 2VX=53O. 

The same t h i n   s e c t i o n  vas s t a ined   fo r   po ta s s ium  f e ldspa r  . . 

(Chayes,  1952). T h i s  e l i m i n a t e d   t h e   p o s s i b i l i t y  'that t h e  r Z m s  

could be untxinned  high  oligoclase,  !Che measured 2 V ' s  are 

compatible with anorthoclase  and  or thoclase.  The white 

clouded  appearance  of  the . r i m  material f a v o r s   t h e   l a t t e r  but 

t h i s  i s  not   d iagnos t ic .   Photomicrographs   o f   th in   sec t ions  

1-88 and 1-13 which i l l u s t r a t e   t e x t u r e s   a n d .   o t h e r   f e a t u r e s  

descr ibed  above  are  shown i n  Figure 1 1  

. ,,. 

Lati tes   and  monzoni tes   with a wide v a r i a t i o n  i n  composition 

and t e x t u r e s  are i n t i m a t e l y   a s s o c i a t s d   w i t h  the andesites and 

g ranod io r i t e s   o f   t he  border f a c i e s .  Even though l a t i t e  

i n t r u d e s   g r a n o d i o r i t e   n e a r   t h e  B i g  John mine, c o n t a c t s  

between  a.ndesite  and  pyroxene  monzonite are probably  mostly 

grada t iona l .  A notable   except ion  occurs   a long the west 
. .  - 

margin of t h e   s t o c k  where quartz  monzonite i s  i n   s h a r p   c o n t a c t  

with  pyroxene  syenite  suggesting the quartz  monzonite is 

r e l a t e d   t o  2 l a te r  i n t r w i v e   e v e n t .  

Viewed i n   t h i n   s e c t i o n ,   t h e  gro,undmass t e x t u r e s  of 

l a t i t e s  vary froln s e r i a - t e ,   a l l o t r iomorph ic   g ranu la r   i n  
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Figure 1 1 .  A. Granodiorite porphyry ( 1  -88) w i t h  high- 
tenperature p l a s i o c l a s e  p h e n o c r y s t s .  Hote 
t h e  g ranophyr i c   qua r t z   and  z lkal i  feldspar 
i n  t he  groundmass; Crossed nicols, 

B. G r a n o d i o r i t e  porphyry  (1-13) w i t h  rim o f  a lkal i  
f e l d s p a r  mantling a high-andesine phenoc rys t .  
S e c t i o n   s t a i n e d  for K-feldsgar .  X i n e r a l  phases:  
A, a n d e s i n e ;  P ,  pyroxene; E ,  hornblende; Q, 
quartz;  Or, alkali f e ldspa r .   Crossed  n i c o l a .  



specimens  taken  near   the  outer   contact   to   hgpidiomorphic  

g r a n u l a r   i n  roc l - s   c loser   to   the   core   o f   the   p lu ton .  The 

allotriom_op!iic  granular  textures may b e   r e l a t e d   t o   p r o t o c l a s i s ,  

o r  contzmination of t h e  melt by wall roclrs.  Although  no 

x e n o l i t h s  of  vall rock  were  observed  there  seems t o  be a 

c'orrelation  of  poorly  welded l a t i t e  ash-flom t u f f s  or" 

t h e  Spears Formation as wall rocks and. the  microgranular  

t ex tu res .  Some phenocrysts (?)  of  oligoclase  have  sharp 

narrow rims of  lzornally  zoned  andesine  to  oligoclase  suggesting 

t h e   c o r e s  a.re ac tua l ly   xenoc rys t s ,  

Two d i s t i n c t   t y p e s  of monzonites are recognized:  a.ugite 

monzonites  and  quartz  monzonites, X t  could. n o t  be d e f i n i t e l y  

es tabl ished  whether   the  quartz   monzoni tes   represent  a normal 

different ia t ion  product   of   the   pyroxene  monzoni tes  o r  

whe the r   t hey   r ep resen t   s epa ra t e   i n t rus ions  from a d i f f e r e n t i a t i n g  

magma body at depth. A s  ind ica ted   ear l ie r ,   quar tz   monzoni te .  

. does have a sharp   contac t  with pyroxene   syen i t e ,   bu t   t h i s  is' 

n o t   s u f f i c i e n t l y   d e f i n i t i v e  t o  resolve  the  above  quest ion.  . 

It i n  clear f ron  s e v e r a l  modal a n a l y s e s   t h a t   a n   z n t i p a t h e t i c  

r e l a t i o n s h i p   e x i s t s  be'cveen  pyroxene  and  quartz,  thus  suggesting 

a co.mon parent .  

Hodes  of  three  pyroxene  monzonites from t h e   s o u t h  an.d 

. east border   facies   range  between  the following limits: 

p lag ioc la se ,  20-29 percent ;   a lka l i - fe ldspar ,  42-45 percent ;  

pyroxene, 22-31 percent ;   quar tz  0.5-5 percent;  opaque6 

(mostly  magnetite) 1-G percen t ;   and   b io t i t e  0-0.1 percent ,  

P l ag ioc la se  i s  found a.s s u b h e d r a l   l a t h s  from 1-5 111111 i n  

l e n g t h  v i t h  o s c i l l a t o r y  2nd normal  zoning common. The 
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compositional range of   p lag ioc lase  is from An2,{, t o  A n  

wit11 a n  average of  about An A l k a l i  f e ldspar   occurs  as 

s tubby   ca r i sbad   tw ins   i n   t he  groundmass  and  sometimes as . 

a narrow rim around  plagioclase  phenocrysts '  o r  as a micrographic 

in te rgrowth  wi th  quar tz .   Subhedra l   neut ra l -gray   augi te   g ra ins  - 

range i n   s i z e  from O,O5 nun t o  2 mm i n  diarneter and average 

about 0.3 m. B i o t i t e  a n d  apatite sometimes.occur i n  trace 

amounts. 

Lt5 

32 

*. 

The modal ana lys i s   o f   sample  1-80 shovm i n  Table 1 appears 

t o  be r e p r e s e n t a t i v e  o f  quartz  monzonites  which  occur mainly 
. .  

' a long  the viest and  southvrest  margin  of  the  stock.  Pyroxene 

ranges from about   0 .5 , to  5 percent   with  the  presence or 

absence o f  ural i t ic   hornblende  ( formed a t  the  expense of 

pyroxene) as the  pr imary  cause o f  t h i s   v a r i a t i o n ,  The q u a r t z  

monzonite is d i s t i n c t l y   p o r p h y r i t i c - i n   c o m p a r i s o n   t o   t h e  

pyroxene  monzoaite.  Plagioclase  phenocrysts as much as 2 cn  

. i n   l eng th   compr i se   abou t  10 t o  25 percent  'oy volume; a n o r t h i t e  

va lues   measured   for  8 gra ins   averaged  An.37* R i m  o f  a. lkali-  

feldspar around  plagioclase  are-more  abundant   than  in   the 

pyroxene  monzonites. The 2Vx of one  groundmass c r y s t a l  of 

a l k a l i - f e l d s p a r   i n  sample 1-80 vas measured t o  be 80 degrees,  

e l iminat ing  anorthoclase.   Quartz   occurs  as grains i n   t h e  

i n t e r s t i c e s   o f   t h e  groundmass  orthoclase.  Traces of r u t i l e .  

and  sphene  appear as l a t e - s t a g e   c r y s t a l s   i n   a s s o c i a t i o n  v r i t h  

quar tz .  

A h i s t o g r a a   i l l u s t r a t i n g   t h e   d i s t r i b u t i o n  of p l ag ioc la se  

compositions i n  border   fac ies   rocks   (exc ludinz   syeni tes )  is  

shown i n  Figure 12. The d i s t r i b u t i o n  appears t o  be bimodal 
. .  
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FSi,wre 12. Frequency  diagram of a n o r t h i t e   c o n t e n t  
f o r  50 plagLoclase  phenocrysts i n  9 .  . 
samples of border   facies   roclcs  of t h e  
Tres Hontosas  stock. The . d i s t r i b u t i o n  .. 
i s  suggestive .of'. a bimodal  population. 
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but  nore measurements a r e  needed t o  be  sure .  A bimodal 

d i s t r i b u t i o n  would suggest a mul t ip l e   i n t rus ion   o r ig in .  As 

might be  expected,  plagioclase i n  border   rocks  with .an aphan i t i c  

matrix have.  high-temperature  optics. However, g ranod io r i t e s  

(1-88 and  1-13)  and  monzonites  (1-80 a n d  TM-27), a l s o   c o n t a i n  

high-temperature  plagioclase  phenocrysts  (1 0 checked). some of  

which are i n   a s s o c i a t i o n   w i t h   o r t h o c l a s e ,  It is assumed here 

t h a t  most  border  facies  rocks i n  t h e  Tres Montosas  Stock 

contain  high-plagXoclase.  Reference t o  the  occurrence  of 

high-.temperatwe  plagioclase i n  the   ch i l led   borders   o f  

ep izonal   s tocks   and   ba thol i ths   has   been  made by   severa l  

au tho r s   (Tu t t l e   and  Bowen, 19.58, p. 116; and Cater, 1964., 

P. 45). 
The seemingly  enigmatic  association  described  above  of , 

high-temperature  andesine  and  lorn-temperature  orth'oclase may 

be expla ined   by   l a te -s tage   deu ' te r ic   a l te ra t ion  o f  p l ag ioc la se  

t o   o r t h o c l a s e ,  The c a t a l y t i c   e f f e c t  of  mater i s  probably  the 

c r i t i c a l   f a c t o r   i n   a l l o w i n g   t h e   f o r m a t i o n  o f  o r thoc lase  as 

opposed to   san id ine .   Exper imenta l  data (Donnay,  '1960,  p. 173) 

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

water a r e  the  dominant   fac tors   cont ro l l ing   the   t ransformat ion  

from  high-temperature t o  low-temperature  feldspar. The 

tempe-ature  of  crystal   growth  does  not  appear  to  be a 

c r i t i ca l   f ac to r .   Ca te r   (1969 ,  p. 42)   has   a l so   observed  

similar l a t e   s t a g e   p o t a s s i c  metasomatism i n   l a b r a d o r i t e  

g r a n o d i o r i t e s  and  quartz  moilzonites o f  t h e  Cloudy  Pass 

e p i z o n a l   b a t h o l i t h   i n   t h e   N o r t h e r n  Cascade  Mountai.ns. He 

c i t e s  Kennedy ( 1  95.5) t o   e x p l a i n  the phenomenon by t h e  "upward 
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migrat ion of a lka l i - r ich   so lu t ions . . . should   concent ra te  , 

alkalis i n   t h e   u p p e r   p a r t s  of i n t r u k i o n s  where they  'could 

c r y s t a l l i z e .  as orthoclase  and  other   a l l ra l i -c ich 

In   suppor t  o f  this   conclusion,   the   hedenbergi te-or thoclase 

syeni te   (samples  BJ'P,l-Lt and 1-79), which i s  c l e a r l y  of 

metasomatic   or igin,  also con ta ins   r e l i c t   co res   o f   h igh -  

temperature  andesine. Eoone (1962.) has  observed similar 

r e l a t i o n s h i p s   i n  a composite  pluton i n  Maine. However he 

s u g g e s t s   t h a t   " p o t a s s i c   e n r i c h e n % "  may a l s o  occur   by   vo la t i le  

d i f f u s i o n   i n   t h e  nagma i t s e l f  p r i o r  t o  comple te   c rys tay l iza t ion .  

Leucocrat ic   grani te   and  grani te   porphyry form t h e  

c e n t r a l   c o r e  of the Tres  Montosas  Stock,  Granite  has  been 

observed  cutting  monzonite  near  Evans Tank (Wilkinson, i n  

p repa ra t ion ) .   In   add i t ion ,   f l oa t   o f   f i ne -g ra ined   ap l i t i c  

g r a n i t e  mas found on the  poor   exposure  of   l t i t i te  east of  Pine 

\yell   Suggesting an i n t r u s i v e   r e l a t i o n s h i p ' f o r   g r a n i t e   e x i s t s   t h e r e  

a l so .  The l a rges t   ou tc rop  o f  nediun- to   coarse-gra ined  . 

gran i t e   occu r s  j u s t  south  o f  Pine  Well,  Textures  vary  from 

lssPidiomorpl& t o  a.llotriomorphic  granular  and f rom e q u i g r a n u l a  

to   coarse ly   porphyr i t ic .   Chalky   p ink   or thoc lase   phenocrys ts  

as much as 3 crn in   l eng th   compr i se   abou t  15 t o  25 percent  O f  

porphyri t ic   specimens,  A Pine-grained  porphyri t ic   grani te ,  

found as abundant f l o a t  n o r t h  of Pine  Well (sample I-lLt), is 

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

s a n i d i n e   i n s t e a d  of or thoc lase  e H i n e r a l s   i d e n t i f i a b l e  

megascopically i n   t h e   g r a n i t e s   a r e :   p i n k   o r t h o c l a s e ,  snoky 

q u a r t z ,  some cha lky   vk i te   p lag ioc lase ,   and   sparse   hemat i te ,  

liraonite  and  hornblende. Liost of the   l i lnoni te  is  pseudonorphic 

.. .... 

. .  
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af ter  py r i t e .  

Nodal   analysis  of sar:lpie 1-46 (Table 1 ) is f a i r l y  

. r ep resen ta t ive   o f  g rwi tes  of t h e   ' c e n t r a l   c o r e .  I t ' is  a 

mediun-grained  equigranular  rock. The proport ion  of   or thoclase 

i n   p o r p h y r i t i c   g r a n i t e s   i n c r e a s e s  by as much as 10 perc,ent 

Over equigranular   rocks   bu t   the  sum of   or thoclase and qua r t z  

i n  all specimns  remains  approximately  constant  at 95 percent, :  

I n   t h i n   s e c t i o n ,   p l a g i o c l a s e  is d i f f i c u l t   t o   r e c o g n i z e   b e c a u s e  

' i t  e x h i b i t s  a ve ry   f i ne   a lb i t e   tw inn ing .  Even i n   g r a i n s  

o r i en ted   nth the (010) n e a r l y   p e r p e n d i c u l a r   t o  the  s e c t i o n  

t h e   a l b i t e   t w i n n i n g  may be overlooked. The combined  Rittmann 

zone-2Vz  method i n d i c a t e s   t h a t   p l a g i o c l a s e  o f  t h e   g r a n i t e s  

is low-temperature  oligoclase (2Vx= 85" 2 2', X1hO1O= 17")  

The composition  of 6 measured  grains  ranged  from Anz8 to 
.. 

An36 Orthoclase is consis tent ly   c louded  and  occurs  as 

anhedra l   to   subhedra l   g ra ins ,   La te   s tage   g ranophyr ic  masses 

' of or thoclase  and  euhedral   quar tz  are common. Optic axial 

angles   of   ,or thoclase  ranged from 2V,= 65" t o  75". The 2 V ' s  

o f  s an id ine   phenoc rys t s   i n  smple 1-14 have a wide v a r i a t i o n ;  

2Vx= 22, 33 and 38 degrees   suggest ing a r m g e  i n  Or content  

of  45 t o  85 percent  (Fig. 2 appendix). T h i s  mide range i n  

a p p a e n t   c o s p o s i t i o n  i s  probably   inva l id  and sugges t s   t ha t   o the r  

' f a c t o r s  are p lay ing  a p a r t   i n   c o n t r o l l i n g  the axial. ang le s  of . 

t hese  alkali  feldspars, Vary ing   deg rees   o f   t r i c l in i ty  axd 

unmixing are two such   fac tors .  Another important   aspect  of 

t h i s   r o c k  is t h e   p e s e n c e   o f  or thcclase in   t he   g roundnass  

and as i r r egu la r   man t l e s   abou t  t h e  sanid ine .   This   observa t ion  

s h i m   i n  Figure 1 3   s u g g e s t s   t h a t   t h e   c a t a l y t i c   e f f e c t  of 



5 . 0 m m  J 

Figure 13. Sanidine g r a n i t e  porphyry (1-14) a f  t he  central 
cure in the D e s  rilontssas s tock .   Or thsc lasc  is 
' r ep l ac ing '  sanidilre as i r r e g u l a r  rizls a r o u ~ d  the 
l a rger  phenocrysts. iTf3te t he  elonsate x e n o l i t h  
o f  q u a r t z i t e  vmrped arouzd  the lar,.;e san id ine  
phenccryst. S, sanidine; Cr, o r t h o c l a s e ;  Q, 
quartz .  Crossed  nicDls. 
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water  vapor is  o f  c r i t i c a l   i m p o r t a n c e   i n   t h e   i n v e r s i o n  o f  

s an id ine  t o  or thoclase.  

Q u a r t z   o c c u r s   i n   s e v e r a l  forms  i n   t h e   g r a n i t e s * '   S i n g l e  

g r a i n s  f ron  0.05 t o  2.0 n m ~  a r e  common I n   a n h e d r a l  forms. 

. Granophyric  quartz is well developed i n  the  more po rphyr i t i c  

va r i e t i e s .   Quar t z  m a y  a l s o  occur as q u a r t z i t e   x e n o l i t h s  

TAiCh are   c lear ly   being  resorbed  by  the ' r r le l t -  (fig* 13.). 

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

' quar t ,z ,   a re  common t o  a l l  the   g ran i t e   s anp le s .   I lmen i t e  

and  leucoxene  are  found i n  samples from the  west cen te r   o f   t he  

pluton.  Traces of biot i te ,   hornblende  and  l imonite   \?ere  

a l s o  noted. 

S t r o n g   a r g i l l i c  (?) a l t e r a t i o n  o f  orthoclase  and 

p l ag ioc la se  is widespread i n   t h e   g r a n i t i c   r o c k s .  The 

r e l a t i o n s h i p  of  minor  amounts  of p y r i t e  t o  this process is  

n o t   c l e a r .  The i n t e n s i t y  and d i s t r i b u t i o n  of t h i s   a l t e r a t i o n  

' suggest  a deu te r i c   o r ig in .  

IIedenbergite  syenite at. the  Big John mine and . : 

a long   the  vest margin of t h e  stoc!i d i s p l a y   s e v e r a l   l i n e s  

o f  evidence f o r  ferro-potassic  metasomatism.  ?,Iagnetite i n  

v e i n l e t s  as much as 5 cc1 t h i c k  and in   d i sseminated   gra ins  

comprises 5 t o 2 5  pe rcen t   o f ' rocks ,by  volume on t h e  B i g  

' John dump. Dark green  hedenbergite  occurs as a pe r iphe ra l  

mineral  around  magnetite  veins  and  randomly i n   t h e   h o s t  

rock as anhedral   grains   averaging  about  0.3 mm a c r o s s .   I n  

t h i n   s e c t i o n ,   t h e   t e x t u r e  of the  rock is a '!classic1! 

a l lotr iomophic ~ rmula r .  A s  i l l . u s t r a t e d   i n   F i g u r e  14 minor 

am0~1ct.s of  Ugh-tenpera.ture  andesine  are  found -as cores  of  

. .  



Figure 14. Allctriomorphic-granular hedenbEzgitc syen i t e  
(RTM-4) f r o n  t h e  E i g  J o h n  Zine-Y'res i4ontosas 
s t o c k .  i iote  the large aqhedml or thoc lase  
c r y s t a l  at t h e  cer, ter a h i c h  has a core o f  high- 
temperature andesine. Or, o r t h o c l a s e ;  A, andes ine ;  
H, hedenbergite, S l a c k  grains  zre magnetite. 
Crossed ; l i c o l s .  



73 

some o f  t h e  larger o r t h o c l a s e   c r y s t a l s .   I n  some cases  

ca r l sbad   tw in   p l anes   r eua in   comon   t o   t he   p l ag ioc la se   and  

the  secondary  or thoclase.  
. .  

Contact  metamorphism  and r-aetasomatism i s  evident  as 'a 

wide aureole   of   hornfelsed wall rocks   about   the  Tres biontosas 

s t o c k .   V i t r o c l a s t i c   t e x t u r e s   i n   a s h - f l o w   u n i t s   h a m   b e e n ,  ' 

r e c r y s t a l l i z e d   t o  a very-fine-grained  granoblastic (granular) . 

mixture   o f   a lka l i . fe ldspar   and   quar tz   recognizable   in , l i and  

specinen as a dull to   mxy  gray  appearing  grouldmass,   Ubiqui tous 

very-f ine-grained  biot i te   formed a t  the  expense  of  magnetite 

is cornlaon t o  wall rock samples taken  from  within 500 feet  of  

t h e   c o n t a c t .  . .  

