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ABSTRACT 

Rocks exposed i n  the southern Bear  Mountains  were formed 

during  middle and l a t e  Cenozoic t i m e .  In ascending  s t ra t i -  

graphic  order the major  rock uni t s   a re :  (1) the Spears.  

Formation (37 m.y.), a t h i c k   p i l e   o f   l a t i t i c   t o   a n d e s i t i c  

coiglomerates and sandstones .with laharic  breccias,   'ash-flow 

' t u f f s  and lava   f lows   in  its upper t h i r d ,  (2) the H e l l s  Mesa 

Formation (31-32 m.y.1, an a l t e rna t ing  sequence of quartz 

l a t i t i c  and r h y o l i t i c  ash-flow tuf fs   separa ted  by t h i n  ande- 

site flows,  (3)  the La Sara Peak Formation (24 m.y.), a thick 

pile of basal t ic-andesi te   f lows  with minor vo lcan ic l a s t i c  

sedimentary  rocks,  and" (4) the  fanglomerates of Dry Lake 

Canyon, a t h i c k  wedge of epiclastic  sedimentary  rocks  derived 

by  erosion of t h e  La Sara Peak Andesite  during l a t e  Cenozoic 

b lock   fau l t ing  . 

- ,- 

The Hells  Mesa Formation consis ts   of   e ight  members i n  

the southern  Bear  Mountains;  these members, l i s t e d   i n  ascend- 

ing   s t ra t igraphic   o rder  are: the   t u f f   o f  Goat Spring, ande- 

Site flows 1, the lower  tuff of Bear  Springs w i t h  interbedded 

t u f f  O f  La Jencia  Creek,  andesite flows 2, the   upper   tuff  of 

Bear Springs,   .andesi te   f lows  3 , 'and  the  tuff   of   Allen Well. 

Two d i s t inc t ly   d i f f e ren t   t ypes  of ash flows, a c rys t a l - r i ch  

W a r t 2   l a t i t i c   v a r i e t y  and a c rys ta l -poor   rhyol i t ic   var ie ty ,  

'"__ 

, 



. .  
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1) occur   repeatedly  in   the  sect ion.  The two v a r i e t i e s  either 

or ig ina ted  from d i f f e ren t  levels of a f r ac t iona l ly   c rys t a l -  

l i z i n g  magma chamber or . f rom two d i f f e ren t   py roc la s t i c  

sources active a t   t h e  same time.  Primary  laminar flow s t ruc-  

t u r e s  i n  the tu f f   o f  Bear  Springs  indicate  that the source 

area l a y  somewbere south or southwest  of Magdalena. 
/t 

A t  l e a s t  t w o  major  periods  of  fault ing  have  affected 

the a rea   s ince  middle  Tertiary time. During the  Late  Oligo- 

cene,  an  intense zone of  north-trending normal f a u l t s   c u t  

t h e  Speaxs and Hells Mesa Formations and loca l ized   the  e m - . '  

placement of hypabyssal  intrusives  of  andesit ic,   monzonitic,  . 

a and granitic  composition. _.. .. Two of  these  stoclcs  have bee=, 

dated a t  28 m. y .  I n  Miocene and Pliocene time,, the Bear 

Mountains vere up l i f t ed  and t i l t e d  westward by block  faul t ing 

r e l a t ed  t o  the R i o  Grande rift. A t  the same time northeast- 

t rending   ob l ique-s l ip   fau l t s  = echelon w i t h  the San  Augustin 

graben  dropped  the  southern  Bear  Mountains t o  form a trough 

between t h e  Magdalena Mountains and the   h igh   par t  of the Bear 

Mountains. 

Surface mineral izat ion  within  the  s tudy  area is r e s t r i c t e d  

epithermal  vein  deposits  marginal  to  the La Jencia  monzonite 

stock.  Replacement-type  deposits may be found in   the   under ly ing  * Paleozoic  limestones  but  such  deposits would be  buried  beneath 

a Tertiary  volcanic  cover,  from 2000 t o  2500 feet  thick  near  
".. . . 

