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ABSTRACT 

The  Sierra  Rica  is  located  on  the  United  States-Mexico 

border  in  southwestern  New  Mexico. It is  separated  from  the 

surrounding  mountain  ranges  by  alluvium-filled  valleys. 

Lithologies  range  in  age  from  Ordovician to  Holocene.  Paleo- 

zoic  rocks.exposed  in  the  Sierra  Rica  are  al2ochthonous and 

occur as klippen.  Aut-chthonous  rocks  in  the  Sierra  Rica 

are  of  lower  Cretaceous  age. The 8500-foot  succession  of 

Lower  Cretaceous  rocks  consists  of 3500 feet  of  predominantly 

carbonate  rocks  overlain  by 5000 feet  of  quartz  sandstones 

and siltstones;  subdivided  into  the  U-Bar  Formation  and  Mojado 

Formation  respectively.  The  Lower  Cretaceous  rocks  are  un- 

conformably  overlain  by  allochthonous  Paleozoic  limestones, 

Tertiary  and  Quaternary  volcanics,  or  Quaternary  alluvium. 

The Sierra  Rica was  structurally  deformed  prior  to  the 

emplacement  of  igneous  rocks.  Compressive  stresses  operat- 

in9  in  a  southwest-northeast  direction  caused  folding  and 

thrusting.  Tensional  stress  which  post-dated  the  compress- 

ional  stress  caused  high-angle  normal  faulting  in  the  Sierra 

Rica. 

Mafic  volcanics  occur  in  the  northeastern'part  of  the 

Sierra  Rica.  They  are  surrounded  by  alluvium  and,  apart 

from  containing  plugs  of  younger  acidic  volcanics,  exhibit 
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no contact  relationships.  Granite  outcrops  in  the  south- 

eastern  part  of  the  Sierra  Rica  are  petrologically  similar 

to  early-Tertiary  granites  in  the  Little  Hatchet  mountains. 

The high-angle  normal  fault  which  transects  the  Sierra  Rica 

has  been  intruded  by  a  ridge-forming  latite  dike.  Granite 

xenoliths  in  the  latite  dike  establishes  their  relative 

ages.  Rhyolite  porphyry  dikes  and  flows  of  indeterminate 

age  occur  to  the  north of the  Sierra  Rica  and a  number  of 

rhyolite  plugs  and  associated  pyroclastics  occur,  princi- 

pally  along  the  southern  flank  of  the  range.  The  pyro- 

clastics  are  partly  covered  by  basalt  which  is  petrologically 

similar  to  the  Quarternary  basalts  common  throughout  south- 

western  New  Mexico. 

In the  southeastern  part of the  Sierra  Rica  impure 

carbonate  rocks  have  been  metamorphosed  to  pyritic  calc- 

silicate  tactites  which  contain  some  molybdenite.  The  in- 

trusive  granite is responsible  for  the  metamorphism.  The 

clastic  sediments of the  Mojado  Formation  have  been  silici- 

fied  to  quartzites.  The  silification was probably  caused 

by siliceous  groundwaters  rising  from  a  buried  intrusive. 

Lead-zinc.  and  minor  copper  mineralization  occurs  in 

the  Sierra  Rica  as  frac-ture  filling  and  limestone  replace- 

ment. 

An  airborne  magnetic  survey  of  the  Sierra  Rica  de- 

lineated  a  northwesterly-trending  magnetic  anomaly. A 

gravity  survey  delineated  an  anomaly  similar  in  shape  and 
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trend  to  the  magnetic  anomaly.  An  induced  polarization 

survey  conducted  over  the  Sierra  Rica  resulted  in  a  linear 

"anPmaly~ which has~:l~e--same-~~~end as the  gravity  and  magnetic 

anomalies.  All  of  these  anomalies  are  sub-parallel  to  the 

strike  of  the  sediments.  They  suggest  that  the  Sierra  Rica 

may  be  underlain by  an intrusive  with  associated  su1phid.e 

mineralization. 

Ro-ck--sample.s  *om the  Sierra R=kw:.wes.e 3nalyzed  for 

heavy  metals  and  molybdenum.  The  data  obtained  from  these 

samples  verified  the  presence of exposed  mineralization, but 

did  not  locate  areas of mineralization or leakage  which  were 

not previously  known.  Residual  soil  samples  were  collected. 

No leakage  halos  were  detected.,  however.  Stream  sediment 

samples  were  successful  in  outlining  the  areas of lead  miner- 

alization. A geobotanical  anomaly  was  noted;  ocotillos 

(Fouquiera  family),  which  normally  grown  only  on  limestone 

or calcareous  gravels,  were  observed  growing  in  profusion on 

fractured  quartzites. 

This study was initiated  and  supported by Phelps  Dodge 

Corporation,  who  undertook  all  the  goephysical  work. It 

was hoped  that  a  geologic  and  geochemical  investigation of 

the  Sierra  Rica  would  explain  the  causes of the  geophysical 

anomalies.  The  geologic  investigation led  to  the  conclusion 

that  the  magnetic  and.  gravity  anomalies  were  probably  caused 

by  a  large  granitic  intrusive  underlying  the  Sierra  Rica. 

The geochemica1.investigation did not detect  leakage f r o m  
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possibly  concealed  heavy-metal  sulphides. It therefore 

seems  possible  that  the I.P. anomalies  could  have  been caused 

by  metamorphosed  carbonaceous  siltstones or  contact  meta- 

morphic calc-silicates which may have some associated pyro- 

metasomatic  base-metal sulphides. 

v i  
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INTRODUCTION AND ACKiqOdLEDGiCZNTS 

The S i e r r a   R i c a  was f i r s t  proposed as an a r e  a for 

t h e s i s   s t u d y  by  Prof .   Haro ld  Bloom o f  the   Colorado  S c h o o l  

of Mines. Mr. George  Rogers,   Chief  Geophysicist  of 

Phelps  Dodge Corpora t ion ,  had b r o u g n t   t h e   a r e a   t o   t h e   a t t e n -  

t i o n  of P r o f .  Bloom. As  part of t h e i r   c o n t i n u i n g   g e o l o g i c a l  

and   geophys ica l   r econna i s sance   i n   sou thwes te rn  i?ew Mexico, 

Phelps  Dodge Corpora t ion   nas   ga thered   reg iona l   magnet ic   and  

g r a v i t y  data o v e r   t h e   l a s t   f i v e   y e a r s .  The r e s u l t s  of t h e s e  

data i n   t h e   S i e r r a  Rica  a r e a   m o t i v a t e d   t h e   C o r p o r a t i o n   t o  

unde r t ake   an   i nduced   po la r i za t ion   su rvey   i n  1968.  Th i s  

s u r v e y   r e s u l t e d   i n  a number of anomalies  which  could  not be  

e x p l a i n e d  b y  g e o l o g i c   d a t a   a v a i l a b l e  a t  t h a t   t i m e .  The 

o b j e c t  of t h i s  s tudy  was t o   c o l l e c t   g e o l o g i c  and  geochemical 

data over   an  area of  '19 s q u a r e   m i l e s   i n  an   a t t empt   t o  

e s t a b l i s h   t h e   c a u s e  o f  geophys ica l   anomal ies .  The s t u d y  

was sponsored  by  Phelps  Dodge Corpora t ion  who s u p p l i e d  t h e  

n e c e s s a r y   f i n a n c i a l  a i d ,  f i e l d  and  laboratory  equipment ,  

and f a c i l i t i e s ,  

Eleven weeks  were  spent 

v i s i t   t o   t h e   a r e a   i n  December 

weeks i n   t h e   a r e a   d u r i n g   J u n e  

i n   t h e   f i e l d .   A f t e r   a n   i n i t i a l  

1968, the w r i t e r   s p e n t  1 0  

, J u l y ,  and  August 1969,  du r ing  

which  ' time  geologic  mapping was completed  and  geochemical 
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samples   were   co l lec ted .   Four  weeks  were  .spent i n  the   Phe lps  

Dodge geochemica l   l abora tory   immedia te ly   fo l lowing   the   f ie ld  

se'ason'. During t h i s   t i m e .   p e t r o g r a p h i c  work and  geochemical 

ana lyses   were   under taken .  

Aer i a l   pho tographs   f rom  the   So i l   and   Conse rva t ion  

S e r v i c e ,  U.S. Department of Agr icu l tu re ,   were   u sed   fo r  

mapping i n  t h e   f i e l d .  The pho tographs ,   f l own   i n  1957-58, 

a r e  .9 x 9- inch   ' contac t  p r i n t s  a t  an  approximate  scale   of  

1:20,000. Data p l o t t e d  on ind iv idua l   photographs   were  

t r a n s c r i b e d   t o  a cont ro l led   photo-mosa ic  a t  a s c a l e  o f  

1:24,000. A t r a n s p a r e n t   t o p o g r a p h i c   f i l m   a t   t h e  same s c a l e  

was t h e n   o v e r l a i d  on the   mosa ic .   In  t inis manner da ta   were  

t r a n s f e r r e d   t o   t h e   f i n a l  map, The s c a l e   o f   t h e   g e o l o g i c  

map i s  1: 12,000. The base  map . i s  an  enlargement   of   the  

1:62,500 t opograph ic  map o f   t h e   a r e a ,   s u r v e y e d   i n  1917-18, 

Sec t ion   co rne r s ,   bench  marks  and  U.S.A.-Mexico i n t e r n a t i c r .  _I 

boundary   pos t s   were   u sed   fo r   con t ro l .  

The w r i t e r   w i s h e s   t o   e x p r e s s   h i s   s i n c e r e   a p p r e c i a t i o n  

t o  Mr. Ray Ludden,  Chief  Geologist ,   and Mr. George  Rogers, 

Chief   Geophys ic i s t ,   Phe lps  Dodge C o r p o r a t i o n ,   f o r   i n i t i a t i n g  

and   suppor t ing   t h i s   s tudy .   Thanks   a r e   due   t o  Mr. Richard 

Geer fo r   h i s   con t inuous   encouragemen t ,  and t o  D r .  S o  A. 

Williams and h i s   c o l l e a g u e s   i n   t h e   P h e l p s  Dodge geochemical 

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

a l l  s t ages   o f   geochemica l   da t a   hand l ing .  
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The w r i t e r   a l s o  wishes t o  thank  those  people  whose 

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

- oT..the-:-H&c3et 'Rznch,..~who:..psovided..ac.arncdcdation, . . a s s i s t ance ,  

and much valuable   information;   Vivienne  van  der   Spuy,   with-  

ou t  whose a s s i s t a n c e  t h i s  s tudy   would   no t   have   been   poss ib le ;  

and to   t hose   peop le ,   t oo   numerous   t o   men t ion   i nd iv idua l ly ,  

connected w i t h  Phelps  Dodge Corpora t ion   in   Douglas ,   Ar izona ,  

who helped. the-wrTte-r .*n ~one-wayay-or--mother, 

The w r i t e r  i s  i n d e b t e d   t o   P r o f e s s o r   H a r o l d  Bloom for 

s u g g e s t i n g  t h i s  s tudy  and for h i s  a s s i s t a n c e   i n   a c t i n g  as 

l i a son   be tween  the w r i t e r   a n d   P h e l p s  Dodge Corpora t ion .  

F i n a l l y ,   t h e   c o n s t r u c t i v e   c r i t i c i s m  of P r o f e s s o r s  Bloom, 

E p i s ,  and Dover are  acknowledged as i m p o r t a n t   c o n t r i b u t i o n s  

t o  this  t h e s i s .  
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PREVIOUS WORK 

L i t t l e   g e o l o g i c   w o r k ,   o t h e r   t h a n   r e c o n n a i s s a n c e  has 

-been  carried ou t  &:the .St-erra R ica .   L indgcen  '(-1910) 

d e s c r i b e d   t h e   m i n e r a l i z a t i o n   i n  one of t he   mines   w i th in   t he  

area. Darton (1928)  i n c l u d e d   t h e   a r e a   i n  h i s  g e o l o g i c  map 

of  New Mexico.  Lasky ( 1 9 4 7 )  d e s c r i b e d  the  geology  and  ore 

d e p o s i t s  o f  t h e   L i t t l e   H a t c h e t   M o u n t a i n s ,   t o  the wes t  o f  

t h e   S i e r r a   R i c a ,  -and - s e p a r a ~ - e ' c J ~ ~ . o m . - ~ h e ~ ~ , ~ ~ e ~ . a . . ~ i c a - b . y - ~ t b . e  

Hatche t   Val ley .  Some of h i s  data a r e   r e l e v a n t   t o  the area 

under   rev iew.   S t rongin  (1958) descr ibed  the  geology  and 

o r e   d e p o s i t s  of  t h e  Apache Hills and   no r the rn   S i e r r a   R ica .  

Although  his  work was c o n c e n t r a t e d   i n   t h e  Apache Hills ,  i t  

p r o v i d e s   u s e f u l   i n f o r m a t i o n   r e g a r d i n g  the mines  and  pros- 

pec ts ,   contac t   metamorphism,   and   the   poss ib le  mode of o r e  

emplacement i n  t h e   S i e r r a   R i c a .   Z e l l e r   ( 1 9 5 8 )   d e s c r i b e d  

the  geology o f  the   Big   Hatche t   Peak   quadrangle ,  the 

nor theas t e rnmos t   co rne r  of w h i c h   i n c l u d e s   p a r t  of the 

S i e r r a   R i c a .  Zeller ( 1 9 6 5 )   a l s o   d e s c r i b e d   t h e   s t r a t i g r a p h y  

of the Big  Hatchet   Mountains   area.  As regards   the   geology 

of  t h i s . p a r t   o f - N e w  Mexico, Z e l l e r ' s   l a t t e r ' p a p e r  i s  

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

inva luab le   i n fo rma t ion   conce rn ing   t he   s t r a t ig raphy   and  

pa leon to logy  of the  r e g i o n .  On t h e  basis of h i s  da ta ,   he  

h a s   b e e n   a b l e   t o   d e s c r i b e   t h e   s t r a t i g r a p h y  of t h e  i3ig 

Hatchet   Mountains   area.  

4 
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GEOGRAPHY 

Loca t ion   and   Access ib i l i t y  

The S ie r r a   R ica   fo rms  a low group of h i l l s  i n  the 

e a s t e r n  p a r t  of Hidalgo  County,  New Mexico. The range 

c rosses   t he   Un i t ed   S t a t e s -Mex ico   i n t e rna t iona l   bo rde r   where  

-the "border ~ h ~ ~ s - ~ r ~ r n : = ~ - - e ~ ~ ~ ~ ~ ~ e ~ ~ . ~ ~ o - ~ a  'southward~--dtre-c- 

t i o n   ( F i g .  1). The a r e a  may be   r eached  from I n t e r s t a t e  1 0  

by t a k i n g  New Mexico S ta t e   Rou te  8 1  wh ich   l eaves   t he   In t e r -  

s t a t e   a p p r o x i m a t e l y  midway between Deming and  Lordsburg; 

This  highway i s  paved as f a r  s o u t h  as Hach i t a ,  t he  n e a r e s t  

s e t t l e m e n t   t o   t h e   a r e a   u n d e r   r e v i e w .   A c c o r d i n g   t o  a 1950 

census ,   Hach i t a  had a p o p u l a t i o n  of 250. A t  t h a t  time i t  

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

and was an a c t i v e   s h i p p i n g   p o i n t  for c a t t l e .  However, w i th  

t h e  abandonment  and  removal of the  r a i l r o a d   i n  1964-65, the 

p o p u l a t i o n   d e c r e a s e d   r a p i d l y .  A t  the  p r e s e n t  time t h e  

p o p u l a t i o n  i s  e s t i m a t e d  a t  about  25 per sons .  A s a l o o n ,  a t  

wh ich   gaso l ine  c a n  be  purchased,   and a P o s t   , O f f i c e ,   a r e  the 

o n l y   p l a c e s ,  of -bus iness .  Highway 81 cont inues  southward 

f rom  Hach i t a ,   pas t  the Apache Hills, S i e r r a   R i c a ,   L i t t l e  

Hatchet  Mountains  and  Big  Hatchet  Mountains, t o   A n t e l o p e  

Wells ,   on  the  Mexican  border ,   approximately 35 mi l e s   sou th  

of Hachi ta .  From Hach i t a   sou thward   t he   road  i s  unpaved, 

5 
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b u t  is m a i n t a i n e d   i n   v e r y  good c o n d i t i o n  by the New Mexico 

S t a t e  Highway Department. 

The S i e r r a   R i c a ,  which is t h e   n o r t h e a s t e r n  p a r t  of t h e  

Hatchet  Ranch, may be   reached  by a r a n c h   r o a d   l e a d i n g   e a s t  

from  highway 81  South ,  1 2  mi l e s   sou th   o f   Hach i t a .  Roads  and 

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

a n d   p l o t t e d  on t h e   g e o l o g i c  map ( p l .  1). Except ing  for t h e  

e a s t e r n  p a r t  of t h e   a r e a ,   i n   t h e   p r o x i m i t y  of t h e   i n t e r -  

n a t i o n a l   b o r d e r ,   t h e   r o a d s   a r e   i n  good condi t ion   and  a 

normal   vehicle   can  t raverse   them wi th  e a s e .  Due t o   w a s h o u t s  

a n d   s t e e p   g r a d i e n t s ,  a four -wheel -dr ive   vehic le  is r e q u i r e d  

i n   t h e   e a s t e r n  p a r t  of t h e   a r e a .  The p o s s i b i l i t y  of f l a s h  

f loods   caus ing   washouts   dur ing   the  summer makes i t  a d v i s a b l e  

for v e h i c l e s   t o   c a r r y   e q u i p m e n t   s u c h  as shovels   and   jacks  a t  

a l l   t i m e s .   F u r t h e r m o r e ,   d u r i n g   t h e  summer months, a good 

supply  of d r i n k i n g  water shou ld   be   ca r r i ed .  

Re l i e f   and   E leva t ions  

The S ie r r a   R ica   fo rms  a low range  of h i l l s  about   n ine  

mi les   long   and   one   to   th ree   mi les   wide .  The r ange   t r ends  

nor th-nor thwes t  i n  the nor thwes t  p a r t  o f   t h e   a r e a  mapped, 

a n d   w e s t - n o r t h w e s t   i n   t h e   e a s t e r n   p a r t .  The southwes tern  

f l a n k  of t h e   r a n g e   c o n s i s t s  of r idge-and-val ley  topography,  

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

sed imentary   format ions .  The remainder  of t h e  r a n g e   c o n s i s t s  
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o f  rounded h i l l s  for the  most p a r t ,  g iv ing   an   impress ion  of 

gent le   topography.  The  mean e l e v a t i o n  of t he   r ange  i s  about 

5100 f e e t .  ' This p o r t i o n  of New Mexico l i e s   w i t h i n   t h e   B a s i n  

and Range Province  o f  t he   wes t e rn   Un i t ed   S t a t e s .   Midd le   t o  

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

b lock   mounta ins   separa ted  by a l l u v i u m - f i l l e d   g r a b e n s .  The 

Hatche t   Val ley ,   which   separa tes  the S i e r r a   R i c a   t o p o g r a p h i c -  

a l l y  and   geologica l ly   f rom  both  the Big  Hatchet   and L i t t l e  

Hatchet  Mountains,  i s  probably  the t r a c e  of a major  "Basin 

and  Rangell-age f a u l t   p l a n e .   F i g u r e s  1 and 2 i l l u s t r a t e  the  

physiography of the area. 

The maximum r e l i e f   i n   t h e   S i e r r a   R i c a  i s  1200 f e e t  

w i t h   r e s p e c t   t o  the Hatche t   Val ley ,  and 800 f e e t   w i t h  

r e s p e c t   t o   t h e  Apache Va l l ey .  This  i s  i n  sharp c o n t r a s t   t o  

the  Big  Hatchet   Mountains ,  a few m i l e s   t o   t h e   s o u t h w e s t  of 

t he   S i e r r a   R ica ,   wh ich   have  a t o p o g r a p h i c   r e l i e f   . i n   e x c e s s  

of 4000 f e e t .  

Drainage 

The Hatche t  Draw, which  runs t o  the wes t   and   south  o f  

the a r e a  mapped, i s  t h e   p r i n c i p a l   d r a i n a g e  of  t h e   a r e a ,  It 

fo l lows  the Hatchet   Val ley  and i s  t y p i c a l  of t h e   p l a y a  

d r a i n a g e s   i n   t h e   s o u t h w e s t e r n   U n i t e d   S t a t e s .  The main 

d r a i n a g e   i n   t h e   a r e a  mapped i s  Doyle  Creek  which d r a i n s   t h e  

Apache V a l l e y ,   r i s i n g   i n  Mexico  and d r a i n i n g   w e s t w a r d s   i n t o  
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Figure  2. 'Panoramic  view o f  t h e   S i e r r a   R i c a ,   l o o k i n g   n o r t h -  
wards from s o u t h  of  the  Hatche t  Draw n e a r   t h e  
United  States-Mexico  border .  1 =.Doyle's Peak, 
2 = h i g h   p e a k   i n   s e c .  36, T.ZgS., R.14W. 
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the Hatche t  Draw. The n o r t h e r n   s l o p e s  of t h e   S i e r r a   R i c a  

d r a i n   i n t o  Doyle   Creek ,   and   the   southern   s lopes   in to   the  

Hatche t  Draw. Except for the   .Hatchet  Draw and  Doyle  Creek, 

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

u n s o r t e d   d e t r i t a l   m a t e r i a l  wi th a n e g a t i v e l y  skewed p a r t i c l e  

s i z e   d i s t r i b u t i o n .  The s i z e  of b o u l d e r s   i n  many of t h e s e  

small d r a i n a g e s   t e s t i f i e s  to t he   h igh   ene rgy   cond i t ions  

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

Climate 

P h y s i o g r a p h i c a l l y  t h i s  p a r t  of New Mexico l ies  w i t h i n  

the   Sonoran   Dese r t ,  The annua l   p rec ip i t a t ion   measu red  a t  

the   Ha tche t  Ranch over  a number of years   averages   about  11 

i n c h e s .  However, i n d i v i d u a l   y e a r s  show w i d e   v a r i a t i o n ,  

from 1 i n c h  to 1 8  inches   hav ing   been   r eco rded .  The r a i n s  

normally .commence i n  m i d - J u l y ,   l a s t i n g   u n t i l   e a r l y  

Sep tember ;   p rec ip i t a t ion   t akes   t he   fo rm of l a t e - a f t e r n o o n  

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

A l o c a l   r e s i d e n t   d e s c r i b e d  one   such   s to rm  in   wh ich   e igh t  

inche's of r a i n  f e l l  i n  a half-hour .   Storms  such as t h i s  

would ,   no   doubt ,   be   respons ib le  for t he   mass - t r anspor t a t ion  

o f  m a t e r i a l   o b s e r v e d   i n   t h e   d r a i n a g e s .  The thunderstorms 

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

P r e c i p i t a t i o n  a t  Doy le ' s   I t e l l  i s  s i g n i f i c a n t l y   g r e a t e r  than  

a t  the   Hatche t   Ranch ,   a l though  the   former  i s  only  about 
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400 f e e t   h i g h e r   t h a n   t h e   l a t t e r .  

Dur ing   the  summer months   a f te rnoon  tempera tures   f re -  

q u e n t l y . r i s e  above 100°F, b u t   g e n e r a l l y  f a l l  below 80°F at 

n ight : .   Inc ip ien t   thunders torm  c louds   and   gent le   b reezes  

o f t e n   r e d u c e   t h e   i n t e n s i t y  of t h e   h e a t   i n   t h e   a f t e r n o o n s ,  

Winters   a re  d r y  and  cool ,  with dayt ime  temperatures   around 

65OF a n d   o f t e n   f a l l i n g   b e l o w   f r e e z i n g   p o i n t   a t   n i g h t .  The 

low a n n u a l   p r e c i p i t a t i o n ,   c o u p l e d  w i t h  t h e   h i g h  'summer 

tempera tures  has led  to   t he   deve lopmen t  o f  a ca l ca reous  

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

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

pediments   a re   very   ca lcareous .  A c a l i c h e   c r u s t  has developed 

i n   t h e   g r a v e l s   a n d   p e d i m e n t s ,  T h i s  c a l i c h e   v a r i e s   i n   t h i c k -  

ness   f rom a few i n c h e s   t o   t e n s   o f   f e e t .  

F l o r a  and  Fauna 

The low mean a n n u a l   p r e c i p i t a t i o n   s u p p o r t s   a n   a r i d -  

c l i m a t e   v e g e t a t i o n .  Grass cover  i s  g e n e r a l l y   s p a r s e .  

Greasewood ( L a r r e a   t r i d e n t a t a )  i s  the  most  common shrub  and 

d o e s   n o t   a p p e a r   t o   b e   s e l e c t i v e  wi th  r e s p e c t   t o   g e o l o g y ,  

w a t e r - a v a i l a b i l i t y  or so i l   t ype .   Mesqu i t e   bushes   a r e  

s c a t t e r e d   i n  a random f a s h i o n ,   b u t  seem t o   f a v o r   t h i c k  

al luvium  and  sand.  Dense t h i c k e t s  of  mesqui te   occur  on 

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

mapped. Wild Walnut  and  Chinaberry  trees grow i n   t h e  
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* 
'> l a r g e r   f l o o d - w a s h   d r a i n a g e s   c l o s e   t o   t h e   i n t e r n a t i o n a l  bound- 

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

They do no t  grow on the a l l u v i a l   g r a v e l s .   O c o t i l l o s  

( F o u q u i e r i a  f a m i l y )  c h a r a c t e r i s t i c a l l y  grow on l imes tone  

bedrock ,   a l though  they   occur  on a l l u v i a l   g r a v e l s  and  pedi- 

ments w i th  an a p p a r e n t l y  random d i s t r i b u t i o n .  Anomalous 

c o n c e n t r a t i o n s  of o c o t i l l o  were   no ted   ove r   f r ac tu red   qua r t z -  

i t e s   i n  a few l o c a l i t i e s .  

F a u n a   i n c l u d e s   s p e c i e s  common t o  the S o u t h w e s t :   r a t t l e -  

s n a k e s ,   p a c k r a t s ,   b u z z a r d s ,   s c o r p i o n s   s o l i p u g i d s ,   t a r a n -  

t u l a s  l i z a r d s ,  coyo tes ,  ' r a b b i t s ,  d e e r   a n d   j a v a l i n a s .  

Economy 

Owing t o   t h e   s c a r c i t y  of water   and   the   ca lcareous  

n a t u r e  o f  t he   env i ronmen t ,   t he   r eg ion  i s  n o t   s u i t e d   t o   c r o p  

f a rming .   Ca t t l e   r anch ing  i s  the  so le   form of a g r i c u l t u r a l  

economy.  Mining i n   t h e   r e g i o n  was sporadic   be tween the 

l a t e  18901s  and   t he   ea r ly  1 9 5 0 ' s .  Mines i n   t h e  L i t t l e  

Hatchet   Mountains ,  Apache Hi l l s  and S i e r r a  R i c a  e x p l o i t e d  

base   me ta l s  w i th  a s s o c i a t e d   s i l v e r   a n d   g o l d .   M e t a l l i z a t i o n  

' took   the   . form of hydrothermal.   veins massive replacement  

i n   l i m e s t o n e s  and   contac t   metasomat ic   depos i t s .  None o f  

t h e   p r o p e r t i e s   h a v e   b e e n   o p e r a t e d   s i n c e  1953. 

C o n s i d e r a b l e   i n t e r e s t   h a s   b e e n  shown i n   t h e   a r e a  by  

both  petroleum  companies  and  mining  companies i n   t h e  l as t  
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d e c a d e . .  Two w i l d c a t   w e l l s   w e r e   d r i l l e d ,  one t o  a depth   o f  

1 2 0 0 0  f e e t   ( s e e .  25 ,  T.32S., R.16W.) a n d   t h e   o t h e r   t o  a 

depth  of 3000 f e e t   ( s e c . ~  1 2 ,  T.30S., R.15W.) .  The l a t t e r  

well a d j o i n s   t h e   a r e a  mapped. Much s e i s m i c  work has   been 

u n d e r t a k e n   i n   a d d i t i o n  t o  g rav i ty ,   magne t i c  and induced 

p o l a r i z a t i o n   s u r v e y s .  The  mapped a r e a   l i e s   i n  a r e g i o n  

which   appears   favorable   bo th   f rom  the   po in t  of view of i t s  

p e t r o l e u m   p o t e n t i a l   a n d   t h e   p o s s i b i l i t y  of porphyry-type 

coppe r   depos i t s .  

E l e c t r i c  power i s  s u p p l i e d   t o   t h e  area by   t he   Rura l  

E l e c t r i f i c a t i o n   A d m i n i s t r a t i o n .  Power i n  the form of 

n a t u r a l  gas i s  ava i l ab le   f rom  the  E l  Paso   Na tu ra l  Gas 

Company p ipe l ine   wh ich   runs   ea s t -wes t ,  1 0  m i l e s   n o r t h  o f  

Hachi ta .  

13 
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ROCK UNITS 

Genera l   Fea tu res  

O f  49 squa re   .mi l e s   i nves t iga t ed ,   abou t  24 squa re   mi l e s  

a re   cove red  by a l luv ium.  The S ie r r a   R ica   fo rms  a b e l t  o f  

cont inuous   ou tcrop   whereas   ou tcrops   in   the  Apache Val ley  

occur  as i r r e g u l a r  windows. i n   t h e   a l l u v i u m .   on^ t he   sou th -  

e a s t e r n  and w e s t e r n   s i d e s  of t h e   S i e r r a   R i c a  a few windows 

i n   t h e   a l l u v i u m   e x p o s e   b e d r o c k .  The alluvium,  which i s  

p a r t l y   p e d i m e n t   a n d   p a r t l y   v a l l e y - f i l l   g r a v e l ,  becomes  very 

t h i c k  as one  proceeds  southward  from  the h i l l s  toward the 

Hatche t   Val ley .   This  i s  i n d i c a t e d  by the g r a v i t y   v a l u e s  

( s e e  p l .  4 ) .  T h e .   a l l u v i u m   i n   t h e  Apache V a l l e y   c o n s i s t s  

most ly  of ou twash   ma te r i a l   f rom  the   S i e r r a   R ica  and t h e  

Apache Hills and  .probably  :does  n-ot  exceed a t h i c k n e s s  of 

more than a few h u n d r e d   f e e t .  

The r o c k s   e x p o s e d   i n   t h e  mapped a r e a   r a n g e   i n   a g e  from 

Ordovic ian  t o  Recent .   Ordovician,   Mississ ippian,   Pennsyl-  

vanian  and  Permian  rocks  occur as a l loch thonous   t h rus t s   and  

k l i p p e n .   T h r u s t i n g   a p p e a r s  t o  have  been from t he   sou th   and  

southwest   where  these rocks a re   au tochthonous .  The predom- 

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

te r r igenous   sed iments   forming  a sed imentary   success ion   about  

8500 f e e t  t h j  c,k. On t h e  basis of p a l e o n t o l o g i c   e v i d e n c e ,  

1 4 
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these   sed iments   haxe   been   da ted  as e a r l y   C r e t a c e o u s .  They 

c o n s t i t u t e   t h e   b u l k  of t h e   S i e r r a ,   R i c a . .  A p a r t  from  alluvium, 

no-.s.e.diments  y.ounger t h a n   e a r l y  ...Gr. e.taee.ous ..in.;a.ge were 

o b s e r v e d   i n   t h e   a r e a  mapped. 

I g n e o u s   r o c k s ,   b o t h   i n t r u s i v e   a n d   e x t r u s i v e ,   h a v e  

invaded   t he   s ed imen t s .  The i g n e o u s   r o c k s   r a n g e   i n  composi- 

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

-mi-e-ti-es ' ;   p~e.domTm$q. &.m?Eve?iz. . : ~ , ~ ~ ~ ~ ~ ~ s i - u ~ ~ . s o - c k s . ~ . n ~ - ~ d e  

g r a n i t e ,   q u a r t z   l a t i t e  , l a t i t e   p o r p h y r y ,   f e l s i t e ,  lampro- 

phyre ,   and   rhyol i te   porphyry .   Except  for the g r a n i t e ,   t h e s e  

rocks  occur  as d i k e s ,  s i l l s  and p l u g s .   E x t r u s i v e   i g n e o u s  

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

and   dac i t e  flows, r h y o l i t e   f l o w s ,   a n d   r h y o l i t e   t u f f s  and 

b r e c c i a s .  Very few data a r e   a v a i l a b l e  for the r e l a t i v e  age 

da t ing   o f   t hese   i gneous   rocks .  They a re   younger   t han   t he  

ear ly   Cre taceous   sed iments   which   they   in t rude ,   and   o lder  

than  the recent   a l luv ium.   Composi t ion  and t e x t u r e ,  f i e l d  

r e l a t i o n s   b o t h   f r o m   w i t h i n   a n d   o u t s i d e   t h e  area mapped, 

xeno l i th s ,   and   t opograph ic   exp res s ion   o f  the  igneous   rocks  

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

ages' t o   t h e s e   r o c k s .  

A contact-metamorphic   aureole  i s  e x p o s e d   i n   t h e   s o u t h -  

e a s t e r n  p a r t  of the S ie r r a   R ica .   Ca lca reous   rocks   have   been  

metamorphosed t o   l i m e - s i l i c a t e   t a c t i t e s ,  and   quar tzose   rocks  

h a v e   b e e n   s i l i c i f i e d .   O u t c r o p s  of  g r a n i t e  a re  exposed 

wi th in   the   metamorphic   . aureole   and   a re   p robably   respons ib le  
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for the  metamorphism. The quar tzose   rocks   o f   the  Mojado 

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

-probably.  b y -  heated  groundwaters   r is ing  f rom  unexposed 

i n t r u s i v e s   ( a e r o - m a g n e t i c   a n d   g r a v i t y  data p r e s e n t e d   l a t e r  

i n  t h i s  r e p o r t   s u p p o r t   t h e   i d e a  t ha t  t h e   a r e a  i s  u n d e r l a i n  

by  i n t r u s i v e s ) .  

Table 1 i s  a summary of t h e   r o c k   u n i t s   i n   t h e   a r e a  

-desc r ibed   in t h i s  r e p o c t ,   f o l l o w i n g   Z e l l e r ' s  (1965) formal ly  

proposed  nomenclature.   Table 2 i l l u s t r a t e s  the  c o r r e l a t i o n  

of s t r a t i g r a p h i c   u n i t s   p e r t a i n i n g   t o  t h i s  p o r t i o n  o f  New 

Mexico. 

Ordovician 

El' .pas.o. . . . and  'Montoya  Formations 

Rocks of t h e  E l  Paso  and  Montoya  Formations  are  exposed 

.. as k l i p p e n ,   p r i n c i p a l l y   . i n   s e c s .  31 and 32, T.2.9S., R . l 4 W . ,  

i n  the  low h i l l s   a b o u t  one mile   north  of   the   Dishpan  Tank.  

No Precambrian or Cambrian  rocks  were  found i n   t h e   S i e r r a  

Rica.  

O t h e r   e x p o s u r e s   o c c u r   i n   s e c s .  1 0  and 15,  T.30S., 

R.14W.,  i n   t h e   v i c i n i t y  of the  Badger  Tank. 

Imbr i ca t e   t h rus t ing   and   i ncomple t e   exposures   have  

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

mappable   uni ts   and  they  have  therefore   been mapped a s  one 

u n i t .  The un i t   cons i s t s   p redominan t ly  of l imes tone  and 

dolomi te ,  w i th  in t e rbedded   qua r t z   s ands tone   and   qua r t z i t e .  
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T a b l e  1 

SUMMARY OF  THE LITHOLOGIC SEQUENCE I N  THE SIERRA R I C A  

GEOLOGIC 
AGE 

QUATERdARY . '  

TERTIARY 
LATE 

EARLY TO 
IQDDLE 

TERTIARY 

LATE 
CETACEOUS 

TO ZARLY 
TERTIARY 

* 
E ARLY 

CRETACEOUS 

"""- 
PERMIAN """. 

PEIJIJSYL- 
VA;JI&J 

I4ISSISSIP- 
"""_ 

PIAN 

MAP UNITS I THICK- 
NESS .FT 

ALLUVIUM 0-1ooot  
Ui4CONFORMITY 

UNCONFORMITY 
BASALT . 0-5Ot 

RHYOLITE 0-50t 

UNCONFORMITY 

RHYOLITE 
PORPSY RY 0-2OOf 

~ n C ~ ~ E a ~ T - Y ~ ~ , . . " .  

IASALT-ANDESITE 
LATITE-DACITE 

ONFORMITY 4- 
UPPER 
MEImER I 9 5 0 s  

LOWER 
MEMBER I 4000 

SUPRAREEF 2 5 ~ -  
LS. €WNBER 3oo  I 

SHALE 
MEIt3ER 

OYSTER LS. 1200- 
MEMBER 

BROWN LS. 
MEMt3ER 1200+ 

EARP FM. 
.FAULT CONTACT 

HORQUILLA FM. 

FAULT  CONTACT 
ESCABROSA & 
PARADISE FIG. 

EL PAS0 & 
FAULT  CONTACT 

MONTOY A FMS. 