An amygdaloidal t"tv.rlxey track"  andesite,   (sample S3-1 I ) 

has r e c r y s t a l l i z e d   t o  a sp,ot ted  hornfels   and i s  e s p e c i a l l y  .' 

r e v e a l i n g  as t o   t h e   c o n d i t i o n s  o f  metamorphism. Fine-grained 

b i o t i t e  vrhich permeates  the  groundmass  of t h i s   r o c k  is  

i n d i c a t i v e  of  potassic  metasomatism  since it i s  un l ike ly  

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

t o  form t h i s  much b i o t i t e .  Tao types  of c r y s t a l l i z a t i o n  

cen te r s   a r e   r ecogn ized  bg d i f f e ren t   mine ra l  assemblages i n  

concent r ic   zones   about   the   cen ters .  From the c e n t e r  outvrard 

the asse~lbla~e:andradi';;e, ~ o l l a s t o n i t e ,   f e r r o s a l i t e  (r7ig. 3B 

. a p e n d i x ) ,   d i o p s i d e ,   n a g n e t i t e ,   b i o t i t e  i s  i n f e r r e d   t o   h a v e  

o r ig ina t ed  f rom r e c r y s t a l l i z a t i o n  o f  h e m a t i t i c   c a l c i t e  

auygdu les   comon   i n  this u n i t  a t  o t h e r   l o c a l i t i e s .  The 

asseablage   d iops ide ,   idocrase  and r u t i l e ,   o l i g o c l a s e ,  

magne t i t e ,   b io t i t e   has   p robab ly   c rys t a l l i zed  from t i t a n i f e r o u s  

ferromagnesian  phenocrysts. Zone r e l a t ionsh ips   and   t he  . ' 

. .. 
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di f fe ren t   assemblages  are sholvm i n  l?+ure 15. The mineral  

assemblages  l is ted  above  are   ind. icat ive  of 'upper   hornblende-  

hornfels   to   pyroxene-hornfels   fa .c ies   (Winkler ,  1965, p. 59) 

e q u i v a l e n t   t o  a minimum temperature o f  about 550" 2 20 "C 

at  250 bars ( 1 km depth).  Another  sample  of  the %n"cy 

track"  andesite  (SR-l2).mas  collectkd  approximately 3500 

feet  f rom  the   eas te rn   contac t   o f   the   s tock .   Res inous  browh 

ga rne t   and   ca l c i t e  are v i s i b l e   i n   h a n d s p e c i m e n  f i l l i n g  

round  vesicles .  Seen i n   t h i n   s e c t i o n ,   e p i d o t e   o c c u r s  as a 

cpncent ra t ion   o f   b laded   c rys ta l s   about   the  perimeter o f   t h e  

amygdules,  Pyroxene  phenocrysts (?>  are rep laced  by ep ido te  

and  chlor i te .   This   assemblage is i n d i c a t i v e  of t h e  albite- 

ep ido te   ho rn fe l s   f ac i e s   wh ich   beg ins  a t  380" ?: I O  "C a t  250 

bars. 

Petro,yenes&. The close  associht ion  of   high-temperature  

and l o w t e m p e r a t u r e   f e l d s p a r s   i n   t h e  sane rocks ,   a long  with ' 

other  pe t rog ragh ic   da t a   and   f i e ld   r e l a t ionsh ips   can  now be 

i n t e r p r e t e d   i n . t e r m s  of t h e  magmatic h i s t o r y  of t h e   T r e s  

P lontosas   s tock .   Theq   a re   severa l  magmatic  and c l o s e l y  

a s soc ia t ed   p rocesses  by  which  an i n t r u s i o n  may achieve its 

f i n a l  make up. Processes  such as: d i f f e r e n t i a t i o n ,   p r o g r e s s i v e  

contamination  and ( o r )  a s s i m i l a t i o n ,   d e u t e r i c   a l t e r a t i o n ,  

metasomatism and s i n g l e   i n t r u s i o n   v e r s u s   m u l t i p l e   i n t r u s i o n  

a r e   e v a l u a t e d   h e r e   i n  regard t o   t h e i r   i m p o r t a n c e   i n   t h e  

formation  of  the Tres Nontosas   s tock.   Different ia t ion is 

here  subdivicied  into two p r o c e s s e s :   c r y s t a l   s e t t l i n g   ' a n d  ( o r )  

zoning,   and  diffusion  of   an  a lkal i - r ich  vapor   phase.  

The Tres  1-iontosas s t o c k  i s  probably a rare specimen,of  
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I 5.0 mm 1 

=&re 1.5. Spo t t ed   ho rn fe l s  (SR-12) a f t e r   a x y g d a l o i d a l  

Two t y s e s  o f  c r y s t a l l i z a t i o n   c e a t e r s   a r e  
"turkey trac!<" andes i t e  of t h e  Spears gornation. 

recognized: ( A )  a f t e r   c a l c i t e  amygdules,  and 

brovm t i n t  o f  much o f  the grGundiJass i s  c rea t ed  
(B)  af ter  ferromagnesian  phenocrysts. 5 % ~  lic;:?t 

by very-f ine-grained  biot i te .  iii.:ols i n c l i n e d  
at 70 degrees. 
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a magmatic  product i n  mhich t r a c e s  of t h e   o r i g i n a l   r e a c t a n t s  

are found. The writer d o e s   n o t   p r e t e n d   t h a t   t h e   i n t e r p r e t a t i o n  

which  follows is  completely documented n o r   a p p l i c a b l e   t o  a11 

magmatic  environments. However, I b e l i e v e   t h a t   t h e  Tres 

Nontosas  stock i s  a c r i t i c a l   e x p o s u r e  of a r a p i d l y   c r y s t a l l i z i n g  

pluton i n  which  hypabyssal  magmatic,processes  are  evident 

because  they mere f l f rozenl l   before   the   p rocesses   could  be 

completed. 

A model  of  the  magmatic  history  of  the Tres Nontosas 

s tock  shich  summarizes   conclusions  reached earlier i n  t h i s  

s e c t i o n ,   a n d   i n   o t h e r   s e c t i o n s   o f   t h i s   r e p o r t ,  is as f o l l o w s :  

1 .  The pa ren t  magma, a lka l i  (?) andesite,.  (p, 82) was 

i n t r u d e d   t o  a shallom leve l ,  p robab ly   l e s s   t han  

500 fee t  from t h e  t o p  of   the  volcanic  p i l e  (pa 56' >. 
.. 

2. Volcanic'  plagioclase  and  granophyre i n   t h e   b o r d e r  

f a c i e s  (p. 62,67) i n d i c a t e   c r y s t a l l i z a t i o n  of these 

rocks  uust   have  been extremely rapid.  

3 .  Even  t)-~ough c r y s t a l l i z a t i o n  was r a p i d ,  components 

of  a lkal i  f e ldspa r  nere a l so   be ing   r ap id ly   i n t roduced  

by an aqueous  vapor  phase  (p.67 T h i s  process  

began p r i o r   t o   c o m p l e t e   c r y s t a l l i z a t i o n  as i n d i c a t e d  

by rims o f  or thoclase  mant l ing  phenocrysts  o f  high 

andesine i n  monzonites  (and l a t i t e   d ikes )   some t imes  

-in a s s o c i a t i o n  with euhedral   or thocla .se   microl i tes  

i n   t h e  groundslass (p. 65)*' 

4. -Enrichment of t h e  rnakma wi th   po tash   cont inued   pas t  

t h e  time of   comple te   c rys ta l l iza t ion .   Both  wall 

roclrs  (p. 73) and bel-der f ac i e s   rocks   (p .  75) viere 
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metasonatized  by a potash-rich  aqueous  phase. 

Contacts   within  border   facies   rocks (p. 59),  cross- 

c u t t i n g   r e l a t i o n s h i p s   ( p .  62, 613), a n d   t h e   d i s t r i b u t i o n  

of plagioclase  compositions  (p.  6 6 )  3.11 suggest .  

mulki.ple i n t r u s i o n .  Hoviever, t h e   r a n g e   i n   p l a g i o c l a s e  

composition (p. 60, 65, 693 for -   b 'o rder   fac ies   rocks  

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

less important  role i n  t h e  development  of  the  major  rock ' 

types  than  did  aqueous  diffusion.  

Contmcination  of  the melt occurred  adjacent t o  some 

less indura ted  wall rocks   bu t   the   p resence  of 

andesine rims around  xenocrysts o f  o l igoc la se   (p -  64) 

i n d i c a t e s   t h e r e  was l i t t l e  chance f o r  a s s imi l a t ion ,  

Crys t a l l i za t ion   began  a t  the border  and moved 

towards  the  core.  The g r a n i t i c   c o r e   c r y s t a l l i z e d  

last w i t h   r e l a t i v e l y   h i g h  water p res su res  being t h e  dominant 

f a c t o r   i n   t h e   i n v e r s i o n  of high-temperature   fe ldsiars  

t o  low-temperatwe  plagioclase  and  or thoclase (p. 6 9 )  

That these m i n e r a l s   c r y s t a l l i z e d   i n i t i a l l y  as kigh- 

.temperature  phases is i n d i c a t e d  by the presence  of 

s a n i d i n e   i n  some g r a n i t e s  (p. 69). 

The g r a n i t e  core e i t h e r  formed i n  s i t u  by t h e   a c t i o n  ' 

of the  aforementioned  process of a lka l i   en r i chmen t  

o r  by l a t e r  in t rus ion ,   Evidence  f o r  f r a c t i o n a l  

c r y s t a l l i z a t i o n  is  lacking .   P lag ioc lase  is unzoned 

and similar i n  composition t o  monzonites o f  t h e  

bo rde r   f ac i e s   rocks  (p. 69).  Thus  formation i n  

s i t u  by t'aqueo-a2.kalitt enriclment  appears t o  be, 
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a l ike ly   p rocess .   F loa t ing   of   quar tz   xenol i ths  

der ived from  qua.rtz-rich wall rocks a t  depth may 

be a. major  source  of  qv.artz i n   t h e ,   g r a n i t e   ( C h a p i n  

ahd  others ,  i n  prepara t ion) ,  

The role of vrater I n   t h e   d i f f e r e n t i a t i o n  of  magmas has  

been  d- iscussed  by  several   invest igators .  Kennedy ( 1  955) 

presented a de ta i led  theore t ica l   d i scu .ss ion   of  its importance 

and   Orvi l le  (1963) ad.ded some experimental  data i n   t h e   s y s t e m :  

alkali fe ldspars ,  alkali ch lor ides ,   and  vrater. Orv i l l e  

(1963, p. 201 ) concludes   tha t  tlalBali metasomatism will take 

p l a c e   i n   t h e   p r e s e n c e  of an  alkali-bearing  vapor  phase as a 

natural   consequence of temperature,  pressure and  compositional 

g r a d i e n t s   i n   t h e   E a r t h ' s   c r u s t " ,   S e v e r a l   a u t h o r s   h a v e   r e p o r t e d  

evidence o f  t h i s   p r o c e s s   i n   t h e  f i e l d  (Cater ,  1969; lioone, 
.. 

1962; h d e r s o n ,  1948) 

p o i n t   t h a t   t h e   s o u r c e  

magma i t s e l f .  Boolzs 

the  major  unkuolms is 

Boom (1962,' p. 1474) s t r e s s e s   t h e  

of  potassium i n  this processes  i s  t h e  

pa '14.52) a l s o   p o i n t s   o u t   t h a t  one o f '  

t h e  rate of t h i s   d i f fus ion   p rocess .  

Q u a l i t a t i v e l y ,   t h e  Tres 14.ontosa.s s t o c k   i n d i c a t e s   t h a t   t h e  

uprmrd d i f f u s i o n   o f  an l taqueo-alkali"  phase  tovrards  the  top 

of a magma chamber is r e l a t i v e l y  much faster than   l i qu id -  

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

Post-Oligocene  Rocks 

Tertiary-Quaternary Gravels 

Two types  of volcanic-r ich  f luvial   sedimentary  rocks  and 

g r a v e l s  are recognized i n   t h e   s t u d y   a r e a   a l t h o u g h   u n d i f f e r e n t i a t e d  

on the   geologic  map; The o lder   type  is  found i n  f a u l t   c o n k c t  
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\Lath Oligocene  volcanic roc!rs a t  Council Rock and  east   of  

t h e  Tres Kontosas stoc!r, It c o n s i s t s  of  moderately--vrell- 

cerpented,  pink-to-tan,  sandstones 4.nd conglomerates, The 

congloaerates  contain  abundant  sub-rounded  clasts  recogniza.ble 

as d e r i v e d   f r o 3   t h e  A-L Peak and Hells Hesa Formations.' 

I.Iany clasts are hydrothermally altered.  Andesit ic  rocks  form 

a very  minor   volune  of   the  c las ts ,  

~. 

Excel lent   outcrops  of  this s e r i e s  are found i n   t h e  

southernmost  tr ibutary  of  the  Council  Rock Arroyo,  Bedding 

i n   t h e s e  roc!& d i p s   t o   t h e   v e s t  a t  about 10 t o  15 degrees, 

T h i s  d i p  Bust be r e l a t e d   t o   r o t a t i o n a l  rnovernent of basin and 

range f a u l t  b loc lcs   s ince   pebble   imbr ica t ions   ind ica te   tha t  

t h e   d i r e c t i o n  o f  sediment   t ransport  vas to   t he   ea s t - sou theas t .  

An angular unconformity between these   rocks  ,and youlger 

psdirnent  gravels is  assumed, 
. ,  

Outcrops  of  block-faulted  pediment  gravels  occur i n  a 

narrow  graben  trend.ing  northeastv~ard  from the Tres Montosas 

s tock ,  Th i s  s t r u c t u r e  is  one of   the  few  indicat ions  of  

n c r t h e a s t - s t r i k i n g  basin and range f a u l t s   I n  the s tudy  area, 

Outcrops o f  pediment  gravels also occur. on the  doun-'faulted 

s i d e   ' o f   t r a n s v e r s e   f a u l t s   a b o u t  14 miles south   o f   Gal l inas  

Springs. For t h i s  reason a Ifiocene  or  younger  age is 

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

Large cobbles  of  magnetite are abundant i n   g r a v e l s  a t  

t h e  east end  of the narsov  graben  described above, Th t l i r  

source  is i n f e r r e d   t o  be in   con tac t   me tasomat i c   i ron   depos i t s  

of t h e  Tres Xontosas  stock  such as found a t ,  the  Eig  John  mine,  

A few bould.zrs o f  g ran i t ic   rocks   . assoc ia ted   wi th   the   magnet i te  



80 

0 

help   conf i rm  th i s   source .  It is asr;umed t h a t  these   g rave ls  

r e p r e s e n t   a l l u v i a l   f a n   d e p o s i t s  at t h e  mouth of a s t eep ,  

s t ruc tura l ly   cont ro l led   nor theas t - f lowing   dra inage .  

The younger  gravels  have lov: primary (?>  'dips o f  about  

5 degrees   which   a re   genera l ly   . to   the   eas t   in   agreement  vnth 

sedimentary  t ransport   d i rect ions.   'Younger   gravels  are . 

recognizable  by the i r   on lapp ing   r e l a t ionsh ip  t o  outcrops o f  

Oligocene u n i t s  and  by  abundant r inds  of white ca l i che  on 

cobbles m a t h e r e d   o u t  as f l o a t .  The dominant l i t h o l o g y  of 

c l a s t s  is  gene rz l ly   t he  same as t h a t  o f  nearby  outcrops o f  

. .  

bedrock,. 

TertSary-Quaternary .Ba.salt 

Ol ivine basalt occurs as dikes   and f lovrs  cu t t i ng   and  

capping  pediraent  gravels i n   t h e   t h e s i s .   a r e a ;  C,ouncil Rock 

is the   nor thern   ex tens ion   of   the   longes t  dike i n  the  area 

i7hich trends  north-northwest  bver a l e n g t h  of about 13 mi1e.s. 

$he, basalt dikes have two major t r ends :   no r th   t o   no r th -  

northwest and no r theas t ,  The g r e a t e r   p o r t i o n  o f  the  only 

nor theas t - t rending  dike i n  t h i s   v i c i n i t y   c r o p s   o u t  j u s t  

east of t he   s tudy   a r ea .  It is exposed f rom i t s  west  end 

(no r theas t  of  Iron  Kountain)  northeastward for a dis tance  

of about  3000 fee t .   Another   se r ies  of basalt dikes   occur  

in   en   eche lon   pa t t e rn   a long  a n o r t h e r l y   d i r e c t i o n  i n  an 

area  southviest  of I ron  Mountain. 

The basalts have not   been   da ted   bu t ' a re  assumed  here t o  

be  Pl iocene.   Several   outcrops.of   near ly   horizontal  basalt 

flows  of similar composition and occurrence' have been mapped 
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by Chapin (oral conmun., 1972) on the   Xagdalena  Plain 

sou theas t  o f  Tres Montosas. Olivine basalt f l o w  of this 

type  have  been  informally  termed  the basalt of  Council 

Rock by C,E. Chapin f o r   t h e i r  on1.y ~CIIOYM source  area.  

F a d  specimens  range from dark  gra.y t o  b l a c k   i n   c o l o r  

and are   dense  t o  vesicular,   Fine  grains  of  reddish-bropm 

i d d i n g s i t e ,  pseudomorphs a f t e r   o l i v i n e ,   a r e   t h e   o n l y  

phenoc rys t s   r ead i ly   v i s ib l e  and  comprise 2 t o  3 percent  of 

the  rock.  Vesicular  specimens may contain  anygdaloidal  

c a l c i t e ,  Viev;ed under   the  microscope,   labradori te  is ev iden t  as 

the  major phenocrystic  phase (-10 percent ) .   P lag ioc lase   phenocrys ts ,  

2 t o  5 mm in length,   are   normally  zoned;  one rceasured An6, 

i n   t h e   c o r e  t o  An at t h e  rim. O l i v i n e - a l s o   e x h i b i t s  

zoning  which  appearc t o  be osc i l l a to ry .   O l iv ine   phenoc rys t s ,  

mos t ly   a l t e r ed  t o  i dd ings i t e ,   r ange  from 0-3 t o  1.5 r n ~  across  

and appear t o  be magnesium r i c h  (Fo 2V= 90" 2" ) Sparse 

neutral-gray  clinopyroxene also occurs as phenocrysts,  

Opt ica l  data (2V,=' 50" 2 2" , ZAC= 38" ) i n d i c a t e s   t h i s  i s  

endiopside. Groundmass t e x t u r e s  a.re p redon inan t ly   t r achy t i c  

t o   i n t e r s e r t a l   ~ A t h   a n d e s i n e  (An ) the  donlnant '   phase.  

Granular   minerals ,   iddingsi te ,   c l inopyroxene  and  magnet i te ,  

conprise  about 25 percent  of t he  mat2:ix. 

k8 - 

. ,. 

90' 

46 

Kuno (1959, p. 45) has  observe'd  that   strongly  zoned Kg- 

o l iv i .ne ,   t i t an i fe rous-augi te ,   d iops id ic -augi te  and t h e  

absence of reac t ion   coronas  around o l i v i n e  ars c h a r a c t e r i s t i c  

of a lka . l i -o l iv ine  basalts, B a s a l t i c   a n d e s i t e s  and a n d e s i t e s  ' 

of the  Spears  Formation, A-L Peak Fornat ion,   andesi te   of  

Lmdavaso  Reservoir am? the   Tres ,Montosas   s tock anr! t h e  
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basalt o f  Council Rock a l l  possess one o r  more of t h e s e .  

f e r ronagnes i an   mine ra l s   cha rac t e r i s t i c  of a n   a l k a l i c  parent 

magma. Ferromzgnes ian   minera ls   charac te r i s t ic   o f   tho le i i t i c  

basalts (Kuno, 1959 p. 42) were not  observed  ‘ in  any  rocks 

o f  t h e   s t u d y  area. Therefore   the writer tena t ive ly’   p roposes  

a n   a l k a l i c   p a r e n t  magna. for the “DatiYt v o l c m i c  rocks. 

Lipman and   o thers  (1  970, p. 2347) i nd ica t e   an .   a lka l i c   pa ren t  

nagma f o r  vo lcanic   rocks  of  t h e  San J u m  I4ount.a.iins based on 

numerous cheaical   analyses .   Proof  o f  a similar magma genes is  

for. t h e  Datil volcanic  f i e l d  avraits su f f i c i en t   chemica l  

ana lyses ,  

Quaternary  Deposits 

Talus - and Colluvium, A few small depos i t s  of coarse  

angular  debris der ived  from Inass wasting vtere mapped i n  

t h e  stud.y area, Such  deposits  occur a t  the base of c l i f f - -  

fo rming   un i t s   such  as t h e  Hells &sa Formation, t u f f  o f  . 