- .  

~~~~ ~~ 



e' . ' t h e  La Jencia   s tock.   Surface  mineral izat ion  in   this   area 

i s  very weak and does  not  offer much encouragement for   deep 

exploration. A possible   explorat ion  target  may exis t  j u s t  

w e s t  o f  the map area .   Upl i f t  and t i l t i n g  of the Hells Mesa 

Formation and intense  hydrothermal  al teration  along  Council  

Rock Arroyo sugges t   the   poss ib i l i ty  of s t o c k   i n t r u s i o n   i n  

this area.  

-. _ _  



INTRODUCTION 

Statement of t h e  Problem 

The purpose of this inves t iga t ion  is  t o  determine  the 

s t r a t i g r a p h i c  and s t ruc tura l   re la t ionships  of the   Te r t i a ry  

t ?  . .  
.! 

volcanic  rocks and hypabyssal  intrusive  rocks  in the south- 

e r n  Bear Mountains. The study was undertaken as par t  of an 

extensive mapping pro jec t  of t h e  Magdalena area  present ly  

being  conducted by t h e  New Mexico Bureau of Mines and Min- 

eral  Resources. . .  

A detai led  geologic  knowledge of  the  southern  %ear 

Mountains is important  for two reasons: 

1. The s t r a t ig raph ic   un i t s   a r e   s t r a t eg ica l ly   l oca t ed  

for correlat ion.southward  into  the Magdalena min- 
__. 

~ i ng  district ,  eastward t o  the Rio  Grande r if t  

.- zone, and westward in to  the hea r t  of the  Mogollon . - -  - 
Plateau  volcanic  province. 

- 2. Future  exploration of t h e  Magdalena mining d i s t r i c t  

is  dependent upon an  adequate  stratigraphic and 

s t r u c t u r a l  framework  which heretofore  has  not  been 

available.  

Location and Accessibi.lity ' ' 

The area of  investigation is  located  north of Magdalena, 

New Mexico. Physiographically,   the  area  includes  the  south 

-. . 
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Magdalena 1.5-minute quadrangle t o  a 7.5-minute sca l e  and 

joining it t o  par t   of  the S i lve r  H i l l  7.5-minute  quadrangle. 

U. S .  Geological Survey aerial   photographs  of  the GS-VMA 

(1956) and GS-VARJ. (1963) series were used a s  guides t o  the 

loca t ion  and  configuration  of  outcrops. 

Eighty th in   s ec t ions  were made from samples  taken 

along a s t ra t igraphic   sec t ion  measured jo in t ly   w i th  C. E. 

Chapin of the New Mexico Bureau of Mines.  Twenty-five . 

add i t iona l   t h in   s ec t ions  were made of rocks from elsewhere 

i n  the area. Petrographic  analyses were made using a Zeiss 

microscope equipped w i t h  a Swift  automatic  point  counter. 

Modal analyses of samples from t h e  measured sec t ion  were 

performed  by  Douglas Cowan and 3ames Bruning and checked 

by the  author.   Mineral   grains were counted  on a rectangular 

gri.d 1/3 nun.. x 1.0  mm., giving 2000 t o  2500 po in t s   pe r   t h in  

sec t ion  for  the upper and lower tuff   of  Bear  Springs and 

1200 t o  1400 p o i n t s   f o r   t h e   t u f f  o f  Goat Spring. 

... .. 

". . 

Previous  Investiqations . , 
r' 

The e a r l i e s t  work done i n   t h e  Bear  Mountains was t h a t  

O f  general  reconnaissance.  In 1900, C. L. Herrick  conducted 

a reconnaissance  survey of western  Socorro and Valencia 

counties. He  b r i e f ly   no ted   t ha t   t he  Bear,  Gallinas, and , 

btil Mountains are composed of t rachyte  and rhyol i te   in-  

t n s i v e s .   I n  1920,  D. E. Winchester  published  the  results 
.. . 
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e ' of an  investigation  of  the  geology  along Alamosa Creek, 

now known a s   t h e  Rio Salado.  Winchester named t h e   e n t i r e  

Tertiary  sequence of t h e  D a t i l  Formation a f t e r   t h e   D a t i l  

Mountains and descr ibed   the   type   sec t ion   a t  the north end 

of the Bear  Mountains. ' In  1928, N. H. Darton  published 

h i s   r e g i o n a i  "Red Bed,s" study, which contained a summary 

of his .reconnaissance i n  the   a rea ,   as  well as  Winchester's 

previous work. . 

Loughlin and Koschmann (1942) s tudied  the Magdalena 

mining d i s t r i c t ,  and noted  that  some of the  Tert iary  vol-  

canic rocks  extend t o  the   nor th .  and northwest  outside  the 

d i s t r i c t .  W. N. Tonk.ing (1957) .made t h e   f i r s t   d e t s . i l e d  . 

study of the Datil   volcanic  rocks  north  of  the Magdalena 

area.  H e  subdivided  the Datil  Formation i n t o  three mem- 

bers; which are i n  ascending  order: (1) The Spears Member, 

a thick sequence of l a t i t e   t u f f s  and volcanic  sediments, (2) 

The He l l s  Mesa Member, composed of welded rhyo l i t e  ash-flow 

t u f f s ,  and (3)  The La Ja ra  Peak Member, a t h i c k   p i l e  of 

basalt  and basaltic 'andesite  flows.  Willard (1959) ten- 

ta t ively  correlated  Tonking 's  La Jara Peak Member with  the 

Mangas basa l t ,  a post-Datil sequence. Following  Willard's 

. .  . .  

. suggestion, Weber (1963) excluded  the La J a r a  Peak Member 

e from t h e   D a t i l  Formation. Weber (1971) also  suggested 

r a i s i n g   t h e  Dat i l  Formation t o  group s t a t u s  i n  o r d e r   t o  
.. . 
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' accommodate subdivision  into  formations and members. 

Johnson (1955) attempted t o  cor re la te   the   vo lcanic  

rocks  of the Magdalena mining district with  those of 

Tonking's  Puerteciko'  Quadrangle. He produced a crude map 

of t he   a r ea  from  Tonking's  southern  boundary t o  the northern 

boundary of Loughlin and Koschmann. D. E .  Park (1971) 

s tudied the petrology  of  the. Anchor Canyon monzonite  stock, 

' which i s  located  . in the Kelly  mining d i s t r i c t .  

An important  contribution t o  the  regional  geology of 

the Datil-Mogollon  volcanic  province  has been made by 

Elston and o thers  (1968,  1970) who are  presently  studying 

the volcano-tectonic .framework of the Mogollon Plateau  area. 

A nu&er of K-Ar ages  are now ava i l ab le   fo r   Da t i l  and 

. post-Datil.  rocks in   t he   a r ea .  Weber and Bassett  (1963) 

dated a welded tuff   near  the base  of  the  Hells Mesa Member, 

a s  weli '.as t h e  N i t t  and Anchor Canyon s tocks  in  the Magdalena 

mining d i s t r i c t .  Burke and o thers  (1963) dated  the  Spears 

Member and t w o  more welded t u f f s  from the  Hells Mesa Member. 

Kottlowski, Weber,. and Willard (1969) published a summary of 

more than 60 K-Ar da tes  of Ter t ia ry  rock u n i t s   i n  New Mexico 

including many from the Mogollon Plateau and surrounding 

areas.  . More recent ly ,  Weber (1971) has  published a l i s t  of , 

e ' K-Ar da tes  f ro  Ter t ia ry   rocks   in   cen t ra l  and western New 

Mexico and Chapin (1971-a) has  reported a date  on the La 
. .. 

i: . - 
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Jara Peak Member. 
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' STRiiTIGRAPHY AND PETROLOGY 

Pre-Tertiary Rocks . - .  

No rocks  older   than  the  Tert iary  are  exposed wi th in   the  

thes i s   a r ea .  To the  south,  Loughlin and Koschmann's map 

(1942) shows t h a t  on the   eas t   s ide   o f   Grani te  Mountain t h e  , 

bas'e  of the Spears  Formation rests unconformably  on t h e  

Madera Limestone of  Pennsylvanian  age. To the  north,,  Tonking's 

map (1957) shows 'chat the base  of  the  Spears rests conform- 

ably on the Baca Formation  (Eocene) - The, Baca, i n  tu rn ,  

disconformably  overlies  the  Crevasse Canyon Formation of 

Cretaceous  age. 

..The Magdalena area is  s i tua ted   on   the   f lanks   o f  a 

Iiaramide u p l i f t  which was subjected t o  erosion  during de- 

p o s i t i o n  of t h e  . E a &  Formation in   adjacent   basins .   Central  

New Mexico was beveled  by  an  erosion  surface  of  moderately 

10w.relief p r i o r  t o  ,the  beginning of Oligocene  volcanism 

(Chapin,  1971-b) so tha t   t he   base  of t h e   v o l c a n i c   p i l e   r e s t s  

on progressively  older  rocks  as  the Magdalena area is 

approached and the nature  of  the  contact  changes from 

conformable i n  the 'bas ins  where t h e  Baca accumulated t o  an 

angular  unconformity  on  the.beveled  uplift.  It is d i f f i c u l t  

to predic t  where th i s   t rans i t ion   occurs   wi th in   the   s tudy  

area since no exposures are   ava i lab le .  

,. 

_" . . 

. .  

. .  

. .  

x-.... 
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Textiary  Volcanic Rocks 

The rocks  exposed i n  the study  area  are  predominantly 

volcanic  rocks and interbedded  volcani-clastic  sedimentary 

rocks  of  Tertiary  age. These rocks  can  be  divided  into two 

main uni t s   separa ted  by  an  angular  unconformity: (1) the 

D a t i l  Group.comprised of the Spears and Hells Mesa  Form- 

at ions,  and (2) the  La Sara Peak Formation  comprised  of 

post-Dat i l   basal t ic   andesi te   f lows.  The combined thickness 

of these  volcanic  rocks may be six thousand €eet or more 

(Figure 2). 

,a Spears  Formation 

. Volcanism  began in   ' t he  Magdalena area ' i n  early  Oligocene 

time w i t h  the accumulation  of a thick  sequence  of  epiclastic 

volcanic  sediments and interbedded  ash-flow t u f f s  and lava 

flows named the  Spears member of the Datil  Formation by  

Tonking  (1957, p. 36-41) a The Datil  Formation  has  subse- 

quently  been  raised t o  Group s t a t u s  (Weber, 1971) and the 

Spears t o  formational   s ta tus  (Chapin,  1971-a). A l a t i t e  

tuff-breccia   f rom  the  Soyi ta  Hills, approximately 30 miles 

__... 

e a s t  of the Bear Mountains,  has  been  correlated with t h e  

Spears  Foxmation and dated by the K-Ar method as 37.1 m.y. 

(I, 
(Weber, 1963, p. 135; 1971, p. ' 4 2 ) .  

Marked facies  changes  occur  locally i n  the Spears. A t  
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. 

H e l l s  Mesa, it cons i s t s  dominantly of f ine-grained  f luvial  

sediments; i n  the  area  s tudied  here ,  it consists  mostly of 

coarse  volcanic  conglomerates b u t  w i t h  some volcanic  rocks 

i n  the  upper   par t ;  on Granite Mountain, it consists  of a 

thick  sect ion  of   lava  f lows and ash-flow t u f f s  above a reL- 

a t ive ly  thin lower member of volcanic  conglomerates;  at the 

south end o f  the Kelly district ,  it changes  back t o  a khick 

section  of  volcani-clastic  sedimentary  rocks  with minor 

volcanic  rocks  near  the  top (Chapin, 1971, o r a l  communication). 

The base   o f ' the   Spears  is' not  exposed anywhere i n  t he  thesis 

a rea  but at the   type   loca l i ty   near  Hells Mesa, purpl ish 

la t i t i c   sands tones   near  ... .. the  base  of the Spears  are in te r -  

bedded w i t h  reddish  nonvolcanic mudstones and sandstones i n  

the upper  part  of .the Baca Formation  (Tonking,  1957;  Potter, 

1970). 
" ". . . .  

Lower Member. The lower  portion  of the Spears i s  best 

exposed on Nipple  Mountain i n  the  southeast   corner of the 

area. A minimum thickness of 1500 feet has been  estimated 

from the map, b u t  this f igu re  is very  likely  exaggerated by 

concealed  fault ing.  I n  t he  Granite Mountain - Nipple 

Mountain area, where the' Spears 'is p ropy l i t i ca l ly   a l t e r ed ,  

the color  is generally  greenish-gray. This color  i s  a typica l  

. .  

o f  the reddish  to  purplish-brown  color  of  the fresh Spears 

a t  B e l l s  Mesa  and a t  the south end of the  Kelly dis t r ic t  
x.. -.. 

': 
/. 



t u f f  of Gozt S ~ r ~ ~ g m ~ i . t ~ . ~ ~ - e - f 1 o ~ r  simple  cooling 
un i t  of p ink   c rys t a l - r i ch   qua r t z   l a t i t a   t o   rhyo l i t e  
ash-flow t u f f s  - , -\ hemtite-sta.ined  conglomerate 

Sca le   ( i n  fea t )  
3.. ..., 

* The ap2roximate  posit ion  of. the  tuff  of  La Jencia,  Creek. 
a series of c rys t a l - r i ch   qua r t z   l a t i t e  ash-flow  tuffs; 
is shown by t h e  wedge. I .  

Figure 2. Generalized  connosite  section of the  Tert iwy  volcanic   rocks 
a. and volcaniclastic  sedimentary  rocks. i n  the  southern Bear 

Xountains. 
.. .. 
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where Eoughlin and Koschmann ca l led  it the  purple  andesite.  

Outcrops of the Sower member cons i s t  of a monotonous se- 

'quence of p r o p y l i t i z e d   l a t i t i c  t o  andesitic  conglomerates 

and sandstones which range i n   g r a i n   s i z e  from boulder con- 

glomerates t o ' f i n e  grained  sandstones.   Stratif ication is  

generally  crude  except for the  fine  grained  sandstone  beds, 

which are usua l ly   wel l - s t ra t i f ied  and loca l ly  cross-bedded. 

I n  hand specimen', t h e  lower  Spears i s  well-indurated 

and contains  rounded l a t i t i c  t o  andesi t ic   c las ts   ranging i n  

color from grayish-green t o  purplish-gray  or  pink.  Varying 

percentages o f  pale  green  feldspar,  greenish-black  horn- 

e blende, bioti te,  and magnetite  are visible megascopically. 
.. 

Pet rographica l ly ,   the   c las t s   a re   s imi la r  t o  the  Spears 

la t i tes  described  by Tonking, except  that  they are pervasive- 

ly  a l t e r e d - i n  t-he Nipple Mountain area. The or ig ina l  tex- 

t u r e s  and minerals  have  been  largely  obscured by p ropy l i t i c  

a lgera t ion  which uniformly  penetrates the entire  rock  render- 

ing  the  boundaries  between c l a s t s  and matr ix   indis t inct .  

Most of the clasts are porphyrit ic  with abundant trachyt- 

icaLSy  aligned  feldspar and hornblende  phenocrysts  in a 

c ryptocrys ta l l ine  groundmass which suggests  that   they  are 

-. 

. .  
. .  

~ . fragments  of  lava' f l o w s .  

a The la t i tes   a re   .minera logica l ly  uniform and cons i s t  

-mainly  of  plagioclase,  sanidine,  hornblende, and b i o t i t e .  

".-.. 

%. 
;. 
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Individual   c las ts   vary  considerably,  however, in  t h e  

absolute and relat ive  percentages of these major con- 

s t i tuents .   Accessory  minerals   include  apat i te  and quartz.  

Epidote, chlorite, calcite,   magnetite,  and hemati te   are  the 

usua l   a l te ra t ion   p roducts .  The greenish  color of the lower 

Spears is caused  by  the  presence of ch lo r i t e  and epidote, 

while the pinkish  color  of some c l a s t s  i s  probably  due t o  

f ine ly   d iv ided   hemat i te   in  the groundmass. 

Plagioclase is t h e  most abundant  phenocryst and va r i e s  

from 10 percent t o  20 percent’. It occurs  as  subhedral 

grains  from 0 .1  t o  1.5 mm long and is h i g h l y   a l t e r e d   t o  

c l ays  and epidote.  . Sanidine is  approximately  equal i n  

amount t o  plagioclase and occurs  as  subhedral  grains  from 

0.3 to 1.5 mm long. The sanidine is genera l ly   l ess   a l te red  

than  the plagioclase  but  most grains  show varying  degrees of 

a r g i l l i c   a l t e r a t i o n .  Hornblende is present   as   euhedral   to  

s ~ h e d r a l  pseudomorphs ranging i n  leng,th up t o  1 . 5  &. The 

original  hornblende  has  been  replaced  by  epidote,   chlorite,  

and  magnetite. Biot i te  i s  usually  replaced  by  chlorite and 

magnetite. 

.. . .. 

-. 

Upper Member. A t  t h e   t o p  of Nipple  Mountain  about 80 

feet o€ volcanic  rocks  overlie  the  sedimentary  rocks of the 

lower Spears. The lower 30 f e e t   c o n s i s t s  of a blue-gray, 
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amygdaloidal,  "turkey-track"  andesite  flow  with 15  percent 

zoned.plagioclase  phenocrysts. Above th i s ,   the   very   top   o f  

Nipp'le  Mountain is capped  by  about f i f t y  feet of  pink, 

welded, crystal-poor  ash-flow t u f f ,  designated the t u f f  of 

Nipple  Mountain in th i s   r epor t .  The ash  flow  contains  about 

five  percent  sakidine  phenocrysts and a few percent  dark 

a n d e s i t i c   l i t h i c s .  These volcanic  rocks mark a t r a n s i t i o n  

i l i . the   Spears  from t h e  lower member of volcani-clast ic  

sedimentary  rocks t o  an upper member of  andesit ic  lava  f lows 

and l a t i t i c   a s h  flovis interbedded  with  laharic  breccias and 

fluvial   sediments.  The best  exposures  occui  in La Jencia 

Box southwest of ,Nipple Mountain,  where the   sec t ion   conta ins  

more lahar ic   b recc ias  and interbedded  andesite flows than it 

does  far ther   north.  I n  La Jencia Box the  upper  Spears becomes 

predominantly mudflow breccias  which grade upward impercepti- 

b l y  in to  welded l i t h i c - r i ch  ash flows:  these  crystal-rich 

ash  f lows  greatly  resemble  the  basal 20 t o  40 f e e t  of t h e  

tu€ f  of Goat Spring and cor re la te   wi th   the   upper   l a t i t e  of 

Laughlin  and, Koschmann (. 1942, p. 25) .  

\ 

~ 

North of La Jencia  Creek  the  upper member forms the .  

lower s lopes of the   t i l t ed   fau l t -b lock   r idges   a long   the  

eas t e rn  margin o f ' t he   a r ea  where it crops  out  poorly  because 

of  mantling  by  talus  from  the  overlying  tuff  of Goat Spring. 

I n  th i s   a rea ,   ou tcrops  occur only  where  gulleys  have  trenched 

e. 
.. "_ 

~ 
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8 i n t o  t h e   t a l u s .  Most of the   f la t - f loored  pediment surfaces 

along  the  eastern  margin of the Snake Ranch P l a t s  a r e  prob- 

ably  underlain  by the upper  part  of  the  Spears. A s ec t ion  

of the upper meniber of the  Spears was measured  about .3/4- 

mile northwest  of Goat Spring  along the s teep   eas te rn   s lope  

of a prominent  peak. The measured section  (Figure 2) begins 

i n  a blyish-gray,  prophyritic  "turkey-track"  andesite  flow, 

similar t o  the one on Nipple  Mountain. Above the   andes i te  

flows are  about 220 feet of  reddish-brown t o  reddish-purple 

conglomerates,  sandstones, and mudstones. The conglomerates 

contain rounded c l a s t s   r a n g i n g   i n   s i z e  from  one  inch t o  s i x  

0 inches  in  diameter  with, ,occasional  boulders up t o  one foo t .  

Ike imbrication of t h e   c l a s t s ' i n d i c a t e s  a norther ly   direct ion 

of t r anspor t   fo r  the sediments. The c l a s t s  a r e  predominantly 

reddish-brown  porphyrit ic  lai i te and "turkey-track"  andesites 

similar t o  the underlying  flows.  Interbedded w i t h  the  con- 

qlomerates   are   thin  sandstone  layers  up t o  s ix  inches  thick. 

. .  

" . . 

Above these sediments,  approximately 200 f e e t   o f   . l a t i t i c  

ash-flow t u f f s  were measured. The tu f f s   a r e   l i gh t   pu rp l i sh -  

gray,  poorly welded, and occasionally show a north-south 

lineation  defined  by  elongated pumice.  Chalky white  plagio- 

c l a se ,  .bronzy b i o t i t e ,  and dark-brown porphyri t ic   andesi t ic  

a lithic fragments  characterize  the hand specimens. Of t en  

the  compaction  foliation is defined  by  gray  streaky pumice. 
x. .... .. , , 

'> 
~ ~~~~~~ 
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" .. . . . . . . . . . . . . . . . . . . . . .  .... . ~. 

Figure 3 .  L a t i t i c  mudflow b recc ia   i n  the upper  Spears 
Formation  showing  angular t o  subrounded andesi te  and l a -  
t i t e  c l a s t s   " f loa t ing"  in a  crystal-rich  matrix. me 
white  specks  in  the  matrix  are  al tered  plagioclase crys- 
t a l s .  Note the lack  of  sorting and s t r a t i f i c a t i o n .  

..... , 

. . . . . . . .  ... . . . . . .  .- . .............. 

" 

Figure 4. Poorly welded , i a t i t i c  ash-flow t u f f  i n  t h e  
upper  Spears  Formation.  Close-up  of  surface shows 
white  poorly welded pumice,dark  andesi te   l i thic   f rag-  
ments,  and  abundant  chalky-white  feldspar  crystals. 

J 

. 
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In   p laces  it is d i f f i cu l t   t o   d i s t i ngu i sh   t he   Spea r s   a sh  

flows from the overlying  quartz-poor  base  of  the  tuff of 

Goat Spring. 
. .  

The top  of  the  Spears is marked by a d i s t i n c t i v e  

hematite-stained  conglomerate. The conglomerate i s  zero 

t o   f o r t y   f e e t   t h i c k  and contains  hydrothermally  altered 

clasts   coated with reddish-brown  hematite. Many o f  t h e  

c l a s t s   a r e  so a l t e r ed  and silicified a s ' t o  resemble  chert, 

bu t  close  inspection  usually  reveals re l ic t  phenocrysts. 

Several   small   prospect  pits 'have  been dug a t  t h i s  horizon 

along  the  east  edge  of the  study  area.  The hematite- 

s t a ined   c l a s t s   a r e   ea s i ly  . . .. recognized  in the f loa t ;   t hus  

this conglomerate  provides a useful  marker  bed a t  the  top  

of  the  Spears. .. . 

Because of  their-soft ,   porous  nature,   the  ash-flow 