1 5 0 0 t  

0-700t  

DESCRIPTION dTRUSIVE I G -  

nconso l ida t ed   ped imen t  & 

'F lows 

Plugs,  f l o w s ,  
t u f f s ,   b r e c c i a s  

QUARTZ- 
LATITE, 
FEiSITE 

Flows. and   p lugs  ( ? )  ~ 1 
LATITC, 
LAMPRO- 

F l o w s  1 GRANITE 
PSY I33 , 

Flows 

o s s i l i f e r o u s   q u a r t z i t e ,  
i n t e r b e d d e d   l i m e s t o n e  

o s s i l i f e r o u s  quartzite, 
i n t e r b e d d e d   s i l t s t o n e  
and   l imes tone  

ss. i n  u p p e r   p a r t  
l u e  Is., f o s s i l i f e r o u s ,  

i f e r o u s ,   c l i f f   f o r m e r  
lue-gray Is., f o s s i l -  

w i t h  gray c a l c .   s h a l e  
r a y  Is. i n t e r b e d d e d  

~~~~~~ 

lue-gray  Is. , mass ive ,  
a b u n d a n t   o y s t e r   f o s s i l s  I 
i n t e r b e d d e d   c a l c .  S S .  

an Is., l i t h o g r a p h i c ,  

"""""""" 

!an s i l t s t o n e s ,   f i s s i l e ,  
d o l o m i t i c ,   r e d   d o l o m i t e  

i lue-gray Is. , m a s s i v e ,  
f o s s i l i f e r o u s .  

3lue-gray Is., c r l n o i d a l ,  

""""""" 

""" """" ALLOCH- 

a b u n d a n t   c h e r t   n o d u l e s  
Tii 0i.l OUS 

ROCLS 

:ray t o  b l a c k  Is., dolo-  
mite,  a n d   b l a c k   c h e r t  

- "_ """"" 



LOWER 

CRETA- 

CE ous 

ul 
N 

Table 2 .  C o r r e l a t i o n   o f   n o m e n c l a t u r e   p e r t a i n i n g   t o   s t r a t i g r a p h i c   u n i t s  common t o  the 

' (Lasky,  1 9 4 7 ) ,  Apache Hills and n o r t h e r n   S i e r r a   R i c a   ( S t r o n g i n ,   1 9 5 8 ) .  
B i g  Hatche t  Mts ( Z e l l e r ,   1 9 6 5 ) ,  S i e r r a   R i c a  ( t h i s  r e p o r t )  , L i t t l e   H a t c h e t  Mts 

Zel le r   (1965)  Th i s  repor t   Lasky  ( i94-r)  S t rongin   (1958)  

Moj ado f m .  
Upper member 
Lower member 

Mojado f m .  
Upper member 
Lower member 

Corbe t t  f m .  Corbe t t  f m .  

U-Bar f m .  U-aar f m .  Howell 's  Ridge f m .  Hbwellls Ridge fh. 
Supra ree f  Is. member Suphareef  Is. member Ls . -ss.  member 
Reef Is. member Reef Is. member Rudis t i d  Is. member 
Ls .-shale member L s  .-shale member Hida lgo   Vo lcan ic s   Orb i to l ina  Is. member 
O y s t e r  Is. member Oys te r  Is. member R i n g ~ o n e   S h a l e   b y s t e r  Is. membe,;r 
Brown Is. member Brown Is. member Broken-Jug  Limestone Red beds ~ member I! 

I! 

PZRMIAN Earp f m .  

PENNSYL- H o r q u i l l a  f m .  
VAT I AN 

Earp f m .  " 

H o r q u i l l a  fm. Magdalena f m .  

Abo f m .  

Magdalena f m .  

1 
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A d i s t i n c t i v e   l i t h o l o g y   e n c o u n t e r e d   i n   t h i s   u n i t  i s  a 40- 

foot   sequence of t h i n l y  s t r a t i f i e d  dark  gray  dolomit ic   l ime-  

-:ststone --usith."-i~terb:e.dded 3- t o . . . 6 ~ i n c h 3 ~ x ~ d s  .af :.brown-watherlng 

b l a c k   c h e r t   ( s e e   F i g u r e  3 ) .  I r r e g u l a r   n o d u l e s  of t h e   c h e r t  

a l s o   o c c u r   i n   t h e   d o l o m i t i c  beds. Z e l l e r  (1965 ,  p. 1 4 )  has 

d e s c r i b e d  t h i s  l i t h o l o g y   i n   t h e   B i g   H a t c h e t   M o u n t a i n s ,  

A c h a r a c t e r i s t i c   f e a t u r e  of the S i e r r i t e  Member 
of .the..El.Paso-.Formation h e r e  as i n  most p l a c e s  
i s  t h e  r h y t h m i c " . a ~ ~ ~ r ~ t i o n " ~ ~ ~ t e r n ~ t i . o n J j   of 

with laminae of carbonate   rocks . .  .The laminae of 
r e t i c u l a t e d  laminae of brown-w,e.athered c h e r t  

che r t   ave rage   one -ha l f   i nch   i n   t h i ckness ,  are 
wavy a n d   i r r e g u l a r ,  are in t e rconnec ted ,   and  
w e a t h e r   i n   r e l i e f .   O f t e n   t h e y   a r e   c o n c e n t r a t e d  

brown  bands  on h i l l  s l o p e s .   I n  some zones,   the  
i n  such  numbers as t o  produce  conspicuous  dark 

p r o p o r t i o n  of cher t   exceeds   do lomi te . .  . 
The l imes tones  are u s u a l l y   l i g h t - g r a y ,   f i n e   g r a i n e d  

and  massive.   Brachiopod, ,   gastropod  and  bryozoan  fossi ls  

o c c u r ,   b u t   a r e   n o t  common, The do lomi t i zed   ca rbona te s   a r e  

usua l ly .dark-gray   and  mor,e r e s i s t a n t   t h a n  the  l imes tones .  

No f o s s i l s   w e r e   f o u n d   i n   t h e   d o l o m i t i c   b e d s .  The q u a r t z  

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

a n d   t h e   d o l o m i t e s ,   t h e   t r a n s i t i o n  i s  g r a d a t i o n a l   f r o m  

arenaceous   carbonate   beds   to   ca lcareous   quar tz   sands tone  

and q u a r t z i t e   b e d s .  The arenaceous beds are  from  two t o  

e i g h t   f e e t   t h i c k   a n d   o c c u r  as l e n s e s .  The la te ra l  e x t e n t  

of a renaceous   l enses   cou ld   no t  be  de te rmined   due   to   l imi ted  

outcrop .  

The s t r a t i g r a p h y  of t he  E l  Paso  and  Montoya  formations 

has been   descr ibed  by Z e l l e r  (1965,  p .  12-22) from  exposures 
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I ' , . ~ . . , j , . i  .,. . .: . . .. 
~ . ., 

Figure  3. Thinly  bedded  black  cher t   and  gray  l imestone,  

gray  l imestone,  E l  Paso   fo rma t ion ,   s ee .  32, 
o v e r l a i n  by n o d u l a r   b l a c k   c h e r t   i n   m a s s i v e  

T.29S. ;  R.14W. 
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o f  t h e   r e l a t i v e l y   u n d i s t u r b e d  s t r a t a  i n   t h e   B i g   H a t c h e t  

Mountains, The combined t h i c k n e s s   o f   t h e  two  format ions   in  

.the. Big   .Hatche t  IhmLains i s  ..ab.out 1 3 0 0  f e e t .   Z e l l e r  (1965 , 
p .  1 1 9 )  has i d e n t i f i e d   t h e s e   f o r m a t i o n s  i n  a l i t h o l o g i c   l o g  

from a w i l d c a t   w e l l   d r i l l e d   i n   s e c .  1 2 ,  T .30S. ,  R . l 5 W . ,  

a b o u t   f o u r  miles southwest  of t h e ~ n e a r e s t   o u t c r o p   i n   t h e  

S i e r r a   R i c a .  The combined  thickness o f  t h e  E l  Paso  and 

iTon3aya.3 ormat&ms., .:xs:-de3ezm%ae d bg“ Ze.llets”es-m”..s .In.t e r -  

p r e t a t i o n   o f   t h e   l i t h o l o g i c   l o g ,  i s  1195 f e e t ,  This i s  an 

appa ren t   t h i ckness   wh ich   has   no t   been   co r rec t ed  f o r  d i p .  

Exposures   i n   t he   S i e r r a   R ica   a r e   e ros iona l   r emnan t s   wh ich  

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

p o s t - t h r u s t   f a u l t i n g .  The t h i c k n e s s  o f  t h e   e x p o s e d   s e c t i o n ,  

as determined by d i p  and  topography  measurements, i s  about  

T O O  f e e t ,   w h e r e a s   t h e   t h i c k n e s s  of t h e   t h r u s t   p l a t e   a p p e a r s  

t o  b e   l e s s   t h a n  300 f e e t .  

M i s s i s s i p p i a n  

Escabr0s.a  and  Paradise  Formations 

Carbonate   rocks   o f   Miss i ss ippian   age   a re   exposed   in   the  

form of a l l o c h t h o n o u s   t h r u s t   b l o c k s   i n   s e c s .  29 and 30,  

T.29S., R .  14W., and as windows i n   a l l u v i u m   a t   t h e   c e n t e r  of 

s e c .  25 and   the   wes t   s ide   o f   sec .  2 4 ,  T.ZgS., R.15W. 

I d e n t i f i c a t i o n  of t h e s e   o u t c r o p s  i s  based  on l i t h o l o g i c  

s i m i l a r i t i e s   t o   w e l l - e x p o s e d ,   p a l e o n t o l o g i c a l l y - d a t e d  
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o u t c r o p s   i n   t h e  Big Hatchet   Mountains .   Al though  l i thologies  

typ ica l   o f   bo th   t he   Escabrosa   and   Pa rad i se   fo rma t ions   a r e  

p r e s e n t   i n  t h i s  area, the.- . two  .Trmnztions  were mapped FCS -one 

u n i t .  The a l l o c h t h o n o u s   n a t u r e   o f   t h e s e   r o c k s  i s  proved 

by f a u l t   c o n t a c t s  w i t h  the   under ly ing   Cre taceous   sed imentary  

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

and   Pa rad i se   fo rma t ions   sugges t   t he   p re sence   o f   f au l t i ng  

w i t h i n   t h e   a l l o c h t h o n o u s   u n i t s .  ' T h c  tib.s.ence of  -Si-lurtan 

k l ippen   can   a l so   be   exp la ined  by s u c h   f a u l t i n g .  

The l i t h o l o g i e s   i d e n t i f i e d  as t y p i c a l   o f   E s c a b r o s a  con- 

s i s t  of l i g h t -  to   dark-gray   weather ing   l imes tones   which   a re  

dark  gray on a fresh f r a c t u r e  and  have a f e t i d   o d o r .  The 

l i m e s t o n e s   a r e   e v e n l y   s t r a t i f i e d   i n   o n e - f o o t   b e d s .  The most 

c h a r a c t e r i s t i c   f e a t u r e   o f   t h e s e  roclcs is the presence   o f  

gray-brown  weather ing  gray-black  cher t   (see  Figure 4). The 

c h e r t  i s  p r e s e n t   b o t h  as i r r e g u l a r   s t r i n g e r s  two t o  s i x  

inches   th ick ,   conformable   wi th  the bedding,  and as i r r e g u l a r  

nodules  up t o   n i n e   i n c h e s   i n   d i a m e t e r .  

F o s s i l s ,   a l t h o u g h   n o t   a b u n d a n t ,  do o c c u r   i n  the lime- 

s tone ,   Brachiopods ,   c r ino ids ,   b ryozoans   and   occas iona l  

cora ls   were   encountered .  None o f   t h e   f o s s i l s   w e r e   s p e c i f i c -  

a l l y   i d e n t i f i e d .   A p a r t   f r o m  some coa r se   c r ino ida l   l ime-  

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

i n g  a l i t h o l o g i c   t e x t u r e  on a f r e s h   f r a c t u r e .  

The Paradise   Format ion  was recogn ized   f rom  an   i r r egu la r  

a r e a  o f   ou tc rop   i n  S.W.%, s e c .  2 9 ,  T.29S., R .  14W. 
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F o s s i l i f e r o u s  orange-brown  weathering,  thinly s t r a t i f i e d  

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

format ion .  .Co.mmon-.marine.. f o s s i l s   i n c l u d e   . b r a c h i o p o d s ,  

pelecypods , gas t ropods ,   co ra l s   and   b ryozoans ,  

No th i cknesses   were   measu red   w i th in   t hese   ove r th rus t  

s h e e t s .  However, t h e   a t t i t u d e   a n d   o u t c r o p   p a t t e r n   i n d i c a t e  

an  anomalous  thickness i n   e x c e s s  of 3500 f e e t .  The t o t a l  

t ~ h i c k n e s s  of t h e  Z s c - t i b r o s a   a n d ~ a ~ ~ s - e - " f - o r m a t i o n s  i n  t h e  

Big  Hatchet  Mountains i s  i n   t h e   o r d e r  of 1500 f e e t .  The 

anomalous  thickness  of t h e   S i e r r a  R ica  i s  most l i k e l y   t h e  

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

Pennsylvanian 

Horqu i l l a   Fo rma t ion  

The most  prominent  outcrop of the Xorqu i l l a   Fo rma t ion  

i s  in   Doy le ' s   Peak ,   s ecs .  20 and 21, T.29S., R.14W.  , where 

i t  forms  the  upper  T O O  f e e t  o f  a con ica l   peak .  Four o t h e r  

exposures  of t h e  same formation  crop out as windows i n  

v a l l e y - f i l l   m a t e r i a l   i n   s e c s .  17 and 18 , T'.29S., R. 14W. 

AU f i v e   o u t c r o p s   ( s e e  p l .  1) a re   e ros iona l   r emnan t s  of a 

l a r g e   o v e r t h r u s t .  

The k l i p p e n  of  Horqu i l l a   Fo rma t ion   rocks   a r e  composed 

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

which  are  dark gray,   and  of ten  have a f e t i d   o d o r  on a f resh  

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

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

- t e t r a c o r a l .   s t e m s  , n o t   i n - g r o w t h   g o s t t i o n , '  w.ere ... observed on 

t h e   n o r t h  side of Doyle ' s   Peak ,   Al though  the   l imes tones  

a r e   m a s s i v e ,   g i v i n g  no i n d i c a t i o n  of t h e i r   a t t i t u d e ,  a 

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

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

Doyle 's   Peak - is  ' i d e n t i c a l  - t o  - t ~ e ' . u p p e r - " t ~ r d - . - a f . - t h e - ~ - ~ s ~ v e  

H o r q u i l l a   l i m e s t o n e .   c l i f f s   i n   t h e  Big Hatchet  Mountains,  

i d e n t i f i e d  as H o r q u i l l a  by  Z e l l e r  (1958,  p .  6 5 ) ,  on t h e  

basis o f  p a l e o n t o l o g i c a l   e v i d e n c e .  

Permian 

Earp  'Formation 

On t h e   w e s t e r n ,   s o u t h e r n  and e a s t e r n   s l o p e s  of Doyle 's  

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

i n   l i t h o l o g y  from t he   ove r ly ing   rocks   (Horqu i l l a   Fo rma t ion  

1 i m e s t o n e s ) ' a n d   t h e   u n d e r l y i n g  rocks (Mojado  Formation 

q u a r t z i t e s ) .  They  were mapped as E a r p  Formation  (Permian)  

because of t h e i r   l i t h o l o g i c  s imi la r i ty  t o  Earp  Formation 

r o c k s   e x p o s e d   i n   t h e   s o u t h w e s t e r n   p a r t  of the   Big   Hatche t  

Mountains. T h i s  inver ted   sequence ,   Pennsylvanian   over ly ing  

Permian  which i n   t u r n   o v e r l i e s  Lower Cre taceous ,  may be 

e x p l a i n e d  by i m b r i c a t e   t h r u s t i n g .   Z e l l e r  (1958) has 

reco rded  similar i m b r i c a t i o n   i n   t h e   B i g   H a t c h e t   M o u n t a i n s ,  

where   t he   r e l a t ive ly   compe ten t   Horqu i l l a   l imes tones   were  
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sheared   and   th rus t   over   the   l ess   competent   Earp   Format ion  

r o c k s ,   A l t h o u g h   t h e   w r i t e r   f o u n d   n o   f o s s i l s ,   Z e l l e r   ( o r a l  

communication, 1 9 6 9 )  found   pa l eon to lo  '. ' e v i d e n c e   i n   t h e  

windows exposed on t he   ea s t   s ide   o f   Doy le ' s   Peak   wh ich   i nd i -  

c a t e s   t h a t   t h e s e   r o c k s   a r e   d e f i n i t e l y  of Permian  age.  

Outcrops of t h e  E a r p  Formation  are   very  poorly  exposed,  

owing t o   t h e   n o n r e s i s t a n t   n a t u r e  of  t he   rocks ;  On t h e  

wes%ern and s o u t h e r n   s l o p e s  of Doyle ' s   Peak   these   rocks   a re  

e x p o s e d   i n   g u l l e y s   o n l y   a n d   c o n s i s t  of brown-weathering,  tan 

s i l t s t o n e s   i n t e r b e d d e d  with cream  mudstones  and  tan  dolomitic 

l i m e s t o n e s .  The s i l t s t o n e s   a n d   l i m e s t o n e s   a r e   f i s s i l e   a n d  

b r e a k   i n t o  k- t o   2 - i n c h   s l a b s .  A few t h i n   b e d s  of very 

f i s s i l e   r e d   s h a l e   a r e   a l s o   p r e s e n t .  A l l  of t h e   l i t h o l o g i e s  

desc r ibed   above   a r e   ca l ca reous ,   bu t  i t  was n o t   p o s s i b l e   t o  

de te rmine   whether  th is  was a p r i m a r y  or s e c o n d a r y   f e a t u r e   i n  

these   rocks .   Al though  - the  E a r p  Formation i s  p re sen t   ove r  a 

v e r t i c a l   i n t e r v a l  of 1 0 0  f e e t ,   p o o r   e x p o s u r e s   p r e c l u d e d   t h e  

measurement o f  a s e c t i o n .  The a t t i t u d e  of t he   rocks   appea r s  

t o  be   hor izonta l ,   bu t   the   deeply-weathered   ou tcrop  has 

undergone some deformat ion   th rough  s lumping   and   loca l ly   very  

anomalous   appa ren t   a t t i t udes  may be  observed,  

Lower Cretaceous 

GeneraZ  Descrip't'ion 

The  Lower C r e t a c e o u s   s e d i m e n t a r y   r o c k s   i n   t h e   S i e r r a  

R i c a   c o n s i s t  of an  8500-foot   succession of conformable 
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ca rbona te   and   c l a s t i c   rocks  which a r e   d i v i d e d   i n t o  mappable 

u n i t s  on t h e  basis of l i t h o l o g y   a n d   p a l e o n t o l o g y .  Table  2 

.-illustrates t h e  .nomenc.bature.-f:ormally -proposed by  Lasky 

(1947)  and   Ze l l e r  (1965) .  B e c a u s e   t h e   r o c k s   i n   t h e   S i e r r a  

Rica   c lose ly   resemble   those   descr ibed  b y  Z e l l e r   i n   t y p e -  

s e c t i o n s ,  a number of which   were   v i s i t ed  by t h e   w r i t e r ,  

Ze l l e r ' s   nomenc la tu re  i s  u s e d   i n   d e s c r i b i n g   t h e s e   r o c k s   i n  

- t h e - S i - e m a   . R i - c a , - - T 1 - r r e - e . - , . I r " , - e r ~ ~ ~ e - o ~ s ~ - ~ p r ~ o n s  'tire 

r e c o g n i z e d   i n   t h e  Big Hatchet  Mountains;  the  Hel l - to-Fin ish  

Formation, U-Bar Formation,  and Mojado Format ion ,   Nei ther  

t he   bo t tom  no r   t he   t op  of  t h e  Lower Cretaceous  sequence i s  

exposed i n   t h e   S i e r r a   R i c a ;   t h e   H e l l - t o - F i n i s h   F o r m a t i o n  

c r o p s   o u t   i n   M e x i c o ,   t o   t h e   e a s t  of t h e   a r e a  mapped,  and 

the  very  uppermost p a r t  of t h e  Mojado Formation i s  covered 

by e i t h e r   P a l e o z o i c   k l i p p e n ,   T e r t i a r y   v o l c a n i c   r o c k s ,  or 

a l luv ium.   Foss i l s   occu r   t h roughou t  t h i s  sed imentary  

s u c c e s s i o n .   Z e l l e r   ( 1 9 6 5 )  has r e c o g n i z e d   s u f f i c i e n t   i n d e x  

f o s s i l s   t o   a l l o w   d a t i n g  of t he   rocks  as e a r l y   C r e t a c e o u s   i n  

age.  

. .  
U-Bar Farniat'i'on 

The U-Bar Formation  rocks  are   exposed  in   two  north-  

w e s t e r l y - t r e n d i n g   b a n d s   i n   t h e   e a s t e r n   p a r t  of t h e  S i e r r a  

Rica.  About 6 squa re   mi l e s  o f  t he   fo rma t ion   c rop   ou t .  

Al though  these   ou tcrops   have   been  much a f f e c t e d  by  e i t h e r  

f a u l t i n g  or metamorphism, or b o t h ,   l i t h o l o g i c  u n i t s  a r e  
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s t i l l  d i s t ingu i shab le   and   t he re fo re   mappab le .  The l e a s t  

t e c t o n i c a l l y   d i s t u r b e d   c o m p l e t e  U-Bar s e c t i o n  i s  t o  the 

-nor.l;h o f '   t h e   ~ B a r d e r  .Tank, .in s.e.cs. ..l and  2, T. 3 O S . ,  R. 14W. 

The U-Bar  Formation has been   subd iv ided   i n to   X ive  

members  on t h e  basis of l i t ho logy   and   pa l eon to logy .  They 

a r e  as f o l l o w s ,  from o l d e s t   t o   y o u n g e s t :  Brown Limestone 

Member, Oyster   Limestone Member, Limestone-shale Member, 

 reef - L - ~ e s . ~ . o ~ e ~ M ~ ~ e . r , . , , , a ~ ~ . ~ ~ ~ ~ ~ ~ ~ . ~ . ~ ~ ~ ~ ~ ~ ~ - . . ~ e ~ ~ . e r .  

Brown Limestone Member. Exposed i n  a narrow  band 

ex tending   nor th-nor thwes t   f rom  border   pos t   no .   42 ,   the  Brown 

Limestone Member has b e e n   a l t e r e d  by metamorphism. How- 

e v e r ,  as determined by  t h i n - s e c t i o n   e x a m i n a t i o n ,   t h e   o r i g -  

i n a l   t e x t u r e   m u s t   h a v e   b e e n   t h i n l y - s t r a t i f i e d   s a n d y  lime- 

s t o n e s ,  w i t h  o c c a s i o n a l  1- t o   2 - f o o t  beds o f   q u a r t z  sand- 

s t o n e .  No f o s s i l s   w e r e   o b s e r v e d   i n  t h i s  exposure.  The 

metamorphosed  carbonate i s  l i g h t   g r a y  on a f r e s h   f r a c t u r e ,  

wea the r ing  dark brown,  and i s  a r e s i s t a n t   r i d g e - f o r m i n g  

rock.  The t h i n l y - s t r a t i f i e d   s a n d y   l i m e s t o n e  has been  meta- 

morphosed t o   s c a p o l i t e  and   d iops ide   l ayers   which   weatker  

d i f f e r e n t i a l l y ,   r e s u l t i n g   i n  a f lu t ed   ou tc rop   appea rance .  

The t h i c k n e s s  of t h e  Brown Limestone Member i n  t h e  type  

s e c t i o n  i s  i n  t h e   o r d e r  of 400 f e e t   ( Z e l l e r ,  1965, p .  6 0 ) .  

The t h i c k n e s s   i n   t h e   S i e r r a   R i c a ,   c a l c u l a t e d   f r o m  one d i p  

measurement  and  outcrop w i d t h  i s  about  2500 f e e t .  This  

a p p a r e n t   t h i c k n e s s  may be  due t o  one o f  t h r e e   f a c t o r s :  
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r e p e t i t i o n  by f a u l t i n g ,   c h a n g e   i n  d i p ,  o r  t r a s i t i o n  from 

lower U-Bar Format ion   to   upper   Hel l - to-Fin ish   Format ion   near  

the Lnternat.Fonal..boundary. Poor.-expos.u.e  .prevents the 

de te rmina t ion  of which  explanat ion i s  the  mos t   l i ke ly .  

Oyster  Limestone Member, Exposed i n  normal  sequence 

n o r t h  o f .  the  Border  Tank,  and i n   t h r e e   f a u l t e d   o u t c r o p s   i n  

t h e   s o u t h e a s t e r n   p o r t i o n  o f  T.29S., R. 14W., t h i s  member 

"cakes i t s  ':name ; : . ~ ~ o r n ~ ~ ~ h e ~ ~ ~ ~ ~ ~ ~ a ~ ~ . ~ ~ ~ ~ - ~ ~ ~ . ~ F l s . r ~ ~ h i - c h . . _ . i t  .con- 

t a i n s .  The dominant   l i tho logy  i s  gray-weather ing  gray  l ime-  

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

2 - f o o t   b e d s   i n   t h e   l o w e r  p a r t .  T i e   t e x t u r e  of t h e  lime- 

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

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

where   l enses  of Exogyra  coquina  are   abundant .  The l e n s e s  

are from 6 i n c h e s   t o   t h r e e   f e e t   t h i c k  and may be  fol lowed 

f o r  many hundreds of f e e t   a l o n g   s t r i k e .  ~ These brown- 

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

s ands tones  and a r k o s e s ,  and q u a r t z o s e ,   f o s s i l - r i c h   l i m e -  

s t o n e s .   C r o s s - s t r a t i f i c a t i o n  i s  u b i q u i t o u s   i n  the lower 

p a r t  of t h i s  member. Because of t h e   q u a r t z  s i l t  and  sand 

c o n t e n t  .of the lower  beds i n  the member, these   beds   have  

a d i s t i n c t i v e  brown  weathered  surface  which i s  i n   c o n t r a s t  

t o   t h e   c o l o r  of the h igher   mass ive   g ray   l imes tone   beds .  I n  

t h e '   v i c i n i t y  of  t he   Occ iden ta l   mines ,  SWk, see.   25,   T.29S.,  

R . l 4 W . ,  some o f   t he   b ioc l a s t i c   Exogyra   she l l s   have   been  
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s e l e c t i v e l y   r e p l a c e d  by  p y r i t e  and p y r r h o t i t e   d u r i n g   p e r i o d s  

o f   m i n e r a l i z a t i o n .   H i g h e r   i n   t h e   s e c t i o n ,   i n   t h e   m a s s i v e  

l i m e s t o n e ,  a few .... l a r g e  .Eec.t.en she . l l s   . . a re   encountered .  

Gas t ropods   va ry ing   i n   l eng th   be tween  % and 3 i n c h e s   a r e  

f a i r l y  common, and   occas iona l   spec imens   o f   Orbi to l ina  . 

t exana   occur   th roughout   the^ member. The t h i c k n e s s  of  t h e  

Oyster  Limestone Member i n  i t s  u n d i s t u r b e d   s e c t i o n   n o r t h   o f  

t h e  ~Border..-Tank, .:ahout  2OOO---$eet..,: i s . . ; ~ n ~ ~ c ~ ~ o . ~ ~ ~ . ~ a g ~ e e ~ ~ t . ~ . ~ i . t h  

the   th ickness   measured  by  Z e l l e r   i n   t h e   B i g   H a t c h e t  

Mountains. 

Limestone-shale Member. Poorly  exposed  on  the  west   s ide 

o f   t h e   v a l l e y   n o r t h  of the  Border   Tank,   but   wel l   exposed  on 

t h e   e a s t   f l a n k  of t he   peak   i n   s ee .   36 ,   T .29S . ,  R . 1 4 W . ,  and 

s e c .  1, T.30S., R . l 4 W . ,  t h i s  member t akes  i t s  name from  the 

i n t e r b e d d e d   n a t u r e  o f  i t s  l i tho logies .   Dense ,   a lmost  

l i t h o g r a p h i c  gray weather ing ,   b lue-gray   l imes tone  beds 

r a n g i n g   i n   t h i c k n e s s   b e t w e e n  % and 20 f e e t   a l t e r n a t e  with 

c a l c a r e o u s  ,, gray-weather ing ,   c ream  quar tz   s i l t s tones   and  

shales.  I n  some b e d s   t h e   s h a l e   p a r t i n g  i s  s o  poor  as t o  

war ran t  the name c l ays tone .   Occas iona l   oys t e r s   and  

Orb i to l ’ ina   t exana   a r e   found   i n   t he   l imes tone   i n t e rva l s .  

N e i t h e r   t h e   b a s e   n o r   t h e   t o p   o f  t h i s  member i s  w e l l   d e f i n e d  

and f o r  mapping  purposes  the  lowermost  and  uppermost shales 

or s i l t s t o n e s   w e r e  a r b i t r a r i l y  chosen as t h e  member bound- 

a r i e s .  The t h i c k n e s s   v a r i e s ,   b u t   a p p e a r s   t o   r a n g e   b e t w e e n  

3 O O  f e e t   a n d . 5 0 0   f e e t .  
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Reef  Limestone Member. The Reef  Limestone Member c rops  

o u t   i n  a normal  sequence t o  t he   no r thwes t  of the   Border  Tank 

and i n  a f au l t ed   s equence   a round   and   t o   t he   no r thwes t  o f  

t h e  high peak i n   s e e .  36, T.29S., R. 14W. ( s ee   F igu re  5 ) ,  

a n d   a l s o   i n   t h e   e x t r e m e   n o r t h e a s t   c o r n e r  o f  t h e   a r e a  mapped. 

It i s  c h a r a c t e r i z e d  by mass ive-   b lue-gray   l imes tone   wi th  a 

very  rough  weathered  surface.   Examinat ion o f  a weathered 

-s.ur.f~ace with t h e  a i d  o f  ..a~ hand lens   r evea l s  a c l a s t i c   t e x t u r e  

wi th   g ra in   s ize   ranging   be tween  f ine-   and   very   coarse-sand  

s i z e .  On a f r e s h   s u r f a c e  this  l imes tone  i s  dark  gray  and 

a p p e a r s   c r y s t a l l i n e .   F o s s i l s   a r e   n o t   a b u n d a n t ;  a few 

Orbi t 'o l ina   t exana   and  some un iden t i f i ed   b rach iopods   were  

n o t e d .   Z e l l e r  (1958,  p .  126)   sugges t s  t h a t  t h e  Reef Lime- 

s t o n e  Member i s  b iohermal ,  One o f  h i s  p o i n t s  o f  evidence  

i s  t h a t  i t s  t h i c k n e s s   i n  the Big  Hatchet  Mountains i s  very 

v a r i a b l e ,   - r a n g i n g  from 20 f e e t   t o  '500 f e e t .  This v a r i a t i o n  

was n o t   n o t e d   i n  the S i e r r a   R i c a ,   a l t h o u g h   n o   d e t a i l e d   s e c -  

tions  were  measured.  However, the coa r se   t ex tu re   wou ld  seem 

t o   i n d i c a t e  a b i o c l a s t i c   l i m e s t o n e ,   p o s s i b l y  a reef-mound 

t y p e   a n a l a g o u s   t o   t h e   w e s t   c o a s t  o f  Grand Bahama I s l a n d .  

' 'Suprareef  - Limestbne Member. The Suprareef   Limestone 

Member i s  the  uppermost member of t h e  U-3ar Formation. It 

c r o p s   o u t   i n   c o n f o r m a b l e   s t r a t i g r a p h i c   s e q u e n c e   t o  t h e  no r th -  

west   of   the   Border  Tank and i n  a f au l t ed   s equence  a t  t h e  

summit of  the h igh   peak   i n   s ec .   36 ,   and   i n   s ec .  35,  T.29S. ,  

R . 1 4 W .  The lower p a r t  o f  t h e  member c o n s i s t s  o f  gray- 
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weather ing   l imes tone   which  i s  dark  blue-gray on a f r e s h  

32 

f r a c t u r e .  The t e x t u r e  i s  b i o c f a s t i c ,   b u t   n o t  as coa r se  as 

that of t h e   u n d e r l y i n g  Reef  Limestone Member. The lime- 

s t o n e  i s  e v e n l y   s t r a t i f i e d   i n  5- to 10-foot beds. Cal- 

c a r e o u s   s i l t s t o n e s  up t o  6 i n c h e s   t h i c k   u s u a l l y   o c c u r   a l o n g  

the bedd ing   p l anes .   A l though   fos s i l   she l l   f r agmen t s  are 

f a i r l y  common i n   t h i s  member, i d e n t i f i a b l e   f o s s i l s  are rare. 

Z e l l e r  . (1965,  .p..- 64) .  t e n t a t i v e l y   i d e n t i f i e d   r u d i s t i d s  as 

" Toucas ia .  The writer t e n t a t i v e l y   i d e n t i f i e d  a r u d i s t i d  as 

P I a n o c a p r i n a   t r a p e z o i d e s .  The upper  p a r t  o f  t he   Supra ree f  

Limestone Member c o n t a i n s   f i n e - g r a i n e d   q u a r t z   s a n d s t o n e s  

i n t e r b e d d e d   w i t h   t h e   l i m e s t o n e s .   P r o c e e d i n g  up s e c t i o n  the 

qua r t z   s ands tone   beds   beg in   t o   p redomina te .  Where th i s  

t a k e s   p l a c e  i s  d e f i n e d  as the  uppermost  limit of  the  Supra- 

reef   Limestone Member and   therefore   the   contac t   be tween 

t h e  &Bar Formation  and  the Mojado Formation. The c o n t a c t  

i s  conformable  and  gradat ional   and i t s  s t r a t i g r a p h i c   p o s i -  

t i o n  was a r b i t r a r i l y   d e f i n e d  by Ze l l e r   (1965 ,  p .  108) i n  

t y p e - s e c t i o n s .  The f o l l o w i n g   s t r a t i g r a p h i c   s e c t i o n  was 

measured by t h e  writer a c r o s s  the U-Bar Formation-Mojado 

F o r m a t i o n   c o n t a c t   i n  the  S i e r r a   R i c a :  

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

l), on t h e   w e s t   s i d e  o f  s e c .  3 6 ,  T.29S . ,  R . l 4 W . ,  s t a r t i n g   i n  

the  Suprareef   Limestone Member of  t h e  U-Bar Formation  and 

e n d i n g   i n   t h e  Lower Member of t h e  Mojado Formation: 
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Li thology 

Limes t o n e ,   b l u e ,  small dark 

Sha le . ,   c a l ca reous ,  :':gray--gre-en 
L i m e s t o n e ,   b l u e ,   s h a l y   p a r t i n g  

S h a l e ,   o l i v e ,   b r e a k s   i n t o   2 - i n c h  
Covered 

S a n d s t o n e ,   q u a r t z ,   b u f f ,   c a l c a r e o u s ,  

brown f o s s i l s  

b locks  

f ine-gra ined ,   r ipp le-marked ,  
6-inch  beds 

g r a i n e d ,   p o o r l y   s o r t e d ,  con- 
-3ain-s "purp.Yc--mu&stone- c l z s t s ,  

L imes tone ,   b lue-gray ,   occas iona l  
c a l c a r e o u s  cement 

d e t r i t a l   s h e l l   f r a g m e n t s  
L imes tone ,   b lue -g ray ,   t h in   beds  

S h a l e , ,  gr'ay , c a l c a r e o u s  
of. small b l a c k   f o s s i l s  

Limestone,   b lue , thin-bedded 
Dolomite,  brown., sandy 
Limestone, ,   b lue,   6- inch b e d s  
Limes tone ; .   g ray ,   sha ly  
Shale ,   brown,  f i s s i l e  
Limest .one,   b lue,  6- t o   12 - inch  beds ' 

Sands tone ,   qua r t z ,   b rown ,   ca l ca reous  
Limes tone ,   b rown,   very   foss i l i fe rous  
Sands  tone , brown,  czT-careous 
L imes tone ,   b lue -g ray ,   b ioc l a s t i c  
Covered 
O r t h o q u a r t z i t e  
L imPs tone ,   b lue ,   mass ive ,   fo s s i l -  

Covered 
S i l t s t o n e , .   b r o w n ,   c a l c a r e o u s  
Limestone,  blue-gray 
Covered 
Limestone,  blue-gray 

S a n d s t o n e ,   q u a r t z ,   g r e e n ,   v e r y   f i n e  

i f e r o u s  

t h i c k n e s s  
Uni t  

64 f e e t  
11 
15 
40 

5 

2 

2 

3 

12  
6 

12  
8 
9 
6 

26 
15 

24 
20 
1 0  
3 
9 
9 

1 4  
6 
3 
3 
3 
3 

% % * * X  U-Bar Formation--Mojado  Formation  contact 

Sands tone ,   quar tz ,   b rown,   ca l -  
c a r e o u s ,   t h i n l y   s t r a t i f i e d  6' 

S h a l e ,   o c h r e ,  f i s s i l e  2 
Sands tone ,   quar tz ,   b rown,   ca l -  

careous  9 
Sands tone ,   quar tz ,   b rown,  c a l c a r e o u s ,  

thin-bedded 40 
Shale ,   b rown,   ca lcareous  5 4 

Cumulative 
t h i c k n e s s  

64  f e e t  

90 
75 

130 

135 

137 

139 

142 

331 
334 
3 37 

343 
340 

% * * X %  

349 
351 

360 

40 0 
45 4 
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Li thology 

Sha le  , red-brown , blocky 
Sands-tone , q u a r t z   white 
Covered , l i m e s t o n e   f l o a t  
S a n d s t o n e ,   q u a r t z  , white , medium 

gra ined ,   we l l   so r t ed ,   rounded ,  
i n   t r o u g h .  and t a b u l a r   c r o s s -  
se t s ,  i n t e r b e d d e d  brown 
s h a l e s  

Limestone, gray , i n  6-inch  beds . 
Sandstone , q u a r t z  , whi te  

Unit  
t h i c k n e s s  - 

8 f e e t  
16 
18  

92 
6 

45 

Cumulative 
t h i c k n e s s  

462 f e e t  

49 6 
47 8 

588 
59 4 
639 

The approximate   th ickness  o f  t h e  U-Bar F o r m a t i o n   i n  an 

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

t he   Borde r  Tank i s  3500 f e e t .  This  thickness  compares 

f a v o r a b l y   w i t h  the t h i c k n e s s   i n   t h e  B i g  Hatchet  Mountains , 
about  3500 f e e t ,  as r e p o r t e d  by Z e l l e r  (1965 , p .  6 4 ) .  

%ado  Formation 

Extending  . .  a'cross the mapped a r e a   f r o m   n o r t h w e s t   t o  

s o u t h e a s t   i n   a n   a l m o s t   c o n t i n u o u s  1-142 mile  wide outcrop- 

band,   the Mojado Forma t ion   cons t i t u t e s  one  of  the  most 

p r o m i n e n t   l i t h o l o g i e s   i n   t h e   S i e r r a   R i c a .  It crops  o u t  

o v e r   a n   a r e a  of about  1 0  squa re   mi l e s ,   ma in ly   a long   t he  