Nipple  Piountain  and a l a t i t e  porphJry  plug. The rari’cg of 

t h e s e   d e p o s i t s  is a t t r ibu ted  t o   t h e  lov rel ief  I n   t h e   a r e a .  

The two larger d-epos i t s   occur   vhere   res i s tan t   un i t s ,   under la in  

by weak uni t s ,  are cu t   by  major  d ra inages ,   So i l   and   vege ta t ion  

h e l p  s tab i l ize  t h e  upper po r t ions  o f  these  deposi ts .  A 

P le i s tocene   to   Holocene  age is  i n f e r r e d .  

Eo l i an  Sand. A’thin  veneer  o f  vind-blovm sand b lankets  

most of the southvest   quadrant  o f  t h e   t h e s i s  area. P reva i l i ng  

v~ii1d.s and  t h e   d i s t r i b u t i o n  o f   t hese   s ands   i nd ica t e s   t he i r  

source  i s  i n   t h e  d ry  bed o f  a P le i s tocene  lake, now known as 

t h e   P l a i n s  o f  San  Augustin. The e o l i a n   s a n d s   a r e   c l e a r l y  

d i sce rnab le  on a e r i a l   p h o t o s  as ILglzt gray a reas   , do t t ed  by 



large  trees  (Ponderosa  pines).   Shallow  ground Itrater 

ava i l ab le   i n   t hese   ' s ands  is evident ly   capable  of suppor t ing  

t h i c k   s t a n d s  o f  Ponderosa, A Ple is tocene   to .Recent  a.ge is 

i n f e r r e d  f o r  the   eo l ian   sands .  

Alluvium.  Recent  stream  gravels  f i l l ing  major  drainages 

a re   he re   g rouped   unde r   t he   t i t l e  of  alluviun.  Weathered, 

dark-gray s o i l s  o f  probable   Pleis tocene  age,   a lso found. as 

v a l l e y   f i l l ,   a r e  grouped  with  the  coarser   mater ia ls   found i n  

stream  beds,   Their  age is contemporaneous i n   p a r t   w i t h   t h a t  

of  the   eo l ian   sand ,  

Petrogenesis  Oligocehe  Igneous Rocks 

B r o m  (1972, p. 74)  has  presented a genet ic .  model w i th  

regard  t o  t h e   c r y s t a l l i z a t i o n   h i s t o r y   a n d  mode o f . e r u p t i o n  

f o r  two major- a s h - f l o w   s h e e t s   i n   t h e  Magdalena a rea :   He l l s  

Mesa Formation  ( tuff  oP Goat Spring)  and A-L Peds Bornation 

( t u f f  of Bear  Springs).  The s f r i tes   p roposes   tha t   composi t iona l  

d a t a   f o r   f e l d s p a r s   i n   v o l c a n i c   r o c k s  of t he   s tudy   a r ea   and  

conclusions o f - a  pe t rogene t i c   na tu re   r eached   i n   ea r l i e r  

s e c t i o n s  of t h i s   r e p o r t   c a n  be u s e d   t o  mdxe a d d i t i o n s   t o  

B r o m  s model 

. .  

The use o f  coex i s t ing   p l ag ioc la se  and alkali f e l d s p a r  

p a i r s   i n   i g n e o u s   r o c k s  as a geothermometer t o   e s t i m a t e   t h e  

temperature of c rys t= iLl iza t ion  has been  suggested  by Bar-ih (1951, 

1962,  1968). I n  his 1968 publ ica t ion ,   Bar th   p rovides  a graph 

(p. 306, f i g e  1 )  by mhich t h e   e q u i l i b r i u m   c r y s t a l l i z a t i o n  

temperature o f  f e l d s p a r   p a i r s  m a y  be   ca l cu la t ed   t o  2 50°C 

on t h e  basis o f  cheiaical   analyses o f  t he   f e ldspa r s .   Th i s  

w r i t e r   h a s   u s e d   t h i s   g r a p h  and ex t rapola t ion .   a long   wi th  
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OPtical-ly  determined  compositons  of  feldspar  pairs i n   t h e  

Hells &sa and A-L Peak ash- f low  tuf fs  t o  i n d i c a t e  a trend 

of  c rys t a l l i za t ion   t empera tu res   fo r   t hese   vo lcan ic   un i t s .  

Accura te   es t ina tes  o f  these   t empera tures   a re   no t   poss ib le  

f rom t h e   a v a i l a b l e  d a t a  because o f  t h e   s i g n i f i c a n t  error 

involved   in   es t imat ing   ' the   composi t ion  o f  alkali f e l d s p a r  

and p l ag ioc la se  f rom o p t i c a l  data .  A s  d i s c u s s e d   i n   t h e  

appendix  (p.125)  the  probable e r r o r  f o r  op t ica l ly   de te rmined  

a lka l i   f e ldspa r   compos i t ions  i n  volcanic   rock  is 2 20 percent  

O r ,  and ?: 3 percent  An f o r  p lag ioc lase .  T h i s  i n c r e a s e s  the 

poss ib l e  error  range f o r  c rys t a l l i za t ion   t empera tu re   e s t ima tes  

t o  as much as 2 225°C. 

" .  

Crystal lLzat ion temperatures   calculated  under   the 

r e s t r i c t ions   desc r ibed   above  do kow?ver . .,. suggest  a trend i n  

agreement  vith  the  cormonly  accepted  relationship,  namely 

t h a t   t h e  more s i l i c e o u s  a magma t h s  love r  i'c's c r y s t a l l i z a t i o a  

temperature,  Compositional data and   t he   ca l cu la t ed   equ i l ib r ium 

c r y s t a l l i z a t i o n   t e m p s r a t u r e s  of fou r  sanp%cs from  the. Hells 

Nesa  and A-L Peak Forrnations are l i s t e d   i n  Table 2. Because 

o f   t he   l a rge  e r r o r s  invo lved ,   t he   ca l cu la t ed   c rys t a l l i za t ion  

temperatures  should  only be i n t e r p r e t e d   w i t h   r e s p e c t   t o  the 

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

values.  

In   t he   d i scuss ion  o f  t h e  Tres Plontosas  stock it vas 

s u g g e s t e d   t h a t   d i f f e r e n t i a t i o n   o f   a l k a l i  (?) a n d e s i t e   i n t o  

g r a n i t e  by  upward d i f f u s i o n  of a potassium-rich  aqueous  vapor 

phase is  a very  rapid  and  eff ic ient   process .   Recent ly  Lipman 

and  Friedman (1974) have  concluded  from  oxygen i s o t o p e  d a t a  
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that compositionally  zoned  ash-flox  sheets i n  Nevada represent  

a %ajar i n t e r a c t i o n  of meteoric  ground vrater and  bathol i th-  

s i z e d .   b o d i e s   o f   s i l i c i c  ma.gna p r i o r   t o  esup.tion". This 

important  observation, plus conclusions  reached in earlier 

s e c t i o n s  of this report .   and the t r e n d . o f   c r y s t a l l i z a t i o n  . 

temperatures (Table 2) are now  combPned int 'o the following 

petrogenetic  model  for  Oligocene  igneous  rocks i n   t h e  1~b.gdalena . 

area :  

1 ,  

2. 

3 .  

4- 

I n i t i a l  magmatic a c t i v i t y  began i n   t h e  mantle wi th  

the  formation  of   large  volumes o f  alkali o l i v i n e  

basalt (?) o r  a l lca l i  (?) andes i t e  (Kuno, 1959; A o k i  

and O j i ,  1966). 

Diap i r i c  r ise  o f   t h i s  body i n t o   t h e  lower c rus t   t hen  

followed, Some f rac t iona t ion   occur red   before  o r  

dur ing   the   ascent  t o  produce intermediate-cornposition 

magmas which were enlplaced as ba thol i th ic   bodies .  

The su r face   expres s ion   o f   i n t rus ion  was the ex t rus ion  

of  voluminous allcali (?) a n d e s i t e s  and de r iva t ive  

l a t i t e s  t o  form the  Spears  Formation. 

At some l a t e r  time, t h e   r i s i n g   u p p e r   s u r f a c e  of t h i s  

ba tho l i th   r eached  a l e v e l '  o f  abundant  meteoric  water 

(LipDan, 1974) and. large volumes  of water w r e  

incorporated  throughout   the  mel t  by d i f fus ion .  As 

tkis occurred ,   the   upper   sur face   p robably  mushroomed 

(Thorn, 1955) to.  form a vide ,  shal low nlagma c'hamber 

i7hich inc reased   t he   r a t e   o f   i nco rpora t ion   o f  vater 

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

A s  water d i f f u s e d   i n i o   t h e  chamber, SiOz, a l k a l i e s ,  

.. ... 

. .. 



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

of t h e   n e l t )  were p r e f e r e n t i a l l y   p a r t i o n e d  i n t o  

the  vapor  phase (Kennedy,  1955) 

5. In.   response t o  a normal   pressure  gradient   the  vapor  

phase moved towards t h e   t o p  of t h e  magma chamber 

(Kennedy, 1955; Boone, 1962; Orvi l le , .  1963) Thus 

potassium  and, t o  a lesser e x t e n t ,   . s i l i c a   a r e   c o n c e n t r a t e d  

nea r   t he   t op  of t h e  magma along  with  the  vapor t o  for;a 

vapor-rich alkali  r h y o l i t e  magna,. The magma then 

s t a r t e d   t o   c o o l  at the   top  o f  t h e  chamber i n  response 

t o  the   normal   geother~nal   g rad ien t   bu t   c rys ta l l iza t ion  

vias Sl017 t o  beg'ln because  the  increasing  water   content  

depressed  the  l iquidus  temperature  (Kennedy,  1955) e 

Thus a marked the rma l   g rad ien t   deve loped   ve r t i ca l ly  

i n   t h e  magma as a r e s u l t   o f - t h e   c o m p o s i t i o n a l  gradient. 

6. Crystal l izat ion  began  a lmost   immediately  near   the 

base o f  the   chanber   because   the   d i f fus ion   of   vo lac i les  

vias resoiring K20 and  S i02   thereby   ra i s ing   the   l iqu idus  

tempera ture ,   Crys ta l - l iqu id   f rac t iona t ion   then  

became a n   i u p o r t a n t   d i f f e r e n t i a t i o n   p r o c e s s   i n   t h e  

1 O W O S  por t ion   o f   the  chamber, However, s i n c e  

c r y s t a l l i z a t i o n  d i d  n o t   b e g i n   u n t i l  much l a t e r  at 

the  t o p  of  the cfiamber i t  was not  a s i g n i f i c a n t  

process   there ,  
. .  

7. A t  t h i s   p o i n t ,   t h e   l a t t e r   p a r t  of  Brown's model ( 1 972 y 

'p. 74, p a r t  2 ,  3 and 4) concerning  the mechanisms o f  

e rup t ion   o f   c rys t a l - r i ch   qua r t z   l a t i t e   and   c rys t a l . -  

poor   rhyoi i te  is  p e r t i n e n t :   I n  summary Ehgy are :  



a. 

b. 

C .  

58 . . 

Fissures tapped  the lower level. of t h e  magiia chanber 

r e s u l t i n g  i n  e rupt ion  o f  a r e l a t i v e l y   h o t ,   ( c f .  

Table 2)  c rys ta l - r ich ,   quar tz - la t i te   ash- f low  shee t  

(Hells.Mesa  Fornatim).   Draining o f  t h e  magma 

c h m b e r ,  from th is   l eve l   upuards ,   p roduced  a 

conpos i t i ona l ly  zoned  ash-flow t h a t  is "upside 

dom"  i n  comparison t o  most  compositionally 

zoned   ash- f low (Liljman and o the r s ,  1966; Ratte' 

a n d  Steven, 1964). 

Later ,   another  set  o f   f i s s u r e s   i n t e r s e c t e d   t h e  

upper p o r t i o n  of t h e  nagma chamber  which  peruritted 

the e rupt ion   of  a r e l a t i v e l y   c o o l   c r y s t a l - p o o r  

rhyol i te   ash- f low  shee t  (A-L Peak Formation) e 

Frox t i n e   t o  time t h e  first se t  o f  f issures mere 

reopned   to   permi t   a lmost   . s imul taneous   e rupt ion  

o f   c rys t a l - r i ch  and c rys ta l -poor   . ash  flow. 

8. After e rupt ion   of   the   ash- f low  shee ts ,   a lka l i -andes i te  

magnas con t inued   t o  aove a p v a r d s   i n t o   t h e   v o l c a n i c  

p i l e   t o  form hypabyssa l   in t rus ions .  I n  the   s tudy  

a r e a ,   t h e   T r e s   M o n t o s a s   s t o c k ,   a n d e s i t i c ,   l a t i t i c  and 

an eas t - t r end ing   rhyo l i t e   d ike  formed at. t h i s  time. 

' Erosion o f  the r h y o l i t e   d i k e   t o  d i f f e r e n t  v e r t i c a l   l e v e l s  

has r e v e a l e d   c o 3 p o s i t i o n a l   v a r i a t i o n s   i n d i c a t i n g   s t r o n s  

c o ~ p o s i t i o n a l .   g r a d i e n t s  were reiewed i n   t h e  younger 

shal lovr   intrusions.  It is  assumed that  even t s  s i u i l a r  

t o   t h o s e  as s t a t e d   i n   s t e p s  I t o  6 o f   t h i s  model mere 

repea ted   to   p roduce  t h i s  r e l a t i o n s h i p .  The Tres  PIontosas 

s t o c k  was i n t r u d e d   t o   s u c h  a high level that   evidence  of  

t he   p rocess  o f  allraki.-enric'ment was lefrozenlf i n t o   t h e  rocks.  



STRUCTURE 

- Regional  Structu.re 

' .. A d e t a i l e d   a n a l y s i s  of r e g i o n a l   s t r u c t u r a l   p a t t e r n s  i n  

southves te rn  New Hexico  has  not  yet  been  reported i n  t h e  

l i t e r a t u r e .   E p i s o d e s  o f  a t  l e a s t  2, and.probably 3 ,  s t a g e s  

o f  middle and l a t e  Cenozoic   faul t in;   are   apparent   in   the 

s tudy  area.   Kapping  outs ide  the  s tudy  area  indicat 'es  a d d i t i o n a l  

deformational  periods  during  the  Late  Cretaceous-early  Eocene 

(Laramide)  and i n   t h e   e a r l y   O l i g o c e n e .   U n r a v e l i n g   t h i s  conlplex 

s t r u c t u r a l   p a t t e r n  is  made even more d i f f i c u l t  by the  presence 

o f  two regional   unconformit ies  and a la rge   p ropor t ion   of  

sur f ic ia l   cover   (Chapin ,  and o the r s ,  i n  p r e p a r a t i o n ) .   I n  

.chronological   order ,   major   tectonic   events  vrhich  have taken  

place  in   the  region  (post-Cretaceous)   are:   Laramide  foiding 

a n d  up l i f t ,   e a r ly   O l igocene   t r ansve r se  (WNW) f a u l t i n g ,   l a t e  

Oligocene  longi tudinal  (NM'I) fau l t ing ,   bas in   and   range  

t r ansve r se  (XE) f a u l t s ,   b a s i n  and r ange   l ong i tud ina l  (N) 

f a u l t s .  The last tmo o v e r l a p   i n   t i m e  and space.  

.. . .. 

According t o   H ~ n l ; ' . ( 1 9 6 7 ~  p. 31 1 ), t h e  Magdalena r eg ion  

is  p a r t  o f  t he  Piexican  Iiighlands  section o f  the  Basin  and 

Range province. The s t r u c t u r a l  framework o f  this province 

has  long  been a top ic  o f  conten t ion  among geologis ts .   Stcvrar t  

( 1  971 ) summarizes   recent ly   avai lable   ge.ophysica1  and  geological  

da ta .  He i n t . e r p r e t s   t h e  bas in  and   range   s t ruc ture  as a s e r i e s  

of h o r s t s  and grabens  formed  over a p l a s t i c a l l y   e x t e n d i n g  

substratucl. Xackin  (1960, p. 108) pos tu l a t e s   ano the r  conmonlg . 

a c c e p t e d   o r i g i n   r e l a t e d  t o  t i l t e d   f a u l t   b l o c k s  formed i n  a 
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t e n s i o n a l  environment.   Both  origins  appear  compatible  vith 

t h e   s t r u c t u r e  o f  t h e  Magdalena  region, A l a t e  Oligocene age 

(-29 m,y.) for   the   onse t   o f  b a s h  and r a n g e   f a u l t i n g   i n  New 

Mexico is  repor t ed  by Chris t iansen  and Lipman (1972) and 

Chapin ( o r a l  commun., 1974). 

. In the   Nagdalena   reg ion ,   l a te r ,per iods   o f   fau l t ing  ,are 

overpr in ted  on a Laramide  upl i f t (s?) .  E r o s i o n  i n  late-Eocene 

time beveled this u p l i f t  . to  a sur face   o f .   subdued  re l ie f  

(Chapin, 1971 b, p. l9Lt) The Eaca  Fornati.on was deposi ted 

i n  an   eas t - t rending   bas in  t o  t h e   n o r t h  of t h e   s t u &  area as 

a r e s u l t  of this erosion  (Snyder,  1971). The Council Rock 

d i s t r i c t  i s  l o c a t e d  on the   t rans i t ion   be tween  u .p l i f t  and ba.sin, 

Loca l ly ,   an   eas t -nor theas t   t rend   appears   l ike1 .y   for   th i s  

p o r t i o n  of t h e   u p l i f t ;  hovrever, t h i s   o b s e r v a t i o n  is not  

meant t o  imply  an east-west t r e n d  f o r  t h e   u p l i f t .  The 

i n t e r p r e t a t i o n   t h a t   t h e   r e g i o n  i s  OII t h e  broad nose  of a 

.svide north-plunging  .upl i f t  is e q u a l l y   j u s t i f i a b l e ,  

. . ,. 

Larami-de s t r u c t u r e s   v i s i b l e  t o  t h e   n o r t h  on t h e  Colorado 

P la t eau  are descr ibed '  as broad  open f o l d s  a n d  , t h r u s t   b e l t s  

(Relley and Wood, 1946; Tonlring, 1957; Kelley  and  Clinton, 

1960). Most e a r l y  inves t iga . tors   have   a t t r ibu ted   these  

f ea tu res   t o   r eg iona l   compress ion   du r ing  l a t e  Cretaceous  and 

e a r l y   T e r t i a r y  time. Others  (Eardley, 1962, p. 402; Mackin, 

1960, p. 118; Tho*, 1955, p. 369)  suggest  'chat  the  buoyant 

force   o f  a r i s i n &  body of magma is  also a reasonable  mechanism 

t o  form broad u p l i f t s ,  The importance  of  gxtsvity  sliding on 

the  flanks o f '   s t e e p   u p l i f t s  t o  produce   t h rus t   f au l t s  is 

denonstrated by P ie rce  ( 1  957). 
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A major  est-northmest-trending f a u l t   c r o s s e s   t h e  

Magdalena  Nountains a t  North  Baldy  and  crosses  the  Gallinas 

u p l i f t   i n   t h e   v i c i n i t y  of Highway 60 (Chapin  and  others, 

i n   p r e p a r a t i o n ) , '  Its l o c a t i o n  on t h e   G a l l i n a s   u p l i f t  is  

i n f e r r e d   l a r g e l y  from aeromagnetic  and  su.bsurface data. 

North of  t h e   f a u l t ,  a paleo-togographic  high composed  of 

the Abo Formation  crops ou t  from beneath %he Spears  Formtition 

-(YI,H. \?ilkinson, o r a l  commun., 1972) ,   South  of   the  faul t ,  

carbonaceous  siltstones  of  Fiesozoic o r  Paleozoic  age nere 

i n t e r s e c t e d   i n  a d r i l l  hole  (Banner  Mining Company) at about 

1300 feet   (Chapin,  o r a l  commun., 1972).   Since  the  Spears 

rests on pre-volcanic  rocks ,at b o t h   l o c a l i t i e s ,  an abrupt  

change' i n   t h i ckness   o f   t he  lomer Spears  Formation may be 

i n f e r r e d .   C o n t i n u i t y   i n  the t u f f  of  Nipple  .Mountain  acros.s 

t h e   f a u l t   i m p l i e s   t h a t  most  movement'had  ceased by that  t iroe,  
.. .... 

The impor tance   o f   anc ien . t   s t ruc tura l   t rends   in   c rys ta l l ine  

basement  rocks  should n o t  be  underestimated i n  any   s%ruc tu ra l  

ana lys i s .   Reac t iva t ion  of zones  of  vreakxess i n  basement 

rocks  by younger  tectonism is a. comonly  accepted  concept.  