t u f f s   i n  the Spears a t  the measured sect ion  are   highly 

a l t e r ed  and l i t t l e  can  be  learned  about them petrographically.  

Their   texture  is porphyri t ic  and s e r i a t e ,  with abundant feld- 

spar  phenocrysts  grading  in  size from l a t h s  1.0 mm long down 

t o  grains   barely  discernible  from t h e  groundmass. The in- 

dividual  feldspar  grains  are  often  broken and show a crude 

.alignment p a r a l l e l   t o   t h e  compaction fo l i a t ion .  Only a f a i n t  

eu tax i t i c   s t ruc tu re  is vis ible   because  of   the low degree of 

welding and the high  degree of a l t e ra t ion .  

. .  

- .  

-. 
\.\ - 
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Mineralogically, the  ash  flows seem t o  resemble the 

l a t i t e  clasts i n  the lower  Spears,  except  that  hornblende 

is absent. The thin  sect ions  contain.from 20 percent   to  

40 percent  feldspar.   phenocrysts;   plagioclase and sanidine 

are both   p resent ,   bu t   a l te ra t ion  makes it d i f f i c u l t  t o  

est imate  the i r  relative  proportions. '   Plagioclase  appears 

t o  be more abundant, and occurs  as  subhedral,  often  broken, 

g ra ins  from 0.1 nun t o  1.5 mm long. The phenocrysts  are 

h igh ly   a l t e r ed   t o   c l ays  and calcite.   Sanidine  ranges from 

0.1 mm to .  1.0 mm i n  length, and shows varying  degrees of 

argi11i.c  al teration, from inc ip i en t  t o  complete  replacement. 

A f e w  percent b io t i te  occurs  as  small opaque grains  replaced 

by iron  oxide.  Traces of clinopyroxene,  quartz,  apatite, 

and  muscovite  are a l so  present.  The groundmass is aphani t ic  

and has  been  replaced by a fine-grained  aggregate  of  clay 

minerals and c a l c i t e .  

_.. .. 

Bells Mesa Formation 

The Hells Mesa Formation is  a t h i ck  series of welded 

quartz. l a t i t e  t o  rhyo l i t e  ash-flow t u f f s  and interbedded 

andesite  flows. Tonking (1957, p. 24-30, 56) named t h e  

u n i t  for Hells Mesa a t  t he   ea s t e rn  edge of  the  Bear Moun- 

e t a i n s  and measured a type   s ec t ion   a t   t h i s   l oca l i t y   (Sec ,  

31, T. 2N. R. 4 W.; Puertecito  Quadrangle). He gave the 
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0 u n i t  member s t a t u s   i n   t h e   D a t i i  Formation,  but  the D a t i l  

has  s ince been raised t o  group s t a t u s  and t h e  Hells Mesa 

is considered here as  a formation. Tonking  measured only 

289 feet of : the Hells Mesa a t   h i s   t y p e   s e c t i o n  which 

represents   on ly   the   th in  edge  of the formation. 'In t h e  

southern  Bear  Mountains  the Hells Mesa a t t a i n s  a thickness  

of  about 1700 feet and has   been  subdivided  in   this   report  

into  seven members, as described  in  the  following  paragraphs.  

Tuff of Goat Spring. The tu f f   o f  Goat Spring is t h e  

informal name proposed here fo r   t he   basa l  member o f  the 

Hells Mesa Formation. It is a d i s t i n c t i v e   u n i t   i n  the 

@ Bear,  Gallinas, San Xateoi  Lemitar, and Magdalena Moun- 

t a i n s  and w i l l  undoubtedly be considered a separate.form- 

ation when more regional work is done. This un i t  was 

mistakenly  ident i f ied  as  a rhyolite  porphyry si l l ,  f i r s t '  

by Loughlin and Koschmann (1942) and l a t e r  by  Johnson 

(1955). It is. ac tua l ly  a multiple-flow,  simple  cooling 

un i t  o f  welded quartz l a t i t e  to rhyo l i t e  ash-flow t u f f s .  

A sample from t h e  base of t h e   u n i t  was dated  by the K-Ar 

method as 30.6 * 2.8 m. y. (Weber and B.assett,  1963). 

The t u f f  of Goat Spring  covers  about  five  square 

miles of .the stcdy  area.  Its main area  of  outcrop  extends 

i n  a nor ther ly  manner from  Granite Mountain  on the  south 

-.. , 

. .  

I) 
- 

".. . .. 
/ 
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Figure 5 ,  Stra t i f ied   ou tcrops  of t h e  Hells,Mesa Formation 
'near B e a r  Springs draw. Double ledge a t  t h e  top of the 
hill. is formed by the  contor ted and  pumiceous  ash-flow 
u n i t s  which cap the lower cooling u n i t  i n  t h e   t u f f  of Bear 
Springs. Middle slope-forming p a r t  is unde r l a in  by the 
gray massive  unit of th&tuf f   o f  Bear Springs.  Dark 
ledge-forming outcrops at the  base and in t h e  foreground 
a re  the tuff of Goat Spring. V i e w  is looking southwest; 
Tres Montosas are the high peak j u s t  visible t o  t h e  right 
of center .  

. .  
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along  the  eastern  margin  of the a r e a   t o  Hells Mesa on the 

north.  A t  H e L l s  Mesa it forms the basal  175 feet  of 

Tonking's  measured  section. Its maximum thickness  has 

been  measured a s  about 640 feet   near  Goat spring (iW a, 
Sec. 26, T. 1 S., R. 4 W.) and it .thins rapidly  northward 

i n t o  tke Puertec~ito  Quadrangle. 

The t u f f  .of Goat Spring  outcrops  as  prominent c l i f f s  

and  hogback ridges.  It weathers   d i s t inc t ive ly   in to   l a rge  

rounded  blocks bounded by j o i n t s .  Many outcrops  have 

e longated   cav i t ies  up to four  inches  long where pumice has 

been removed by weathering. 

Fresh hand  specimens  range i n  color  from pinkish-gray 

t o  purplish  gray and weat;ier t o  b u f f  or gray. Most speci- 

mens are densely welded and crystal-r ich w i t h  phenoclasts 

accouilting  for 40 t o  50 percent of the rock.  Phenoclasts 

include  sanidine,  smoky quartz,  and coppery b i o t i t e .  

LocaLly, aphanitic  purplish-brown  lithic  fragments and 

gray   f la t tened  pumice a re  abundant. 

In   t h in   s ec t ion ,  samples a re   d i s t i nc t ive ly   po rphyr i t i c  

and contain from 40 t o  50 percent  broken and p a r t i a l l y  re- 

sorbed crystal fragments. Comminution of t h e   c r y s t a l s  

during emplacement has  produced' a seriate texture   character-  

1 Tonking's  section,  p. 56, i s  upside down. 
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ized by a complete  gradztion from l a rge   c rys t a l s  3 mm i n  

diameter down to. l ragments  0.01 mm o r  less i n  diameter. 

Sanidine is the most abundant  phenoclast and var ies  

from 10 t o  30 percent of the rock. It occurs  as  subhedral 

I t o  euhedral  grains from  0.1 mnl t o  4 mm i n  length w i t h  an 

average  length  of  about 1 .5  mm. Most g ra ins   a r e   pa r t i a l ly  

resorbed and show inc ip i en t   a l t e r a t ion  t o  clays and hematite 

along  cleavages which gives   the  sanidine its pinkish  cast  

i n  hand  specimen. ' 

Plagioclase  var ies  from LO to 20 percent  of  the  rock 

and averages  about 1 2  percent.  The grains  are  subhedral 

to   euhedra l  and usually  have  corroded and  embayed borders. 

The plagioclase is generally  smaller  than  the  sanidine and 

ranges  from 0.1 mm t o  1.5 mm i n  length.  Various  degrees 

of a l t e r a t i o n  t o  clays and calci te   are   present ,   ranging 

from incipient   a l terat ion  a long  c leavages  to   complete  re- 

placement. The compositions of the  plagioclase  phenoclasts 

i n  a number of samples  were determined using  the FouquL 

method. "he average  composition was determined  as  sodic 

andesine and there appears t o  be a systematic   var ia t ion 

i n  the plagioclase  composition from  about An31 near the 

base of the u n i t   t o  about An 36 near the  top.  

e , ,.. .. 

, *  Quartz  occurs  as  large rounded grains from 1 mm t o  

3 & i n  diameter. It i s  absent  or  very  scarce i n  the lower 



"" ., 
. Figure 6 .  Tuff of Goat Spring. Low magnification (4X) 

shows t h e  abundance  and range i n   s i z e  of c rys ta l   f rag-  
ments. A l t e red  fe ldspars  are l i g h t  gray, quartz is 
white, b iot i te  and opaques are   black.  
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10 t o  20 feet  of the u n i t ,  then increases  abruptly  to  about 

5 percent  of  the  rock and cont inues  to   increase  to   about  

1.5 percent  near the top. Most grains  have embayed borders 

and holes f i l l e d  w i t h  groundmass glass .  

From 1 t o  4 percent  biotite  occurs  as  yellowish-brown 

pleochroic   grains   par t ia l ly   to   completely  a l tered  to   i ron 

oxide. Minor  amounts of  pyroxene may have  been  present  as 

suggested  by  pale brown pseudomorphs w i t h  euhedral  outl ines.  

The pseudomorphs a re  composed of c a l c i t e  and have  magnetite 

borders. The original  cleavage  traces  have  been  preserved 

by magnetite  replacement i n  some grains.  

The groundmass  of these  crystal-rich  ash-flow t u f f s  . . .. 

is p a l e  brown  and is usua l ly   dev i t r i f i ed   t o   r ad ia t ing  

aggregates  of  feldspar and c r i s t o b a l i t e .  Under high mag- 

nification,  small   patches of glass,  broken  phenocryst. 

fragments, and finely  divided  hematite  can be seen. 

Li thic  fragments  are common i n   t h e   t u f f  of Goat Spring, 
.- 

e s p e c i a l l y   i n  the upper and lower par t s   o f   the  u n i t  where 

they   cons t i tu te  as much as 15 percent of the  rock. Most. 

of the  fragments are angular and range  from 2 mm t o  8 cm 

i n  diameter. The 'most common type' of l i t h i c  is reddish- 

brow=, porphyrikic  andesite  with  argil l ized  plagioclase 

pl1enocrysts and magnetite pseudomorphs a f t e r   b i o t i t e   i n  

an opaque,  hematized groundmass.  Near the  base  of   the  
I.. 

i 
i 

I 

' 1  
' i  
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u n i t ,  a f e w  porphyrit ic  "Spears-type"  lat i te  fragments 

'are present  

A s t ra t igraphic   th ickness  of 640 feet  was measured 

northwest of Goat Spri.ng (Sec. 26, T. 1 S., R.. 4 W . )  . The 

modal va r i a t ions  ancl sample locat ions are shown diagram- 

a t i c a l l y  in  Figure 7.  Phenocryst modes w e r e  point  counted 

from thin  sect ions  by 'Douglas  Cowan; modal da ta   for  pumice 

and lithics w e r e  es t imated   v i sua l ly   in  the f i e l d  and i n  

hand  specimen  by  the.  author. The t u f f  of Goat Spring is 

r e l a t i v e l y  homogeneous throughout i t s  thickness,  both i n  

mineralogy and degree  of  welding. The  t o t a l  amount of c r y s t a l s  

increases   abrupt ly   in   the   basa l  30 fee t   to   an   average .c f  

about 47 percent   for   the   un i t ;  a more c rys ta l - r ich  zone i s  

evident  between 150 ,and 250 feet above the base.  Quartz 

increases  upward i n  a somewhat e r r a t i c  manner t o  achieve a 

maximum of 15  percent   in  the upper 3-30 f e e t  of the u n i t ;  it 

i s  scarce .   to   absent   in  the basa l  30 f ee t .  The plagioclase/  

s an id ine  ratio averages  about 0.5 and shows little va r i a t ion  

ver t ical ly   within  the  uni t   except   near   the  base,  where pla- 

g ioc lase  and sanidine  occur  in  nearly  equal  proportions,  

Sanidine,   plagioclase,  and mafic   minerals   are   a l l   near ly  

constant above the basa l  30 feet. 

, .  

... .. 

. .  

. .  

The t u f f  of Goat Spring  displays no obvious  variations 

t y p i c a l  of zoned  ash-flow  cooling uni ts   descr ibed 'in t h e  -._. 



._ c 
Table I. Modes i n  volume percent from the ' t u f f  of Goat Spr ing  , 

. .  

Sample Total  ,Phenocrys t   Propor t ions  
Number pheno- ' Sani-  Plagio-  Quartz B io t i t e  

crysts . dine clase and ' T o t a l  
opaques points  

, ' Top of u n i t  
counted 

1 . "24-37 46.1 22.5: 7 .3  14.4 . 1.9  1389 
2 M- 24- 36  46.6  21.2' . 10.0 
3 "24-34 

,' 13.6 , 1.8 
50.9 

1384 
22.9 11.1 15.6 

4 "24-33 
1.3  ,1323 

49.9  24.2 : 9.1  15.0 
5 M- 24- 31  24.5 ' 1 2 . 8  

1.6 
49.0 

1277 

6 "24-30 
8.9 2 .8  1389 

7 
49.8  28.2  10.7 4.8 1334 

"24-29 
6.1 

23.4  7.8 
8 "24-28 

9.8 2.3 1318 
48.7 ' 24.8 12.5  7 .8  

9 "24-27 
3.6  1339 

~ 47.9  27.1  11.9 
10 PI-24-26 55.7  27.2 

3.8 5.1 
17.6 

1441 

11 "24-25 
5.6. 5.3 

59.1 
1303 

27 -4  15.9  10.9  4.9  1385 
1 2  "24-24 
1 3  "24-23 49.6 

1389 
28.4 10.4  4.7  1292 

1 4  "24-22 
6 .1  

'49.0  26.8  13.0  4.8 ' 4.4  1318 
1 5  "24-21 
1 6  "24-20 36.7 20.4  10.0  5.7  1444 
1 7  "24-19 

0.6 
40.3 15.0  19.5 0.4 

1 8 .  "24-18 
5.4 1378 

43.3 

55.3  29.2  13.7  7.3  5.1 

47.1  23.6  13.9  3.8  5.8  1320 

28.4 ,14 * 1 10.2  0.9  3.2  1205 
Base of u n i t  

.. . . .. . . . . ." - . " 

. .  . ._ . "" . ~ .  
. .  

. .  .. . . 
..., 

. .  
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’ Tota l  .. ’ Mafics  Quartz  Plagioclase 
. .  

Phenocrysts 
.. . Feldspar Sanidine 

Figure 3. Measured sect ion of t h e  tuff of Goat Spring showing 
mineralogi.ca1 vciriatlons. Dashed l ine   n sa r  t h e  base 
indicates  t h e  upper limit of quartz-poor l a t i t i c  ash flows. 
(modal da ta   a re  i n  vo%um  percent, taken from Table I). 

-. 
. .  
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a l i t e r a t u r e '  (Ratte! and Steven,  1964;  Smith and Bailey, 1966; 

Lipman and others,  1966; G i l e s ,  1967) .  I n  a t yp ica l  zoned 

sheet to t a l   c rys t a l s ,   p l ag ioc la se ,  and mafic  minerals a l l  

increase upward i n   t h e   s e c t i o n .  The youngest  ash-flow t u f f s  

usual ly   contain more calcic   plagioclase and less quartz.  

The plagioclase  does become s l i g h t l y  more a n o r t h i t i c  upward 

i n  the tu f f  of Goat Spring b u t  other   systematic   var ia t ions 

appear to   be   absent .  Some of   the  larger  and more consist-  

ent b reaks   i n  the p r o f i l e s  of Figure 7 may represent   s l igh t  

d i f f e rences   i n  modal composition  between  individual  ash 

flows (Ratte' and Steven, 1967, p. 3 0 - 3 3 ) .  The most notice- * , able  break is the abrupt , . .. change i n  modal composition  near 

'the base  of   the  sect ion.  This change may represent a tran- 

s i t i o n a l  zone  between two different  types  of  ash  flows: 

(1) quar tz -poor   l a t i t i c   ash  flows a t  the base,   possibly de- 

r ived from the same magma chamber a s  the crystal-r ich  ash 

flows i n  the upper  Spears  'Formation, and (2)  quartz-rich 

r h y o l i t i c   t o   q u a r t z   l a t i t i c  ash flows from another magma. 

I n  Figure 8 the modal data  have  been  plotted  on a 

sanidine-plagioclase-quartz diagram which shows t h a t  the 

samples vaxy 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  i n  

mineralogical  composition  with a marked l i nea r   d i s t r ibu -  

t i o n   p a r a l l e l   t o  the rhyo l i t e -qua r t z   l a t i t e  boundary. I n  

general ,  the s.amples - plot   progressively closer t o   t h e  

. .  

. -. 
. 

4 



Quartz 

Figure 8. Xodal  data f o r  the  tuff   of  Goat Spring p lo t ted  on a 

Bateman and  others, 1963, p. 13). 
three component diagram  (diagram  rrodified from . 
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' quartz   corner  of t h e  diagram as the  samples  approach 

the top   of   the ' sec t ion .  T h i s  trend  suggests that t h e  

magma was undergoing  differentiation  along a crys ta l -  

l i z a t i o n   p a t h  which  formed more quartz   but   essent ia l ly  

a constant  proportion of fe ldspars   with time. Another 

explanation €or the   t r end  is t h a t   t h e  magma became 

,increasingly'  contaminated  with  quartz as t he  eruptions 

proceeded. The anomalously la rge   quar tz   c rys ta l s  may 

ac tua l ly  be xenocrysts  accidentally  incorporated 

during  erupt ion of t h e   t u f f s .  Kowever, the l a rge  

volume of quartz required and its systematic  increase 

a argde  against  this 0rigi.n. 

3 3  a d d i t i o n   t o   t h e  changes i n  primary  mineralogy 
- 

there a r e  some sub t l~e  changes i n   t h e   t e x t u r e  and a l -  

t e r a t ion   w i th in  the t u f f  of Goat Spring. Biot i te  is 

more oxidized  toward the top of the cooling  unit  where 

d e u t e r i c   a l t e r a t i o n  was localized  by the  upward escape 

of volati les  during  welding.  Sanidine is more a l t e r ed  

and secondary  minerals more abundant i n  the less dense- 

l y  welded  zones, which were more porous and  underwent 

more in t ense  vapor-phase c rys t a l l i za t ion .  Although 

resorp t ion  occurs, i n   a l l   p a r t s  of the   cool ing   un i t ,  it 

0 is best developed i n  the upper, less densely welded 

p a r t .  

. .. 
, 

m 
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e Tuff of Bear  Sprincrs. The tu f f   o f  Bear  Springs is 

the  informal name proposed f o r  the sequen2.e of  ash  flows, 

lava  flows. and volcaniclastic  sedimentary  rocks  in the 

upper  paxt of the Hells Mesa Formation. In t h i s   r e p o r t ,  

it has  been  subdivided  into two mappable uni ts   separated 

by a cooling  break and interbedded  andesite flows. 

Lower Cooling  Unit 

The ' l o w e r  t u f f  of Bear  springs i s  a multiple-flow, 

compound cool ing  uni t  of welded r h y o l i t i c  ash-fiow t u f f s  

. .  which  outcrop  over a n  area of about f ive  square miles i n  

e the thes i s   a r ea .  The base of the un i t  i s  exposed along 

an  approximate  north-south  line  extending from the north 

end of t h e  La Jencia  monzonite  stock t o  the eas t  side of 

Bear Peak. To the  south,  it includes  Loughlin and Kosch- 

mann's Banded Rhyolite and to   t he   no r th  it co r re l a t e s  

w i t h  Tonking's  middle 65 f e e t  of the Hells Mesa. 

... .. 

~ . . .  

The lower  tuff  of  Bear  Springs  includes  several  ash 

f l o w s ,  and varies  considerably i n  i ts outcrop  character- 

istics. Occasionally it forms rounded h i l l s  with a series 

of a l te rna t ing   ledges  and s lopes  but  it typical ly   outcrops 

as weathered,  platy  slabs which form the d ip  slopes of 

hogback  ridges. e 
I n  hand  specimen, the   co lor   o f   the  groundmass va r i e s  

.. 
'L. . ". 

,_ 
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with  the  degree of welding  from l igh t   g ray  t o  pinkish- 

gray or reddish-brovm. Weathered sur faces   a re   usua l ly  

s t a ined   bu f f   t o  reddish-brown. The ash flows are f i n e  

grained and contain  only 1 0  t o  15  percent  phenocrysts 

of sanidine,   coppery  biot i te ,  and smoky quartz. The 

sanid ine  is euhedral and va r i e s  from c l ea r ,  w i t h  a s i lky-  

white chatoyancy, t o  pink and chalky where a l t e r ed .  

Samples  from the upper  part   are  characterized  by  as much 

as 25 percent  gray s i l i c i f ied  pumice  which shows vai-ying 

degrees  of  compaction. Two types of l i t h i c  fragments 

a r e  common; one  consists  of  dark brown, aphani t ic  ande- 

0 si te  and the other is a porphyr i t ic   b io t i te -bear ing  
.. . .. 

~ 

r h y o l i t e  _" 
Petrographically,  the ash flows  are  very  similar 

and consist   of-broken,  partly  resorbed  phenocrysts  of 

san id ine ,   quar tz ,   b io t i te ,  and p lag ioc lase   in   an  

aphani t ic ,   par t ly   devi t r i f ied  groundmass. The welded 

portions  have a eutaxi t ic   s t ructure   def ined  by compressed 

and d is tor ted   g lass   shards  and pumice. The groundmass 

is p a r t l y   d e v i t r i f i e d  t o  fine-grained (0.01 nun t o  0.1 mm) 

cristobalite and fe ldspar  sometimes i n   s p h e r u l i t e s  or  

axiolites. I n  the less welded and less a l t e red  samples 

.I 

a the groundmass cons i s t s  of brown, cuspate and Y-shaped 

glass  shards  separated  by  extremely  fine  dust.  Magnetite 
-.. - _ _ _  

,' 

. .  .. 
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grains   are   f inely  dispersed  throughout  the groundmass 

i n  most samples. 

Sanidine is the  only major const i tuent  and va r i e s  

from six to   e leven   percent  by volume. It occurs  as 

unusually  well-formed  partially  resorbed  grains from 

0.2 t o  2.0 mm i n  length.  Carlsbad  twins and s t ra ined ,  

broken  crystals  w i t h  undulatory  ext inct ion  are  common. 

The sanidine shows varying  degrees  of unmixing t o  per- 

th i te  which is often  intergrown  with  c lear   sanidine  in  

irregular  .patches  controlled  by  the  ‘sanidine  cleavages.  

The original   sanidine  appears  t o  have  suffered  an un- . . 

usua l   deg ree   o f -pe r th i t j c  .. . exsolut ion  during  dueter ic  ~ 

a l t e r a t i o n  of the cooling  ash  flows; the p e r t h i t i c .  

g ra ins  were counted as san id ine   i n  the modes. 

Quartz is a minor const i tuent ,  and occurs  as  small, 

anhedral  to  subhedral,  resorbed  grains  usually less than 

1 . 0  mm in  diameter.  Occasional shreds of bioti te,  

par t ia l iy   replaced  by  hemati te  and other  iron  oxides,  

make up the remainder  of  the  phenocrysts.  Usually,  only 

