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

L o c a t i o n   a n d   A c c e s s i b i l i t e  

B a n d e d   i r o n   d e p o s i t s  a t  C l e v e l a n d   G u l c h ,   I r o n  

M o u n t a i n ,   a n d  Can"on P l a z a   a r e  17 t o   3 0  miles  s o u t h   o f  

t h e   C o l o r a d o   b o r d e r   w i t h i n  the b o u n d s   o f   t h e   C a r s o n  

N a t i o n a l   F o r e s t   i n   R i o   A r r i b a   C o u n t y ,   n o r t h - c e n t r a l  

N e w  M e x i c o   ( F i g .  1). C l e v e l a n d   G u l c h  i s  38 mi l e s  n o r t h -  

west of   Taos   and  70 miles n o r t h - n o r t h w e s t   o f   S a n t a   F e ,  

N e w  M e x i c o .   T h e s e   d e p o s i t s   a r e   l i m i t e d   t o   R a n g e s  6 ,  

7, and  8 E a s t   a n d   T o w n s h i p s  27, 28 ,   and   29   Nor th   and  l i e  

w h o l e l y   w i t h i n   t h e  Las T a b l a s   Q u a d r a n g l e ,   w h i c h  i s  

b o u n d e d   b y   l o n g i t u d e   1 0 6 '   a n d   1 0 6 "   1 5 '  West a n d   l a t i t u d e  

36 '   30 '   and 36'  45' N o r t h .  

No a l l - w e a t h e r   r o a d s   e x t e n d   i n t o   t h e   a r e a   o f  

t h e   d e p o s i t s .   C l e v e l a n d   G u l c h  i s  on   unpaved   Rou te  111 

t e n  miles w e s t - s o u t h w e s t   o f  Tres P i e d r a s ,  a small com- 

m u n i t y  o n  paved   Route   285   ( .F ig .  1). I r o n   M o u n t a i n  i s  

1 2  miles n o r t h w e s t   o f   C l e v e l a n d   G u l c h   a n d  2 m i l e s   n o r t h  

o f   H o p e w e l l   L a k e   o v e r   f a j r   w e a t h e r   r o a d s  (.Fig.  2) .. 

CaiYon P l a z a   d e p o s i t  i s  8 miles s o u t h - s o u t h w e s t   o f  

C l e v e l a n d   G u l c h   , a n d   o n e   m i l e   s o u t h   o f   t h e   c o m m u n i t y  

of  Can"on P l a z a   w h i c h  i s  on   unpaved   Rou te  111. CaSon / 

P l a z a  i s  5 miles n o r t h w e s t  of  t h e   e n d  of  pavement   on 

I . .  

,Y 

,/ 

1 





3 

Route 111 at  Vallecitos (,Fig. 1). 

The  New  Mexico  State  Highway  Department  has 

started  construction of a highway  which will  connect 

Taos  and  Tres  Piedras to Route 84 a  few  miles  south of 

' Chama (Fig. 1). When  completed, this  highway  will pass 

within 2 miles of both  Cleveland  Gulch and I r o n  Moun- 

tain. In the  near  future  Route 111 may be paved from 

Vallecitos to Cafion Plaza.  Atchison,  Topeka, and Santa 

Fe Railway's nearest tracks are  at Lamy which is 10 miles 

southeast of Santa Fe. Denver and Rio  Grande  Western 

Railway  is 30  miles  north of the  area at Antonito, 

Colorado. Besides  the  small  communities of  Can"on Plaza, 

Vallecitos, and Tres  Piedras  there are  the  communities 

of La  Madera,  Servilleta  Plaza,  Petaca,  Las  Tablas, and 

Tusas  near  the area. 

Geography and Vegetation 

North-central  New  Mexico is part of the  Southern 

Rocky Mountains  Physiographic  Province (Fenneman, 1931, 

p. 94). Precambrian and Cenozoic  rocks of the  area  are 

part of the  San  Juan  Mountains,  which extend from  Ouray, 

Colorado  eastward  to  the  vicinity of Antonito, and then 

southeastward to the  vicinity of Ojo Caliente,  New 

Mexico. From  here they  swing to the  northeast and but4 

into  the  Sangre  de  Cristo  Range  about 3 miles  south of 
/ 

/ 
/ 
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T a o s   ( F i g .   3 ) .  

t h a t   t h e  name S 

Even 

a n  Ju 

t h o u g h  many p e o p l e   h a v e   e m p h a s i z e d  

a n   s h o u l d   b e   a p p l i e d   i n  New Mexico 

(Atwood  and   Mather ,   1932,   p .  6; R a i s z ,   1 9 3 9 ) ,   t h e r e   h a s  

been  l i t t l e  g e n e r a l   u s e  o f  t h i s  name f o r   t h e s e   m o u n t a i n s  

i n  N e w  M e x i c o .   C o n s e q u e n t l y ,   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 a n   J u a n   M o u n t a i n s   h a s  no a c c e p t e d   g e n e r a l  name. 

Atwood  and  Mather   (1932,   p .  8) s t a t e d   t h a t   t h e   l o c a l  

name i s  T u s a s   M o u n t a i n s ,   b u t  a s i n g l e   p e a k  i s  a l s o  

known as T u s a s ,   a n d   t h i s   m a k e s   t h e  name u n d e s i r a b l e   f o r  

t h e   e n t i r e   r a n g e .   T h e r e f o r e ,   i n   t h i s   r e p o r t  the  name 

S a n   J u a n   M o u n t a i n s  i s  u s e d   t o   r e f e r   t o   t h e  New Mexico 

e x t e n s i o n   a n d   t h e   C o l o r a d o   S a n   J u a n   M o u n t a i n s ,   a n d   a p -  

p r o p r i a t e   m o d i f i e r s   a r e   u s e d   t o   d e n o t e   s p e c i f i c  areas.  

The   San   Juan   Moun ta ins   o f  N e w  M e x i c o   c o m p r i s e  

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

wh ich  a re  a l m o s t   s u r r o u n d e d   b y   p l a t e a u   l a n d s   ( P l a t e  2 A ) .  

Chama R i v e r   d r a i n a g e   d e f i n e s   t h e   w e s t e r n   a n d   s o u t h w e s t e r n  

b o u n d a r y   a n d   s e p a r a t e s   t h e   r a n g e   f r o m   t h e   J e m e z   M o u n t a i n s  

t o  t h e  s o u t h w e s t .  T o  t h e   e a s t   t h e   f l a t   S a n   L u i s   V a l l e y  

and  i t s  d r a i n a g e ,   t h e   R i o   G r a n d e ,   s e p a r a t e   m o s t   o f   t h e  

N e w  Mexico San  J u a n   M o u n t a i n s   f r o m   t h e   S a n g r e   d e   C r i s t o  

R a n g e   ( F i g .   3 ) .   S a n   L u i s   V a l l e y   e n d s   a b o u t  10  miles 

s o u t h   o f   T a o s   w h e r e   t h e   R i o   G r a n d e   c u t s   t h r o u g h   t h e   S a n  / 

J u a n   M o u n t a i n s   s e p a r a t i n g   t h e   P i c u r i s   R a n g e ,   w h i c h  i s  

t h e   e a s t e r n m o s t   p r o n g ,   f r o m   t h e  res t  o f   t h e  San Juan’  

/ 

,/ 
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A. San  Juan  Uplift,  northern  New  Mexico  in  background. 

Chama  Basin  in  foreground  and  middleground.  Notch 

in  right  background  was  cut by Brazos  River  through 

massive  Precambrian  quartzite.  View  east. i 
1 
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B. Southern  flank of Jawbone  Mountain  viewed  from  Iron 

Mountain.  View  north. 

/ 





! 

7 

M o u n t a i n s .  

P r e c a m b r i a n   r o c k s   f o r m   w i n d o w s   i n   t h e   C e n o z o i c  

c o v e r   i n   t h e  N e w  M e x i c o   S a n   J u a n   M o u n t a i n s .   T u s a s  

Moun ta in ,  a mile  n o r t h  o f  C l e v e l a n d   G u l c h ,   h a s   a n   e l e -  

v a t i o n   o f  1 0 , 1 2 0  f e e t   a n d  i s  a f a i r l y   r u g g e d ,   h e a v i l y  

f o r e s t e d   g r a n i t i c   p e a k   ( . F i g .  2 a n d   P l a t e   3 A ) .  To t h e  

n o r t h w e s t  a b r o a d  swel l  w i t h  many f l a t '  t r ee l e s s  meadows 

s e p a r a t e s   T u s a s   M o u n t a i n   f r o m   B u r n e d   M o u n t a i n ,   w h i c h  i s  

a r o u n d e d ,   h e a v i l y   f o r e s t e d   m o u n t a i n   o f  1 0 , 1 8 9  f e e t  e le -  

v a t i o n   ( P l a t e   3 B ) .   N o r t h w e s t   o f   B u r n e d   M o u n t a i n  are 

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

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

v i c i n i t y   o f   J a w b o n e   M o u n t a i n   ( F i g .  l), whose  summit  a t  

a n   e l e v a t i o n   o f  1 0 , 6 0 5  f e e t  i s  a l m o s t   d e v o i d   o f  t r ee s  

( . P l a t e   2 B ) .   I r o n   M o u n t a i n  i s  a small r i d g e   a b o u t   o n e  

m i l e   s o u t h   o f   J a w b o n e   P e a k .   J a w b o n e   P e a k  i s  t h e   h i g h -  

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

i t s ,  a n d   t h e   V a l l e c i t o s  River  a t   a n   e l e v a t i o n   o f   a r o u n d  

8,000 f e e t  a t  Can"on P l a z a  i s  t h e   l o w e s t   p o i n t .  

K iowa   Moun ta in ,   wh ich  i s  a r u g g e d   q u a r t z i t e  

' p e a k   w i t h   a n   e l e v a t i o n   o f   a b o u t  9;600 f e e t ,  i s  s o u t h  

o f   T u s a s   M o u n t a i n .   S o u t h   o f   K i o w a   M o u n t a i n   t h e  eleva- 

t i o n   d e c r e a s e s   t o   a r o u n d  8 , 5 0 0  f e e t  

known as La  J a r i t a  Mesa. La J a r i t a  

t h e   T u s a s  River on t h e  ea s t  a n d   t h e  

on a f l a t   p l a t e a u  ,' 
/ 

Mesa i s  bounded  by 

V a l l e c i t o s  River' on 
,./ 

! 

I 
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A. Tusas  River  Valley.  View  southeast  from  Jawbone 

Mountain.  Eastern  end of Iron  Mountain  in  fore- 

ground.  Northwestern  flank  of  Tusas  Mountain  in 

right  background. 

B. View  south-southeast  from  Jawbone  Mountain.  Burned 

Mountain  in  left  background.  Middle  part of Iron 

Mountain in foreground. 

C. Outcrops on Iron  Mountain.  View  north. 
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t he   sou thwes t .   Seve ra l   qua r t z i t e   peaks  known a s   t h e  

Ortega  Mountains  project   through  the  Cenozoic  cover 

sou th  of t h e   V a l l e c i t o s  River. CaKon P l a z a  d e p o s i t  i s  

on one   of   the   quar tz i te   r idges   in   the   Or tega   Mounta ins .  

i 

i i 

i 
I 
i 

I 

I 

i 
, 

. .  

Eas t  of Tusas,  Burned,  and  Jawbone  mountains i s  

t h e   b r o a d   v a l l e y  of the   Tusas   River   (F ig .  2 and P l a t e  3 A ) ,  

which  has i t s  headwaters  a few mi l e s   sou th  of the  Colorado 

bo rde r .  A very  deep  canyon  has  been  cut by t h e  r iver  

e a s t   o f   C l e v e l a n d   G u l c h ,   a n d   t h i s   i n t e r s e c t s  S p r i n g  Creek 

Canyon a long   t he   ea s t e rn   marg in  of Kiowa ,Mountain.  Spring 

Creek  has i t s  s o u r c e  on the   southwes tern   f lank   of   Tusas  

Mounta in .   Tusas   River   cont inues   south   a long .   the   eas te rn  

f l a n k  of La J a r i t a  Mesa t h r o u g h   P e t a c a   t o  La Madera 

where i t  j o i n s   t h e   V a l l e c i t o s   R i v e r  ( F i g .  l).. V a l l e c i t o s  ~ 

River   has  i t s  headwaters   west   of .Hopewel1  and  f lows 

through CaSon P laza   and   Va l l ec i to s   a long   t he   sou thwes te rn  

f l a n k  of La J a r i t a  Mesa. Val lec i tos   River   ( somet imes  

c a l l e d   t h e   C a l i e n t e   R i v e r   s o u t h  of La Madera) j o i n s   t h e  

Chama River   about  15 m i l e s   s o u t h  of  Ojo  Caliente,   and 

t h e  Chama j o i n s   t h e  R i o  Grande a few m i l e s   f a r t h e r   s o u t h -  

eas t .  Few o t h e r   s t r e a m s   a r e   p e r e n n i a l   w i t h i n   t h e   a r e a .  

Stream  canyons  furnish  most  of t , h e   o u t c r o p s ,   w h i c h   a t . ,  

best   are   meager   and  poorly  exposed.  ,/ 

. .  

/ 

Par t   o f   t he   d ra inage . ,p robab ly  was superimposed 

onto   the   Precambr ian   sur face   f rom  over ly ing   Cenozoic  
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rocks. However,  many of the  streams  have  adjusted 

themselves to weak  zones  caused by the  great  difference 

in  lithologies,  the  vertical dip  of most of the  Precam- 

brian ro.cks, and presence of a prominent  northeasterly 

fault system. Parts of Placer,  Spring  Creek, and Tusas 

canyons  may  have  been.cut by superimposed  streams,  since 

they cut through  massive  quartzite  whereas  much  more 

easily  erodable  rocks  were  available nearby. 

Atwood  and  Mather (1932, p. 23) believed  that 

the  surface produced by the San  Juan  cycle of erosion 

reached  only  late  maturity  in  the  New  Mexico  San  Juan 

Mountains.. They  attributed  this to superior  resistance 

to erosion of the  Precambrian  terranes  in  this area. 