E l s ton  (1970) has  observed  evidence f o r  f r equen t   r eac t iva t ion  

of Late Greataceous o r  o lde r   f au l t   zones   w i th  a nor th   t r end .  

He n o t e s   t h a t   v o l c a n i c   r o c k s  of t h e  Piogollon  Mountains a r e  

d i s t i n c t l y   d i f f e r e n t  from those of the  western  Black Range 

and i n t e r p r e t s   t h e   c a u s e  of this d i f f e rence  as a. north-trending 

s t ruc tura l - topographic   bar r ie r   approximate ly   cont inous  with 

thG SaEta Rita/Hanover axis (op: c i t , ,  p. A-VI-2). E l s t o n  

(1973, p. 2260)   descr ibes   the Mogollon volcanic  province as 

the   su r f ace   expres s ion  o f  a na jor   mid-Ter t ia ry   ba thol i th .  



It seems  reasonable t o  t h e   n r i t e r  t ha t  a d j u s t m e n t s   i n   t h e  

th in   c rus t   be tween  the   top  of such a b a t h o l i t h  and t h e  

su r face  n-ould be  necessary i n  response t o  clianges i n  magna 

pressure  and  the  addi t ional   weight  of newly  erupted  mater ia l .  

P r e - e x i s t i r g  basement f a u l t s  are t h e  most l i k e l y   p l a c e s  f o r  

compensating  adjustments t o  occurr  evidence f o r  f a u l t i n g  

contenporaneous  with  eruption of major ash-f low.   sheets  i n  

the   Kagdalena   a rea   mi l l  be discussed  under  the  heading: 

Oligocene  Tectonics, 

'&m S t r u c t u r e  I 

The relat ionsl . ip  o f  s t r u c t u r a l  t rends  i n   t h e   s t u d y  area 

t o  m j o r  s t ru .c tures  of ' the  14s.gdalena region is  i l l u s t r a t e d  

by f i g u r e  16, P.70 dominant f a u l t   t r e n d s   a r e   r e c o g n i z e d   i n  

the   s tudy  area: l o n g i t u d i n a l   f a u l t s   g e n e r a l l y   t r e n d   n o r t h  

(north-northvest  t o  north-northeast)   and most  t r a n s v e r s e  

f au l t s   t r end   no r theas t   t o   ea s t -no r t . heas t .  A minor west- 

northsrest   trend is a l s o  apparent.   Recurreat movement of 

t hese  fazlt blocks a t  di f fe ront   t imes   has   p roduced  a complex 

f a u l t  pat tern,   Strong  deformation of wall rocks   a round  the  

Tres Nontosas   s tock have g r e a t l y   i n c r e a s e d   t h e   s t r u c t u r a l  

complexity i n  this area.  

Several   geologic  and topographic   fea tures  of  the  Counci l  

Rock d i s t r i c t , a n d   t h e   G a l l i n a s   u p l i f t   i n   g e n e r a 1 , a p p e a r  

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

region. Erst and most  no tab le  of t h e s e   f e a t u r e s  is a nar ron  

zone  of  tfgrabenmardt'  dipping  volcanic strata which  follows 

t h e   e a s t  edge   of   the   Gal l inas   .up l i f t  from Abbey S p r i n g s   t o  



.. . . .  

Mgure 16. Piajor s t r u c t u r a l   f e a t u r e s   i n   t h e  Magdalena reg-ion 
wi th  r e s p e c t   t o   t h e s i s  area. Exposed o r  i n f e r r e d  
s tocks   wi th in  thesis area: 1, Tres Wontosas;-2, 
C o u n c i l  Xoclr; j ,  Gallinas  Springs.  
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Cat 1-lountain.  Dips  range from 30 t o  80 degrees i n  an 

eas t e r ly   d i r ec t ion   x%th  most  d ips   nea r  GO degrees,  The 

second of t hese   f ea tu re s  is a pronounced s t r u c t u r a l  asymmetry 

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

immediately  adjacent  t o  t h e   e a s t  boundary  of t h e   u p l i f t   ( s e e  

s t r u c t u r e   s e c t i o n  D-D' P1. I ) ,  A t h i r d   f e a t u r e  i s  thhe stlaong 

doming of vrall  rocks  around  the  Tres  Montosas skock accompanied 

by concent r ic  faults dormthrom  toward  the  stock  and  numerous 

r a d i a l  f a u l t s .  A l s o ,  v e r t i c a l  t o  overturned  d.ips  occur 

l o c a l l y   i n   t h e   a r e a   e a s t  of   the  Tres Montosas s tock,   Fourth,  

p rogress ive ly  o lde r  strata are   encountered   a long  a n o r t h   t o  

s o u t h   t r a v e r s e   i n   s p i t e   o f  a r eg iona l   sou the r ly  d i p  t o  t h e  

u n i t s ,  PAd f ina l ly ,   t opograph ic   r e l i e f  over most o f  t h e  

u p l i f t  is  q u i t e  small i n  comparison t o  its s t r u c t u r a l   r e l i e f ,  . 

These  . features   suggest  a complex de fo rma t iona l   h i s to ry  
. i 

f o r  t he   a r ea   i nvo lv ing  many periods  of  tectonism. However 

the vrriter bel ieves   they  can be i n t e r p r e t e d   l o g i c a l l y  as t h e  

r e s u l t  of t v o  d i s t i n c t l y   d i f f e r e n t   t e c t o n i c   e v e n t s .  ' The o l d e r  

m a y  be  summarily  described as magmatic u p l i f t  and  i n t r u s i o n  

.171Lich t o o k  place  during  the  middle   to   la te   Oligocene.   The,  

younger is a t t r i b u t e d  t o  block  faui:king  of thhe basin 'and  range 

s tyle .   Detai led  discussion  of   these  events   fol lovrss  

Ol igocene   Tec tonhs  

Faulti1x'.  Deformation i n   t h e  form  of  dovm-to-the-Mest, 

north- t rending,   high-angle   faul ts   began  in   mid-Oligocene 

time. Some o f  this deformation  occurred  prior t o ,  and ( o r )  

concurren t   wi th ,   ex t rus ion  of . the Hells Nesa and lower 
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A-L Peal: ash-flow  sheets.  Evidence  for  near  conternporaneity 

wi th   e rup t ion  o f  the  lower A-L Peak  Formation i s  found i n  

excellent  exposure  about  one-half  mile  southwest of  G a l l i n a s  

Springs.  A s  shorrn by Figure 9 7, the   exposure   revea ls  a 

v e r t i c a l  Tault contact   betaeen  the gray-.massive-member on 

t h e   e a s t  and  the.   chocolate-brom  contor ted member dovrnfaulted 

on the  west,  The age   o f   the   fau l t  rnust  be nearly  contemporaneous . 

s&th t h a t  of   the  contor ted member s i n c e   t h e   c o n t o r t e d  member 

is  welded t o   t h e   g r a y  massive-uember  ,across  the  fault. T h i s  

same f a u l t  formed a topographic barrier t o  easterly flowing 

b a s a l t i c - a n d e s i t e   l a v a s   i n t e r b e d d e d   i n   t h e  A-L Peal: Formation. 

Evidence f o r  e a r l i e r   f a u l t i n g  is found i n   t h i c k n e s s   v a r i a t i o n s  

of  ' the  Hells 'Mesa  Formation,  There a re   on ly  two L o c a l i t i e s  

i n   t h e   t h e s i s   a r e a '  where deposi t ional   upper  and lovrer c o n t a c h  

of t he   He l l s  Mesa are   exposed  to   -permit  an es t imate   o f   the  

thickness .  I n  a ve r t i ca l4 ipp ing   ou tc rop   abou t   two- th i rds   o f  

a n i l e   n o r t h e a s t  o f  Pine \']ell t he   t h i ckaess  is estimated a t  

500 f e e t .  F r o m  a south-dipping  exposure of  ' H e l l s  Mesa a t  

Gal l inas   Spr ings   the  'tlxi.clmess was first es t ima ted  a t  1200 

f e e t . .  T h i s  value seemed anomalously  high,and  up-to-the-south 

t r ansve r se  f a u l t s  were i n f e r r e d   t o  be present   a long  topographic  

breaks. However, even  with this assumption  the minimum 

p o s s i b l e   t h i c h e s s  is 800 fee t .   Th i s   r ap id   t h i cken ing  t o  

t h e   n o r t h  and west is i n t e r p r e t e d   h e r e  t o  be caused by down- 

to-the-vest  displacement on the   Gal l inas   Spr ings  f a u l t  p r i o r  

t o ,  o r  during,   erupt ion o f  t h e  Hells Nesa  Fosmation.  Structure 

s e c t i o n s  A-A' ,  C-C' and D-D' i l l u s t r a t e   t h i s   i n c r e a s e   i n  

t h i ckness  fr.on e a s t  t o  west, It can  not  be reasonably  assumed 

' 

.. .... 

I 
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,%Sure 17. Loolung  north ad dwm on a v s r t i c a l   f a u l t  
contact  between the ;?rag-nassive member (risht) 
and the   contor ted ~::e;.!ber ( l e f t )  of   the A-L Peal! 

is  welded t o  the gray-mssive  oenber   indicat ing 
Formation. The ciomf2ultac: cor. torted mezber 

t h e   f a u l t  formec! s i lo rx ly  a f t e r ,  o r  during 
ex t rus i cn  of the  contor ted member. 
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t ha t   t he   en t i r e   300- foo t   dec rease   i n   t h i ckness  :Look place 

a c r o s s  a s i n g l e   s t r u c t u r a l  and topographic  high. The abrupt  

change i n   t h i c l m e s s  across the   Gal l inas   Spr ings  f a u l t ,  as 

s h o m ,  is  probably  an  over   s implif icat ion,  The Hells Mesa . 

Formation is ext remely   res i s tan t  t o  vreathering  and is  an 

e x c e l l e n t   c l i f f   f o r m e r   i n   t h e  Bear  Mountains  and  Northern' 

Gallinas  Kountains.  The Hells Hesa forms ' h igh  peaks at Tres  

Montosas arid Gal l inas  Peak both t o  the  west  of  the  Gallinas 

Springs  Faul t ,  To t h e   e a s t ,   t h e  Hells Mesa forms low,  r o l l i n g  

h i l l s  i n  t h e   v i c i n i t y  of Council Rock. An abrupt '   thinning 

ac ross   t he   Ga l l inas   Sp r ings  f a u l t  may c o n t r i b u t e   t o   t h i s  

change i n  topographic  expression, 

. .  

An Oligocene  age is  a l s o  i n f e r r e d  f o r  f a u l t s   i n t r u d e d  

b y , m a f i c   t o   r h y o l i t i c  @,ires. These d ikes  are r e l a t e d  t o  

unexposed   s tocks   in fer red   to  be similar i n  composition  and 

age t o  the  Oligocene Tres Montosas  stack. Two d ike   t rends  

are  recognized: N 10°!V t o  N 20" Vi9 and N 75"Vi t o  S 7O"W. A l l  

but one of the  north-trending  dikes  occur  in  down-to-the-vest  

fau l t s .  Dips on these   d ikes   a r e  a l l  n e a r l y   v e r t i c a l  and 

whether  they  represent  normal o r  r e v e r s e   f a u l t s  is a moot 

question.  Evidence f o r  I .a ter  movement a long   t hese   f au l t s  

,was observed i n  only one ca6e.  Reconnaissance  traverses t o  

the  west  of t he   s tudy  area indica te   tha t   h igh-angle  fau l t s  

d o m t h r o m  on t h e   n e s t   a r e  a cons is ten t   pa t te rn '   ac ross   the  

G a l l i n a s   u p l i f t .  Sone o f  these  may be r e l a t e d .  t o  basin  and 

r ange   f au l t i ng   a s soc ia t ed   w i th   t he  N o r t h  Lake graben. 

Transverse   rhyol i te   d ikes  are probab ly   r e l a t ed   t o . loca1  

stresses developed  over  the back of a l a r g e   T e l s i c   i n t r u s i o n  
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extending  a long a similar t rend  from Council Rock to one mile  

southrrest of Gallinas  Springs.   Up-to-the-south  northeast-  

trending  transverse  fault izlg  of  Oligocene age a t  t h e   l a t i t u d e  

of   the Tres Xontosas  stock also seems  necessary,  This 

conclusion is  based on t h e   f a c t   t h a t   t h e  stock i n t r u d e s   t h e  

Spears Formation  around  the  south  margin  but  intrudes  the 

A-L Peals Formation on the  northwest a t  approximtitely  the sam 

e leva t ion , '  Simon (1973, p. 67) c i t e s   s e v e r a l   l o c a l i t i e s  i n  

the  Hagdalena  area where northeast-striking  mid-Oligocene 

f a u l t s  have con t ro l l ed   ' t he   d i s t r ibu t ion   o f   t he  tuff of 

La J e n c i a  Creels which is i n t e r b e d d e d   i n   t h e  A-L Peal< Formation. 

B r o m  (1972, p. 8%) r e p o r t s  a 2.5-mile-long Oligocene  zone 

of  l ong i tud ina l   no rEa l   f au l t s   wh ich  was a majo r  f a c t o r   i n   t h e  

emplacement of the   s tocks   near  Magdalena.. The Ga l l inas  

S p r i n g s   f a u l t  vas tlm most  i rnp6r t an . t   con t ro l l i ng   f ac to r   i n  

, the emplacement o f  t h e  Tres  PIontosas s tock  and a t  l e a s t   t h r e e  

o the r   i n fe r r ed   s tocks   a long  its s t r i k e   ( F i g ,  16), In t e r sec t ions .  

of   t l r is   faul t   zone  with  northeast- t rend. ing  faul ts   of   Oligocene 

age  are  probably of s'econdary  importance i n   t h e   l o c a t i o n  of 

these   s tocks ,  Assuming d i p - s l i p  movement. on t h e   G a l l i n a s  

Shrings  fa.ult ,  i ts estimated.  throw  based on strilse s e p a r a t i o n  

of   contac ts  is  1200 f e e t .  The t rend  of   Oligocene  longi tudinal  

faul ts  (average N 1 W'd) is gene ra l ly   pa ra l l ed  by o lde r  

(Lararmide)  and  younger  (basin and r ange )   s t ruc tu res ,  

Deformation  even  older  than Laramide a l o n g   t h i s   t r e n d  is 

suggested by the  presence o f  bedded  sedimentary  breccias i n  

an outcrop o f  ' t he  Abo Format ion   loca ted   a long   the   eas t  flank 

of t h e   u p l i f t  (W.H0 l!lilliinson, oral commun., 7972)- From 

- 
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these   observa t ions   the   i r r i t e r   sugges ts   tha t   the  N 1WYl 

t r end  may be a m a j o r   s t r u c t u r a l   t r e n d   i n   c r y s t a l l i n e  basement 

r o c k s   i n   t h e  Hagdalena  region. Ylertz (1968, p. 279) has 

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

of  primary  zones  of 17ealsness i n  basement  rocks of southeas te rn  

A r b  ona . 
Folding.  Oligocene  volcanic strata c o n s i s t e n t l y   d i p  t o  

t h e  east i n   a r e l a t i v e l y  narrow  zone  along  the  east  f lank of 

t h e   G a l l i n a s   u p l i f t  from Abbey Spr ings  t o  Cat Efountain, a 

. .  

d i s t ance  o f  about 20 Iniles. A similar occurrence  of  east- 

d ipp ing   vo lcan ic   rocks   i n  the Big Rosa Canyon a r e a  and along. 

t h e   e a s t   f l a n k  of t h e  S a n  Hateo Moun'tains (E.G. Deal ,   o ra l  

conknun,, 1972) may be a cont inua t ion  o f  t h i s   s t r u c t u r e .  

Volcanic   uni ts  t o  t h e   v e s t  of this zone  have v a r i a b l e   d i p s  

i n  a s o u t h   t o   s o u t h w e s t e r l y   d i r e c t i o k i e n e r a l l y   w i t h i n  10 

.degrees  of  the  horizontal .   Oligocene strata are  not  exposed 

W e d i a t e l y   e a s t  of t h i s  zone  and ' t h e i r   a t t i t u d e  must  be 

i n f e r r e d .  A srnall exposure o f  approximately  horizontal  strata 

of   the A-L Peak  Formation  has  been  observed by Chapin ( o r a l  

commun?, 1972) about 2 miles   southeast   of  Coumcil Rock. 

Thus this zone may be   i n t e rp re t ed  as t h e   c r e s t  of an 

eas te r ly   s lop ing   monocl ina l   fo ld  (Fig.  16). The term  hinge 

l i n e  nil1 be  used  herein as a synonym f o r  monocline. 

By a process   of   e l iminat ion,  a late-Oligocene  age is  

i n f e r r e d  f o r  the   h inge   l ine .  The f l exure   c l ea r ly   pos tda te s  

t h e  mid-Oligocene s i n c e  i t  deforms  rocks o f  t h i s  age. A mid- 

1-Eocene, or younger,  age f o r  the   h inge   l ine  is  e l imina ted  by 

the  fol lowing  observat ions.   Basin  and  range  faul ts ,   such as 
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the  Council  Rock f a u l t ,  c l o s e l y   p a r a l l e l  the hinge  l ine  and 

a genet ic   t i e   nould ' seem  reasonable  by a s soc ia t ion ,  Dr8.g 

along  these  dow-to- the-east   normal   faul ts  i s  a poss ib ie  

mechanism t o   c r e a t e   e a s t e r l y  dips i n  the  strata, However, 

rapid  changes of  d i l ~  observed i n   t h e   s t u d y   a r e a   a n d . a t t r i b u t a b l e  

t o  drag do not  extend uore t h a n   5 0 0 , f e e t .  from f a u l t s .  .The 

h inge   l i ne  zone  averages  about one m i l e   i n  vridth,  Pediment 

g r a v e l s   j u s t  east of  Council Rock have  been ro t a t ed  t o  a 

wes ter ly  d i p  o f  10 t o  1.5 degrees ,   This   s ty le   o f   ro ta t ion  

o f  the   upper   sur face  of f a u l t   b l o c k s  away from  grabens is  

recognized  by many i n v e s t i g a t o r s  as a common trait of bas in  

and  range  faul t ing,  Hence the  formation o f  this f lexure  is  

e l i n i n a t e d  f rom basin  and  range  deformation on t h e  basis of 

t e c t o n i c   s t y l e  and t h e   l a c k  of a reasonable mechanism f o r  i ts 

formation  under  'conditions of  normal f au l t i ng .  

According t o  DeSi t te r  (1964, p. 196) I 5 . t  is probable 

.. that all nonocl ines  are r e l a t e d   t o   u p t h r u s t s  as apposed t o  
normal. f a u l t s  !'.since i n  a t e n s i o n a l   f i e l d  i t  mould be very 

improbable   for   the  su-rface  layers  n o t  t o  be broken  by  normal 

fau.ltstl. He def ine r   up th rus t  (ope c i t , ,  p. 137) as I t a  high- 

ang le   r eve r se   f au l t t 1  and no te s   t ha t   %hey   a r e   f r equen t   i n  

c rys ta l l ine   basencnt   rocks   border iag   major   up l i f t s ,  The 

presence  of this monocl ine  then  implies   the  exis tence of 

north-trending  basement  fractures.  Compression o r  v e r t i c a l  

u p l i f t   a r e   t h e   o n l y   p l a u s i b l e  rnechanisms  by  which u p t h r u s t s  

axe  formed,  Nackin (1960, p. 118) s t resses   the   impor tance  

of magmatic i n t r u s i o n s  as "s t ruc ture   makers t t   in   the   Grea t  

1Basj.n. A s  s t a t e d   e a r l i e r ,   w i d e s p r e a d   i n t r u s i o n  of f e l s i c  
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magma took   p l ace   i n   t he  s t u d y  a rea   dur ing   la te   Ol igocene .  

Hence, by a s s o c i a t i o n ,  a la te   Oligocene  age i s  assumed f o r  

the  monoclinal f o l d ,  Assuming this conc lus ion   t o  be c o r r e c t  

s e v e r a l  

1 ,  

2. 

3 .  