a f e w  small plagioclase  grains  can  be  found  in a t h i n  

sec t ion .  

.- 

A s t r a t ig raph ic  khickness of 507 feet was measured 

approximately  one mile southeast  of  Bear  Springs (T. 1 S., 

R. 4 W . ,  Sec, 22) .  Figure 9 i s  a ‘diagrammatic Column 
>. -._ . 



Table If. Modes i n  volume percent from t h e  lower tuff   of  B e a r  Springs 

Sample Total  . Phenocryst  Proportions 
Number pheno- Sani-  Plagio-  Quartz Maf ics Pumice Total 

c rys t s   d ine   c lase  . .  and poin ts  
opaques 

Top of   uni t  
counted 

- 
1. 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

. 22 
23 

; 
i 

"24-69 
M-24-68* 
"24-66 
"24-65 
"24-63 
M-24-62 
"24-61 
"24-60 
M-24-59 
"24-58 
"24-57 
"24-56 
"24-55. 
"24-54 
"24-53 
"24-52 
"24-51 
M- 24-50 
"24-48 
"24-47 
"24-46 
"24-45 
"24-43 

Base of   uni t  * Badly altered,   with numerous phenocryst  holes 

.2.4. 2.0 0.0 
1.9 1.1 0.L 
3.6 ' 2.3 \ 0.1 
3.8 3.2 0.1 
3 -6 3.0. 0.0: 
4.0 3.1 0 . 0 ,  
5.3 4.5 0.0 
3.3 , 2.7. 0.0 
7.0 ,' 6.2 tr. 
5.2 4.8 0.0 
4.4 4.0 0.0 
7.1 6.1 0.0 
6.6 6.3 0.0 
5.0 4.5 0.0 
6.3  5.9 0.0 
6.5 5.8 
6.1 

t r .  
5.0 0.0 

7.0  5.9 0.1 
5.8  5.0  0.3 
5.6 4.5 0.0 
6.8 5.3  0.3 
7.8 6.8 0.0 
5.0 4.3 tr.  

0.1. 
0.3 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1. 
0.4 
0.1 
0.2 
0.6 
0 . I  
0.3 
0.3 
0.6 
1.0 
0.7 
0.1 
0.5 
0.8 I 

0.6 
0.5 

0.3 
0.4 
1.0 
0.3 
0.4 
0.8 
0.7 
0.5 
0.4 
0.3 
0.2 
0.4 
0.2 
0.2 
0.1 
0.1 
0.1 
0.3 
0.4 
0.6 
0.4 
0.4 
0.2 

11.4 1793 
14.0 1792 
8.6 1990 
7.1 2027 
27.1 1917 
17.8 2076 
8.8 2123 
16.0 1796 
13.3 2395 
15.5 2151 
6.4 1783 
1.2 1923 
5.8 2120 
0.2 2139 
0.0 17 51 
.2.1 2097 
0.0 2400 
0.1. ' 1958 
0.2 2131 
2.4 2038 
0.0 2223 
0.0 1436 
0.5 2329 

I 

W 
A 

I 

. .  
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showing the  individual  subunits  within  the  section,  each 

one label led  according  to  i ts  co lo r   o r   cha rac t e r i s t i c   l i t ho l -  

ogy. The presence  of a thiclr  densely welded  zone i n  the  upper 

pa r t   i nd ica t e s   t ha t   t he   s ec t ion  is  a compound cooling u n i t .  

Modai data  and,sample  locations  are shown t o  the s ide .  A 

d i s t i n c t   b r e a k   i n   t h e  modal p ro f i l e s  is evident ne.ar t he  

middle of the  cool ing u n i t ;  this  break  corresponds  to  the 

contact   between  massive,   featureless   tuffs  i n  t h e  lower  half 

and  pumiceous tuffs  with  well-developed  compaction  textures 

i n  the  upper   half .  The pumiceous tu f f s   con ta in   s l i gh t ly  

f e w e r  to ta l   c rys ta l s ,   cons iderably  more pumice, and s l igh t -  

l y  less quartz r e l a t i v e  t o  san id ine   than   the i r  more massive 

counterparts '  i n  the.   lower   half .  

'I . The gray  massive  unit ( G )  is approximately 300 f e e t   t h i c k .  

The basal.unwelded zone is pink i n  color  and contains numer- 

ous brown a n d e s i t e   l i t h i c s  and yellowish-white pumice l e n t i l s .  

The i n t e r i o r  of the ash  flow is light  purplish-gray, moder- 

a t e ly   t o   poor ly  welded, and very  fine-grained. Pumice  is 

generally  absent  except i n  t h e  upper and lower  few feet. The 

white,  poorly-welded  top of the u n i t  becomes increasingly 

reddened and welded upward through.the  contact  with  the  over- 

l y ing  pumiceous un i t .  

.- 

The pumiceous ash  flows (P) are   about   for ty   fee t   th ick  

and a re  welded t o   t h e   g r a y  massive uni t ,   wi th  a gradat ional  
- . 

" 

A, 
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.e contact over a ver t ica l   th ickness  of about. t e n  feet. I ts  

co lor   var ies  from  purplish-gray t o  pinkish-gray. The name 

is derived from  a s t r ik ing   eu tax i t ic   s t ruc ture   def ined   by  

numerous f la t tened,   e longated pumice, rotated l i t h i c  frag- 

,.merits, and subparallel  imbricated  sanidine  phenocrysts. 

. Petrographically,  the groundmass is densely welded and the  

mineralogy is  almost  identical  with  the  underlying  massive 

ash  flow. Pumice ranges i n  s i z e  from small,  almost  indis- 

t inguishable   "ghos ts"   in   the  groundmass t o  l a rge   e l l i p so ida l  

fraginents 3 cm i n  length.. The pumice rims have  been  devit- 

r i f i e d   t o  quartz and fine-grained  spherulitic  aggregates and 

the centers of ten   , conta in  coxscon0~ aggregates 04 inward- 

point ing  euhedral   a lkal i   fe ldspar   crystals   surrounded by 

larger   anhedral   G'ar te   grains .  T h e  pumice commonly has 

frayed  ends and contains  phenocrysts of quartz and sanidine.  

0 

. .  

The contor ted  uni t  (C) contains a streaky  compaction 

and/or  laminar  flow  structure which resembles flow banding; 

this l ed  Laughlin and Koschmann t o   g i v e   t h e  name "Banded 

Rhyol i te"   to  the equivalent of t h i s  u n i t  i n  the Kelly  mining 

d i s t r i c t .  The u n i t  is about 1 2 0  feet . thick,  and has a sharp 

but  gradational  coniiact w i t h  the  pumiceous ash  flow. It has 

a dark  reddish-broh color on fresh surfaces and i s  character-  * i zed  by gray,  highly compressed  pumice  which averages  only 





2 mm. t h i c k  and ranges up to  several   inches  long. The most 

highly  compressed  bands  have a maximum length-to-thickness 

r a t i o   o f  300:l which ind ica t e s   t ha t   t he  pumice tias r ad ia l ly  

s t re tched.  ,Some of t h e   l a r g e r   s t r e a k s  may represent   the 

accumulation of volatiles  along  shear  planes  during  laminar 

flowage and welding  of  the  ash flows. Outcrops o f . t h e  

contorted  ash flows usually  have a p l a ty   f r ac tu re   pa ra l l e l  

t o  the fo l i a t ion ,  and the  banding is of ten  contor ted  into 

t i g h c  asynunetric  folds. 

Microscopically,  the  ash  flows  are  densely welded  and 

composed’mainly o f  highly   f la t tened  pumice i n  a glassy, 

p a r t l y   d e v i t r i f i e d  groundmass. Pumice is often  qolded 

around the broke’n and rotated  crystal   fragments.  

Above the contorted  unit  is an  inconspicuous  poorly- 

welded ash flow (PW), about 35 f ee t   t h i ck .  It is  sof t ,pinkish-  

gray, and contains  abundant par t ia l ly ,   col lapsed cellular 

pumice stained  greenish-black by a manganese-bearing  mineral. 

This   tu f f ,  which has  only  about two percent   crystals ,  may 

represent  the l a s t  weak pulse  of  ash t o  be  erupted. 

. J u s t  south of La Jencia Creek the  lower t u f f  of  Bear 

Springs  contains  a t h in  c rys t a l - r i ch   t u f f  which is  not 

present  i n  the   .v ic in i ty   o f   the  measured section.  This un i t  

has   been  informally  designated  the  tuff   of  La Jencia  Creek 

(Chapin, o r a l  communication, 1971) ; it is ve ry   s imi l a r   t o   t he  
“-__ . .  
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' t u f f   o f  Goat Spring  but i t  is welded within  the  gray  massive 

unit.  Typical  specimens  are  densely welded and s l i g h t l y  

pumiceous w i t h  a l ight  lavender-gray color. Phenocrysts of 

smoky quartz,  euhedral  sanidine,  plagioclase, and coppery 

b io t i te  make up 30 t o  40 percent  of  the  rock  by volume. The 

t u f f  of Goat Spring  contains 10 t o  20 percent more c r y s t a l s  

ana its matr ix  is  crowded with s m a l l  crystal   fragments.  

Judging'from their  low content of phenocrysts and highly 

glassy  matrix,  the ash  flows  in the tuff   of  Bear  Springs w e r e  

probably quenched  from a very  hot  eruption which was nea r   t he  

l iquidus  temperature  of the o r ig ina l  melt, perhaps  as much a s  

0 ,900"to 95OoC. based on the calculations  of Boyd (1961, p. 414). 

This high  temperature,  together w i t h  t he i r   h igh   vo la t i l e  

content,  made ' the upper pumiceous ash flows pa r t i cu la r ly  

f l u i d a l .  A s  the ash f l o w s  began t o   l o s e  momentum, exsolved 

gases  may have  acted  as  f luidizing  agents  causing them t o  

develop  laminar   f low  s t ructures   during  the  f inal   s tage of 

their emplacement  (Noble, 1968). Pumice became highly 

s t r e t ched  j.n the direction  of  f lowage and wave-like  flow 

folds and some ramp t h r u s t s  developed a t   r i g h t   a n g l e s . t o  the 

pumice l i n e a t i o n .   I n   t h e  Bear  Mountains, the pumice l inea-  

t ion   t rends   about  S 10°W and the axial   planes  of f l o w  fo lds  

and t h e  ramp t h r u s t s   d i p  t o  the  south.  These da ta   ind ica te  

. ' a norkhiqard t ranspor t   d i rec t ion  for  the ash  flows, which is  

. . .. 

. 
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0 con.sistent  with the recent  discovery by Deal and Rhodes 

(1971, oral.  communication)  of a major  cauldron i n  the Mount 

Withington  area. A great  thickness  of ash-flow tuffs of 

s imi l a r   s t r a t ig raph ic   pos i t i on  and l i tho logy  were deposited 

within  the  cauldron (2. G.). 

Upper Cooling U n i t  

The upper  tuff  of Bear  Springs is a welded rhyo l i t e  

ash-flow tuff  sequence which crops  out over about two square 

rniles'in the thes i s   a rea .  Most of  the  exposures occur north- 

w e s t  of Bear Springs and along a ridge  extending two miles 

south  from Bear Springs. The upper and lower .un i t s   o f   the  

t u f f  of Bear Springs are separa ted   by   f ive   to   seventy   fee t  

of  andesite  flovjs. __ .. Except €or the  presence of th i s   cool ing  

break, it would be d i f f i c u l t   t o   d i s t i n g u i s h   t h e  two s ince  

they  are   very similar l i t ho log ica l ly .  

. a  

! 

. .  

0 
. .  

The upper un i t  crops  out 'as c l i f f s  and rounded  pinna- 
. .. 

. d e s  which weather t o  reddish-brown p la ty   sur faces ,   o f ten  

h igh ly , f r ac tu red  and hackly. The base is  characterized  by 

a zone with egg-shaped spheru l i tes  up to   several   inches  long.  

.Large slump blocks a r e  common over  the  underlying,  relatively 

' " soft andesites,. 
. .  

e Fresh  hand  specimens  are  pinkish-gray and weather  gray 

t o  reddish-brown. The groundmass is  aphani t ic  and has  a 

1 " .- 

. .  ._ 
._ - . 
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# compaction f o l i a t i o n   o u t l i n e d  by  small,  white,  compressed 

pumice. P i n k ,   s i l i c i f i e d  and contorted pumice  up t o  5 cm.  

long form up t o  three percent of some specimens.  Phenocrysts 

are noticeably less abundant  than in t h e  lower u n i t  and in- 

clude  white  euhedral  sanidine and occasional smoky quartz.  

Small angular  l i thic  fragments  comprise  less  than one  per- 

cen t  of most. sainples and a re   s imi l a r  t o  the l i t h i c s   i n  the 

lower t u f f  of Bear spr ings.  

Microscopically, the upper  unit  contains from 0.1 t o  

about 5 percent  subhedral,  broken  sanidine  phenocrysts 

which  range from 0.2 mm. t o  1.5 nun. in  length.   Usual ly ,   the  

e sanidine is  only inc ip i en t ly   a l t e r ed  along cracks and cleav- 
... .- 

ages but some gra ins   a re   comple te ly   a lb i t ized   or   a l te red   to  

clay. 'Anhedral,  broken  quartz  grains and opaque b io t i te  

pseudomorphs amount t o  less than one  percent  of the samples. 

Plagioclase .was not found i n  any of the th in   s ec t ions .  The 

aphani t ic  groundmass i s ' l a r g e l y   d e v i t r i f i e d  and cons i s t s  of 

. 

.. " ..., 

, a mixture  of  glass and smal l   c rys ta l l i t es   o f   quar tz  and 

a lka l i  fe ldspar .  

A s t ra t igraphic   th ickness   o f  280 feet was measured f o r  

the upper   tuff  of Bear Springs  approximately two miles south- 

e a s t  'of Bear  Springs (T. l s., R. 4 W., Sec. 22  and 2 7 ) .  A s  

e shown diagrammatically i n   F i g u r e  1 2 ,  t h e   u n i t  seems t o   c o n s i s t  

" . 

, 
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' Table 111. Modes i n  volume percent from the upper  tuff  of  Bear  Springs 

Sample 
Nuniber 

' Top of. un i t  
1 "24-88" 
2 M-24-87* 
3 X-24-86" 
4 M-24"4* 
5 M-24-83* 
6' "24-82 
7 "24-81" 

/ 8 "24-806 
9 ly-24-79* 
10 "24-78 
11 N-24-77 
12 "24-76 
13 "24-75 
14 N-24-73 
15 "24-72 

Total Phenocryst  Proportions 
pheno- S ani- Plagio-  Quartz  Mafics Pumice Total  
c rys t s   d ine  c l a se  and poin ts  

' opaques counted 

7.0 5.5 , 0.0 0.6 0.9 12.7 1862 
5.1  3.7 . >  
5.4  3.7 
4.3 I 2.9 
3.9 . 3.0 
3.0 . 2.1 
2.6 :. 2.0' ' 

2.7 1.8 
5.2  4.3 
0.2 0.1 
0.8 0.4 
0.1 0.1 
0.7 . 0.3 
2.4 1.4 
0.5 0.2 

I 

0.8 . 0.6 
'0.7 '1.0 
0.8 0.6 
0.6 0.3 
0.6  0.3 
.0.3 . 0.3 
0.4  0.5 
0.6 0.3 
0.0 0.1 
0.2 0.2 
0.0 t Z .  
0.1 0.3 
0.8 0.2. 
0.2 0.1 

12.1 
6.6 

18.3 
11.6 
16.1 
13.9 
19.0 
4.3 
9.0 
6.1 

13.0 
5.9 
7.8 
7.0 

2015 
1718 
2452 
2147 
2500. 
1920 I 
2480 & 
2170 P 

1806 I 

2062 
1971 
2225 
2500 
1922 

Base of u n i t  

* Excluding  crystal-cich  clots 
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*~ of two ash  flows welded together.  The t w o  ash  flows  have 

sub t l e   d i f f e rences   i n   ou tc rop   cha rac t e r i s t i c s  and i n  modal 

percentages which a re   p lo t ted  . .  t o   t h e  side. The lower t u f f  ' 

is" more fnassive'and  contains  fewer  crystal  fragments  than 

the upper t u f f ,  which is  p la ty  and con ta ins   d i s t i nc t ly  more 

pumice (as  much a s  20 percent) and more c rys t a l s .  

. F o r  the cool ing  uni t   as  a  whole, the  t o t a l   c r y s t a l  

content   increases   s teadi ly  from less than  one  percent  at  the 

b a s e   t o  about  seven  percent  near  the  top. The quartz/feld- 

spar   ra t io   increases   sharp ly  i n  t h e   b a s a l   t h i r t y   f e e t  and 

then  remains  nearly  constant  to the top.  Figure 1 0  shows, 

that  the t w o  cooling u n i t s  i n   t h e   t u f f  of  Sear  Spricgs  are . .  . . .. 

q u i t e  similar petrographically.  The  most not iceable   differ-  

ence is  a s l igh t lFhigher   quar tz / fe lds .par   ra t io   for  the 

upper  cooling u n i t .  
.. . 

Andesites  Interbedded i n  the Hells Mesa. Two d i s t i n c t l y  

d i f f e r e n t   t y p e s  of  andesite  flows  are found interbedded w i t h  

the Hells Mesa ash  flows: (1) porphyrit ic  "turkey-track" 

andesites  containing abundant large  plagioclase  phenocrysts,  

s i m i l a r .   t o  some of   the   andes i tes   in  the upper member of &he 

Spears  Formation, and (2) f ine-grained,   re la t ively non- 

porphyrit ic  andesites  lacking  plagioclase  phenocrysts.  
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e. The f irst  type  forms a d i s t i n c t  cooling break between 

the t u f f  of Goat Spring and t h e   t u f f  of  Bear  Springs. The 

main outcrops  form a narrow band extending from h i l l  "7090", 

w h e r e  i t s  thickness was measured as 90 feet, n o r t h   t o  Bear 

Peak  where it appears t o  pinch  out. These andesites  have 

not  been  observed in   the   wes te rn   ha l f  of t he   a r ea .  

Megascopically,  the  andesite is porphyri t ic  and bluish-  

gray on fresh surfaces  with abundant  flow-oriented  plagio- 

' clase  phenocrysts and reddish-brown  pyroxene pseudomorphs. 

Locally, it contains numerous amygdules f i l l e d  with c a l c i t e  

and quartz.  . .  

Microscopical ly ,   the   texture  is holocrys ta l l ine  and 
... .. , 

porphyritic-aphanitic.  Plagioclase  phenocrysts make up 

about 20 percent  of the rock and occur  as  euhedral  laths 

averaging 2.0 mm i n  length.   Al terat ion is r e s t r i c t e d   t o  

mino; c lays  and epidote. An average  composition  of  four 

plagioclase'  phenocrysts  determined by the  Fouque' method is 

Ans5. Three grains   exhibi t ing normal  zoning were a l so  

measured  by the Fouquk  method; on the average,  they  range 

frQm.An53 a t   t h e   c e n t e r   t o  An a t  the r i m .  About t e n  

percent  reddish-brown  pyroxene pseudomorphs occur  as sub- 

. h e d r a l   g r a i n s ' u p   t o  1 .5  mm i n  diameter. The pyroxene  has 

, ... 

- 

49 
.. 

e , . been  replaced by  a fine-grained  aggregate of c a l c i t e ,  

epidote,  and s i l i c a   i n  the center and by hematite  around 
'.. 
" . ~ 

': 
. .  
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a the edges  of the grains.  The groundmass i s  made o f   f e l t y  

plagioclase  microli tes  about 0.2 nun long and small  magnetite 

gra ins  which may represent  altered  pyroxene. The  approximate 

composition of groundmass plagioclase,  determined from fif- 

teen   gra ins   by   the  Michel-Levy  method, is An57. 

The second  variety  of  andesite  occupies a cooling  break 

between the upper and lower  cooling  units  of  the t u f f  of 

Bear Springs;  they are present   a t  this s t r a t ig raph ic   pos i t i on  

on Hells Mesa b u t  are not shown on Tonking's measured sec- 

tion.  Andesite  flows  also  occur  between  the t u f f  of  Bear 

' Springs and t h e  t u f f  of Al len  Well. Outcrops  usually 

' '  weather  as  dark  talus-covered ... slopes o r  swales  between hog- 
, 

backs  of  welded  tuff.  Lineated amygdules f i l l ed   wi th   quar tz ,  

chal.cedony,  and c a l c i t e   a r e  common and are sometimes s ta ined 

by greenish-bl.ue  celadonite.  Thin  volcaniclastic  sandstone 

l aye r s   a r e   l oca l ly   i n t e rca l a t ed  with the  f lows.  The fresh 

color  of  hand  specimens  varies from  gray t o  reddish-brown 

while weathered  surfaces  are  usually  greenish-brown. 

Usually,  the  flows  are dense and aphanitic  with  only a f e w  

phenocrysts of oxidized  pyroxene bu t  some flopis  are  vesic- 

u la r   o r   au tobrecc ia ted .  The thickness is  quite var iable ,  

possibly  because. of some minor erosional  topography  developed 

i n  the underlying  ash  flows.  Total  thickness  varies  from 

less than   ten  feet  t o  more than  seventy  feet .  . 

._ 

~. . .- . 

~ 
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Microscopically,  these  andesites  contain  about t e n  

percent  reddish-brown opaque phenocrysts which appear to 

be hematized  pyroxene. The groundmass contains  altered,  

t rachyt ic   p lag ioc lase   micro l i tes  and i n t e r s t i t i a l  opaque 

grains  of  iron  oxides and hematized  pyroxene. The plagio- 

c l a s e  i s  commonly a r g i l l i z e d  and the  groundmass is  of ten  

replaced  by  aggregates  of  calcite and quartz. 

. .  

T u f f  of Allen Well. The youngestash  flow  present  in 

the study  area is a qua r t z   l a t i t i c   c rys t a l - r i ch  t u f f  which 

was observed i n  three small  outcrops  along Dry Lake Canyon 

i n  t<e southwest  corner  of,   the  study  area.  The outcrops  are 

loca t ed   i n   s ec t ion  36 ,  T.':.l. S., R. 5 W.,  downstream  from the 

Allen Well. . The t u f f  of Allen Well is separated from the 

upper  cooling  unit ' .of  the . h f f  of Bear Springs'by a series 

of andesite  flows  and.  thin  sandstones. 

. .  

. .  

. .  

.. .. -_ 
In 'hand  specimen  the t u f f  of Al l en  W e l l  i s  pinkish-., 

. .  

gray and contains  as much as  30 percent  phenocrysts  of 

sanidine,   plagioclase,   coppery  bioti te,  and quartz i n  a , 

v i t roc l a s t i c   ma t r ix .  It strongly  resembles the tu f f   o f  

Goat Spring,  but upon close  inspection  can be distinguished 

by t h e  more abundant  matrix, which is not crowded with small 

crystal . f ragments  'as i n  the tuf f   o f  Goat Spring. The t u f f  

of  Allen Well is  a l so   s imi la r  t o  the  t u f f  of La Jencia 

. .  
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Creek  but the former'  contains fewer t o t a l   c r y s t a l s  and 

proport ionately less sanidine.  

Petrographical ly ,   the  t u f f  of Allen Well cons is t s  of 

phenocrysts  of  sanidine,  plagioclase,  quartz, and b i o t i t e  

combined w i t h  f l a t t ened  pumice and a  few l i t h i c s  i n  a 

reddish-brown d e v i t r i f i e d  groundmass. A modal count  on 

one t h i n  sec t ion   y ie lded  14 percent  sanidine,  7 percent 

plagioclase,  4 percent  quartz,  4 percent   b io t i te ,  1 3  per- 

cent  pumice, and 58 percent groundmass. Trace amounts of 

a p a t i t e  and pyroxene are also present.  The crystals   range 

i n   s i z e  from 0.1 mn t o  3.0 mm, w i t h  an average  size  of 

0 .5  nun. 
.. 

La Ja ra  Peak  Formation 

The La J a r a  PeaJc Formation  forms the  higher  elevations 
. .  

i n  the Bear  Mountains and crops  out  over  about s i x  square 

miles i n  the northwest  part  of the  study  area.  The u n i t  

was desc r ibed   i n   de t a i l  by Tonking (1957, p.  44-46; p. 57) 

who  named it a f t e r  La Jarti Peak,  a prominent  volcanic  neck 