Barker (.1958, p. 6) called Kiowa and Tusas  mountains 

monadnocks,  but  since this area  never  reached  peneplana- 

tion,  these  should  not be called  monadnocks.  Atwood 

and Mather  (1932, p. 25) believed the  San  Juan  erosional 

cycle  occurred  in  late  Pliocene time. 

Normally  the  area  receives  15 to 20  inches of 

precipitation  a  year (Visher, 1954, p. 197). About  half 

of this comes  during  the  summer  months  in  the  form of 

extremely  violent  thunderstorms.  The  remainder'comes' 

as occasional  spring and fall  rains and from  heavy  winter 

snows,  which  normally  amount to about 100 inches. The,/ 

first  snowfall is usually  around  the  first of Novemljer, 

/ 

,/ 
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b u t   f i e l d   w o r k   o f t e n   c a n   b e   c a r r i e d   o u t   u n t i l   t h e   . f i r s t  

o f  J a n u a r y .  Average a n n u a l   t e m p e r a t u r e   w i t h i n   m o s t   o f  

t h e  a r e a  i s  a r o u n d  45' F ( y i s h e r ,  1954, p.  23). The 

n o r m a l   J a n u a r y  minimum i s  3' F , . . a n d   t h e  maximum i s  35'   F;  

n o r m a l   J u l y  minimum i s  u s u a l l y  35' F, a n d   t h e  maximum 

i s  80' F. A d i u r n a l   c h a n g e   i n   t e m p e r a t u r e   o f  40" t o  

50' F is  common t h r o u g h o u t   m o s t   o f   t h e   y e a r .  

Much o f  t h e  area o f  s t u d y   h a s  an e l e v a t i o n  

b e t w e e n  9,000 and 11,000 f e e t   a n d  i s  c h a r a c t e r i z e d   b y  

t h e  R o c k y   M o u n t a i n   S u b a l p i n e   F o r e s t   a s s o c i a t i o n .  The 

c h a r a c t e r i s t i c  t rees  o f  t h i s  a s s o c i a t i o n  a re  Engelmann 

s p r u c e   ( P i c e a   e n g e l m a n i i ) ,   C o l o r a d o   b l u e   s p r u c e  ( P i c e a  

p u n g e n s ) ,   a l p i n e   f i r  ( , A b , i e s ,   l a s i o c a r p a ) ,   a n d   a s p e n  

( P o p u l u s   t r e m u l o i d e s )  ( .P l a t e  4B). T h e s e  t r e e s  a re  

t y p i c a l l y   i n  sma l l  s t a n d s   s e p a r a t e d  by g e n t l y   u n d u l a t - -  

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

have a v e r y   d e n s e   f o r e s t   c o v e r .  A t  t h e   h i g h e r  eleva- 

t i o n s   i n   t h e   n o r t h w e s t e r n   p a r t   o f  t h e  a rea ,  t h e  d e n s e  

c o v e r   g i v e s  way t o   o p e n - g r a s s - c o v e r e d   m e a d o w s   a n d  small 

s t a n d s   o f   a s p e n .  

Between 8,000 a n d   8 , 5 0 0   f e e t  t rees  o f   t h e   R o c k y  

M o u n t a i n   M o n t a n e   F o r e s t  a r e  i n   m o r e  or l ess  op-en s t a n d s .  
/ 

T h i s   a s s o c i a t i o n  i s  c h a r a c t e r i z e d   b y   p o n d e ' r o s a   p i n e  

( P i n u s   p o n d e r o s a ) ,   D o u g l a s   f i r   ( P s e u d o t s u g a  m e n z i e s i i )  // 

w h i t e   f i r   ( A b i e s   c o n c o l o r ) ,  N e w  M e x i c o   l o c u s t   ( p o b i n i a  

/ 

/ 

,I 
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neo-mexicana), Gambell  oak (scrub)  (Quercus gambellii), 

and Rocky  Mountain  juniper (Juniperus  scopulorum) 

(Benson, 1957, p. 586). Between  8,500 and 9,000 feet 

there is a  mixing of trees  from  both  associations. In 

valleys  between  8,000 and  8,500  feet  grassland  predomi- 

nates  except on dry rocky  slopes  where  sagebrush 

(Artemisia tridentata), mountain  mahogany (Cercocarpus 

montanus), and scrub  oak (.Ouercus  La-mbellii) are  common 

(Dice, 1943, p. 3 6 - 4 2 ) .  In the  eastern  part of the  area 

of study,  ponderosa  pine  forest  interdigitates.with  the 

picon (Pinus edulis) - ju’niper (Juniperus  monosoerma) 
association of the  San  Luis Valley. 

At  Cleveland  Gulch  scrub  oak  was  found to be 

extremely  useful  in  locating  the  iron  deposits.  The 

thickest  growths  are on slopes  with  the  greatest  amount 

of iron mineralization. The  scrub oaks  highest on the . 

slope  usually  define  exactly  the  upper  boundary of the 

iron  deposit (.Plate 4A). This  phenomenon  was  probably 

due  to soil  moisture,rather  than  any .dependence of the 

scrub  oak on iron  or  related  elements  in  the soil. 

Geologic  Setting 

Cleveland  Gulch, Iron Mountain, and CaEon  Plaza ’ / 
/ 

iron  deposits  are  in  the  Precambrian  rocks of the  New ’ 

Mexico San Juan Uplift. The  uplift is flanked on t,he 
. .  ~ 

. . , . . . . . ,  . . . .  
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east  b y   t h e  San L u i s ' B a s i n ,   b u t t s   i n t o   t h e   S a n g r e   d e  . 

C r i s t o   U p l i f t   o n  t h e  s o u t h e a s t ,   p l u n g e s   i n t o   t h e   R i o  

G r a n d e   T r o u g h   t o   t h e   s o u t h ,   a n d   m e r g e s   i n t o   t h e  Chama . 

B a s i n   o n  t h e  west (F ig .  3 ) .  

The   San   Juan   Moun ta ins  i n  t h i s   p a r t   o f  N e w  

M e x i c o   c o n s i s t  of a s e q u e n c e   o f  l a t e  P r e c a m b r i a n  meta- 

m o r p h i c   a n d   i n t r u s i v e   r o c k s   s u r r o u n d e d   b y   C e n o z o i c   s e d i -  

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

t i o n ,   t h e   o l d e s t   u n i t ,   t h e   M o p p i n   F o r m a t i o n ,  i s  composed 

of s c h i s t ,  a m p h i b o l i t e ,   p h y l l i t e ,   a n d   q u a r t z i t e .  Con- 

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

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

u n i t  i s  c a l l e d   t h e   O r t e g a   Q u a r t z i t e .   I r o n  minera1,iza- 5 ' "  

t&x---is p r e s e n t  i n  b o t h  t h e  Moppin   Format ion   and  t h e  

O r t e g a   Q u a r t z i t e .   T h e s e   f o r m a t i o n s   h a v e   b e e n   i n t r u d e d  

a n d   m e t a m o r p h o s e d , b y   t h e   T u s a s  -, w h i c h   h a s   b a t h o -  

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

' d e p o s i t s ,   b a s e   a n d   p r e c i o u s  metal  v e i n . d e p o s i t s ,   a n d  

p e g m a t i t e s   a p p a r e n t l y ' a c c o m p a n i e d   t h e   i n t r u s i o n .  

- 

, 

i.p+ru5;ver 

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

i s o c l i n a l   f o l d s ' w h i c h   p l u n g e   s t e e p l y   t o w a r d   t h e  west- 

n o r t h w e s t .   T h e   t w o   m a j o r   f o l d s  a re  t h e   H o p e w e l l   A n t i -  \ 
c l i n e  a n d   K i o w a   S y n c l i n e ,   w h i c h   a d j o i n s  i t  o n   t h e   s o u t h ;  

west .  Smaller  f o l d s   m o d i f y  t h i s  s t r u c t u r a l  p a t t e r n  iri 

some p l a c e s .   O n l y  a few f a u l t s   are f o u n d  i n  t he  .Pre- 

/ 

'/ 
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Cambrian ,   and  many o f   t h e s e   t r e n d   n o r t h e a s t .   S c h i s t o s i t y  

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

c r o p s .  

D u r i n g  l a t e  P r e c a m b r i a n  time t h e r e  was e x t r u s i o n  

of a t h i c k   s e q u e n c e   o f   v o l c a n i c  mater ia l  o f   f e l s i c   t o  

m a f i c   c o m p o s i t i o n .  Some of t h e  d e p o s i t s  were i n t r u d e d  

b y   d i k e s   a n d  s i l l s .  I n   l o c a l   b a s i n s   a n d  stream b e d s  

t h i n   d e p o s i t s   o f   s a n d   a n d  s i l t  were b u i l t  up  between 

f l o w s .   W i t h  l i t t l e  or n o   e r o s i o n ,   t h i c k   d e p o s i t s   o f  I 
- ,  

' -- c r o s s - b e d d e d   s a n d   f o l l - o w e d .   I g n e o u s   a c t i v i t y   c o n t i n u e d  

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

were i n d u r a t e d ,   f o l d e d ,   a n d   s u b j e c t e d   t o   1 o w . g r a d e  re-  

g i o n a l   m e t a m o r p h i s m .  Some d i k e s   a n d  s i l l s  were i n t r u d e d  

a t  t h i s  t ime, a n d   t h e  a rea  was a g a i n   s u b j e c t e d   t o  re- 

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

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

l a r g e  a reas .  T h i s   l a r g e &   i n t r u s i o n   a p p a r e n ' t l y   s u p -  

p l i e d   t h e  mater ia ls  f o r   m o s t   o f   t h e  mineral  d e p o s i t s   o f  

t h e  a r ea ,  a n d   c a u s e d  many  of t h e   m e t a m o r p h i c   e f f e c t s  

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

of  m e t a m o r p h i s m ,   s u b s e q u e n t   t o   t h e   i n t r u s i o n   a n d  meta- 

s o m a t i s m ,  was l o w   g r a d e   a n d   r e g i o n a l ,   i m p a r t i n g   s l i g h t  

s c h i s t o s i t y   t o   t h e   i n t r u s i v e   r o c k .  / 

/ 

I n  t h e   P a l e o z o i c   a n d   M e s o z o i c  eras the  area may 
,/ 

h a v e   r e c e i v e d   s e d i m e n t s   b u t   n o  t r ace  remains. 'A f ew 
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miles t o   t h e   s o u t h   a n d  west t h e r e  i s  a t h i c k   s e q u e n c e  

of  r o c k s  of  P e n n s y l v a n i a n   t h r o u g h   C r e t a c e o u s   a g e .   D u r i n g  

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

v o l c a n i c s ,  many o f  whi.ch were s t r i p p e d   f r o m   t h e   a r e a  

b e f o r e  l a t e  P l i o c e n e  time. D u r i n g   t h e   Q u a t e r n a r y   m o r e  

v o l c a n i c   m a t e r i a l   a n d   s e d i m e n t s   w e r e   d e p o s i t e d   o v e r   p a r t s  

of t h e  area.  A t  p r e s e n t   t h e   P r e c a m b r i a n   r o c k s   f o r m  a 

s e r i e s  of  windows i n   t h e   o v e r l y i n g   C e n o z o i c   c o v e r .  
""- " 

P r e v i o u s   I n v e s t i g a t i o n s  

E v a n   J u s t  (1937) made a r e c o n n a i s s a n c e  map o f .  

t h e   P i c u r i s   U p l i f t   a n d   t h e   a r e a   f r o m   ' J a w b o n e   M o u n t a i n  

t o   O j o   C a l i e n t e   i n  a s t u d y   o f   t h e   p e g m a t i t e s  of  t h e  

area.  J u s t   s e p a r a t e d   t h e   m a j o r   r o c k   u n i t s   w i t h   s u c h  

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

i n   m o s t  cases.  

A t w o o d   a n d   M a t h e r   b r i e f l y   d i s c u s s e d  the  r e g i o n  

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

t h e   S a n   L u i s   V a l l e y  (.1924) a n d   S a n   J u a n   M o u n t a i n s  (1932). 

They were a b l e   t o   r e c o g n i z e   t h e   e r o s i o n   s u r f a c e   w h i c h  

c o r r e s p o n d s   t o   t h e   S a n   J u a n   P e n e p l a i n  i n  C o l o r a d o  on 

t h e   e a s t e r n   f r o n t   o f   t h e  New M e x i c o   e x t e n s i o n   o f   t h e  

S a n   J u a n   M o u n t a i n s  (1932, p .  23). 
/ 

C r o s s   a n d   L a r s e n  (1935) and  Larsen a n d   C r o s s  / 

(1956) s t u d i e d   t h e   C o l o r a d o   S a n   J u a n   M o u n t a i n s ,   a n d  
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w h i l e   t h e s e   s t u d i e s ' w e r e   n o t   d i r e c t l y   c o n n e c t e d   w i t h  t h e  

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

h i s t o r y   b e t w e e n   t h e   e n d   o f   P r e c a m b r i a n   a n d  t he  b e g i n n i n g  

o f  t h e   C e n o z o i c .   B u t l e r  (.1946) s t u d i e d   t h e   T e r t i a r y   a n d  

C e n o z o i c   g e o l o g y  of p a r t   o f   t h e   s u b j e c t  area.  B a r k e r  

( 1 9 5 8 )   p u b l i s h e d  on t h e   g e o l o g y   o f   t h e  Las T a b l a s  Quad- 

r a n g l e .  

A g e n e r a l i z e d   g e o l o g i c  map of t h e   R i o  Chama 

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

was p u b l i s h e d   i n   1 9 6 0   b y   t h e  N e w  M e x i c o   G e o l o g i c a l  

S o c i e t y   ( S m i t h   a n d   M u e h l b e r g e r ,   1 9 6 0 ) .   H o w e v e r ,  i t  was 

a c o m p i l a t i o n   f r . o m  e a r l i e r  s o u r c e s   a n d   p r e s e n t e d  no  new 

i n f o r m a t i o n .  A t  t h e  same time Muehlberger   (1960)   pub-  

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

p u b l i s h e d   w o r k  of  J u s t   a n d   B a r k e r .  I n  1 9 6 5   B i n g l e r  

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

i n c l u d i n g  a p e t r o l o g i c   m a p ,  o f  t h e  L a  M a d e r a   Q u a d r a n g l e ,  

w h i c h   a d j o i n s   t h e   s o u t h e r n   m a r g i n   o f   t h e  L a s  T a b l a s  

Q u a d r a n g l e .   C a r p e n t e r   ( 1 9 6 5 )   d i d   p e t r o l o g i c   s t u d i e s   o n  

s o m e   o f   t h e   r o c k   u n i t s   f r o m   T u s a s   M o u n t a i n   t o   B u r n e d  

Moun ta in .  