4. 

o t h e r   o b s e r v a t i o n s   f i t   i n - t o  this p a t t e r n ;  

A d e c r e a s e   i n   t h e  avera.ge e a s t e r l y  d i p  from about 

60 d e g r e e s   t o  30 degrees in t h e  area north  of   Counci l  

Rock may be a t t r i b u t e d  t o  wes t e r ly   ro t a t ion   o f   t he  

h inge   l i ne  by the   bas in   and   range   fau l t s   to   the  

west .. 
The g r e a t e s t   i n t e n s i t y  of   hydro thermal   a l te ra t ion  

in t h e   s t u d y   a r e a   c l o s e l y  ' foilovrs t h e  monocline; 

The absence of La Jara Peak  andesi te  (2.3.8 m.y., 

Ghapin, 1971 a )  on t h e   G a l l i n a s   u p l i f t  may be 

a t t r i b u t e d  t o  the  monocline.,forming . .  a topograp2lic 

ba r r i e r   t o   wes t e r ly   f l owing   ' l avas .  

Deep e ros ion  of  t h e   G a l l i n a s   u p l i f t  compared t o  the 

Bear  Mountains  and  Southern  Magdalena  Mountains may 

b e   a t t r i b u t e d  t o  a relat ively  long  and  unbroken 

e ros iona l   h i s to ry   s ince   l a t e -Ol igocene  time, The 

i n f e r r e d   o r i g i n  o f  th i s   monocl ina l  f o l d  by magmatic 

i n t r u s i o n  i s  shoivn i n  Figure 18. If t h i s  model is 

c o r r e c t ,   t h e n   t h i s  f o l d  is the   su r f ace   expres s ion  

of a twenty-mile-long,  deep-skated  pluton  with - 

cupola- l ike  extensions k h a t  a r e  now recognized .as 

exposed o r  i n f e r r e d   s t o c k s ,  

&los t   o ther   var ia t ions  o f  s t r u c t u r a l  d i p s  a r e  minor i n  

comparison to   the  monocl ine.  A s  shown i n   s t r u c t u r e   s e c t i o n  

E-E', f la t  bottomed  synclines may, be  formed  where doming by 
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PRE-VOLCANIC . 
B A S E M E N T  

MIDDLE MIOCENE 
W E S T   E A S T  

r I 

18. D i a g r a m a t i c  east-west c r o s s   s e c t i o n s  a t  t h e  
.app.roxiimate l a t i t u d e  o f  Ga1lina.s Canyon 
i l l u s t r a t i n g   t h e  development of  t h e   G a l l i n a s  
Springs  Faul t   and  a 'monocl ine  produced  by 
magmatic i n t r u s i o n .  

.. 

.. 



s tocks   has   r eve r sed   t he   r eg iona l   sou the r ly  dip.  

S t r u c t u r a l  "" P a t t e r n s  "__ around " Stocks,  Doaing of  vrall rocks  

accompanied  by r ad ia l   and   concen t r i c   f au l t s ;  is an   impor tan t  

c h a r a c t e r i s t i c   o f   t h e  Tres Kontosas  stock  and 't.he inferred 

Council Rock s tock .  Wall rocks   sur rounding . the  Tres Montosas 

s tocB are modera.tely domed with  quaquaversal  d i p s  ranging  

from 20 t o  40 degrees i n  a half-mile  concentric  zone  about 

the  per imeter .  Vertical t o  overturned d i p s  i n  a two square  

mile area e a s i   o f   t h e   o u t c r o p   o f   t h e   s t o c k  are pa r t i a . l l y  

a t t r i b u t e d  t o  foundering of t h e  roo f  of the s t o c k  (see 

s t r u c t u r e   s e c t i o n  A-A' ,  Pl. 1 )  and t o  exaggerat ion  of  

e a s t e r l y  d ips  i n  strata c rea t ed  by the   p rev ious ly   d i scussed  

monoclinal  fold,  

Foundering  of  roof  blocks is common i n   , i n t r u s i o n s   ' w h i c h  
.. . .  

come v e r y   c l o s e   t o  the surface  (Noble,  195Zj2, p. ItO). The 

s a t e l l . i t i c  l a t i t e  porphyry  plug t o  t h e  east of the s t a c k  is 

inferred t o  have f i l l e d  the void  created  by a foundered  block 

vest o f  t h e  plage .Evidence  for  collapse  of  t .hese r o o f  rocks  

is  cirkustant ia l  b u i  convincing. If t h e   o u t c r o p   d i s t r i b u t i o n  

and   a t t i tude   o f   un i t s   a round  the   porphyry   p lug  mere t o  be 

e x p l a i n e d   e n t i r e l y  on the basis o f   b l o c k ' f a u l t i n g ,   t h e n  over 

5OCO fee t  o f  dom-to-the-west  displacement  would be r e q u i r e d  

on the   no r th - t r end ing   f au l t   l oca t ed   a long   t he  east s ide  bf 

t h e  plug. Fur ther   nor th ,   a long   the  s t r ike  o f   t h i s   f a u l t ,  

a displacement of more than  a fern hundred   fee t   . can  not  be 

justif ied,   Therefore,   foundering  accompanied by r o t a t i o n  of 

the  foundered  block  about a hinge a t  its west edge is here 

proposed to   exp la in   t he   ou tc rop   pa t t e rn .  



Overturned strata a t  some d i s t ance  t o  t h e   n o r t h  and. 

south of the  porphyry  plug  are  probably  related to '  r eve r se  

f a u l t s   a s s o c i a t e d   m i t h  magma.tic u p l i f t .  %n m o s t  c a s e s   t h e  

a t t i t u d e  o f  faults a s soc ia t ed   w i th   t he  s tock  is n o t  r evea led  

i n  outcrop.  Thus,  the  type  of  fault  can  not be i n f e r r e d  

even   t hough   s t r a t ig raph ic   o f f se t s   a r e  known. .However r e v e r s e  

f a u l t i n g  i s  requi red  t o  j u s t i f y  an anomalous ly   t h i ck   i n t e rva l  

of upper Spears e p i c l a s t i c   r o c k s  in a d r i l l  ho le   l oca t ed  

about one-half   mile  northeast  of t h e   s t o c k   ( s e e   s t r u c t u r e  

s e c t i o n  B-Br P1. 1 ) .  Elinor f a u l t s  T i l l e d  by q u a r t z   v e i n s  i n  

. .  

the  Council  Rock a r e a  have  determintible  dips. The s t r a t i g r a p h i c  

o f f se t   umni s t akab ly   i nd ica t e s   t ha t  some are r eve r se  faul ts ,  

Arcuate   concent r ic   fau l t s ,   genera l ly  downthrown towards 

the  apex of t h e  Tres Piontosas  stock,  have  broken  the wall 

r o c k s   i n t o  numerous small blocks. The d ip   o f  most. o f  t h e s e  

f a u l t s   a n d   t h e i r   c l a s s i f i c a t i o n  is  no t  knavm. Flow foliation 

i n  a c o n c e n t r i c a l l y   o r i e n t e d  l a t i t e  dike,  west of   the   s tocg ,  

d ips  75 degrees  toward  the  stock.  Anderson (1937, p. 36) 

would d e s c r i b e   t h i s   f r a c t u r e  as a cone  sheet forruod. dur ing  

doming of  the wa11 rocks. However a. cone   shee t   o r i en ta t ion  

is not   physical ly   cornpat ible   for  a l l  o f   t he   f au l t s   domthroxn  

toward t h e  apex o f  the  s tock: .  Most o f   t h e   c o n c e n t r i c   f a u l t s  

. .~ 

\ 

a r e  assumed t o  be v e r t i c a l .  T h i s  dom.-to-the-stoclr  pattern 

o f  c o n c e n t r i c   f a u l t s  is most  l i k e l y   r e l a t e 6  t o  the  subsidence 

of magma pressure.  

The' r ;"uuctural   pat tern o f  doming, ve ins ,   d ikes  and f a u l t s  

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

of t h e   s t o c k  is ea.st o f  the  Council. Rock f a u l t ,  T h i s  bas in  



and r m g e  fault  presumably  t runcates   the  s tock a t  depth,  

S t r u c t u r e   s e c t i o n  C-'Ct i l l u s t r a t e s   t h e   r e l a t i o n s h i p  o f  v e i n s  

and  dikes t o  t h e ' i n f e r r e d  Cou.nci1 Bock stock. 

Basin  and Ranga Tectonics 

Longi tudinal   Faul ts .  Normal  f a u l t i n g   a l o n g  a n o r t h  tcr 

nor th-nor thwes t   t rend   re la ted   to   the   format ion  of the   Nul l igan  

Gulch  graben (a.nd the  Rio Grande r i f t )  began i n  l a te  Oligocene 

o r  ear l ies t   Niocene  t ime  (ChrisLiansen arid Lipman, p. 259; 

Chapin, oral  comun.,  1974). Long i tud ina l   b lock   f au l t i ng  

s i n c e   t h e  Miocene has  been  the  dominant mechanism i n   t h e  

formation o f  t he   s eve ra l   ho r s t s   and   g rabens  i n  the.  Nagdalena 

area. Longitudinal b a s h  and   r ange   f au l t s   a r e  well expressed 

as proroinent f a u l t  s c a r p s   i n   t h e  Magdalena  and  Bear 

Mountains.  Figure 16 shosrs t h e   r e l a t i o n s h i p  of  t hese  

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

region.  

I n   t h e   s t u d y   a r e a ,  a narrow zone of '   down-to-the-east  

normal fau l t s   forms   the   eas t .  bounda&.y of. t h e   G a l l i n a s   h o r s t ,  

A ses tmard   ro t a t ion  o f '  t he   o lde r  pnd.iment g r a v e l s  away .from 

the  Nulligan  Gulch  graben is  t y p i c a l  o f '  the  basin and range 

s t y l e  of defornation.  Contrary t o  o t h e r   l o c a l i t i e s   m e n t i o n e d  

above, this f a u l t  zone is  topographical ly   expressodonly by a 

minor  escarpment. The Council Rock f au l t ,   l onges t   o f  this 

typn ,   ex tends .   cont inous ly   in  a north-northwest   di rect ion 

a long  t h e   e n t i r e   l e n g t h  o f  the   s tudy   a rea   (about  6 miles ) ,  

South  of  Arroyo  PIontosas  this-   fault   disappears  under  pediment 

gravels  and  north  of  Council  Rock Arroyo i t . a p p a r e n t l y  ' 
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b i f u r c a t e s   i n t o  a conjugate set of f a u l t s   w i t h  a general  

nor th   t rend .  The f a u l t  probably  dies   out  sornevhere between 

>he   s tudy   a rea  and the  Puerteci to .quadrangle   (geologic  map of 

Tonl-;ing, 1957, pl. I ) .  A t h r o v  of  800 t o  1500 f e e t  f o r  the  Council  

Rock f a u l t  is est imated from s t r a t i g r a p h i c   r e l a t i a n s h i p s .  

Displacenent on t h e  f au l t  probably  increases  toward the.  

south,   Short ,   arcuate  down-to-the-east  f a u l t s  which place 

He l l s  Piesa t u f f s   i n   j u s t a p o s i t i o n  vr i th   the  tuff  of Nipple 

Hountain i n   t h e   a r e a   s o u t h  o f  Council Rock a r e   i n t e r p r e t e d  

as l ands l ide   b locks   s econda ry   i n   o r ig in  t o  the  Council  Rock 

fau l t .   Nor th  t o  northwest-trending  basin and range  normal 

f au l t s  loca t ed  t o  t h e   e a s t  o f  the  Counci l  Rock f a u l t   a r e  

recognized  only  because  they  are   intruded by o l i v i n e  basalt, 

A few down-to-the-east   north-trending  faults  which'   occur 

nea r   t he   Ga l l inas   Sp r ings   i n t rus ive   cen te r  are probably 

Oligocene i n  age. A basin  and  range  age f o r  down-to-the- 

wes t   longl tudina l   fau l t s   cannot  be  proved o r  disproved. 

Sone movement re1a.ted t o  for~nat ion  of   the  North Lake graben 

i s  assmed,  honever,  'most o f  $his movement max have  taken 

place i n  -the Xorth Ida? f a u l t  zone  described. by Givens 

(1957, p. 22) ,  Quaternary movement a long  north- t rending  basin 

and r a n g e   f a u l t s   a r e   i n d i c a t e d  by f a u l t   s c a r p s   d i s p l a c i n g ,  

a l luvial   sediments   a long  I4ul l igan  Gulch  and  east  o f  Magdalena, 

Transverse  Faults.  Very l i t t l e  physiographic o r  geologic 

. .. 

expression of  la te-Cenozoic   t ransverse  faul t ing is  e v i d e n t   i n  

the   s tudy   a rea .   Thcrefore ,   the   in te rgre ta t ion  of these  

s t r u c t u r e s  made he re   r e l i e s   heav i ly  on the  observations  of 

o the r   i nves t iga t0 r s . i . n   t he  &Ta.gdalena area.   Important 
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c h a r a c t e r i s t i c s .   o f   t h e s e   f a u l t s  as descr ibed by Brown (1972, 

p. 86-90) are:  

1 ,  

2. 

30 

4. 

A genera l   nor theas t   t rend   and  a l e f t - l a t e r a l   s e n s e  

of   obl ique-sl ip  as deterinined  by offset  of  d i k e s   i n  

t h e   a r e a   e a s t  'of Ka.gdalena, 

A s t r u c t u r a l  and topographlc l o w  between  the  Bear 

Mountains  and  the  l lagdalena  Mountains  attr ibuted  to 

a northeast- t rending  graben formed  by b i f u r c a t i o n  

of   the B i o  Grande Rif t .   (Chapin,  9971b), 

Complex mutual ly   cross-cut t ing  re la t ionships   between 

the   l ong i tud ina l   and   t r ansve r se   bas in   and   r ange  

f a u l t  systems. 

Cessation o f  movement on nor theas t - t rending   t ransverse  

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

Chapin  and  others   ( in   preparat ion)   have  inferred a maxirnum 

age of l a t e  Piiiocene f o r  development.  of  the  San  Augustin 

graben. T h i s  conclusion is based on f i e l d   r e l a t i o n s h i p s  o f  

r h y o l i t e   l a v a  fLours extruded from a .  vent  on Magdalena 

which a re   da t ed  a t  1 4  n.y.  (Weber, '1971 )o . These   rhyol i te  

l a v a s  must be al-der than the   graben  s ince  they d.0 not   f low 

n o r t h   l n t o  i ts s t ruc tura l   topographic  low. 

Some n o r t h e a s t -   t o   e a s t - n o r t h e a s t - t r e n d i n g   f a u l t s   i n  the 

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

described  above. A l a t e  Cenozoic  age is implied by t h e .  

c o n s i s t e n t   a s s o c i a t i o n  o f  pediment  gravels  deposited on or 

preserved on the  dovmthro-gin blocks. Nearly a l l  of   the 

t r a n s v e r s e  f a u l t s  a r e  doumtlrrown t o  the  north.  This 

r e l a t i o n s h i p  has  caused  progressively  older  strata t o  be 
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exposed a t  t h e   s u r f a c e  from nor th  t o  south  i n  s p i t e  of a 

r eg iona l   sou the r ly   d ip ,  A s t r i k e   s e p a r a t i o n  of t he  G.al1ina.s 

Spring fault uhere  cut by a bransverse  faul t   nor thwest  o f  t h e  

cen te r  of t he  s t u d y  a r e a  is i n  a.greement s n t h  obl ique-s l ip  

movement b u t   n o t   i n  a l e f t - l a t e r a i  sense. S ince   t he  t r u e  

a t t i t u d e  o f  t h e   G a l l i n a s   S p r i n g s   r a u l t  is no t  lmoum, t h e  

sugges t ed   s t r ike - s l ip  component may 'not be real, Al te rna i ive ly ,  ... 

t he   appa ren t   ho r i zon ta l   s epa ra t ion   cou ld   be , the   expres s ion  

of up-to- the-south  dip-s l ip  movement  on the t r a n s v e r s e   f a u l t  

if t h e  d i p  Of the   Gal l inas   Spr ings  Fau.lt is eastward. 

I 

A lrajor zone of t r ansve r se   f au l t i ng   expres sed  by f a u l t e d  

pediEent  gravels  and a northeast"krenc1ing basalt d.ike passes  

through  the   nor thern   ha l f  of t he  Tres  Montosas  .stock. As 

s u g g e s t e d   i n  Figure 16., this zone may. be an   . ex tens ion  of the 

Bear  Springs-Deer  Springs  fault  cone  dkscribed by B r o m  

('ig7.2, p. 88). Evidence f o r  . t h i s . c o r r e l a t i o n  is  based on t h e  

repeated  occurrence o f  narrow'I,  northeast-trending-grabens i n  

both  f au l t   zones  and t h e   f a c t   t h a t  a s t r a i g h t - l i n e   p r o j e c t i o n  

from t h e  Bear Xounta ins   in te rsec ts   the   Gd.1 ina . s   up l i f t  23 

about   the  propar   la t i tude.   Contrary t o  t h i s   i n t e r p r e t a t i o n ,  

hovrever, B r o m  sugges t s   t ha t   t hese   f au l t s   change ,   t r end  t o  a 

more south-sout lxvest   d i rect ion t o  i n t e r s e c t   t h e   G a l l i n z s  

u p l i f t  south  o f  U.S, Highway 60. It is suggested here t h a t  

' e i t h e r   i n t e r p r e t a t i o n  i s  reasonable  and a s o l u t i o n  t o  this 

. .  

problem must a w a i t  f u r t h e r  data. 



ECO'XOI~IIC GEOLOGY 

The s tudy   a r ea  is centered  about  the  Council  Rock mining 

d i s t r i c t  where veins   of   lead  carbonate  were 'mined i n   t h e '  

18801s for t he i r   s i l ve r   con ten t   (Lasky ,  "1932, p. 55). The 

h i s t o r y  o f   t h e   d i s t r i c t  is  s h o r t   l i v e d  and obscure. The 

d i s t r i c t ,   o r i g i n a l l y  hovm as I ron  t,iountain, is discussed 

b r i e f l y  by &'.A, Jones (TgOlt, p. 723-125), He states t h a t  

ore p ipes  o f  "hard-carbonate   lead-si lver  orell were mined as 

deep as 300 f e e t .  Ore from the  Old Boss mine is repor t ed  t o  

hme  averaged $250 per  ton.  Jones a l s o  mentions an i ron-  

bearing  vein  which was prospected t o . a  depth  of 80 f e e t ,  The 

opiginal. name o f   t h e   d i s t r i c t  1712s derived by its assoc ia t ion  

with a.bv.ndant magne t i t e   f l oa t   i n   ped imen t   g rave l s   t o   t he  

s s u t h e a s t  of t h e  vein workings. The. name o f   t h e   d i s t r i c t  

was l a t e r  changed t o  Council Rock f o r  a t o w n s i t e   e r e c t e d   i n  

t h e  1880;s t o  t h e   n o r t h  of t he  mine worlrings  near  Council 

Rock. 

The d i s t r i c t  is defined  here  as a 4 n i l e  by 2 mile 

nortl i-nortki~~est,- tsendjn~f zone of abundant  quartz-carbonate 

e p i t h e r n a l   v e i n s  (Pl. 1 ) .  Some ve ins   a r e   a s soc ia t ed   w i th  

not iceable   displacement  .of s t r a t i g r a p h i c   c o n t a c t s  and appear 

t o  be r e l a t e d   t o   b o t h   n o r i a l   f a u l t s  and reverse f a u l t s .  

14a.ny a p p e a r   t o  have  minor  displacements as t h e y  commonly 

d ie  o u t   a l o n g   s t r i k e   i n   s i l i c i f i e d   s h e a r   z o n e s .  ' The g r e a t e s t  

d e n s i t y  o f  ve in ing  and o ld  vrorlrings are c o n c e n t r a t e d   i n  the 

s o u t h   p a r t  of t h e  d i s t r i c t .  Tvro  vein t r e n d s  are apparent ,  

?I 10" N t o  I? Lt5"Yi and N 3O"E t o  N 60"E, ,Most of   the c l d  

morlring a r e   s i t u a t e d  at i n t e r s e c t i o n s  of t h e s e   t v o ' t r e n d s ,  



hence   the   h i s tor ica l   descr ip t ion   of   "p ipe   ve ins"   appears  

accura te .  The d i s t r i b u t i o n  of  ve ins ,   rhyol i te   d - ikes  and 

hydro thermal   a l te ra t ion  as shoxn on the   geologic  map i n f e r s '  

t h e  prsaence of an unexposed  stock  centered t o  the east of 

t h e   d i s t r i c t .  

~ . .  