i n  the Puertecito  Quadrangle,. and designated it as   t he  

upper member of the D a t i l  Formation. 

The Lower p a r t  of t h e  La Jara Peak  Formation i s  a 

series of re lat ively  sof t   autobrecciated  f lows and t h i n  

volcanicl;7stic  sandstones and conglomerates which  form the 

l o w  hummocky topography between Bear  Springs and the eastern 



* 
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escarpment of t h e  Bear  Mountains. The upper  part i s  a 

well-stratified, r e s i s t a n t  sequence  of t h i n   b a s a l t i c -  

andes i te  flows which fork  the main escarpment  of t h e  

Bear  Mountains. The complete  thickness of t h e  La J a r a  

Peak can  only be approximated  because  of a majox f a u l t  

which has  dropped the Bear  Mountains  over 1000 Eeet and 

has placed La Ja ra  Peak andesi tes   in   juxtaposi t ion  across  

the f a u l t .  A minimum thickness  of  about 1600 feet has 

been  estimated .from structure   cross-sect ion A - A' 

(Plate I),  .but  the maximum thickness may be as much as 

2900 Eeet. I n  the Puertecito  Quadrangle, Tonking (1957, 

p. 31) estimated the maximum thickness   as  2500 feet  and 

measured 1205 f ee t   a t   t he   t ype   s ec t ion .  
, 

Di.ps w e s t  o f .  the   Hel l s  Mesa Fault  range from seven 

to f i f teen   degrees  to the  west.  The basal.  part,  exposed 

o-n ' the upthrown eas t   s ide   o f  the f a u l t ,  i s  r e l a t ive ly  

f l a t - ly ing  and rests ,unconformably  on the t u f f  of  Bear 

Springs.  The area w e s t  and southwest of Bear  Springs 

appears   to   be   par t   o f   an   o ld   e ros iona l   sur face   on  the ! 

._ 

. .  

Hells Mesa ash  flows which was la ter   f looded  by La Ja ra  

Peak andes i t e s .   I n   t he   v i c in i ty  of Deer  Spring and Bear 

Springs,   the   contact  between the andesi tes  and the welded 

t u f f i i s   p a r t l y   d e p o s i t i o n a l  and p a r t l y  a f au l t   con tac t .  

.. ." 



Figure.13. Typical outcrop of La Jara Peak Andesite. 
The massive  core  of a basal t ic   andesi te   f low a t  the   top  
of the  picture  grades  abruptly downward in to  an auto- 
brecciated  base.  A thin  ledge of fine-grained  sandstone 
.,is sandwiched between the base of t h i s  f l o w  un i t  and the 
upper rubble zone of another f l o w  unit. 



Talus, s o i l ,  and slump b locks   par t ia l ly   obscure   the  

a distinctive  speckled  appearance from the  presence of 

small hematized  pyroxene  grains and contains almond-shaped 

amygdules f i l l e d  wi th   ca lc i te  and quartz.  The lower  flows 

have  autobrecciated  tops and bottoms which a re   o f t en  

oxid ized   to  a reddish-brown color .   Sheet ing  paral le l  t o  

t h e   f o l i a t i o n  is common i n  the vesicular  flows.  Lnter- 

conglomerates which contain reworked  fragments of the 

often contain fresh pyroxene  along  with the hematite.  

pseudomorphs. Red glassy flows and bombs are present 

plagioclase  phenocrysts. 

Many of the  massive  flows  have  elongated,  lineated 

ves i c l e s  which have  been  plotted  on  ' the map as ind ica tors  

N 50°E i n  the western and northern  par ts  of the outcrop 



I n  t h e  lower p a r t  of the  formation there a re  a 

number of north-northeast-trending  dikes which are  iden- 

t i c a l  to t h e  La J a r a  Peak flows. These dikes  could 

occupy local feeder vents for   the flows. The basa l t i c -  

andcsite flows may have been formed in   coalescing erup- 

t i o n s  from widely  scat tered  f issures  which l a y   p a r t l y  

within the s tudy  area,   but   largely t o  the  west  and south- 

west. 

In   t h in   s ec t ion ,   t he   andes i t e s  have  an  aphanitic 

groundmass composed of t r a c h y t i c   t o   f e l t y   p l a g i o c l a s e  

mic ro l i t e s  w i t h  an  average  length  of less than 0.05 nun. 
' I n  a f e w  samples the plagioclase  la ths   range up t o  0.5 nun 

'@ long and d isp lay   car l sbad ,   : a lb i te ,  and car lsbad-albi te  

twinning;  the  range  in  ct?rposition  of  these  grains was 

measured as An40 t o  Ans5 with  aiaverage  composition  of 

Ani; ' ( average of f i f teen  determinat ions by t h e  Michel- 

Lkvy method). The groundmass also  contains  microlites of 

pyroxene,  magnetite, and hematite. 

.- 

Phenocrysts  include 1 0  fio 20 percent  clinopyroxene 

. and  occasional  xenocrys%s  of  plagioclase and quartz.  

Clinopyroxene  occurs as color less   to ,pale   green,   anhedral  

to euhedral   grains  from 0.2 t o  1.5 nun i n  length.  Basal 

sections  often  display  polysynthctic  twinning and a f e w  

. ' e gra ins  are zoned. As much as  half  o f  the pyroxene is 
I ._ ... 

I . -- . ., 
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a l t e red  t o  hema.tite. Tonking (1957, p. 4.6) measured the 

r e f r a c t i v e  ind ices  of t he  pyroxene and iden t i f i ed  it as 

intermediate  between diopside and hedenbergite. 

e . .  

Chemical analyses by Tonking  (1957, p. 50) and Chapin 

(1971-a, p. 44) ind ica t e   t ha t  the La J a r a  Peak  flows  are 

quite rich in  potassium which suggests  that   they may be 

a l k a l i c   i n  composition.  Experimental  studies by Green 

and Ringwood (1967,  p. 142-148) on the f r ac t iona l   c rys t a l -  

' .  l i z a t i o n  of b a s a l t i c  magmas show t h a t   a t  a depth of 15 t o  

35 km, the  l iquidus  phase of an a l k a l i   b a s a l t  magma is 

o l i v i n e  i n  the ear ly   s tages  of fractionation  followed 

e . c lose ly  by clinopyroxene.  ,Plagioclase  appears  only  at . 
temperatures  very  near the solidus.  If the La J a r a  Peak 

magma d i f fe ren t ia ted   in to   basa l t ic   andes i te   a long  an 

a lka l i   t r end ,   t hen  the absence of plagioclase  phenocrysts 

i s '  explained by the i a t e   c r y s t a l l i z a t i o n  of  plagioclase from 

the melt. . . ., 
. . 

Ter t ia ry   In t rus ive  Rocks 

Mafic  Dikes 

A l a r g e  number of  dark,  aphanitic  mafic  dikes  are 

found  throughout the area.  They are   equiva len t   to  the . '  

north-trending  lamprophyre  dikes  in the K e l l y   d i s t r i c t  

(Laughlin and Koschmann, 1942, p. 43) and t o  the b a s a l t i c  
. *  

-.. 

- ~... 
P 
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dikes  found i n  the  Puerteci to   Quadrangle  (Tonking, 1957, 

p. 3 2 ) .  Most of  the  dil<es occupy a major f a u l t  zone whieh 

trends  northward  through  the  Kelly  district  and along  the 

eastern  edge of the Bear  Mountains,  varying  from 1.5 t o  

2 .miles i n  width.  Although none have  been  found t o   c u t  ' 

t h e  monzonite  stock,  the lower par t   o f   the  La Jara Peak 

Formation i s  intruded  by these mafic  dikes  in  places.  

They were probably  intruded  over a considerable  span  of 

t i m e ,  s ince   d i f fe ren t   ' types   a re  commonly emplaced s ide  by 

s i d e   i n t o   t h e  same f a u l t  zone. Most of the  dikes were 

probably ernplaced during  the  formation  of  this major  Zault 

a ' zone i n  t h e  Oligocene. 

Individual   dikes   general ly   vary from a few f e e t  t o  a 

thousand feet  i n   l e n g t h  and one dike is  over a mile long. 

They are   genera l ly  narrow but  range from 2 t o  50 feet i n  

viidth and probably  average  about 6 f e e t .  Most of the 

d ikes  t r e n d  either north-south o r  about N 1O0E, bu t  a few 

trend  almost  east-west.  Dips  are  predominantly  eastward 

a t  angles from 70 degrees t o  ver t ica l .   In   ou tcrop  the 

dikes weather t o  shallow depressions  def ic ient   in   vegeta-  

t i o n  and thus ,   t end   t o  form visible  l ineaments on a e r i a l  

photographs. 

I n  hand  specimen,. a number of d i f f e r e n t   v a r i e t i e s  ,* 
can be dist inguished,   but  most are  very  aphanitic,   black 

" . 

~ 

~. 
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e t o  greenish-gray  on  fresh  surfaces, and s ta ined  rusty 

brown by  l imonite on weathered  faces.  Phenocrysts of 

pyroxene,  hornblende,  biotite, and plagioclase  are   present  

i n  some varieties and xenocrysts of quartz and plagioclase 

a r e  common. A porphyri t ic   var ie ty   contains   plagioclase 

phenocrysts up to 5 mm long. .Most of t h e   v a r i e t i e s   a r e  

too fine-grained and a l t e r e d   t o  be identified  petrographi- 

cally and they  are   best   descr ibed as lamprophyres i n  the 

sense   t ha t  they are  dark,   f ine-grained  rocks  in which only 

fesromagnesian  minerals  usually  occur  as  phenocrysts. The 

lamprophyres  have  an  aphanitic groundmass com2osed of 

f e l ty   p l ag ioc la se   mic ro l i t e s ,  pyroxene, iron  oxides, .  and 

accessory amounts o f   b i o t i t e  and slender  apati te  prisms. 

Plagioclase,  which forms  approximately 70 percent  of the 

. groundmass, occurs as subhedral  laths from  0.05 t o  0 . 2  mm 

long. The composition  of  the groundmass p l ag ioc la se   i n  

one  unusually  fresh  sample was  measured a s  An55 (average 

of 15  determinations by t h e  Michel-Levy method). In  most 

samples  the groundmass i s  highly  a l tered  with the plagio- 

clase a l t e r i n g   t o   c l a y s  and the pyroxenes t o   c h l o r i t e  and 

calcite. Pale green  augite i s  the most common mineral and 

occurs  both as groundmass micro l i tes  and as subhedral t o  

euhedral  phenocrysts from 0.1 t o  2.0 nun long. The maximum 

ext inc t ion   angle  ( Z ' A  c) ' in   the   phenocrys ts  is about 45: 

a , 

. .  
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* Mos% gra ins  show s l i g h t   a l t e r a t i o n   t o   c a l c i t e ,   c h l o r i t e ,  

and .epidote  along  cracks and cleavages. Some augi te  is 

intergrown with plagioclase  as  glomeroporphyritic  aggre- 

ga tes .  , The boundaries  between  the  plagioclase and pyroxene 

grains are often  resorbed and ,the plagioclase is  sometimes ' 

penetrated  py  the  pyroxene; however, some plagioclase 

contains p o i k i l i t i c   i n c l u s i o n s  of  pyroxene.  Thus, t h e  

two minerals probably   c rys ta l l ized   concurren t ly ,   a t   l eas t  

i n  pa r t .  

There seem t o  be two var ie t i , es -of   p lag ioc lase  pheno- 
. .  

0 
c rys t s r  (1) fresh,   euhedral   la ths   with  sharp  a lbi te  

twinning, and (2)  composite, o f t en  zoned crystals   with '. 

i r regular ,   par t ia l ly   resorbed  boundaries .  The zoned grains  

may be xenocrysts 'which  crystall ized  at   great  depth  since 

they.are   usual ly   broken and have an undulatory  extinction. 

The average  composition  of  the zoned plagioclase i s  An5S 

wi th   s l i gh t ly  more calcic   cores .  The composition  of  the 

uncorroded,plagioclase  averages An 

~. . .. . 

42'  

Tonking reported  the  presence o f  hornblende i n  some 

of the dikes  of the  Puerteci to   Quadrangle   but  none has  been 

found i n  t h i s   a r e a .  A few dikes  contain up t o   t e n   p e r c e n t  

b i o t i t e  as subhedral  phenocrysts  partly  replaced  by  magnetite 

' and chlorite.   Xenocrysts of quartz  occur  as rounded  and 

resorbed  grains  surrounded by react ion rims.. 
'- ._ . 

.. . 
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The near ly   ubiqui tous  a l terat ion  of  t h e  dikes,   to- 

gether w i t h  the presence o€ a l te ra t ion   zones   in  the  ad- 

jacent   wal l   rocks,   suggests   that  the dikes were e i t h e r  

quite w e t  and react ive  during emplacement o r   t h a t   t h e  

fractures  occupied by the  dikes  were u t i l i z e d  by l a t e r  

hydrothermal  solutions. The composition of the dikes 

argues  against  the f irst  poss ib i l i ty :   the   in t rus ion   of  

monzonite stocks following dike emplacement and t h e  

presence of mineralization  along the edges and within 

some of the dikes  supports a hydrothermal  origin of t h e  

a l t e r a t ion .  Inunedidtely  adjacent t o  t h e  dikes the wall  

rocks  are.baked and s i l i c i f i e d   b u t  the  wall  rocks are o f t en  

bleached as much a s   f i f t y  feet from the  dikes.  Sanidine 

phenocrysts  in the ash  flows  are commonly replaced  by 

l imonite  and  epidote. 

.. . 
r 

Larger  Mafic  Intrusives 

Two elongate  andesit ic  stocks  occur i n  the south- 

e a s t e r n   p a r t  of the area  along  the  margins and t o  the north 

o f  the  monzonite  stock. These in t rus ives   represent   the  

northern end  of a l i n e  of augite  andesite  plugs and s tocks 

which continues  southward  along  the crest and w e s t  side of 

Granite Mountain. The stocks  are  300 t o  1200 f e e t  wide 

and  one t o  t w o  miles long.and were i n t r u d e d  in to  the  major 
.. - 

L".. . 
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nor th-south   fau l t  zone  (page 56) p r i o r   t o  emplacement of 

t h e  monzonite  stock and white   rhyol i te   dikes .  

The andes i te  which forms the   s tocks  is very s imi la r  

t o  the   dark   maf ic   d ikes   in   the   a rea  and the  stocks  appear 

gray  and  very  fine-grained w i t h  abundant  small  plagioclase 

phenocrysts and about 10 percent  greenish-black  pyroxene 

phenocrysts. 

I n   t h i n  section, t he   t ex tu re   va r i e s  from porphyrit ic- 

. subhedral '   plagioclase.  and '10 t o  1 5  percent  subhedral t o  

anhedral  clinopyroxene set i n  an  aphanitic groundmass of 

t rachyt ic   p lag ioc lase   micro l i tes  and magnetite  grains. The 

p a r t l y   a l t e r e d  t o  clays and epidote. The clinopyroxene  has 
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Monzonite 

e, I n  the southeastern  par t   of   the   area,  a monzonite 

in t rus ive   c rops   ou t   in   sec t ions  34 and 35, T. 1 S., R. 

4 W. and sec t ions  2 and 3 ,  'T .  2 S., R. 4 W. Because of 

i ts  proximity t o  La Jencia  Creek, it i s  here in   re fe r red  

t o  as the La Jencia  stock. The stock  includes a few dikes 

and apophyses  with a total   outcrop  area of approximately 

%-square mile'. Much of   the monzonite has been  buried  by 

windblown  sarid and its to t a l   a r ea l   ex t en t   no r th  of La 

Jencia  Creek is probably more than one  square mile. The 

La Sencia  stock is  roughly  oval-shaped  ana i s  ac tua l ly  

the northernmost  end'of  an  elongate  monzonite body in- 
. .  

@ ' t ruded .   i n to  a majqr  zone  of  weakness  along the viest side 

of Granite Mountain. The monzonite intrudes the t u f f  of 

Goat Spring and the lower tuff   of  Bear  Springs: the l a t t e r  

h a s   b e e n   s i l i c i f i e d  and warped up in to  a prominent  ridge 

along  the  western margin of the  stock. Smal l ,  i so l a t ed  - 
. ash-flow  outcrops which occur  near  the  margins of t h e  

s tock  appear   to  be remnants  of f au l t   b locks  formed  by 

in t rus ion  of t h e  monzonite. 

The monzonite is the younges t   in t rus ive   in  the area  

. w i t h  the  except ion of the white rhyo l i t e  dikes, a few 

l a t i t e   d i k e s ,  and some of the  youngest  mafic  dikes. S i m -  

e i l a r  monzonite  bodies i n  , t h e  ... k e l l y   d i s t r i c t ,   t h e  N i t t  and 
-- ... 

. .  .. 

.I .. . . .  
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Anchor Canyon stocks,  have  been  dated by the  X-Ar method 

. * as 28.0 - 1 .4  m. y. and 28.3 - 1.4 m. 'y.,, respect ively 3- f 

(Weber and Basset t ,  1363, p. 220) .  Monzonite dikes re- 

l a t e d   t o  the La Jencia  stock  cut  the  surrounding  andesite 

i n t rus ives  and s ince   t he  monzonite i s  not  cut  by  mafic 

d i k e s   i n  the study  area, most of   the   andes i t ic  and lam- 

prophyric   intrusives   are   probably  older   than 2 8  m. y .  

Those mafic dikes which cut  the La Jara Peak Andesite  are, 

of course, younger. 

The  stcck outcrops  as  angular,   jointed cliff's or 

spheroidal  boulders , w i t h  a f i n e  to medium-grained tex- 

t u r e .  whereas the monzonite d ikes   a re   genera l ly   f ine  
, ,  

.. * grained. Hand specimens a re   l igh t   o l ive   g ray   on  fresh 
..I 

, sur faces  and  weather t o  a yellowish-brown while  more 

mafic va r i e t i e s   a r e   f i ne r   g ra ined  and darker  green. The 

t e x t u r e   v a r i e s  from  equigrangular to   porphyri t ic-phaneri t ic .  

Gra in   s i ze   va r i e s  from 1 to 4 nun and the porphyri t ic  

varieties  have  chalky-white  plagioclase  phenocrysts up . t o  

5 mm long.  Phenocrysts  visible  in hand  specimen  include 

large  plagioclase  grains ,   smal ler   pink  or thoclase,   o l ive 

green  pyroxene,   b iot i te ,  and a f e w  rounded quartz   grains .  

The monzonite i s  cut  by a few small   p ink  apl i te   dikes  

and near the  w e s t  s ide  of the stock the monzonite has in- 

'e corporated some blocks  of a dark  si l iceous  rock, which may 
X.". 
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be xenoliths  of  Precalnbrian  felsite  (Loughlin and Koschmann, 

1942, p. 9 ) .  Along.the  western  margin of t he   s tock ,   t he  

typ ica l  monzonite  grades  over a dis tance of several  feet 

i n t o  a dark  greenish-black  border  facies which is  more 

dior i t ic   in   mineralogical   composi t ion.  . The d io r i t e   con ta ins  

more pyroxene  and b io t i t e   t han   f e ldspa r s  and has  about twice 

as much p lag ioc lase  a s  or thoclase.  Small  steeply-dipping 

seno l i th s   o f  a dark mafic rock  s imilar   to  the border   facies  

a r e  found i n  the  i n t e r i o r  o€ the  stock, which indicates  

t h a t  the d i o r i t e  may be an e a r l i e r   i n t r u s i v e   t h a t  was l a t e r  

displaced and assimilated  by  the monzonite. 

. .  

. I n   t h i n   s e c t i o n  the monzonite h a s  a hyhypav.ton.orphic- 

granular  texture  of  interlocking  subhedral  minerals  with 

.an average  grain s i z e  of about 0.75 mm. The component 

minerals  are  about 80 percent  feldspars  with  plagioclase 

i n  excess of or thoclase and accompanied by 1 0  t o  15 per- 

cen t   b io t i t e ,   f rom '0  t o  5 percent  augike,  about 2 percent 

,~ 

... - . .. . .  

quartz ,   .about  3 percent  magnetite, and minor amounts of 

a p a t i t e  and zircon.  Plagioclase  occurs  as  subhedral  grains 

a s  much a s  5 nun. in  length  with a compositional  range  from 

An.  . t o  An48. Most grains  show a r g i l l i c   a l t e r a t i o n .  Ortho- 

clase ,occurs w i t h  q u a r t z   a s   i r r e g u l a r   g r a i n s   i n t e r s t i t i a l  

t o   t h e   p l a g i o c l a s e  and pyroxene; some orthoclase i s  graph- 

ically  intergrown  with  quartz.  The augi te  i s  pale  green, 

27 
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a anhedral  to  subhedral  in  shape, and is  sometimes  micro- 

graphically  intergrown w i t h  magnetite. 

The monzonite  intrudes  rocks  of,very  similar  chemical 

composition,  thus  contact effects are  minimal. Near the 

margins  of the stock,. ' the  lower t u f f  of  Bear  Springs i s  

baked t o  a dark  greenish-gray  hornfels. The dark  color 

is caused  by the presence  of  fine-grained  epidote  replacing 

p a r t  of ' the  groundmass. The wal l   rocks   a re   s i l i c i f ied   as  

much a s   s eve ra l  hundred feet from the contact and a re  c u t  

by numerous small   quar tz   veinlets :  a nunlber of quartz- 

carbonate  veins  are  present  near  the  contacts.   In  addition 

a to  s i l ic i f ica t ion ,   o ther   a l te ra t ion   e f fec ts   inc lude   b leach-  
.. . 

i n g ,   a r g i l l i z a t i o n  of fe ldspars  i n  the t u f f s ,  and hematite 

s t a in ing   ad jacen t   t o   f r ac tu re s .  

Porphyri t ic   Lat i te   Dikes 

A f e w  sma l l   l a t i t e   d ikes   a r e   p re sen t  i n  the  southeastern 
. .  

corner   of   the   area.  A l l  o f  the dikes  occur  within a two- 

m i l e  radius  of the La Jencia  stock which some of them 

intrude;  the l a t i t e  is very similar t o  the  monzonite  except 

for grain s i z e .  The dikes   a re   s imi la r   to   the  three small 

latite dikes mapped by  Laughlin and Koschmann (1942, p. 3 3 ) .  

e The longest   d ike  crops  out   in  an echelon  pattern 

for about 0.6 mile on the west slope of Nipple  Mountain. 

'. __ 
. .  

. .  
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6 The dike  trends  approximately N 20 E and dips from 60 t o  

7 0  degrees  east .  The o t h e r   l a t i t e   d i k e s   i n t r u d e   t h e  

monzonite  stock and the 'tuff  of Goat Spring  in  Goat Spring 

draw and along La Jencia Creek. The l a t i t e  is grayish 

green on f resh   sur faces  and is  usua l ly   h ighly   a l te red  and 