B r o m i d e   a n d   H o p e w e l l   m i n i n g   d i s t r i c t s  a re  be-  

tween C l e v e l a n d   G u l c h   a n d   I r o n   M o u n t a i n .   B r o m i d e   m i n i n g  .' 

d i s t r i c t  was d i s c o v e r e d   i n   J u l y ,  1881 by D. M. F i e l d  , .  aqd  

3 .  M. B o n n e t t   ( J o n e s ,   1 9 6 4 ,   p .  75 ) .  This  camp, , , abou t  a 

/ 
/ 

'., I I 

/' 

. ,  
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mile  n o r t h w e s t   o f   C l e v e l a n d   G u l c h ,   p r o d u c e d   m o s t l y  s i l -  

v e r ,  c o p p e r ,   a n d  a l i t t l e  g o l d .  L i t t l e  ore h a s   b e e n  

p r o d u c e d   s i n c e   t h e   t u r n   o f   t h e   c e n t u r y .   H o p e w e l l  Dis-' 

t r i c t  was e s t a b l i s h e d  a f e w   y e a r s   b e f o r e   B r o m i d e   a n d   h a d  

b o t h   l o d e   a n d   p l a c e r   m i n e s   ( J o n e s ,   1 9 6 4 ,   p .   7 6 ) .   T h e  

t o t a l   v a l u e   o f   p r o d u c t i o n  was a r o u n d  $ 2 0 0 , 0 0 0 .  R e c e n t l y  

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

g r a v e l   i n   t h e   l o w e r   p a r t  o f   P l a c e r   C a n y o n .   H o w e v e r ,   t h e  

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

p r o d u c t i o n .  

j G r a t o n  (,& L i n d g r e n ,   G r a t o n ,   a n d   G o r d o n ,   1 9 1 0 ,  

p .   1 2 4 - 1 3 3 )   s t u d i e d   t h e   H o p e w e l l   a n d   B r o m i d e   d i s t r i c t s  

! 

and  made b r i e f   r e f e r e n c e   t o  t he  i r o n   d e p o s i t s   o n  Iron 

M o u n t a i n .   J a h n s   ( 1 9 4 6 )   i n   h i s   d e t a i l e d   s t u d y   o f   t h e  

p e g m a t i t e s   o f   t h e   P e t a c a  D i s t r i c t  ( F i g .   1 )   p r e s e n t e d  

i n f o r m a t i o n  on t h e  g e n e r a l   g e o l o g y   o f   t h e  area. K e l l e y  

(1949,   p .   230)  i n  a c o m p i l a t i o n   o f   t h e   i r o n   d e p o s i t s   o f  

N e w  M e x i c o   m e n t i o n e d   t h e  Iron M o u n t a i n   d e p o s i t .   K y a n i t e  

d e p o s i t s   i n   t h e   P e t a c a  D i s t r i c t  were s t u d i e d  by  Corey 

( 1 9 6 0 ) .  

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

was p u b l i s h e d   b y   B e r t h o l f  i n  1960 .  H e  s t u d i e d   p a r t   o f  

t h e   N o r t h   C l e v e l a n d   G u l c h   d e p o s i t   ( F i g .  l ) ,  c o n d u c t e d  /' 

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

b e n e f i c i a t i o n   s t u d i e s   r u n  on a f e w   s a m p l e s  of t h e  ' 

/ 

. .  .~ , ,  ,/! 
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m a g n e t i t e - r i c h   r o c k s .  

P u r p o s e   a n d   M e t h o d   o f   I n v e s t i g a t i o n  

! 

i 

T h e   p r e s e n c e   o f  a P r e c a m b r i a n   b a n d e d   m a g n e t i t e -  

q u a r t z   d e p o s i t  a t  I r o n   M o u n t a i n  has b e e n  known f o r  over  

f i f t y   y e a r s   ( L i n d g r e n ,  Gra ton ,  and  Gordon,  1 9 1 0 ,  p .  128). 

D e s p i t e   s u b s e q u e n t   p u b l i c a t i o n s   o n   t h e   g e n e r a l   g e o l o g y  

o f   t h e  a r ea ,  t h e r e  h a s   b e e n   n o   s t u d y   o f   t h e   g e o l o g y   o f  

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

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

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

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

t h e   M o p p i n   F o r m a t i o n   a n d   O r t e g a   Q u a r t z i t e  a t  C l e v e l a n d  

G u l c h ,   I r o n   M o u n t a i n ,   a n d  Cafion p l a z a .  

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

D u r i n g  t h i s  time a n   o u t c r o p   g e o l o g i c  map was made  of 

t h e   I r o n   M o u n t a i n   d e p o s i t   a n d   a d j a c e n t  a r ea  a t  a s ca l e  

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

a n d   a l i d a d e   ( F i g .  4 ) .  T h e   C l e v e l a n d   G u l c h   d e p o s i t s  were 

mapped a t  a s c a l e  o f   o n e   i n c h   t o   a p p r o x i m a t e l y  440  f e e t  

o n   e n l a r g e d  a e r i a l  p h o t o g r a p h s   ( F i g .  5 ) .  Cafion P l a z a  

d e p o s i t  was mapped  on a e r i a l  p h o t o g r a p h s  a t  a s ca l e  of 

o n e   i n c h   t o   a b o u t  1 , 3 2 0  f e e t  (.Fig. 6 ) .  Base maps f o r  ,/ 

C a z o n   P l a z a   a n d   C l e v e l a n d   G u l c h  were p r e p a r e d   f r o m  

a e r i a l  pho tographs . . .   The  area b e t w e e n   C l e v e l a n d   G u l c h  
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and Iron Mountain w a s  mapped i n   t h e   f i e l d  on a e r i a l  photo- 

graphs a t  a scale  of  one  inch t o  about  1,320  feet  (Fig. 2). 

The base maps for Figure 2 were  Topographic  Sheets of the 

United States Geological  Survey. Heavy vegetation and soi l  

cover imposed 1imitatio.ns on t h e  accuracy of mapping. 

Laboratory work consisted  of  petrographic  study 

of 150 th in   s ec t ions  and 25 pol ished  sect ions.   In  

addition,  approximately 300 hand  specimens  were  studied 

w i t h  a binocular  microscope.  Semi-quantitative  spectro- 

graphic  analyses  for 50 elements  were made on 63 samples 

(Table I V ) .  Specif ic   gravi ty  of 37 samples was determined 

a s  a means of ascer ta ining i r o n  content  (Table V ) .  I ron 

content i n  four  samples w a s  determined by f i r e   a s s a y   i n  

order t o  compare t h e   r e s u l t s   o f  the spec i f i c   g rav i ty  

t e s t   (Tab le  V I ) .  
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PRECAMBRIAN  ROCKS 

General  Statement 

Within  the Cleveland Gulch,  Iron  Mountain, and 

Caiion Plaza  areas  there  are  three  major  Precambrian 

rock  units:  the Moppin  Formation,  the  Ortega  Quartzite, 

and the  Tusas Z"is . The  oldest is the  Moppin  Forma- 

tion,  which  apparently is conformably  overlain by the 

Ortega Quartzite. Both of  these  units  were  intruded 

~ h L r L u ; v & s .  

flLrus,rt4. 
by the  Tusas =kaAbzr The  iron  deposits  at  Iron  Moun- 

tain and most of those at Cleveland  Gulch  are in the 

Moppin Formation. Part of the  southern  Cleveland 

Gulch  deposit  extends  into  the  Ortega  Quartzite (.Fig. 2 ) .  

Iron  mineralization at Can"on Plaza is restricted  to 'the 

Ortega  Quartzite (.Fig. 6 ) .  

Moppin  Formation  rocks  are  mainly  schist, 

amphibolite, and phyllite;  quartzite is present  but 

is quantitatively  unimportant.  Ortega  Quartzite is 

cross-bedded,  fine to coarse-grained, and locally con- 

silicic  in  the  northwestern part,  and has,.several  local 

apophyses. /' 

/ 

The  Moppin  Formation  possibly  is correlative/ 

2 3  
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with  the  Irving  Greenstone  in  the  Colorado  San  Juan 

Mountains;  likewise,  the  Ortega  Quartzite  might  be 

correlative  with  the  Needle  Mountain  Group of the  same 

area. This  inference is suggested by the  following 

facts: the  Irving  Greenstone and  Needle  Mountain  Group 

are  the  youngest  non-intrusive  Precambrian  rocks  in  the 

San  Juan  Mountains of Colorado (,Cross and Larsen, 1932, 

p .  20); the  degree of metamorphism  in  both  areas is 

virtually  the  same; and the  lithologies  are stri.kingly 

similar.  Larsen and Cross (1956, p. 257) stated  that 

the  Uncompaghre  Formation (of the  Needle  Mountain 

Group) is found  as  far  south  as  Brazos  Canyon,  which is 

about 5 miles  northwest of Jawbone  Peak.  Since  the 

quartzite at  Brazos  Canyon  can be traced  almost to 

Ortega  outcrops, it would  seem  there is a  strong  pos- 

sibility that  the  two  formations are equivalent. 

Stratigraphy 

Moppin  Formation 

Definition and  distribution 

Moppin  Formation  underlies  the  area  from Cleve- 

land Gulch to Iron  Mountain  in  the  Las  Tablas  Quadrangle , 
(Fig. 2). It is the  oldest  formation  exposed  in  the 

Cleveland  Gulch - Iron  Mountain area. Just C1937, p. ,:lo) 

, 
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A. North  Cleveland  Gulch.  Scrub  oak  in  the  foreground 

marks  the  upslope  contact of iron  formation  with  en- 

closing  rocks. 

B. Cleveland  Gulch.  Typical  vegetation.  Metarhyolite . 
outcrop on right. 

C. Ortega  Quartzite  forming  the  nose of Hopewell 

Anticline.  View  northwest. 
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gave  this  unit the name  Hopewell Series.  Since  this 

name  was  preoccupied,  Barker (1958, p. 14) renamed  the 

unit Moppin  Metavolcanic  Series  for  exposures  in  a  can- 

yon  near  "the  Moppin Ranch." Unfortunately,  he  failed to 

give  the  location of the  ranch on his map, and ownership 

of the  ranch has since changed.  After  much  searching it 

was  found  that  the  canyon  he  used  for  the  reference lo- 

cality is Bromide  Canyon, --& 
-. According  to the  Code 

of Stratigraphic  Nomenclature,  Article 13h, the  type 

locality  should  still  be  Placer  Canyon  near  the com- 

munity of Hopewell  where  Just  originally  named and de- 

fined  the formation;  the  locality  Barker used  should be 

termed  a reference locality (.American Commission  on 

Stratigraphic  Nomenclature,  1961, p.  653). 
i 
! 
! 

Even  though  the  Code of Stratigraphic  Nomencla- 

ture stated  that  a  formation  should  not  be  named  after 

a  ranch, it is  judged  better to leave  the  name as it is 

than to burden  the  literature  with  an  additional  name 

(American Commission on Stratigraphic  Nomenclature, 1961, 

p. 652). In the  future it may be possible to correlate 

this formation  with  the  Irving  Greenstone of the  Colorado 

San  Juan  Mountains  in  which  case  the  names  "Hopewell 

j 
! 

/ 

I Series" and "Moppin  Metavolcanic Series" would  be predafed 
/ 

i and therefore  superceded by the .name "Irving Greenstone." i 

j 
I 

."-- 
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i 
I 

I 
1 
! 

I ! 
I 
! 

i 
j 
i 
i 
I 

Because  not  all  the rocks in  the  Moppin  Formation  are 

metavolcanic and the term "Series" is a time-strati- 

graphic  designation and has no proper  place  in  rock- 

stratigraphic  terminology,  in  the  present  report the 

"Moppin  Metavolcanic  Series" of Barker  has  been  changed 

to "Moppin  Formation" in order to comply  with  the  Code 

of Stratigraphic  Nomenclature. 

Barker (1958, p .  11) considered'the M,oppin Forma- 

tion to be  younger  than one  quartzite  lithosome,  but 

older than  the  rest of the  quartzite. Just (1937, p .  13) 

believed all  the  quartzite to be  younger  than  the  Moppin 

Formation.  Corey (1960, p .  7) retained Justqs nomen- 

clature and proposed  geologic  sequence.  Bingler (1965) 

did not  present  a  time  sequence  for  the  rocks  in  the  La 

Madera  Quadrangle, s o  we do not know  what  he considered 

to be  the  relative ages of rocks  in that area  which  con- 

tains the  type  locality  for the Ortega Quar.tzite. Barker 

and Just  both  agree  that  the  quartzite  along  the  flanks 

of the  anticline  from Cleveland  Gulch  to Iron Mountain 

is  younger  than  the  Moppin rocks.  Consequently,  since 

no other  quartzite is in contact  with  the  Moppin  rocks, 

the  Moppin  Formation in the present  report is considered 
/ 

to be -the oldest  unit  in  the area. Because it has  pri- .,' 

ority (Just, 1937, p. ll), the  name  Ortega  Quartzite id 

used in this report  for  the  quartzite lithosome. 
,/ 
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Moppin  Formation  crops  out  in  Spring  Creek  Canyon 

north to the  Tusas and northwest of Burned  Moun- 

tain,  Placer  Canyon, and the south.eastern flank of Jawbone 

Mountain (Fig. 2 ) .  Part of this  formation  extends  into 

the  Tusas  River Valley  between  Burned  Mountain and Tusas 

Mountain.  This  outcrop  pattern is that of a  steeply 

plunging  anticline  with  Iron  Mountain on the  northeastern 

flank and Cleveland  Gulch on  the  southwestern flank. The 

beds  are  for  the  most  part either  upright  and  steeply 

dipping or are vertical.  Outcrops of the  Moppin  Formation 

are  often  interrupted by the  Tusas intrusions, faults, 

Tertiary  cover,  soil, and vegetation. 

rocK 

Muscovite  schist,  which  is  interbedded at several 

horizons  in  the  Moppin  Formation,is  mainly  metamorphosed 

rhyolite. Just (1937, p. 4 4 )  thought  these  beds  unique 

enough  to be considered  a  separate  member and originally 

named  them  Vallecitos Rhyolite. He believed they were 

flows  interbedded  with  the  other  volcanics of the  Moppin 

Formation. Barker (1958, p. 5 4 )  renamed  this  unit  Burned 

Mountain  Metarhyolite and considered it t o  be  intrusive. 