Veins range i n   t h i c k n e s s  from 2 inches  t o  5 f e e t ,  The 

wider veins   are   predominant ly  white qua r t z  m i t h  minor  amounts 

of carbonates. Smaller v e i n s   o f t e n   e x h i b i t   a l t e r n a t i n g  bznds 

o f   ba r i t e - s ide r i t e   and   ca l c i t e -hemat i t e ,   Ba r i t e - s ide r i t e  

bands a re  genera l ly   coarser   g ra ined  with white bladed barite 

c r y s t a l s   u p   t o  1 i n c h   i n   l e n g t h   s e p a r a t e d  by a matrix o f  

rhombohehral  gray-brown s ider i te ,  Hematite i n   t h e   a d j a c e n t  
? 

bands i s  b lack ,   f ine  .LLrained and  disseminated  through  the 

c a l c i t e  g r a b s ,  thus   impar t ing   , an   overa l l   b lack   co lor  t o  

t h e  band. 
. ,. 

One short   vein  observed  cut t i .ng the t u f f  of Nipple 

Mountain  about a half mile southriest  o f  the   Counci l  Rock 

ranch   has  a con t r a s t ing ,   r a the r   unusua l  mineralogy compared 

t o  other v e i n s   i n   t h e   d i s t r i c t ,  A s  shovm i n  Figure '19, it 

is a breccia-vein  containing partially t o   c o i u p l e t e l y   c h l o r i t i z e d  

clasts of   the   tu f f   o f   Nipple   Nounta in   in  a matrix o f   f i ne  

grained  quartz ,   hemati te   and barite.  Rematite commonly f o m s  

black ou t l ines   a round   t he   c l a s t s ,  A c rus t   o f   l i gh t -g ray  la te-  

stage f l u o r i t e  i s  vis ible   a long  the  top  of   the  specimen.  

C a l c i t e  and s i d e r i t e   a r e   n o t a b l y   a b s e n t  fron t h i s   v e i n .  

S u l f i d e  rxinerals were not  observed i n  any  of   the vein 

material i n   o u t c r o p  o r  as f l o a t ,  A t r ace   o f   ma lach i t e  

was observed  but   only  In  dump mater ia l .  A few cube shaped 
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Figure 19. Vein b r e c c i a   c o l l e c t e d   n e a r   t h e   n o r t h  end of t he  
Council Rock min ing   d i s t r i c t .  Clasts of t h e  Tuff 
of Nipple  IjIountain  are  completely  altered t o  
c h l o r i t e   a n d   q u a r t z  where a gray   co lo r  is found. 
Note the   concen t r a t ion  o f  black  hematite  which 
o u t l i n e s  many o f  the  breccia   f ragments .   Quartz ,  

ma te r i a l .  
bar i te  and f l u o r i t e  make up  the  remainder o f  ve in  



vugs were observed i n  quartz ve in l e t s   i n   an   ou tc rop   o f  

s i l i c i f i e d   t u f f  of Uipple  14ountain ju s t   no r th   vhe re  i t  is  

crossed  by  Council 2oclr Arroyo,  This, and some a s s o c i a t e d  

l i m o n i t e   s t a i n i n g ,   s u g g e s t   p y r i t e  may have been ' a   spa r se .  

component  of t h e   v e i n l e t s .  

The ve in   n ine ra l   pa ragenes i s  from first c r y s t a l l i z e d  

t o  I.ast is: mLcrocrys ta l l ine   quar tz , .   ca lc i te   and   hemat i te ,  . .  

b a r i t e  and s ide r i t e ,   f l v .o r i t e ,   d rusy   qua r t z .  This order  'of 

c r y s t a l l i z a t i o n  is gene ra l l i zed  and seve ra l   excep t ions  mere 

noted i n  t h i n   s e c t i o n .  I n  some spec imens ,   bar i te   appears  t o  

be o l d e r   t h a n   h e m a t i t e   a n d   i n   o t h e r s   c a l c i t e   o l d e r   t h a n  

microcrys ta l l ine   quar tz .  

C i r cu la t ion  o f  hydrothermal   solut ions vcithin t h e  d i s t r z c t  

appears  t o  haye  had a long  h i s to ry .  . Veiz ing   yos tda tes  a 5 h y o l i t e  

dike t o  the  southwest .of Council Rock,. Nhere i n t e r s e c t e d  by 

quar tz   ve ins ,   the   d ike   has  a l i g h t   g r e e n   c o l o r  du.e t o  

c h l o r i t i z a t i o n  of the  groundnass  minerals. Most vein  

format ion   apparent ly   took   p lace   in   l a te   Ol igocene  time 

a s s o c i a t e d   x d t h   c r y s t a l l i z a t i o n  of t h e   i n f e r r e d   s t o c k   c e n t e r e d  

t o  t h e   e a s t  of the d i s t r i c t  and la te r   doymfaul ted  by bas in  

and   range   fau l t s .  A northeast- t rending,   three-foot- thick 

qua r t z   ve in  one mile  south-southwest of Council Rock i s  

a b r u p t l y   t e r a b a t e d  Sy a f a u l t  i n t e r p r e t e d   t o  be secondary . 

t o   t h e  major  Council Rock f a u l t .  Hovrever this 6econdary fault 

. a l s o  e x h i b i t s  -or q u a r t z - c a l c i t e   v e i n i n g   i n  an open cut. 

about 2000 f e e t   f w t h e r  t o  the  south,   Thio  suggests   basin , 
and r ange   f au l t i ng  may have r eac t iva t ed   minor   c i r cu la t ion   o f  

hydrothermal   solut ions.   Al though  apparent ly   separated by a 
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d i s t i n c t  i n t e r v a l  o f  time, i t  does n o t  seem reasonable  t o  

s epa ra t e   t hese   mine ra log ica l ly  similar v e i n s   i n t o  tvro episodes 

o f  n i n e r a l i z a t i o n .  

H y d r o t h e r i a l   a l t e r a t i o n   i n   t h e   C o u n c i l  Rock d i s t r i c t  b a s  

no rec.ognizable   overal l .  zonal charac te r i s t ics ' .   Grea ter  ].atera1 

t h a n   v e r t i c a l ' p e r m e a b l i l t y   t h r o u g h   t h e   s t r a t i g r a p h i c   u n i t s  

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

Some minor ,quar tz   ve ins   cu t t ing   permeable   rocks  have a s soc ia t ed  

a r g i l l i c  and p r o p y l i t i c   a l t e r a t i o n . v h i c h   c a n  be d i r e c t l y  

a t t r i b u t e d  t o  the   ve in   minera l iza t ion ,  I n  agreement  with 

the   genera l ly   recognized   zonal   pa t te rns   e l sewhere ,   a rg i l l . i c  

a l t e r a t i o n  vas c l o s e s t  t o  t he   ve ins  and surrounded by p r o p y l i t i c  

E l t e ra t ion   (Creasey ,  1966, p. 73) In  decreasing  order   of  

a r e a l   e x t e n t ,   p r o p y l i t i z a t i o n ,   a r g i l l i z a t i o n ,   p y r i t i z a t i o n  and 

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

d i s t r i c t .   P y r i t i z a t i o n  i s  genera l ly   conf ined  t o  outcrops  of 

t he -   t u f f  o f  Nipple  tlountain.  Disseminated  pyrite  relatec? t o  

faul t   zones  seems t o  be considerably more abundant i n  t h e  

hinge-line  zone t o  t he   sou th  and t o  t h e   n o r t h  of  t h e   d i s t r i c t *  

.. 

.. . .. 

The s c a r c i t y  o f  su l f ide   mine ra l s  i n  v e i n s   ' o f   t h e   d i s t r i c t  

does  not rule o u t   t h e   p o s s i b i l i t y  o f  base-meta l   su l f ides  at 

depth.   Kineral izat ion  of   the same age  has  formed  valuable 

z i n c ,   l e a d ,   s i l v e r   d e p o s i t s  i n  t h e   K e l l y   d i s t r i c t   o n l y ' l 2  

mi l e s  t o  the  east..  Inasmuch as the  Council  Rock mining.  ' 

d i s t r i c t  is l o c a t e d  on the  buried  f lanlr  o f  a Laramide u p l i f t ,  

i t  is  q u i t e   d i f f i c u l t  t o  e s t ima te   t he   dep th   t o   t he   f avorab le  

Kelly  Limestone. A minimum d r i l l i n g   d e p t h   t o   t h e  Kelly of  

6800 f e e t  a n d  m a z i m m  depth  of 12,300 fee-t  is based ,on   the  
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fo l low5ng  es t imated   s t ra t igrapkic   sec t ion :  Lower Spears 

Formation 1200 f e e t ,  Baca Formation 0-2000 feet ,   Nesozoic 

rocks  0-3500 f e e t ,  Permian  rocks j000 f ee t ;  Madera  Forai,ation 

2000 feet ,   Saadia   Formation GOO f e s t .  The exis tence  of  

moderate  doxing, and comparison  with  the  level  of emplacement 

of t h e  Tres t fon tosas   s tock ,   sugges ts   tha t   the  r o o f  of t he  

inferred s tock  may be  within  2000  feet  of . t he   su r f ace ,  

Nagnet i te   f loat   vhich  gave  the  Counci l   Rock 'dis t r ic t  i t s  

o r i g i n a l  name " I ron   Hounta in   d i s t r ic t"  was derived from 

metasomat ic   i ron   depos i t s  along the  north  margin of t h e  

Tres  Montosas  stock. Th is  conclusion is supported by  magnetite 

mine ra l i za t ion  at the   Big John mine on ,the  northwest  perimeter 

of the  stock,  Information  provided by WeBe WalLsh ( m i t t e n  

comun.,  1972), co-owner of t h e  mine, i nd ica t e s   t ha t   p roduc t ion  

exceeded 200 t o n s   i n  1966.' Elost o f  t h e  ore  mas used i n   t h e  

manufacture of high-densi ty   concrete   for   nuclear   shielding.  

t la&etoneter   surveys  r indicate   that   the   greatest   concentrat ion 

o f  magnetite is  t o  t h e  west o f  the  prospect   shaf t .   Samples  

from t h e  dump i n d i c a t e  a contac t   metasof la t ic   o r ig in   for  the 

magne.tite. The host   rock is  a medium-grained hed.enbergite 

s y e n i t e  formed  by po ta s s i c  metasomatism  of  granodiorite 

porphyry.  Traces of pyri te   occur   a long  the  edges  of   magnet i te  

v e i n l e t s  which v a r y   i n   t h i c k a e s s  from 10 cm t o  1 mm. Dark- 

green  hedenbergite  occurs as mass ive   c lo ts   ad jacent  t o  ve ins  

abd as sna l l   g ra ins   d i sseminated   th rough  the   hos t   rock .  

Some c a l c i t e  1-7a.s a l s o  found i n  assoc iaLion   wi th   l a rger  masses ' 

of pyroxene. 

. . .  

$f ino r   py r i t i za - t ion   and   s i l i c i f i ca t ion  of t h e  A-L peak 
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Formation are the  only  expression of h y d r o t h e r a a l   a c t i v i t y  

x e l a t e d  t o  the   proposed  Gal l inas   Springs  s tock.  The absence 

o f  doming  and v e i n i n g   i n   t h e   a r e a   s u g g e s t s   t h a t   t h e  roof  of 

t h e   s t o c k  i s  qui te   deep ,   Dr i l l ing   depths  t o  favorable  

replacement  horizons and ( o r )  t h e   s t o c k  are v e r y   l i k e l y  

uneconomic, 

A wide a r e a  o f   p r o p y l i t i c ,   a r g i l l i c  and p y r i t i c   a l t e r a t i o n  

o c c u r s   t o   t h e   e a s t  o f  the  Tres   Montosas   s tock,   Three  possible  

sources   a re :  

1 e t he   T res  Montosas s t o c k  

2. a deep magmatic source  connected t o   t h e   s u r f a c e  by 

a ulajor uptlxcust  which fornod the  monoclinal fo ld  

(h inge   l ine)   border ing   the  east f l a n k  of  t h e  Gallinas 

u p l i f t  e .. ... 

3 .  an unexposed. p lu ton ( s )  t o  t h e  east i n  the   Nul l igan  

Gulch graben  (Chapin and o t h e r s ,   i n   p r e p a r a t i o n ) .  - 
The Tres  Montosas  stock  can be e l imina ted   s ince   t he  

a l t e r a t i o n   p a t t e r n s   a r e   n o t   s p a . t i a l l g   r e l a t e d  t o  it. Choosing 

between  the  second and t h i r d   s o u r c e s  would requi . re   subsurface 

d a t a  not   p resent iy   ava i lab le . .  However the  semi-continous 

occurrence o f  a l t e r a t i o n  and   minera l iza t ion   a long   the   h inge  

l i n e   z o n e  from  Council Rock s o u t h   t o  C a t  Mountain  favors  the 

second  source. 
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coNcLusIoI?s 

Volcanic strata exposed i n   t h e   C o u n c i l  Rock d i s t r i c t  

c o n s i s t   c h i e f l y  o f  welded ash-flow t u f f s  with minor intwrljedded 

lava   f lows  and volcanic las t ic   sed iments .  ’ Welded ash-f log ’ 

t u f f s  of   the  upper   Spears ,  Hells Mesa and A-L Peak Formations 

were produced  during a m a j o r   p e r i o d   o f   l a t i t i c   t o   r h y o l i t i c  

p y r o c l a s t i c   e r u p t i o n s   i n   t h e  mid-Oligocene. F i e l d  and 

petrographic  observations  of  the  Oligocene  volcanic rocks i n  

t h e   s t u d y  area i n d i c a t e   t h e y   a r e   v e r y  similar t o  an e q u i v a l e n t  

s e c t i o n  i n  the  Southern  Bear  Mountains (Brown, 1972). Notable 

differences  ,occur  i n  cool ing  breaks o f  the   ash-f low  sheets  

which may, o r  may not ,  be. occupied  by  andesite o r  b a s a l t i c  

andes i t e   l avas .   Th in   c rys t a l - r i ch  ash f l o w   i n t e r b e d d e d  i n  

t h e  A-L Peak Formation  ‘ in  the  Southern Bear Hountains vfere 

not  observed i n   t h e   s t u d y   a r e a .  Field vrork by several 

i n v e s t i g a t o r s  i n  t h e   v i c i n i t y  of the s tudy  area i n d i c a t e   t h e  

L a  Sara Peak  Andesite is no t   p re sen t  on t h e   G a l l i n a s   u p l i f t  

(Tonking, 1957; Givens, 1957; \Yilldnson, i n  preparation) e 

High-angle- fau l t s  developed  during  the  Oligocene are 

a t t r i b u t e d   t o   c r u s t a l   a d j u s t m e n t s   i n d u c e d  by e x t r u s i o x  o r  

i n t r u s i o n  of l a r g e  volumes  of magma. Reac t iva t ion   of  

gene ra l ly  north-northrrest-trelldinlS basement f au l t s  begm 

p r i o r  to,  o r  during,   erupt ion  of   the Hel l s  Mesa and A-L Peak 

a s h  flours.  Topography  .developed  along  the  Gallinas Springs 

f a u l t  zone is i n t e r p r e t e d   t o  be the   cause   o f   an   increase  i n  

th ickness   f ron  east t o  viest  of t h e  Bells, Mesa a n d   a l s o  f o r  

l a v a  flows interbedded i n  t h e  A-L Peak Formation. A %elded” 
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fau l t   contac t   be tween  ash- f low  uni t s  i n  $he  lower A-L Peak 

Formation  helps   confirm  this   interpretat ion.   Several   exposed 

a n d  in fe r r ed   s tocks   o f   l a t e   O l igocene   age   occu r   a long   t he  

Ga l l inas   Sp r ings   f au l t   zone   i nd ica t ing  i t  was a major   cont ro l  

i n  theLr emplacement. 

I n t e r s e c t i o n s  of the  Gal l inas   Springs  faul t   zone  vr i th  
\ 

nor theas t -or ien ted   Ol igocene   fau l t s   a re  o f  secondary  importance .. 
i n  t h e  emplacement of these   s tocks .  bfa jor  basin and  range 

no r theas t - t r end ing   f au l t s  a l s o  i n t e r s e c t   t h e s e   s t o c k s  masking 

the   O l igocene   f au l t s   w i th   t he  same t rend.  The n o r t h   t r e n d i n g  

s t o c k s   a r e   i n f e r r e d   t o  be extensions  of  a 20-mile-long  pluton 

which  has   been  intruded  into a m a j o r  basement  zone of weakness 

a long   t he   ea s t   s ide  o f  t h e   G a l l i n a s   u p l i f t .   T h i s   i n t r u s i o n  

i s  egpressed a t  the   su r f ace  by an   eas te r ly   s lop ing   monocl ina l  

f o l d  which  borders   the  upl i f t   and f o l l o w s  the   wes t   s ide   o f  

the  i%ll igan Gulch  graben.  Topography  developed  along t h i s  

mon-oclinzl f o l d  nay  have  formed a b a r r i e r  t o  wester ly   f lowing 

l a v a s  of  the L a  Jara Pe&. F o r m a t i o n   d u r i n g   t h e i r   e r u p t i o n   i n  

mid-Miocene time. ' T h i s  would explain  the 'absence  of   the L a  

Jara Peak  Andesit.e on the  Gallinas u p l i f t .  Ycunger  basin 

aqd r a n g e   f a u l t s  which  fbllovl  the axis o f  the  monocline  have 

down f a u l t e d   t h e   e a s t  limb of   the  fold.  

. .  

Stocks  extending f rom t h i s   e l o n g a t e   p l u t o n   r o s e  t o  mithin 

1000 f e e t  o f  the  Oligocene  surface.   Erosion  during  the Miocene 

and  Pliocene h a s  exposed  the  shal lowest   s tock,   here  named 

the   T res  Montosas  stock. Unexposed i n f e r r e d   s t o c k s  a t  Council 

Rock a n d  t h e   a r e a  one mile  southwest o f  G a l l i n a s   S p r i n g s   a r e  

i n d i c a t e d  by f e l s i c   d i k e  swarm, epithermal  veins,   hydrothermal 
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a l t e r a t i o n ,   l o c a l   s t r u c t u r a l   f e a t u r e s  and at t h e   l o c a t i o n  

southwest  of Gallinzs Spr ings  by a c e n t r a l   v e n t   f o r   b a s a l t i c -  . 

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

Geologic  events i n   t h e  development  of  the  Datil-Mogollon . . , 

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

t iming and absolu te   age   to   tha t   o f   the   ,San   Juan   v 'o lcanic   f ie ld  

( c f .   E l s t o n  and  o the r s ,  1973; and Lipman 'and  others,   1970).  

The composition  of  ferromagnesian  minerals i n  mafic l avas   and .  

a few chemica l   ana lyses   sugges ts   d i f fe ren t ia t ion   f rom alkali-  

o l i v i n e  basalt. C o m p o s i t i o n a l   v a r i a t i o n s   i n   t h e   B e l l s  Nesa 

Formation i n d i c a t e .   t h a t  i t  is  an f lupside down1l composi t ional ly  

zoned  ash-flow  sheet.  A model o f  ash-f low  erupt ion  presented 

by Brovm (1972) is expanded,upon  the basis' o f   t h e   p e t r o l o g i c  . .  

charac te r   o f .   t ' ne .Tres  Montosas s t o c k  and data f r o m  t h e   l i t e r a t u r e .  

Lipnan and F'riedman (1974) r e p o r t   t h a t   l a r g e   q u a u i t i e s  of  . ,. 

meteoric  water vrere i n c o r p o r a t e d   i n   s i l i c i c  magmas be fo re  - 

t h e i r   e r u p t i o n   t o   p r o d u c e  a compositionally  zoned  ash-'flow 

s h e e t  i n  sou the rn  Wevada. Kennedy ( 1  955), -Boone (19621, O r v i l l e  

(1963) ' a d  Cater (1969)  have a1 s t r e s sed '   t he '  ab i l i t y  of an ' 

aqueous  vapor-phase t o  f r a c t i o n a t e   a n   a l k a l i n e  magma i n t o  a 

potassic-r ich  phase at t h e   t o p  of  a magma chamber. A model 

proposed  here   suggests  that  inco rpora t ion  o f  abundant  meteoric 

water by a la rge   body of a lka l i - andes i t e  magma vras t h e  

. e s s e n t i a l   f a c t o r   i n   t h e   p r o d u c t i o n  ' o f  magmas which  were l a t e r  

e r u p t e d  t o  form t h e   H e l l s  Nesa and A-L Peak  Formation. Once 

wa te r   en t e r s   t he  magma system,  the  mel t  is  r a p i d l y  and 

e f f e c t i v e l y   f r a c t i o n a t e d ,  by a process  o f  .llaqueo-alkalill . 

d i f f u s i o n ,   i n t o   s t r o n g l y   z o n e d ,   g a s - c h a r g e d   s i l i c i c  magma. 

. .  

. .  

~ 

.. ... , 

. .  

. .  

. .  



The process  may be descr ibed by two r e l a t e d   c h a i n s   o f  

events   which ' take   p lace  at different l e v e l s  i n  the chamber: 

f .  