no r thwes te rn  and sou thwes te rn   f l anks  of t h e   S i e r r a ' R i c a ,  

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

c e n t e r  of the range .  The Mojado Forma t ion   cons i s t s  O f  

s l i g h t l y  l e s s   t h a n  5000 f e e t  of t e r r i g e n o u s   s e d i m e n t s ;  

i n t e r b e d d e d   q u a r t z   s a n d s t o n e s  , s h a l e s  and  mudstones  with 

occas iona l   ca rbona te   beds ,   and   confo rmab ly   ove r l i e s  the 

U-Bar Formation  carbonate   rocks.  The t o p  of t h e  Mojado 
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Formation i s  nowhere  exposed i n   t h e   S i e r r a   R i c a   a s  i t  i s  

c o v e r e d   e i t h e r  by  k l i p p e n ,   v o l c a n i c s ,  or al luvium. 

T h e ~ f m a - t T u n  may .be ~ c.onven*=rtly  'xubdivided  b-0th 

p a l e o n t o l o g i c a l l y   a n d   l i t h o l o g i c a l l y ,  f o r  mapping  purposes , 
i n t o  a Lower Member and  an  Upper Member. 

Lower Member. The lower   contac t  o f  t he  Lower Member, 

a r b i t r a r i l y   c h o s e n  as a th i ck   qua r t z   s ands tone   un i t   above  

the   l imes tones  o f  - t h e  -V-"B;zr;%ormxtion, ean-~~We-.?raced f'or a 

d i s t a n c e  o f  over   th ree   ~sn i les   f rom a point  %-mile  west-  

nor thwes t  o f  the   Border  Tank t o   t h e   n o r t h e a s t   c o r n e r  of 

s e e .  33, T.29S., R.14W.  The Lower Member o f  the   format ion  

i s  comprised of a monotonous  4000-foot  sequence of i n t e r -  

bedded  quartz   sandstones  and  c laystones.   Throughout  most 

of t h e   S i e r r a   R i c a ,   t h e   r o c k s   h a v e   b e e n   s i l i c i f i e d  t o  

q u a r t z i t e s   a n d   h o r n f e l s e s .  The cause o f  t h e   s i l i c i f i c a -  

t i o n  i s  no t  known, bu t  some p o s s i b i l i t i e s   h a v e   b e e n   s u g g e s t e d  

( see   p .  15).~ The t h i c k n e s s  o f  t he   qua r t z   s ands tone   and  s i l t -  

s tone   bodies   ranges   f rom a few f e e t   t o  many hundreds of f e e t ,  

bu t   averages   about  100  f e e t  f o r  the   quar tz   sands tone   beds  

and  about 30 f e e t  f o r  the   c lays tone   beds .   Near   the   lower  

c o n t a c t   t h e   q u a r t z   s a n d s t o n e s   a r e  medium- t o   f i n e - g r a i n e d ,  

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

i n  1- t o  4 - foo t   s e t s .   Cu t -and- f i l l   s cour ing   and   channe l ing  

i s  ubiqui tous ,   and  many t r a n s p o r t - d i r e c t i o n   r e v e r s a l s  were 

no ted .   Fe ldspa r  i s  a common c o n s t i t u e n t   i n   t h e s e   r o c k s ,   b u t  

seldom  exceeds ~10 vo lume- .pe rcen t .   Occas iona l   b io t i t e   f l akes  
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and   a l logen ic   che r t   g ra ins   were   obse rved   i n   t h in   s ec t ions .  

The c o l o r   o f   t h e   q u a r t z   s a n d s t o n e s  i s  t a n  on a weathered 

surface...and-gray:%o -m?eam on a fresh . f r ac tu r . e .   Loca l ly ,  

s t a i n i n g  by  i ron   ox ides   f rom  the   ad jacen t   c l ays tones   g ives  

the q u a r t z   s a n d s t o n e s  a r e d d i s h   t i n t .  The va r i ega ted   c l ay -  

s t o n e s ,  now h o r n f e l s e s ,   r a n g e   i n   c o l o r   f r o m   b l a c k   t o   m a r o o n .  

They somet imes   exhib i t  a s h a l y   p a r t i n g ,   b u t   a r e  for the  most 

" p a r t  ' massive,   -wi~h-a"-c-anchaidal  - . b . ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ e . - . - - S - o m e  

specimens,  when observed i n   t h i n   s e c t i o n ,  show as much as 

20 v o l u m e - p e r c e n t   s i l t - s i z e d   d e t r i t a l   q u a r t z ,  and warran t  

t h e  name s i l t y  c l ays tone  or muds tone .   Occas iona l   fo s s i l  

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

s i l i c i f i e d  wood, was observed .   Loca l ly ,  some o f   t he   qua r t z  

sandstone  beds  contain  an  abundance  of   carbonaceous  debris ,  

and some wel l -preserved   leaf   impress ions   were   observed .  

F o s s i l  wood fragments   occur   throughout   the Lower Member, 

b u t  seem t o  become  more common towards  the  top of t h e  member. 

In the  n o r t h e a s t   c o r n e r   o f   s e c .  30 a c o m p l e t e   f o s s i l   t r e e  

was found. It measured 35 f e e t   i n   l e n g t h   a n d  had been 

compressed t o   g i v e  a rhombic  cross-sect ion  measuring 15 x 22 

i n c h e s .  The s i l i c i f i e d   f o s s i l .  wood i s  d a r k   g r a y   i n   c o l o r  

a n d   a l m o s t   n o   c e l l   s t r u c t u r e   c a n   b e   s e e n .  

M a r i n e   a n i m a l   f o s s i l s   a r e   r a r e   i n  t h i s  member,  and l i k e  

t h e   f o s s i l  wood, appear  to be  more  abundant  towards  the  top 

of   the member. A g a s t r o p o d ,   T u r r i t e l l a ,   a n d   p e l e c y p o d s   n o t  

i d e n t i f i e d   b u t   . r e s e m b l i n g   L u c i n a   o c c i d e n t a l i s .   . v e n t r i c o s a  
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and  Arca  ponderosa are t h e  most f requent ly   encountered  

f o s s i l s .  

~ .Djrs t inc t ive  1-Ithol-~gi~~.-were::f-ound.-wi.t.hin t h e  Lower 

Member and  were  used as marker  beds for s t r a t i g r a p h i c   a n d  

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

which  occur 800 f e e t   a n d  1000  f e e t   s t r a t i g r a p h i c a l l y   a b o v e  

t h e   b a s e  of t h e  Mojado Formation. They a r e   s e p a r a t e d  by 

' q u a r t z   s a n d s t o n e .   . I n - . t h e   t y p e   . l o c a l i t y . . a f   - t h e  .Mojado 

Formation in   t he   B ig   Ha tche t   Moun ta ins ,   Ze l l e r  (1965 ,  p ,  

1 0 3 )  has r e c o r d e d   t h e s e   b e d s   i n   t h e  same s t r a t i g r a p h i c  

p o s i t i o n .  The beds  are   between 2 and 3 f e e t   t h i c k ,   a n d   c a n  

b e  fo l lowed for many thousands of f e e t   a l o n g   s t r i k e .  They 

are composed of gray   l imes tone   granules ,  36- t o  3/4-inch i n  

d i a m e t e r ,   w e l l   r o u n d e d   a n d   s e t   i n  a m a t r i x  of ca lcareous  

brown q u a r t z   s a n d s t o n e .  On a weathered   sur face   the   l ime-  

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

d e e p l y   p i t t e d   s u r f a c e .  

Upper Member. The  Upper Member of t h e  Mojado  Formation 

c rops   ou t   a long   the   nor thwes tern   f lank  of the S i e r r a   R i c a ,  

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

t h e   S i e r r a   R i c a   a n d  a t  t h e  base o f  Doyle 's   Peak. It i s  

d i f f e r e n t i a t e d   f r o m   t h e  Lower Member by  the   p re sence  of a 

r ich   faunal   assemblage   and   change   in   l i tho logy .   Al though 

this  member cons i s t s   p redominan t ly  of s i l i c i f i e d   q u a r t z  

s ands tone ,  i t  con ta ins   l e s s   c l ays tone   and  more l imes tone  

than   t he  Lower-Member. It a l s o   c o n t a i n s   a n   i r r e g u l a r  
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lensoid   marker   bed  of cher t -quartz-pebble   conglomerate   about  

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

--:;Mmb"r .~ T h e  :.:cant.act Is..:arb.L'~zarLly .-ch.osen..!at t h ~ e  f lss t 

appearance of a dark-brown  bed o f  pelecypod-limestone 

coqu ina   ( s ee   F igu re  6 ) .  Above t h i s  bed ,   c l ays tone  i s  l e s s  

' f r e q u e n t l y .   e n c o u n t e r e d   . t h a n   f o s s i l i f e r o u s . .   l i m e s t o n e ,  as 

i n t e r c a l a t e d  beds i n   t h e   q u a r t z   s a n d s t o n e .   B e c a u s e  of t he  

"-rronre-sis-tant- nature - ~ ~ 6 . . - t ~ h - e ~ . p e ~ e . c y g - o ~ = ~ ~ ~ s ~ o n . ~ - - - ~ ~ q u i n a ,  th-is 

bed  cannot  be a c c u r a t e l y   t r a c e d   a l o n g   s t r i k e .  The c o n t a c t  

i s  t h e r e f o r e   i n d i c a t e d  on t h e   g e o l o g i c  map ( p l .  1) as an 

approximate  one. 

The chert-quartz-pebble   conglomerate  i s  c h a r a c t e r i z e d  

by well rounded %- t o  2- inch  granules   and  pebbles  of cream- 

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

s i l i c i f i e d   q u a r t z   s i l t s t o n e .  The b e d s   v a r y   i n   t h i c k n e s s  

between a few i n c h e s  ,-and 4. f e e t   o v e r   d i s t a n c e s .  of about 

1000  f e e t   a l o n g  s t r ike .  The conglomerates   are   exposed  in  

SWk, sec.   27,   T.29S. ,  R . l 4 W . ,  and NWk, s e c .  10, T.30S., 

R. 14W. 

H i g h e r   i n   t h e   s e c t i o n ,  some 2-foot  beds of q u a r t z  

sands tone   conta in ing   abundant   mar ine   foss i l s   occur .   F igure  

7 i l l u s t r a t e s   a n   o u t c r o p  of t h e s e   r o c k s   i n   t h e  SWk of sec-  

t i o n  1 9 ,  T.29S., R.14W.  The f o l l o w i n g   f o s s i l s   w i t h i n   t h e s e  

o u t c r o p s   w e r e   t e n t a t i v e l y   i d e n t i f i e d  by t h e   w r i t e r :  
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Kur 

39 

F i g u r e  5. High  peak i n  sec. 36, T.29S., R. 14W., viewed  from 
t h e  east  s i d e   o f  sec. 1, T .  30S., R .  14W. R e e f  
Limestone Member (Kur)   over ly ing   Limes tone-Shale  
Member ( K u l )  of U - B a r  Format ion .  L a t i t e  ( T l a )  
forms  rounded h i l l   v i s i b l e  on l e f t   s i d e  of pho to .  

, . .. ,~. .. . ,. . .. . .  

F i g u r e  6 .  Pe lecypod  l imes tone   coquina  b e d  c h o s e n   a s   t h e  
l o w e s t   u n i t   o f   t h e   U p p e r  Member o f   t h e  Mojado 
Format ion .  
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Figure  7. B r a c h i o p o d   a n d   p e l e c y p o d   f o s s i l s   i n   q u a r t z i t e s  

exposed i n  SWk, s e e .  1 9 ,  T.2YS., R . 1 4 W .  
of the  Upper Member o f  t h e  Mojado Formation,  
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Pelecypods; - Arca   sp . ,   Brachydontes   sp . ,   Nei thea   t exana  

(Roemer) , N u c u l a   s p . ,   P r o t o c a r d i a  " t exana   (Conrad) ,   Yold ia  

.sp.~,   Gastropods;  . .~Cas.siope sp, ,_ .Lunat ia ,   and   var ious   spec ies  

of T u r i t e l l a ,   n o t   s p e c i f i c a l l y   i d e n t i f i e d .   Z e l l e r  (1965 ,  

p .  71) h a s   i d e n t i f i e d   H a p l o s t i c h e   t e x a n a   ( C o n r a d ) ,  as w e l l  

as many o t h e r   f o s s i l s  from t h e s e  same ou tc rops .  

Py r i t e   mo lds   and   l imon i t e   p seudomorphs   a f t e r   py r i t e   a r e  

- - "-e-n"ountered..;r.-though~ . ~ ~ . t . - a c b u n d a n t . , ~ n - ~ I t ~ ~ ~ a ~ ~ s ~ ~ ~ ~ . ~ ~ e - s .  

The t o p  of  t h e  Mojado  Formation i s  nowhere  exposed i n   t h e  

S i e r r a   R i c a   b e c a u s e  i t  i s  c o v e r e d   e i t h e r  by a l lochthonous  

t h r u s t   p l a t e s  o r  by a l luvium. The maximum t h i c k n e s s  of  the 

exposed   pa r t  of  t h e  Upper Member, ca l cu la t ed   f rom  d ip   and  

outcrop  w i d t h ,  i s  approximately 1000 f e e t ,  The t o t a l   t h i c k -  

ness  o f  Mojado  Formation  exposed i n  t h e   S i e r r a   R i c a  i s  

t h e r e f o r e   a b o u t  5000 f e e t .   Z e l l e r ' s  (1965 ,  p .  103) measure- 

ment i n   t h e   t y p e . . l o c a l i t y   g a v e  a th ickness .  of 5295 f e e t ,  

w h i c h   i n d i c a t e s  t h a t  on ly   the   very   uppermost   por t ion  of  t he  

format ion  i s  n o t   e x p o s e d   i n   t h e   S i e r r a   R i c a .  

Cor ' re~lat ion of Lower Cretaceous Rocks 

The U-Bar and  Mojado  formations as .exposed i n   t h e  

S i e r r a   R i c a   c o r r e l a t e   b o t h   l i t h o l o g i c a l l y   a n d   p a l e o n t o l o g i c -  

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

M o u n t a i n s .   D e t a i l e d   p a l e o n t o l o g i c a l   s t u d i e s  of  t h e   f a u n a l  

assemblages  undertaken by  Z e l l e r  ( 1 9 6 5 )  i n d i c a t e  t h a t  the  

.&Bar. and.  Mojado  formations  are o f  T r in i ty -P rede r i cksburg -  
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Washita age.  The  overall^ p a t t e r n  of t e r r igenous   s ed imen ta -  

t i o n   f o l l o w e d  by ca rbona te s   wh ich   a r e   i n   t u rn   fo l lowed  by 

- t e r r i - g e n o u s .   c l a s   t i c s  has e been wel l . - -&tabl i shed  f a r  t h e  Lower 

Cretaceous  rocks of southwes tern  New Mexico  and  southeastern 

Arizona.  The l i t h o l o g i e s   a r e   t h e   e x p r e s s i o n  of a b a s i n  of 

depos i t i on ,   pe rhaps   geosync l ina l  , which d e v e l o p e d   i n   l a t e  

Ju ras s i c -ea r ly   Cre t aceous   t ime .  The bas in   p robab ly   ceased  

t-0- exist^ -towards  -the.-Fnd--"&  ~"em-ly"%re-taceous t ime  -a.s- . . there 

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

of southwes tern  N e w  Mexico or sou theas t e rn   Ar i zona ,  The 

U-Bar Formation i s  t h e   e x p r e s s i o n   o f  a warm, marine  environ- 

ment,   whereas  the Mojado Formation i s  t h e   e x p r e s s i o n  of a 

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

environment .  

The t h i c k n e s s  .of E a r l y  Cre t aceous   rocks   i n  the Big 

Hatchet   Mountafns- . . fs   s l igi- i t ly   less   than 1 0 , 0 0 0  ' . f e e t .  T h i s  

i s  i n   g r e a t   c o n t r a s t   t o   t h e   t h i c k n e s s  of  Ear ly   Cre taceous  

r o c k s   i n   t h e   L i t t l e   H a t c h e t   M o u n t a i n s ,  17,000-21,000 f e e t ,  

as r e p o r t e d  by Lasky (1947). Although  good  correlat ion 

ex i s t s   be tween  the  S i e r r a  R i c a  and  the  Big  Hatchet  Mountains,  

n o   c o r r e l a t i o n   c a n  be made wi th  the   L i t t l e   Ha tche t   Moun ta ins  

a l t h o u g h   t h e   S i e r r a   R i c a  i s  e q u i d i s t a n t   f r o m   t h e s e  two 

ranges.   Furthermore , Lasky (1947, p .  131, on t h e  basis of 

p a l e o n t o l o g i c   e v i d e n c e  , d a t e s  h i s  l7,OOO- t o  21,000-foot 

s u c c e s s i o n  as T r i n i t y   i n   a g e .   I n   o t h e r  words , w h i l e  a 3000-  

f o o t  s u c c e s s i o n  o f  He'll--td-Finish  Formation  and  lower U-Bar 



Format ion   were   be ing   depos i ted   in   the   Big   Hatche t   Mounta ins  

and t o   t h e   e a s t  of t h e   S i e r r a  R i c a ,  a s u c c e s s i o n   t h i c k e r  

.. than  1 7 , 0 0 0  -~l ; - .was. . .being. . .deposi~e.d._less  . t h n  20 miles  

away, i n   t h e   L i t t l e   H a t c h e t   M o u n t a i n s .  Lasky ( 1 9 4 7 )  r e p o r t s  

f o u r   c y c l e s  of t e r r i g e n o u s  clastics-carbonates-terrigenous 

c l a s t i c s   i n  h i s  sed imen ta ry   success ion ,  with t h i c k   i n t e r -  

bedded  volcanic   sequences.  A more r e a s o n a b l e   i n t e r p r e t a t i o n  

- - i - s - - t h - a t ~ . r t ~ ~ e . ; ~ . n o J 3 m a ~ ~ ~ ~ ~ ~ x ~ ~ ~ ~ r e ~ ~ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ e - . ~ ~ r - ~ : h ~ = s ~ a p ~ . ~  

has   been   r epea ted  by  t h r u s t   f a u l t i n g   i n  the L i t t l e   H a t c h e t  

Mounta ins .   Ze l le r   (ora l   communica t ion ,   1969)   repor t s   the  

presence  of abundant   and   very   complex   th rus t ing   in  t h e  

L i t t l e  Hatchet  Mountains.  The ancmalous  thickness  of Lower 

Cre t aceous   s ed imen t s   i n   t he  L i t t l e  Hatchet  Mountains  and 

t h e   p o s s i b i l i t y  of r e p e t i t i o n  by f a u l t i n g  are  g r a p h i c a l l y  

e x p r e s s e d   i n   f i v e   s t r a t i g r a p h i c  columns  constructed for 

-. t h i s   p o r t i o n .  of N e w  Mexi-co  and^ Arizona by Z e l l e r  (1965,. 

P.  7 4 ) .  
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'Upper  'Cretaceous  and  Tertiary  Igneous Rocks 

.Gene'r.d~ .D . . . . es  cript 'i 'on 

No sedimentary   rocks  of Upper  Cretaceous or T e r t i a r y  

age   a r e   exposed   i n   t he   a r ea   cove red  by  t h i s  r e p o r t .  The 

Lower C r e t a c e o u s   r o c k s   a r e   d i r e c t l y   o v e r l a i n  by  k l i p p e n  of 

P a l e o z o i c   r o c k s ;   T e r t i a r y  or Q u a t e r n a r y   v o l c a n i c s ;  or 

Quate rna ry   a l luv ium.  The Skunk  Ranch fanglomera te  mapped 

.by:Strongin (1958,  p .  3 2 )  . t o   t h e  e.ast~ of Doyle's  Peak  does 
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no t   appea r   t o   be   any th ing   o the r   t han   ca l i che -cemen ted   ped i -  

ment. 

._NFne..dis.t.ingul.shab.l.e_igns~rock ~unit~s of T e r t i a r y  

age  were mapped i n   t h e   a r e a   c o v e r e d  by  t h i s   r e p o r t .   F i v e  

of t h e s e   u n i t s   a r e   i n t r u s i v e  and f o u r   a r e   e x t r u s i v e .  The 

ages  and  sequence of t h e   i g n e o u s   r o c k s   ( s e e   t a b l e  1) have 

been   a s s igned  on t h e  basis of data b o t h   f r o m   w i t h i n   t h e   a r e a  

. ~ : r m a p p e . d . ’ a n r d r . f r a m r r e - g ~ a n t i ~ ~ ~ ~ . ~ b ~ l ~ ~ ~ e ~ - d ~ ~  f-or--?hi-s--p-ortion -of 

sou thwes te rn  New Mexico  (Lasky, 1947; S t r o n g i n ,  1958) .  The 

w r i t e r ’ s   i n t e r p r e t a t i o n  of t he   r e l a t ionsh ip   be tween   i gneous  

even t s   and   t ec ton ic   even t s  i s  d i s c u s s e d  la ter .  

B a s a l t - a n d e s i t e  

T h i s  u n i t  i s  exposed  over  most of  sec.   24,   T.29S. ,  

R.14W. ,  and   ex tends   no r thwes tward   i n to  the a d j o i n i n g   s e c -  

.. . t ions  and  e.astward  . into  Mexico.  Adjacent t o   t h e   i n t e r -  

na t iona l   border   the   un i t   fo rms   low,   rounded ,   dark-colored  

h i l l s ,  The rock has been  deeply  weathered  and much of t h e  

outcrop   has   b roken  down t o   f o r m  a b l a c k   C - h o r i z o n   s o i l .  

W i t h i n   t h e   a r e a  mapped, t h e   u n i t  i s  sur rounded on a l l  sides 

by a l luv ium.  It i s  exposed  over  a v e r t i c a l   i n t e r v a l   i n  

excess  of  300 f e e t .  

In   hand   spec imen  the   rock  i s  m e l a n o c r a t i c   p o r p h y r i t i c -  

a p h a n i t i c ,  w i th  1- t o  3-mm s u b h e d r a l   p l a g i o c l a s e  pheno- 

crysts .   Phenocrysts   comprise   between 5 and 25 p e r c e n t  of 

the   rock  volume.   Ferromagnesian  phenocrysts   are   very 
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r a r e l y   o b s e r v e d   i n   h a n d   s p e c i m e n   i n v e s t i g a t i o n .  Two samples 

were  examined i n   t h i n   s e c t i o n .  One i s  a n d e s i t i c ,   c o n t a i n i n g  

92   percent - .p l .ag ioc lase   a l te re .d   to . lcd lc i te .   and   ep idote  , 5 

p e r c e n t   b a s a l t i c   h o r n b l e n d e   a l t e r e d   t o   i r o n   o x i d e s ,  2 per -  

cen t   magnet i te ,   and  a t r a c e   o f   a u g i t e   a n d   q u a r t z .  Some 

secondary   ve in ing  of a d u l a r i a  i s  a l s o   p r e s e n t .  The o t h e r  

sample i s  b a s a l t i c ,   c o n t a i n i n g  58 p e r c e n t   p l a g i o c l a s e ,  25  

p e r c e n t  -.g 1as.s .,.-. 6 . . . r ~ ~ e r _ c . e n j ; ~ . ~ p ~ ~ o ~ ~ n e  al$elre .d- to   i ron ..oxides , 
5 pe rcen t   magne t i t e   and  6 p e r c e n t   q u a r t z .  This  sample  might 

be  termed a q u a r t z   b a s a l t .   A l t h o u g h   n o t   o b s e r v e d   i n   t h e s e  

two t h i n   s e c t i o n s ,   c h l o r i t i z a t i o n  o f  t h e  ferromagnesian 

mine ra l s  i s  u b i q u i t o u s ,   g i v i n g   t h e   w e a t h e r i n g   o u t c r o p  a 

d a r k   g r e e n   t i n t .  The m a g n e t i t e   s e e n   i n   t h e   t h i n   s e c t i o n s  i s  

probably   secondary ,   and   der ived   f rom  the   ox id iz ing   fe r ro-  

magnesian  minerals .  Zoned p l ag ioc la se   phenoc rys t s   were  

o b s e r v e d   i n   t h i n   s e c t i o n ,  and the   compos i t ion   e s t ima ted  as 

ranging  between tha t  o f   l a b r a d o r i t e  and andes ine .  

Although  the  outcrop  gives   an  impression o f  t h i c k  

hor izonta l ly-bedded   f lows  when viewed  from a d i s t a n c e ,  no 

bedding   could   be   de te rmined  on the   ou tc rop .  Flow s t r u c t u r e  

was no t   v i s ib l e   i n   hand   spec imen ,   bu t   t r aces   ' o f   f l ow lamin- 

a t i o n   w e r e   e x h i b i t e d  by  t h e   g l a s s y   m a t e r i a l   i n  one  of  the 

th in   s ec t ions   examined .  It seems p r o b a b l e   t h a t   t h e s e  

v o l c a n i c s   a r e  composed  of   f lows  differ ing i n  composition. 

S u c h   d i f f e r e n t i a t i o n  was not  mappable,   however,   and  the 

rocks   have   been   grouped   in to  one u n i t ,  mapped a s   b a s a l t -  
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a n d e s i t e .  
. .  

No c o n t a c t   r e l a t i o n s h i p s ,   o t h e r   t h a n  a younger   rhyo l i t e  

p l u g   i n  the  NE%, sec.   24,   T.29S. ,  R . l b W . ,  are a v a i l a b l e   t o  

e s t a b l i s h   t h e   a g e  of the  volcanics .   Lasky (1947, p.   21)  has 

c o r r e l a t e d  these vo lcan ic s   w i th  t h e  Hidalgo  Volcanics  mapped 

by  him i n   t h e  L i t t l e  Hatchet  Mountains.  He cons idered   the  

Hidalgo  Volcanics  t o  be of ea r ly   Cre t aceous   age ,   and   i n t e r -  

bedded wi th  Lower Cretaceous  sediments .  No ev idence  of 

i n t e r b e d d i n g  was o b s e r v e d   i n   t h e   S i e r r a   R i c a ,   h o w e v e r .   I n  

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

Lower Cretaceous  sediments  and o l d e r   t h a n  the i n t r u s i v e  

r h y o l i t e   p l u g  of probab le  l a te  T e r t i a r y  age. 

L a t i W - d a c i t e  

Exposed i n  a number of small o u t c r o p s   i n   t h e   c e n t e r   a n d  

t h e   s o u t h e a s t   . p o r t i o n  of  t he   .Apache   Va l l ey ,   t hese   rocks   a r e  

d i s t ingu i shab le   i n   hand   spec imen   f rom the b a s a l t - a n d e s i t e  

u n i t ,   a n d  are t h e r e f o r e  mapped as a d i f f e r e n t   u n i t .  Out- 

c rops   a r e   deep ly   wea the red ;   t he   f r e shes t   ou tc rop   and  best  

exposure of t h e s e   v o l c a n i c s  i s  around the base  of t he   con ica l  

h i l l  formed by  a n   i n t r u s i v e   p l u g   i r s e c .  15, T.29S.,  R.14W. 

In.  hand  specimen a f resh   sample  i s  mesocratic-melanocratic, 

gray-brown  porphyr i t ic -aphani t ic  w i t h  42- to 2-mm s o d i c  

p l a g i o c l a s e   p h e n o c r y s t s .  The volume of phenocrysts   seldom 

exceeds 1.5 percen t ,   and  i s  gene ra l ly   abou t  1 0  p e r c e n t .  One 

th . in   s ec t ion   cu t   f rom a sample of  t h i s  rock   conta ins  6 4  
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p e r c e n t   p l a g i o c l a s e   a l t e r e d   t o   s e r i c i t e  and c a l c i t e ,  15 

p e r c e n t   o r t h o c l a s e ,  2 p e r c e n t   q u a r t z ,  16  pe rcen t   ho rnb lende  

. . a l t e r e d   t o   c h l o r i t e ,   i r o n   o x i d e s  and c a l c i t e ,  2 p e r c e n t  

b i o t i t e  and 1 percen t   magne t i t e .   Ou tc rops   a r e   t oo   wea the red  

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

.poor ly   deve loped   p re fe r r ed   orientation of t h e   f e l d s p a r  laths 

w h i c h   s u g g e s t s   a n   e s s e n t i a l l y   h o r i z o n t a l   l a y e r i n g .  It i s  

-&oss.ible .... that ~ . ~ ~ - l a t . i ~ e ~ . a c ~ ~ e e t - ~ - g e n e ~ ~ . c a l l y . - r . e . l a t e d  

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

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

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

by which i t  i s  i n t r u d e d   i n   s e c .  15, T.29S., R.14W. 

Gran i t e  

G r a n i t e  is e x p o s e d   i n   f o u r  small o u t c r o p s   i n   s e c s .  1 3  

and 1 4 ,  T. 30s. , R. 14W., t o  the south  and  southwest  of  the 

Border  Tank. More e x t e n s i v e   o u t c r o p s   o c c u r   i n  Mexico, 

a d j a c e n t   t o  the i n t e r n a t i o n a l   b o r d e r .  

The contact  metamorphism  and  pyrometasomatic  mineral-  

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

ou tcrops   . ex tend   . th roughout   the  area i n d i c a t e d  as a meta- 

morphic   aureole  on t h e   g e o l o g i c  map ( p l .  l ) .  The exposed 

g r a n i t e   m u s t   b e   p a r t  of a n   i n t r u s i v e  tha t  was large  enough 

t o  have  metamprphosed a t  l e a s t  5 squa re   ,mi l e s  of outcrop .  

The m o n z o n i t i c   i n t r u s i v e   a n d   a s s o c i a t e d   m i n e r a l i z a t i o n   i n  

t h e  Apache Hil ls ,  a n d   t h e   m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a ,  
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may b e   g e n e t i c a l l y   r e l a t e d  to t h e   g r a n i t e .  

I n   o u t c r o p ,   t h e   g r a n i t e  i s  weathered   and   f r iab le   and  

has   broken down t o  form  gravel.   Noteworthy i s  the   h igh  

magne t i t e   con ten t  of t he   s ands   and   g rave l s   i n   t he   washes  

d r a i n i n g   t h e   a r e a  of ou tc rop .  In hand  specimen a f r e s h  

s u r f a c e  of t h e   g r a n i t e  i s  l eucoc ra t i c   p ink i sh -whi t e   and   has  

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

from 1 to 15 mm and  averaging  about  8 nun. 
G r a n i t e   e x p o s u r e s   i n   G r a n i t e  Pass, a t  the   sou the rn   end  

of t he   L i t t l e   Ha tche t   Moun ta ins   abou t  15 miles n o r t h  of west 

of t h e   g r a n i t e   e x p o s e d   i n  the S i e r r a   R i c a   w e r e   v i s i t e d  by 

the   wr i t e r .   These   ou tc rops   were   desc r ibed  by Lasky (1947, 

P.  33) :  

The g r a n i t e  weathers t o   f r i a b l e   g r a v e l . . . T h e   r o c k  
i s  p o r p h y r i t i c   a n d   c o n s i s t s   e s s e n t i a l l y  of g r a i n s  
of q u a r t z   r e a c h i n g  % i n c h   i n   d i a m e t e r   a n d   c r y s t a l s  

i n c h   i n   l e n g t h   i n  a c o n t i n u o u s   g r a d e d   s e r i e s .  A 
of p ink   o r thoc la se   and   mic roc l ine  as much as an 

p r e s e n t  w i t h  5 t o  '10 p e r c e n t  of corroded  book- 
few  zoned c r y s t a l s  of o l i g o c l a s e - a n d e s i n e   a r e  

l i k e   p l a t e s  of  brown b i o t i t e ,  1 to 2 m i l l i m e t e r s  
a c r o s s .  The a c c e s s o r y   m i n e r a l s   a r e   a p a t i t e ,  
magne t i t e ,   and   z i r con .  The a l t e r a t i o n   m i n e r a l s  
a r e   s e r i c i t e ,   c h l o r i t e ,  a n d   c a l c i t e .  

Th in - sec t ion   ana lyses  of gran i t e   s amples   f rom  the  

S ie r r a   R ica   and   f rom  Gran t t e  Pass i n   t h e   L i t t l e   H a t c h e t  

Mountains  are  compared  below: 
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.Quar t z  
Or thoc la se  

B i o t i t e  
P l a g i o c l a s e  

Magnet i te  
A p a t i t e  
Sphene 
Ru t i  l e  
Zi rcon  

Volume P e r c e n t  

S i e r r a   R i c a  

2 7  
48 
18 
5 

Trace 
Trace 
Trace 
Trace 
Trace 

Gran i t e  Pass 

22  
46 
25 

6 
Trace 
Trace 
Trace 

" 

I n   b o t h   s a m p l e s  of  g r a n i t e   t h e   p l a g i o c l a s e s   a r e   s l i g h t l y  

s e r i c i t i z e d  a n d   t h e   b i o t i t e s   a r e   c h l o r i t i z e d .   F i g u r e  8 ,  a 

photomicrograph of t h e   g r a n i t e   w h i c h   o c c u r s   i n   t h e  Sierra  

R i c a ,   i l l u s t r a t e s   t h e   a l t e r a t i o n .  

P e t r o g r a p h i c a l l y   t h e s e   r o c k s   a r e   v e r y   s i m i l a r .  They 

a l s o   h a v e  a s imi l a r   ou tc rop   appea rance   and   con tac t  metamor- 

ph ic   au reo le .   Fu r the rmore ,  a r eg iona l   ae romagne t i c   su rvey ,  

p a r t  of  which i s  reproduced  .in...p.late 3 ,  i n d i c a t e s  t ha t  t h e  

g r a n i t e   e x p o s e d   i n   t h e   S i e r r a   R i c a   e x t e n d s   i n  a west- 

n o r t h w e s t e r l y   d i r e c t i o n   u n d e r   t h e   S i e r r a   R i c a   a n d   t h e n  

swings  westward  under   the  Hatchet   Val ley  to   crop  out   again 

i n   G r a n i t e  Pass. 

Lasky ( 1 9 4 7 ,  p .  38 ,  F ig .  4 )  s u g g e s t s  a Cretaceous-  

Eocene  age for t he   Gran i t e  Pass g r a n i t e ,  b u t  i n d i c a t e s  i t  

as b e i n g  of  T e r t i a r y   a g e  on h i s  geo log ic  map o f  t h e   L i t t l e  

Hatchet   Mountains .   Zel ler   (oral   communicat ion,  1969)  s t a t e d  

t h a t   t h e   G r a n i t e  Pass g r a n i t e  has b e e n   r a d i o m e t r i c a l l y   d a t e d  

as e a r l y   T e r t i a r y   i n   a g e ,  The g r a n i t e   e x p o s e d   i n   t h e   S i e r r a  
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Figure  8. B i o t i t e   g r a n i t e   f r o m   o u t c r o p   i n   s e e .  13,  T.30S., 

b i o t i t e ,  K-fd = o r t h o c l a s e .  
R.14W. Crossed n i c h o l s .  Qz = q u a r t z ,  B i  = 

c 
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Rica  wou ld   t he re fo re   appear t o  be of E a r l y  Te r t i a ry   age .  

It i s  at l e a s t   y o u n g e r   t h a n   t h e  Lower Cretaceous  sediments  

which i t  i n t r u d e d  .and o l d e r   t h a n   t h e   p r o m i n e n t   l a t i t e   d i k e  

w h i c h   t r a n s e c t s   t h e   S i e r r a   R i c a ~ a n d   w h i c h   c o n t a i n s   g r a n i t e  

x e n o l i t h s .  

Lamprophyre 

Seven  lamprophyre  dikes  were mapped i n   t h e   e a s t e r n  and 

s o u t h e a s t e r n   S i e r r a   R i c a ,   i n   t h e   p r o x i m i t y  o f  t h e   t n t e r -  

n a t i o n a l   b o r d e r .  The dikes   have a random o r i e n t a t i o n   a n d  a 

random d i s t r i b u t i o n .  They v a r y   i n   s i z e   f r o m  a few f e e t   i n  

width  and a few t e n s  of  f e e t  i n  l e n g t h   t o   t e n s  of f e e t   i n  

wid th  and  hundreds o f  f e e t   i n   l e n g t h .  

I n   t h e   S i e r r a   R i c a ,   o n l y  Lower Cretaceous  sediments  

have   been   i n t ruded  by the  lamprophyre  dikes  , whereas i n   t h e  

L i t t l e   H a t c h e t   M o u n t a i n s   t h e   G r a n i t e  Pass g r a n i t e  i s  c r i s s -  

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

S i e r r a   R i c a .  Lasky ( 1 9 4 7  , p .  33) r e p o r t s   t h e s e   d i k e s  as 

occur r ing   t h roughou t   t he   L i t t l e   Ha tche t   Moun ta ins  , and 

S t r o n g i n  (1958,  p .  73) has r e p o r t e d  two such  dikes   f rom tine 

Apache H i l l s .  The lamprophyres of t h e   S i e r r a   R i c a   a r e  

dark-green t o  b l a c k ,   f i n e - g r a i n e d   t o   a p h a n i t i c  r o c k s .  I n  

some samples   needles  of hornblende   and   f lakes  o f  b i o t i t e  

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

v i s i b l e ,   a l t h o u g h   r a r e .  One sample  examined. i n   t h i n   s e c -  

t i o n   c o n t a i n e d  67 p e r c e n t   p l a g i o c l a s e  w i t h  s a u s s u r i t i z e d  
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c a l c i c   c o r e s   a n d   u n a l t e r e d   s o d i c  rims, 28 pe rcen t   ho rnb lende ,  

4 p e r c e n t   b i o t i t e ,  and t races   o f   sphene ,   magnet i te ,   and  

o r t h o c l a s e .  The composition  of th i s  sample i s  d i o r i t i c ,  and 

r e p r e s e n t s   t h e   s p e s s a r t i t e   v a r i e t y  of  lamprophyre. 

The age  of   the  lamprophyre  dikes  i s  bracketed  between 

the   age   o f   the   g ran i te   which  i t  i n t r u d e s  and  the  age o f  t h e  

p r o m i n e n t   l a t i t e   d i k e  which t r a n s e c t s   t h e   S i e r r a   R i c a   a n d  