Present  studies  support Just's conclusion  that  these  units 

were  deposited as surface  flows; they are  the  most  reli- 

able  stratigraphic  control  within  the  Moppin  Formation. ,. 

Jahns (.personal communication)  considers  the metarhyolites 
,' 

in  the  Petaca  District to be  extrusive 'depos'its. !El&& 

/ 
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w. 
S i n c e   t h e s e   m e t a r h y o l i t e s  a r e  an i n t e g r a l   p a r t   o f  

t h e   M o p p i n   F o r m a t i o n ,  a re  s o  i n t e r s p e r s e d   t h r o u g h o u t  t he  

s e q u e n c e  as  t o   b e   d i f f i c u l t   t o  map s e p a r a t e l y ,   a n d  a re  

a l s o   f o u n d   i n   t h e  O r t e g a  Q u a r t z i t e ,   n o   s p e c i a l  name s h o u l d  

b e   g i v e n   t o   t h e m .   B o t h   n a m e s ,   " V a l l e c i t o s   R h y o l i t e "   a n d  

" B u r n e d   M o u n t a i n   M e t a r h y o l i t e , "   s h o u l d   b e   a b a n d o n e d .  

L i t h o l o g y  

Mopp in   Fo rma t ion  i s  c o m p o s e d   m a i n l y   o f   c h l o r i t e ,  

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

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

q u a r t z i t e .  I n  t h e   f i e l d  s e v e r a l  t r ave r ses  were made 

n o r m a l   t o   t h e   s t r i k e  of  t h e   b e d s  i n  o r d e r   t o   d e t e r m i n e  

t h e   l i t h o l o g i c  u n i t s .  I n   t y p i c a l  t raverses s o i l   a n d  

v e g e t a t i o n   c o v e r e d  a t  l e a s t  80% o f  t h e  a rea .  A s  a con- 

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

e x c e p t   f o r  a small area i n   t h e   v i c i n i t y   o f   t h e   i r o n   d e -  

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

. removed  by a b u l l d o z e r .   A f t e r   c o m p l e t i o n   o f  severa l  / 
.~ 

t r a v e r s e s   p e r p e n d i c u l a r  t o  t h e   s t r i k e ,   a n   a t t e m p t  was made 

t o   f o l l o w   t h e   v a r i o u s   u n i t s   a l o n g   s t r i k e .   A m p h i b o l i t e  
. .  

? 
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beds were  generally  found to be  impossible to correlate 

exactly  from  outcrop  to  outcrop  along strike  because suc- 

cessive  amphibolites  looked s o  nearly  alike and composi- 

tional and textural  changes  along  strike  were common. 

Also,  there  was  the  possibility  that  the  amphibolite 

changed in  the covered  interval  along  strike to a  chlorite 

schist. Chlorite,  biotite, and to some  extent  muscovite 

schists  presented  the  same  problems. 

t '  

After  much  investigation  muscovite  schists,  which 

were  originally  rhyolite  flows or tuffs,  proved  to be 

unique and exceptional  in  their  persistence  throughout 

most of the  area of Moppin outcrops. One of  these^ fLwp 

units was especially helpful  since it was'traced  from  east 

of Cleveland  Gulch  northwest  along  the  Moppin-Ortega con- 

tact across  Burned  Mountain,  Placer  Canyon,  around  the 

nose of the  anticline to Iron Mountain. Even  though  in 

places it is covered  for several  hundred  yards,  its dis- 

tinctive  appearance and its  position at or near  the  Ortega 

Quartzite  base  permit its recognition  almost  anywhere 

(Fig. 5 ) .  In the vicinity of Cleveland Gulch  another 

metarhyolite  bed, two  distinct  phyllite  beds, and a  meta- 

arkose bed were also  used  for  stratigraphic control. 

Cleveland Gulch.--The most  varied  lithology of. , 
/ 

the  Moppin  Formation is in  the  area  around  Cleveland 

Gulch and consequently  the  petrology and petrography 
,/ 
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were s t u d i e d  i n  some d e t a i l  a t  t h i s   l o c a l i t y .  A d e s c r i p -  

t i o n   o f   t h e   r o c k s   f o u n d  i n  t r ave r ses  f rom t h e  b a s e   o f   t h e  

O r t e g a  Q u a r t z i t e  s o u t h  o f  Cleve land  Gulch  t o  t h e  Tusas  
Canthct 

is  p r e s e n t e d   C F i g s .  2 and  5 ) .  T h i s   c o m p o s i t e  sec- 

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

s o u t h   t o   n o r t h  t raverses  m a d e  f r o m   a b o u t   1 , 0 0 0   f e e t  eas t  

of  Bromide  Canyon t o   t h e   v i c i n i t y   o f   t h e   e a s t e r n   e d g e   o f  

t h e  map i n  F i g u r e  5. H o w e v e r ,   m o s t   o f   t h e   l i t h o l o g i c  

u n i t s  a re  d e s c r i b e d   f r o m   s a m p l e s   t a k e n   o n  a t r ave r se  

s t a r t i n g  a t  t h e   s k u l l - s h a p e d  area o f   i r o n   f o r m a t i o n  

( F i g .  5 ) ,  a n d   e x t e n d i n g   a l m o s t   d u e   n o r t h   t h r o u g h   t h e  

w i d e s t   p a r t   o f   t h e   i r o n   f o r m a t i o n   n o r t h   o f   C l e v e l a n d   G u l c h  

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

shown on F i g u r e  5. 

T h e   b a s e   o f   t h e   O r t e g a   Q u a r t z i t e  i s  n o t  wel l  de-  

f i n e d   i n   t h i s  area.  Along the r i d g e   s o u t h   o f   C l e v e l a n d  

Gulch i s  a d i s t i n c t i v e   p h y l l i t e   o v e r l a i n  by a b o u t  200  f e e t  

o f   m e t a - a r k o s e   b e d s .   T h i s   u n i t  i s  o v e r l a i n   b y  200 f e e t  - 
of c h l o r i t e   s c h i s t ,   s u c c e e d e d  by s e v e r a l  h u n d r e d   f e e t  o f  

f e l d s p a t h i c   q u a r t z i t e   b e n e a t h   p u r e   c r o s s - b e d d e d   q u a r t z i t e  

wh ich  i s  u n d o u b t e d   a n d   t y p i c a l   O r t e g a .  The t o p   o f  t h e  

c h l o r i t e   s c h i s t  was c h o s e n  as t h e   t o p   o f  t h e  Moppin  Forma- 

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

Moppin rocks  t h a n   O r t e g a   r o c k s .   A l s o ,   t h e   f e l d s p a t h i c '  

q u a r t z i t e  was t r a c e d   a l o n g   t h e   c o n t a c t   f o r  severa l ,mi les ,  
/ 
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but  the  meta-arkose  bed  pinches  out  a couple  of  miles to 

the  northwest.  This  alternation o f  meta-arkose  beds with 

chlorite  schist and the fact  that the  Ortega and Moppin . 

formations  strike  parallel to each  other  support  the  con- 

clusion that the two  formations  are  conformable in this 

locality. 

The  overall  lithologies of the  Cleveland  Gulch 

area  categorized  from  youngest to oldest are: (1) chlorite 

schist; (2 )  quartz-muscovite  schist (meta-arkose); 

( 3 )  interbeds of phyllite and quartz-muscovite  schist 

(meta-tuffs and metarhyolites); (.4) amphibolite, quartz- 

biotite  schist, chlorit'e schist,  some  phyllite; (5) banded 

iron  formation,  chlorite  schist,  muscovite  schist,  amphib- 

olite; ( 6 )  amphibolite,  biotite  schist; '(.7) muscovite 

schist (metarhyolite); C8) amphibolite,  biotite  schist; 

(9) amphibolite, quartzite. Within  each of,the categories 

above,  the  lithologies  are  not  necessarily  listed  in  chron- 

ological order. The  lithologic  units  were  grouped  in  the 

above  manner in order to correspond  to  the  map  units  on 

Figure 5. On  Figure 5 numbers 1, 4 ,  6 ,  8, and 9 are 

designated p6m; numbers 3 and 7 are  designated H; and 

number 2 is  designated +ha. Two  units  containing iron 

formation  were mapped separately;  one  is  number 5 above, , 
and the  other  cuts  across  the  meta-arkose,  uppermost 1 

chlorite  schist, and the  lower  part of the'ortega  Forma- 

tion (Fig. 5). 

M Mr 

M2 

,/ 

/ 
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At Cleveland  Gulch  the  uppermost  unit (.1) in the 

Moppin  Formation is chlorite schist. It is covered by 

Tertiary  rocks to the  southeast, and  continues to the 

northwest -k=s=su% parallel to the  contact of 

the  Ortega  Quartzite (Fig. 5 ) .  In hand  specimen it is 

a  fine-grained  chlorite-feldspar-quartz  schist,  with , 

what  appear t o  be  relict  amphibole phenocrysts. 

Below  the  chlorite  schist is about 200  feet  of^ 

pinkish-gray  muscovite schist. This  unit (2) is fine 

to coarse-grained but contains  a few metaconglomerate 

beds. It was  an  arkose deposit. In thin  section  the 

composition  was  found to be  highly  variable,  but  in 

general  the  sample 'contained rounded  grains of quartz, 

potassium  feldspar,  and  plagioclase,  and  muscovite,  chlo- 

rite,  biotite, and magnetite (Table I 1; Plate 5A). Some 

of the  larger  quartz a'nd feldspar  grains are  slightly 

crushed (Plate 5 B ) .  The  muscovite  schist  pinches  out 

about one and a  half  miles to the  northwest and is covered 

by Tertiary  deposits to the east. 

A skull-shaped  area of banded  iron  deposits  and 

amphibolite  extends  from  the  upper  part of the  phyllite-' 

muscovite  schist  beds (which lie  below  the meta-arkose), 

through  the  meta-arkose,  chlorite  schist, and into  the , 
basal  feldspathic  quartzite of the  Ortega  Formation 

(Fig. 5 ) .  The  area  is  about 9 0 0  feet in a~north-south 

/ 

,/ 
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Cleveland 
Gulch 
Unit 2 
Muscovite 
Sch i s t  
(Meta-'arkose) 

I 

TABLE I 

Cleveland . Cleveland 
Gulch 
(South) 

Gulch 
(South) 

Banded I r o n  
Iron  Deposi t  
Formation  Amphibolite 

2.  3 

'Cleveland 
Gulch 
Unit 3 
P h y l l i t e  . 
Blue-green 

4 

.Quartz 

K-Feldspar 

Oligoclase 

Muscovite 

C h l o r i t e  

B i o t i t e  

Hornblende 

Epidote 

.! Magnetite 

Calcite , 

Other 

, %  mm 
60-80 0.1-1.0 

0-5 

5-30 

5-15 
a 
a 

a 

% 
45-50 

a 

5 

a 

45-50 

mm % mm 

0.2 a 

40-55 1.0 

5-10 

30-40 0.2~1.5 
a 

0.1 a 
a 

% mm 
25-45 0.01-0.4 
20-25 

40-50 

2 -3 

2-3 '0.05-0.4 

Explanation: a = accessory  amount; 5 = averages 5%; 25-45 = ranges from 25% t o  45%; 
0.1 = mineral   grain  averages 0 .1  mm; 0.2x1.5 = mineral   grain  averages 
0.2 mm wide  and 1 . 5  mm long; 0.1-1.0 = minera l   g ra in   ranges  f r o m  0.1 mm 
t o  1.0 mm;  0.1/2.0 = minera l   g ra in  has two d i s t i n c t   s i z e s .  

\ 
\\ 

\ 

. Table I. 'Mineral  composition of rocks.  from  the Moppin Formation, R i o  Arriba County, 
New Mexico. 



Cleveland 
Gulch 
Unit 3 
Phyllite 
Gray-green 
Crenulated 

5 

7g mm 
Quartz 15-25 0.08-1.0 
X-Feldspar 20-25 
Oligoclase 

- 

Muscovite 40-45 
Chlorite 2-3 
Biotite 
Hornblende 
Epidote 

- 0.05 

Magnetite a 1.0-2.0 
Calcite 
Other a 

\ 

\ 

TABLE I 

Cleveland 
Gulch 
Unit 3 
Muscovite 
Schist 
(Metarhyolite) 

6 

% m m '  

40-50 0.1/2.0 
5-10 0 . 5  

40-45 

a 

Cleveland Cleveland 
Gulch Gulch 
Unit 4 Unit 4 
Amphibolite Amphibolite 

% 
3 

40 

10 

35 
10 
2 

a 

7 

mm % 
a 

0.3 15 

2 

0.3~1 .O 75-80 
2 

2 

1 
a 

8 

mm 

0.2 W 
m 

0.2 

0.5x1.5 
0.2 
0 . 2  

0 . 2  



Quartz 
K-Feldspar 
Oligoclase 
Muscovite 
Chlorite 
Biotite 
Hornblende 
Epidote 
Magnetite 
Calcite 
Other 

TABLE I 

Cleveland Cleveland 
Gulch Gulch 
Unit 4 Unit 4 
Phyllite Quartz 

Biotite 
Schist 

9 10 

% mm - %  mm 
50 0.07/0.4 45 0..05/0.1 
42 

3 40 
3 1-2 
I 3 
1 5-10 

2 

Cleveland 
Gulch 
Unit 4 
Quartz 
Biotite 
Schist 

I 1  

45 0.2 
% mm 

15-25 
2 

4 
20-25 

2 
' 2  

- 

Cleveland 
Gulch 
Unit 5 

Chlorite 
Quartz 

Schist 

12 

% 
15 

mm 
0.2 

25  0.2 w 
U 

50 0.2 
2 

2 

1 
0-25 2.0 

a 
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. Quartz 

X-Feldspar 

Oligoclase 

Muscovite 

Chlor i te  

B i o t i t e  

Hornblende 

Epidote 

Magnetite 

Ca lc i t e  I 

Other 

Cleveland 
Gulch 
Unit 5 
B i o t i t e  
Quartz 
Schis t  

13 

% mm 
30-35 0 . 2  

30-35 0 . 2  

a 

a 

30-35 0.2 

a 

TABLE I 

Cleveland 
Gulch 
Unit 5 
Quartzite 

Cleveland  Cleveland 
Gulch . Gulch 
Unit 5 Unit 6 
Phyllite  Amphibolite 
Blue-gray 

14 15 16 
" 

% mm % mm % mm 
98 0.1 45-50 0.08 . 