2. 

Because  of   pressure  gradient   the  a iueous  vapor  phase 

d i f fuses   toward  the top   of   the  magma chamber  and is . . , . 

concent ra ted  there. Components o f . a l k a l i   f e l d s p a r  

and t o  a lesser e x t e n t   q u a r t z   a r e   s t r o n g l y   p a r t i o n e d  

in to   t he   vapor   phase   du r ing   t he   d i f fus ion   p rocess  t o '  

form a low-s i l ica ' ,   a lka l i - rhyol i te  magma at. the  t o p  

of the chamber, Normal t h e r m a l   g r a d i e n t s   t e n d   t o  

cool  the magma b u t   c r y s t a l l i z a t i o n   o c c u r s   v e r y  la te  

because o f  the e f f e c t  of   high  mater   content  on the 

l iqu idus   t empera ture .  

An approximately  opposi te   chain  of   events   occurs  a t .  

some l o w e r   l e v e i   i n  the magma..chamber. Although. ~. -. 

enr iched  i n .  p o t a s s i u m   a n d   s i l i c a   ' r e l a t i v e   t o  its 

original   composi t ion, .   the  magma is ,undersa tura ted '  

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

much e a r l i e r .  A s  c r y s t a l l i z a t i o n  becomes  dominant, 

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

Together these processes  f0rm.a c r y s t a l - r i c h   q u a r t z  

l a t i t e  magma which c r y s t a l l i z e s  tit amuch   h ighe r  ' 

t empera tu re   t han   t he   rhyo l i t e   because   o f   s ign i f i can t ly  

lower  water   content  and more mafic  composition. ' 

. -  

. .  

Pe t ro log ic   obse rva t ions  o f  the   Tres   Montosas   s tock  help 

to   con f i rm this model, The va r i a t ion   i n   compos i t ion   o f  

f e l d s p a r s   a n d   t h e i r   s t r u c t u r a l   s t a t e   i n d i c a t e  t h a t  much of  

t h e   s t o c k   c r y s t a l l i z e d   r a p i d l y  with l i t t l e  t i m e   f o r   t h e  

r e l a t ive ly   s low  P rocess  of f r a c t i o n a l   c r y s t a l l i z a t i o n   t o  be 

. .  



120 

e f f e c t i v e .  However, t h e   s t o c k   e x h i b i t s  a wide range i n  
composition f rom a n d e s i t e   t o . g r a n o d i o r i t e ,   t o   m o n z o n i t e  

( q u a r t z  aqd pyroxene), t o  l e u c o g r a n i t e .   R a p i d   c r y s t a l l i z a t i o n  

has  I1frozenf1  the  process  of  aqueous-potassic  enrichment i n  

t h e   b o r d e r   f a c i e s   r o c k s  s o  t h a t  i ts e f f e c t  may still be seen. 

Phenocrysts  o f  Wgh-temperature  andesine  enveloped by low- 

t empera ture   o r thoc lase   a re  an expression  of  this process.  

The concen t r a t ion  o f  a potash-rich  aqueous  phase  continued ' 
t h r o u g h o u t   t h e   e n t i r e   c r y s t a l l i z a t i o n - o f   t h e   s t o c k .   T h i s  

r e s u l t e d  i n  t h e  formation of a 1eucogr .d i te   core .   Al though 

the grani te   core   could   be  due t o  a n o t h e r   i n t r u s i v e   e v e n t  : 

t h e r e  is  no i n d i c a t i o n   t h a t  i t  is a %ormaltl d i f f e r e n t i a t e  

o f   t h e   o r i g i n a l   a l k a l i - a n d e s i t e   p a r e n t  magma.. P l ag ioc la se  

i n   t h e   g r a n i t e  is  approximately  the same composition as t h a t  

of  monzonites i n  the  border   facies   a1though:of   the l o w  

t e m p e r a t u r e   s t r u c t u r a l   v a r i e t y .  

.. .I. ._ 

Unexposed s t o c k s  at Council Rock and near Gallinas 

S p r i n g s   a r e   f a v o r a b l e   t a r g e t s  f o r  base-metal s u l f i d e  

re inera l iza t ion .  The s c a r c i t y   o f   s u l f i d e s   i n   t h e   . C o u n c i l  Rock 

ve ins   does   no t   e l imina te   &he   poss ib i l i t y  o f  replacement o r  

porphyry- type   su l f ide   minera l iza t ion  at depth.  Because 

the  Council  Rock x i n i n g   d i s t r i c t  is l o c a t e d  on the bur i ed  
. .  

f l a n k  o f  a L a r m i d e   u p l i f t ,   t h e   e s t i m a t e d   . d e p t h   t o  the 

favorable   Kel ly   Limestone is between  the wide limits of ' 

6800 f e e t  t o  12,300 f e e t .  Doming and comparison  with  the ' 

l e v e l  of  emplacement  of the   Tres   Montosas   s tock   sugges ts   the  

roof   o f   the   Counci l  Rock s t o c k  may be within 2000 feet o f  

the   sur face .   Hemat i te  and s i d e r i t e  are abundan t   cons t i t uen t s  ' 
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O f  t he   ep i the rma l   qua r t z   ve ins  a t  Council Rock. T h i s  sugges ts  

they  may b e   r e l a t e d  t o  a hydrothermal system at  d e p t h   s i m i l a r  

t o   t h a t  which  produced  contact (?)  metasomatic  magnetite 

mine ra l i za t ion  a t  the   Tres   Montosas   s tock .   F ie ld   re la t ionships  . 

around  the   in fer red   GalXinas   Spr ings   s tock   ind ica te   the   depth .  

t o   p o s s i b l e   m i n e r a l i z a t i o n  is  much g r e a t e r   t h a n   t h a t  which is 

present ly   economica l ly   feas ib le  t o  develop.. The occurrence:: 

o f  semicont inous   hydro thermal   a l te ra t ion  'and , m i n e r a l i z a t i o n  

i n   t h e   h i n g e - l i n e  'zone'.  (monoclinal  fold)  from  Council  Rock'to . 

C a t  Hountain  favors  a deep  magmatic o r i g i n   f o r   t h e  hypogene 

s o l u t i o n s  which  produced  these'  features.. 

. . .  

. .  

Basin and raxige f a u l t s ,   b o t h   l o n g i t u d i n a l  and t r a n s v e r s e ,  

fo i low  t r ends  similar t o  t hese  of  e a r l i e r   O l i i o c e n e   f a u l t s . '  . 

The c lose   a s soc ia t ion   o f   t he   Counc i l  Rock faul t  and t h e  

monocl inal   fold i s  a t t r i b u t e d  t o  r e a c t i v a t i o n   o f  the same . 

zone  of   weahess   which  control le i   formation  'of   the   monocl ine.  

Overlapping  of  the  longitudi&.l and t r a n s v e r s e   f a u l t s  i n  -space 

and t ine has produced a complex f a u l t   p a t t e r n   ~ h i c h  is  overpr in ted  

on the   O l igocene   s t ruc tu res .   B lock   f au l t i ng   o f  the bas in   and  

range  type first produced a s e r i e s  of  north-northwest-trending ... 

grabens   and   hors t s .  Later branching o f  t h e  E o  Grande ' r i f t  t o  

form  the S m  hugust in   plain  produced an ove r l app ing   s e t   o f  

nor theas t -or ien ted   g rabens   and   hors t s .   Eros ion   of   these   hors t s  

s ince   ear ly   Kiocene   t ime,   wi th   concurren t   depos i t ion  i n  the 

grabens,   has   produced  abundant   surf ic ia l   cover .   Pediment  

g r a v e l s  i n  the  Hulligan  Gulch  graben are dominant ly   der ived 

from t h e  Gal l inas  u p l i f t .  Late Pl iocene o r  Quaternary   fau l t ing  

is  expressed   by   o l iv ine  basalt dikes   which  cut   pediment   gravels  

a t  Council Rock. 

. .  . 

.. 

.. 

. .  



APPENDIX 

Optical  Determination  Hethods 

The composition and s t r u c t u r a l  state o f  p l a g i o c l a s e  yere 

determined  with a 5-axis universa l   s tage   us ing   the   Ri t tmann-  

zone  method  (Rittmann,  1929) i n  combination with 2V.&gles  

measured by s t a n d a r d  e x t i n c t i o n   t e c h n i q u e s  on the   u rc iversd l  

s t a g e  (Emmons, 1943, p. 23-41). J.R. Smith (1968, p. 1191) 

i n d i c a t e s  t h a t  t h e   d i f f e r i n g   n a t u r e '  of v a r i a t i o n s  i n  2 V  16th 

composition f o r  high- and low-temperature   plagioclase  can be 

used t o   i d e n t i f y   t h e   c o r r e c t . s t r u c t u r a l  state i f . t h e  composition 

o f   t he   p l ag ioc la se  i s  knom.  However, t h i s  method fails i n  . 

t h e   c o m p o s i t i o n   r a g e s  An t o  An6* and f rom Ang0 t o  Anloo . . 

because o f  nea r ly   equa l  2 V  v a l u e s   i n   t h e s e   i n t e r v a l s .   O t h e r  

methods t o  dist inguish  high-  and  lor:!-temperature  plagioclase . 

are descr ibed by Slerimons (1962),  and RittmaG and  El-Hinnawi 

(1961 ). These  methods  employ t h e  measurement  of  angles 

between crys ta l lographic   axes   and  the o p t i c   i n d i c a t r i x  which 

invo lves  complex  procedures and is  complicated by many 

ambigui t ies .  

40 

The combined  Rittmann  zone - 2Vz method u s e d   h e r e   t o  

d e t e r m i n e   t h e   s t r u c t u r a l   s t a t e  of p l a g i o c l a s e . i s  a modi f ica t ion  

of   tha t   sugges ted  by J.R. Smith (1958). The procedure is as 

fol lows : 

I .  D e t e r ~ n e   t h e  2 V  of a s u i t a b l e   p l a g i o c l a s e   i n d i v i d u a l  

u s ing   s t anda rd   ex t inc t ion   t echn iques .  

.. 2. In  t h e  same ind iv idua l ,   de t e rmine   t he  maximum 

' ex t inc t ion   ang le  X '  A (01 0) i n   t h e  zone  perpendicular  . ' 

t o   t h e  lO101. 



3 .  Enter  Rittmann  zone, X' A ( O I O ) ,  and ZV, curves  

Using   ex t inc t ion  and 2 V  angles   determined above 

and record  all t h e   p o s s i b l e   a n o r t h i t e   p e r c e n t a g e  . .  

values  compatible with t h e   o p t i c a l  d a t a  (minimum 

. of 4 va lues ) .  The values   should be s e p a r a t e d  

wi th   r e spec t   t o   h igh -  and l o w t e m p e r a t u r e   s t a t e s .  
. .  

4. Compare the  compositions  determined, The t r u e  

s t r u c t u r a l   s t a t e  must  have  composition values 

tht i t   agree wi th in  4 pe rcen t   ano r th i t e .  

Variat ion  curves   for   the  Ri t tmann  zone method and 

2Vz  which d i f f e r e n t i a t e   v o l c a n i c   a n d   p l u t o n i c   s t r u c t u r a l  . 

s t a t e s  that were  used i n   t h e   d e t e r m i n a t i o n s   a r e   p r e s e n t e d  

i n  F igures  1 8  and 1B r e spec t ive ly .  Over 30 trials o f   t h i s  

method i n d i c a t e  i t  is a v a l i d  means to   d i sc r imina te   he tween  . ' . ' 

vo lcan ic  and p l u t o n i c   p l a g i o c l a s e   i n   t h e   c o m p o s i t i o n  - 
range And t o  An (c f .  J.R. Smith, 1958)'. As. i n d i c a t e d  by 

Figure l B ,  t h e   d i f f e r e n c e   i n  2Vz f o r  vo lcanic  and pluton-ic 

p l a g i o c l a s e  i n  the  range An t o  An5o v a r i e s  f r o m  2 t o  . 

3 degrees ,  a value  which is  t o o  n e a r   t h e   e r r o r   i n v o l v e d  

i n  a 2 V  determination. '  This is  why Smi th   i nd ica t e s  2V a lone  

can  not  be  used t o   d i s t i n g u i s h   t h e   d i f f e r e n t .   s t r u c t u r a l  

s t a t e s  i n  ca lc ic   andes ines .  However, inspec t fon   of   F igure  1A 

i n d i c a t e s  a d i f f e r e n c e   i n   e x t i n c t i o n  angles of  6 t o  8 degrees 

f o r   t h e  two s t r u c t u r a l  s tates i n   t h e   r a n g e  An t o  An5o, 

which is  much g r e a t e r   t h a n   t h e  - 0.5 degree e r ro r  involved  i n  

the  measurement. Thus i n  the .composi t ion   range  An t o  

t h e  method i s  reversed  and 2 V  is used t o  estimate t h e  

composi t ion   wi th   the   s t ruc tur !a l   d i s t inc t ion  made on t h e  basis 

50 
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2Vz  FOR VOLCANIC AiTD PLUTONIC  PLAGIOCLASE 
. .  - .  

Figure 1.. A. Rittmann  zone  curves f o r  X' (010) v e r s u s  
composition  of  volc+ic and p l u t o n i c  
p l ag ioc la se   ( a f t e r   T roge r ,  1959, p. 111) .  

B. 2V, versus  composition  of  vol.canic and p lu ton ic  
p l a g i o c l a s e   ( a f t e r  Slemons, 1962, p l ,  11 1- 
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Of t he   a s soc ia t ed   ex t inc t ion   ang le .  Examples of some . 
determinat ions made by   t he   wr i t e r  are l i s t e d   i n  Table 1. 

Samples TH-12 and 1-13 i l l u s t r a t e   t h e   d i s c r i m i n a t i v e  

c a p a b i l i t i e s  of t h e  method wi th   Calc ic   andes ines .  As 

i n d i c a t e d  by  samples 1-69 and 1-67, determinat ion of 2V a l s o  

e l imina tes   ambiguous   ex t inc t ion   angles  of t h e  Ritmann zone 

method f o r  the  composition  range Ano t o  Anio. Compositions 

determined from ext inc t ion   angles   (Ri t tnann   zone .   method)  are 

accepted as be ing  more accura te   than   those  determined from 2V. 

The R i t t m a n n  zone method i s  repor ted  by Emmons,(1943, p. 133) . 

t o  b e   a c c u r a t e   t o  - 3 percen t   ano r th i t e . '  The  combined 

Rittmann  zone - 2V, method will. probab ly   no t   d i s t i ngu i sh  ' 

p l a g i o c l a s e s   w i t h  a t r a n s i t i o n a l   s t r u c t u r a l   s t a t e .  ' 

+ 

The alkali  f e ldspa r s :   s an id ine ,   ano r thoc la se  and 

o r thoc la se  were d i f f e r e n t i a t e d  on t he  basis of  2Vmeasurements 

and a common phys ica l  trait.  Although  not   diagnost ic ,  many 

i n v e s t i g a t o r s  have  noted  that  i n  una l t e red   rocks   ' s an id ine  

- 
. .  . .  

. a n d  anor thoc la se  are c h a r a c t e r i s t i c a l l y   c l e a r   w h i l e   o r t h o c l a s e  

is usual ly   c louded.  T h i s  r e l a t i o n s h i p  is well i l l u s t r a t e d  by 

the  photomicrograph on page 70. The 2V o f  alkali f e l d s p a r s  

va r i e s   w i th   t he i r   compos i t ion ,  however,  the-  degree of  order ing  

of  exchangable   cat ions  and  the  degree of unmix ing   a l so   con t ro l  

t h e  2V o f  f e ldspa r s .  The l a t t e r   t v m v a r i a b l e s  are primarily 

r egu la t ed   by   t he   coo l ing   h i s to ry  of the  rock.  Studies by 

MacKenzie axd J.V. Smith  (1955,   1956)   indicate   that  2V may ' 

be  used t o   e s t i m a t e  Or content  t o  10 percent  i n .  mesozonal 

plu-konic  and  high  grade  metamorphic rocks,  and  t o  5 20 percent  

i n  extrusive  volc: . ; l ic  rocks.  A l a t e r   i n v e s t i g a t i o n   b y  Emeleus 

. ,  

> .  



Table 1. Examples o f  determinations  for  structural  state of plagioclase  made  by  the 
combined  "Rittmanmr,  Zone .. 2V," method. 

Rittmann z o m  2V 

X' A (010) % anorthite .' sample  rock 2vz $ anorthite  structural 
inferred 

number  type ( 2  0.5) volc.  plut.  volc.  plut.  state & % &-I 

1-69 ash-flow tuff 5.0" Q* 17 125O:?:: 1" E 
rhyolite 

21 
none*  volczlnic 

3 23 - 

rhyolite 

(dike ) 
1-67 vitrophyre 8.0" I 10 14 128' 2 1" ' 12 none*  volcanic 

22 25 A n 1  0 

Tres  Montosas  stock ' 

border  facies 
... . 

' T"12 andesite 29.5" !& . , '55 .88"+ 2" &O& ' '  ' 38 
. .  
" ' 4 . .  

,. , 68 . . 
volcanic 

. ,  An44 
. .  . .  .. ,, . 1.5 

1-13 pyroxene ,' 29.0" ' . 54 , 89'2 2; 40 ' 37 . volcanic 
diorite 69 . , 

24 . . .  

t 4 3  

1-80 ' quartz 24.OV 2 44 28 97OL 2* ' ' volc&ic 
An37 

. '  . . .  

monzonite 92 80 
core 
_I 

*compositions  in  agreement a r e  underlined . * not Sossible  according to Rig. 1B 



and J.V. Smith' (1959) i n d i c a t e s   t h e   e r r o r ,   i n v o l v e d  i n  

e s t i m a t i n g  Or con ten t   u s ing  2 V  measurements i n  hypabyssal 

igneous  rocks lnay be as much as 2 100 percent .   Thus  the 

writer has  only  used 2 V  measurements of  a lka l i  . f e l d s p a r s   i n  

ash-flow tuffs  o f   t he   He l l s  Mesa and A-L Peak  Formations t o  

estimate t h e i r   c o m p o s i t i o n   t o  5 20 percent.  The'  diagram 

shown as E g u r e  2 mas t h e  basis f o r   t h e s e  estjmates of 

composition. 

The approximate  composition  of  clinopyroxene was deternined 

from a combination  of 2V and   ex t inc t ion   ang le  (ZAC) measurements. 

Ex t inc t ion   ang le s  were determined from s t e r o g r a p l e c  plots '  

o f   t h e   o p t i c   i n d i c a t r i x  axes and t h e i r   r e l a t i o n s h i p  t o  t h e  

o r i e n t a i i o n  of  t h e  ( 1  10) prismatic  cleavages.  The i n t e r s e c t i o n  

o f  these   c leavages  is  parallel  t o  t h e  C axis. T h i s  d a t a  was 

used t o  e n t e r   t h e   d i a g r m  of  Figure 3Ai' Hhen ambiguity i n  

t h e   e x t i n c t i o n   a n g l e   o c c u r r e d   i n   t h e   u s e  of  t h i s  diagram, 

the  modal  composition  of  the  rock was used t o  estimate i ts  

d e g r e e   o f   d i f f e r e n t i a t i o n .  The normal  magmatic d i f f e r e n t i a t i o n  

t r e n d  is t o   i n c r e a s e   t h e  Fe content  o? associated  c l inopyroxene 

vr i th . increas ing   degree  of  d i f f e r e n t i a t i o n ,   T h u s  a choice 

between an iron-poor and an   i ron- r ich .pyroxene   could   be  made 

with some degree of v a l i d i t y . .  The .nomenclature of cllnopyroxenes . 

. .  

, .  

- 

I .  

. .  

as used i n  this r e p o r t  is i l l u s t r a t e d   i n   F i g u r e  3B. 



. '128 

I 

.. 
.. 

- 

.
.

 



Anderson 
i n  

REFERENCES 

, A. L., 1948, Monzonite i n t r u s i o n  and mineralization 
t h e  Coeur d '  Alene d i s t r i c t ,  Idaho:  Econ.  Geology, 

V. 44, p. 169-185. 

Anderson, E. M., 1937,  Cone-sheets and r ing-dikes:  The 
dynauical   in terpretat ion:   Bul l .   Volcanol . . ,  ser. 2, 
V I  1 ,  p- 35-40. 

A o U ,  IC., and O j i ,  Y., 1966, Calc-a lka l ine   vo lcanic   rock  ' 

s e r i e s   d e r i v e d  f rom a l k a l i - o l i v i n e  basalt magma: Jour. 
Geophys. Research, v. 71, p. 6127-6135. 