.co.nt.ains  ..lamprop.hyre x e n o l i t h s .  

L a t i t e  

Pe t rog raph ica l ly   and   t opograph ica l ly   t he   mos t   d i s t i nc -  

t i v e   i g n e o u s   r o c k   u n i t   i n   t h e  Sierra  R i c a ,   t h e   l a t i t e  

occurs  as an  unbroken  sinuous dike between 300 and 1500 f e e t  

w i d e   a n d   e x t e n d i n g   f r o m   t h e   i n t e r n a t i o n a l   b o r d e r   i n  a 

n o r t h w e s t e r l y   d i r e c t i o n   t h r o u g h   t h e  h i l l s  f o r  4% miles. 

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

point   where  the  cont inuous  dike  disappears .   Throughout   most  

of  i t s  l e n g t h   t h e   r e s i s t a n t   l a t i t e   d i k e   f o r m s  a prominent 

r i d g e .  The d i k e  was emplaced  a long a major   northwest-  

t r end ing ,   h igh -ang le   no rma l   f au l t .  

The l a t i t e  forms  round-weathering,  orange- t o  ochre- 

co lored   ou tcrops .   In   hand   spec imen a f r e s h   s u r f a c e  i s  gray 

t o   o c h r e   c o l o r e d ,   p o r p h y r i t i c - a p h a n i t i c ,   w i t h  1- t o  4-mm 

f e ldspa r   phenoc rys t s .   Euhedra l   o r thoc la se   and   sod ic   p l ag io -  

c l a s e   c r y s t a l s ,   s o m e t i m e s   z o n e d ,   a r e   p r e s e n t   i n   a p p r o x i -  

ma te ly   equa l   p ropor t ions .   Occas iona l   euhedra l   s an id ine  

c r y s t a l s  a l s o   o c c u r .  The phenoc rys t s  make up between 5 and 
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30 percen t   o f   t he   rock   vo lume ,   V i s ib l e   c rys t a l s  of p y r i t e  

a r e   o f t en   p re sen t ,   t hough   no t   abundan t .   Occas iona l   xeno l i th s  

o f  g ran i te   and   lamprophyre   are^ encountered .  The x e n o l i t h s  

seldom  exceed 2 i n c h e s   i n   d i a m e t e r .  

S i x   s a m p l e s   w e r e   e x a m i n e d   i n   t h i n   s e c t i o n ,  The average 

composition i s  as f o l l o w s :   Q u a r t z  2 7  p e r c e n t ,   s a n i d i n e  1 

p e r c e n t ,   o r t h o c l a s e  38 p e r c e n t ,   p l a g i o c l a s e  31 p e r c e n t ,  

- b i . o t i t e  1% ~p.ercent ,   "hornblende   I%--peTcent ,  ~ and t r a c e   amounts 

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

The q u a r t z  i s  o f t e n   p r e s e n t  as small @ - q u a r t z   c r y s t a l s .  

Wel l   deve loped   ca r l sbad   tw ins   o f   o r thoc la se   a r e  common, 

A l t e r a t i o n   p r o d u c t s   a r e   s e r i c i t e ,   i r o n   o x i d e s ,   c a l c i t e ,  

c h l o r i t e  a n d   e p i d o t e .   A l t e r a t i o n  i s  not  abu.ndant  and  the 

rock   appea r s   f r e sh   bo th   i n   hand   spec imen   and   i n   t h in - sec t ion  

i n v e s t i g a t i o n .   F i g u r e s  9 ,  1 0 ,  and 11 are  photomicrographs 

o f  t h e   l a t i t e .  

A l though   t he   qua r t z   con ten t   o f   t he   rock  i s  r e a d i l y  

v i s i b l e   u n d e r  the microscope,  i t  i s  n o t   v i s i b l e   i n   h a n d  

spec imen.   Therefore ,   a l though  the   rock   should   p roper ly  be 

termed a q u a r t z   l a t i t e ,  i t  i s  termed a l a t i t e   f o r   t h e   p u r -  

pose o f  mapping, s o  as t o   d i s t i n g u i s h  i t  f rom  ano the r   qua r t z  

l a t i t e   u n i t  w h i c h   c o n t a i n s   a b u n d a n t   v i s i b l e   q u a r t z .  

The a g e   o f   t h e   l a t i t e  i s  bracketed  between  the  age of 

the  lamprophyre  which i s  c c n t a i n e d   w i t h i n   t h e   l a t i t e   a s  

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

l a t i t e .  -The f a u l t   a l o n g  w h i c h   t h e   l a t i t e   d i k e   i n t r u d e d   s e t s  
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F igure  9. O r t h o c l a s e   c a r l s b a d  twin c r y s t a l  i n  l a t i t e  from 
l a t i t e   d i k e ,   s e e .   2 9 ,   T . 2 9 S . ,  R.14W. Crossed 
n i c h o l s .   M a t r i x  o f  q u a r t z ,   p l a g i o c l a s e   a n d  
o r t h o c l a s e .  

e Figure  1 0 .  O r t h o c l a s e   b a v e n o   t w i n   c r y s t a l   i n   l a t i t e  from 
l a t i t e   d i k e ,   s e e .  1 9 ,  T . 2 9 S . ,  R.14W. Crossed 
n i c h o l s .  .. M a t r i x  of  q u a r t z ,   p l a g i o c l a s e   a n d  
o r t h o c l a s e .  
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F i g u r e  11, @-quar t z   phenoc rys t   i n   mic rograph ic  l a t i t e  f rom 
l a t i t e  d i k e ,   s e c .  1, T.3OS., R . 1 4 W .  Crossed 
n i c h o l s .   M a t r i x  of  q u a r t z   a n d   f e l d s p a r .  
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a maximum age for t h e   l a t i t e   i n   r e l a t i o n  t o  t e c t o n i c   e v e n t s .  

Rhyol i te   Porphyry 

T h i s  r o c k . u n i t  i s  exposed as z-plng--forming the -promin- 

e n t   c o n i c a l   p e a k   i n   s e c .  15, T029S . ,  R . l 4 W . ,  and as flows, 

for t h e  most p a r t   h o r i z o n t a l ,   c r o p p i n g   o u t  as windows i n  

t h e   a l l u v i u m   i n   t h e  Apache Val ley.   Except  for t h e   p l u g ,   t h e  

outcrops  do  not  form p r o m i n e n t   t o p o g r a p h i c   f e a t u r e s   b u t  

u s u a l l y   o c c u r  as low  rounded  exposures.  The rock   %. .very  

h a r d ,   r e s i s t a n t  t o  e r o s i o n ,  and   the   ou tcrops   a re   no t   badly  

weathered.  

The r h y o l i t e   p o r p h y r y  i s  l e u c o c r a t i c   p o r p h y r i t i c -  

a p h a n i t i c ,  w i th  a c o l o r   r a n g i n g  from g r a y   t o   p u r p l e .  

Wea the red   su r f aces   a r e   u sua l ly   pu rp le  and fresh s u r f a c e s   a r e  

u s u a l l y   g r a y i s h .   P h e n o c r y s t s  of 1- t o  3-mm-sized q u a r t z ,  

-o r thoc la se ;   and   . p . l ag ioc la se ,   ho rnb lende   and   b io t i t e  occur  

i n   v a r y i n g  amounts .   Quar tz   and   fe ldspar   a re   the  most 

common phenocrysts   and may cons t i t u t e   be tween  10 p e r c e n t  

and 30 p e r c e n t  of the   rock  volume.   In  some o u t c r o p s   t h e  

golden-brown  weather ing   b io t i te   books   a re  more abundant 

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

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

v i s i b l e   i n  th i s  m a t e r i a l .  Some beds of ash-flow t u f f  occu r  

i n   t h e   o u t c r o p s   i n  NWk, s e c .  17, T.29S., R.14W.  

I n   t h i n   s e c t i o n   t h e   r h y o l i t e   p o r p h y r y   c o n t a i n s   q u a r t z  

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



T 1292 57 

c rys ta l s  ,' abundant   o r thoc lase  , t w i n n e d   a f t e r   t h e   c a r l s b a d  

and  baveno laws , s o d i c   p l a g i o c l a s e  , b i o t i t e ,   h o r n b l e n d e  , 
and   accesso ry   apa t i t e  .:and . z i r c o n ,   i n  a m a t r i x  of d e v i t r i f i e d  

g l a s s   i n  wh ich   f ea the ry   f e ldspa r  i s  inte.rgrown with s i l i c a .  

C h l o r i t e   a n d   c a l c i t e   a r e   t h e   p r i n c i p a l   a l t e r a t i o n   m i n e r a l s .  

The r h y o l i t e   p o r p h y r y  i s  younger   than   the  l a t i t e -  

d a c i t e   u n i t   w h i c h  i t  i n t r u d e s   i n   s e e .  15,  T.29S. , R.14W. , 
and ' .yonnger~ t h a n ~ : ~ . t h e . . ~ o . o r q u ~ i l l a . % ~ r . m ~ . t ~ i - o n ~ . a l . ~ o . ~ t h ~ o u s  

t h r u s t   p l a t e   w h i c h  i t  i n t r u d e s   i n   s e c .  18, T.29S. , R.14W. 

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

t h e   e x t r e m e   n o r t h e a s t   c o r n e r  of  t h e   a r e a  mapped.  However, 

two o t h e r   p o s s i . b i l i t i e s   a l s o   e x i s t ;  1) t h e   r h y o l i t e   p o r -  

phyry may on ly   be   o lde r   t han   t he   mos t   r ecen t  movement o f  

t h e   f a u l t ,   w h i c h  may have  been as l a t e  as i n   P l e i s t o c e n e  

time, and 2 )  t h e   r h y o l i t e   p o r p h y r y  may have   i n t ruded   a long  

t h e   f a u l t   a n d   e x t r u d e d   d o w n s l o p e   i n t o   t h e  Apache Va l l ey ,  

i m p l y i n g   t h a t   t h e   f a u l t  may p r e d a t e  t h e  rhyo l i t e   po rphyry .  

The t h i c k n e s s  of t h e  flows was n o t   d e t e r m i n e d ,   b u t   t h e i r  

d i s t r i b u t i o n .   s u g g e s t s  that  they  probably  seldom  exceed 200 

f e e t   i n   t h i c k n e s s .  

F e l s i t e  

Forming a n o r t h e a s t - t r e n d i n g   c l u s t e r  of long   s inuous  

o u t c r o p s   i n   t h e   c e n t e r  of t h e   a r e a  mapped and  exposed i n  a 

few i s o l a t e d   o u t c r o p s   t o   t h e   e a s t  of  t h e   a a d g e r  Tank  and 

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

p o r c e l a i n - l i k e   c o l o r   a n d   texture, The f e l s i t e   d i k e s   h a v e  

n o   t o p o g r a p h i c   e x p r e s s i o n ,   b u t - s t a n d   o u t  as wh i t e   s inuous  

bands i n   t h e   e n c l o s i n g   r o c k s .   I n   t h e   S i e r r a   R i c a   t h e y   a r e  

i n t r u s i v e   i n t o   t h e  Lower Cretaceous  sediments   and  a lso the 

l a r g e   l a t i t e   d i k e .   S t r o n g i n  (1958 ,  p.  6 5 )  has recorded  

numerous f e l s i t e  d ikes  i n   t h e  Apache Hills ,  and  Lasky  (1947, 

p .  35)~..has r eco rded  .a..numbe.r...o.f.smal.l f e l s i t e   d i k e s   a n d  

p l u g s   i n   t h e   n o r t h e r n  p a r t  of t he   L i t t l e   Ha tche t   Moun ta ins .  

I n   G r a n i t e  Pass, a t  the sou the rn   end  o f  t h e   L i t t l e   H a t c h e t  

Mounta ins ,   the   wr i te r   observed  a g r e a t  number of  f e l s i t e  

d ikes   cu t t ing   the   l amprophyre   which  i s  i t s e l f   i n t r u s i v e   i n t o  

t h e   G r a n i t e  Pass g ran i t e   body .  

I n   h a n d   s p e c i m e n   t h e   f e l s i t e  i s  a cream t o  white co lo red  

a p h a n i t i c   r o c k .  Very ra re   quar tz   phenocrys ts   can   somet imes  

be  found. The-y . .never  exceed 1 mm i n   d i a m e t e r .   L o c a l l y   t h e  

f e l s i t e  i s  s p e c k l e d   w i t h  small red-brown spots   which  under  

the hand lens   appea r   t o   be   l imon i t e   p seudomorphs   a f t e r   py r i t e .  

The d i k e s   a r e   v e r y   f i n e l y   j o i n t e d   a n d   i r o n   o x i d e s   i n   c o l -  

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

f r a c t u r e s   s t a i n i n g   t h e   j o i n t   s u r f a c e s  of t h e   f e l s i t e  a red- 

brown c o l o r .  A sample of f e l s i t e  examined i n   t h i n   s e c t i o n  

c o n t a i n e d   l e s s   t h a n  5 pe rcen t   qua r t z   and   o r thoc la se   pheno-  

c r y s t s   i n  a mic rograph ic   ma t r ix .  

I n   t h e   S i e r r a   R i c a   o n l y  a maximum age   o f   no t   o lde r   t han  

t h e   l a t i t e   u n i t   c a n   b e   a s s i g n e d  t o  t h e   f e l s i t e   u n i t ,  
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S t r o n g i n  (1958, p.  65) s t a t e s   t h a t   t h e   f e l s i t e s   i n   t h e  

Apache Hil ls  a r e   o l d e r   t h a n   l a t e   T e r t i a r y   p y r o c l a s t i c  

chy-o l i t  e~s . 
Q u a r t z   L a t i t e  

Ten small d i k e s  of q u a r t z   l a t i t e   c r o p   o u t   i n   t h e   v a l l e y  

t o   t h e   n o r t h  of the  Border  Tank. The outcrops  have no  

topograph ic   exp res s ion   and   a r e   bes t   exposed   i n   t he   s ides  o f  

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

b u f f - c o l o r e d ,   p o r p h y r i t i c - a p h a n i t i c ,  w i th  1- t o  2-mm pheno- 

c r y s t s  of s u b h e d r a l   q u a r t z  and o r t h o c l a s e ,   a n d   o c c a s i o n a l  

s a n i d i n e   c r y s t a l s .  The exposures   are   deeply  weathered,   and 

t h e   p l a g i o c l a s e  has decomposed to c l a y .  No s a m p l e s   s u i t a b l e  

for th in-sec t ion   examinat ion   were   ob ta ined .   In   hand   spec imen 

t h e   q u a r t z   l a t i t e   d o e s   n o t   r e s e m b l e   t h e   l i t h o l o g y  of the  

l a t i t e   u n i t ,  the p r i n c i p l e   d i f f e r e n c e   b e i n g  the abundance of 

q u a r t z   p h e n o c r y s t s .  No data for determining   the   age  o f  t h i s  

u n i t   a r e   a v a i l a b l e ,   o t h e r   t h a n  the f a c t   t h a t   t h e   q u a r t z  

l a t i t e  i s  younger   than   the  Lower Cretaceous U-3ar Formation 

sed imen t s   i n to   wh ich  i t  i s  i n t r u s i v e .  

Fh’yol’ite 

Rocks o f  t h i s  un i t   a r e   exposed  as p l u g s   i n   s e e s .  24 and 

2 5 ,  T.29S., R. 14W., and   a s   p lugs ,   d ikes ,  ash flows  and 

p y r o c l a s t i c  t u f f  b r e c c i a s   a l o n g   t h e   s o u t h e r n   f l a n k  of the  

S i e r r a  Rica. The p l u g s   s t a n d   o u t  as prominent l i g h t -  



T 1 2 9 2  6 0  

colored ,   weathered   ou tcrops .  The l i g h t - c o l o r e d   d i k e s  do n o t  

have  any  topographic   expression  and t h e  dark-colored ash 

flows  -and t u f f  -Irr.ec-cTas~..are ex~~sed--as"wl~d-ows^.in--alluvi-um 

i n   t h e   v i c i n i t y  of the  Badger  Tank. 

I n  hand  specimen,  samples  from  the  plugs  and dikes a r e  

l e u c o c r a t i c ,   c r e a m - c o l o r e d ,   p o r p h y r i t i c - a p h a n i t i c .  Sub- 

h e d r a l   t o   e u h e d r a l   p h e n o c r y s t s  of q u a r t z ,   o r t h o c l a s e ,  

. s .an i -d ine ,   and   -occas iona l ly   p lzg ioc lase- range   - in  -sl?ze-b-ctween 

1 and 4 mm, and  comprise  between 5 and 20 percent   o f   the  

rock  volume. The ave rage   phenoc rys t   con ten t  i s  probably  

about  1 0  percent .   Samples   f rom  the  ash  f lows  contain 

a b u n d a n t   v i t r e o u s   m a t e r i a l   i n c l u d i n g  some good q u a l i t y  

obs id ian   and   samples   f rom  the   tu f f   b recc ias   conta in   abundant  

d a r k - c o l o r e d   l i t h i c   f r a g m e n t s ,   p u m i c e   l a p i l l i  and ash, s o  

tha t   an   accu ra t e   de t e rmina t ion   o f   mine ra log ica l   compos i t ion  

i s  n o t   p o s s i b l e .   F i g u r e s  12 through 1 4  i l l u s t r a t e   t e x t u r e s  

o b s e r v e d   i n   t h e   t u f f s .  

Five  samples  o f  t h e  dike and p lug   rhyol i te   were   examined  

i n   t h i n   s e c t i o n .  The average   composi t iona l   va lues   a re   as  

f o l l o w s :   Q u a r t z ,   p r e s e n t   b o t h   a s   6 - q u a r t z   p h e n o c r y s t s   a n d  

i n   t h e  mat r ix ,  38 p e r c e n t ,   s a n i d i n e  11 p e r c e n t ,   o r t h o c l a s e  

45 p e r c e n t ,   p l a g i o c l a s e  4 p e r c e n t ,   b i o t i t e  2 p e r c e n t ,  and 

a c c e s s o r y   m a g n e t i t e ,   z i r c o n ,  and lepidomelane.  itone o f  the  

s a m p l e s   d e v i a t e   s i g n i f i c a n t l y   i n   c o m p o s i t i o n  from t hese  

average   va lues .  I n  t h i n   s e c t i o n   t h e  ash flows and t u f f  
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F igure  1 2 .  Welded a s h - f l o w   r h y o l i t e   t u f f ,   s h o w i n g   q u a r t z  
( Q z ) ,  s a n i d i n e  ( S )  and  hornblende (Hb) i n  a 

m a t r i x  of s h a r d s   w i t h   o c c a s i o n a l   c o l l a p s e d  

breccia u n i t ,  sec. 3 ,  T.30S., R.14W. Ordinary  
pumice l a p i l l i  (P). From l a t e  T e r t i a r y   r h y o l i t e  

l i g h t .  
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F i g u r e  13 .  Hornblende   ash- f low  rhyol i te   tu f f ,   showing 
o r i e n t a t i o n   o f   s h a r d s .  From l a t e  Tertiary 
r h y o l i t e - b r e c c i a   u n i t .   O r d i n a r y   l i g h t .  
Rec tangle   en la rged  i n  f o l l o w i n g   f i g u r e .  

F i g u r e  14 .  Enlargement of rec tang1.e   ou t l ined  i n  p rev ious  

and b i o t i t e   i n  a m a t r i x  of g l a s s   s h a r d s .  
f i g u r e .  Dark b l a d e d - c r y s t a l s   a r e   h o r n b l e n d e  

Black blebs a r e   m a g n e t i t e .   O r d i n a r y   l i g h t ,  
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b r e c c i a s   a r e   s e e n   t o   c o n t a i n   p h e n o c r y s t s  o f  q u a r t z ,   s a n i d i n e ,  

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

. s p h e r u l i t i c   t c a c h i t i c .  mat r ix ,  . P a r t i a l   d e v i t r i f i c a t i o n  of 

the  g l a s s y   m a t e r i a l   t o   o r t h o c l a s e  and s i l i c a  i s  ub iqu i tous .  

I n  hand spec imen  the   ash- f low  tuf fs   and   pyroc las t ics   a re  

red-brown t o  dark gray. B l a c k ,   v i t r e o u s   l i t h i c   f r a g m e n t s  

and pumice l a p i l l i   r a n g e   i n  s ize  between  powder-sized 

- . m a t e r i a l . ^ a n d . . ~ ~ n - c ~ - h l o . c k s .  

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

Lasky (1947,  p.  ,35) i n   t h e   L i t t l e   H a t c h e t   M o u n t a i n s .  Lasky 

a s s i g n s  a Miocene  age t o   t h e s e   r o c k s .   S t r o n g i n  (1958, 

p .  6 6 )  has d e s c r i b e d   r h y o l i t e   f l o w s ,   t u f f s ,   a n d   b r e c c i a s  

i n  t h e  Apache Hills. T h e s e   r o c k s   a p p e a r   t o   b e   l i t h o l o g i c -  

a l l y   e q u i v a l e n t   t o  the  r h y o l i t e   u n i t  mapped i n  the S i e r r a  

Rica.   Strongin  (1958,  p .  83) a s s i g n s  an age of middle  and 

upper  T e r t i a r y  t o  t h e   r h y o l i t e s  o f  t h e  Apache Hills ,  "on t h e  

b a s i s  of r e g i o n a l   r e l a t i o n s h i p s .  

About 2000 f e e t  due  west of the Badger  Tank the rhyo- 

l i t e  u n i t  i s  . o v e r l a i n  by Qua te rna ry  basal t  which  es tab-  

l i s h e s  a minimum age for t h e   r h y o l i t e   a s   n o t   y o u n g e r  than  

P l e i s t o c e n e .  The r h y o l i t e  i s  i n t r u s i v e   i n t o ,  and t h e r e -  

f o r e   n o t   o l d e r  than, the   a l lochthonous   l imes tone   exposed  

t o  the '   nor th  and east  of the  Badger  Tank. 
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Quaternary  Rocks 

Basalt 

Basalt ou tc rops   occu r   i n   on ly  two l o c a l i t i e s   i n   t h e  

S i e r r a   R i c a ,   c a p p i n g  a h i l l  of Lower.Cretaceous "Mojado 

Forma t ion   s ed imen t s   i n  the no r thwes t   co rne r  of s e c .  3, 

T.30S.,  R.14W. ( s e e   F i g u r e  E), and 2000 f e e t  due  west of 

the  Badger  Tank. 

I n  hand   spec imen  the   basa l t  i s  d a r k - g r a y   t o   b l a c k   i n  

c o l o r  and is  v e s i c u l a r .  The v e s i c l e s   i n d i c a t e  a h o r i z o n t a l  

f l ow  l aye r ing .   Non-ves i cu la r   l aye r s   a r e   b l ack   and   aphan i t i c .  

One sample  examined i n   t h i n   s e c t i o n  had t h e   f o l l o w i n g  com- 

p o s i t i o n ;   p l a g i o c l a s e   6 2   p e r c e n t ,   a u g i t e  8 p e r c e n t ,  

magne t i t e  9 p e r c e n t ,   o l i v i n e  20 p e r c e n t ,   a n d   t r a c e s  of  

a p a t i t e ,  and c a l c i t e   f i l l i n g  amygdules  (see  Figure 1 6 ) ,  

The p l a g i o c l a s e   r a n g e s   i n '   c o m p o s i t i o n   b e t w e e n   l a b r a d o r i t e  

:.and a n d e s i n e   . a n d d o r m s   e u h e d r a l   l a t h s   i n  a m a t r i x  o f  s u b -  

hedral t o  a n h e d r a l   a u g i t e  and o l i v i n e .  The o l i v i n e   h a s   b e e n  

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

f e l d s p a r s   a n d   a u g i t e   a r e   u n a l t e r e d .  

The' b a s a l t  i s  s i m i l a r   b o t h   i n   o u t c r o p   a p p e a r a n c e   a n d  

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

basa l t   f l ows   wh ich  are common throughout   southwes tern  New 

Mexico, s o u t h e a s t e r n   A r i z o n a  and n o r t h e r n  Mexico. The 

basalt  i s  the  younges t   igneous   rock   un i t  mapped i n   t h e   a r e a  

covered by t h i s  r e p o r t .  It i s  y o u n g e r   t h a n   t h e   r h y o l i t e  

p y r o c l a s t i c s   w h i c h  i t  o v e r l i e s   t o  the west of the   Badger  Tank 

( s e e  PI. 1). 
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F i g u r e  15 H i l l  i n  no r thwes t   co rne r   o f  sec. 3,  T.30S., 
R.14W. Q u a t e r n a r y  basalt  (ab) c a p p i n g   h i l l  of 
Mojad.0 F o r m a t i o n   q u a r t z i t e s   a n d   h o r n f e l s e s  (Kml), 
w i t h   p l u g s   o f   r h y o l i t e  ( T r b )  exposed i n  t h e   s i d e  
of t h e   h i l l .  

0 
F i g u r e  1 6 .  Quaternary   basa l t ,   showing  rounded   c rys ta l   o f  

p l e o c h r o i c   i d d i n g s i t e   a f t e r   o l i v i n e   i n   c e n t e r  
o f   f i e ld . ,   su r rounded   by   p l ag ioc la se   l a th s   and  

~. black m a g n e t i t e   g r a i n s .  
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Alluvium ~ . . . .. - 

About 25  squa re   mi l e s   o f   t he   a r ea  mapped are covered 

by a l l u v i u m   i n d i c a t e d  on t h e   g e o l o g i c  map ( p l .  1) as Holo- 

cene   a l luv ium.   A l though   no t   d i f f e ren t i a t ed  on t h e  map 

because o f  a l a c k  of c l e a r l y   d e f i n e d   b o u n d a r i e s ,  the  a l luv ium 

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

va l l ey   a l luv ium.  The deep   va l l ey   a l luv ium i s  nowhere 

"exposed."kLein.g  cover.ed-by-bigh ... v.alll~y-a~lluu.ium.. ...a. a v i t y  

data i n   t h e   H a t c h e t   V a l l e y   t o   t h e   s o u t h  of t h e   a r e a  mapped 

i n d i c a t e   t h a t   t h e   a l l u v i u m  may be  as  much as 5000 f e e t   t h i c k  

( s e e   p l .  4 ) .  I n  the area   covered  by this  r e p o r t  the  t h i c k -  

ness   p robably   does   no t   exceed   about  1 0 0 0  f e e t .  

I n   t h e  Apache V a l l e y ,   t o   t h e   n o r t h  of  t h e   S i e r r a   R i c a ,  

the "al luvium" i s  a mixture  o f  p e d i m e n t   a n d   a l l u v i a l   s o i l .  

Doyle  Creek has i n c i s e d   i n t o  a s l i g h t l y   c a l c a r e o u s   b l a c k  

s o i l  which i s  a t   l e a s t  40 f e e t  t h i c k .  The pediment i s  very 

ca lcareous   and  a zone  of   cal iche up t o  6 f e e t   t h i c k  i s  

encoun te red   immedia t e ly   be low  the   su r f ace   i n  many p r o s p e c t  

p i t s .  

The a l luv ium  a long   t he   wes t e rn  zne s o u t h e r n   f l a n k s  of  

t h e   S i e r r a   R i c a   c o n s i s t s   m o s t l y  o f  h igh  v a l l e y   g r a v e l s ,  

cemented by ca l i che .   These   g rave l s   ove r l i e   t he   deep   va l l ey  

g rave l s   wh ich  f i l l  up the   g rabens  of  t h e  Bas in  a.nd Range 

Province .  The v e r y   i r r e g u l a r   m a g n e t i c   p a t t e r n   o b t a i n e d   o v e r  

t h e   s o u t h w e s t e r n   f l a n k   o f   t h e   S i e r r a   R i c a   ( s e e   p l .  3 )  i n d i -  

c a t e s   t h a t   t h e .   a l l u v i u m  i s  u n l e r l a i n  by  vo lcanics .   These  
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e 
may b e   e i t h e r   l a t e   T e r t i a r y   r h y o ' l i t e s  o r  Q u a t e r n a r y   b a s a l t s ,  

o r  bo th .  
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STRUCTURE 

' .  . . .  Genera l   Desc r ip t ion  

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

i s  compatible  w i th  t h e   r e g i o n a l   p a t t e r n  f o r  southwes tern  itew 

Mexico  and sou theas t e rn   Ar i zona .  The most s t r i k i n g   s t r u c -  

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

mo.un.t.ain sanges   and a l l u v i u m - f i l l e d   v a l l e y s  of the  Basin  and 

Range P rov ince ,   and   t he   t h i ck   a l loch thonous   shee t s   t h rus t  

from t ne   sou th .   Fo ld ing ,   l ow-ang le   r eve r se   f au l t i ng ,   and  

h igh -ang le   no rma l   f au l t i ng  form t h e  mos t   p rominen t   s t ruc tu ra l  

f e a t u r e s   i n  the Sier ra   Rica .   Loca l ly   low-angle   reverse   and  

h igh-angle   normal .   fau l t s ,   bo th  w i t h  s m a l l   d i s p l a c e m e n t s ,  

occu r .   Sma l l - sca l e   d rag   fo ld ing   a s soc ia t ed  w i t h  f a u l t i n g  

a l s o   o c c u r s .  

T ie   ma in   t ec ton ic   even t s :   Fo ld ing ,   t h rus t ing ,   and   h igh -  

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

F o l d i n g  

The S i e r r a   R i c a  and  Apache Hills  form pa r t  o f  a l a r g e  

f a u l t e d   a n t i c l i n e .  The S i e r r a   R i c a  forms the s o u t h e r n  l i m b  

of t h e   a n t i c l i n e .   I n   t n e   a r e a  mapped t h e   a n t i c l i n a l  ax is  

t r e n d s   n o r t h w e s t   ( s e e  p l .  1). The c r e s t  o f  t h e   a n t i c l i n e  i s  

exposed  about 850 f e e t   s o u t h  of bo rde r   pos t   no .  4 1 ,  whera i t  

c r o s s e s   t h e   i n t e r n a t i o n a l   b o r d e r   i n t o  Mexico. I n   t h e  

n o r t h e r n  p a r t  o f  t h e   a r e a  mapped the a n t i c l i n a l   a x i s   a s s u m e s  

6 a  
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a n o r t h - n o r t h w e s t e r l y   t r e n d .  The ou tc rop   pa t t e rn ,   abundan t  

U-Bar  F o r m a t i o n   r o c k s   e x p o s e d   i n   t h e   s o u t h e a s t ,   b u t   n o t  

exposed i n   t h e   n o r t h w e s t   o f . t h e  area mapped, s u g g e s t s  t h a t  

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

S t r o n g i n  (1958,  p .  84)  has   r eco rded   minor   fo lds   i n  the 

Apache Hil ls  which p a r a l l e l   t h e   m a j o r   f o l d   i n   t h e  area mapped 

by t h e   w r i t e r .  

.. 

T h r u s t i n g  

Allochthonous  rocks  cover   about  3 squa re   mi l e s  of t h e  

a r e a  mapped, c ropp ing   ou t   a long   t he   sou thwes t   f l ank  o f  t h e  

S i e r r a   R i c a   a n d   i n   t h e  Apache Va l l ey .  The d i p  o f  the s o l e  

o f  t h e   t h r u s t s   i n   t h e   s o u t h w e s t e r n   S i e r r a   R i c a   a p p e a r s   t o  

vary  between 5 and 25 d e g r e e s   t o   t h e   s o u t h w e s t ,  whereas t h e  

t h r u s t   s o l e s   e x p o s e d   i n   D o y l e ' s   P e a k   a r e   e s s e n t i a l l y   h o r i -  

z o n t a l .  Some i m b r i c a t i o n   w i t h i n   t h e   t h r u s t   p l a t e s  was 

mapped, b u t  more was i n f e r r e d   f r o m   t h e   i n t e r r u p t e d  s t r a t i -  

g raph ic   s equence   w i th in   t he   Pa leozo ic   rocks   and   t he   p re sence  

of gash - f r ac tu res   ( s ee   F lgu re  17). The b e d d i n g   i n  the 

t h r u s t   s h e e t s   a l o n g   t h e   s o u t h w e s t   f l a n k  of  t h e   S i e r r a   R i c a  

d i p s  t o   t h e   n o r t h e a s t   a n d   n o r t h w e s t ,   i m p l y i n g . t h a t  the s o l e  

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

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

Doyle 's   Peak  where  Pennsylvanian  rocks  overl ie   Permian 

rocks .  This  i s  . i l l u s t r a t e d   i n   F i g u r e  18. X e i t h e r  of t h e  
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F i g u r e  1 7 .  C a l c i t e - f i l l e d   g a s h   f r a c t u r e s   i n   P a l e o z o i c  lime- 

concea led  imbricate f a u l t i n g .  
s t o n e   t h r u s t   s h e e t ,  s u g g e s t i n g   t h e   p r o x i m i t y  of 

* .  F i g u r e  18. D o u b l e   t h r u s t   e x p o s e d   i n   D o y l e ' s   P e a k .  V i e w  
f rom  the   sou thwes t .   Horqu i l l a   Fo rma t ion   (Ph)  
t h r u s t   o v e r   E a r p   F o r m a t i o n  ( P e )  which i s  t h r u s t  
over   the   Upper  Member of t h e  Mojado  Formation 
-(ICmu). L a t i t e  (Tla) exposed i n  l o w e r   l e f t  
fo reg round .  ~. 
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t h r u s t   s o l e s   a r e   e x p o s e d ,   b u t  t h i s  sequence of rocks i s  

i n t e r p r e t e d  as an   imbr i ca t e   t h rus t   i n   wh ich   t he   Pennsy lvan ian  

beds  overrode  the  Permian  beds  which  acted  as  a g l i d e   p l a n e .  

Spec tacular   d rag   fo ld ing   and   gouge  i s  exposed   loca l ly  

a t   t h e   b a s e  of t h e   t h r u s t s .  The complex f a u l t   p a t t e r n   i n  

t h e  Mojado  Formation  rocks  exposed on the   nor th   and   wes t  

s l o p e s  of Doyle's  Peak i s  probably a r e s u l t  of r o c k   f r a c t u r e  

u n d e r   t h e   s t r e s s  of t h e   a d v a n c i n g   t h r u s t   p l a t e s .   I n t e n s e  

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

exposed i n   s e e .  3 2 ,  T.29S. Fi.14'd.  a n d   f r a c t u r i n g   w i t h o u t  

drag f o l d i n g  i s  exposed i n   t h e   s o u t h w e s t   c o r n e r  of s e c ,  33, 

T.29S. R.1LIW. 

~ ~~ ~ 

Local ly ,   the   lowermost  3 f e e t  o f   the   l imes tone  t h r u s t  

s h e e t s   h a v e   r e c r y s t a l l i z e d   t o  a w h i t e   c a l c i t e  spar wi th  

i n d i v i d u a l   c r y s t a l s   a s   l a r g e  as 8 i n c h e s   i n   l e n g t h   ( s e e  

Figure 19). For t h e  most par t ,   however ,   the   rocks   above  

t h e   s o l e   o f   t h e   t h r u s t s   d o e s   n o t   e x h i b i t  marked  gouging. 

T h i s  i s  i n   s h a r p   c o n t r a s t   t o   t h e   s e d i m e n t s   b e n e a t h  the  s o l e  

of t h e   t h r u s t .   L o c a l l y ,   t h e  Mojado  Formation  quartzi te  has 

been   c rushed   t o  a depth of 4 f e e t   b e l o w   t h e  f a u l t  c o n t a c t .  

The c rus 'hed   mater ia l   ranges   in   s ize   be tween  powder-s ize   and  

2- inch  angular   blocks  and i s  cemented by s i l i c a   ( s e e   F i g u r e  

2 0 ) .  
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F igu re  1 9 .  Bands of r e c r y s t a l l i z e d   c a l c i t e  i n  Escabrosa  

t h r u s t   i n   s e c .  32, T.29S., R.14W. 
l imes tone  immediately above the b a s e  o f  t h e  

F igu re  20. F a u l t  gouge   and   b recc ia   i n  Mojado  Formation 
q u a r t z i t e   b e l o w   t h e  base of the  a l lochthonous  
l i m e s t o n e   t h r u s t   s h e e t   i n   s e c .  3 2 >  T.29Sa,  
R. 14W. 
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High-angle  Normal  Faulting 

A zone of  h igh-angle   normal   fau l t ing   ex tends   d iagonal ly  

a c r o s s   t h e   a r e a   c o v e r e d  b y  th i s  r e p o r t .   E n t e r i . n g   t h e   a r e a  

about  1 m i l e   n o r t h  of bo rde r   pos t   no .  42 ( s e e  p l .  l), t h e  

f a u l t  zone e x t e n d s   i n  a wes t -no r thwes te r ly   d i r ec t ion   t h rough  

t h e . S i e r r a   R i c a ,  and  changes t o  a n o r t h w e s t e r l y   d i r e c t i o n  i n  

the   no r thwes te rn  p a r t  o f  t h e   a r e a  mapped. Tne f a u l t  zone 

. -pa ra lLe l s   . t he   t r end  ...o ~hP; I r s t i cL i_n .a l : . ax i s   .wh ich~ . runs   t h rough  

t h e  Apache Va l l ey .  The f o l l o w i n g  phenomena a r e   p r e s e n t e d   a s  

ev idence  for t h e   f a u l t   z o n e :   D r a g   f o l d i n g   a n d   s l i c k e n s i d e s  

e x p o s e d   i n   t h e   e a s t e r n   h a l f  of s e c .  19,  T.29S., R.14W.i 

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

w i t h i n   t h e  Apache V a l l e y   a n d   n o r t h e r n   S i e r r a   R i c a ;   m u l t i p l e  

s u b p a r a l l e l   s l i c k e n s i d e d ,   d r a g f o l d e d   s h e a r   z o n e s  i n  s e c .  28, 

T.29S., R.1IIW.; a b r e c c i a t e d   f a u l t   c o n t a c t   b e t w e e n  U-Bar 

Formation  l imestones  and Mojado F o r m a t i o n   q u a r t z i t e s   i n   t h e  

c e n t e r  of s e c .  35, T.29S., R . 1 4 W . ;  a n d   t h e   s i n u o u s   l a t i t e  