I 50 

50 1 .0-2 .0  .w  

a 
0-10 

W 

0-5 
. .  

20-40 

a 
2 0 . 2  7 

a 
. .  



. 
Tusas 
Mountain- 
Burned 
Mountain 
Amphibolite 

. . .  

, .Quartz 
K-Feldspar 
Oligoclase 
Muscovite 
Chlorite 
Biotite 
Hornblende 
Epidote 
Magnetite 
Calcite . 
0 ther 

'\ 

.17 

mm 

. ^  . -  
0.08 

0.05 

0.3 . 

. .  

". . ~~ ". .- .. . 

TABLE  I 

Iron 
Mountain 
Chlorite 
Schist 
(Metamorphosed 
Extrusive) 

18 

74 mm 
30 0.1 
. . ,., - .. . 
40 0 . 2  

5 0 .05 

15-20 0 .07  

0-10 

a 

5 .  0.1-5.0 

Iron 
Mountain 
Chlorite 
Schist 
(Metamorphosed 
Intrusive) 

. , .  19 

%' 
20 

45 

5 
20 

5-10 

1 

2-3 

mm 
. .  

0 . 1  - . .. . _  _ .  .. 
3 .O-5  .O 

0.05 

0 .05  
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d i r e c t i o n   a n d  a maximum o f  650 f e e t   i n   a n   e a s t - w e s t   d i -  

r e c t i o n .  The s i g n i f i c a n c e  of  t h i s " a r e a  is d i s c u s s e d  i n  

d e t a i l   i n  a l a t e r  s ~ e c t i o n .  

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

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

t e r e d   o l i g o c l a s e , '   s u b h e d r a l   t o   e u h e d r a l   h o r n b l e n d e ,   f i n e -  

g r a i n e d   c h l o r i t e   ( u s u a l l y   r e p l a c i n g   h o r n b l e n d e )  , a c c e s s o r y  ' 

e p i d o t e ,   m a g n e t i t e ,   c a l c i t e ,   a n d   q u a r t z   ( T a b l e  I 3 ) .  

. .  

I: 

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

f o r m a t i o n .   T h i s   r o c k '  is composed o f  e q u a l   ' a m o u n t s   o f  

q u a r t z   a n d   m a ' g n e t i t e ,   a b o u t  5% c h l o r i t e ,   a n d   a c c e s s o r y  

m u s c o v i t e   a n d   e p i d o t e   ( T a b l e  I 2 ) .  T h e   i r o n   f o r m a t i o n  i n  

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

m a g n e t i t e   a n d   c h l o r i t e   w i t h  a l i t t l e  q u a r t z . , '   t h e   l i g h t  

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

( P l a t e  5C). T h i c k n e s s  o f  t h e   b a n d s   r a n g e s   f r o m  0 . 5  mm 

t o  6 . 0  mm. B a n d s   i n   s o m e   s p e c i m e n s   a r e ' c o n t i n u o u s   o v e r  

c o n s i d e r a b l e   d i s ' t a n c e s ,   b u t   t h e y   p i n c h   a n d  swel l  i n   o t h e r  

s a m p l e s   a n d  a re  n o t   p e r s i s t e n t .   M a g n e t i t e  is i n  e u h e d r a l  

c r y s t a l s  a v e r a g i n g  0 . 1  mm; a n h e d r a l ,   e q u a n t   q u a r t z   g r a i n s  

a v e r a g e  0 . 2  mm. 

Around 800 f e e t   o f   i n t e r b e d d e d   m u s c o v ' i t e   s c h i s t  
,/ 

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

i r o n   f o r m a t i o n   ( F i g .  "5). T h r e e   b e d s   c o n s t i t u t e   t h e   b p l k  

o f   t h e   r o c k s   e x p o s e d   i n   t h i s   u n i t  ( 3 ) :  a b l u e - g r e e n  

/ 

. :. . .  , . .  . , , . I  
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phyllite  with  prominent  magnetite and quartz  porphyro- 

blasts,  a  crenulated  gray-green  phyllite  with  tourmaline, 

quartz, 'and magnetite  porphyroblasts,  and.a  muscovite 

schist. .In this  unit,  as in  all  the  other  units  examined, 

other  lithologies  no  doubt  are  present  within  this  outcrop 

distance but are covered by soil. 

Blue-green  phyllite  with  prominent  quartz and mag- 

netite  porphyroblasts  was  found  nearest  the  bverlying  meta- 

arkose beds. Fine-grained  muscovite,  fine-grained  quartz, 

heteroblastic  euhedral to anhedral  magnetite,  fine-grained 

chlorite, and highly  altered feldspar,  which  is  probably 

potassium  feldspar,.comprise  this  rock (Table I 4). Quartz 

knots  are up  to 0 . 4  mm  in diameter. Subhedral to anhedral 

magnetite  averaging 0.05 mm is somewhat  elongate  parallel 

to the  schistosity; this  may have  been  primary magnetite. 

Euhedral  magnetite up to 0 . 4  mm in diameter is scattered 

through  the  rock and cuts  across  the  schistosity. 

Between two muscovite  schist  beds is. a gray-green, 

crenulated  phyllite. It is approximately 50 feet  thick 

and contains.fine-grained  quartz,  chlorite,  fine-grained . '  

muscovite,. and,  highly  altered  fine-grained  feldspar (Ta- 

ble I .5). ' There.  are:- porphyroblasts of quartz up to 1.0 mm, 

euhedral  tourmaline 1.0-2.0 mm' long, and euhedral  magnet- 

ite 1.0-.2.0 mm in diameter. Many of the  tourmaline,  magnei- 

ite, and quartz  porphyroblasts  occupy  crests.of.'the  crenula- 

tions. 
.I 

, xi . . .  . ' , : I ' :, /  

Muscovite  schists  are  the  most  distinctive and  per- 
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s i s t e n t  of t h e  M o p p i n   b e d s .   A l o n g   t h e   b o t t o m   o f   C l e v e l a n d  

G u l c h   ( F i g .  5)  t h e y  are w h i t e   w i t h   p r o m i n e n t  wh i t e  b l a s t o -  

p o r p h y r i t i c   q u a r t z .  Near t h e  small l a k e  a h a l f  mile  eas t  

o f  C l e v e l a n d   G u l c h   ( F i g .  2 )  t h i s   u n i t   i n   p a r t   c h a n g e s   a l o n g  

s t r i k e   t o  a d e e p   r e d ,   s l i g h t l y   s c h i s t o s e   r o c k   w i t h   d e e p   r e d  

b l a s t o p o r p h y r i t i c   q u a r t z .  A f ew  hundred  f e e t  t o   t h e  eas t  of 

t h e  l a k e  t h e  g r a y - w h i t e   m u s c o v i t e   s c h i s t   i s ' a g a i n   t h e   o n l y  

r o c k   t y p e .   T h e s e   r o c k s  were o r i g i n a l l y   r h y o l i t i c   f l o w  

a n d   i n   p l a c e s   w h e r e   t h e y  a r e  l e a s t  me tamorphosed   f l ow  band-  

i n g  i s  s t i l l  e v i d e n t .   R e d ,   s l i g h t l y   s c h i s t o s e   r o c k   w i t h  

b l a s t o p o r p h y r i t i c   q u a r t z   a n d   f e l d s p a r  i s  common i n   t h e  meta- 

r h y o l i t e s  w i t h i n  t h e  Moppin   Format ion;   however ,  a t  C l e v e l a n d  

G u l c h   t h e   m o s t  common m e t a r h y o l i t e  i s  w h i t e   m u s c o v i t e  s c h i s t .  

A l o n g   s t r i k e   t o   t h e   n o r t h w e s t   o f   C l e v e l a n d   G u l c h   a n d   B r o m i d e  

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

p h e n o c r y s t s  a re  d e s t r o y e d .  Yet i n  t h e   v i c i n i t y   o f   B u r n e d  

Mounta in ,   two miies west of  Br0mid.e  Canyon  (Fig.  21, i t  i s  

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

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

f i n e - g r a i n e d   m u s c o v i t e   s c h i s t  e x i s t .  Loss of t he  r e d   c o l o r  

i n  t h e   q u a r t z   p h e n o c r y s t s  i s  t h e   f i r s t   c h a n g e   t o   t a k e   p l a c e  

i n   t h e   a l t e r a t i o n  of t h e   r e d   m e t a r h y o l i t e   t o  whi te  musco- 

v i t e  s c h i s t .  

ord&&? 

P 
5 

/ 

/ 

A t  ' C l e v e l a n d   G u l c h  t he  c o m p o s i t i o n   o f  t he  m u s c o v i t e  

/ 
s c h i s t  i s  s u b h e d r a l   m i c r o c l i n e ;   h e t e r o b l a s t i c   a n h e d r a l   q u a r t z ,  
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A .  

B. 

C. 

D. 

Meta-arkose. Moppin  Formation.  South  Cleveland 

Gulch.  Rounded  quartz (Q), plagioclase (P), K- 

feldspar (K), and muscovite CM). S20  193 41 X-nicols. 

Meta-arkose (conglomeratic). Moppin Formation. 

South  Cleveland  Gulch.  Rounded,  slightly  crushed, 

quartz  pebble (Q), matrix of fine-grained rounded 

quartz,  plagioclase (P), muscovite (M), and euhedral 

magnetite (Ma). S20 193 42 X-nicols. 

Banded  iron  formation.  Moppin  Formation.  South 

Cleveland  Gulch.  Quartz-rich band CQ) and magne- 
tite-rich  band (Black) with  chlorite (.C) concen- 

trated in  magnetite-rich band. S20  193 61 Plane 

light. 

Metarhyolite.  Moppin  Formation.  Cleveland  Gulch. 

Quartz (.Q), muscovite CM). S20 193 4 X-nicols. 
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0.1 mm  in  diameter and phenocrysts  around 2.0 mm in  size; 

fine-grained  muscovite; and a  trace  of  magnetite (Plate 5D) 

(Table I 6). The  rock is slightly  banded  with  muscovite- 

rich and quartz-rich  bands 0 . 5  mm to 1.0 mm  in thickness. 

Many samples  were  veined  with  quartz and a  little tourmaline. 

A sequence of interbeds of amphibolite,  biotite 

schist,  phyllite, and muscovite  schist  comprises  the  next 

unit ( 4 )  stratigraphically  below the phyllites  and  musco- 

vite schist. This  unit  ranges  in thickn'ess from around 

2 0 0  feet to over 1,300 feet. Its thickness  has  been in- 

creased  north and east o f  Cleveland  Gulch (Fig. 5) by 

intrusion of small  dikes and sills of granodiorite. 

Amphibolites  in this unit  vary  considerably  in tex- 

ture and composition.  One  sample  contained 35% euhedral 

hornblende,  highly  altered  subhedral  oligoclase,  chlorite, 

fine-grained  epidote,  quartz,  euhedral  magnetite, and 

garnet (Table I 7) .  Banding, which-is characteristic of 

these  amphibolites,  is  formed by alternation of feldspar- 

rich  light  layers and amphibole-rich  dark  iayers.  Bands 

average 5 mm  and  they  converge and swell. A couple. of hun- 

dred feet  down  section  from  the  aforementioned  amphibolite 

is  another  outcrop of amphibolite  which  is  greenish-black, 

only slightly  schistose, and not banded. This  rock  has 25- 

80% euhedral  poikiloblastic  hornblende,  most  of which.is 

randomly  oriented o r  is  sub-parallel to the  schistosity 

(Table I 8 ) .  Oligoclase  is  mostly untwinned. The  remainder 
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o f   t h e   r o c k  i s  made  up  of c h l o r i t e ,   s u b h e d r a l   t o   e u h e d r a l  

m a g n e t i t e ,   e p i d o t e ,   q u a r t z ,   g a r n e t ,   a n d  c a l c i t e .  Horn- 

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

a p a t i t e  i s  f o u n d  i n  some   spec imens .  

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

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

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

and  o f  t h e   p a r t i a l   c h l o r i t e   p s e u d o m o r p h s ,   s c h i s t o s i t y  is 

i n   g e n e r a l '   p o o r l y   d e v e l o p e d .  

A n o t h e r   l i t h o l o g y   i n   t h i s   u n i t  i s  l i g h t  t a n  p h y l -  

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

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

p r o b a b l e   p o t a s s i u m   f e l d s p a r   a n d   o l i g o c l a s e .   A b o u t  3% 

i s  0 . 1  mm m i c r o c l i n e   a n d   o l i g o c l a s e .   F i n e - g r a i n e d   c h l o -  

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

c o n s t i t u t e  t he  res t  o f   t h e   r o c k   ( T a b l e  I 9 ) .  