d is in tegra ted .  Hand specimens are  fine-grained and por- 

phyr i t i c  w i t h  scattered,  chalky  plagioclase  phenocrysts. 

Microscopically, the l a t i t e   ' c o n t a i n s  10 t o  20 percent 

plngioclase  phenocrysts which average  about 3 mm in   l eng th  

and are   largely  replaced by aggregates  of  clays,   calcite,  

and epidote. About LO percent  clinopyroxene  phenocrysts 

occur as anhedral  grains  almost  entirely  replaced  by  epi- 

dote ,   chlor i te ,  and' magnetite. The groundmass i s  a f ine-  

grained  intergrohih  of  about 80 percent  argil l ized  plagio- 

clase mic ro l i t e s  and  about 15  percent   or thoclase which is 

c l e a r l y   i n t e r s t i t i a l   t o   t h e   p l a g i o c l a s e .  The remainder  of 

t he  groundmass is  epidotized  pyroxene  grains. 

e . . .  . .  

White Rhyolite  Dikes 

The youngest  intrusive  rocks  in  the  study  area  are 

white  rhyolite  dikes.   Outcrops are restricted t o  the south- 

e a s t e r n   p a r t  of the area where dikes and small  plugs  have 

been  intruded  along  the  'eastern  half  of t h e  major  north- 

~ ' * t r end ing   f au l t  zone.  Individual  dikes  vary  from 1 0  t o  200 ' 

. . .<' 
\.. .__. 
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feet in width and from several  hundred feet t o  over a thou- * sand feet  i n   l e n g t h .  

$!Multiple dikes   are  common within which the white  rhyo- 

l i t e  occurs  adjacent to an older  mafic  dike.  Outcrops are 

o f t e n  flow-banded and many contain up to 10  percent  limo- 

n i t e  pseudomorphs.a€ter  pyrite. The rhyo l i t e  is  l i g h t  

pinkish-gray  on  fresh  surfaces and weathers  yellowish-gray 

t o  brown. Phenocrysts of quartz make  up about. 10  percent 

of   the  rock  and.smal1  a l tered  or thoclase  crystals   are  

sometimes v i s i b l e .  

In   t h in   s ec t ion ,  the rhyol i te   has  a dense,  micro- 

granular  groundmass made of   i r regular   quartz  and feldspar  

g ra ins   l a rge ly   r ep laced  by sericite. ' Quartz  phenocrysts " 

vary from 0.5 t o  1 .0  mm i n  diameter and occur  as.rounded, 

resorbed  grains w i t h  react ion rims. Orthoclase  phenocrysts 

a r e  hZghly a l t e r e d   t o   c a l c i t e  and sericite. B i o t i t e  i s  

rare and occurs as subhedral  grains  replaced by muscovite 

and' l imonite.  
.. ..  

. .  

Postvolcanic  Deposits 

" Tertiary  Deposits 

, .. Fanqlomerate  of D r y  Lake Canyon. A series of s o f t ,  
. .  

poorly-sorted  volcaniclastic  sedimentary  rocks  occurs  inter-  * bedded with and  overlying  the La Sara Peak  Formation.  These 
_. 

'- 
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rocks a r e  extensively exposed in   the  southern  par t   of   the  

Puertecito  Quadrangle where Tonking 11957, p. 34) desig- 

nated them as   the  equivalent  of either the  Santa Fe Group 

o r  the Popotosa  Formation. I n  t he   S i lve r  Creek area, 15  

miles t o  t h e  e a s t ,  basalt ic  andesites  interbedded  with  the 

Popotosa  Formation  have  been  dated a t  15.8 m. y. (Weber, 

1971) which is  considerably  younger  than  the 23.8 m. y. 

age -of t h e  La Ja ra  Peak Formation  (Chapin,  1971-a). The 

Popotosa  Formation (Denny, 1940), a basa l   un i t  of t h e  

Santa Fe Group, was deposited  in  middle Miocene to   P l io-  

, cene t i m e  in  block-faulted  basins  along the Rio Grande 

r i f t  i n   c e n t r a l  New Mexico. It cons i s t s  o€ fanglomerates, 

playa  deposi ts ,  and  interbedded  volcanic  rocks; the c l a s t s  

c 

represent   an  inverted  sect ion of the Da t i l  Group w i t h  older 

rocks becoming more.abundant upward a s  erosion  cut  deeper 

i n t o  the bordering u p l i f t s .  The fanglomerate of Dry Lake 

Canyon contains   most ly   detr i tus  from the  La Jara  Peak 

Formation  but is s i m i l a r   i n  mode of deposit ion 'and perhaps 

age to the  Popotosa. 

The formation  outcrops  along t h e  western  margin of 

the s tudy   a rea   in   the .   v ic in i ty   o f  Dry Lake Canyon and i n  

t h e  l o w  area w e s t  of t h e  main Bear  Mountains  divide.. The 

lower  par t  is interbedded w i t n  f l o w s  i n  the upper La Ja ra  

Peak  Formation. The formation  dips  about 6 degrees t o   t h e  
.. ... . 

,.--_._, 
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west and has  been  eroded  into strike ridges  covered  with 

h e t e r o l i t h i c   c l a s t s  of the underlying  volcanic  rocks. 

The deposits  consist   of  si l tstones,   sandstones,  

conglomerates, and mudflow breccias most l ikely  deposited 

a s  westward-sloping  alluvial  fans  along the margin  of the 

Bear  Mountains u p l i f t .  Outcrops  range i n   c o l o r  from pink 

t o  l i g h t  brown and are   general ly   poorly.sor ted and loosely 

cementcld.by c a l c i t e   i n  a s i l t y   ma t r ix .  The conglomerates 

contain  subrounded.pebbles,  cobbles, and boulders  as much 

a s  one  foot   in   diameter .  Most of t h e  c las t s   a re   der ived  

from t h e  La Ja ra  Peak Formation b u t  fragments from a l l  

p a r t s  of the Dat i l  Group are   present  i n  minor  amounts. 

Cross-bedding and channeli.ng a rc  common s t r u c t u r e s .  I n  a 

roadcut   jus t   eas t  of Dry Lake Canyon, a white a i r f a l l  t u f f  

and some stratif ied  tuffaceous  sandstones  are  interbedded 

with t h e  other deposits.  The a i r f a l l   t u f f   c o n t a i n s  white 

pumice l a p i l l i  up t o  one inch  long cemented  by reddish- 

brown s i l ty  material .  

. .  

- 

' Quaternary  Deposits 

Pediment Gravels. The o l d e s t   s u r f i c i a l   d e p o s i t s   i n  

the area are thin  veneers of poorly-consolidated  pediment 

gravels. The most extensive pediment surfaces  occur  along 

the eas t e rn  margin of the  area  as  gentle  eastward-dipping 

... ">< 
x. . 

.. 



s u r f a c e s   a t   t h e  edge  of the La Sencia  basin (Snake Ranch 

F l a t s ) .  The pediments  contain  volcanic  pebbles and cobbles 

der ived.  from the underlying  Datil  Group, and in,   the  extreme 

southeas te rn   corner ,   c las t s  of Paleozoic and Precambrian 

rocks. .  A prominent  caliche  zone  caps  the  pediment  gravels 

and  extends  onto the t a l u s  cones  along the eas t  side of t he  

southern  Bear  Mountains. 

Talus,  Landslides, and Colluvium. For the purposes 'of 
. .   . .  

this s tudy,   ta lus ,   landsl ides ,  and colluvium were mapped ' 

co l l ec t ive ly  t o  de l imi t  the aprons and fans  derived from mass- 

wasting. The t a l u s   d e p o s i t s  are s t a b i l i z e d  by  a  mantle  of 

so i l  and grass  and  most are being  dissected by shallow  gulleys. 

They are   re la t ively  old  deposi ts   of   probably Pleis tocene age, . .  

have a well-developed  caliche  zone on t h e i r  lower slopes, and 

merge downslope i n t o  the pediment  surfaces. 

Boulders  as much a s  t e n  feet  in  diameter  have slumped 

downhill  from the cliff-forming  ash-flow t u f f s  and have  been 1 

! 
partially  buried  by  colluvium. The upper t u f f  of  Bear  Springs 

is  pa r t i cu la r ly   suscep t ib l e  t o  slumping  over  the  relatively 

incompetent  andesites. The r o t a t e d  slump blocks  range  in 

size to as  much as  several   hundred feet  in   l ength  and they 

a .  
o€ten l eave   c i rque - l ike   s ca r s   a t   t he i r   heads .  

\. .. 
. .  
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Aeolian Sand. The pediment sur faces   in   the   southern  

ha l f  of the  area  have  been  largely buried by  a  veneer of 

windblown sand. The sand shows up c l ea r ly  on the a e r i a l  

photos   as   l ight-colored  areas  w i t h  a def ini te   northeast-  

t rending  grain.  The thickest accumulations 0ccu.r along La 

Sencia  Creek,  where up to twenty  feet  of the sand  overlies 

pediment  gravels, and i n  dunes which have  developed  on  the 

windward s i d e  of some ridges.  The windblown sand  provides 

a shallow  ground-water  reservoir  by  trapping  meteoric  water ' 

above the r e l a t i v e l y  impermeable  adobe s o i l s  and cal iche of 

t h e  pediment  surfaces and .usually  supports'  a thick growth  of 

juniper  and sage. ,. . . 

Alluvium. I n  this report,  alluvium is used t o  ind ica te  

recent  stream  gravels which have been deposi ted  in   the  major  

drainages.  It also  includes  deposits of deeply  weathered 

v a l l e y  f i l l  which.have  obscured.  the  bedrock. The older   a l -  

luvium  interfingers 'with  and.is  approximately  the same age 

as the windblown sand. 

- 

-. Petroqenesis  of the Ash Flows 

The purpose of this sect ion is t o  summarize and in-. 

t e r p r e t  some of  the  petrographic and f i e ld   da t a   pe r t a in ing  

to the ash  f lows.  in  the  study  area i n  order   to   reconstruct  

p a r t  of the  a rea ' s   vo lcanic   h i s tory  .... The data  is  r e s t r i c t e d  
.- . 

~ 
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to t h e  Hells Mesa ash  flows which have  widespread  outcrops * ' i n  the   a rea  and  have  been  sampled i n  some de ta i l   dur ing  the 

mapping. A more comprehensive petrologic  study of t h e  

e n t i r e   s u i t e  of voLcanic rocks necessi ta tes   systematic  chem- 

ical .   analyses   but  some preliminary  conclusions  can  be drawn 

i n  the present   invest igat ion.  

Petrographic Data 

Figure 14 is a composite  section which  compares t h e  

mineralogy and abundance of c r y s t a l s   i n  each  of  the  ash- 

f l o w  cooling  units.  The'diagram shows t h a t   t h e r e  i s  a d i s -  

t i n c t  gap i n  the abundance of phenocrysts  between the c rys t a l -  

poor  ash flows and the  crystal-r ich  ash flows. Tne former 

have  an  upper l i m i t .  of 8.0 percent   while   the  la t ter   have a 

lower limit of about 30 percent. The relat ive  percentages 

of the component minerals  are  designated  by  the  histograms 

which a lso   d i sp lay . .a  marked difference  between  the  crystal-  

poor  samples  from ,khe t u f f  o f  Bear  Springs and the c rys ta l -  

rich samples. The two cool ing   un i t s   in  the t u f f  of Bear 

e ... .. 

,.. . 

' Springs  are   a lmost   ident ical  to each  other  but  contain  prac- 

t i c a l l y  no plagioclase and r e l a t ive ly  more. sanidine  than the 

c rys t a l - r i ch   un i t s  which a re   a l so   qu i&  s imi la r   to   each   o ther .  
. . 
Peterson'and:-Roberts (1963)~ studied a number of ash- 

. *  f l o w  sheets  throughout  the  Basin and Range province of the 
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0 western United  States  and found tha t   t he re  is a re la t ionship  

between the chemical  composition and the  crystal   content   of  

the t u f f s .  The crystal-poor welded tu f f s   con ta in  less than 

25 percent   c rys ta l s  and chemically  are  rhyolites.  The crys ta l -  

r i c h  welded t u f f s  have more than 2 5  percent  phenocrysts and 

chemically  range from q u a r t z   l a t i t e   t o   d a c i t e .  The r h y o l i t i c  

ash flows a r e   a l s o  composed of smaller  sized  vitr ic  fragments 

than  the  quartz  l a t i t i c  ash  flows.  Although the  ash  flows i n  

the  study  area  have  not  yet  been  chemically  analyzed,  the 

mineralogical  compositions  indicate  that   the  crystal-poor  ash 

flows i n  the Hells Mesa Formation  are  rhyolit ic  (Figure 10)  

while   the  crystal-r ich  ash flows plo t   c lose   to   the   rhyol i te -  
. .  . 

q u a r t z   l a t i &  boundary  (Figure 8) .  Furthermore,  petrographic 

examination shows tha t  t h e   c r y s t a l  and v i t r i c  fragments  are 

general ly   smaller   in   the  crystal-poor   tuffs .  
. .. .. . 

Peterson and Roberts @. u.) suggested two possible  

hypotheses to   expla in   these   re la t ionships :  (1) d i f f e r e n t i a t i o n  

b y ' c x y s t a l   s e t t l i n g  and/or  upward-migrating vo la t i l e s ,  and (2 )  

p x t i a l  melting. The end r e s u i t  of e i ther   process  would be 

the  formation 02 a crystal-poor  rhyolite,  high i n  s i l i c a s  and 

a l k a l i s ,  and a crys ta l - r ich   quar tz   l a t i t e   o r   dac i te ,   poor  i n  

s i l i c a  and a lka l i e s .  Although it is d i f f icu l t   to   demonst ra te  

0 whether   f rac t iona l   c rys ta l l iza t ion  or par t ia l   mel t ing   has  

formed a p a r t i c u l a r   s u i t e  of  rocks,  the  euhedral  faces  on many 
.. 
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of the c r y s t a l s  and the presence of poss ib l e   d i f f e ren t i a t ion  

t r e n d s   i n  the modal compositions  suggest  that  the  ash  flows 

i n   t h e  H e l l s  Mesa were formed  by d i f f e ren t i a t ion  i n  a shallow 

magma chaniber although  the  original magma  may have been de- 

r ived by anatectic  melting  in  the  upper  mantle  or  lower  crust. 

The following  sequence of events is postulated by the wr i te r  

as a model of the c rys t a l l i za t ion   h i s to ry :  

1. A m e l t  of  intermediate  composition was emplaced 

i n t o  a r e l a t i v e l y  shallow holding chaniber and 

began c rys t a l l i z ing .  Early-formed  mafic and cal-  

cic minerals sett led toward the  bottom o f  t he  

magma chamber wllile v o l a t i l e s  and a lka l i e s  as- 

bendEd toward t h e  top.  Gradually the magma seg- 
... .- 

regated i tself  i n t o  an upper   crystal-poor   rhyol i t ic  

p a r t  and a lower crystal-r ich  level  of quartz la- 
. .  

t i t i c  composition. 

2. Fissures  tapped the lower l eve l  and crystal-r ich 

ash f l o w s  ( the  t u f f  of Goat Spring) were erupted. 

These ash €lows were l a t i t i c   t o   q u a r t z   l a t i t i c  i n  

composition and contained  relatively  high  percent- 

ages  of  mafic  minerals and plagioclase.  

3. Later,.  another set of fissures  tapped  the  upper 

level  of the magma chaniber and erupted a s e r i e s  

of  crystal-poor  ash flows (the t u f f  of Bear  Springs). 
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a These  ash  €lows were r h y o l i t i c  i n  composition and 

w e r e  def ic ien t  i n  plagioclase and mafic  minerals. 

. In   addi t ion,   - they were r i c h   i n   v o l a t i l e s  and hence 

more pumiceous and more fluidal  as  evidenced by 

their l inea ted  pumice  and other  laminar  flow 

s t ruc tures .  

4. From time t o  time t h e  first s e t  of f i s s u r e s  w e r e  

reopened and more crystal-rich  ash  flows (the 

t u f f s  of La Jencia Creek and Allen Well) were e- 

rupted  almost  simultaneously with the  crystal-  

poor  ash f l o w s .  

e Although t h i s  model is undoubtedly  oversimplified, it 

does provide a reasonable  conception of .the mechanisms which 

may have  produced the  observed  petrographic and f i e l d  rela- 

~. . .. . 

t ionships .  The composite  section  in  Figure 14 supports the 

hypothesis by  showing that   crystal-poor  and crystal-r ich  ash 

f lows   a l te rna te  w i t h  each  other   in  a somewhat cyc l ica l  manner. 

The c lots   of   crystal-r ich  mater ia l   near  the top  of the t u f f  

of  Bear  Springs  suggests  mixing  of the two types of magma 

during  the waning stages of tha t   e rupt ion .  Except f o r   t h e  

upper p a r t  .of t he  tuff  of  Bear  Springs,  the two v a r i e t i e s  of 

ash  flows  appear  to  have been erupted  in  in te rmi t ten t  pulses 

from two d i f f e r e n t  sets of  feeder  vents. The data. is in- 0 
suff ic ient   to   determine  whether  these vents were p a r t  of a 

._ I 
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e plumbing  system which tapped   d i f fe ren t   l eve ls  of a s ing le  

magma chamber or en t i r e ly   d i f f e ren t  magma bodies. The 

general   locat ion of t h e  ash-flow  source or  sources is d is -  

cussed i n  more de t a i l   i n   t he   fo l lowing   s ec t ion .  

Directional  Significance 
of Laminar Plow Structures  

Ash-flow tuf fs   a re   thought  to be emplaced i n  a highly 

turbulent  gas-charged  eruption  but  descriptions  of  laminar- 

f low  s t ructures   in   ash  f lows  are  becoming common i n   t h e  

' literature. Most of   these   s t ruc tures ,  which include  l inea- 

t i ons ,   fo lds ,  and flow  banding  have  been  attributed t o  

secondary  flowage  caused by remobilization of the ash f l O V 7 S  

after deposit ion.  However, some primary  flow  structures are 

produced  by  laminar.  flowage  just  before the ash flows came 

to rest and these   s t ruc tu res  may be used t o  determine  the ' 

d i rec t ion  of movement (Schmincke and Swanson, 1967; Noble, 

1968:  Lowell, 1969: Elston and Smith,  1970).  These  primary 

. laminar  f low  structures were f irst  described  by Schmincke 

and Swanson (1967) and include: (1) s t re tched  pumice frag-  

ments; (2)  ro ta ted  and broken pumice fragments: (3)  t ens ion  

c racks   i n  the matrix: (4) hollows  around  rotated  inclusions: 

(5) fo lds ;   (6 )   i hh r i ca t ed   c rys t a l s ,   l i t h i c ,  and pumice frag-  

merits; and (7) ramp s t ruc tu res .  The ash  flows i n   t h e   s t u d y  

area contain some of   these  features ,  which are  described and 

e ,.. .. 

. .  

..' . . ., 

I 
I 
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e in te rpre ted   ind iv idua l ly  below. 

&ineated Pumice. Compressed pumice e l l i p so ids  and 
. .  

c a v i t i e s   l e f t   b y  the weathering  of pumice a re  common i n  

each of the   cool ing   un i t s .  These e l l i p so ids   bu lge   i n  the 

center  and t a p e r   a t  ei ther end. The long  axes   are   paral le l  

and define a l i nea t ion  which trends  consistently  north-south 

i n   t h e   t u f f   o f  Goat Spring and' from  north-south  to' N 30°E i n  

the tuff  of  Bear  Springs. Assuming t h a t  these l i nea t ions  

were produced  during emplacement of the  ash f l o w s ,  the  sense 

of movement appears t o  have  been  almost  north-south w i t h  a 

e 
s l i g h t l y  more nor theas te r ly   sense   for   the . tuf f  of  Bear  Springs. 

. . .. 

Rotated  Inclusions.  schmincke and Swanson (1967, p.  

653) described f l o w  struckures produced by d i f f e r e n t i a l  f l o w -  

age i n  the matrix around rotated  inclusions.  The s t ruc tu res  

are typically  spindle-shaped and are  defined  by t w o  c a v i t i e s  

on  diagonally  opposite sides of the inclusion. The asymmetry 

of these   cav i t ies   has   d i rec t iona l   s ign i f icance  since the 

hollow on t h e  downslope s ide  of the  inclusion is cons is ten t ly  

higher   than the one  on the  upslope  side.  

. .- 

The 'ash  flows of the  thesis area  ' local ly   contain abun- 

dant   l i th ic   f ragments  up to  several   centimeters  in  diameter.  

In   p laces ,  pumice has  molded around these l i thics  .or 

around  phenocrysts t o  'form a crudely  spindle lf&d s t ruc tu re  
a' ~~ ," , 

/;" 
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'e s imi la r   to   these   descr ibed  above. The inclusions are slight- 

ly   imbr ica ted   re la t ive  to t h e  ,compaction f o l i a t i o n ,  and the  

deformed  pumice is often  highly  crenulated on t h e  downslope 

s i d e  of the imbrication where the f o l i a t i o n  was  jammed 

against  the inc lus ion   a t  the point of greatest  pressure.  

When viewed i n  a v e r t i c a l   p l a n e   p a r a l l e l   t o   t h e   l i n e a t i o n ,  

the Long axes of these  spindle-shaped  structures  dip  south- 

ward,'  presumably  toward the source. 

F o l d s  and Ramp Structures.  I n  places,  the  compaction 

fo l ia t ion   in   the   contor ted   ash   f low  has  been warped i n t o  

a n t i c l i n e s  and synclines'with  amplitudes  ranging  from  several 

, inches t o  s,e.veraZ f e e t  .... ..The shape of ,   these   fo lds   var ies  from 

broad,  wavelike  undulations to t i g h t ,  V-shaped f lexures .  The 

axes  of a l l  t h e  folds observed  are  oriented  west-northwest, 

normal t o  the pumice l ineation.  Axial   planes  of.  the asyrmnetric 

folds  usually  dip  steeply  southward. The broad warps have 

wavelengths up t o  several  feet and may be ramp s t ructures ,  so 

named by  Schmincke  and Swanson'(1967;  p. 656). One of these 

ramps,  found n e a r 3 e a r  .Springs, i s  about six feet   long and 

highly  asymmetric w i t h  t he   s t eep  side southward and with  an 

a x i s  which trends  about  twenty  degrees  north of w e s t .  

The folds  are  probably  primary  features produced by t h e  

. ' compressional  buckling  of  the  contorted ash flow a f t e r  the ' 