d i k e   w h i c h   t r a n s e c t s   t h e   r o c k s   i n   t h e   e a s t e r n   h a l f  o f  t h e  

a r e a  mapped,  and  which,  over much of  i t s  l e n g t h ,  has i n t r u d e d  

a l o n g   t h e   f a u l t   z o n e .   S t r o n g i n  (1958, p l .  1) does   no t  snow 

t h i s   f a u l t .  However,  most of  h i s  mapping was conducted i n  

t h e  Apache H i l l s ,  and h i s  map of t h e   n o r t h e r n   S i e r r a   R i c a  

should   be   cons idered   to   be  a p r e l i m i n a r y   s k e t c h  map. Z e l l e r  

(1958, p l .  7 ,  s e c t i o n  C - C ' )  i n d i c a t e s   t h e   f a u l t  as a high- 

a n g l e   r e v e r s e   f a u l t   w i t h   t h e  Mojado Formation  and  upper 
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U-Bar Formation moved northwallds ,. presumably  as a decollement- 

t y p e   s t r u c t u r e   contemporaneous wi th  t h e   i n t r o d u c t i o n  of t h e  

..alkmhth.onous P a l e . o - z o i c . . ~ ~ ~ c k . s ~ ~ ~ r i n : ~ ~ a  e o m p r ~ ~ s i ~ o n a l ' ~ e 3 ~ s ~ ~ e .  

However, Ze l le r   (ora l   communica t ion ,  1969) s t a t e d   t h a t   h i s  

ev idence  i s  based  on a  small^ a r e a  of outcrop  exposed i n  a 

r a v i n e   i n   t h e   s o u t h w e s t e r n   p o r t i o n  of  s e c .  35, T.29S., 

R.14W. The w r i t e r  had v i s i t e d  t h i s  a rea   and  had a l s o   r e c o r d e d  

an  apparent-3"nmrs-t  Te-l-at  Ponship , - b - u t _ a s ~ ~ h i - e - l ~ ~ ~ h i ~  was 

not   compat ib le  w i th  t h e   s t r o n g   e v i d e n c e  for high-angle  normal 

f a u l t i n g ,   a n d   a s  i t  i s  a f e a t u r e   t o o  small t o   i n d i c a t e  on t h e  

g e o l o g i c  map, i t  i s  n o t   d e a l t  wi th  any f u r t h e r ,  

E x p o s e d   s l i c k e n s i d e d   f a u l t   p l a n e s   i n   s e c s .  19, 2 8 ,  and 

35, T.29S., R . l b W . ,  have a d i p  of 60 d e g r e e s   t o  80 degrees  

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

a l o n g   t h e   f a u l t  zone was c a l c u l a t e d  by us ing   th ree   indepen-  

den t  se t s  of data .  ( I t  was assumed t h a t  t h e  a n t i c l i n e  was 

f a i r l y  s y m m e t r i c a l   p r i o r   t o   f a u l t i n g . )  The da ta   u sed  for 

ca lcu la t ing   t he   d i sp l acemen t   were :  a)  a coquina  marker  

h o r i z o n   p r e s e n t   i n   t h e  Mojado  Formation i n   t h e   s o u t h w e s t e r n  

pa r t  of s e e .  19, a n d   r e p e a t e d   i n   t h e   n o r t h e a s t e r n  p a r t  of  

s e c .  19, T.29S., R . l b W . ,  in   the  downfaul ted  J lojado  Formation 

q u a r t z i t e ;  b )  t h e  two  l imes tone-granule   marker   hor izons  850 

and 1000  f e e t   r e s p e c t i v e l y   a b o v e   t h e  U-Bar Formation-Mojado 

Forma t ion   con tac t ,   exposed   i n   t he   sou thwes te rn   pa r t  o f  s e c .  

34 a n d   r e p e a t e d   i n   t h e   f a u l t e d   s e c t i o n   i n   s e c s .  27 and 35, 
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T.29S., R .  1 4 W . j  and  c)   the   prominent   sandstone  chosen as t h e  

con tac t   be tween   t he  Mojado Formation  and the U-Bar Formation 

expwaed im;,sec.  34. and ..-S epe.a.ted.,by . _C;auLt i~~ . . . i n   s ec .  ~ 3 5 ,  

T.29S., R.14W.  V e r t i c a l   d i s p l a c e m e n t   c a l c u l a t e d   f r o m   t h e  

above data gave   t he   fo l lowing   t h ree   va lues ;  2550 f e e t ,  2700 

f e e t ,  and  -260O'.feet. - S.trongin (.1958, p l .  1) i n d i c a t e s  a 

f a u l t   a l o n g   t h e   s o u t h e r n   f l a n k  of t h e  Apache H i l l s ,  t h e  

"Apache f a u l t  . 'I T h i s . . . . . f a a - l - t - w a ~ - r ~ ~ ~ e d  -by-tkexad?t~.r-%nd 

i s  i n d i c a t e d  on t h e   g e o l o g i c  map ( p l .  1) i n   t h e   e x t r e m e  

n o r t h e a s t e r n   p a r t  of  t h e   a r e a  mapped where Lower Cretaceous 

l i m e s t o n e s   a r e   i n   c o n t a c t  with T e r t i a r y   r h y o l i t e  flows. 

S t r o n g i n ' s  "Apache f a u l t "  i s  p a r a l l e l   t o  t h e  f a u l t  which 

t r a n s e c t s   t h e   S i e r r a   R i c a ,   a n d  i s  a l s o  a high-angle   normal  

f a u l t ,   S t r o n g i n  (1958,  p .  8 9 )  s u g g e s t s  t ha t  t h e  "Apache 

f a u l t "  was r e s p o n s i b l e  for t h e   u p l i f t i n g  of t h e  Apache Hil ls  

. and  tha t '  i t  i s  a Basin  and  Range-type  faul t  of Iiiiocene  age. 

It i s  p o s s i b l e  t h a t  t h e  "Apache f a u l t "  and t h e   f a u l t   i n   t h e  

S i e r r a   R i c a  may be of  t h e  same age.  However, ,   geophysical 

d a t a   p r e s e n t e d   l a t e r   i n  t h i s  r e p o r t   s u g g e s t   t h a t  the hi&h- 

a n g l e . . n o r m a l   f a u l t   w h i c h   t r a n s e c t s   t h e   S i e r r a   R i c a  may be  

o l d e r   t h a n   t h e   ( d a t e d )   e a r l y   T e r t i a r y   g r a n i t e   e x p o s e d   i n   t h e  

s o u t h e a s t e r n   p a r t  of t h e   a r e a  mapped.  These f a u l t s   p o s t -  

da ted   the   compress ive   forces   which   caused  the f o l d i n g  and 

t h r u s t i n g   i n   t h e   S i e r r a   R i c a   a n d   a r e  the e x p r e s s i o n  of 

t aphrogenic   forces   which   caused   the  down f a u l t i n g  of the  
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r o c k s   i n   t h e  Apache Va l l ey .  

An example  of a h igh-angle   normal   fau l t  w i th  a very 

l a r g e   v e r t i c a l   d i s p l a c e m e n t  i s  the  Basin  and  Range-type 

f a u l t  which s e p a r a t e s   t h e   S i e r r a   R i c a  and  Apache Hi l l s  from 

the   Big   Hatche t   Mounta ins   and   Li t t l e   Hatche t   Mounta ins .  

F i g u r e 2 1   i l l u s t r a t e s   t h e   s t r u c t u r a l   r e l i e f   b e t w e e n   t h e   B i g  

Hatche t   Mounta ins   and   the   S ie r ra   Rica .  T h i s  f a u l t  i s  nowhere 

exposed ,   except   poss ib ly  i n  the   Ha tche t  Gap, between  the 

Li t t le   Hatche t   and   Big   Hatche t   Mounta ins  , where  allochthonous 

( ? )  P e n n s y l v a n i a n   l i m e s t o n e s   a r e   i n   c o n t a c t  w i t h  Precambrian 

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

physiography  of  the Big   Hatche t   PIounta ins   and   the   s t ruc tura l  

r e l i e f   be tween   t he   au toch thonous  ( ? )  r o c k s   i n  the  Big  Hatchet  

Mountains  and  the  autochthonous  rocks i n   t h e   S i e r r a   R i c a .  

A l l  of the   above   ment ioned   fau l t s   have  a s t r u c t u r a l   s t y l e  

t y p i c a l  of  ."Basin  -and  Range"  tect.oni.cs  and i t  i s  p o s s i b l e  

t h a t  t h e y   a r e  a l l  of   the  same age. 

Mino'r High-angle and L a t e r a l   F a u l t s  

H igh-ang le   no rma l   f au l t s   i n   s ecs .  25 , 2 6 ,  35, and 3 6 ,  

T . 2 9 S . ,  R . 1 4 W . ,  probably  formed  contemporaneous with t h e  

major   h igh-angle   normal   fau l t  which t r a n s e c t s   t h e   S i e r r a  

R i c a .   D i s p l a c e m e n t s   a l o n g   t h e s e   f a u l t s   a p p e a r   t o   b e   s m a l l ,  

t h e  maximum disp lacement  as i n f e r r e d  from a c r o s s - s e c t i o n  

( p l .  2 ,  s e c t i o n  D - D l )  i s  l e s s   t h a n  300  f e e t .  T h i s  p o r t i o n  
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o f  t he   S i e r r a   R ica   appea r s   t o   have   b roken   i n to   b locks   wh ich  

were  not  downdropped as much as t h e   r e s t  o f  t h e   r o c k s   i n   t h e  

n o r t h e r n   S i e r r a   R i c a  and  Apache Val ley.  

Numerous ma l l .  f a u l t s  w i th  d i sp lacemen t s   p robab ly   l e s s  

t han  100 f ee t ,   bo th   h igh -ang le   no rma l   and   r eve r se ,   and  

s t r i k e - s l i p ,   o c c u r   a l o n g   t h e   s o u t h w e s t e r n   f l a n k  of t h e  

S i e r r a   R i c a   i n   t h e  Mojado Format ion   quar tz i tes   and   horn-  

fe1se.s.. . ~.o...di.s.p.lacements  c-ould  .be..determined on t h e s e  

f a u l t s .  The sense  of  movement could   be   in fer red   on ly   f rom 

s l i c k e n s i d e s .  3Iany o f  t h e  small d i k e s ,  such as t h e   f e l -  

s i t e   d i k e s   i n   t h e   c e n t e r  o f ,  t h e   a r e a  mapped (see p l .  l) have 

p r o b a b l y   i n t r u d e d   a l o n g  small f a u l t  or shear   zones .  

A ro se   d i ag ram  cons t ruc t ed  from 83 measured  or ienta-  

t i o n s  of f a u l t s  and small d i k e s  shows  an  apparent   preferred 

o r i e n t a t i o n   i n  a n o r t h e a s t   d i r e c t i o n   ( s e e   F i g .  2 2 ) .  How- 

e v e r ,  as t h i s  i s  ' t h e   o r i e n t a t i o n  o f  t h e ' v e r y   p r o m i n e n t   f e l -  

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

the   ro se   d i ag ram;  many small s h e a r   z o n e s   o r   f a u l t s   c o u l d  

have  been missed because of  poor   geo log ic  or topographic  

e x p r e s s i o n ,   N e g l e c t i n g   t h e   a p p a r e n t   p r e f e r r e d   o r i e n t a t i o n ,  

t he   ro se   d i ag ram shows  an   even   d i s t r ibu t ion  of f a u l t s   a n d  

d ikes   t h roughou t  360 degrees .  An i n t e r e s t i n g   o b s e r v a t i o n  

however, i s  tha t  many o f  t he   minor   f au l t s   a long   t he   sou th -  

w e s t e r n   f l a n k  of t h e   S i e r r a   R i c a   a r e   n o r m a l  o r  sub-normal 

t o   t h e   s t r i k e  of  the   sed iments ,   Xor izonta l   compress ive  

f o r c e s   o p e r a t i n g   i n .   a : n o r t h e a s t e r l y   d i r e c t i o n ,   s u c h   a s  
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Figure   22 .  Rose diagram o f  f a u l t   o r i e n t a t i o n s  i n  t h e  
S i e r r a  Rica .  ILlgilty-three  measurements p l o t t e d .  

79 
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p r e v a i l e d   d u r i n g   t h e   p e r i o d  of fo ld ing   and   t h rus t ing ,   cou ld  

be   r e spons ib l e  for t h e   a t t i t u d e  o f  t h e s e   f a u l t s .  However, 

the age  of .the~..fauLts I s  -unce.r ta in .  They are at least 

o l d e r   t h a n   t h e   f e l s i t e s  which i n t r u d e d  a l o n g  them. 
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METAMORPHISM 

Genera l   Fea tu res  

The Lower C r e t a c e o u s   r o c k s   i n   t h e   S i e r r a   R i c a  d i f f e r  

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

s e c t i o n s   d e s c r i b e d  by  Z e l l e r  (1965)  i n   t h e   B i g   H a t c h e t  

. . . . J I~unta ins  ;. -Bo.th.-can.tacLmetamo.r.phism and -silLcif 'i .c.a.tion 

h a v e   a f f e c t e d   t h e s e   r o c k s   i n   t h e   S i e r r a   R i c a ,   w h e r e a s   t h e y  

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

i s  inc luded   unde r   t he   head ing  "Metamorphism"  because i t  can, 

c e r t a i n t y ,  be r e l a t e d   t o   i n t r u s i o n s  of igneous e w i t h  some 

rocks .  

The 

S i l i c i f i c a t i o n  

q u a r t z o s e   r o c k s  of . the Mojado Formation  have  bee 

s i l i c i f i e d  th roughou t   t he   S i e r r a   R ica .   F ive   s amples  of 

q u a r t z i t e   w e r e   e x a m i n e d   i n   t h i n   s e c t i o n .   I n  a l l  of t h e s e  

samples   the   cement ing   mater ia l  i s  s i l i c a .   K a o l i n   a f t e r  

a l l o g e n i c   f e l d s p a r  has been   par t ly   changed   to   hydromicas ,  

bu t   t he   heavy   mine ra l s   obse rved ,   t ou rma l ine -and   z i r con ,  

h a v e   n o t   b e e n   a f f e c t e d .   F i g u r e  2 3  i s  a photomicrograph 

i l l u s t r a t i n g   t h e   t e x t u r e  of t h e   q u a r t z i t e s ;  some c rush ing  

n 

a and  pressure   so lu t ion   can   be   seen .   I ron   ox ides   a re   p resent  

i n  most of the samples  examined. Some i s  obvious ly   der ived  

81 
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Figure  23. Q u a r t z i t e ,   s i l i c a   c e m e n t e d ,   s h o w i n g   c r u s h e d  

s e e .  26 ,  T.ZgS., R . 1 4 N .  Crossed n i c h o l s .  
zone c r o s s i n g   c e n t e r  of f i e l d .  Mojado Formation, 
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f rom  the   ox ida t ion   o f   py r i t e   ( s ee   F ig .  24), b u t  much of   the 

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

-The T a c t  %kzt ca rbona te   rocks  :o.u&side .of the metamorphic 

au reo le  shown  on p l a t e  1 have   no t   been   a f f ec t ed  by s i l i c i f i -  

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

s ands tones ,  low i n   c a r b o n a t e s )  was an   impor t an t   con t ro l  on 

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

c r y s t a l l i - z a t i o n  of  . the  carbonates  . in.- .khe .vTcclnity...of.. f a u l t -  

i n g ,   n e i t h e r  the P a l e o z o i c   n o r  the in t e rbedded  Lower Creta- 

ceous  l imestones show evidence  of   f ractur ing  which  would 

have  resulted  during  dynamic  metamorphism, The p r e s s u r e  

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

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

and n o t   b e   r e l a t e d   t o  dynamic  metamorphism, 

G r a n i t e   o u t c r o p s   i n   t h e   s o u t h e a s t e r n   p a r t   o f   t h e   S i e r r a  

Rica   a re   assoc ia ted   wi th   contac t   metamorphism;   geophys ica l  

data p r e s e n t e d   l a t e r   i n  t h i s  r e p o r t   s u g g e s t   t h a t   t h e   S i e r r a  

R ica  i s  u n d e r l a i n  by  a l a r g e   i n t r u s i v e .  It t h e r e f o r e  seems 

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

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

pe rmeab le   qua r t z   s ands tones   and   s i l t s tones .  The carbonate  

rocks   e scaped   r eac t ion   because   o f   t he i r  low poros i ty   and  

p o s s i b l y   b e c a u s e   o f   t h e   r e l a t i v e l y  low temperature   of   the  

r i s i n g   g r o u n d w a t e r s .  
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Figure  24. Q u a r t z i t e  w i t h  py r i t e   cubes  ( P y )  o x i d i z i n g  t o  
hematite and   l imoni te .  Mojado Formation, 
s e c .  26 ,  T . 2 9 S . ,  R . 1 4 W .  O r d i n a r y   l i g h t .  
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Contact  Metamorphism 

Contact  metamorphism i s  e x p o s e d   i n   t h e   s o u t h e a s t e r n  

S i e r r a   R i c a   ( s e e  metam0rphi.c  aureole  -o.ut.lined on p l .  I), 

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

and  the  enclosing  carbonate   rocks,   and  in   the  Fremont   Mining 

D i s t r i c t ,   i n   s e c .  2 5 ,  T .  2 9 S . ,  R.14W.  Along t h e   l a t i t e   d i k e  

the  metamorphic  zone i n   t h e   c a r b o n a t e   r o c k s  i s  r e s t r i c t e d  

t o  a zone  which  seldom  exceeds a few f e e t   i n   . : t h i c k n e s s .  

Where t h e   c o n t a c t  i s  we l l   exposed  a 2- t o   8 - inch  zone  of 

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

and   py r rho t i t e   occu r  as d i s s e m i n a t e d   b l e b s   i n  t h i s  c o n t a c t  

t a c t i t e .  The zone of c a l c - s i l i c a t e s  i s  l o c a l l y   b o r d e r e d  by  

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

u s u a l l y   l e s s  than 4 f e e t ,   ' T h e   e x t e n t  of z o n i n g   a p p e a r s   t o  

be  determined by the   p re-metamorphic   t ex ture   and   composi t ion  

of t he   ca rbona te   rocks .  The c a l c - s i l i c a t e .   t a c t i t e   i n  the 

Fremont D i s t r i c t   ( s e e   p l .  1) d o e s   n o t   a p p e a r   t o   b e   r e l a t e d  

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

s e r v e d  as channelways for m i n e r a l i z a t i o n   p r o b a b l y   a l s o  

se rved  as channelways for heated,  metamorphosing f l u i d s  

emanat ing   f rom  an   in t rus ive  a t  no   g rea t   dep th ,   pe rhaps   on ly  

a few  hundred   fee t .  

The con tac t   me tamorph ic   au reo le   ou t l i ned  on p l a t e  1 

covers  an a r e a  of  5 s q u a r e   m i l e s ,  i f  t h e   a r e a   u n d e r l a i n  by  

sha l low  a l luv ium i s  i n c l u d e d .  The  metamorphosed  rocks w i t h -  

i n  t h i s  aureole   a re   exposed   th rough a v e r t i c a l   i n t e r v a l   o f  
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650 f e e t .  Rocks of t h e  Lower Member o f  t h e  Mojado  Formation 

and a l l  t h e  members of t h e  U-Bar Formation  have  been  affected.  

. l i e l ic t  bedding,  .best..-e.xempli.f.ie.d by mef~amorphosed 

impure  carbonate  rocks , and  the   p resence  of s i l i c i f i e d   q u a r t z  

sandstone  beds made mapping of t h e   d i f f e r e n t   u n i t s  of Lower 

Cre taceous   rocks   poss ib le .  

Depos i t iona l   t ex tures   and   pre-metamorphic   composi t ion  

of the   ca lcareous   rocks   ,de te rmined   the   end-products  -of 

contac t   metamorphism;   bo th   in  terms of  tex ture   and   minera logy .  

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

metamorphosed  rocks i s  r e l i c t   b e d d i n g ,   e x e m p l i f i e d  by 

m i n e r a l   l a y e r i n g .  Commonly , bands of  c o a r s e l y   c r y s t a l l i n e  

s u b h e d r a l   g r o s s u l a r i t e   a l t e r n a t e  w i t h  massive  diopside.  

F igu re  25 i l l u s t r a t e s   t h e   f l u t e d   a p p e a r a n c e  of t h e   d i f f e r -  

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

fea tures   can   be   observed  on a f r e s h   s u r f a c e ;  brown v i t r e o u s  

g r o s s u l a r i t e   c o n t r a s t s   i n   c o l o r   a n d   l u s t e r  w i th  the   g ray  

g reasy   d iops ide .   F igu res  26  and 27 i l l u s t r a t e   r e l i c t  

s t r a t i f i c a t i o n   i n   t a c t i t e   a s   s e e n   i n   t h i n   s e c t i o n  examina- 

t i o n .  

No zon ing   i n to   me tamorph ic   f ac i e s  was d e t e c t e d   i n   t h e  

contac t -metamorphic   aureole .   Al te rna t ion   be tween  marble   and  

t a c t i t e s  of d i f f e r i n g   c o m p o s i t i o n s   a p p e a r s   t o   b e  random  and 

c o n t r o l l e d  by t h e  pre-metamorphic  composition o f  the  rock.  

On t h e   n o r t h w e s t e r n   s i d e  of t h e   a u r e o l e ,  a brown-weathering 

b lack   rock   type   c rops  o u t .  I t  i s  c h a r a c t e r i z e d  b y  klhite 
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Figure 26. Diopside-scapolite-grossularite  tactite,  show- 
ing  relict  bedding.  Dark  areas  are  diopside 
and  grossularite,  light  areas  are  incipient 
scapolite  crystals.  From  metamorphosed  Mojado 

nichols. 
e Formation,  sec. 14, T.30S.. R.14W. Crossed 

* Figure 2 7 .  Pyritic diopside-scapolite-tactite, showing  re- 

with  light  bands of scapolite.  Black  blebs  are 
lict  bedding.  Dark  bands of diopside  alternate 

pyrite.  From  metamorphosed  Mojado Formation, 
sec. 12, T.30S., R.14W. Ordinary  light. 
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nodules  w i t h  dark brown c o r e s   s e t   i n  a b l a c k  ma t r ix .  The 

nodu les   r ange   i n   s i ze   be tween  1/16 inch   and  3 i n c h e s .   I n  

t h i n   s e c t i o n   t h e  brown  cores are s e e n  to c o n s i s t  of horn- 

b l e n d e ,   d i o p s i d e  , a n d   c l i n o z o i s i t e  , w i t h  minor  sphene , 
c a l c i t e ,   q u a r t z ,   a n d   a c t i n o l i t e .  The whi te  rims a r e   s o d i c  

a n d   p o t a s s i c   f e l d s p a r ,   a n d   t h e   b l a c k  ma t r ix  i s  composed of 

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

ceous ( ? )  m.atr.ix, This rock  .is . p r o b . a b l y a m e . t a m o r p ~ s e d  

a r g i l l a c e o u s   l i m e s t o n e .  A t h i n   s e c t i o n  of a metamorphosed 

c l ays tone   f rom  wi th in   t he  Mojado Formation  showed the fol- 

lowing  mineralogy:  . .  Q u a r t z  3 p e r c e n t  , o r t h o c l a s e  1 2  p e r c e n t ,  

s e r i c i t e  29 p e r c e n t ,   b i o t i t e  1 8  p e r c e n t  , c o r d i e r i t e  25 

p e r c e n t ,   a n d a l u s i t e  1 0  p e r c e n t ,   h e m a t i t e  2 pe rcen t ,   and  

t r a c e s  of leucoxene. T h i s  mine ra logy   i nd ica t e s  a t he rma l ly  

metamorphosed p e l i t i c   r o c k .  

Eleven  samples of  me tamorph ic   ca l c - s i l i ca t e   rocks   co l -  

l e c t e d   i n   s e c s .  13 and 14, T.3OS. , R.14W. , were  examined i n  

t h i n   s e c t i o n .  The major   metamorphic   minera ls   a re   d iops ide ,  

g r o s s u l a r i t e  , p l a g i o c l a s e  , s c a p o l i t e  , t r e m o l i t e  , and wo11- 

a s t o n i t e .  Minor  minerals , p r e s e n t   i n   q u a n t i t i e s   u s u a l l y  

l e s s   t h a n  5 p e r c e n t ,   a r e   o r t h o c l a s e ,   c l i n o z o i s i t e ,   h y d r o -  

micas , c a l c i t e  , quar t z ,   sphene  , a p a t i t e ,   g o e t h i t e  , p y r i t e ,  

p y r r h o t i t e  , hornblende , epidote,  vesuvianite,  and  molybden- 

i t e .  It  was no ted  t h a t  samples  taken a few f e e t   a p a r t  on 

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

metamorphic  ,minerals f a l l  . -within  the  hornblende-hornfels  
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facies   of   contact   metamorphism  for t h i s  rock t y p e  (impure 

l i m e s t o n e ) ,  as d e f i n e d  by  Winkler (1967, p .  6 8 ) .  I n  some 

spec imens   : d iops ide  md--.grus%u-Yar-lt-e o c c u r   w i t n   . c h l o r i t e ,  

t r e m o l i t e   a n d   c l i n o z o i s i t e .  Th i s  mineralogy  suggests  a 

t r ans i t i on   be tween   t he   ho rnb lende -horn fe l s   f ac i e s   and   t he  

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

a s s e m b l a g e s   p r o b a b l y   i n d i c a t e   l o c a l i z e d   c o n d i t i o n s  of lower 

t empera tu re ,   wa te r   . con ten t  or C02 p r e s s u r e .   3 u c n   l o c a l i ~ z e d  

cond i t ions   cou ld   have   been   con t ro l l ed  by  d i f f e r e n c e s   i n   t h e  

po ros i ty   and   pe rmeao i l i t y  of t h e  impure  carbonate   rocks.  

The p resence   o f   mine ra l s   such   a s   s capo l i t e ,   py r rho t i t e ,   and  

molybdeni te   suggest  t h a t  the   sys tem may n o t  have  been 

e n t i r e l y   c l o s e d ,  and t h a t  a l i m i t e d  amount of a l l o c h e m i c a l  

metamorphism may have   t aken   p l ace .   Neve r the l e s s ,  i t  i s  

p o s s i b l e  t h a t  the   ca rbona te   rocks   con ta ined   su f f i c i en t  

c h l o r i n e  (from minor  amounts  of  minerals  evaporated) and  

s u l p h i d e s  (from o r g a n i c   d e b r i s )   t o  have formed these  miner-  

a l s .  M o l y b d e n i t e   f l a k e s   i n   t h e   t a c t i t e   ( s e e   f i g .  2 8 )  a r e  

not   found  fa r   f rom  exposures  of g r a n i t e  and a re   p robab ly  of 

pyrometasomat ic   o r ig in ,  

The s imilar i ty  b e t w e e n   t h e   t a c t i t e s ~ o f   t h e   S i e r r a   R i c a  

and  those of t h e  Apache Hills and L i t t l e   Ha tche t   Moun ta ins  

i s  s t r i k i n g .   F u r t h e r m o r e ,   a l l   t h r e e   l o c a l i t i e s  show 

evidence  of pyrometasomat ic   meta l l iza t ion .   Copper ,   l ead ,  

and zinc  sulphides   have  been  removed  f rom  disseminated  and 
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Figure  28.  Molybdenite i n   d i o p s i d e - g r o s s u l a r i t e - s c a p o l i t e  

in se.c. 13,- T. 30s., R .  14W. Ordinary l i g h t s  
t a c t i t e ,  from metasomatized Mojado Formation 
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f r a c t u r e - f i l l i n g   o r e   i n   t h e   t a c t i t e s   i n   t h e  Apache Hil ls .  

P r o s p e c t s   i n  t h e  t a c t i t e s  a t  the   sou the rn   end  of t h e   L i t t l e  

Hatchet , - .Mountains   have  exposed  copper- i ron  sulphides ,  molyb- 

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

m i n e r a l s   i n   t a c t i t e s   h a v e   b e e n   m i n e d   i n   t h e   S i e r r a   R i c a   i n  

s e c .  2 5 ,  T.29S., R . l 4 W . ,  and  from  mines t o  t h e  e a s t   o f   t h e  

i n t e r n a t i o n a l   b o r d e r ,   i n  Mexico, 

The g r a n i t e   o u t c r o p s   i n   s e c s .  13 and 1 4 ,  T.30S., R.14W. 

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

l i e s   t h e   s o u t h e a s t e r n   S i e r r a   R i c a  a t  no   g rea t   dep th .  

Aeromagnet ic   and,   gravi ty  data ( see   Geophys ic s )   i nd ica t e  an 

i n t r u s i v e   t r e n d i n g   n o r t h w e s t w a r d   . t h r o u g h   t h e   S i e r r a   R i c a .  

This  i n t r u s i v e  i s  r e s p o n s i b l e  f o r  the  contact   metamorphism 

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

c a t i o n   o b s e r v e d   i n   t h e   S i e r r a   R i c a   o u t s i d e  o f  the  meta- 

morph ic   au reo le ,   where   t he   i n t rus ive   rocks   a r e  more deeply 

b u r i e d .  
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MINERALIZATION 

Genera l   Fea tu res  

Evidence of m i n e r a l i z a t i o n  i s  p r e s e n t  at  numerous 

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

m i n e r a l i z a t i o n   o c c u r s   t h r o u g h o u t  t h i s  p a r t  of southwes tern  

New Mexico.  Within a 20-mile   radius  of  t h e   S i e r r a   R i c a ,  

base -me ta l   and   o the r   mine ra l i za t ion  i s  known i n   t h e   L i t t l e  

Hatchet  and Big Hatchet   Mountains ,   the  Apache Hills and i n  

Mexico .   Pyrometasomat ic   schee l i te   and   su lphide   depos i t s ,  

as w e l l  as massive  hydrothermal   replacement   and  f racture  

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

f i r s t  ha l f  of t h i s  c e n t u r y .   I n   t h e   S i e r r a   R i c a   o n l y  one 

d i s t r i c t ,   t h e  Fremont d i s t r i c t   i n   s e c .  2 5 ,  T.29S. ,  R . l h W . ,  

has  produced any o re .  

Fremont D i s t r i c t  

T h i s   d i s t r i c t  was d e s c r i b e d  by Lindgren (1910) and 

S t r o n g i n  (1958) .  A t  t h e   p r e s e n t   t i m e   t h e  four shafts  shown 

on t h e   g e o l o g i c  map ( p l .  1) a r e   i n a c c e s s i b l e .  However, a 

number of  p r o s p e c t  p i t s  and ad i t s  a r e   a c c e s s i b l e .  The mines 

a re   w i th in   t he   Oys te r   L imes tone  Member of t h e  U-Bar Forma- 

t i o n ,   w h i c h   i n  t h i s  l o c a l i t y   c o n t a i n s  a number o f  t h in   beds  

of c a l c a r e o u s   q u a r t z   s a n d s t o n e   i n t r u d e d  by  few lamprophyre 

9 3  
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and f e l s i t e   d i k e s .  The a t t i t u d e   o f   t h e   r o c k s   a l o n g   t h e  

i n t e r n a t i o n a l   b o r d e r  i s  n e a r l y   h o r i z o n t a l ,   b e i n g  on t h e  

c re s t   o f   t he .   f au l t ed   an t i c l ine   wh ich   runs   t h rough   t he  Apache 

Va l l ey .  About 1000  f e e t   w e s t  of  bo rde r   pos t   no .  4 1 ,  the  

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

b e e n   t i l t e d  by f a u l t i n g ,   M i n e r a l i z a t i o n   o c c u r s   a s   m a s s i v e  

rep lacement   bands   in   the   impure limestone  and as f r a c t u r e  

f i l l i n g   v e i n s   a l o n g   m i n o r   f a u l t   z o n e s .  The l i m e s t o n e s   i n  

t h e   v i c i n i t y  of the   meta l l ized   ve ins   and   rep lacement   depos i t s  

have  been  metamorphosed t o   d i o p s i d e - g r o s s u l a r i t e   t a c t i t e .  

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

some c h a l c o p y r i t e ,  wi th  ox ida t ion   p roduc t s   such  as m a l a c h i t e ,  

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

a gangue   o f   i ron -ox ide   s t a ined   qua r t z   and   coa r se ly   c rys t a l -  

l i z e d   c a l c i t e .  ... The su r face   exp . r e s . s ion~  of t h e s e   v e i n s  i s  

ear thy  and  massive  l imonite   and  manganese  oxides .   .Gossan,  

showing  boxwork, i f  p r e s e n t ,  was des t royed   du r ing   p rospec t -  

i n g   . o p e r a t i o n s .  The mass ive - rep lacemen t   depos i t s   occu r   i n  

beds   r epor t ed  t o  be as much as 3 f e e t   t h i c k   ( L i n d g r e n   e t   a l . ,  

1910). Thin 3- to   6 - inch   bands   o f   mass ive   ga lena   and  

s p h a l e r i t e  w i th  minor   calci te   gangue  were  observed by t h e  

w r i t e r   i n  one  of   the  prospect  p i t s .  L i n d g r e n   e t   a 1  (1910) 

has r e p o r t e d  a 200 ton  shipment  of 40  p e r c e n t   l e a d  wi th  20 

ounces   o f   s i l ve r   pe r   t on   f rom one  of t h e   p r o p e r t i e s ;   v a l u e s  

of 20 pe rcen t   coppe r ,  15 ounces of  s i l v e r  and 5 ounces  of 

go ld   per   ton   f rom  another   p roper ty ;   and  4 percent   copper   and  
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1 0  ounces o f  s i l v e r   p e r   t o n  from a t h i r d .  proper ty .   L indgren  

a l s o   r e p o r t s   a n   a n a l y s i s  of dump m a t e r i a l   . f r o m  a f o u r t h  

p r o p e r t y  as Tunning  2OWpercent--zi.nc, 10 p e r c e n t  lead, w i t h  

some s i l v e r .   S t r o n g i n   ( 1 9 5 8 ,   p .  1 9 4 )  r e p o r t s   t h e   s h i p p i n g  

of an unknown amount of l ead -z inc   o re  by a l o c a l   r e s i d e n t  

i n  1953. The w r i t e r  was u n a b l e   t o   t r a c e  any r e l i a b l e  

r e c o r d s   p e r t a i n i n g   t o  t h e  t e n o r  of the ore   and   the  amount 

sh ipped   f rom  the   F remont   -d i s t r i c t .  '.Major.-rninln'g--."c-omppanies 

have  ' renewed  the i n t e r e s t  i n   t h e  S i e r r a  Rica  and Apache 

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

p e c t i n g   i n   t h e   F r e m o n t   d i s t r i c t   d u r i n g   t h e  summer of 1969.  

. .  

Prospec t s  

Numerous p r o s p e c t  p i t s  a n d   t r e n c h e s   a r e   s c a t t e r e d  

t h r o u g h o u t   t h e   c e n t r a l   a n d   e a s t e r n  p a r t  of t h e   S i e r r a   R i c a .  

Only f o u r  of t h e   p r o s p e c t s  show s i g n s   o f . b a s e - m e t a l   m i n e r a l -  

i z a t i o n .  A few p r o s p e c t   p i t s  and  one  50-foot shaf t  have 

been   deve loped   on   me ta l l i zed   ve ins   i n   s ecs .  27  and  28, 

T.29S., R . l 4 W . ,  about   one  mile   and  two  miles   southeast  of 

Doy le ' s   Peak ,   r e spec t ive ly   ( s ee  p l .  1). The v e i n s   a r e  

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

a r e   c o n t a i n e d   w i t h i n   h i g h l y - f r a c t u r e d   q u a r t z i t e .  The 

s u r f a c e   e x p r e s s i o n  of  t h e   v e i n s  i s  milky  quartz  accompanied 

by abundant   i ron  and  manganese  oxides   which  s ta in  the 

q u a r t z i t e   b l a c k .  The v e i n s   c o n t a i n  malachi te  w i th  t r a c e s  

of c h l . y s o c o l l a ,   c e r u s s i t e ,   a n d   a b u n d a n t   l i m o n i t e ,   i n  a 
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quar tz   gangue .   Sulphide   boxwork   in   l imoni te ,   and   go lden-  

c o l o r e d   t u r g i t e   o c c u r s   i n  some of the   ve ins .   Cupr i fe rous  

a l u n i t e ,   . a n d   e p i d o t e .   o c c u r   i n   b o t h   m i n e r a l i z e d   a n d  non- 

m i n e r a l i z e d   f r a c t u r e s .  Ho ore -g rade   ma te r i a l  has been 

r epor t ed   f rom  these   p rospec t s ,   t o   t he   knowledge  of  t he  

w r i t e r .  

A s h o r t  adi t  i n   t h e  NWk of s e c .  36, T.29S., R . l 4 W . ,  has  

exposed some small ga lena-ca lc i te ,   mass ive   rep lacement  