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

t h i s   u n i t .  The   upper   bed  i s  b a n d e d ,   t h e   l o w e r   o n e  is n o t  

b a n d e d .   Q u a r t z   a c c o u n t s   f o r  4 5 %  of t h e   r o c k ;   i n   o n e   b e d  

i t  i s  h e t e r , o b l a s t i c   w i t h   p a r t i c l q s  . .  0 . 0 5  mm and  0.1 mm i,n 

d i a m e t e r   a n d   i n   , t h e   o t h e r   b e d  i t  averages 0 . 2  mm i n  d i -  

ameter. H i g h l y . a l t e r e d .   s u b h e d r a l   p r i s m a t i c   o l i g o c l a s e  

c o n s t i t u t e s  4 0 %  of t h e   u p p e r   b . e d , b u t   o n l y   1 5 %   o f   t h e  / 

l o w e r   b e d .   T h e , r e m a i n d e r   o f   t h e   c q n s t i t u e n t s  i n  t h e  

r o c k  a re  f i n e - g r a i n e d . c h l o r i t e ,   m u s c o v i t e ,   m a g n e t i t e ,  

& 

. .  . 
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of the  beds (Fig. 5). The  rocks  within  this  unit  are i f  

described  in  more  detail  in  the  section  on  the  iron'deposits. 
/ 

epidote, and poikiloblastic  biotite, 5-10% in  the  upper 

bed  and '20-25% in. the  lower bed (.Table 'I. 10 and 11). 

Near  the  bottom of this  unit are a few  layers of 

banded iron formation. Most of  the' specimens  have  equal 

amounts of anhedral  quartz and  euhedral  magnetite,  both 

averaging  about 0.1 mm. Biotite,  chlorite,  epidote, and 

tourmaline  are  present up to a  total of 10%. Continuity 

of the  bands is poor to fair;  many  pinch  out or swell in 

a distance of a few  centimeters.  Thickness of the  bands 

ranges  between 0.5 mm and 5.0 mm. The  lowermost  amphi- 

bolite bed mentioned  above  separates  this  iron  formation 

from  the  underlying  unit  which  contains  most of the  banded 

iron  formation  north of Cleveland Gulch (Fig. 5). 

The  unit (5) with  the  large  amount of banded iron 

formation  is  highly  variable  in  thickness,  ranging  from a 

feather  edge to about 4 5 0  feet. Other  than  the  iron  for- 

mation,  the  unit  contains  biotite-quartz  schist,  chlorite 

schist,  phyllite,  and  amphibolite. 'These lithologies  are 

not  unique to tkis unit because  the  boundaries of the 

unit are based on the  presence of banded iron  formation 

and not on the  lithology of the  contained  rocks. I r o n  

formation,  which,accounts  for only  a small  part of the 

thickness of the  unit,  apparently  cuts  across  the  strike ., 
,/ 
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A few of the  interbeds  with  the  iron  formation 

north of Cleveland  Gulch  should  be  mentioned. An interest- 

ing bed of quartz-chlorite-.calcite  schist is found  near 

the  base of the unit.. Anhedral,  equant  quartz;  oligoclase, 

mostly.untwinned;  chlorite;  anhedral  calcite in rounded 

blebs 'of about 2.0 mm diameter;  biotite,  which  is  being 

replaced by chlorite; and accessory  magnetfte,  garnet, and 

epidote  comprise this rock (Table I 12). Calcite  blebs 

appear to have  been  amygdules  originally. 

A  well banded  greenish-yellow  biotite-quartz 

schist  similar to schists  in  the  overlying  unit ( 4 )  is 

found in the banded iron formation.  unit ( 5 ) .  It has 

equal  amounts of anhedral  slightly  elongate  quartz,  elon- 

gate  biotite, and anhedral  highly  altered  oligoclase 

laths  (Table I 13)'. Accessory  subhedral  to  euhedral 

magnetite,  chlorite, and muscovite  are  also present. 

Biotite is responsible  for  the  schistosity and is also 

present  as  cross-cutting  porphyroblasts.  Banding is formed 

by alternation  of  biotite-rich and quartz-rich layers. 

The  bands  range  between 1.0 mm and 5.0 mm  in  thickness. 

Continuity of the  individual  bands is fair to good;  the 

bands  usually  converge and swell  but  seldom  pinch  out  in 

a  single hand  specimen. Some of the  chlorite  replaces 

biotite. 

Near  the  above  biotite-quartz  schist on the  main 
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traverse  are  a few feet of fairly  massive quartzite. 

This bed is composed of 98%.equant  quartz  grains (.Table I 

1 4 ) .  The  remainder of the rock  consists of muscovite and 

specularite. Muscovite  appears to  define  crude  bands in 

the rock. This bed may be contiguous  with  a  well banded 

quartz  muscovite bed  a few  hundred  yards to the west. 

There  the  rock  is composed of bands of coafse  quartz 

alternating  with  bands  made up of fine  quartz,  muscovite, 

chlorite,  biotite,  magnetite, and calcite. Both of these 

beds  are  relatively  thin and discontinuous and are be-  

lieved  to  have  formed  in  a  small  shallow  local  fresh  water 

basin. These beds are discussed  in  the section on the 

origin of the  banded  iron  formation. 

A blue-gray phyllite  is  another  distinctive 

lithology  noted -in the  iron  formation unit. It is com- 

posed  mostly of anhedral  equant  quartz,  fine-grained 

muscovite, and euhedral  magnetite (.Table I 1 5 ) .  Amphibo- 

lites  present  within  the  iron  formation  unit  are  much  like 

those  in  the  overlying unit. 

Banded iron  formation  is  similar to  those  mentioned 

earlier,  but  different  textural and compositional  vari- 

ations  are evident. The  iron  formation.rocks  are  fine- 

grained and composed of 4 5 - 5 6 %  magnetite and 45-50% quartz. 

Besides  quartz and magnetite,  there  are  minor  amounts,of 

chlorite,  apatite,  biotite,  muscovite,  garnet,  epidote, 

/ 

, 
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and calcite  in  some  specimens.  Usually  chlorite,  biotite, 

muscovite, and epidote  are  almost  exclusively  within  the 

magnetite-rich  bands (Plate 6A). When  some of these min- 

erals  are  in  the quartz-rich bands, they are  in  lesser 

amounts  than in the  adjacent  magnetite-rich bands. Only 

apatite is more  characteristic of the quartz-rich bands. 

Banding  continuity  varies  from poor to, good ind thickness 

of the bands  ranges  from  less  than 1.0 mm  to over 5.0 mm. 

Often  a  single  band  will  pinch and swell  within a few 

centimeters,  but in the  majority of the  cases  the  bands 

are  fairly  continuous  over  the  length of a  hand  specimen. 

I n  some  specimens a few bands cut others. I n  a few  speci- 

mens  secondary  euhedral  albite  cuts and replaces  quartz 

and magnetite bands. 

Below  the  iron  formation unit is a  sequence of 

biotite  schist and amphibolite  ranging  from 50 to 600 

feet thick. In this  unit ( 6 )  the  amphibolite  is  similar 

to those  described  above. At least  one bed is well 

banded with  poikiloblastic  hornblende-rich and feldspar- 

rich bands. Slightly  elongate  oligoclase  forms 50% of 

the  rock,  whereas  hornblende  ranges  from 2 0 - 4 5 %  depending 

upon  the  amount of replacement by biotit'e and chlorite 

(Table I 16).. E,uhedral magnetite and  accessory  epidote, , .  

calcite, and muscovite  are  also present. Some  of  the I' 

coarse-grained  amphibolites  might  have  been  sills o r  

/ 

> /  
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A .  Banded iron  formation.  Moppin  Formation.  West 

Cleveland  Gulch.  Dark  band  made up of magnetite 

(Ma) and chlorite ( ,C ) ,  light band made  up of 
quartz (9) and a little  magnetite and  chlorite. 

21 18 9 Plane light. 

i 

B. Biotite schist. Moppin  Formation.  Cleveland Gulch. 

Plagioclase (.P), chlorite CC), and biotite (B). 
S20 193 26 Plane light. 

C. Quartz-muscovite  schist (petarhyolite). Moppin  Forma- 

tion. Cleveland  Gulch.  Blastoporphyritic  plagio- 

clase (P), in fine-grained  matrix of quartz (Q), 

muscovite (M), plagioclase, K-feldspa,r, and 

magnetite (Ma). S20 193  31 X-nicols. 

D. Quartz-muscovite  schist (metarhyolite). Moppin 

Formation.  Cleveland Gulch. Blastoporphyritic 

plagioclase (.P) in fine-grained  matrix of quartz 

(Q), muscovite (M), and plagioclase. Plagioclase 

is  being  replaced  along  cleavage  planes by an 

unidentified mineral. S20 193 31 X-nicols. / 
,;' 
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dikes  since they appear to be thin  in  comparison  with 

adjacent thick-.bedded but  fine-grained rocks. 

Biotite  schists  are  similar  in  composition and 

texture to those  in  the  first  biotite  schist-amphibolite 

unit (unit 4 ) .  They  are  somewhat  coarser,  with  the 

biotite and feldspar around 0 . 3  mm  to 0.5 mm. Besides 

those minerals  listed  previously,  these  rocks  have ac- 

cessory  pyrite up to 1% and calcite up to 10%. Chlorite 

replaces  some of the  biotite  (Plate 6B). 

Below  this  second  biotite  schist-amphibolite 

unit (.unit  6) is a  muscovite-quartz  schist  unit ( .7 ) ,  

which  ranges  from  a  feather  edge to 200 feet thick. 

Feldspar and quartz  are  heteroblastic,  each found  as 

blastoporphyries (Plate  6C) 0.7 mm  to 5 . 0  mm, and in 

finer  grains  around 0.08 mm to 0.2 mm. Oligoclase is 

replaced  along  cleavages  in  some  specimens (Plate 6D). 

This  unit  was  originally  rhyolite and resembles  the 

metarhyolite  described  from  the  bottom of Cleveland 

Gulch (,Fig. 5 ) .  In contrast to muscovite-quartz  schists 

already  described,  this  unit  does  not  change to red 

metarhyolite  along strike. 

Between this metarhyolite and a  large  more or 
/ 

less  concordant  granodiorite body (.Fig.: 5) is  a  unit (8 )  ,. 

of biotite  schist and amphibolite  which  is  about 800 fee’t 

thick. Except f o r  the  coarser  texture,  the  biotite 
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s c h i s t  i s  n o t   d i f f e r e n t   f r o m   t h o s e   p r e v i o u s l y   d e s c r i b e d .  

H i g h l y   a l t e r e d   p l a g i o c l a s e  i s  a n h e d r a l ,   p r i s m a t i c ,   a n d . ' .  

up f~ l,Q wm i e  s C a e ,  the  q u a r t z  rasgaa f a  Q.5 rm, and 

t h e  b i o t i t e   r a n g e s  up t o  2.0 mm. . . '  

T h e   a m p h i b o l i t e s  a r e  a l s o  much l i k e   t h o s e   p r e -  

v i o u s l y   d e s c r i b e d   b u t  a r e  c o a r s e r .   M o s t   b e d s   d i s p l a y  

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

T h e r e  i s  u p   t o   1 5 %   q u a r t z   p r e s e n t ;   t h i s  may b e   s e c o n d a r y  

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

t h e   n o r t h e r n  limit o f   t h i s   u n i t   ( F i g .   5 ) .  The p r o x i m i t y  

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

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

Between t h e   g r a n o d i o r i t e   a n d   t h e  main body  of  

t h e   T u s a s   i n t r u s i o n j ,   o u t c r o p s  a re  s c a r c e  ( F i g .  5). The 

a rea  b e t w e e n   t h e   g r a n i t e   a n d   t h e   g r a n o d i o r i t e  i s  f r o m  

800 t o   2 , 5 0 0   f e e t   w i d e .   A m p h i b o l i t e   a n d   q u a r t z i t e  were 

t h e   o n l y  two l i t h o l o g i e s   f o u n d   i n   t h i s   u n i t  (9). I n  

h a n d   s p e c i m e n   t h e   q u a r t z i t e  i s  c o a r s e - g r a i n e d   a n d   s o m e -  

w h a t   c o n g l o m e r a t i c .  I t  c o n t a i n s  a l i t t l e  c h l o r i t e   a n d  

up t o   2 0 %  c a l c i t e .  A m p h i b o l i t e s  a re  much l i k e   t h e  ones 

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

v e r y   s c h i s t o s e  o r  banded .  In h a n d   s p e c i m e n   m o s t   l o o k  

a l m o s t   p h a n e r o c r y s t a l l i n e   w i t h  l i t t l e  l i n e a t i o n   n o t i c e -  , '  

a b l e .   T h e y  may h a v e   b e e n   i n t r u s i v e   r o c k s ;   b u t   m o s t  I 

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

d 

/ 

i 
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b e t w e e n  t!wo l a r g e   i n t r u s i o n s .  

One a m p h i b o l i t e   i n   t h i s  

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

a r e a  i s  d i f f e r e n t  

It' i s  a b o u t  94% 

en  ough 

a c t i n o l i t e ,  5 %  c h l o r i t e ,   a n d  1% e u h e d r a l   m a g n e t i t e .  

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

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

a n d   a v e r a g e s   a b o u t  3.0 mm l o n g   ( P l a t e   7 A ) .   T h e   r o c k  may 

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

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

r o c k  of  l e s s  mafic c o m p o s i t i o n .   M e t a m o r p h i s m   a s s o c i a t e d  

w i t h   t h e   T u s a s   G r a n i t e  i s  d i s c u s s e d  l a t e r .  

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

r o c k s   n e a r   C l e v e l a n d   G u l c h .   T h e y  a re  p r o b a b l y   c l o s e  

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

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

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

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

A l l  t h e   a f o r , e m e n t i o n e d   u n i t s   s t r i k e  eas t  f r o m  

C l e v e l a n d   G u l c h   a n d   e x t e n d   f o r   a b o u t   o n e   a n d  a h a l f  miles 

b e f o r e   t h e y   a r e   c o v e r e d  by  C e n o z o i c   r o c k s   C F i g .  2 ) .  

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

T h e   n e x t   g o o d   e x p o s u r e   w e s t   o f   t h e   C l e v e l a n d   G u l c h  sec- 

t i o n  i s  a t  Bromide   Canyon ,   abou t   one  mile  away. Here 

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

A l s o ,   t h e   r o c k s   o f   t h i s   c a n y o n   h a v e   b e e n   m i n e r a l i z e d   b y  

/ 
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hydrothermal  fluids, and this possibly  accounts  for  some 

compositional  variations. 