... 

. .  
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pumice  had largely  col lapsed and the  ash  flow was moving i n  

a laminar manner jus t   before  coming t o   r e s t .  The southward 

d ip   o f  the axial   planes  indicates  that   the  ash  f lows of the 

t u f f  of Bear Springs advanced  from south t o  north and the i r  

' f o l i a t i o n  began t o  wxinlcle l i ke  a rug  as the flow f r o n t   l o s t  

momentum. Similar   f low  s t ructures  which ind ica t e  the same 

sense of movement have  been mapped by  Richard  Chamberlin 

(oral  communication, 1971) i n  the  Gal l inas  Mountains. A 

possible  source  cauldron for  the t u f f  of Bear  Springs  has 

recently  been  discovered  by Ed Deal and Rodney Rhodes 

(oral communication, 1971) i n   t h e  Mount Withington  area of 

t h e  San Mateo Range which is  located  about 30 miles t o  the 

south-southwest  of the  study area. A source   in   tha t   genera l  

area is cons i s t en t -wi th  the laminar  f low  structures described 

i n   t h i s   r e p o r t .  

. . .. 
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STRUCTURE 

Reqional  Structure 

.The reg iona l   s t ruc tura l  framework of  west-central New 

Mexico has   no t   been   s tud ied   in   de ta i l .  According t o  Eardley 

(1962), the area is pa r t  of the Sonoran-Chihuahua system, a 

subdivision of the Basin and Range province  characterized 

by  late-Cenozoic  block  faulting and volcanism. The Bear 

and Magdalena Mountains represent a north-northwest-trending, 

westward-tilted  uplift  bordered on the  east by a doum€aulted 

bas in  known as  khe Snake Ranch F l a t s   o r  La Jencia  basin. 

The l a t e  Cenozoic b l o c k - f a u l t i n g   r e l a t e d   t o   t h e  R i o  Grande 

r if t  zone has  been  superimposed  on  Laramide u p l i f t s  and 

bas ins  which were beveled  by a pre-volcanic  erosion  surface 

of regional  extent.   Within the  framework of the Mogollon 

Plateau  volcanic  province the type-Datil rocks of t he  Bear 

Mountains are  thought  by  Elston (1968) t o  occupy the   ou ter  

r i m  of a large  volcano-tectonic  depression  centered  in  the 

Nogollon  Plateau. 

".. 

. .  

Laramide forces warped the  pre-volcanic  rocks  of  the 

a rea   i n to  a series of plunging  homoclinal  folds and th rus t  

belts (Darton,  1928;  Kelley and Wood, 1946;  Tonking,.  1957; 

Kelley  and  Clinton, 1960) , Laughlin and Koschmann (1942) 

'._. 
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found  evidence  that   the  Paleozoic  rocks  in the  Magdalena 

District were arched  into  an  elongated  anticline which 

was beveled.  by  erosion  prior  to  deposition  of the Ter t ia ry  

volcanic  rocks. Earl ier  writers a t t r i bu ted  these fo lded-  

s t ruc tu res  t o  east-west  compressive  forces  but  Eardley 

a r i s i n g  column of magma during  the Laramide  orogeny. 

surrounding  Basin and Range province  have  been  subjected 

t o  c rus t a l   d i s t ens ion  accompanied  by volcanism. The cause 

of tens iona l   forces  may be a northwestward d r i f t  of t h e  

e Colorado  Plateau  block,.. which has opened  up the  R i o  Grande 

rift '(Eardley, 1962; Chapin, 1971-b) . 
f. 

Local  Structure 

The area of inves t iga t ion   has  had  a long and complex 

h i s t o r y  of recur ren t   fau l t ing  from  middle Tertiary  t ime 

u n t i l   t h e   p r e s e n t .  An in te rpre ta t ion   o f  the s t ruc tu re  must 

explain  seve.ra1 anomalous fea tures  of the area. First, 

Figure 1 6  shows t h a t  the study  area  occupies  a low saddle 

between t h e  Magdalena Mountains  on the' south and the  Bear 

Mountains on the  north.  Second, t he re  i s  a marked dis- 

cordance  between the general  west-southwestward tilt o f   t h e  
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1) rocks and the  north-south  alignment of the   ind iv idua l   fau l t -  

block  r idges.   Third,   reversals  of the  regional  westward d ip  

a re   p re sen t   i n   p l aces .  

Oliqocene  Faults. The oldest  deformation exposed a t  

the sur face   wi th in  the study  area i s  a se r i e s  of c lose ly  

spaced  normal f a u l t s  which have  broken the eas t e rn   pa r t  of 

the area into a numker of t i l t e d  blocks progressively 

stepped down t o  the e a s t .  These f a u l t s  were developed  dur- 

i ng   t he  Oligocene because  they  cut  ash-flow  tuffs  dated  at  

about 30 m. y. and are  intruded  by  monzonite  stocks  dated 

a t  28 m. y. The ind iv idua l   fau l t s   t rend  from about  north- 

south t o  N l S  W. The f'ault planes  dip  steeply t o  the eas t  

at   angles  from 60 degrees to   nea r ly   ve r t i ca l .  The out- 

crop  pat tern  of   the  map suggests   that  some blocks  are bound- 

ed a t  ei ther end by  t ransverse  faul ts  which trend  approxi- 

e 
c_.. 

mately east-west .  

Some of t h e . f a u l t  zones i n  t h i s  system  have  lpcalized 

t h e  emplacement of the andesite and monzonite s tocks  as  

well as numerous sma l l e r  dikes.  Most of   the  dikes   t rend 

about  north-south and d ip   s teep ly   eas t ,   bu t  many form a 

cr iss-cross   pat tern,   t rending from N 30 E t o  N 10  W. This 

pa t t e rn  may be r e f a t e d   t o  a conjugate set  of f r ac tu res  

developed  contemporaneously  with  the  faults. The dike e 
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pat tern,   together  w i t h  the predominant  north to   nor th-  

northwest t r end  o f   t he   f au l t s ,   i nd ica t e s   t ha t  the tensional  

stresses which  produced the   f r ac tu r ing  were oriented  east-  

northeast  t o  east-west. This system of f a u l t s  and dikes is 

p a r t  of a major  zone of Oligocene f au l t i ng  and in t rus ion  

which has a known length  of over 2 5  miles from the cen t r a l  

por t ion  of the Magdalena  Mountains through  the  Kelly  mining 

d i s t r i c t  and northward  along the eas t  edge of the Bear Mount- 

a i n s   t o   n o r t h  of  Riley  (Chapin,  oral communication, 1971). 

The zone is about 1% miles wide i n  the Kelly district, 3 miles 

wide i n   t h e  thesis area,  and about 5 miles wide i n  the Riley 

@ area.  It is characteriz,ed by closely  spaced normal f a u l t s  

intruded  by  mafic  dikes and by  monzonite stocks and t h e i r  

related l a t i t i c   t o ” ’ r h y o 1 i t i c  dikes. The regional  extent and 

s ignif icance  of  this s t ruc tu ra l  zone is only  par t ly  known 

bu t  3.t was a major   fac tor   in  t h e  loca l iza t ion  of monzonite 

s tocks .and o re   depos i t s   i n   t he  Magdalena area.  

Basin and Ranqe Faults.  During  the  period  of  Basin and 

Range f au l t i ng ,  the Magdalena Range was u p l i f t e d   i n t o  a .. . 

westward-ti l ted  horst  bounded on the   ea s t  side by the  La 

Jencia  basin.  During the ear ly   s tages   o f   up l i f t  a set  of 

northeast-trending ’ f a u l t s  dropped the   s tudy   a rea   in to  a graben 

or ien ted   ob l ique ly   to   the  Magdalena-Bear  Mountains hors t .  The 

‘. .. 

~ 

* 
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main period of uplift   probably  took  place  during Late Miocene 

t o  Pliocene time because  the  faul t ing  postdates   the La Sara 

Peak  Formation (24 m. y . )  and both accompanied and followed 

deposi t ion of the Popotosa  Formation ( the  S i lve r  Creek Andes- 

i t e  interbedded i n  the lower p a r t  of the Popotosa has been 

dated a t  16 m. y .  (Weber, 1971). Outcrops  of the Popotosa 

Formation  have'been  found on both sides and on the crest of 

the Magdalena Range and playa  deposits  of the Popotosa have 

been  uplifted  along the Socorro-Lemitar  Mountains  (Chapin, 

1971-b) . The major  expression of this f au l t i ng   i n   t he   sou th -  

ern Bear  Mountains is  a prominent  north-northwest  trending 

escarpment  along  the  western  margin  of the La Jencia,   basin.  

This  escarpment  probably  represents a zone of closely  spaced 

normal faul ts   progressively  s tepped down t o   t h e   e a s t .  The 

presence  of a recent   fau l t   scarp   jus t   ou ts ide   the  mapped area 

ind ica t e s  that  movement along t h i s  f a u l t  zone has  continued 

up to the present .  

e 

.. . . .  

Normal Fau l t s  

Fau l t s  of this system  generally  trend from N 1O0E t o  

N 20°W. Some of the northwesterly-trending  faults may rep- 

r e sen t  renewed .movement along the  Oligocene  zones  of  weakness. 

The f a u l t  zones  are  often free of dikes ,  but con ta in   f au l t  

a brecc ia ,   ca l c i t e ,  and spr ing  deposi ts .  Evidence  from slicken- 

. .. 
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s ide   su r f aces  and s t ra t igraphic   displacement   indicate  t h a t  

t h e   f a u l t  plan'es  of  the  northeast-trending set .dip  an  average 

of 75 degrees   to .near-ver t ical ,  and a r e  downthrown to the w e s t .  

The Hells Mesa f a u l t  (Tonking, 1957, p. 38) extends fox  

f i f t e e n  miles i n  a north-northwesterly  direction  through the 

Pue r t ec i to  Quadrangle and i t s  southern  continuation has been 

t raced  fox  an  addi t ional  six miles in   t he   p re sen t   a r ea  where 

it trends  approximately  north-south  along  the east s ide  of  

the h igh  Bear Mountains axis .  The west s i d e   o f   t h i s  normal. 

f a u l t   h a s  dropped t h e  La 3ara  Peak  Formation dom more than 

one  thousand feet. ' In   the  Puerteci to   Quadrangle ,  Tonking 

estimated  the  throw  as ... 500 t o  600 feet and the   hor izonta l  

displacement as g rea t e r   t han  one mile. The Hells Mesa f a u l t  

appears t o  be   pa r t ' o f  a system  of  subparallel   faults.which 

are progressively  stepped down toward the vest i n t o  a graben 

which lies between the Bear-Magdalena and Gallinas-San Mateo 

uplifts .  -. . 

Oblique-Slip  Faults 

In   the   nor theas t   corner  of the   a r ea ,  a prominent,fault-  

control led  r idge  a long the south  side' of Bear  Springsdraw 

juts ou t   i n to  +he La Jenc ia   bas in   t ransec t ing   the   reg iona l  . 

northwesterly.structura1 grain.  The  whole area  south of 

Bear  Springs draw is physiographically and s t ruc tu ra l ly  low 

is... 
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and  appears t o  have  been moved  down and t o  the eas t  with 

r e s p e c t   t o  the main Bear  Mountains to   t he   no r thwes t . .  A s  

the Bear  Springs  area i s  approached  from the  north and south 

the strike of the  outcrops swings  from the  regional  N 1 5  W 

t r end  and becomes almost  east-west. The r idges wrap around 

and are t runcated a t  their   nor thern  ends.  Many outcrops 

are warped  up or down by  drag next t o  the f a u l t s  and t i l t e d  

eastward on t h e  downthrown blocks. 

.The cause  of  these  physiographic  features i s  a zone of 

northeast- t rending  faul ts   in   the  vicini ty   of   Bear   Springs.  

The'zone is  about  one mile wide  and the aggregate   ver t ical  

throw is approximately  one  thousand  feet.  Individual  faults 

t r end  from t h i r t y  to forty-five  degrees  east   of  north and 

d i sp lay  a le f t - la te ra l   sense   o f  movement i n   p l a n  view. It 

i:3 not   possible  t o  prove  strike-slip  displacement  in  the  study 

area 'because no d ikes   o r   o the r   ve r t i ca l   s t ruc tu res   a r e   o f f se t  

by the f a u l t s .  However, l e f t - l a t e r a l  movement can be demon- 

s t r a t ed   a long   t he  southhermost ob l ique-s l ip   fau l t  zone near 

Highway 60, where a zone of Oligocene  dikes and f a u l t s   h a s .  

been  offset   about 0.8 mile. Par t   of  the apparent strike-slip 

offset  may be  caused by the  regional  southwesterly  dip of t h e  

rocks. The nor theas t - t rending   fau l t s   in   the   s tudy .area   a re  

p a r t  o f  a major  oblique-slip:fault   system which has dropped 

the Tertiary  volcanic  rocks  into a low saddle bounded on  the 

I 

. .. 
, 

~ 

. .  
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a south by the Magdalena Mountains and on the north by t h e  

main Bear  Mountains  (Figure 1 6 ;  Chapin, 1971-b, p -  1 9 9 ) .  

The o r ig ina l   f au l t   %races  of the  oblique-slip  system 

have  been  largely  obscured by more recent upl i f t   a long  the 

north-trending  Basin and Range f a u l t s  and their major  sur- 

face  expression is a s t r ike - s l ip  disp1,acement of about  1.5 . 

miles across  Bear  Springs Draw. Complex, mutually  cross- 

cu t t i ng   r e l a t ionsh ips  between t h e  two f a u l t  systems are 

suggested  by the geologic map, which implies  that   the  oblique- 

. .  

slip f a u l t s  are gene t i ca l ly   r e l a t ed   t o  the tensional  forces 

' '  which  have up l i f t ed  and t i l t e d   t h e  Magdalena and Bear Mount- 

0 
a ins   s ince  Miocene time. !rhe oblique-slip  faults  probably 

became dormant some t i m e  ago while the  north-trending normal 

faul ts   have  cont inued  to   upl i f t   the   s tudy  area.   re la t ive  to  

the La Sencia  graben. 
.. . 

The t w o  major f a u l t s   i n  the oblique-slip  system  are 

Deer Spr ing   fau l t  and Be'ar Springs  fault .  The block  between 

these tvio s t ruc tu res  i s  a northeast-trending  graben which has  

displaced a sec t ion   of   the  'La Ja ra  Peak Formation down 

and t o  the east. Deer Spring  faul t   t rends  northeaster ly  

across  Beer Spring Canyon and of fse t s   rocks   o f   the   Dat i l  

Group about 1000 feet down along its southeast  'side..  South 

of Deer Spring the faul t   fol lows a topographic  lineament I * 
I 

. through  the La Sara Peak Formation i n  a north-northeasterly 
-.. 
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Figure 16,Location of thesis   area  with  respect   to   the major s t r u c t u r a l  
elements i n  the i-iagdalena area. Dark l ines   re2resent   major .  
high-angle  faults.  Kountain  ranges  are outlined bjr the 
7500-foot topographic  contour, 
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f a u l t  t r ends   no r theas t e r ly   i n  a topographic  lineament  along 

Bear Springs Canyon. South of Bear  Springs  ranch, this f a u l t  

trends  south-southwesterly  for  about  one mile and then  bends 

southwesterly  again. The southeast   side of the f a u l t  is up- 

thrown  and  southward ro t a t ion  of the upthrown block  has 

f la t tened   or   reversed   d ips   a long   the   en t i re   l ength .  It is  

p o s s i b l e   t h a t  Bear  Springs  fault  was o r ig ina l ly  downthrown 

on  the  southeast   s ide and the present  sense of movement has 

r e su l t ed  from reac t iva t ion   of   the   fau l t  zone during more 

e r ecen t   up l i f t .  

. 

Folding 

The only  major   fold  vis ible   a t  the surface is  a broad, 

flat-bottomed  syncline. The ax i s  of this  f l exure   t r ends   i n  
<-  

a north-northwestexly  direction and bisects the  southern  ha1 f 

of the a rea   in to   an   eas te rn  limb which d ips  t o  the  southwest 

and a western lipib which dips  t o  the  southwest. N e a r  t he   ax i s  

the ash-flow tuffs   'are   neaxly  horizontal .  A t  least four 

' explanat ions  for  this reversa l  of the regional westward d ip  

occur   to   the   au thor :  (1) east-west  compressional stresses, 

( 2 )  compaction  dips  along  the.  sides of a paleovaliey, ( 3 )  

0 i n t rus ive  doming, and (4) f au l t -b lock   t i l t i ng .  The first 

explanation,  favored  by  Johnson (1955), seems l e a s t   l i k e l y  
.;:. . 

". - 



- 91 - 

0 i n  view of the tensional  stresses present  since  middle 

Te r t i a ry  time . 
The or ig ina l   ou tcrop   pa t te rn  of the  fold  has  been con- 

siderably  modified by fau l t ing ,  which makes it d i f f i c u l t   t o  

evaluate the remain ing   poss ib i l i t i es .   I f  the  e n t i r e  south- 

ern Bear  Mountains a re  on the  southwestern  limb'of a major 

southward-plunging  arch  (Tonking, 1957, p. 37), then it is 

p o s s i b l e   t h a t   t h e  Oligocene  ash  flows were emplaced along a 

northwest-trending  synclinal  valley. A s h  flows  are  highly 

mobile and a r e  known t o  f i l l  i n  low areas   l ike   water .  I n ,  

support  of th is  poss ib i l i t y ,  the  ax is  of the   fo ld  is  almost * on t r e n d  w i t h  the ax is  o f  a syncl inal   paleoval ley  in  the .. 

Puertecito  Quadrangle  (Tonking, 1957, p. 24) . 'If the  ash 

flows of the D a t i l  Group were emplaced in to   t h i s   pa l eova l l ey ,  

compaction  dips  along  the sides would explain  the  reversal  i n  

the d ip  of the ash  flows and the t rend of the   va l ley   ax is  

would explain the consistent  north-south  l ineations i n  the  

' a s h  f l o w s .  However, it seems l i k e l y   t h a t  the low r e l i e f  on 

the  prevolcanic surface would have been la rge ly  f i l l e d  and 

l eve l l ed  by Spears  sedimentation  prior  to  eruption of t h e  ash 

flows unless  erosion exhumed pa r t  of the  topography. 

' .  An alternative  exp.lanation for "ihe fo ld  is t h a t  the w e s t  

X i n i b  of the   sync l ine  was domed up by a concealed  intrusive 

s i m i l a r   t o   t h e  La Jencia monzonite stock which warped up p a r t  
'. 

I 
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* of   the east limb. The a t t i t u d e s  of the  volcanic  rocks  . in 

the southwestern  part  of the study  area form a crudely 

a r c u a t e   p a t t e r n  around the highest   point on the  north- 

t rending  r idge which forms pa r t  of t h e  west limb. If such 

a dome o r ig ina l ly   ex i s t ed ,  i ts form was largely  obscured 

by  normal f a u l t i n g  which collapsed the c e n t e r   o f '  the in- 

t r u s i o n   i n t o  a graben bounded .on  the  east   s ide by t h e  Hells 

Mesa f a u l t .  Although no surface  exposures  of any large  in-  

trusives  have  been  found w e s t  of t h e  La Jencia   s tock,  the ash- 

f l o w  t u f f s   i n  the v i c i n i t y  of Allen Well are  hydrothermally 

a l t e r ed   a long   f r ac tu re  zones and most of t h e   t u f f s   a r e  s i l ic-  

i f i e d   t o  some degree  up t o  one mile north  of La Jencia Creek. .. . 

.This   a l te ra t ion  w a s  probably  produced by the loca l i za t ion  of 

hydrothermal  fluids  along numerous faul ts ,   but   evidence is  

lacking-to  determine  whether  the  f luids  ascended from an  under- 

l y ing   i n t rus ive .  

Another  explanation  for  the  fold is t i l t i n g  due t o  

block f au l t i ng .  The regional  southwesterly  dip  reverses and 

becomes southeasterly  along a l ine  passing  diagonal ly   across  

the   s tudy  area from  Bear  Springs  draw on the  northeast   across  

the   nor thern  end of the syncl ina l   s t ruc ture  and southwestward 

I beneath the alluvium  towards  Allen Well. Immediately  south of * t h i s   l i n e ,  which  coincides i i t h  a zone  of northeast-trending 

f au l t s ,   t he   ou tc rops  either f la t ten  or   dip  southeastward as 
..- I 
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i f  t i l t i n g  and/or  drag  has warped t h e   s t r a t a   o u t  of t h e i r  

a previous   a t t i tudes .  The w e s t  limb of the syncl inal   s t ructure  

is  located a t  the in te rsec t ion  of north-trending  Basin and 

Range fau l t s   wi th   nor theas t - to-eas t   t rending   t ransverse   fau l t s  

w h i c h  have  dropped the  major  portion  of the s tudy  area  into a 

northeast-oriented  graben.  Unfortunately,  sand  has  covered 

the c r i t i c a l  zone of in te rsec t ion  i n  the  southwestern  corner 

of the area but the topography and the   r epe t i t i on  of u n i t s  

sugges ts   tha t  the w e s t  limb of the syncline i s  a hors t  bounded 

on t h e  west and north by  major downdropped blocks. The rota- 

t i ona l   s ense  of the hor s t  would be away from these two gra- 

bens, which  might  produce the  southeastward tilt observed 

0 a long   the   r idge   he ld  up by the   hors t .  ,However, the r idge is  

over  3 miles i n  length and the southeas te r ly   d ips   pers i s t   to  

the south  boundary  of  the map area.  T h i s  seems too  great  a 

d i s t ance   t o   exp la in  by t i l t i n g  along the northeast-trending 

f a u l t s  . 

.. . , 

A curious f ea tu re  of the  western limb of the  syncl ine 

is  t h a t  the s t r ike   o f   the   beds  i s  general ly   t ransverse  to  

both  the syncl ina l   ax is  and t o  the north- t rending  faul ts  which 