p o c k e t s ,   t o g e t h e r  w i t h  abundant   mass ive   i ron   ox ides ,   in   l ime-  

s t o n e ,  This  p r o s p e c t  a d i t  i s  i n   t h e   p r o x i m i t y  of two small 

h igh-angle   fau l t s ,   which   could   have   se rved  as channelways 

f o r  a small lamprophyre   d ike   and   the   minera l iz ing   hydro-  

t h e r m a l   f l u i d s .  The ga lena   pockets   appear   to   have   been  

exhaus ted   and   the   o re   minera ls   d i scarded  on the  dump. 

I n  t h e   n o r t h e a s t e r n   c o r n e r  of sec .   13 ,   T .30S. ,  R . l b W . ,  

some l a r g e   p i t s   h a v e   e x p o s e d   f r a c t u r e d   t a c t i t e .  The f r a c -  

t u r e   s u r f a c e s  o f  t he   rock   a r e   coa ted  w i t h  malachi te   and  

a z u r i t e ,   b u t  no p r imary   su lph ides   a r e   i n   ev idence .   I ron  

o x i d e   s t a i n i n g  i s  p resen t ,   bu t   no t   abundan t .  

Barren Veins 

Numerous 2-inch t o  3-foot iron  and  manganese  oxide 

v e i n s   o c c u r   i n   t h e   e a s t e r n   p a r t  of t h e   S i e r r a   R i c a .  Pros- 

pec t   p i t s   have   been   dug  on a number  of t h e   v e i n s ,  b u t  no 

base -me ta l   mine ra l i za t ion  has been  found. The veins   have 

no  p r e f e r r e d   o r i e n t a t i o n   a n d   a r e   e x p o s e d  only o v e r   s h o r t  



a 

* 

T 1 2 9 2  9 7  

.... 

d i s t a n c e s  , g e n e r a l l y   ' l e s s   t h a n  1 0  f e e t .  The ox ides   a r e  

mass ive   t o   ea r thy   and   a r e   co lo red   r ed ,  brown  and b l a c k .  No 

su lphide   .boxwork- tex ture  was obse rved   i n - - the   ve in   ma te r i a l .  

Band ing   w i th in   t he   ve ins   sugges t s  tha t  the  oxides   were 

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

pe rco la t ing   g roundwate r s .   Spec t roscop ic   examina t ion   o f   t he  

v e i n   m a t e r i a l  shows t h a t  t h e y   a r e  composed p r i n c i p a l l y  of 

i-ron  .oxides  and  .hydroxides , ' -but"c-ortain a. .sign-iFic'ant  amount 

of manganese  oxides.   Trace  amounts  of  copper  are  detectable 

i n   t h i s   v e i n   m a t e r i a l .  

Re la t ion   J e tween   Mine ra l i za t ion   and   In t rus ives  

The mode and  type o f  m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a  

i s  very  similar t o  tha t  i n   t h e  Apache Hil ls  and i n  the 

L i t t l e  Hatchet  Mountains.  However,  whereas the  hydro-  

t h e r m a l   a c t i v i t y   i n   t h e  Apache Hills and L i t t ~ l e   H a t c h e t  

Mounta ins   can   be   gene t ica l ly   re la ted  to monzon i t i c   i n t ru -  

s i v e s ,   t h e   m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a  i s  n o t  demon- 

s t r a b l y   r e l a t a b l e  to any p a r t i c u l a r   i n t r u s i v e .  No i n t r u -  

s i v e s ,   o t h e r   t h a n  small lamprophyre  and f e l s i t e   d i k e s ,   a r e  

known i n   t h e  Fremont d i s t r i c t   o r   n e a r  any  of t h e   o t h e r  

m i n e r a l i z e d   s i t e s .   F u r t h e r m o r e ,   i n   o u t c r o p ,   n o n e   o f  the 

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

Because of t he   w idesp read   cen te r s   o f   mine ra l i za t ion ,  i t  

seems  probable t h a t  t h e   i n t r u s i v e  to which the   mine ra l i za -  

t i o n  i s  g e n e t i c a l l y   a s s o c i a t e d  m u s t  u n d e r l i e  mucn of  the  
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e a s t e r n   p a r t  of the S i e r r a   R i c a .  It a l s o  seems  probable 

tha t   . t he   hydro the rma l   mine ra l i z ing   f l u ids   fo l lowed   pe rmeab le  

zones   c rea ted  by f r a c t u r e s   a n d   f a u l t s .  All  of t n e  known 

c e n t e r s  of  m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a   a r e   e i t h e r  on, 

o r  i n   c l o s e   p r o x i m i t y   t o ,   f r a c t u r e s  or f a u l t s .  The most 

p r o b a b l e   s o u r c e   o f   m i n e r a l i z i n g   f l u i d s   a p p e a r s  t o  be   the  

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

The o b s e r v e d   m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a  i s  of the 

mesothermal   type   which   sugges ts . tha t  i t  may have  formed as 

apophyses t o  a l a rge r   hypo the rma l   depos i t  a t  depth.  
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GEOLOGIC HISTORY 

A l t h  ..ough p r e s e n t   i n   t h e   S i e r r a   R i c a  as a l lochthonous  

th rus t   shee t s   on ly ,   Pa l eozo ic   s ed imen ta ry   rocks   occu r   t h rough-  

ou t   sou thwes te rn  New Mexico  and  southeastern  Arizona,   and 

P a l e o z o i c   r o c k s ,   i n  a l l  p r o b a b i l i t y ,   u n d e r l i e   t h e  Lower 

Cre t aceous   rocks   exposed   i n   t he   area covered by this  . r e p o r t .  

I n   e a r l y   P a l e o z o i c   t i m e   t h e   s o u t h w e s t e r n  p a r t  of the  

U n i t e d   S t a t e s   a n d   t h e   n o r t h e r n  p a r t  of Mexico  became a b a s i n  

of d e p o s i t i o n ,   a n  embayment of t h e   C o r d i l l e r a n   g e o s y n c l i n e .  

I n  Cambrian  and  Ordovician  t ime,  near-shore  shallow-water 

s e d i m e n t a t i o n  o f  qua r t z   s ands tones   and   ca rbona te   rocks   t ook  

p l a c e .  With d e e p e n i n g   w a t e r   c o n d i t i o n s   i n   t h e   g e o s y n c l i n e ,  

t he   t e r r igenous   s ed imen ta t ion   gave  way to   mar ine   ca rbona te  

d e p o s i t i o n  with t h e   f o r m a t i o n  of reef-mound  complexes. 

The P a l e o z o i c   h i s t o r y  i s  e s s e n t i a l l y  one of almost   cont inuous 

c a r b o n a t e   d e p o s i t i o n .  No Mesozoic   sedimentary  rocks  older  

than   Cre taceous  are exposed   in   southwes tern  Xew Mexico o r  

s o u t h e a s t e r n   A r i z o n a .  It a p p e a r s   t h a t   t h e   b a s i n  of deposi-  

t i o n  may e i t h e r   h a v e   c e a s e d  t o  ex i s t   t owards   t he   end  31' 

P a l e o z o i c   t i m e ,  o r  else t he   T r i a s s i c   and   Ju ras s ' i c   rocks  

could  have  been  removed by  e r o s i o n   d u r i n g  an  epoch of 

moun ta in   bu i ld ing  o r  epe i rogeny,  .I- 
I n   e a r l i e s t   C r e t a c e o u s   t i m e  a new b a s i n  of d e p o s i t i o n  , 

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

99 
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southwes tern  New Mexico  and northern  Mexico.  In t h e   S i e r r a  

R i c a   t h e   r e c o r d  of Lower Cre t aceous   rocks   i nd ica t e s  a 

sequence - .of shal:Tow..water-~deeper  water-sh-all-ow- w-at-er- marine 

sed imen ta t ion .  This  sequence i s  w e l l   e s t a b l i s h e d   i n  t h i s  

p a r t  of  the  Un i t ed   S t a t e s   and  Mexico ( Z e l l e r ,  1965). The 

H e l l - t o - F i n i s h   F o r m a t i o n   ( n o t   e x p o s e d   i n   t h e   S i e r r a   R i c a )  

and  the Brown Limestone Member of t h e  U-Bar Formation,  com- 

posed of q u a r t z   s a n d s t o n e s   a n d   q u a r t z o s e   l i m e s t o n e s ,   a r e  

ev idence  of near -shore ,   sha l low-water   sed imenta t ion .  The 

remainder  of t h e  U-Bar F o r m a t i o n ,   e s s e n t i a l l y   p u r e   f o s s i l i f -  

e rous   l imes tones  wi th  minor  amounts of qua r t z   s ands tone   and  

s h a l e ,   t e s t i f i e s   t o   c o n d i t i o n s  of sha l low-   to   deep-water  

s e d i m e n t a t i o n  a t  some d i s t ance   f rom  the   sho re l ine .   L imes tones  

of t h e  U-Bar Formation show evidence  of a reef-mound  environ- 

ment of d e p o s i t i o n .  The U-Bar Formation-Mojado  Formation 

contac t ,   chosen  a t  t h e   p o i n t  o f  t r a n s i t i o n  from carbonate  

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

a r e g r e s s i o n  of the  Cre t aceous   s ea .  The l i t h o l o g i e s ,  

f auna ,   and   s ed imen ta ry   s t ruc tu res   w i th in   t he  Mojado  Forma- 

t i o n   r o c k s   a r e   e v i d e n c e  of near-shore  marine,   beach f l a t ,  

and f l u v i a t i l e   e n v i r o n m e n t s  of d e p o s i t i o n .  The youngest  

s e d i m e n t a r y   r o c k s   i n   t h e   S i e r r a   R i c a ,   d i s c o u n t i n g   Q u a t e r n a r y  

a l luv ium,   have   been   da ted  as b e i n g  o f  ea r ly   Cre t aceous  

Washita and   F rede r i cksburg   age   (Ze l l e r ,  1965). Upper  Cre- 

taceous   sed imentary   rocks   do   no t   occur   in  the  S i e r r a   R i c a  

or Big  Hatchet   Mountains ,   and  are   not  known i n  this par t  of 

. .  ~ 
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New Mexico or   Ar izona .  The t h i c k n e s s  of an  incomplete 

s e c t i o n  o f  Lower Cre t aceous   rocks   i n  t h e  S i e r r a   R i c a  i s  

8500 f e e t .  In.. the  .Big.-Hat~che.t .   Mountains  the  complete Lower 

Cretaceous  sequence i s  present ,   unconformably   over ly ing  

P e r m i a n  l imes tones ,   and  i s  about  9500 f e e t   t h i c k .  The 4- 

cycle   sequence o f  shal low  water-deep  .water-shal low  water  

s e d i m e n t a t i o n   r e c o r d e d  by  Lasky (1947)  i n  t h e  . L i t t l e   H a t c h e t  

Mountains,   and  his 17,000- t o  21,000-foot   thick  sequence of 

Lower Cre taceous   rocks  do not   conform  with the r e g i o n a l  

p a t t e r n .  As has b e e n   p r e v i o u s l y   s t a t e d ,   t h r u s t   f a u l t i n g  

may have  caused the anomalous  sequence  observed i n  the 

L i t t l e   Ha tche t   Moun ta ins .  

Towards the   end  o f  C r e t a c e o u s   t i m e ,   o r   i n   e a r l i e s t  

T e r t i a r y   t i m e ,   t h e   S i e r r a  R i c a  was s t r u c t u r a l l y   d e f o r m e d .  

.The .first phase of tec-tonism was tangent ia l   compress ion  

o p e r a t i n g   i n  a n o r t h e r l y  and   . no r th -eas t e r ly   d i r ec t ion .  The 

a n t i c l i n e  of which the  S i e r r a   R i c a   f o r m s   t h e   s o u t h e r n  l i m b  

was caused by t h i s  compression.  Continued  compression 

caused  the  development  of  l a r g e   i m b r i c a t e   t h r u s t   f a u l t s .  

T h r u s t i n g   i n  this  p a r t  of sou thwes te rn  New Mexico  appears 

t o  have  been  f rom  ' the   south  and  southwest .  The a l lochthonous  

r o c k s   i n   t h e   a r e a   c o v e r e d  by t h i s  repor t   were   emplaced   dur ing  

this  ep i sode  of  compress ion .   Ze l le r  (1958, p l .  7 )  has 

recorded   very   complex   h igh-angle   reverse   fau l t ing   and   th rus t  

f a u l t i n g   i n   t h e   B i g   H a t c h e t   M o u n t a i n s .  The t h r u s t   p l a t e s  

which  rode  over^ t h e   p r e v i o u s l y - f o r m e d   a n t i c l i n e   i n  t h e  S i e r r a  
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Rica  were  probably  very t h i c k ,  p o s s i b l y  as much as 1 0 , 0 0 0  

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

I- b~roken up .as  :w.o.uld.;be. expec ted   f rom  th in  t h r u s t  sheets. 

Lasky (1947, p .  51)  has suggested  an  idea  which i s  

f avored  by  t h e   w r i t e r :  "It seems s a f e   t o   c o n c l u d e  t h a t  t h e  

Big  Hatchet   Mountains   are  p a r t  of a p l a t e   t h r u s t   a g a i n s t  

the  younger  rocks of t he   L i t t l e   Ha tche t   Moun ta ins . "  

H igh-ang le   no rma l   f au l t i ng   pos t -da+ed   t he   t h rus t ing ,  

r e s u l t i n g   i n   t h e   d e v e l o p m e n t  of Basin  and  Range-type  block 

mountains  and  grabens.  The h igh   angle-normal   fau l t   which  

t r a n s e c t s   t h e  Sierra  Rica may be of  e a r l y   T e r t i a r y   a g e ;  

geophys ica l  data p r e s e n t e d   l a t e r   i n  th is  r e p o r t   s u g g e s t  t h a t  

t h e   ( d a t e d )   e a r l y   T e r t i a r y   g r a n i t e   i n t r u d e d   a l o n g  this 

f a u l t  zone. 

Igneous   ac t iv i ty   appea r s  t o  have commenced towards  the 

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

a f te r  the   h igh-angle   normal   fau l t ing   had   taken   p lace .   Maf ic  

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

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

half  of t h e  Apache Va l l ey .   The i r   t opograph ic   pos i t i on   and  

t h e i r   r e l a t i o n  wi th  r e s p e c t   t o   t h e   s e d i m e n t a r y   r o c k s  

s u g g e s t s  t h a t  they  were  extruded  as   f lows  over   the  eroded 

topography of the Apache V a l l e y .   P e t r o l o g i c a l l y  sl.!nilar 

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

have  been  dated as Late Cre t aceous -ea r ly   Te r t i a ry .  
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I n   T e r t i a r y  t i m e  t h e   S i e r r a   R i c a   a r e a  was i n t r u d e d  by  

1;ranit.e  and  lamprophyre  and l a t i t e   d i k e s .  The l a t i t e  and 

lampr?ophyre-were . . . ~ p  ~l.ace8. e s  .fr.actur.e-flllin;g..dikes, 

Rhyol i tes   were   ex t ruded  as f l o w s   a n d   p y r o c l a s t i c s ,   p o s s i b l y  

f rom  fau l t - f rac ture   channelways ,  

The c o n t a c t  rxetamorphism i n   t h e   S i e r r a   R i c a   p r o b a b l y  

took   p lace   dur ing   and   soon   a f te r   the   empiacement  of t h e  

- g r a n i t i c   b o d y .   I n   t h e  Apache Hills and   ~Li t t ' l e   Hatche t  

Mountains   monzoni t ic   and  granodior i t ic   s ' tocks  of   Eocene-  

Miocene  age  were  the  pre:cursors  of  mineralizing  events.  It 

seems  probable t h a t  the g r a n i t e   e x p o s e d   i n   t h e   S i e r r a   R i c a  

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

The m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a   p o s t - d a t e d   t h e   i n t r u -  

s i o n  of  t h e   l a t i t e   d i k e s ,  as evidenced by  the   mine ra l i zed  

f r a c t u r e - f i l l i n g   v e i n s   t o   t h e   s o u t h e a s t   o f   D o y l e ' s   P e a k ;  

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

f i l l e d  by l a t i t e .   S t r o n g i n  (1955) and Lasky (1947) have 

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

t h e  Apache Hills and L i t t l e   H z t c h e t   M o u n t a i n s   o c c u r r e d   i n  

pulses .   Unfor tuna te ly   no   such   ev idence  i s  r e a d i l y   d e t e c t -  

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

Minor q u a r t z   l a t i t e  and f e l s i t e   d i k e s   o f   u n c e r t a i n   a g e ,  

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

v o l c a n i c s  which a r e  probab1.y  Miocene-Pliocene i n   a g e ,  con- 

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

S i m i l a r   l a t e - T ' e r t i a r y   p o s t - n i n e r a l   r h y o l i t i c   v o l c a n i c s   o c c u r  
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i n  the Apache Hills ,  Li t t le   Hatchet   Dlountains ,   and tile Lords- 

burg   and   Santa  Rita m i n i n g   d i s t r i c t s .  The q u a r t z  l a t i t e ,  

f e l s i t e ,  a n a   r h y o l i t e   c o u l d  be i n d i c a t i v e  .-of renewea  pulses  

of  magmatic a c t i v i t y   i n  t h i s  p a r t  of New Mexico,  and may be 

r e l a t ed  to t e c t o n i c   a d j u s t m e n t s   d u r i n g  the  format ion  o f  the 

Basin  and Range p h y s i o g r a p h i c   a n d   s t r u c t u r a l   p r o v i n c e .  

The y o u n g e s t   i g n e o u s   e v e n t   i n   t h e   S i e r r a   3 i c a  was t h e  

ex t rus ion   o f   Qua te rna ry -age   basa l t i c   l avas .   A l though   p re sen t  

i n  only two small o u t c r o p s   i n   t h e   S i e r r a   R i c a ,  i t  i s  pos- 

s i b l e  t h a t  these lavas could  have  covered much of t h e  S ie r ra  

Rica   and   sur rounding   count rys ide .   Extens ive  f i e l d s  o f  

Qua te rna ry  basal t  are s t i l l  p r e s e n t   i n  t he  Alamo Hueco 

Mounta ins ,   to  t h e  south   o f  t h e  Big   Hatche t   Mounta ins ,   and   in  

Mexico. A prominent  mesa  of t h i s  basa l t  can a l s o   b e   s e e n  

a few miles t o  t he  eas t  of   Hachi ta .  

The Younges t   un i t  mapped i n   t n e   S i e r r a   R i c a  i s  a l luv ium 

which f i l l s  the  s t r u c t u r a l   b a s i n s   o f  t he  Bas in  and  Range 

p rov ince .  
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GEOPI-IYSICS 

General   Statement  

As p a r t  of a r eg iona l   r econna i s sance   p rog ram  in   sou th -  

wes te rn  Hew Mexico,  Phelps Dodge Corporat ion  had  undertaken 

g rav i ty   su rveys   and   ae romagne t i c   su rveys   du r ing   t he   l a t t e r  

p a r t  of t h e  1960's. -:Wavity  and  .ma-gnetic  anomalies  obtained 

over   - the   a rea   covered  by th i s  r epor t   were   fo l lowed  up by 

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

1) Gravi ty  data showed s u b s t a n t i a l   a r e a s  of shal low 

al luvium  cover ,   and  suggested  the  presence of 

i n t r u s i v e s .  

2 )  Aeromagnet ic   da ta   sugges ted   the   poss ib le   p resence  

of  b u r i e d   i n t r u s i v e s .  

3) S p o r a d i c   b a s e - m e t a l   m i n e r a l i z a t i o n   i n   t h e   S i e r r a  

Rica  and  surrounding  ranges  suggested t h a t  l a r g e  

m i n e r a l i z e d   i n t r u s i v e s   m i g h t   u n d e r l i e  t h i s  a r e a .  

During  1968  and  ear ly  1969, 165 l i ne -mi l e s  o f  induced 

po la r i za t ion   su rvey   were   run  by  Phelps  Dodge i n   t h e   a r e a  

covered by  t h i s  r e p o r t .  The presence  of i nduced   po la r i za -  

t i on   anomal i e s   de l inea ted   du r ing   t he   su rvey   cou ld   no t  b e  

exp la ined  b y  a supe r f i c i a l .   examina t ion  of sur face   geology,  

The ch ie f   geo log i s t   and   ch ie f   geophys ic i s t  of the  Corpora- 

t i o n   t h e r e f o r e   p r e s e n t e d  t h i s  as a p r o b l e m   s u i t a b l e  for a 

LO 5 
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t h e s i s  s t u d y ,  i n   t h e   h o p e s  tha t  geology  and  geochemistry 

might throw some l i g h t  on the   cause  of t he   i nduced   po la r i za -  

t i on   anomal i e s .  .The:geoche-mica1 i n v e s t i g a t i o n  of  t h e  S i e r r a  

Rica  i s  d i s c u s s e d   l a t e r   i n  t h i s  r e p o r t .  

The g e o p h y s i c a l   d a t a   c o n t a i n e d   i n  t h i s  repor t   were  made 

a v a i l a b l e   t o   t h e   w r i t e r  by  Phelps. .Dodge  Corporation. 

Magnetic Data 

P l a t e  3 shows t h e   r e s u l t s  o f  an aer ia l  magnetic  survey 

wh ich   i nc ludes   t he  mapped a r e a ,   o u t l i n e d  b y  a heavy   l i ne  on 

t h e  magnet ic   contour  map. 

A very   p rominent   magnet ic   pa t te rn   occurs   over  t h i s  a r e a ;  

magnet ic   h ighs  i n  t h e   n o r t h w e s t e r n   a n d   s o u t h e a s t e r n   c o r n e r s  

o f  t h e  mapped a r e a   a r e   c o n n e c t e d  by a "saddle"  of r e l a t i v e l y  

h igh   magne t i c   va lues .  The h i g h l y   i r r e g u l a r   m a g n e t i c  

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

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

r o c k s ,  some of  which  can  be  observed i n   t h e   f i e l d  as windows 

i n  the  a l luv ium.  

The m a g n e t i c   h i g h   i n   t h e   s o u t h e a s t e r n   c o r n e r  of t h e  

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

As no o t h e r   l a r g e   i n t r u s i v e s   a r e  known i n  this  a r e a  i t  seems 

s a f e  t o  conclude t h a t  the   no r thwes te r ly - t r end ing   magne t i c  

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

u n d e r l i e s   t h e   S i e r r a   R i c a .  
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Gravi ty  Data - 
P l a t e  4 shows t h e   r e s u l t s  of a gravi ty   survey   which  

i n c l u d e s   t h e  .mapped  area. As i n   t h e   c a s e  .of the   magnet ic  

s u r v e y ,   t h e   d o m i n a t i n g   f e a t u r e  i s  a no r thwes te r ly - t r end ing  

b e l t  of r e l a t i v e l y   h i g h   g r a v i t y   v a l u e s .  A m o s t   i n t e r e s t -  

i n g   f a c t   o b s e r v e d  i s  t h a t  when the   g rav i ty   and   magne t i c  

maps are   superimposed,   very  c lose  agreement   between  the con- 

tour~.. tr .ends i s  s e e n   t o  .ex.is_t.,llo.twll;hs~anding...the._ f a c t  ..t hat  

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

o f  t h e   r o c k s .  The g r a v i t y  map s u b s t a n t i a t e s   t h e   i d e a  t h a t  

t h e   S i e r r a   R i c a  i s  u n d e r l a i n  b y  a l a r g e   i n t r u s i v e .  From 

the t r e n d  of  t h e   g r a v i t y   a n d   m a g n e t i c   c o n t o u r s   ( s e e   P l a t e s  

3 and 4 ) ,  i t  appears  t h a t  t h e   t r e n d  of t h e   i n t r u s i v e   c l o s e l y  

p a r a l l e l s   t h e   t r e n d  of the   h igh-angle   normal   fau l t   which  

t r a n s e c t s   t h e  mapped a r e a .  I t  t h e r e f o r e  seems  probable   that  

t h e   i n t r u s i v e   i n v a d e d  t h i s  f a u l t  zone a t  depth .  

I n d u c e d   P o l a r i z a t i o n  - Data 

The induced   po la r i za t ion   anomal i e s   a r e  shown as a shaded 

p a t t e r n  on P l a t e s  3, 4 ,  and 5 .  The i n d u c e d   p o l a r i z a t i o n  

da ta   were   ga the red   f rom  no r th - sou th   t r ave r se   l i nes  a t  one 

m i l e   s e p a r a t i o n ,  w i th  s t a t i o n s  a t  12 ,000-foot   cen ters   a long  

t h e   t r a v e r s e   l i n e s .  Moveout d i s t a n c e s   a l o n g   t h e s e   l i n e s  

were a t   1 0 0 0 - f o o t   i n t e r v a l s .  Over the   a reas   covered  by t n e  

magnet ic  h i g h s ,  an   i nduced   po la r i za t ion   g r id  was s e t  u p ,  

w i t h -  s t a t i o n s  a t  Gooo-foot i n t e r v a l s  and  readings  were  taken 
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a t   5 0 0 - f o o t  moveout i n t e r v a l s .  

Three  anomalous  areas   were  out l ined  (see p l a t e  5 ) .  The 

most-pTomi-nent  anomaly "va-ri-es .in - w i d t h  between 1000 a n d ~ ~ 7 0 0 0  

f e e t ,  and  extends  a long a no r thwes te r ly   t r end   t h rough   t he  

S i e r r a   R i c a   f o r  a d i s t a n c e  of  over  7 miles. To the  s o u t h e a s t  

of th is  anomaly a 1000-foot  wide  .banana-shaped  anomaly  extends 

out  of t h e   a r e a  mapped. Par t  of  t h i s  anomaly  extends  over 

- . - . ." . t . ~ ~ - g r a n 3 . t ~ o u " c r o p - ~ ~ ~ s - e - d - . ~ ~ - t k ~ - . ~ ~ u d h ~ s - t e ~ - . p a r t  - -of s e e .  

13,  T .  3 0 s .  , R .  14W. The t h i r d   a n o m a l y ,   i n   t h e   n o r t h e a s t e r n  

p a r t  of T.3OS., R.14W.  , h a s   n o t   b e e n   o u t l i n e d   i n   d e t a i l .  It  

i s  drawn on t h e  basis of d a t a   g a i n e d   f r o m   t r a v e r s e   l i n e s  

which   en tered  t h i s  a rea   f rom  the   nor th   and   f rom  the   south ,  

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

anomalies  i s  t ha t  t h e y   f o l l o w   t h e   b e l t s  of no r thwes te r ly -  

t rending   magnet ic   and   grav i ty   anomal ies .  A t  a s u p e r f i c i a l  

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

a l s o .  However, on c l o s e r   i n s p e c t i o n ,   t h e   l i n e a r   b e l t s  of  

i n d u c e d   p o l a r i z a t i o n   a n o m a l i e s   a r e   s e e n   t o   h a v e  a c ros s -  

c u t t i n g   r e l a t i o n s h i p  wi th  g e o l o g i c   f e a t u r e s   s u c h  as the 

s t r i k e   o f   t h e   s e d i m e n t a r y   r o c k s ,   a n d   f a u l t s .  It should   be  

n o t e d  tha-t no   anomal ies   occur   over   the   a reas  of  known min- 

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

anomal i e s   a r e   p re sen ted :  

1) Wate r - r i ch   f r ac tu re   zones .  

2 )  Syngenet ic   minera ls   such   as   carbon,  o r  metamorphic 

g r a p h i t e .  
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3) Contact  metamorphic  minerals  such as t r e m o l i t e  

and a c t i n o l i t e .  

4~ ) - su lph . ide .   mine ra l i z . a t ion ,   . p~as . s ib ly   l oca l i zed   i n  

a pyrometasomatic  contact  zone. 

I n   t h e   n o r t h w e s t e r n   p a r t  of t he  mapped a rea   t he   i nduced  

p o l a r i z a t i o n  anomaly  occurs   over   an  area  where  apparent ly  

b a r r e n   q u a r t z i t e s   c r o p   o u t .  The d e p t h   t o   t h e   t o p  of t h e  

r e s p o n s i v e  body appears  t o  be  about 1100 f e e t ,   a n d   t h e  

response  i s  c h a r a c t e r i z e d  by  moderate t o   h i g h   r e s i s t i v i t i e s  

and h i g h   p o l a r i z a t i o n   e f f e c t s  ~ 

The anomaly i n   t h e   s o u t h w e s t e r n   p a r t  of s e c .  11, T.3OS., 

R . l 4 W . ,  i s  c h a r a c t e r i z e d  by low r e s i s t i v i t i e s   a n d   h i g h  

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

r e spons ive  body  appears t o   b e   i n   t h e   o r d e r  of 300 f e e t .  

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

q u a r t z i t e s   w i t h   i n t e r b e d d e d  Claystone  and  occasional  quartzose 

l imes tone   beds .  The  low r e s i s t i v i t i e s  may be  due t o   w a t e r -  

f i l l e d   f r a c t u r e s  * 

The  anomaly i n   t h e   s o u t h e r n   p a r t  of s e c .  13,  T.30S., 

R . l 4 W . ,  i s  c h a r a c t e r i z e d  by  h i g h   r e s i s t i v i t i e s   a n d   m o d e r a t e  

p o l a r i z a t i o n   e f f e c t s .  The d e p t h   t o   t h e   t o p  of tne  respon- 

s i v e  body  appears t o  be  about I100 f e e t .   O u t c r o p   i n   t h e  

a r e a   c o n s i s t s  of p y r i t i c  and   mo lybden i t i c   g ros su la r i t e -  

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

The anomaly i n   t h e   s o u t h e a s t e r n   p a r t  of s e c .  1, T.30S., 

R . 1 4 W . ,  i s  c h a r a c t e r i z e d  by m o d e r a t e   t o   h i g h   r e s i s t i v i t i e s  
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.. 

and  moderate   to  high p o l a r i z a t i o n   e f f e c t s .  The d e p t h   t o  

t h e   t o p  of  t h e   r e s p o n s i v e  body a p p e a r s   t o  b e  about  500 f e e t .  

.Out-crop . i-n t h e  --?mea , ~ ~ o ~ s i ~ ~ s ~ . . o ~ . . . . p y r i ~ i . c . . . ~ ~ ~ p w ~ i ~ ~ ~ ~ ~ ~ ~ ~ e  

t a c t i t e ,  

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

q u a r t z i t e s   r e s p e c t i v e l y ,   a n d  two of t h e   a r e a s   c o n t a i n  

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

 on^ the-.in-duced-po4ari-zation , r e s~u l t s .   - - -Al though   . p l an t   ma te r -  

i a l  is f a i r l y  common throughout   the  Mojado Formation,  no 

carbonaceous o r  g raph i t i c   sha l e s   were   obse rved   i n   t he   ou t -  

crop.  

The re fo re ,  i t  seems  reasonable   to   assume tha t  t h e  

induced   po la r i za t ion   anomal i e s  may be a r e f l e c t i o n  o f  su l -  

ph ides  a t  dep th .   However ,   t he   poss ib i l i t y  t h a t  the  : 

anomalies 'may be  caused by contact   metamorphic   minerals   such 

as t r e m o l i t e   a n d   a c t i n o l i t e   c a n n o t   b e   d i s c o u n t e d .  
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GEOCHEMISTRY 

Genera l   Discuss ion  

Rock, so i l ,   s t ream  sed iment ,   and   p lan t   samples   were  

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

It  was hoped t h a t  these  geochemical   samples   would  indicate  

t races   .o f -mine . ra l iza t ion   n-o t   .x?s . ib le  on . the  .outcrop,  .and  pos- 

s i b l y  the   p resence   o f   secondary   d i spers ion   ha los   emanat ing  

f r o m   c o n c e a l e d   m e t a l l i z a t i o n .   L i t h o l o g i e s ,   m i n e r a l i z a t i o n ,  

s o i l s ,  and   vege ta t ion   have   been   d i scussed .  A b r i e f   r e -  

i t e r a t i o n  of s o i l   t y p e s   f o l l o w s :  Over a reas   o f   ou tc rop ,  

s o i l   c o v e r  i s  ske le t a l ,   c a l ca reous ,   and   s e ldom  exceeds  a 

t h i ckness   o f  more than  1 8  i n c h e s .   I n   g e n e r a l ,  a veneer  of 

windblown  sand i s  admixed w i t h  t h e   t h i n   l a y e r  of organic-  

r i c h  A-horizon s o i l ,  and i s  immedia te ly   under la in  by  C- 

ho r i zon   wea the red   bed rock   ma te r i a l .   I n   a r eas  of a l luv ium 

( s e e  Qal ,  p l .  l), t h e   m a t e r i a l   c o n s i s t s   g e n e r a l l y  of c a l i c h e -  

cemented   grave ls .  

A l i m i t e d  amount  of  geochemical data has b e e n   c o l l e c t e d  

i n   t h e   s o u t h w e s t e r n   U n i t e d   S t a t e s  (Bloom, 1 9 6 6 ;  Canney, 

1963; Cooper  and H u f f ,  1951;  Erickson  and  Marranzino,  1 9 6 0 ;  

Graf and  Kerr ,  1950;  and  Lovering,  Huff,   and Almond, 1 9 5 0 )  

These  workers  have shown t h a t   i n   g e n e r a l ,   t h e   a r i d   s o u t h w e s t  

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

111 
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because of t h e   r e s t r i c t i v e   e f f e c t  of t he   ca l ca reous   env i ron -  

ment on t h e   s e c o n d a r y   d i s p e r s i o n   h a l o  of heavy-metal  mineral- 

i z a t i o n ,  

D u r i n g   t h i s   s t u d y   t h e   w r i t e r   c o l l e c t e d  1125  samples. I n  

a d d i t i o n   t o   t h e s e ,   t h e   w r i t e r   h a d   a v a i l a b l e   t h e  data from 592 

samples   which  had.been  col lected.by  Phelps-Dodge  corporation. 

Determina t ion  of copper ,   l ead ,   z inc ,   and  molybdenum  by 

.di.f.ferent  .analy_tlcal..me.thnds.  from a to t - a1  .of l717.--s.a1qples 

r e s u l t e d   i n   s l i g h t l y  more t h a n  71.00 p i e c e s  o f  i n fo rma t ion .  

As t h e   a r e a  o f  geochemical   sampling  does  not   exceed 25 square  

mi l e s ,   t he   s ample   dens i ty  i s  about  69 samples   per   square  

m i l e ,  

The geochemical   information i s  presented   under   the  

fo l lowing   head ings  : Sample   co l l ec t ion ;   s ample   ana lys i s ;   and  

i n t e r p r e t a t i o n  o f  geochemical   data .  

Sample  Col lect ion 

Sample   co l l ec t ion   can   be   subd iv ided   i n to   t he   fo l lowing  

f i v e   c a t e g o r i e s :   C l a i m - v a l i d a t i o n   d r i l l c h i p   s a m p l e s ;   l i t h o -  

geochemical  samples;   pedogeochemical  samples;   stream  sedi-  

ment  samples;  and  biogeochemical.  samples. 

'Clain:-~val ' idation  Dril lchip  Samples 

D u r i n g   t h e   l a t t e r   p a r t  o f  1968 a n d   e a r l y   p a r t  o f  1 9 6 9 ,  

Phelps  Dodge Corpora t ion   s t aked  592 c l a i m s   i n   t h e   a r e a  

covered by t h i s  r e p o r t .  As - r e q u i r e d  by  New Mexico  mining 
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law, e'ach c l a i m  had t o  b e   v a l i d a t e 2  by  excava t ion  of a 10- 

f o o t   p r o s p e c t   t r e n c h  or a 10-foot  d r i l l  h o l e .  The d r i l l i n g  

.was done-wi.t.h .a . p e r c u s s i o n - t y p e . - . s ~ ~ ~ ~ o l . e - - d r i l l  t o  a depth 

of  1 0  f e e t  on e i t h e r   t h e   e a s t - c e n t r a l  or w e s t - c e n t r a l   s i d e  

of each   c la im.  About 1 l b .  o f  d r i l l c h i p   m a t e r i a l  was 

g a t h e r e d  up a t  t h e  mouth of t h e   d r i l l h o l e  on completion of 

t h e   d r i l l i n g .  The l o c a t i o n  of each   c l a im-va l ida t ion  drill- 

b .o l e  i:s.. : i nd ica t ed   on - -Ph te : :5  ;.. d3n$.artnn:&ely,  no .rec-o-rd of 

t h e   m a t e r i a l   b e i n g   d r i l l e d  was a v a i l a b l e   t o   t h e   w r i t e r .  