Bromide Canyon.--Near the Tusas- contact 

at  the  upper end of the  northeast  fork of Bromide  Canyon 

(Fig. 7.1, there is a  coarse-grained  amphibolite  contain- 

ing no  feldspar and 30-40% epidote. From  here,  the Tusas-. 

Moppin  contact  swings  north  paralleling  the  northwest 

fork of the  canyon,and the main  granite body apparently 

does  not  exert  much  influence on  those  rocks  in the lower 

canyon  which  correspond t o  the section at  Cleveland 

Gulch (Fig. 2 ) .  

. 

'The rocks  in  Bromide  Canyon  from  the  contact of 

the  granite to the  base of the  Ortega  Formation,  a  dis- 

tance of 4 , 5 0 0  feet,  are  similar to  those  at  Cleveland 

Gulch.. There is much  less  amphibolite, and the  iron 

formation  pinches out before  reaching  the  canyon  as  does 

the lower  distinctive  metarhyolite bed. Most of the 

rocks  are  medium-grained  chlorite-quartz-biotite-feldspar 

schists  with  accessory  magnetite,  garnet,  epidote, and 

considerable calcite. These  are  extensions of the 
. .  

chlorite and biotite  schists and  amphibolites of the 

Cleveland  Gulch  section.  Muscovite  schist  with  poikilo- 

blastic  biotite (Plate 7B) is probably an extension of ; 

the  metamorphosed  silicic  tuffs  from the' Cleveland  Gulkh 

area. 

I .. 

1 . .  3 '2 " I .  I '  I .  . ,/ . .  
c 
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An amphibolite bed near  the  northern  contact 

of the  linear  intrusive body (Fig. 2) is coarse-grained, 

and the  presence of hornblende  reflects  the  effect of 

the  intrusion.  Near the  southern  contact of the  intru- 

sion,  chlorite  in  the  schists  is  pseudomorphic after 

hornblende.  The  upper  metarhyolite of Cleveland  Gulch 

is represented  here by a fine-grained,.  light gray 

muscovite schist. Most of the  units  in Cleveland 

Gulch  between  the  upper  metarhyolite and the  base of 

the  Ortega  Quartzite  pinch out east of Bromide Canyon. 

In  Bromide  Canyon  the  upper  metarhyolite is within 

100 to 200 feet of the  feldspathic  quartzite of the ! 

Ortega Quartzite. 

In  summation  for  Bromide Canyon: the  amphibo- 

lites  are  absent  except  near  the  intrusions;  the  small 

dikes and sills in some  units  at  Cleveland  Gulch  are 

not  apparent  here;  the  linear  intrusion of granodiorite 

extends  into  the  canyon; and it is possibie  to  trace 

only one  stratigraphic  unit  in  the  Moppin  Formation  from 

Cleveland  Gulch into  the canyon--the  upper metarhyolite 

bed. Chlorite,  biotite, and feldspar  schists  charac- 

terize  the  Moppin  rocks  in  Bromide  Canyon. 

Tusas  Mountain-Burned  Mountain.--One to two / 
i 

miles  northwest of Bromide  Canyon,  between  Tusas Moun-; 

tain and  Burned Moqntain,  outcrops  are  scarce;  even  the 
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, l i te  beds were d i f  f i c u l t   t o  f ind  . 
Vegetation is  very  dense on the  s teeper   s lopes,  and the 

numerous meadaws have f e w  outcrops. Due t o  these d i f f i c u l t i e s ,  

the  geology  on  Figure 2 for the area  between  Tusas  Mountain- 

Bromide Cany0.n and  Burned Mountain w a s  mapped an aerial photo- 

graphs by pro jec t ions  from isolated  outcrops t o  i s o l a t e d  

outcrops. 

Few d i f f e r e n t   l i t h o l o g i c   t y p e s  were fo.und i n  the 

area between  Tusas  and Burned mountains. Mo.st samples a r e  

s imilar   in   composi t ion and t ex tu re  to.  those a t  Cleveland 

Gulch and Bromide Cany0.n.. Near the   ea s t e rn  end of the  prong 

of Moppin Formation  extending  into. the Tusas  River  Valley 

(Fig. 2 )  is  a fine-grained  black  amphibolite. This rock 

shows no. not iceable  schistosity i n  hand  specimen and l i t t l e  

i n   t h i n   s e c t i o n .  It i s  composed of  euhedral,  prismatic 

hornblende:  highly  altered,  untwinned,  anhedral,  equant 

o,ligoclase; and p r i sma t i c   b io t i t e  which replaces  the 

hornblende (Table I 17;  P l a t e  7 C ) .  Accessory quartz,  

magnetite, and epidote  are  present.  Several  o.ther 

amphibo.lites  crop  out  along  the  western  margin of t h e  

Tusas  G&L+.~& (Fig. 2) .  These are   usual ly   coarser   grained 
1 n 4 r u + m  

than  the  one  described above  and in   genera l  resemble those 

a t  Cleveland Gulch. 

Interspersed w i t h  the  amphibo,l i tes are c h l o r i t e ,  
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A. Amphibolite. Moppin  Formation.  North of Cleveland 
Gulch. All  actinolite.  20 194 4 X-nicols. 

B. Muscovite-biotite-quartz  schist.  Moppin  Formation. 

Bromide Canyon. Poikiloblastic  biotite (,B), quartz 

(Q), and muscovite (.M). 21 19  12  Plane light. 

C. Amphibolite. Moppin  Formation.  Nest of Tusas 

Mountain. Hornblende CH),  quartz CQ), and 

plagioclase ( P ) .  21 20  25  X-nicols. 

D. Greisen.  Moppin  Formation-Tusas contact. 

West.  flank of Tusas Mountain. Euhedral  quartz CQe) ,  

fluorite CF), garnet (G), pyrite CPY) in a 

matrix of quartz and muscovite. 21 20  15 X-nicols. 

,/ 
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muscovite, and biotite schists.  At the  granite-Moppin 

Formation  contact on the western  side of Tusas  Mountain 

is (Fig. 2 )  an  interesting  greenish-yellow  muscovite 

schist. Two  types of quartz  are  present;  one is anhedral, 

equant,  averages 0.2 mm in diameter,' and is  believed to 

be  quartz that was  present  in the original granite. The 

other is euhedral,  about 4 . 0  mm  in  size, and is  believed 

to be hydrothermal  quartz (Plate 7D). Quartz  accounts 

for 55% of the  rock; 3% anhedral  microcline, 35% elongate 

0.2 mm muscovite, 2% euhedral  fluorite, and accessory 

magnetite,  pyrite, and epidote  are  also present. This 

appears  to be an altered  granite,  a  greisen,  with fluo- 

rite,  garnet,,and  crystalline  quartz added and much of 

the microcline  altered to muscovite.  Listed in Table IV 

are the  elements  found  in a semi-quantitative  spectro- 

graphic  analysis of the rock. This  sample  was tested 

for  only  Be,  B,  Li, and Sn. Be  content  was  greater 

than 5 ppm,  but  less  than 2 0  ppm, B  content w'as around 

35 ppm, Li was  not detected in the  sample, and Sn was 

between 100 and 200 ppm. It is evident  that  these ele- 

ments,  expectable in,greisens,  are  here only in very 

small amounts. ,/ 

Other  rocks  between  Burned Mount,ain and Tusas 
,I 

Mountain  are  similar to those in  Bromide,Canyon.  Most 
, ,  

4 
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are  biotite-chlorite-feldspar-quartz  schists (.Plate  8A). 

Usually  biotite  accounts  for 2 5 - 3 5 % ,  quartz 20-30%,  het- 

eroblastic  feldspar (usually oligoclase) 25-.50%, chlo- 

rite 5-lo%, epidote  2-5%, and magnetite 5-10%. In  many 

specimens  the  quartz  appears as vesicle  fillings up to 

3.0 mm  in s. ize.  It is  not  known if the  quartz  was  the 

original  material of the  amygdules o r  if it' replaced 

some  other mineral. 

At Burned  Mountain,  due to faulting and intru- 

sion of +fa Tusas,$ranite,  very  little of the  Moppin 

Formation is preserved. Small  outcrops of fine-grained 

muscovite and chlorite  schists  were noted. The  upper 

metarhyolite of Cleveland Gulch,  however,  here  reaches 

a minimum  thickness. of 200 feet and may attain a  maximum 

of around 400  feet.: It is no  longer a white  muscovite 

schist  as it was at  Cleveland Gulch,and  Bromide Canyon. 

At Burned  Mountain  the  metarhyolite is red,  blastopor- 

phyritic,  slightly  schistose, and shows  flow  banding 
Nhrlt appears tobe 
4 

in many places,. , .  

Placer Canyon.--About two miles  west of Burned 

Mountain  in  Placer  Canyon (Fig.  2) is a,..thick sequence 

of metarhyolite.  A few beds of  chlorite-biotite  schists 

are  interbedded  with  about  3,000  feet of metarhyolite 
/ 

/ 

and/or  metamorphosed  welded  rhyolitic tuff. . The  metarbyo- 
i 

lite  has been somewhat  altered by hydrothermal fluid's 
i 
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which  were  responsible  for  the  gold-quartz  mineraliza- 

tion in the canyon. 

Metarhyolites  in  Placer  Canyon  are composed of 

15-30%  microcline, 30-35%  albite-.oligoclase, 30-.35% 

quartz,  5-30%  muscovite, with accessory  magnetite, 

pyrite,  calcite,  chlorite, and epidote. Usually  the 

feldspars  are 0.5 mm to 2.0 mm in  long dimerision; quartz 

ranges  from  O.Ol,to 1.5 mm  in size (Plate 8B and C). 

The  larger  grains of feldspar and quartz  are  probably 

relict phenocrysts.  Enough muscovite is present  to 

make  all  but  the 'uppermost bed schistose.  This  upper- 

most bed corresponds to  the  uppermost  metarhyolite  at 

Burned  Mountain,  Bromide  Canyon, and Cleveland Gulch. 

To the east  toward  Burned Mountain and to  the  west  most 

of these  metarhyolite beds  pinch  out  over  relatively 

short  distances. This  suggests  that a volcanic  center x may have  been  located  in  this  vicinity  during  the  Pre- 
cambrian. 

Few  outcrops of Moppin  rocks  are found west of 

Placer Canyon. The top of the Moppin  Formation  swings 

around the  nose of the  Hopewell  Anticline  about 3 miles 

northwest of Placer Canyon. The uppermost  metarhyolite 

bed is  virtually  the  only  Moppin  lithology  exposed  in , 
this area. On  the  northern  flank of the  Hopewell Anti?' 

cline, a short  distance  south of Jawbone  Peak,  Moppin 

/ 

I' 

,/ 
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A .  

B. 

C. 

D. 

Biotite-quartz-plagioclase  schist.  Moppin  Formation. 

Between  Burned  Mountain and Tusas Mountain. Probably 

a  metamorphosed  porphyritic dike. Large  crystals 
of plagioclase (pe) in  a  matrix of plagioclase, 

quartz,  biotite,  magnetite, and epidote. 21 20 8 

X-nicols. 

Quartz-muscovite  schist (metarhyolite). Moppin 

Formation.  Placer  Canyon.  K-feldspar (K) and 
quartz (Q). 12  109 4 X-nicols. 

Quartz-muscovite  schist (pletarhyolite)., Moppin 

Formation.  Placer Canyon. Large,  slightly  crushed 

quartz (Q) grain  in a  fine-grained  matrix of quartz, 

feldspar, and  muscovite. 12 109 5 X-nicols. 
. ,  

Chlorite  schist (meta-tuff). Moppin Formation. 

Iron Mountain. Muscovite (M) , magnetite (Ma) , 
quartz (Q), chlorite (,C), plagioclase (P). 22 203 5 
X-nicols. / 

i' 
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Formation  schists and metarhyolite  again  crop out. The 

metarhyolite'is  the  uppermost hed in  the  Moppin  Forma- 

tion  here and is  about 2 0 0 - 3 0 0  feet thick. Below  the 

metarhyolite  are  several  hundred  feet of schists and 

phyllites. 

Iron Mountain.--Iron Mountain  is  on  the  southern 

slope of Jawbone Mountain. The  relative  absence of 

heavy  vegetation'on  the  western end of Iron Mountain 

permitted  plane  table  mapping  even  though  outcrdps  are 

not  numerous (Fig. 4 ) .  The detailed  mapping was  helpful 

not  only  in  the  elucidation of the  origin of the  iron 

formation  but  also in the  determination of the  mode  of 

deposition of the  Moppin  rocks and  their  subsequent 

geologic history. Plate 3C shows a  typical  outcrop of 

.. 

Moppin  Formation on Iron Mountain.  This  exposure is ... 
characteristic of Moppin rocks from Cleveland Gulch to 

Iron Mountain;  however, at Iron Mountain  outcrops are 

more  numerous  than at most other' localities. ' . 
. .  ' .  , 

Figure 4 is  an  outcrop  geologic map of the 

western  half of Iron Mountain. All  contacts are visible 

in  the  field,  except  for  part of the  aplite  dike and 

part of the  iron  deposit, both of which are  indicated 

by dashed  lines 'on the map. The dashed  lines represent ,' 

covered  contacts  determined by connecting  outcrops  which 

are  too  small to  map  at  a scale  of 1 inch to 50 fee.t. 

There are enough of these  outcrops  to  permit  good  control 

/ 

., 
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of the outcrop pattern, but since it was  not  possible 

to walk the contact,  it  has  heen  represented by dashed 

lines. 

Since  the  rocks  on  Iron  Mountain  are  representa- 

tive of the  Moppin  Formation and are  fresh and have  more 

or  less  continuous  outcrops, it is possible to deduce 

the  history of deposition of Moppin  rocks  in  more  detail 

than  was  possible at other  localities. These  outcrops 

show  the  area  was covered  by  silicic to intermediate 

tuffs and flows and then  intruded by dikes and sills 

of silicic to  intermediate  composition.  About  half of 

the  rocks  mapped on  Iron  Mountain  were  originally  shallow 

intrusions. 