have  .truncated it on the  west.  This makes the s t ruc tu re  dif-  

f i c u l t  t o  explain by either compressional  folding or block 

f a u l t i n g  and lends some credence t o  an o r ig in  by in t rus ive  

doming o r  compaction  over  buried  topography. . Further mapping 

t o   t h e   s o u t h  may shed some l i g h t  on t h i s  problem. 
.. .. . .  



- 94. - 

ECONOMIC GEOLOGY 

The study  area is  s i tua ted   jus t   nor th   o f  the  Kelly 

mining  district,  an  important  producer  of  lead,  zinc, and 

s i lver  ores u n t i l  about 1949 (Titley,   1959).  Most of t h e  

minecalization  occurs  along  the west slope of the Magdalena 

Mountains i n  a major f a u l t  zone  which t rends N 1O0W and is 

over  a mile i n  width.  Past  production  has  been  mainly  from 

ve in  and replacement-type ore deposi ts   extending  to  the south 

o f  the N i t t  Stock f o r  abou t , t h ree  miles along  the  fault   zone. 

The €au l t  zone  and the monzonite  stocks  extend  northward 

along the w e s t  s i de  of  Granite Mountain in to   the   southeas te rn  

corner  of the  s tudy  area where a number of weakly-mineralized 

epi thermal   veins   occur   in  the v i c in i ty  of the La Jencia mon- 

zoni te   s tock.  

.. . 

__-. 

Most of the   ve ins   i n  the study  area  are  located  along 

the western  and  northern  margins of t h e  La Jencia  stock. The 

veins   vary   in  width f r o m  a f r ac t ion  of an  inch  to  zones as 

much as f i v e  feet wide. One set o€ veins  roughly  parallels 

the western  contact of the s tock;   these  t rend from  about due 

north t o  N 2O0E and d ip  70Oto 85'east. A second set t rends  

from  about N 4S0E t o  almost  east-west and dips  55Oto 7S0south- 

east. , A t h i r d  set  p a r a l l e l s  a s t rong N 30°W j o i n t '  set within 

e t he   s tock .  ~ Many of   the  veins   are   local ized  near   contacts   of  

-. . the monzonite  with the t u f f  of  Bear  Springs or w i t h  t h e  andes- 
x.-. 
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Gangue minerals   include  quartz ,   calci te ,   s ider i te ,  and 

barite.  The quartz was deposi ted  ear ly   in   the form of  small 

v e i n l e t s  and  massive s i l i c a .  The caebonate  minerals occupy 

v e i n l e t s  and cavi t ies   in   brecciated  cher ty   quartz .   Apparent ly  

the ear ly   quar tz - f i l l ed   ve ins  were reopened and sealed  with 

carbonate  minerals and bar i te .   Sulf ide  minerals  are found 

p r imar i ly   i n   ve ins  which cut the t u f f  of  Bear  Springs where 

it is warped  up  and s i l i c i f i ed   a long  a r i d g e   p a r a l l e l   t o   t h e  

contact .  The sulf ides   include  small   grains   of   pyri te ,   galena,  

chalcopyri te ,  and sphalerite  disseminated  in  the  massive * quartz.  A t r a c e  of malachiFe is a lso   p resent   in  some areas., 

Some of t h e  calcite has  a black  color  from the presence of 

. internally  disseminated  cryptomelane, a potassium-bearing 

form of psilomelane  (Charles Walker, o r a l  communication, 1971)  

The sulf ide-bear ing  veins   in  the tu f f  of Bear  Springs  have 

.been mined t o  a shallow  depth  with  shafts  connected by d r i f t s .  

The absence of s ign i f i can t  amounts of   ore   minerals   in  the 

dumps ind ica t e s   t ha t   t he   ve ins  may have  been worked for  their  

go ld   o r   s i l ve r   va lue .  

The La Jencia  monzonite stock and i ts  associated  veins 

appear t o  represent the roof zone of a l a rge   i n t rus ive  body 

vihich was emplaced within 2000 f e e t  of the  Oligocene  surface 

(C.' E. Chapin, o r a l  cormnunication, 1971) .  Evidence  found i n  

I .~ 
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the study area which supports  this  conclusion  includes  the 

presence  of  roof  pendanks  of  the  tuff  of Goat Spring  within 

the monzonite, the h igh   s t ra t igraphic   pos i t ion   o f  t h e  La 

Jenc ia  stock, and the s t ruc tu ra l ly  lo\Ai pos i t ion  of the  study 

a r e a   r e l a t i v e   t o   t h e  Magdalena Mountains.  Although the s i l i c ic  

ash-flow t u f f s  now exposed a t  the  surface were not  very  reactive 

t o  hydrothermal  fluids, the Paleozoic  limestones  buried a t  

depth might contain  replacement  deposits  similar t o  those 

farther south, i n  the K e l l y   d i s t r i c t .  The present stv.dy in- 

dicates t h a t  such  deposits hiould be buried  beneath a Ter t ia ry  

volcanic  cover  about 2000 t o  2530 feet  t h i c k   i n   t h e   v i c i n i t y  

of La Jenc ia  stock. 
.. 

The La  Jam Peak Andesite is also mineralized,  but  not 

w i th in   t he   s tudy   a r ea .   In  the S i lve r  H i l l  a rea   to   ' the   south-  

west 'and a t  'the Baca prospect  near Hel l s  Mesa, the andesi tes  

are cu t  by  veins which €0110~ brecciated  faul t   zones.  The 

veins   contain  quartz  and c a l c i t e   a s  gangue minerals and 

chxysocolla  together with minor amounts of  copper  darbonates 

ana   cha lcoc i te   as  ore minerals  (Lasky,  1932,  p.  38-41). The 

depos i t s   a re   loca l ized   a long  the Hells Flesa f a u l t  zone, which 

suggests a second  period o,f mineralization  subsequent t o  de- 

pos i t ion   o f  the,La Ja ra  Peak Andesite  (24 m. y. ,  Chapin,  1971-a) 

and  the  beginning  of  Basin and Range f au l t i ng ;  

- 

Another  area of mineral izat ion  occurs   in   the La Ja ra  
.-. ._ 
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Peak Andes i te  south of the study  area,  between La Jencia  

e. Creek and  Magdalena  (Lasky, 1932, p. 41-42; Loughlin and 

Koschmann, 1942, p. 163). Mapping i n   t h i s   a r e a  by C. E. 

Chapin ( oral  communication, 1971)  has  revealed the exis tence 

of west-northw,est,  northwest, and northeast-trending  veins 

containing  quartz,   barite,   carbonates,  and minor amounts of 

galena. 

The exposed  portion of the La Jencia  monzonite  stock i s  
. .  

' qu i t e  fresh and barren and o f fe r s  l i t t l e  encouragement for 

finding  disseminated.sulfide  mineralization.  Loughlin and 

Koschmann (1942, p. 111-112)  concluded that   mineral izat ion 

. .  

. .  

a 
i n   t h e  Kelly d i s t r i c t  is n o t   r e l a t e d   t o   t h e  exposed stocks 

bu t   r a the r  t o  major   faul ts  which served as conduits  along 

which the o r e   f l u i d s  ascended  from a great  depth. 
. -. - 

A more favorable   explorat ion  target  may e x i s t   j u s t  west 

of t he   s tudy   a r ea ,  where two factors  suggest the presence o f  

a concealed  intrusive: (1) t h e  w e s t  limb of   the   sync l ina l  

s t ruc ture   (p-  90) may be r e l a t ed  t o  magmatic doming, and 

(2) a small. area of intense  hydrothermal  al teration  occurs 

along  Council Rock Arroyo, i n  the extreme  southwest  corner 

of the mapped area.  The postulated i n t r u s i v e  would be 

loca ted  somewhere between the Bear and Gallinas  Hountains. 

. .  
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* ,  GEOLOGIC I-IISTORY 

Prevolcanic  I-Iistory 

I n  l a t e  Cretaceous and early  Tertiary  t ime,  Laranide 

orogenic   forces   up l i f ted   the   a rea   to   the   nor th  of t he  Bear 

Mountains t o  form the north-trending Lucero arch and Comanche 

'thrust belt .  Another  major u p l i f t  formed to   the   south  and 

southeast   of   the   s tudy  area:  i ts western  flank  trends  north- 

eastward  through Magdalena and tho  southern  Bear  Mountains. 

Erosion of these  highlands  during  ear ly   Tert iary  t ime re- 

s u l t e d  i n  the deposit ion of a s  much a s  1000 f e e t  of arkosic  

sediments t o  form t h e  Baca Formation of Eocene age  (Kelley and 

e Wood, i946;.  Snyder, -1971) . 
. .  

By the end of t h e  Eocene; erosion  had  beveled  the up- 

lifts and f i l l e d   t h e   b a s i n a l  ' a reas  t o  form a l o w ,  undulating 

surface  with  northwest- t rending  syncl inal   val leys .  One of   the  

l a r g e s t  of these  valleys  probably headed west of t h e  Lucero 

u p l i f t  and drained  southeastujard  through  the center of t h e  

s tuay   a r ea  (Tonking,  1957, p.  24) . 

Volcanic and Postvolcanic  ITistory 

I n  early  Oligocene.time,, a vo lcanic las t ic   a l luv ia l   apron  

spread. across the Magdalena area  as a resu l t  of erosion of 

@ andes i t e  and l a t i t i c  volcanic rocks  being  erupted i n  t h e   h e a r t  

of the Mogollon Plateau  volcanic  province t o  the  south and 
'. . .. 

. 

> 
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m' southwest. A f t e r  deposit ion of more than 1000 feet  of  al lu- 

v i a l   d e t r i t u s ,   t h e   e r u p t i o n s  encroached on the  Magdalena area 

and mudflows, ash  flows, and lava  flows  from  local  centers 

spread  over the al luvial   apron.   Porphyri t ic   andesi te  flows 

and the t u f f  of Nipple Mountain spread  over a wide area  of 

the a l luv ia l   ap ron   t o  form a 'very  useful  marker horizon above 

the thick and monotonous sequence  of  Eluvial  conglomerates. 

Continued,  transport  of vo lcan ic   de t r i t u s  away from the center  

of . .  the f i e l d   b u r i e d  the t u f f  of Nipple Mountain. The nature  

of the   e rupt ions ,  however, became increasingly  violent  so 

tha t  f luv ia l   depos i t i on  gave way t o  mudflows and t h e n   t o  cu l -  

a minat ing  erupt ions of l a t i t i c  ash f lows.  An ensuing  period of 
. . .  

~ 

hydrothermal   a l terat ion and erosion is recorded in   the   hemat i te -  

stained  conglomerate which  marks the top  of the Spears  Formation 

i n  the southern  Bear  Mountains. 
_ -  . . ~ .  .. 

The ash  flows i n   t h e  upper  Spears  signaled the beginning 

of a period of catastrophic   pyroclast ic   erupt ions which buried 

the Magdalena area beneath  nearly 2000 f e e t  of t u f f s .  The 

first of these great   erupt ions formed. the t u f f  of Goat Spring 

(30.6 - 2,8 m. y., Weber and Bassett,   1963; 32.1 - 1.5 m. y .  

and 32.4 - 1.5 m. y., Weber, 1971, p.  40-41). Fissures  tapped 

the lower pa r t . o f  a f r ac t iona l ly   c rys t a l l i z ing  magma  cham33er 

to form these very  crystal-rich  ash  flows. The exact  , location. 

of the source is  not known, but   f low  s t ruc tures . sugges t   tha t  

4- + 
+ 

.. . 
-..._ 
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lower tuff  of  Bear  Springs,  but these crystal-rich  ash  f lows 
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it may have  been t o   t h e   s o u t h  of Magdalena. I n  the  study  area, 

the ash flows may have  flowed  northward  along a broad  paleo- 

va l ley   l a rge ly   f i l l ed   wi th   Spears   sed iments .  

Welding and cooling of t h e   t u f f  of Goat Spring was fo l -  

lowed  by the erupt ion of porphyri t ic   andesi te   f lows.   Par t ia l  

co l l apse  of t h e  magma chamber roof may have  sealed  off  the 

f i ssure   vents   t emporar i ly .  A period  of  rela-tive  quiessence 

was marked by  minor erosional  reworking  of the surface and 

the deposi t ion of andesi te  flows. 

Renewal of  pyroclastic  volcanism  began  with  the  eruption 

of the t'uff of Bear  Springs which has  not  yet  been  dated. The 

source of t h i s  ash flow  sequence  appears t o  have  been a major 

cauldron  centered  in  the Mount Withington  area  at   the  north 

end of the San Mated Mountains (Ed Deal, o r a l  communication, 

1971). A very hot, crystal-poor   ser ies  of ash flows entered 

the study  area from the  southwest and  welded together to form 

t h e  lower  cooling  unit.  The,upper  ash  flows  of  this  unit were 

pumiceous and very  f luidal:   they flowed i n  a laminar manner 

j u s t   b e f o r e  coming t o  rest as  evidence  by  stretched pumice 

and  abundant  small f l o w  fo lds  whose axes  are  perpendicular 

to the pumice l inea t ions .  The tuf f   o f  La Jencia  Creek was 

erupted  contemporaneously w i t h  t he  non-pumiceous t u f f s   i n   t h e  

advanced  only as f a r   a s   t he   sou the rn  margin  of the study area. 
.. 
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A short   per iod of quiescence  followed and minor erosional  

relief was developed  on the lower  cooling  unit. A s e r i e s  of 

thin  andesi te   f lows  then  entered  the  area  a long  the low cen- 

t ra l  ax is  of the paleovalley.  Continuing  eruptions from the  

Mount Withington  cauldron  deposited  the  upper  cooling  unit of 

the t u f f  of Bear  Springs i n   t h e   c e n t r a l   p a r t  of the area.  

Foliowing the  deposit ion of more andesi te  flows and t h i n  

volcaniclastic  sandstones,  the t u f f  of Allen  Well  was'erupted. 

These  crystal-rich  ash flows represent  the  youngest  Datil  

Group volcanic  rocks  found  within  the  study  area. Other ash 

flows may have  been emplaced during  the waning stages  of  vol- 

canism and stripped  by  erosion from the sttldy  area. By t h e ,  
a 

.end of t h i s  period  of  volcanism, which may have  spanned a s  

much as   four   mi l l ion   years ,  the prevolcanic  drainages w e r e  

l a r g e l y   f i l l e d  and the area  was  p a r t  of  an  extensive  construc- 

t i o n a l   p l a i n .  

Tn l a t e  Oligocene t i m e ,  the volcanic  rocks were broken 

and t i l t e d  by block fault ing  .along a wide north- t rending  faul t  

zone.  Faulting may have  been  . init iated  by the upward movement 

of magma dur ing   t he   l a s t   s t ages  of e f fus ive   ac t iv i ty .  A num- 

ber of dikes and stocks w e r e  intruded  along this f a u l t  zone, 

including the N i t t  and Anchor Canyon monzonite stocks (28.0 i- - 
1.4 m. y.  and 28.3 2 1.4 m. y. ,  . respect ively;  Weber and 

Basset t ,  1963, p. 220) .  The La Jencia  monzonite  stock, vihich, 

.e 
I 
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has  not  been dated, was emplaced c l o s e   t o   t h e   s u r f a c e   a t  

this time. Eydrothermal  fluids  ascending  along  the  margins 

of these  stocks deposited  quartz  veins and minor lovi- 

t empera ture   su l f ides   in   f rac tures .  

Af t e r   t h i s .   pe r iod  .of structural   modification,  erosion 

dissected  the  volcanic   rocks  into a low undulating  topography. 

Volcanism  began  again i n  ea r ly  Miocene time 4 t h  the  extru- 

sion o f   t he  La Sara Peak  Formation (23.8 - 1 . 2  m. y. , Chapin, 

1971-a).  Thin  basaltic  andesite  flows  flooded  the  topography; 

these   sporadic-erupt ions  were separated  by  local  surface re- 

working.  and sedimentation i n  lava-dammed streams. 

-1- 

' *  After a period of time. su f f i c i en t   t o   depos i t   a s  much ~. 

as  two thousand feet  of lava  flows and sediments,  the  volcanic 

ac t iv i ty   began  t o  subside and fau l t ing   re la ted   to   the   opening  

of t h e  R i o  Grande r i f t  began. The area was up l i f t ed  and 

t i l t e d  t o  t h e  w e s t  by  normal fau l t s   a long   ' the  west  boundary 

of   the  La Sencia  graben.  While  the  area was being  upl i f ted,  

a set of ob l ique - s l ip   f au l t s  dropped the  southern  Bear Moun- 

t a i n s  i n t o  a northeast-trending  trough bounded by the  high 

Magdalena Range on the  south.  

Concurrently  with  uplift ,  a great  thickness  of La Sara 

Peak  Andesite was stripped  by  erosion from the  high  areas .  A 

' north-trending  graben bounded on  the  east   s ide  by  the Hells 

Mesa fau l t   p reserved  a th ick   sec t ion   of   the  La Ja ra  Peak '. . . .. 
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Formation  and became filled w i t h  the fanglomarate  of Dry 

Lake Canyon. A i r f a l l  t u f f s  interbedded w i t h  the  fanglom- 

exates  indicate  that   volcanism may have accompanied f au l t i ng  

i n  the nearby  area. 

During t h e   l a s t   s t a g e  of  deformation the fanglomerate 

of D r y  Lake Canyon was u p l i f t e d ,   t i l t e d ,  and p a r t i a l l y  

removed by erosion.  In  Quaternary time, an extended  period 

of eros ion   d i ssec ted   the   t i l t ed   fau l t   b locks  and developed 

extensive  pediment  surfaces which were l a t e r   bu r i ed  by  sand 

blown i n t o  the area from ihe southwest,  possibly from t h e  

San  Augustin  Plains and La Jencia  Creek. 

I, 
__ .- 

- .  .. . . 
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CONCLUSIONS 

"he southern  Bear Mountains  have been the  s i t e  of a t  

l e a s t  two major  periods of volcanism  separated by  a  span 

of several   mil l ion  years :  (1) an Oligocene  period of ear ly  

l a t i t i c  and andesi t ic   erupt ions and l a t e r   r h y o l i t i c  pyro- 

c l a s t i c   e r u p t i o n s  which produced the rocks known as  the 

D a t i l  Group, and (2)  a Miocene period of basa l t i c   andes i t e  

volcanism which produced  the La J a r a  Peak  Formation. The 

conibined thickness  of  these  Tertiary  volcanic  rocks and t h e i r  

c las t ic  der iva t ives  may be s ix  thousand  feet   or more. 

The H e l l s  Mesa Formation, which  forms the upper  part  

of t h e   D a t i l  Grwcp is th icker  and mare 'varied  than  previous- 

l y  described by  Tonking (1957). Cooling breaks between  ash 

f l o w  units  are  occupied by t h i n  andesite  flows and c l a s t i c  

rocks.   Crystal-poor  rhyolites and crystal-rich  quartz  la-  

tites form t w o  d i s t inc t ly   d i f f e ren t   t ypes  of  ash-flow t u f f s .  

These contrast ing  tuffs   appear   to  f i t  t he  model of Peterson 

and  Roberts (1963), by which the pumiceous rhyol i tes   a re  

thought t o  be erupted from vents which tap  the  vo la t i l e - r i ch  

upper   level  of f rac t iona t ing  magma chamber, while   the  crystal-  

rich qua r t z   l a t i t e s   a r e   t hough t   t o  be derived  f r0m.a  crystal  

mush accumulating i n   t h e  lower p a r t  of t h e  magma chamber. The 

two v a r i e t i e s  of ash  flows were erupted by overlapping and 

~ . .. 
~ 

i 

. .. . .  
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simu1,taneous ac t iv i ty .  Laminar f l o w  s t ructures   in-  

dicate   that   the   source  of   the  tuff   of   Bear   Springs  lay some- 

where t o   t h e   s o u t h  o r  'southwest. 

Following, or possibly accompanying, t h e   l a s t   s t a g e s   o f  

Oligocene  volcanism,  north-trending normal f a u l t s   t i l t e d  

the rocks  westward and loca l ized   the  emplacement of hypabys- 

sa l  in t rus ives .  The l a rges t  of t h e s e   i n t r u s i v e s   i n  the study 

area ,   the  La Jencia  monzonite  stock, was forcefu l ly   in jec ted  

close to .   the   sur face  and t i l t e d  the  volcanic  rocks  along its 

western  margin.  Hydrothermal f lu ids   l a te r   depos i ted   ep i -  

thermal   veins   in   f ractures  and f a u l t  zones  near  the  stock. 

. .  

.The vein&.are  generally ... . barren of ore, and the  present  study 

ind ica t e s   t ha t  any lead-zinc  replacement  deposits  in  the 

Paleozoic  limestones would be buried  beneath a Tertiary  vol-  

canic  cover  about 2000- t o  3500-feet-thick in   the   southeas te rn  

part  of t he   a r ea  and from 4000- t o  6000-feet-thick i n  the south- 

western  corner  of the area where a th ick   sec t ion   of   the  La 

J a r a  Peak Formation  has  been  preserved by down-faulting. 

.. 

... 

Eruption  of the La J a r a  Peak Andesite  began i n   e a r l y  

Miocene time af te r   an   e ros iona l   h ia tus  of about  four  mill ion 

years .  The flows were erupted  onto  an  erosional  surface  of 

l o w  relief from  fissure-type  vents.  Intermittent  volcanism * and minor sedimentation  over an unknown t i m e  span  deposited 

as 'mu-ch as 2500 t o  3000 f e e t . o f   m a t e r i a l   i n  the study  area. 

. .  

. .  



... 

, 

C" 

. . . . . . . . . . .  .. ..... . .......... -~ .-:-.,;...-. :--..::;:.+ ..................... i. . ....,. ". ~ . ~ ,  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  " ........... -. . . . . . . . .  "" 

- 106 - 

I n   l a t e  Miocene time the area was transected by two 

major  fault   zones  related  to  the  opening  of the Rio  Gran6e 

rift, The volcanic  rocks were up l i f t ed  and broken  into 

north-trending  blocks by Basin and  Range fau l t ing   a long   the  

w e s t  shoulder  of the ri€t., A t  approximately  the same t i m e ,  

n0r theas . t - t rending  faul ts   a t   the   northeast  end of t he  San 

Augustin arm of the rift dropped pa r t  of the  s tudy  area  a t  

l e a s t  one  thousand feet  r e l a t i v e   t o  the Bkar and Magdalena 

u p l i f t s .  
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