Barker,  D. S., 1970, Compositions o f  granophyre,  mymekite,. 
and  graphic   grani te :   Geol .  SOC. America Bull.,  v. 81, 
P* 3339-3350. 

B m t h ,  Tts F. PI., 1951 , The feldspar   geologic   thermometers :  
Neues  Jahrb.  Nina, Abhandl., v. 82, p. 143-154. 

, 1962, The feldspar  geologic  thermometer:  
NOrSk Geol. Tidsskr . ,  v. 42, (Feldspar  Vol.) ,  p. 330-339. 

-, 1968, Addi t iona l   da ta   for   . the   two-fe ldspar  
geothernometer:   Lithos,  v. 1, no. 4, p. 305-307. 

Boone, G. 14 . )  1962,   Potassic   fe ldspar   enr ichment  i n  magma - 
Mains.: Geol. SOC. America  Bull.,  vI 73, p. 1451-1476. 
o r i g i n   o f   s y e n i t e ,   i n   D e b o u l l i e   d i s t r i c t ,   n o r t h e r n  

Brovm, D.; N., 1972,  Geology o f  the  Southern  Bear  Hountains,  
Socorro  County, Nen Mexico: unpublished M.S. t h e s i s ,  
New Nexico  Inst.  Nining  and  Technology,. 1 I O  p. :. 

Burke, W. H., Kenny, G. S., Otto, J, B., Snd Walker, R. De? 

. .  
.. 

.. . .. . .  - 

1963,  Potassium-argon  dates,  Socorro  and Sierra Countxes, 
New Mexico: & Guidebook  of the  Socorro  Region,  New Mexico.. 
Geol. SOC., 14 th  Field Conf., p. 224, 

Cater ,  F. W. , 1969, The Cloudy  Pass   ep izonal   ba thol i th   and  

Paper 116, 54 p. 
assoc ia ted   subvolcanic  rocks: U. S, Geol.  Survey  Spec. 

Chapin, C. E., 1977a, K-Ar age  of   the  la^ Jara Peak  Andesite 
and its p o s s i b l e   s i g n i f i c a n c e   t o   m i n e r a l   e x p l o r a t i o n  i n  
t h e  Magdalena  mining d i s t r i c t ,  New Mexico: Isochron/ 
West, no. 2, p. 43-44. 

, 1971b, The Rio  Grande ' R i f t ,  part I: modif icat ions 
and   addi t ions :  & Guidebook of   the  San Luis   Bas in ,  New 
Mexico  Geol. SOC., 22nd F i e l d  Conf., p. 191-201. 



Chapin, C. E., Brovm, D. Pi., Chamberlin, R. M., &eweall, D. A., 
and  Vlilkinson, W. H., i n   p r e p a r a t i o n ,   E x p l o r a t i o n   f r m e v o r k  

Mexico: I<Jem Kexico S t a t e  Bur. Mines and Hineral   Resources 
of t i e  Nagdalena-Tres MontosaS area, Socorro  County, Nem 

Bul l .  

Chayes, F., ,1952, Notes on t h e   s t a i n i n g  of po ta sh   f e ldspa r  
wi th  sodium c o b a l t i n i t r i t e   i n   t h i n   s e c t i o n :  Am. 

.I.Iineralogist ,  v. 37, p. 337-340. 

Chr is t iansen ,  R. L , , . and  Lipman, P. W., 1972, Cenozoic  volcanism 
and   Dla te - tec tonic   evolu t ion  of  the   wes te rn   Uni ted   S ta tes .  
I1 Late  Cenozoic : Royal SOC. (London) Philos.,  Trans., 
v. 2.71, p. 249-284. 

~~ 

Creasey, S .  C., 1966,  Hydrothermal  Alteration: i n  Geology o f  

T i t l e y ,  S .  R. and  Hicks, C. L, (ed.), Univ. biz. Press, 
the  Porphyry Copper Deposits,  Southwestern E r t h  America, 

287 P. 

Damon, P. E., 1968, Potassium-argon  dating of  igneous  and 

of Arizona  and  Sonora: i n  Radiometric  Dating f o r  
metamorphic  rocks with app1ica t ions : to   the  basin ranges 

Geologists,   Hamilton,  E.T*,:a~id  Farquhar,  R. 1.1. (ed.),, 
I n t e r s c i e n c e  Publ.; 506 p. 

Deal, E, G., 1974, Development o f  t h e  P R O  \ t i t h ing ton  Cauldron,, 
San Hateo  Mountains,  Socorro  County, Mew Mexico:  Geol. 
SOC. America, Abs. with Programs (Cordi l . leran  Sect ion)  
v. 6, no. 3 ,  p. 162. 

Deal, E. G., and Rhodes, X. C., 1974, Volcano-tectonic 
s t r u c t u r e s   i n   t h e  San Xateo  Mountains,  Socorro  County, 
New Mexico, i n  Cenozoic  Volcanisu i n  Nelv Hexico : Univ. 
Nem I.!exico Pub. i n  Geol., no. 8 ( i n  press). 

DeS i t t e r ,  L. U., 1964, S t r u c t u r a l  Geology: Nelv York, 1.IcGraw- 
H i l l ,  551 p. 

Donnay, G., Vlyart, J., and Sabtier,  G., 1960, The c a t a l y t i c  
na ture   o f  high-1057 fe ldspar   t ransformat ions : .   Carnegie  
Inst.  Washington Year Book 59, 1959-1960, p. 173-174. 

Eardley,  A.' J., 1962, S t r u c t u r a l  Geology o f  North America: 
New York, Harper  and  Brobhers, 743 p. 

E l s ton ,  W. E., Coney, P. J., and  Rhodes, R. C., 1968, A 
p r o g r e s s   r e p o r t  on t h e  Mogollon P la teau   vo lcanic   p rovince ,  
S ~ u t h ~ : ~ e s t e m  New Eexico: i n  Cenozoic  volcanism i n  .the 
southern  Rocky Nountains,  Epis, R. C. (ed.),  Quart. 
Colorado  School  Nines, v. 63, no. 3, p. 261 -287. 

- 



Els ton ,  W. E., and  Dmon, P. E., 1970, Sign i f i cance   o f   fou r  
new KfAr d a t e s  from the   blogol lon  Plateau  volcanic .   province,  
southwestern New Piexico: i n   C o r r e l a t i o n ' a n d  c'hronology 
of  o re   depos i t s  and  v o l c a n z   r o c k s ,  Univ. Arizl Ann. . 
Prog.  Rept. COO-689-130 t o  A.E.C. Res. Div,, p. A-VI-I 
t o  A-VI-9. 

E l s ton ,  W. E.  Damon,  P. E., Coney, P. J., Rhodes, R. 'C., ' ' 

Smith, E. I., and  Bikerman, M e ,  1973, T e r t i a r y   v o l c a n i c  
rocks,  Mogollon-Datil  province, New Mexico, and 

and  per iods  of   mineral izat ion:  Geol,  Soc, Amrica Bull., 
surrounding  region: K-Ar da t e s ,  p a t t e r n s   o f   e r u p t i o n ,  

V I  84, p. 2259-2274. . .  

Emeleus, C. H., and  Smith, J. V,, 1959, The a lka l i  f e ldspa r s .  
VI .  San id ine   and   o r thoc la se   pe r th i t e s   f rom  the   S l i eve  
Gull ion  area,   Northern Ireland: Am, E l inera logis t ,   v ,  44, 
p.. 1187-1209. 

Emons,  R. C., 1943, The u n i v e r s a l   s t a g e :   . G e o l .   S o c . ' h e r i c a ,  
Hem. 8 ,  205 p. 

Epis ,  R. C., and  Chapin, C. E., 1973, Geomorphic and t e c t o n i c  
l m p l i c a t i o n s  of  the  post-Laramide, l a t e  Eocene  erosion 
s u r f a c e   i n   t h e   S o u t h e r n  Rocky Mountains:  Geol.  Soc. 
Auerica; Abs. with  Programs (Rocky Mountain Sec.), v. 5, 
no. 6, p. 479. .. .. - 

. .  

Givens, D. Bo ,  7957, Geology  of Dog Springs  Quadrangle ,  ??em 
Mexico: Mem Kexico   S ta te  Bur. Mines  and Nineral Resources 
Bull. 58, 40 p. 

Heinr ich,  E. iY. , 1965, Microscop ic   Iden t i f i ca t ion  o f  'RinerdLs: 
Nevr Pork, Kc Graw-Hill, 414 p. 

Herrick,  C. L., 1900, Repor t  o f  a geologic   reconnaissance 
. .  

Am. Geologis t ,  v. 25, p. 331-346. 
i n  western  Socorro  and  Valencia  Counties,  New Hexico: 

Hunt, C. B y ,  1967, Physiography  of  the  United States: . San 

Jones, F. A,,  1904, New Hexico  Mines  and  Minerals: Santa Fe, 

. .  

Francisco, W. Ho Freeaan  and Co., 480 p, . 

The New Mexican P r i n t i n g  Co,, 346 p.' , 

Kelly, '  V. C., and Wood, G, El., 1946, Lucero u p l i f t ,  Valencia,  
Socorro, .  .arid Berna l i l lo   Count ies ,  New Mexico: U. S. 
Geol.  Survey, O i l  and Gas Inv.  (Prelim.) Map 47. 

& l l y ,  V, C,:, and Clinton,  N, J., 1955, Fracture system and 
tec tonlc   e lements   o f   th r   Colorado   P la teau:  Univ. New 
Hexico Pub. i n  Geology, no. 6. 



Kennedy, G. C., 1955, Sone a s p e c t s   o f   t h e   r o l e  of  w a t e r   i n  
rock m e l t s :   i n  C r u s t  of t he   Ea r th ,   Po lde rvaa r t ,   Ar i e  
(ed.),  Geol. E c .  America  Spec,  Paper 62,.762 p. 

Kottlows-ki, F. E,, Weber, R. H:,. and Willard, 14. E:, 1969, 
T e r t i a r y  intrusive-volcanic-mineralization epxsodes i n  

Abs. with  Programs, v.1, no. 7, p. 278-280.. 
t h e  New Mexico reg ion  (Ann. Htgs.): Geol.'Soc.  America, 

Krewedl, D. A,, . i n   p r e p a r a t i o n ,  Geology of .  the centra1,Nagdalena 
Eountains ,  Socorro  County, Mew Hexico:  unpublished Ph. D, 
d i s s e r t a t i o n ,  Univ. of  Arizona. 

Kuno, H., 1959, Origin o f  Cenozoic  petrographic  provinces of 
Japan and  surrounding areas: B u l l .  Volcanol. ,   ser.  2, 

Lasky, S. G., 1932, The ore d e p o s i t s  of  Socorro County, New 
Mexico: Hew Mexico S t a t e  Bur.  Mines Mineral  Resources 
Bull .  8, 139 p. 

V. 20, p. 37-76. 

. .  
Lipman, P. W., Chr i s t i ansen ,  R. L., and O'Connor, 5. T., 1966, 

A compositionally  zoned  ash-flow  sheet i n  sou the rn  Nevada: 
U. S .  Geol. Survey  Prof .. Paper 524-F, 47 p. 

Volcanic   h i s tory  of  the  San  Juan  fifountains,  Colorado, 
as i n d i c a t e d  by Potassium-Argon  dating:  Geol. SOC. 
America  Bull., v. 81, p. 2329-2352. 

Lipman, P. W., Steven, , T e  A,, and  Mehnert, H. H. , 1970, 

Lipman, P. W., and Fried-man, E., 1974,  Oxygen-isotope v a r i a t i o n s  
i n   p h e n o c r y s t s  from composi t ional ly   zoned  ash-f low  sheets ,  
southern  Nevada: Geol. SOC. America, Abs t r ac t s   w i th  
Programs,  (Cordilleran Sec.), v. 6, 'no. 3,  p. 207. 

Loughlin, G. F., and Koschmann, A. H,, 1942,  Geology  and  ore 

U. S. Geol.  Survey  Prof.  Paper 200. 
d e p o s i t s  of  t h e  Magdalena  mining  dis-krict, New Mexico: 

and f l o v  f o l i a t i o n   i n   a s h - f l o w  tuf fs  of   the   Gr ibbles  
Run pa leoval ley ,   cen t ra l   Colorado:  ( A n n 6  Mtgs.),  Geol. 
SOC. America, Abs. with  Programs, v. 4, no. 7, p- 725. 

I. Orthoclase-microperthites: Am. I E n e r a l o g i s t ,  v. 40, 

Lomell, G. R., a n d  Chapin, c; E., 1972,  Primary  compaction 

EiacKenzie , W. S., and  Smith, J. V., 1955, The alkali feldspar6 ., 

P 707-732 

- ,1956, The alkali f e ldspa r s .  
111. An Am. Minera logis t ,  v. 41, p. 405-427. 

o p t i c a l  and  X - r m d y  of high-temperature   fe ldspars:  

Maclrin, J. H., 1960, S t r u c t u r a l   s i g n i f i c a n c e  of  Tertiary 
vo1carci.c rocks  in   southwes tern ,Utah:  Am. Jour.   Sci. ,  
V. 258, P* 81-131 .. : 



Hoble, J. A . ,  1952,  Evaluation of c r i t e r i a  *or t h e   f o r c i b l e  

Orv i l l e ,  P. $I., 1963, Alkali ion  exchange  between  vapor  and 

i n t r u s i o n   o f  magma: Jour.  Geology,  v. 60, p. 34-57.. 

f e l d s p a  phases: Am. Jour.  Sci., v. 261, p. 201-237. 

Park, D. E., 1971, Petrology o f  t h e   T e r t i a r y  Anchor Canyon 
Stock,  Nagdalena  Mountains,   central  New Mexico: 
unpublished 13. S. t h e s i s ,  New .Nexico Ins t .  Mining and 
Technology, 92 p. 

t h r u s t  of Wyoming:. Am.. Assoc,  Petroleum  Geologists  Bull.,  
P i e r c e ,  \V. G., 1957, Heart. Mountain  and  South Pork detachment 

v. 41, p. 591-626. 

Po lde rvaa r t ,  A,, and Hess, €I. H. ,1951 I 'Pyroxenes in t h e  
c r y s t a l l i z a t i o n   o f  basa l t i c  magma: Jour.  Geol., v:5gr 
P. 472. 

Rittmann, A. , 1929, Die Zonemethode.  Ein Beitrag z u r  Methodilc 
der  Plagioklasbestimmung mit Hilfe des   Theodol i th t i sches :  
Schweiz.  Hin. P e t r ,  Mitt., v. 9, p. 4-46, 

Rittmann, A., and El-Hinnavd, E. E,', 1961 The a p p l i c a t i o n  of 
the   zonal  method f o r  t he   d i s t i nc t ion   be tween  low- and 
high-temperature   plagioclase  fe ldspars , :  Schweiz. Itin. . 
P e t r .  Kitt., v. 41, p. 41-48. .. ... 

Schminlre, H. U:, and Swarson, D. A., 1966,  Secondary  flovrage 

Grand  Canary I s lands :  Jour.  Geol., v. 7.5, no. 6, -p.  641- 
fea.i:u.res I n  welded p y r o c l a s t i c  flows, Grand Canaria, 

664. 
Simon, D. B., 1973, Geology of t h e   S i l v e r  Hill area, S p c o r m  

County, New Kexico:  unpublished ?LS. t h e s i s ,  .New 14eexi-co 
I n s t .  IVIining and Technology, 101 p. 

Slemmons, D.. E., 1962, Determination o f  vo lcan ic  and p l u t o n i c  
p l a g i o c l a s e s   u s i n g  a three-  o r  f o u r - a x i s   u n i v e r s a l   s t a g e :  
Geol. SOC. Ainerica  Spec.  Paper 69, 64 p. 

Smith, E. I.? Aldrich,  J. M., D e a l ,  E. G., and Rhodes, R. C . ,  . 

Mogollon  Plateau,  southwestern New Mexico: New Mexico. . 
1974, R s s i o n   t r a c k   a g e s  of  Te r t i a ry   vo lcan ic   rocks ,  . 

Univ. Pubs. Geology,  no. 8 ( i n  press). 
. .  

Smith, 5. R., 1958, The o p t i c a l   p r o p e r t i e s   o f  heated p lag ioc la se :  Am. Ninera log i s t ,  v. 43, p. 1179-1 194. 

Smith, R. L., 1960, Zones-and   zonal   var ia t ions  i n  welded ash 

Smith, R". L., and Bai ley ,  R. A,, .i966, The BGdelier Tuff: 

. .  

flovis: U. S. Geol. Survey  Prof,   Paper 354-F, p. 149-159. 

a s tudy   of   ash- f low  e rupt ion   cyc les  from zoned magna 
chambers: B u l l .  Volcanol., v. 29, p. 83-103. 



134 . . 

Snyder, D. O., 1971 , S t r a t i g r a p h i c   a n a l y s i s   o f   t h e  Baca 
Formation,  Yfest-Central. New Hexico:  unpublished Ph. D. 
d i s s e r t a t i o n ,  Univ. New Mexico; 160 p. 

SOC. &erica  Spec.   Paper 62, p. 369-376. 5 

h o r s t s  and  grabens  produced by deep  seated  tension:   .Geol .  

Qonking, W. E,, 1957, Geology  of Puerteci to   Quadrangle ,   Socorro 

Stevrart, J. il., 1971 , Basin  and Range s t r u c t u r e :  a system O f  

County, Rev/ Mexico: New Mexico S t a t e  Bur.  Mines Hine ra l  
. Resources Bul l .  41 , 67 p. . .  

Travis ,  R. B., 1955,  Classification  of  rocks:  Quart . '   Colorado 
S c h o o l   E n e s ,  v. 50, no. 1 ,  98 p. 

Trsger, Vi. E., 1959;Optische  best imung  der  ffesteinbilden 
Hine ra l e :   Te i l  1 Bes t imungs tabe l len :  93rd e d . )   S t u t t g a r t ,  
E. Sch~reizerbar t~sche  Verlagsbuchandlung,   147 p. 

T u t t l e ,  0. F., and Bowen, N. L,, 1958, Origin of granite i n  
t h e   l i g h t  of exper imenta l   s tud ies  i n  the   sys tem WaA1Si 0,- 
KALSi O8 - Si02 - H20:. Geol. SOC. America 1-Iemoir 74, 3 u  
153 P? 

Weber, R. H., 1963, Cenozoic  volcanic  rocks  of  Socorro  County: 
" i n  Guidebook  of  the  Socorro  Region, New Mexico  Geol. SOC., 
14th F i e l d  Conf., p. 132-143. ._ 

cen t r a l   and   nes t e rn  New Nexico:  Isochron / West, no. 1 
P. 33-45. 

.. , 1971, K-Ar a g e s   o f   T e r t i a r y   i k n e o u s   r o c k s   i n  
... ,.. 

IVeber, R. H., and Basse t t ,  W. A., 1963, K-Ar ages of T e r t i a r y  
volcanic   and   in t rus ive   rocks   in   Socorro ,   Cat ron ,   and  
G r a n t  Counties,  New Hexico: ' Guidebook  of t h e  Socor ro  
Region, Ne17 Mefico  Geol. SOC., 14th  f i e l d  Conf., p. 220- 
223 a . .  

Wertz, J. B.,1968, S t ruc tu ra l   e l emen t s  of o r e   s e a r c h   i n  the 
Basin  and Range Pxovince,   southeast   Arizona,  domes and 
f r a c t u r e   i n t e r s e c t i o n s :  SOC. IEning Eng. Trans., v. 241, 
p. 276-291. 

1Y7L 
Yiillkinson, Vi, .H. %i+"re-para-t-i-on, Geology  of t h e  Cat Nountain- 

Tres  Nontosas area,  Socorro  County, New I.lexico:  unpublished X. S. t h e s i s ,  New 1"ixico Inst .   Hining  and 'i'echnology. 

Winkler, H. G. F., 1965, Petrogenesis  of  Netimorphic Eock: 
New York, Springer-Verlag, 219 p. 

WitkLnd, I. J., ICLeinkopf, 1.1. D., and Keefer, W. R., 1970, 
Geologic   and  gravi ty   evidence  for  a bur i ed   p lu ton ,  
L i t t l e  B e l t  Mountains,  cen'tral 1;Iontana: U. S. Geol. 
Survey  Prof.  Paper 700-B, p. B63-365. 




	Title
	Table of Contents
	Figures

	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6; Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Figure 18
	Figure 19

	Tables

	Table 1
	Table 2

	Abstract
	Introduction
	Stratigraphy and Petrology
	Structure
	Economic Geology
	Conclusion
	Appendix
	References
	Plate 1