Lithogeochemical  Samples 

O f  200 l i t hogeochemica l   s amples   co l l ec t ed ,  6 1  were  col-  

l e c t e d   o n   t h e ,   g e o c h e m i c a l   g r i d   i n   s e c .  1.3, T.3OS., R.14W.  

The l o c a t i o n s  of t h e s e  6 1  samples   are  shown  on P l a t e  6. The 

remain ing  139 l i thogeochemica l   samples   were   co l lec ted   over  

a n   a r e a  of .ab.out 25. s q u a r e   m i l e s   i n  - the S i e r r a   R i c a  and 

Apache Valley.  Appendix 1 on page 1 4 0  shows the l o c a t i o n ,  

by s e c t i o n ,  o f  each   s ample ,   and   t he   l i t ho logy .  A g r e a t  

v a r i e t y  of  samples was c o l l e c t e d   i n   o r d e r   t o   e s t a b l i s h  

t race-element   background  values  for d i f f e r e n t   l i t h o l o g i e s  ~ 

V e i n   m a t e r i a l ,   f a u l t  gouge.,:and f rac tured   samples   were   co l -  

l e c t e d   i n   o r d e r   t o   d e t e r m i n e   t h e i r  t r ace  e l emen t   con ten t .  

About 1 lb. of chip  samples   were  usual ly   raken  f rom  each 

sample s i t e .  Care was t a k e n   t o   e n s u r e  t ha t  composite  samples 

of f r a c t u r e d   r o c k s   c o n t a i n e d  as l a r g e  a f r a c t u r e - s u r f a c e  area 

as could   be   ob ta ined  by  chip  sampling  mechods.  Weathered and  
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f r e sh   rock   were   s ampled   s epa ra t e ly .  

Pedogeochemical  Samples 

Two . t r ave r ses   were  l a i d  o u t   t o   c r o s s  t h e  induced  pol.ar- 

i za t ion   anomal i e s   ( s ee   p1 .  5 ) .  The r e a s o n s   f o r   s a m p l i n g  

a long   t hese   l i nes   were   twofo ld :  

1. To c o n d u c t   a n   o r i e n t a t i o n   s u r v e y   i n   o r d e r   t o   e v a l u a t e  

t h e .   t y p e  of  ma te r i a l s   ava i l ab le   fo r   s ampl ing   and   t he   heavy-  

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

2 .  t o   s e e  i f  the   induced   po lar iza t ion   anomaly  had any  geo- 

c h e m i c a l   e x p r e s s i o n   i n   t h e   o v e r l y i n g   s o i l s .  30 th  r e s i d u a l  

and a l l u v i a l   s o i l s   w e r e   s a m p l e d   a s   p a r t  of t h e   o r i e n t a t i o n  

survey.   Line 1 ran   f rom  the   top  of t h e  h i l l  i n   t h e   c e n t e r  

o f  sec .   25 ,  T . 2 9 S . ,  R . l 5 W . ,  i n  a n o r t h e a s t e r l y   d i r e c t i o n  t o  

a p o i n t   a b o u t  1 0 0 0  f e e t   s o u t h w e s t  of  t h e  n o r t h e a s t   c o r n e r  

of s e c .  1 9 ,  T.29.S.., R . 1 4 W .  The t r a v e r s e   s t a r t e d  on a l l o c h -  

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

by  Doyle  Creek,  and  continued  over Mojado Format ion   quar tz -  

i t e s  and h o r n f e l s e s  w i t h  i n t r u s i v e   l a t i t e   d i k e s .   S o i l  

samples   were  taken a t  100- foo t   i n t e rva l s .   Sampl ing   dep th  

.varied; -ove r   t he   qua r t z i t e s   and   l imes tones ,   C-hor i zon  s o i l  

was e n c o u n t e r e d   a t   l e s s   t h a n  6 i nches   dep th .  T h i s  m a t e r i a l  

was s a m p l e d .   I n   t h e   a l l u v i a l   m a t e r i a l  an a r b i t r a r y   d e p t h  of  

6 t o  9 i n c h e s  was chosen for sampl ing .   In  this  manner s u r -  

face  windblown  sand  and  organic   mat ter   were  avoided.  The 

a l l u v i a l   s o i l  i s  un i fo rmly   ca l ca reous   t o  a depth  of a t   l e a s t  
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3 f ee t .   Samples   were   s c reened   t o   pas s  40 mesh ( T y l e r )  i n  

t h e   f i e l d .  A s t e e l   k i t c h e n   s i e v e  was u s e d   f o r   t h e   f i e l d  

s c r e e n i n g .  

Line 2 ran   a long   the   Uni ted   S ta tes -Mexico   border   fence  

f rom  the   sou theas t   co rne r  of s e c .  13, T.3OS., R . l 4 W . ,  nor th-  

ward t o   t h e   p o i n t   i n   s e c .  3 6 ,  T,29S. ,  R . 1 4 X .  where the 

b o r d e r   r o a d   f o r k s  ( t h i s  end of the  t r a v e r s e   c o i n c i d e s  wi th  

.str.e.am..se..dimentz.s.ample s t a t i o n   n o ,  4 0 ,  s e e   - p i a t e  5 ) .  

Samples were  taken a t  1 0 0 - f o o t   i n t e r v a l s   a l o n g  th i s  t r a v e r s e  

as far as t h e   n o r t h e a s t   c o r n e r   o f   s e c .  13, T. 3OS., X. l o w . ,  
and at  2 0 0 - f o o t   i n t e r v a l s   t o   t h e   n o r t h  of t h i s  p o i n t .  The 

sampl ing   depth  and screening   methods   used   were   essent ia l ly  

t h e  same as those   used  on l i n e  1. Appendix 2 r eco rds  the 

d i s t ance   f rom  the  s t a r t  o f   each   t r ave r se ,   and   so i l   and   rock  

type  * 

In  a s e p a r a t e   s t u d y   o v e r   t h e   t a c t i t e  on t h e   i s o l a t e d  

h i l l  i n   s e c .   1 3 ,   T . 3 0 S . ,  R . 1 4 W . ,  263 s o i l   s a m p l e s   w e r e  

c o l l e c t e d  on a 20 x 100-foot g r i d ,  The l o c a t i o n   o f   t h e s e  

samples is shown on the   geochemica l ,   g r id  map, P l a t e  6 .  

These  samples   were  taken  in   C-horizon  soi l ,   below  the  pebbly 

c a l i c h e   l a y e r   w h i c h  forms a"3-inch- t h i c k   b l a n k e t  immedi.ate-ly 

be low  the   su r f ace  of t h i s  admixed r e s i d u a l - t r a n s p o r t e d   s o i l .  

Depth t o   b e d r o c k   v a r i e d   b e t w e e n  6 inches  and 1 8  inches ,   and  

averaged  about  9 inches.   Samples  were  taken  immediately 

above  bedrock,   and  screened  to   pass  40 mesh. 
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Stream  Sediment  Samples 

P l a t e  6 ,  a d ra inage  map o f   t h e   S i e r r a  R i c a ,  shows t h e  

..location  .of-str.eam  sediment -sample...s.Z.a.tions. A t o t . a l  of 330 

s t ream  sediment   samples   were  col lected  f rom 126  sample 

s t a t i o n s ,   a v e r a g i n g  2 .6  s a m p l e s   p e r   s t a t i o n .  The a c t u a l  

number  of samples   taken a t  any  one s t a t ion   r anged   be tween  

one  and e i g h t .  The number  of  samples  taken a t  any  one s t a -  

t i o n  w-as-d-e-te.rmined by (i) t h e . : t ~ p . e . . - a f r ~ j n a g e ,   a n d  (ii) t h e  

type  of m a t e r i a l   i n  any p a r t i c u l a r   d r a i n a g e .   I n   i l l - d e f i n e d  

b r a i d e d  s t ream-type   dra inages ,  a number of  samples  were 

t aken   ac ross   t he   d ra inage ;  one f o r   e a c h  of the   main   d ra inage  

c h a n n e l s .   I n   d r a i n a g e s   t h a t   c o n t a i n e d   b o t h   c h a n n e l   a n d  

f loodp la in - sed imen t s ,   s amples   o f   each   t ype   o f   ma te r i a l   were  

c o l l e c t e d .  A l l  samples ,  w i th  t h e   e x c e p t i o n  of wet mud 

samples ,   were   sc reened   to   pass  40 mesh a t  the  s a m p l e   s i t e .  

Wet  mud samples   were   d r i ed ,   pu lve r i zed ,   and   s c reened   i n  

the   base  camp. Appendix 3 l i s t s  t h e  number  of  samples  taken 

a t  e a c h   s t a t i o n .  

Biogeo'chemical  Samples 

The f l o r a   w i t h i n   . t h e  mapped a rea   has   been   desc r ibed .  

F igu re  2 i l l u s t r a t e s   t h e  commonest f l o r a   i n   t h e   a r e a ,  

greasewood s c r u b .  Mesquite,  which  has been   used   in   geo-  

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

(Huff ,   1963)  was not   examined  in  t h i s  s tudy  because i t  is 

g e n e r a l l y   r e s t r i c t e d   t o   a r e a s   o f   t h i c k   a l l u v i u m .   P l a n t s  
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growing on bedrock  were  examined. Of t h e s e ,   o c o t i l l o s  

(Fouquiera   fami ly)  , t h i n  stemmed t h o r n y   x e r o p h y t i c   p l a n t s  

showed..an..apparenfly  . .an.omalous  .growth  .distribution. They 

c h a r a c t e r i s t i c a l l y  grow only on l imes tones  or very   ca lcare-  

ous g rave l s .   These   p l an t s  grow i n  p r o f u s i o n  on the  l ime- 

s t o n e s   i n   s o u t h w e s t e r n  New Mexico  and sou theas t e rn   Ar i zona  

( t h e   h i l l s   a r o u n d  Tombstone  and  Bisbee are covered by  dense 

growths  of  ac:t . i . l lo,   and ... 1-acal ~y.,...-~  is -. ~ ~ ~ c i e s  ... is..plan1;ed 

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

It was n o t e d   i n   t h e  S ie r ra  Rica   tha t   anomalous   concent ra t ions  

o f   o c o t i l l o  grow on f r a c t u r e d   q u a r t z i t e s  in t h e  l eas t  ca l -  

c a r e o u s   p a r t  of t h e  mapped a r e a .  Very few specimens  of 

o c o t i l l o   w e r e   e n c o u n t e r e d  on u n f r a c t u r e d   q u a r t z i t e s .   F i g u r e  

29 shows  an anomalous c o n c e n t r a t i o n   o f   o c o t i l l o   g r o w i n g  on 

f r a c t u r e d   q u a r t z i t e   n e a r   t h e   p r o s p e c t   p i t   i n   s e c .  27, 

T . 2 9 S . ,  R.14W. 

S ix   spec imens   f rom  sec .  2 7 ,  T . 2 9 S . ,  R . l 4 W . ,  and s i x  

specimens  f rom  the  a l lochthonous  l imestone on t h e   e a s t   s l o p e  

of Doyle ' s   Peak ,   sec .  2 1 ,  T.29S., R.14W.  , were  sampled. 

S i x  3- t o  4- inch   cu t t ings   o f   f resh-growth   mater ia l s   were  

taken   f rom  each   spec imen  in   such  a manner t h a t  e a c h   s i d e ,  

as w e l l  as the   cen ter   o f   the   p lan t ,   had   been   sampled .  The 

s i , x  samples  cut  from  one  specimen  were  composited  and  sun 

d r i e d .  In addi t ion ,   composi te   so i l   and   rock-chip   samples  

were  taken  around  the  base  of   each  specimen sampled. Root 
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Figure  29. Anomalous growths of o c o t i l l o   ( F o u q u i e r i a  f a m i l y )  

R. 14W. 
on f r a c t u r e d   q u a r t z i t e s   i n  SWk, s e e .  2 7 ,  T.29S., 



T 129.2 

m a t e r i a l  was not   sampled  because i t s  heavy wood t e x t u r e  was 

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

Sample  Analysis 

A number of d i f f e ren t   me thods  of sample   p repara t ion   and  

s a m p l e   a n a l y s i s   w e r e   t r i e d ;   e i t h e r   s i n g l y ,  or i n   combina t ion ,  

for any p a r t i c u l a r   s a m p l e .  The d i f f e r e n t   t y p e s  of p repa ra -  

t ion~  and . .ana lys i s   .p rocedures   a re   descr ibed   be low.   Atomic  

abso rp t ion   and   co lo r ime t r i c   ana lys i s   were  done  by t h e   w r i t e r  

i n  the Phelps  Dodge l a b o r a t o r i e s   i n   D o u g l a s ,   A r i z o n a .  A l l .  

o ther   ana lyses   were   done  by t h e  s taff  of  the   Phe lps  Dodge 

geochemica l   l abora tory   and  by commerc ia l   l abo ra to r i e s ,  

Sample   Prepara t ion  

A l l  samples   were   sun-dr ied   before   en te r ing   the   l abora-  

to ry .   L i thogeochemica l   samples   were   g round  in  a r o t a r y -  

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

manganese-s t e e 1  jaw c r u s h e r .  A minimum of 20 grams o f  -200 

mesh  powdered  sample was co l l ec t ed   f rom  the   ce ramic   c rushe r .  

One b a t c h  of 150 s e l e c t e d   s o i l   a n d   s t r e a m   s e d i m e n t   s a m p l e s  

was .-crushed t o  p a s s  200  mesh by the   above   process .  

S o i l  and s t ream  sed iment   samples   were   sc reened   to   pass  

80 mesh i n   s t a i n l e s s   s t e e l   s i e v e s .  A number of samples  were 

s e l e c t e d   a n d   s c r e e n e d   t o  -80 mesh, -120 mesh,  and -200 mesh, 

i n   a d d i t i o n   t o  the -40 mesh f i e l d   s c r e e n i n g ,  s o  tha t  four 

s i ze   f r a . c t ions   were   ob ta ined   f rom  each  of these  samples .  
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Except for t h e   f i e l d   s c r e e n i n g ,   a l l   s a m p l e s   w e r e   s c r e e n e d  

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

Weighing o f  biogeochemical  samples was c a r r i e d   o u t  on 

an   ana ly t i ca l   ba l ance ,   and   we igh t s   were   r eco rded   t o   t he  

f o u r t h   d e c i m a l   p l a c e .  An a c c u r a t e   b a l a n c e  was used for 

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

h a v e   r e s u l t e d  when weighing   heavy  n icke l   c ruc ib les   conta in-  

i n g  small q u a n t i t i e s  o f  p l a n t   a s h  on .a s i n g l e  beam ba lance .  

A l l  other  samples  were  weighed on a s i n g l e  beam ba lance  

hav ing  a s e n s i t i v i t y  of 1 0  mg. The w e i g h i n g   e r r o r  was less 

t h a n  10% a t  t h e  9 0 %  conf idence   l eve l ,   Scoop ing  of samples 

i n  a s p e c i a l l y   c o n s t r u c t e d  0.2 g scoop was a t t empted ,   bu t  

abandoned  because   var ia t ion   in   sample   mater ia l   caused   s ig-  

n l f i c a n t   v a r i a t i o n   i n   t h e   w e i g h t  of scooped  samples.  

Ashing of biogeochemical   samples  was done a t  4 O O 0 C  in 

n i c k e l   c r u c i b l e s   i n  a muff le-furnace.   Ashing  t ime was 

approximately 8 hour s .  The samples  were  cooled in i less ica-  

t o r s  and weighed.  Ashing was r e p e a t e d   u n t i l   c o n s t a n t   w e i g h t  

was achieved .  

The fo l lowing   four   methods  of soil sample digestion for 

c o l o r i m e t r i c  and   a tomic-absorp t ion   ana lys i s   were   t es ted  on 

0 . 2  g s a m p l e s   i n  18 x 150mm t e s t   t u b e s :  

( i) 5 m l  40% HF f 3 m l  95% HZSOll 

(ii) 5 m l  6 0 %  H C 1 0 4  + 5 m l  100% HI103 

( i i i )  5 m l  50% H N 0 3  

( i v )  5 m l  25% FINO3 
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The samples   were  digested  cold f o r  25 minutes,   then  simmered 

on a h o t p l a t e  for 30 minu tes ,   coo led ,   and   d i lu t ed   t o  10  m l  

w i th  deminera l ized   water .   Al iquots  for metal de t e rmina t ion  

were  taken from the' d i l u t e d   d i g e s t e d   s a m p l e s .  It was found 

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

r e p r o d u c i b l e   r e s u l t s .  T h i s  method was t h e r e f o r e   u s e d  f o r  

most o f  t he   s ample   d iges t ions  as i t  was amenable t o  b a t c h  

. -anaiys . is ,  and i t  was ..noLhazacdo.us  .proai.ding -that-:..or.ganic 

m a t t e r  was e l imina ted   f rom  the   samples  by d i g e s t i o n  with a 

few  drops of  n i t r i c   a c i d   p r i o r   t o   t h e   a d d i t i o n  of the per-  

c h l o r i c   a c i d .  

Exper imenta l   da ta   ga thered   f rom  the   x - ray   appara tus  

u s e d   i n   t h i s   s t u d y   i n d i c a t e  t h a t  at  t h e  95% c o n f i d e n c e   l e v e l  

t h e   e r r o r  i s  l e s s   t h a n   1 5 %   i n   t h e   f o l l o w i n g   c o n c e n t r a t i o n  

ranges  for copper ,   l ead ,   z inc ,   and  molybdenum: Cu 25-1000 

ppm; Pb 25-1000 pprn; Zn 0-400 ppm; and Mo 50-1000 ppm. 

- Atomic  .Absorption " Analysis  

. A Jarrel-Ash  model 82 was used f o r  a tomic   abso rp t ion  

a n a l y s i s .  Air was used as oxidant   and  hydrogen as f u e l .  

T h e . s . e n s i t i v i t i e s  f o r  copper ,   l ead ,   and   z inc   were  as fo l lows :  

Cu 1 pprn; Pb 5 pprn; Zn 1 ppm. 

Colorfnie.tr ic  Analysis 

Because  molybdenum i s  not  amenable t o  a n a l y s i s  by 

a tomic   absorp t ion   methods   us ing  a i r  as  oxidant  and  hydrogen 

as f u e l ,  molybdenum In.   the.   .digeste.d  samples was determined 
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c o l o r i m e t r i c a l l y .  The c o l o r i m e t r i c  method  used was es sen -  

t i a l l y   t h e  same as tha t  d e s c r i b e d   i n  U.S. Geological   Survey 

B . u l l e t i n  ~.1152 (Ward.,:Lakin,  Canney,  and  others,. 196.3 , p .  6 2 ) .  

However, a 0 . 5  gm sample was used   i n s t ead  o f  a 0 . 1  gm 

sample,   and  acid  volumes  were  increased  f rom 1 m l  t o  2 m l  

o f  H2S04, and  from 1 d r o p   t o  3 drops o f  XNO3. These  modifi-  

c a t i o n s   r e s u l t e d   i n  a s e n s i t i v i t y  o f  1 ppm. 

I n t e r p r e t a t i o n  o f  Geochemical  Data 

Before   rev iewing   the   geochemica l  data as a whole,  the 

i n t e r p r e t a t i o n  and e v a l u a t i o n  o f  t h e  da t a   ob ta ined   f rom  the  

d i f f e r e n t   t y p e s  o f  samples will be   d i scussed  i n  the follow- 

i n g   o r d e r :   C l a i m - v a l i d a t i o n   d r i l l h o l e   d a t a ;   l i t h o g e o c h e m i c a l  

data;  pedogeochemical  data,   and  biogeochemical  data.  

Cla im- 'va l ida t ion '   Dr i l lho le  Data 

P l a t e  5 shows the 1 o c a t i o n . o f   e a c h   d r i l l h o l e ,   a n d   t h e  

va lues   o f   copper ,  lead, zinc,   and molybdenum, where  deter-  

mined. 

An i n s p e c t i o n  o f  t h e  data shows t h a t  they  can b e  d iv ided  

i n t o  two s e t s ;  a no r thwes te rn   s e t   where  the d r i l l h o l e  numbers 

a r e   p r e f i x e d  wi th  a W ,  and a s o u t h e a s t e r n   s e t  where t n e  

d r i l l h o l e  numbers a r e   p r e f i x e d  w i t h  a C.  The r eason  f o r  

th is  grouping i s  t h a t   e a c h   s e t  was ana lyzed  b y  d i f f e r e n t  

methods i n   d i f f e r e n t   l a b o r a t o r i e s .  The va lues   f rom  the  W- 

p r e f i x e d   d r i l l h o l e s   w e r e   d e t e r m i n e d  by  a tomic   absorp t ion  
. . ~~ 
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methods i n   t h e   c a s e  of copper ,   lead  and  z inc;   and  by  color i -  

-metr ic   'methods. . in .  the- case^ or" moly.bdenum. .-The. m . h e s . f r o m  

the   C-p re f ixed   d r i l l ho le s   were   de t e rmined  by x- ray   f luores-  

cence.  

The metal   values   f rom.  adjoining  W-dri l lholes   seldom 

d i f f e r  by more than  50 percen t ,   and  88 p e r c e n t  of the   va lues  

d i f f e r .  by . . ~ ~ s _ ~ ~ t r h a n . : : i 2 5 r p ~ ~ c ~ e ~ ~ ~ .  ::Asxming3hat- :adjoining 

d r i l l h o l e s   w e r e   d r i l l e d   i n t o   t h e  same m a t e r i a l ,  the va r i a -  

t i o n  of l e s s   t h a n  25 percent   ind ica tes   sound  geochemica l  

data. A t  t h i s  l e v e l  o f  c o n c e n t r a t i o n  of  t r a c e   e l e m e n t s  

(copper   averages 1 4  ppm, z inc   ave rages  35 ppm, and molyb- 

denum a v e r a g e s   l e s s   t h a n  1 ppm), a 25 p e r c e n t   v a r i a t i o n  

be tween  " ident ica l"   samples  i s  minimal. 

I n   s h a r p   c o n t r a s t   t o   t h e   W - d r i l l h o l e  data ,  the C- 

d r i l l h o l e   d a t a   a r e  ' f a r  l e s s   p r e c i s e .  Fewer  than 10 p e r c e n t  

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

t han  25 percen t ,   and  27 p e r c e n t  of  t h e   m e t a l   v a l u e s   d i f f e r  

by  100  p e r c e n t   o r  more. The non-reproducib le   na ture  of 

t h e s e  d a t a . i s  a t t r i b u t a b l e   t o   t h e   r e l a t i v e l y  poor s e n s i t i v i t y  

o f  t h e  x-ray in s t rumen t .  

F igu re  30 i l l u s t r a t e s   t h e   d i f f e r e n c e   i n   d i s t r i b u t i o n  

between  the C- and   W-dr i l lho le   da ta   for   copper .  The o t h e r  

meta ls  common t o   t h e  two s e t s ,   z i n c  and  molybdenum, show 
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C - D r i l l h o l e s  

PARTS PER  MILLION COPPER 

F i g u r e  30. F r e q u e n c y   d i s t r i b u t i o n  of copper   concen t r a t ion  
i n  494 d r i l l c h i p   s a m p l e s   f r o m   . c l a i m   v a l i d a t i o n  
d r i l l h o l e s .   L o c a t i o n  o f  C- and  W-dri l lholes  
shown on p l a t e  5 ,  
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t h e  same t y p e   o f   d i s t r i b u t i o n ,  

From a geochemica l   exp lo ra t ion   v i ewpo in t ,   t he  data from 

t h e   v a l i d a t i o n   d r i l l h o l e s  may be  used f o r  de te rmining  

gene ra l i zed   r eg iona l   backgrounds  f o r  coppe r ,   l ead ,   z inc ,  

and molybdenum. The anomalous  value o f  44 ppm molybdenum 

a t  W-359, on the s o u t h e r n   b o r d e r   o f   s e e .  25, T.ZgS., R.14W., 

i s  p robab ly   e r roneous ,  as no   va l ida t ion   ho le   could   be   found 

a t  .this s i t e .  

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

.Lithogeochemic'al Data 

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

ch ip   s amples   a r e   d iv ided   i n to   two   g roups :   t he  da ta  from 

the  geochemical  g r i d  over  the i s o l a t e d  h i l l  i n   s e c .  13,  

T.30S., R . l 4 W . ,  and  the data f rom  the   remainder   o f   the   a rea  

covered by t h i s  r e p o r t . .  

Sixty-one  l i thogeochemical   samples   were  taken on t h e  

g e o c h e m i c a l   g r i d   ( s e e   p l .  6 ) ;  a sample was taken  wherever  

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

Except f o r  t h e   f r a c t u r e d   q u a r t z i t e  on t h e   w e s t e r n   s i d e  o f  

t h e  h i l l ,  and a sma l l   a r ea   o f   g ran i t e   ou tc rop   and  a few 

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

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

seminated  throughout   the  metamorphosed  l imestone;   the 

presence  of  minor  amounts o f  chalcopyr i te   and   molybdeni te  

was t h e   m o t i v a t i o n   f o r   l a y i n g   o u t  a la rge-sca le   geochemica l  

g r i d   o v e r  t h i s  a r e a .  

1 2 5  
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The samples  were  analyzed by  x-ray f luorescence   and  a 

number of r e p l i c a t e   a n a l y s e s  by atomic  absorpt ion  were  under-  

t a k e n ,  a f te r  sample   d iges t ion  by  t h e   h y d r o f l u o r i c   a c i d -  

s u l p h u r i c   a c i d  method d e s c r i b e d  on page 1 2 1 .  The l a t t e r ,  

when compared with t h e  x-ray a n a l y s e s ,  showed p o o r   c o r r e l a -  

t i o n .  However, as the  n i t r i c   a c i d - p e r c h l o r i c  a c i d  d i g e s t i o n  

was n o t   s u c c e s s f u l   i n   t a k i n g   t h e   t a c t i t e   i n t o   s o l u t i o n ,   a n d  

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

hazardous for b a t c h  a n a l y s e s ,   n o   f u r t h e r   c h e m i c a l   a n a l y s e s  

were t r i e d  on these   samples .  

I n   t h e  data r e p o r t e d  on the  geochemical  g r id ,  only 

v a l u e s   g r e a t e r   t h a n  30 ppm a r e  shown; only  two  samples con- 

t a i n e d  more than 30 ppm molybdenum; l i n e  H ,  sample 6 e a s t ,  

and l i n e  F,  sample 8 west .  The r eason  for t h e  30 ppm cut-  

o f f  i s  because o f  p o o r   r e p r o d u c i b i l i t y  of the  x-ray  method 

below 50 ppm. 

Copper  values  range  from 0 ppm t o  740 ppm, l e a d   v a l u e s  

range  from 0 pprn t o  220 ppm, and  zinc  values  range  from 10 

ppm t o  350 ppm. An i n s p e c t i o n  of t h e   p l o t t e d   l i t h o g e o -  

chemical  data ( s e e   p l .  6 )  shows t h a t  t h e   v a l u e s   a r e  somewhat 

e r r a t i c .  This i s  due t o   t h e   f a c t  t ha t  more than  60 p e r c e n t  

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

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

Appendix 1 l i s t s  the l o c a t i o n ,   l i t h o l o g y ,  and Cu, P b ,  

Zn, and Mo c o n t e n t  of  l i thogeochemica l   samples  as determined 
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by x - r a y   f l u o r e m e t r i c   a n a l y s i s .  

The geochemica l   ana lys i s  of rock   ch ip   s amples   fo r   t r ace  

.elements.served  two  purposes:  (1) An e v a l u a t i o n  o f  t r a c e  

metal   background values ,  and  (2) an a s s a y  of v e i n   m a t e r i a l ,  

a l t e r e d   r o c k ,   a n d   v i s i b l e   m i n e r a l i z a t i o n .   a a c k g r o u n d   v a l u e s  

can  be  obtained by ave rag ing   t he   ana lyses  for any p a r t i c u l a r  

rock   t ype .   Fo r   example ,   f r ac tu red   qua r t z i t e s   w i th   no  

Tisib:l .e:zllxeration,  -xeining ,.... or-DXLdu^t.aining., h a v e  ..an 

average of  30 ppm Cu, 80 ppm Pb, 65 ppm Zn, and 1 0  ppm Mo 

( 1 0  s amples   ave raged) .   These   da t a   can   be   con t r a s t ed   w i th  

t h e   d a t a   o b t a i n e d   f r o m   f r a c t u r e d   i r o n   o x i d e - s t a i n e d   o r  

m i n e r a l i z e d   q u a r t z i t e .  An average o f  t h e   a n a l y t i c a l   d a t a  

from 1 3  a l t e r e d   o r   m i n e r a l i z e d   s a m p l e s ,  of  which  the 

l o c a l i t i e s   a r e   l i s t e d   i n  Appendix 1,. gave  the  fol lowing 

m e t a l   c o n c e n t r a t i o n s :  120 ppm Cu, 1100 ppm P b ,  1 9 0  ppm Zn, 

and 15 ppm Mo. .An assay o f  mine ra l i zed   rock  by x-ray 

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

me ta l   va lues  i n  such   samples   were   usua l ly   g rea te r   than   the  

s e n s i t i v i t y  of t h e   a n a l y t i c a l   m e t h o d .  

Pedoge'och'e'mical Data 

The pedogeochemical   data  can b e   d i v i d e d   i n t o  two 

groups :  soil sample  t raverse   data   (see  Appendix 2 ) ,  and 

geochemica l   g r id   da t a .  

Appendix 2 shows t h e   p o s i t i o n   a l o n g   t h e   s o i l   s a m p l e  

t r a v e r s e   l i n e s ,   s o i l .   t y p e ,   r o c k   t y p e ,   a n d   c o p p e r ,   l e a d ,   a n d  
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z inc   va lues  , as determined b y  a t o m i c   a b s o r p t i o n   a n a l y s i s ,  

a f t e r   s a m p l e   d i g e s t i o n   i n  25% n i t r i c   a c i d .  

F i g u r e  31 shows t h e   d i s t r i b u t i o n   o f   h e a v y   m e t a l  con- 

c e n t r a t i o n s   i n   r e s i d u a l   s o i l s   c o l l e c t e d   o v e r   l i m e s t o n e   a n d  

q u a r t z i t e   a l o n g   s o i l   s a m p l e   t r a v e r s e   l i n e s  1 and  2. The 

r e s idua l   so i l s   ove r   l imes tone   have   h ighe r   heavy-me ta l  con- 

c e n t r a t i o n s   t h a n   t h o s e   o v e r   q u a r t z i t e ,   n o t w i t h s t a n d i n g   t h e  

f a c t  tha t  t h e   l i m e s t o n e  has a lower  heavy-metal   content  than 

t h e   q u a r t z i t e .  The fo l lowing   ave raged   va lues   o f   coppe r ,  

lead, and  z inc  f rom 10 unminera l ized   l imes tone   samples   a re  

compared   wi th   the   averaged   va lues   ob ta ined   f rom 1 0  unmineral- 

i z e d   q u a r t z i t e   s a m p l e s ,  snown i n   p a r e n t h e s e s :  Cu 15 ( 3 0 )  

ppm, Pb 45 ( 8 0 )  ppm, and Zn 45 ( 6 5 )  ppm. These da t a  viewed 

i n   c o n j u n c t i o n  with Figure  3 1  i l l u s t r a t e   t h e   r e s t r i c t i n g  

n a t u r e   o f   c a l c a r e o u s   s o i l s  on t h e   m o b i l i t y  of  heavy  metals,  

a n d   a l s o .   t h e   f a c t   t h a t  t.he~..he.axy  meta.ls  have .b.e.e.n...l.eached 

o u t   o f   t h e   s o i l s   f o r m i n g   o v e r   q u a r t z i t e .  

The geochemica l   g r id  data  a r e   r e c o r d e d  on t h e  geo- 

c h e m i c a l   g r i d  map, P l a t e  6 .  S o i l  data f r o m   t r a v e r s e   l i n e s  

A through G were   ob ta ined   f rom  a tomic   abso rp t ion   ana lys i s ,  

per formed  by   a . . commerc ia l   l abora tory ,   for   Cu, -Pb ,   and  Zn, 

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

data f r o m   t r a v e r s e   l i n e s  H through M were  obtained by t h e  

same methods,   but   analyses   were  conducted b y  t h e  writer, I n  

a d d i t i o n ,   f r o m   t r a v e r s e   l i n e s  H through M ,  samples  were 

c o l o r i m e t r i c a l l y   a n a l y z e d   f o r  molybdenum. Rock c h i p  samples ,  
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Figure  31. Con t ra s t   be tween   heavy-me ta l   concen t r a t ions   i n  

S o i l   s a m p l e s  f r o m   t r a v e r s e   l i n e s  1 and 2 ( s e e  
r e s i d u a l   s o i l .  ove r   l imes tone   and   ove r   qua r t z i t e .  

q u a r t z i t e   a n d  6 1  s o i l   s a m p l e s   o v e r   l i m e s t o n e .  
appendix 2). Data from 5 1  s o i l   s a m p l e s   o v e r  

. 
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the  l o c a t i o n  o f  which a r e  shown on P l a t e  6 ,  were ana lyzed  by 

x-ray f l u o r e s c e n c e  . 
The data, as r eco rded  on the geochemica l   g r id  map, 

show a.re.ason-zb;ly --go-od - c o r r e l a t i o n  hetw.e.en-hi.gh  heavy.. m e t a l  

va lues   i n   rock   s amples   and   so i l   s amples .  However, s u f f i c i e n t  

d a t a   a r e   n o t   a v a i l a b l e   t o  draw any v a l i d   c o n c l u s i o n s  con- 

c e r n i n g   t h e   m a n n e r   i n   w h i c h   t h e   s o i l   c o n t e n t  o f  base   meta ls  

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

p a r t  of - t h e   - g r i d ,  molybfienum .-vaTnes OT upL%-ozFp.pm;were 

o b t a i n e d  in r e s i d u a l  s o i l s .  O f  1 0 4  de te rmina t ions   o f  molyb- 

denum i n   s o i l s ,  77 percent   have  a va lue  o f  2 ppm or l e s s .  

The remain ing  23 percent   conta in   be tween 3 and 5 ppm molyb- 

denum. The average  content   of  molybdenum i n  s o i l s   ( b a c k -  

ground)  i s  about  2 pprn (Bloom, 1966). The v a l u e s   g r e a t e r  

t h a n  2 ppm o b t a i n e d   f r o m   r e s i d u a l   s o i l s   o v e r   t h e   g e o c h e m i c a l  

g r i d   a r e  a r e f l e c t i o n  of the   pyrometasomatic   molybdeni te  

f l akes   wh ich   occu r   i n   t he   con tac t -me tamorph ic   t ac t i t e .  The 

molybdenum c o n t e n t  of d i f f e r e n t   s o i l - s i z e   f r a c t i o n s  was 

determined for one  sample,   11-east  on l i n e  H ,  and  the 

f o l l o w i n g   r e s u l t s   w e r e   o b t a i n e d :  -40 mesh, 4 ppm; -80 mesh, 

- "- - .  5 ppm; -120 mesh,. 4 ppm;.-.and. -200 mesh, 4 ppm.- The con- . .  

c l u s i o n  drawn is  that  the molybdenum i s  p r e s e n t   i n  t h e  s o i l  

as a molybdate s a l t ,  and  not as molybdeni te   f lakes   which,  

as de termined   f rom  th in   sec t ion   examinat ion  of t h e   s o i l  

p a r e n t   m a t e r i a l   ( t a c t i t e ) ,   a r e   s e l d o m   l e s s   t h a n  1 /2  mm i n  

d iameter .  

a 
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Stream  Sediment Data 

Appendix 3 l i s t s  the   copper ,   l ead ,   and   z inc   va lues  

.sbZ.ained  from  each  sample ..at each   s t ream  sed iment   sample  

s t a t i o n ,  and  the  averaged  heavy metal v a l u e s   f o r   e a c h   s t a -  

t ion .   Determina t ions   were  made by a t o m i c   a b s o r p t i o n ,   a f t e r  

d i g e s t i o n  of the samples i n   n i t r i c  a n d   p e r c h l o r i c   a c i d s .  

P la te  5 ,  a d r a i n a g e  map of t h e   S i e r r a   R i c a ,  shows the loca-  

t i o n . . o f . . ~ c h . - s t a ~ . l ~ ~ ,  a n d  ~the=".aver,agad-.bas.e  ..metal  v.alues 

obta ined   f rom tha t  s t a t i o n .  

F i g u r e  32 shows the d i s t r i b u t i o n  o f  h e a v y   m e t a l s   i n   t h e  

stream  sediments.   Comparison of t h e s e   d i s t r i b u t i o n s  wi th  

t h o s e  of h e a v y   m e t a l s   i n   r e s i d u a l   s o i l s   ( F i g u r e  31) shows 

t h a t  o f  the t h r e e  metals determined i n  t h e   s t r e a m   s e d i m e n t s ,  

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

L e p e l t i e r ' $   ( 1 9 6 9 )   s t a t i s t i c a l  method f o r  determing  back- 

ground and t h r e s h o l d   v a l u e s   f o r   t h e ' . m e - t a l   c o n c e n t r a t i o n s  

i n  stream sediment  samples was a t tempted .  However, this 

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

that  of the   heavy   meta ls ,   on ly   z inc   approximates  the log- 

n o r m a l   d i s t r i b u t i o n   r e q u i r e d   t o   f u l f i l l   L e p e l t i e r ' s   p o s t u -  

l a t e s .  

. . .  .~ . .  . 

The c o p p e r - m i n e r a l i z e d   f r a c t u r e d   q u a r t z i t e s   i n   s e c t i o n s  

27.and  28,  T .29S. ,  R.14W.  (see p l .  5 ) ,  do n o t   a p p e a r   t o  

r e f l e c t   t h e i r   c o p p e r   c o n t e n t   i n   t h e   s e d i m e n t s   f r o m  the 

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

probably   wi tholds   mos t   o f   the   copper   as   inso luble   copper  
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Figure  32 .   Frequency   d i s t r ibu t ion  of copper ,   l ead ,   and   z inc  

samples (see appendix 3 ) .  
c o n c e n t r a t i o n  i n  1 2 6  averaged stream sediment  



T 1292 

c a r b o n a t e s   c l o s e   t o   t h e   p o i n t  of  o r i g i n   i n   t h e   m i n e r a l i z e d  

f r a c t u r e s ,  

" . . . . , The ~lq;g-~armal  d i s t r i b u t i o n  of . z inc  i s   attributable t o  

t h e   p r e s e n c e  of z i n c   m i n e r a l i z a t i o n   i n  the  S i e r r a   R i c a  

coupled wi th  t h e   h i g h   m o b i l i t y  of z i n c .  Lead shows a much 

w i d e r   a n d   m o r e .   e r r a t i c   d i s t r i b u t i o n   i n   s t r e a m   s e d i m e n t s  

than i t  does i n   s o i l s .  An i n s p e c t i o n  o f  the data p l o t t e d  on 

t h e . . d r a i n a g e  :.map o f  t h e   S i e r r a   ' R i c a  (,p1. -5)"shows t h a t  

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

lead be ing   d ra ined   f rom known c e n t e r s  of m i n e r a l i z a t i o n  i s  

c l e a r l y   r e f l e c t e d   i n  the d r a i n a g e s .  A 4-mile   t rend of h i g h  

lead values   extends  downstream  along  Doyle 's   Creek  f rom the  

m i n e r a l i z a t i o n   i n   s e c .  25 ,  T.29S., R . 1 4 W .  ( s e e   p l .  5 ,  

s t a t i o n s  24 th rough   28 ) .  S imi la r  h i g h - l e a d   t r e n d s   o c c u r   i n  

t h e  streams d r a i n i n g   m i n e r a l i z a t i o n   i n   s e e .  36, T.ZgS., 

R.14W.  The l o c a l l y   e r r a t i c   v a l u e s   s u g g e s t  tha t  t h e  l e a d  

may b e   t r a n s p o r t e d  as d e t r i t a l   g a l e n a   g r a i n s .  The d i f f e r -  

ence   be tween   t he   l ead   concen t r a t ion  a t  s t a t i o n  2 4  ($00 ppm) 

and a t  s t a t i o n  25 (45 ppn:), 3000 f e e t  downstream  from 

s t a t i o n  2 4 ,  is f u r t h e r   e v i d e n c e  tha t  t h e  lead i s  probably 

p r e s e n t  as detrJ.Ta.1  ga.lena. 

High   lead   va lues   ob ta ined  from a. number o f  samples 

b e t w e e n   s t a t i o n s  1 0 0  and 110 cannot   be   cor re la ted  with known 

m i n e r a l i z a t i o n ;   t h e s e   v a l u e s  may b e   i n d i c a t i n g   l e a d -  

mineral ized  veins   which  were  not   observed on the   ou tc rop .  
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B i o E o c h e m i c a l  - Data 

The r e s u l t s  o f   t he   b iogeochemica l   i nves t iga t ion   a r e  

shown i n  Table 3. 

TABLE 3. R e s u l t s  of   Biogeochemical   Invest igat ion 

Samples 1 through 6 c o l l e c t e d  from a d  a r o u n d   o c o t i l l o s  

Samples 7 through 12 c o l l e c t e d  from and a r o u n d   o c o t i l l o s  
growing on f r a c t u r e d  q u a r t z i t e s  i n  See.  27,  T.29S., R.14W.;  

growing on a l l o c h t h o n o u s   P a l e o z o i c   l i m e s t o n e   i n   S e c .  21, 
T.29S.., R. 1 &W_. De.tecmination of he.avy .meJ;als i n   p l a n t   a s h  
mad.e by ' titomsc  ,tibsorbti-on'- after". d-ige-s?i--orr. in"i"r?cc.-acid, .and. 
s o i l   s a m p l e s   a f t e r   d i g e s t i o n   i n   n i t r i c  and p e r c h l o r i c  acids: 
de te rmina t ion   of   heavy  metals in   rock   s amples  made by x-ray 
f l u o r e s c e n c e  a f te r  g r i n d i n g  of samples t o  -200 mesh. 

S amp l e  
No. 

1 

2 

3 

4 

5 

6 

Average 

7 

8 

9 

10 

11 

12 

Average 

Cu(ppm) 
P l a n t  Rock S o i l  

70 30  35 

75 20 45 

85  15  50 

85 1 0  35 

130  15  30 

200 10 25 

105  15  35 

165 5 25 

140 5 1 0  

170 10 5 

65 0 15 

200 5 20 

2 15 5 30 

160 5 15 

Ash 

Pb (ppm) 
P l a n t  Rock S o i l  

5 30  30 

5 10 50 

5 35 6 0  

5 20. 35 

5 20 30 

35 25 30 

10 25 40 

5 25 75 

5 70 80 

20 35 60 

5 75 130 

5 40 90 

120 25 50 

25 45 85 

Ash 

Zn (ppm) 
P lan t  Rock S o i l  
Ash 
250 15 55 

16 5 15 70 

205 10 70 

130 35 65 

175 5 50 

2 10 5 45 

190 15 60 

390 25 50 

185 35 35 

185 35 35 

85 35 35 

260 40 35 

6 80 20 35 

250 35 35 



T 1292 135 

These data i n d i c a t e   t h a t   o c o t i l l o s   c o l l e c t  more heavy 

me ta l s  when growing on l imes tone   t han   t hey  do when growing 

 on^ f r a c t u r e d   q u a r t z i t e s .  -This i s  t r u e   e v e n   i n  the case  of 

c o p p e r ,   n o t w i t h s t a n d i n g   t h e   f a c t  t ha t  t h e   q u a r t z i t e   c o n t a i n s  

more copper   than   does   the   l imes tone .  The conclusion  drawn 

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

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

o f  t h i s  ~plant..is-.p.rob.ably:.attrlb.u~tabl.e t o  ~.the-:.p:r-esence of 

groundwaters i n   f r a c t u r e s  and j o i n t s .   S u c h   f r a c t u r e   a n d  

j o i n t   c o n t r o l  on t h e   d i s t r i b u t i o n  o f  o c o t i l l o s  on . rocks  

o t h e r   t h a n   l i m e s t o n e s  may be o f  v a l u e   i n   e x p l o r a t i o n   i n a s -  

much as t h e   p l a n t s  may be   i nd ica t ing   t he   p re sence  o f  channel- 

ways which  could  have  been  mineral ized  during  hydrothermal  

a c t i v i t y  o f  c o n c e a l e d   i n t r u s i v e s ,  or which  could  have 

se rved   a s   l eakage   channe l s  for b u r i e d   m i n e r a l i z a t i o n .  
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CONCLUSIONS 

Geologic data show t h a t  g r a n i t i c   i n t r u s i v e s   a r e   p r e s e n t  

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

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

a r e a .  The absence of h y d r o t h e r m a l   a l t e r a t i o n   a n d   t h e  

.. s . ~ . o n g l y . . . ~ . ~ o ~ ~ a ~ ~ ~ z e . d . . ~ . c ~ . t e s . s l . . o ~ ~ ~ - ~ ~ ~ . i ~ ~  ... su.g.ge.s.t. -that 

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

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

absence of carbonaceous  or  p y r i t i c  s h a l e s   i n   t h e   o u t c r o p  

wou ld   appea r   t o   p rec lude   t hese   ma te r i a l s   f rom  be ing  a cause 

of the   induced   po lar iza t ion   anomal ies .   Contac t   metamorphic  

t r e m o l i t e   a n d   a c t i n o l i t e ,   o b s e r v e d  on the   ou t ' c rop ,  or' 

pyrometasomatic   base-metal   sulphides   could  have  been  the 

cause of the  i n d u c e d   p o l a r i z a t i o n   a n o m a l i e s .  The s imilar i ty  

be tween   t he   t r ends  of t h e   g r a v i t y ,   a e r o m a g n e t i c  and induced 

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

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

p r o d u c t s .  

The geochemica l   inves t iga t ion   conf i rmed  the   p resence  of 

b a s e - m e t a l   m i n e r a l i z a t i o n   i n   t h e   S i e r r a   R i c a .   S o i l   a n d   r o c k  

samples   co l l ec t ed   i n   t he   con tac t -me tamorph ic   au reo le  con- 

t a i n e d  small amounts of disseminated  pyrometasomatic   base-  

m e t a l   s u l p h i d e s .   R e s i d u a l   s o i l   s a m p l e s   c o l l e c t e d  on 

136 
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unminera l ized   rocks   over   which   induced   po lar iza t ion   anomal ies  

were   ob ta ined  d i d  no t   i nd ica t e   l eakage   f rom  bu r i ed   mine ra l -  

i .za&ion. This  may . i n d i c a t e .   e i t h e r  t h a t  n o   m i n e r a l i z a t i o n  

i s  p r e s e n t ,  or  t h a t  no   leakage   channelways   a re   ava i lab le  

for t he   s econda ry   mig ra t ion  of the   heavy   meta ls  o r  molyb- 

denum. Stream  sediment   samples   detected  the  secondary d i s -  

p e r s i o n  of lead b e t t e r  than tha t  of copper or z inc .  

Anomalous gcowth  densi , ty  of  . .o .mt i . l los   .over   f rac tured   quar t .z -  

i t e s  d i d  no t   appea r  t o  b e   c o n t r o l l e d  by base-metal  dis-  

t r i b u t i o n ,   b u t  may s e r v e  as a u s e f u l   g u i d e   i n   l o c a t i n g  areas 

of f rac tured   rock   which  may con ta in   ev idence  of concea led  

m i n e r a l i z a t i o n .  

The geochemica l   i nves t iga t ion  of t h e   S i e r r a   R i c a  d i d  

n o t   e x p l a i n   t h e   c a u s e  of t he   i nduced   po la r i za t ion   anomal i e s .  
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APPENDIX 1: Lithogeochemical   sample  record.   Copper ,   lead,  

f l u o r o m e t r i c   a n a l y s i s .  T h i s  record   does  n o t  
z inc,   and molybdenum values  determined by x-ray 

i n c l u d e   t h e  6 1  l i thogeochemica l   samples   co l lec ted  
-on . the  geochemical , -gr id . ln   sec.  .13 , T.  30s.  , 
R . 1 4 W . ;  t h e y   a r e   r e c o r d e d  on the   geochemica l   g r id  
map, s e e   P l a t e  6 .  Values i n   p a r t s   p e r   m i l l i o n ,  

by t h e   w r i t e r   a n d   a n a l y z e d  by  Phelps  Dodge Corp. 
or  p e r c e n t a g e   a s   i n d i c a t e d .   S a m p l e s   c o l l e c t e d  

i n  Douglas , Arizona. 

Locat ion 
T.29S., 
R. 14W., 
Sec.  

15 
9 

15 
1% 
1 7  
1 8  
19 
19 
19 
1 9  
20 
20 
20 

20 

20 

24 
25 
25 
25 

25 
25 
25 
25 
26 
27 
27 
27 
27 
27 

Lithol-csgy 

Rhyo l i t e  
Rhyo l i t e  
Daci te  
Daci te  
Rhyo l i t e  
Rhyo l i t e  

Q u a r t z i t e  
Q u a r t z i t e ,   c a l c a r e o u s  

Q u a r t z i t e ,   f r a c t u r e d  
Quar t z i t e ,   FeO-s t a ined  

F a u l t   b r e c c i a  
Chert  
Q u a r t z i t e ,   F e l d s p a t h i c ,  

ca l ca reous  
Coquina i n   u p p e r  

Q u a r t z i t e  , a l u n i t e  on 
Mojado Fm. 

L i m e s t o n e ,   f o s s i l i f e r o u s  
f r a c t u r e s  

Faul t   gouge 
Faul t   gouge 
Limestone,  dOlQmitized, 

t a c t i t e  
Lat i te  
Daci te  
Daci te  
Daci te  
FeO-vein i n   l i m e s t o n e  
Quar t z i t e ,   FeO-s t a ined  
Limestone,  FeO-stained 
Quar t z i t e ,   FeO-s t a ined  
V e i n   q u a r t z ,   m i n e r a l i z e d  
L a t i t e  

cu 

185 
90 
90 
75 

40 
4 0  

40 
30 
35 

45 
5 

0 

45 

15  

25  
0 

20 
0 

90 
15 

50 
30 

30 
80 
70 
1 0  

Pb  

40 
110 

65 
45 

45 
35 

25 
20 
25 
40 

2 800 
7 0  

90 

75 

35 
45 

1900 
12% 

180 
60 
45 
45 

50 
30 

10 5 
25 

155 50 

. .. ~ . .  -.Zn 

2 75 
19 0 
180 
10 0 

105 
105 

65  
30 

25 
70 

400 
30 

80 

35 

135 
50 

200 
470 

185 
45 
70 

100  
1 0  0 

40 
50 
20 

5 
990 

60 

M o ( p p m )  

0 
0 
0 

25 
0 
0 
0 

25 
0 

20 
0 

0 

5 

0 

0 
0 

0 

0 
20 
20 

0 
0 
0 

25 
1 0  

0 
0 
0 

45 
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APPENDIX 1: ( c o n t .  ) 

Loca t ion  
T.29S., 
.R..I"IW, , 
See .  

27 

2 7  
27 
27 
27 
27 

28 
28 

28 

28 
28 

29 
29 

29 
29 
29 
30 

32 
31- 

33 
34 

34 
34 

35 
35 
35 
35 ,~ 

36 
36 
36 

36 

36 

36 
36 

36 

Lithology 

Limestone at  l a t i t e  

Limestone 
c o n t a c t  

L a t i t e  
Limes tone 
La t i te  
Q u a r t z i t e ,   a l u n i t e   i n  

Limestone 
Q u a r t z i t e  wi th  e p i d o t e  

and FeO 
Q u a r t z i t e  w i th  t u r g i t e  

a n d   g o e t h i t e  
Quar t z i t e ,   FeO-s t a ined  
Q u a r t z i t e ,   p y r i t i c  
L a t i t e  
L a t i t e  
Ve in   qua r t z  
L a t i t e  
Quar t z i t e ,   FeO-s t a ined  
Quar t z i t e ,   FeO-s t a ined  
Limestone,   dolomit ized 

S i l t s t o n e ,   F e O - s t a i n e d  
C a l c i t e   s p a r   i n   s i l t s t o n e  

Q u a r t z i t e ,   p y r i t i c ,  

Dac i t e  
Limestone-granule 

conglomerate 
Limestone,  arenaceous 
Limestone 

Vein  quartz ,   .FeO&tained 
Limestone,   sheared 

L imes tone ,   f r ac tu red  
Chert  
Limestone 
Faul t   gouge 
Limestone 
Vein of FeO m a t e r i a l  
F a u l t  gouge 
T a c t i t e  

r f rxe tu res  

ca l ca reous  

cu 

185 
20 

35 
205 

115 
30 

16 0 

930 
45 
115 
30 
45 
25 
20 
25 
55 
0 

30 
0 

15 
20 

4 
0 
30 

19 5 
5 

5 
20 
0 
0 
0 
75 
30 
0 

8 5. 

Pb - 
80 
10 
520 
100 
120 

50 
25 

50 

0.4% 
80 
70 
45 

25 
55 

55 
35 
80 
35 
75 
45 

25 
35 

50 
45 
80 

-Z n 

60 
20 
200 
50 
60 

- .loo 
30 

15 

380 
30 
60 
45 
100 
15 
50 
25 

25 
7 0  

50 
15 

130 
70 

55 
40 
140 

120 
7200 11.2% 

2 45 

110 4 40 

65 60 
125 

15 
20 Q5 
20 30 

1700 3470 
90 1550 
70 125 

141 

Mo( PPM) 

0 
0 
15 
10 
0 

0 
0 

40 

10 
0 

0 
10 
60 
5 
0 
0 

6 0  
0 

0 
0 

15 
0 

20 
0 
0 
0 

10 
5 

0 
0 
40 
0 
40 
5 
40 
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APPENDIX 1: ( con t .1  

Locat ion 
T. 30S., 
R.14W. , 
Sec.  

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
2 
2 
2 
3 

1 0  
3 

10 
11 
11 

11 
11 
11 
11 
11 
1 2  
1 2  
1 2  
.12 
1 2  
12 

1 3  
13  

1 3  
13  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 4  

L*thOlO$E 

T a c t i t e  
Gossan w i t h  g a l e n a  

T a c t i t e  , p y r i t i c  
F rac tu red   l imes tone  
Marble 
S i l t s t o n e ,   c a l c a r e o u s  
Limes tone ,   f rac tured  

- Q u a c t z   . l a t i t e  
' T a c t i t e  , p y r i t i c  
Tac t i t e ,   FeO-s t a ined  
Ox id ized   ve in   ma te r i a l  
Lamprophyre 
La t i t e ,   FeO-s t a ined  
T a c t i t e ,   p y r i t i c  
Rhyolite  porphyry 
Q u a r t z i t e ,   w e a t h e r e d  

T a c t i t e  
Rhyo l i t e   we lded   t u f f  

T a c t i t e  
Q u a r t z i t e ,   p y r i t i c ,  

FeO-vein m a t e r i a l  

S i l t s t o n e ,   c a r b o n a c e o u s  
S i l t s tone ,   ca rbonaceous  

Quar t z i t e ,   FeO-s t a ined  
Cherty  l imestone 
Limestone 

weathered 

D i o r i t e ( ? ) ,   w e a t h e r e d  
C a l c i t e   f r a c t u r e   f i l l i n g  0 
T a c t i t e  , p y r i t i c  20 
Q u a r t z   l a t i t e ( ? ) ,   w e a t h e r e d  10 
T a c t i t e   1 5  
F e l s i t e   1 5  
T a c t i t e  0 
FeO-vein m a t e r i a l  2 30 
F e l s i t e  25 
Tact i te ,   FeO-stained  5210 
Grani te ,   weathered  10 
Lamprophyre 1 0  0 
T a c t i t e  , p y r i t i c  525 
T a c t i t e ,   p y r i t i c  95 
T a c t i t e  , molybdeni t ic  2 10 
T a c t i t e  10 

cu 

1100 
1.95% 

105 
170  
65 
90 
25 
75 

' "5 

155 
1 0  

1 2 0  
30 
35 

40 
40 

2 0  
35 

40 

25 
55 

30 
30 

120  
35 

15  
40 

P b  

5.5% 
1 . 4 %  

9  30 
190 
2 1 0  

1300 
260 
13 5 

9100 
55 

300 
10 5 

660 
60 

135 
300 

175 
30 

2 80 
30 

70 
40 
75 
40 

1 5  
40 

75 
35 
30 
40 
50 
55 
35 
50 

60 
35 

70 
200  

9 0  
30 

-105 

65 

Zn 

2710 
2 35 
16  5 
1 6 0  

65 
2 15  

85 
.i3 0 
' 70 

4500 
80 

850 
50 

170 
50 

110 
95  

60 
135 

190 
75 

45 
75 
35 
80 

60 
35 

200 
15  

25 
60 
35 
1 0  

135 
40 
95 
40 

375 
300 
145 
155 

40 

&(ppm) 

15  
30 

10  

20 
0 

55 
5 

0 
0 

15 
0 
0 

0 
0 

0 
35 

0 
0 

25 

1 5  
60 
45 

0 
1 5  

0 
1 0  

5 
5 

10 
0 
10 

0 

35 
5 

0 
0 
0 

85 
40 

225 
55 

5 
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APPENDIX 1: (Cont . )  

Loca t ion  
T.30S.,  
R. 14W., 
See,   Li thol-ogy  cu 

15 
24 
24 
24 
24 
24 
24 
-2 4 

Q u a r t z i t e   b r e c c i a  45 
Tac t i t e ,   FeO-s t a ined  
Q u a r t z i t e  

10 
5 

Lamprophyre 
G r a n i t e ,   f l o a t  

340 
30 

FeO-vein material 10 
F a u l t   f i l l i n g   q u a r t z  

. T a c t i t e  
15 

.~10 

Pb Zn 

50 
30 20 

55 170 
15 

90 12 5 
45 65 
25 55 
25 
2.5 

15 
5 0  
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APPENDIX 2 :  Pedogeochemical  sample  record.  Copper, lead, 
and  z inc  values   determined by  a tomic   absorp t ion  

Li'rie 1 

Fee t  

100 
0 

200 
300 
400 
500 

700 
80 0 

1000 
900 

1100 
1200 
1300 
1400 
1500 
1600.. 
1700 
1800 
19 0 0. 
2000 
2100 
2200 
2300 
2400 
2500 
2600 . 
2700 
2800 
2900 . 
3000 
3100 
3200 
3300 
3400 
3500 

600  

3600 

s p e c t r o m e t r y   a f t e r   s a m p l e   d i g e s t i o n   i n  25% 

under   head in .g :  . P.edogeochemica1  samples.  .T'nis 
n i t r i c   a c i d .   L o c a t i o n  of l i n e s  1 and 2 desc r ibed  

samples   co l l ec t ed  on t h e   g e o c h e m i c a l   g r i d   i n  
record   does   no t  XncTude the  ,263 -ped-o-gevcbemical 

s e c .  13, T.30S.,  R.14W.; they a r e   r e c o r d e d  on 
the   geochemica l   g r id  map, s e e  P l a t e  6. Samples 
co l l ec t ed   and   ana lyzed  by  t h e  w r i t e r ,  

S o i l  Type 

.-RE-si-du21 
I1  

I t  

11 

I1 

I1 

I1 

I t  

11 

I1 

Transpor ted  
I t  

I1 

It 

11 

I1 

I 1  

I1 

I1 

I1 

I1 

I1  

I1 

11 

I1 

11 

I t  

I1 

I 1  

I 1  

I1 

I t  

I t  

11 

I1  

I 1  

It 

Rock Type 

'Lim-e-tone 
11 

11 

11 

11 

11 

I1  

I t  

11 

I1 

Alluvium 

I t  

I1 

I t  

11 

I 1  

11 ' 

11 

11 

11 

11 

11 

I1 

I t  

I1 

I1 

I1 

IT 

I1 

11 

I1 

I1  

I t  

11 

11 

I1  

I! 

- cu 

'7 0 
75 
40 
75 
25 
25 
40 
40 
25 
25 
45 
45 
25 
40 
45 
30 
40 
40 
30 
30 
15 

55 
15  

25 
15 
40 
4 5 
45 
30 

20 
40 

30 
25 
25 
15 
25 
55 

Pb 

:6 0 
50 
40 
50 
50 
50 
60 
50 
50 
60 
60 
50 
50 
50 
40 

60 
40 

50 
40 
30 
50 
50 
60 
40 
40 
60 
60 

75 
30 

50 
30 
30 

50 
30 

60 
50 

- 

60 

- Zn (ppm) 

6-5 
50 
45 
50 
45 
40 
50 
30 
25 
25 
65 

50 
30 

45 
40 
50 
55 
50 
40 
30 
25 
30 
45 
15 
30 
35 
40 
40 
30 
40 
45 
30 
40 

50 
45 

25 
55 
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Line 1 
F e e t  

3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 

4800 
4700 

5000 
4900 

5200 
5300 
5 400 
5500 
5600 

5800 
5700 

5900 
6000 
6100 
6200 
6 300 
6 400 

- 

5100 

6600 
6500 

6900 
7000 
7100 
7200 
7300 
7400 
7500 

7800 
7700 

7900 
8000 
8100 
8200 

6 800 
6700 

7600 

S o i l  Type 

Transpor t ed  

11 

I1 

I1 

I 1  

11 

I1 

Sediment 
It  

I1 

Transpor t ed  
I1 

11 

I1 

11 

It  

I1 

Res idua l  
I1 

I1 

I1  

11 

I1  

I1 

11 

I t  

11 

I t  

I1 

I 1  

11 

I1 

I1 

11 

11 

11 

It  

I 1  

I1 

11 

I 1  

I t  

I1 

11 

I 1  

I1 

Rock Type 

Alluvium 
I t  

11 

I1 

I1 

I1 

I1 

I1  

I1 

I 1  

I t  

I1 

I t  

I1 

I1 

I1 

I1 

Q u a r t z i t e  
I1 

I t  

I1 

I 1  

I1 

I1 

I1 

I t  

11 

I1 

I1 

11 

I1 

11 

11 

It 

I1 

I1 

I 1  

I1 

11 

I1 

11 

I 1  

11 

11 

I1 

11 

c u  - 
45 
45 
45 
40 
40 
30 
60 
60 

1.3 0 

45 
20 

30 
5 

5 
25 
30 
15 
30 

25  
15 

30 
15 
40 
15 
15 
25 

5 
15 
30 
15 

50 
15 

20 
5 

15 

15 
5 

15 
15  
15  
20 
20 
30 
25 

- Pb 

40 

50 
30 
50 
50 
75 
40 

VO 
40 

60 
50 
30 
40 
50 
30 
30 
30 
40 
30 
40 
40 
20 
50 
30 
30 
50 
4 0 

6 0  
30 

60 
50 
6 0  
30 
20 
2 0  
60 
40 
40 
30 
30 
40 
50 

50 

60 

60 

.- Zn (ppm) 

60 
1 0  0 
105 

35 
60 
65 
75 
70 

60 
75 

35 
35 
30 
35 
30 
30 
35 
30 
30 
2 5  
40 
35 
30 
40 
25 
25 
35 
35 
40 
35 
35 
35 
40 
45 
30 
35 
30 
35 
35 
40 
50 
70 
45 
90 
30 

Lost  sample 
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APPENDIX 2:  (Cont.)  

Line 1 
F e e t  S o i l  Type Rock Type 

8300 Res idua l  
8400 

Q u a r t z i t e  

- 
I1 I1  

146 

8500 I1 

8600 11 

8700 I1 

8800 11 

8900 I t  

9600 
9100 
9.200 
9300 
9 400 
9500 

9700 .' 
9 800 
9900 

10100 
10200 
1 0  300' 
10400 

9600 

e 10000 

10500 
10600. 

Li'n'e'  2 

0 

I t  

I1 

I1 

I1 

11 

I t  

I1 

I1  

11 

I 1  

I 1  

I 1  

11 

I1 

11 

P r a c  

La t i te  

Q u a r t z i t e  
I1 

I I  

I1 

11 

I1 

I1 

I1  

I1  

I1 

11 

I t  

I t  

I1 

11 

I 1  

. Q u a r t z i t e  
Q u a r t z i t e  

I 1  

I1 

11 

I1 

11 

End o f  Line 1 

Transnorted  Alluvium 
10 0. 
2 0 0. 
300 . 

I 1  

I1 

If 

400 I1 

500 
600 

I 1  

I1  
~.~ 

70 0 

900 
800 

1000 
1100 
1 2 0 0  
1300 
1400 
1500 
1600 

1800 
1900 

1700 

11 

I I  

I t  

I1  

I 1  

I 1  

11 

I 1  

I1 

11 

I 1  

11 

11 

I1 

I 1  

11 

I1 

I1 

11 

I1 

11 

11 

I 1  

I1 

11 

11 

I 1  

I t  

11 

11 

11 

I 1  

- Pb 

30 
40 
30 
50 
40 
50 
50 
50 
30 
-30 
60 
40 
50 
30 
50 
50 
40 
30 
30 
50 
40 
50 
40 
40 

50 
50 
50 
40 
50 
30 
30 
50 
20 
30 
20 
30 

20 
70 

50 
60 
30 
40 
50 
30 

- Zn (ppm) 

'5 5 
40 
95 
30 
30 
40 
40 

45 
30 

.3 0 
-35 

30 

40 
35 

25 
35 
25 
35 
40 
35 
10 5 

60 
45 
45 

25 
25 
25 
25 
30 
25 
30 

25 
30 

25 
40 
25 
25 
30 
35 
35 
40 
30 
35 
35 
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APPENDIX 2: (Cont . )  

Line 2 

.. - 2 e e t  S o i l  Type Rock Type 

2000 
2 100 
2200 

2 400 

2600 

2300 

2500 

.2 80 0 
2 700 

2900 
3000 

3200 
3300 
3400 
3500 

3700 
3800 

3100 

e 3600 

3900 
4000. 
4100 
4200 
4300 
4 400 
4500 
4600 
4700 
4 800 
4900. 
5000, 
5100 
5200 
5300 
5 400 
5500 
5600 
5 700 
5 800 
5900 
6000 
6100 
6200 * 
6300 

6500 
6 400 

Transpor t ed  
11 

11 

I1 

I 1  

I t  

I1 

11 

11 

II 

11 

11 

11 

11 

I t  

I1 

I t  

I1 

I1 

I1 

I 1  

I1 

I1 

I1  

11 

I1 

11 

11 

I1  

11 

Alluvium 

11 

I1 

11 

I1  

11 

I1 

11 

11 

11 

I1 

I1 

11 

I1  

11 

I1 

11 

11 

11 

11 

11 

11 

11 

I 1  

11 

I1 

11 

11 

11 

I 1  

I1 I1 

I1 I 1  

11 11 

I1  I1 

11 I1 

11 11 

I 1  

11 I1  

11 

I1 I t  

11 

I1 11 

I1 

I1 11 

11 I t  

11 11 

l l  11 

11 11 

" 
cu  

45 
25 
5 
20 
25 

20 
15 

5 

15 
.5 

40 
5 

20 
5 

25 
25 
5 
5 
50 
5 
5 
5 
30 
45 
45 
55 
40 

25 
30 

55 
35 
45 
45 
30 
25 
45 
50 
35 
15 
30 
30 
25 
25 
55 
55 
15 

- Pb 

40 
60 
30 
50 
60 
30 
30 
50 
.-40 
40 
30 
50 
50 
50 
40 
40 
30 
50 
60 
20 
80 
50 
85 
75 
40 
75 
50 

20 
30 

30 
40 
40 
30 
50 
40 
50 
30 

50 
75 

60 
75 

20 
50 
50 
30 
40 

- Zn ( p p d  

40 

25 
35 

35 

25 
35 

30 
30 

-3 5 
f+O 
30 
45 
30 
30 
40 

30 
30 

35 

25 
35 

70 
55 
55 
60 
60 
75 
60 
50 
45 
45 
40 
50 
35 
50 
30 

50 
35 

75 
30 
70 
60 
45 
55 

40 
70 

35 
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Line  2 
Feet  

6600 

6 800 

7000 

- 
6700 

6900 

7100 
7200 
7300 
7400 
7590 
7600 
7700 
7800 
7900 
8000 
8100 
8200 
8300 
8400 
8500 
8600 
8700 
8800 
8900 
goo0 
9 100 
9200 
9 400 
9600 
9 800 

10200 
10000 

10600 
10 400 

10 800 
11000 
11200 
11400 
11600 
11800 

12200 
12000 

12 400 
12600 
12  800 
13000 

S o i l  Type 

Transpor t ed  

I1  

I 1  

11 

I t  

11 

I1 

Res idua l  
I1  

I1  

I 1  

I 1  

I t  

I1 

11 

Transpor t ed  
11 

11 

I t  

11 

11 

I t  

I 1  

Res idua l  
I1  

11 

Transpor ted  
I 1  

11 

Res idua l  
I 1  

I 1  

I 1  

11 

I1 

I t  

It  

I 1  

I t  

I t  

I t  

I 1  

I t  

I1  

11 

11 

Rock Type 

Alluvium 
I1 

I t  

11 

11 

I1 

I1 

Limes tone 
I t  

I1  

I1 

11 

I1 

I t  

I1 

Alluvium 
I t  

I 1  

11 

I 1  

11 

I t  

I 1  

F e l s i t e  
11 

11 

I1 

11 

Limes tone  
I 1  

11 

I1 

11 

11 

I1 

I1 

I t  

I 1  

11 

I1 

11 

, 11 

I 1  

11 

11 

I t  

- cu  

"5 5 
5 
30 
5 
25 

60 
40 

40 
20 
25 
25 
40 
40 
25 
30 
45 
55 
30 
25 
5 
25 
45 
5 
25 
25 
55 
35 
70 
25 
55 
40 
55 
45 
30 
40 
60 
35 
25 
15 
25 
25 
20 
30 

45 
15 

25 

- Pb 

60 

30 
30 

30 
20 
75 
60 
50 
40 
-3 0 
50 
85 
50 

50 
30 

75 
30 
50 
30 

40 
30 

50 
30 
30 
30 
50 
30 
30 
50 

30 
30 

40 
30 
50 
30 
50 
50 
40 
40 
40 
49 
50 
20 
30 
75 
40 

70 
40 

55 
35 
30 
45 
50 

40 
30 

55 
10 0 

90 
50 

75 
50 
60 
40 
10 
35 
30 
45 
45 
50 
30 
65 
30 
25 
40 
30 
40 
50 
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APPENDIX 2: (Cont . )  

Line 2 
F e e t  

13200 
13400 

14000 
13800 

14200 
14400 
14600 
14800 
I5000 
15200 
14500 

15800 

- 

13600 

15600 

16000 
16200 

16600 

17000 

16400 

16800 

17200 
17400 

17800 
17600 

18200 
18000 

18400 
18600 
18800 
19000 

19400 
19200 

19600 
19 800 
20000 
20200 
20400 

20 800 
20600 

.Soil  type^ 

Res idua l  
I t  

11 

11 

11 

I t  

11 

11 

I1  

Transpor t ed  
11 

11 

I1  

I1 

11 

I 1  

I1 

I1 

11 

I t  

I 1  

I 1  

I1 

Res idua l  
11 

11 

11 

11 

11 

11 

11 

I1 

11 

I 1  

I t  

I1 

I 1  

I1 

I1 

Rock TE 

Limes tone  
I t  

I1  

11 

I t  

11 

11 

11 

11 

'.A 1-fuvi um 
I1  

11 

11 

11 

11 

I1 

I t  

I? 

I1 

11 

11 

11 

I t  

Limes t one 
I t  

I1 

11 

11 

I t  

11 

I1 

11 

I t  

11 

I t  

I t  

11 

I 1  

I1 

End of Line 2. 

- cu 

5 
25 
40 
55 
20 
60 
25 
45 
60 
60 
40 
25 
5 

60 
45 

25 
30 

25 
45 

25 
30 
30 
30 
65 
30 
30 
40 
30 
20 
25 
15 
25 
40 
45 
5 
25 
40 
20 
30 

- Pb 

40 
30 
30 
50 
50 
50 
50 
30 

.3 0 
30 

30 
50 
50 
30 
30 
50 
60 
40 

50 
50 

30 

40 
50 
50 
60 
50 
30 
40 

50 
40 

30 
30 

30 
30 
40 

60 
40 

60 

60 

- Zn (ppm) 

30 
35 

30 
45 

35 
45 
35 
35 
50 

-55 

55 
35 

35 
100 

55 
50 

50 
45 
55 
45 
55 

60 
45 

250 
75 
45 
55 

60 
45 

50 
45 

30 
10 
45 
50 
40 

60 
40 

55 
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APPENDIX 3: Stream  sediment  sample  record.   Copper.  lead. 
and  z inc  values   determined by  a t o m i c   a i s o r p t i o n  
s p e c t r o m e t r y   a f t e r   s a m p l e   d i g e s t i o n   i n   p e r -  
chlor ic   and  ni t , r i . .Ca.cids .  .~ Stream  sediment 
sample map, : s e e   P l a t e  5;, .shows...ave.rage.:yalues 
f o r  e a c h   s t a t i o ~ ~ , - ' a ~ - r e p o r t e d   i n   r i g h t - h a n d  

and C a t  s t a t i o n  1 shown o p p o s i t e  1 A .  Samples 
column  below. For  exampl.e,  average f o r  A ,  B ,  

co l l ec t ed   and   ana lyzed  by t he  writer. 

S t a t i o n  
1 A  
I B  

2A 
1c 

2 c  
2B 

3A 
3B 
4 A  
5A 
5B 
6A 
6B 
6 C  
7 A  
8A 
8B 
9 A  
9 B  

1 O ~ A  
10B 
1 1 A  
1 1 B  
11c 
1 1 D  
11E 
11F 
11G 
11H 
12A 

12c  
12B 

13A 
13B 
1 3 C  
13D 

- cu 
40 
1 
1 
1 
1 

20 
1 0  
25 
35 
1 

1 0  
20 

10 
1 

20 
1 

40 
1 0  
1 
1 
1 
5 

40 

50 
1 0  

20 
1 0  

20 

1 0  
5 

1 0  

20 
10 

1 0  
60 
50 

(PPm) 
Pb 

?5 
3 

5 
5 
5 

20 
20 
1 0  
1 0  
20 
25 
25 
25 
35 
25 

5 
5 
5 

25 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

50 
60 
25 

5 
25 
25 
25 

- Zn 

"5 0- 
45 

20 

60 
40 

80 
95 
90 
60 
60 
55 
50 
20 
40 
25 
50 
40 
40 
35 

45 
40 

20 
1 0  
15 
15 
20 
20 
20 
15 
20 
35 
15 

20 
5 

20 
30 

- 

5 1 0  60 

20 15 90 

35 10  60 
5 25 55 

1 0  30 35 

20  25  25 
20 5 45 

5 15 35 

1 5 45 

20 5 15 

1 0  45 20 

35 20 20 
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APPENDIX 3:  (Cont.) 

cu 

60 
25 
25 
20 
5 
5 
5 
5 

10 
5 
5 
25 
40 
10 
60 
25 
5 

20 
5 

5 

5 
5 

5 
10 
5 
10 
1 
1 
1 
1 
1 
1 

5 
1 

1 
1 
5 
5 
5 
5 
5 
5 
5 
5 

- 

d 

( P P d  
~P b 

20 
60 
25 
25 
5 
25 

5 
5 

5 
60 
60 
250 
350 

250 
300 

150 

60 
25 
60 
60 
25 
60 
25 
60 
60 

- 

1050 

50 
50 
50 

60 
75 

100 
250 
200 

150 
300 

100 
15 0 
150 
150 
200 
150 
1 5 0  
100 

- Zn 

40 
30 
40 
45 
55 
20 

25 
15 

40 

60 
40 

375 
460 
5 10 
4 10 
505 
600 
4 5 

60 
60 

55 
85 
85 
65 

60 
75 

25 
15 

20 
30 

20 
120 
40 
45 
25 
25 
50 
80 
65 
65 
6 o 

55 
35 

40 

15  15  50 

5 10 20 

10 5 40 
5 60 50 

30  400 4 80 

15 

5 

5 

10 

5 

1 

1 

5 

45 

60 

45 

45 

50 

70 

185 

255 

125 

2 30 

130 

55 

55 

85 

70 

30 

20 

70 

25 

65 

65 

40 
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APPENDIX 3: (Cant.) 

- cu 

5 
5 
5 
5 
5 
1 

5 
1 

5 
1 
1 
1 

10 
5 
5 
5 
5 
5 
5 

5 
5 

5 

1 0  
5 

10 
10 
10 

5 

25 
5 

40 
20 

5 
5 
5 
1 
1 
5 
5 
1 
1 
5 

25 
1 0  

( P P d  
Pb 

10 0 
25 
25 
60 
60 
60 
60 
6 0  

60 
25 

60 
50 

.5 
25 
50 

60 
35 

25 
5 

25 

25 
1 0  

60 
60 

60 
60 

I 

60 

60 
60 
60 

100 
1 0 0  

25 
LO 

20 
10 

5 
5 
5 
5 
5 

25 
5 

60 

- Zn 

45 
60 
40 
60 
65 
55 
65 
45 

"5 5 
60 
45 
35 
15 
20 
35 
25 
20 
20 
35 
15  
15 
35 
1 0  
20 
20 
25 
25 
20 
25 
30 
40 
35 
20 

25 
40 

40 
25 
45 
40 
40 
40 

25 
35 

45 

5 30 

5 40 

5  25 

1 0  55 

- Zn 

55 

50 

50 

55 

-5 0 

25 

30 

20 

20 

20 80 30 

5 30 35 

5 15 30 

1 5  35 

1 5 40 

1 5 35 

20 45  35 
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APPENDIX 3: ( COnt 9 

- c u  

5 
5 
1 

5 
1 

5 
10  
10 

5 
-.5 

1 0  
1 

10 
5 

1 0  
1 

5 
5 

25 
20 
35 
1 0  
25 

20 
1 0  

5 
5 
5 

40 
10  
25 

20 
25 

20 
25 

25 
1 0  
40 

5 
5 

20 
1 

10 
10 

( P P d  

- Pb 

60 
60 
25 
25 
1 0  
50 
75 
60 

5 
25 
35 
35 
50 
50 
60 
25 
25 
25 
25 
35 
50 
50 
50 
50 
50 
50 
25 
25 

5 
25 

25 
1 0  

1 0  
5 
5 
5 

25 
5 
5 

20 
5 

5 
5 
5 

- Zn 

40 
30 
40 

60 
40 

60 

60 
40 

.6.5 
35 

60 
65 
55 
60 
35 

30 
40 

25 
1 0  
25 
20 
20 
25 
20 
25 
30 
20 
30 
1 5  
20 
20 

20 
15 

30 
30 
35 
35 

25 
30 . 

25 
1 5  
20 

20 
30 

15 3 

Avg. ( P P ~  

cu Pb Zn . .  - - - 
5 60 35 

1 25 40 
5 15 50 

5 65  50 

1 0  35  50 

.5 .30 60 

1 0  45  60 

5 35  35 

30 35 20 

20 50 20 

15 50 20 

5 35  25 

25   15   15  

20 5 30 

25 1 0  35 

5  5 25 

1 0  15  15 

1 0  5 25 
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APPENDIX 3: (cant.) 

- cu 

5 

25 
10 

20 
1 0  
40 
5 

35 
5 

20 
5 
5 
5 
5 

40 
5 
1 
1 

25 
1 
1 
5 
1 
1 

20 
35 

25 
60 
20 
5 

20 
5 

20 
40 
20 
1 0  
35 
40 
1 0  
20 

1 0  
5 

1 0  
25 

(ppm) 
Pb 

25 
25 
25 
1 0  
25 
60 

25 
25 

25 
25 
25  

25 
25 

25 
5 
5 
5 
5 
5 
5 
5 
5 

25 
25 

25 
5 

25 
50 
50 
50 
50 
50 

1 0  0 
15 0 

25 
60 

1 0  0 
60 
60 
60 
75 
75 
60 
60 

- - Zn 

35 
30 
25 
40 

35 
5 

20 
15 

15 
2 0  
20 
40 
35 

20 

30 

15 

30 
35 
30 

- c u  

5 

20 

25 

20 

.LO 

5 

20 

5 

1 0  

5 

1 

25 

35 

10 

30 

15 

35 

15 

1 0  

20 
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APPENDIX 3:   (Cont . )  

S t a t i o n  

9OA 
90B 
9 1 A  
9 1B 
92A 
9 213 
9 3A 
9 3B 
9 4 A  
9 4B 
95A 
9 5B 
96A 
9  6B 
9 7A 
9 7B 
9 8A 
9 813 
9 8C 
9 8D 
9  8E 
99A 
99B 

1 O O A  
99c 

lOOB 
1 0  1 A  
1 0  1 B  
102A 
1 0  2B 
1 0  3A 

1 0  4 A  
1 0  413 
105A 

106A 
1 0  7A 

1 0  7C 
1 0  7i3 

1 0  8A 
1 0  8B 
109A 
lO9B 

10 313 

1 0 5 ~  

- c u  

1 

50 
1 0  

20 
25 

75 
60 
50 
70 
35 
1 0  
30 
20 
55 
35 

40 
35 

35 

20 
35 

20 
5 

20 
1 

1 0  
1 

1 0  
10  
40 

5 
5 

5 
1 

1 
5 
5 
1 
1 
1 
1 
1 
1 
1 
1 

( P P d  

Pb - 
Go 
G O  
60 
25 

. 2 5  
GO 
60 

G O  
60 

GO 
5 

75 

25 
75 

25 
25 
25 

5 
5 

25 
25 

100 
10 0 
10 0 

1 0  0 
75 

5 
5 

5 
5 

5 
5 
5 
5 

Go 
1 0  0 
150 

Go 
1 0  

25 
25 

G O  
5 
5 

- Zn - cu  

25 
25 5 

25 40 
25 
20 
20 

‘15 

20 55 
25 
25 
25 

55 

15  20 
30 
35 
35 

40 

30 35 

20 
35 

30 
25 
20 
20 
20 
15  1 0  
20  
25 
25 
30 

5 

20 1 0  
25 
40 
40 

25 

20 5 
20 

20 
25 5 

25 5 
25 
35 1 

35 
35 1 

35 
25 

1 

35 

Avg. (ppm) 

Pb - 
60 

45 

45 

60 

6 0 

40 

50 

25 

15 

10 0 

90 

5 

5 

5 

5 

80 

150 
30 

45 

5 

- Zn 

25 

25 

20 

20 

25 

25 

35 

30 

15  

20 

25 

25 

40 

20 

25 

25 

35 
35 

30 

20 
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APPENDIX 3: (Cont . )  

S t a t i o n  

l l O A  
l l O B  
1 1 1 A  
l l l B  
112A 
112B 
1 .13~ 
1 1 3 ~  

11 .5~  

.~. . l l4A 
11 4B 

116A 
115B 

116B 
1 1 7 ~  
1 1 7 ~  

1 1 8 B  
118A 

l l 9 A  
119B 
120A 
120B 
12 1 A  
121B 
122A 
122B 
1 2 3 ~  
1 2  3~ 
124A 
124B 
124C 
125A 
125B 

126A 
126B 

125c 

126c 

- cu 

5 
5 
1 

10 

1 0  
5 

10 
10 
, 5  

5 
45 
65 
25 
70 
40 
20 
20 
45 
30 
1 
5 

60 
40 

1 
1 

25 
60 

60  
1 

1 0  
25 
35 

20 
40 

50 
30 

25 

(PPm) 

- Pb 

50 
60 
75 

60 
75 

60 
10 0 
60 
60 
25 
25 
35 
35 

25 
35 

25 
5 

5 
5 

25 
25 

25 
5 

5 
5 

25 
5 

25 

60 
25 

60 
60 
25 
5 
5 

60 
5 

.- Z n  

25 
30 
45 
25 
40 

25 
45 

50 
- 3 5  

30 
25 
30 
40 
40 
40 
35 
40 
55 
45 
40 
40 
45 
4 5 
40 
40 
55 
30 
30 
20 
20 
30 
30 
15 
20 
20 
30 
20 

- cu 

5 

5 

1 0  

1 0  

5 

55 

50 

30 

30 

15 

25 

30 

15 

30 

30 

30 

35 

156 

Zn 

25 

35 

45 

40 

30 

25 

40 

40 

50 

45 

45 

45 

50 

30 

25 

- 

35 

25 
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