In  general  the  metamorphosed  extrusive  rocks  are 

medium to dark  green,  fine-grained,  chlorite-quartz- 

feldspar-epidote-calcite  schists (.Ylate 8D). Almost all 

outcrops  are  similar  in  texture and composition (Plate 

9A and B). Most of the  grains  are less  than 0.1 mm in 

size, but some  rocks  are  more or less  porphyritic  with 

a few grains of 0.5 mm to 2.0 mm. The  coarser of these 

may represent  flow  rocks,  but  most of the  rocks  appear 

to have  been tuffs. 

Most  outcrops  have  essentially  the  same  mineral- . '  / 

ogical  composition;  however,  there  is  considerable  range 

in  mineral percentages. Quartz  ranges  from 5 to 50%; 
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A .  Moppin Format ion.   Iron  Mountain .   Chlor i te   schis t  

( m e t a - t u f f ) .   N o t e   f i n e   b a n d i n g .  

B. Moppin Format ion.   Iron  Mountain .   Chlor i te   schis t  

(meta - . tu f f ) .   Note   f ine   banding .  
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Na o l i g o c l a s e   f r o m  a t r a c e   t o  6 5 % ,  c h l o r i t e   f r o m  5 t o  

4 5 % ,  a n d   m a g n e t i t e   f r o m  a t r a c e  ' t o ' " 7 %  ( e x c l u s i v e   o f  the 

i r o n   f o r m a t i o n ) .  Some m i n e r a l s  a r e  common b u t  a re  n o t  

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

r a n g e s  up t o  40%, c a l c i t e   f r o m  0 t o  35%, a n d   m u s c o v i t e  

f rom 0 t o  25%. O t h e r   m i n e r a l s   a r e   f o u n d   i n  o n l y  a few 

s e c t i o n s .   T h e s e  a r e  b i o t i t e  ( 0 - 3 % ) ,  h o r n b l e n d e  (0-20.%), 

m i c r o c l i n e  (0-15%), a n d   t r a c e s   o f   t o u r m a l i n e ,   g a r n e t ,  

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

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

The i r o n   f o r m a t i o n  i s  c o m p o s e d   a l m o s t   e n t i r e l y  of mag- 

n e t i t e  a n d   q u a r t z   b a n d s .   W h e r e   t h e s e   b a n d s  are  t r a c e -  

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

T h e   b e d s   w h i c h   e n c l o s e   t h e  l a r g e s t  body o f  i r o n  

f o r m a t i o n  on I r o n  M o u n t a i n   ( F i g .  4 )  a r e   t y p i c a l   o f   t h e  

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

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

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

e p i d o t e ,   e q u a n t   l o ' c a l l y   r o u n d e d   c a l c i t e  up t o  5 . 0  mm 

i n   d i a m e t e r . ,   a n d  a t r a c e   o f   m a g n e t i t e   ( . T a b l e  I 18;  

P l a t e  ED). One t h i n   s e c t i o n   o f   t h i s   b e d   s h o w s   l a r g e  

i s o l a t e d   r o u n d e d   c a l c i t e   w h i c h   r e p r e s e n t s   f i l l e d  v e s i c l e s  t ' 
I 

( P l a t e   1 0 A ) .  It i s  t h o u g h t   t h a t  c a l c i t e  f o r m e d   t h e  / 

o r i g i n a l   a m y g d u l e s .  Many o u t c r o p s  on I r o n  Moun ta in  con; 

t a i n   r o u n d e d   i s o l a t e d   g r a i n s  of  c a l c i t e  or. o t h e r  minerals  
,' 
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and these  are  believed to represent  filled  vesicles. 

Some of these  may  be  replaced amygdules. 

Metamorphosed.intrusive rocks on Iron Mountain 

are  varied in composition and structural form. They 

range  from  what  appears to be a small  "pebble dike" to 

dikes and sills. However,  most are  dikes  which  cut 

across  the  strike of the  intruded  rocks  at law angles, 

Minerals  present  in  all  thin  sections of the 

metamorphosed  intrusions  studied on Iron Mountain  are 

albite-oligoclase ( 3 - 6 5 % ) ,  quartz ( ,5-25%), chlorite 

(10 -25%) ,  magnetite  from  a  trace to 3%, and  epidote 

( 5 - 4 0 % ) .  Other  minerals  are  found  in  a  few  sections; 

of these  calcite is the  most  common  ranging  from 0-20%.  

Less common  are  microcline (.0-5%) and biotite CO-10%). 

Biotite  becomes  more  common as the  contact  with  the 

is approached.  This  contact is about Tusas h e  

3 0 0  yards  south of the  large  outcrop of i r o n  formation 

on Iron Mountain (Fig. 2 ) .  

The  northernmost  metamorphosed  intrusive body 

on Figure 4 contains  highly  altered  subhedral  prismatic 

oligoclase  from 3.0 mm to 5 .0  mm in length,  anhedral 

equant  quartz,  chlorite,  muscovite in elongate  sheaves, 

euhedral  magnetite,  epidote  replacing  plagioclase, and / 
anhedral  equant  calcite (Table I 19). Muscovite  may  be 

an  alteration  product of potassium  feldspar,  but  no 

, 
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e v i d e n c e   o f  th i s  was f o u n d .  The p l a g i o c l a s e . g r a i n s  

s t a n d   o u t  as l a r g e  whi te  c r y s t a l s  on t h e   s u r f a c e   o f  a 

w e a t h e r e d   r o c k   w h i c h  was p r o b a b l y  a h y p a b y s s a l   p o r p h y -  

r i t i c  d i k e   o f   i n t e r m e d i a t e   c o m p o s i t i o n .  

I n   t h e   f i e l d   t h e s e   r o c k s   l o o k   l i k e   p o r p h y r i t i c  

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

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

a r e  f o u n d   w i t h i n   t h e   i n t r u s i v e   b o d i e s   ( F i g .  4 ) .  S c h i s t -  

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

wal ls  o f   t h e   i n t r u s i o n .   T h e   p r e s e n c e   o f   x e n o l i t h s   a n d  

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

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

and   l ow  g rade   me tamorph i sm.  

A t  o n e  small  l o c a l i t y  near  t h e  western end   of  

I r o n   M o u n t a i n  i s  a n   i n t e r e s t i n g   q u a r t z - p e b b l e - e p i d o t e -  

c h l o r i t e   s c h i s t .   I n   t h e   f i e l d  i t  h a s  t he  a p p e a r a n c e   o f  

a c o n g l o m e r a t e   w i t h   w e l l - r o u n d e d   p e b b l e s   o f '   q u a r t z ,  

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

f i n e - g r a i n e d   q u a r . t z ,   e p i d o t e ,   a n d   f e l d s p a r   ( P l a t e  1OC). 

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

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

f e l d s p a r   h a s   b e e n   r e p l a c e d   b y   e p i d o t e   ( . P l a t e  10B). 

T h e s e   r o u n d e d   t o   s u b r o u n d e d  c l a s t s ,  w h i c h   a c c o u n t   f o r  ,/ 

30% o f   t h e   r o c k ,   r a n g e   f r o m  1 . 0  mm t o   g r e a t e r  than  

1 0  mm, b u t  average a r o u n d  4.0 t o  5.0 mm. The matr ix '  

/ 

/' 
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A .  

B. 

C. 

Chl e s c h i s t  w i  o r i t  t h  

t i o n .  Iron Mounta in .  

r e l i c t  amygdule.   Moppin  Forma- 

C h l o r i t e  CC) ,  c a l c i t e  C C a ) ,  

q u a r t z  (.Q). P22  203  I25 P l a n e   l i g h t .  

C h l o r i t e   s c h i s t   ( m e t a m o r p h o s e d   p e b b l e   d i k e ) .   M o p p i n  

F o r m a t i o n .  I r o n  M o u n t a i n .   E p i d o t e  (.E) i s  p r o b a b l y  

a r e p l a c e m e n t  o f  a l i t h i c   f r a g m e n t ,  ma,trix o f   f i n e -  

g r a i n e d   c h l o r i t e ,   q u a r t z ,   a n d   p l a g i o c l a s e .  P22  203 

D83 P l a n e   l i g h t .  

M o p p i n   F o r m a t i o n .   I r o n   M o u n t a i n .   C h l o r i t e  s c h i s t  

( m e t a m o r p h o s e d   p e b b l e   d i k e ) .   N o t e  t h e  rounded  

p e b b l e s .  
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looks  much  like  the oth.er metamorphosed intrus.ive rocks. 

Since  this  body  appears  to be cross-m cutting^, it is prob- 

ably  a  pebble  dike (used in  the sense of a "pipe"), 

rather  than a  conglomerate or agglomerate. 

It is often  difficult to distinguish  between 

metamorphosed  coarse-grained  extrusives and intrusives 

in the field. If it is known that there exYst  metamor- 

phosed  intrusives in addition to the metamorp.hosed ex- 

trusives  throughout  the  Moppin  Formation,  then,  because 

outcrops  are  few and poor, it would be  doubly  difficult 

to understand  the  stratigraphy and structure'. However, 

if it is  possible to identify  these  rocks;  many  strange 

and seemingly  contradictory  data  can b e  understood and 

a more  precise  picture  can be drawn. At Cleveland Gulch 

metamorphosed  intrusions,  probably  the  same  age  as .those 

on Iron Mountain,  plus  granitic  intrusions  which  are 

apophyses of the  Tusas  cause  the  pronounced 
gntflusiue, 

thickening in the  Moppin  rocks (Fig. 2 ) .  

Although  the  present  study did not  cover  La 

Jarita Mesa in  detail, it is suggested  that  the  amphibo- 

lites  there  may  be  metamorphosed  hypabyssal  intrusives. 

If  this  is s o ,  it would  not b e  possible to utilize  them 

as datum  planes  in  the  interpretation of structural re- ' 

lationships  as  has  been  attempted (.Barker, 1958). ; 
/ 

Metarhyolites of La Jarita  Mesa  offer  the  best  strati- 

/ 

I 



76 

graphic  control  for  ascertaining  structural  relation- 

ships of the  units  there as  they do in  the  Moppin  Forma- 

tion  from  Cleveland  Gulch  to  Jawbone Mountain. 

Thickness 

Due to the  Tusas  intrusion it is difficult  to 

determine  the  thickness o f  the  Moppin  Formation.  The 

fact that the  syncline  northwest of Jawbone  Mountain 

is slightly  asymmetrical  with  the  steeper limb on  the 

north A the  Hopewell Anticline, also  slightly 
hd;~dfes that ik 

asymmetrical. By projecting  the  axial  trace  from  the 

nose of the  anticline,  which  is  about 3 miles  west of 

the  border of Figure 2, into  the  area, it is found  to 

pass  north of Tusas Mountain. Hopewell  Anticline  appears 

to be a simple fold,and there  is  no  reason to believe,. 

the  axial  plane is warped.  Measuring  the'-distance  from 

the  Ortega  Quartzite-Moppin  Formation  contact  at  Cleveland 

Gulch  to  the  projected  trace of the  axial  plane  perpen- 

dicular to the  strike of the  Moppin  rocks-gives a figure 

of about 12,000 feet. It is difficult  to  estimate  the 

amount of expansion that  has  resulted from'small  intru- 

sions  associated  with  the  Tusas &!&&!%e how much,' if 

any,  flowage  there  has  been  along the ,flanks of.the anti- 

cline. It is  also  impossible to determine  whether 601: not 

there  has  been omission.' o r $  repetition of. strata.'due. to/ 

i 

/ 
/' 

P 
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faults.  Since 'it is  impossible to make  allowances  for 

these  phenomena,  a  maximum and minimum  estimate of  

thickness  will  be given. 

Just (.1937, p. 4 2 )  estimated the thickness of 

the Moppin  Formation at about  one and one half miles, 

but  recognized that it might  be greater. In the Picuris 

Range,  he  estimated  the  rocks to be about,  three.fourths 

- 
. 

of a  mile  thick (.1937, p. 21). . Barker ,(1958, p. 23) 

measured  the  Moppin  Formation to be about  3,000  feet 

on the  map,  but  believed it might be considerably thicker. 

Between the linear, apophysis of the  Tusas 2) 

and the  main  body  of Tusas-north  of Cleveland 
OlVlASiUQ.5  

Gulch is about 2,500 feet of poorly  exposed  Moppin  rocks. 

It is  difficult to, make  an  estimate of the -true thick- ... I .  

ness  of  these  rocks  caught between  two  intrusions, ' The 

minimum  thickness of the  Moppin  Formation would  be  that 

from the Ortega  Quartzite-Moppin  Formation  contact to 

the Tusas--Moppin contact., using  the - 
lowest possible,figure f o r  the  thickness of the  beds . : 

between  the  linear  apophysis and  the  main  intrusion. 

The  maximum  thickness of the Moppin  Formation would  be 

measured  from  the  Ortega  Quartzite-Moppin  Formation con-. 

tact to the  projected  axial trace  north  of  Tusas  Moun- 

tain. Therefore,  a  minimum  thickness would be about.,// 

3,500 feet, and a  maximum  thickness  would  be  about 

12,000 feet. 

/ 



Origin 

Just (.1937, p .  10) and Barker' (3958, p. 23) 

cono2ud@d khat aha Mnppln Formation o a n a i s t e  mainly o f  

metamorphosed  igneous  flows,  mostly  andesitic or 

basaltic,  but  with  some  interbedded  metamorphosed  sedi- 

ments.  Barker (,1958, p. 23) stated  that the  schists 

might  represent tuffs. Both  recognized and named  the 

extensive  beds of distinctive  metarhyolite.  The pres- 

ent work  is in complete  agreement  with  their  hypothesis 

of an  igneous  origin for Moppin rocks. However,  more 

emphasis  should be placed on the presence  and  extent of 

the  metamorphosed  silicic  tuffs and flows. There  are 

. .  

many of these  present, but they are  not as  distinctive 

as  the  red and white  muscovite  schists  which  Just  named 

Vallecitos  Rhyolite and Barker  named  Burned Moun'kain 

Metarhyolite. Rocks of the  Moppin  Formation  can  be 

categorized  into  seven  broad types: muscovite  schist, 

phyllite,  amphibolite, biotite-.quartz schist,  chlorite- 

feldspar-calcite  schist,  chlorite-quartz-feldspar  schist, 

and quartzite. 

The  amphibolites and chlorite-feldspar-calcite 

schists  are  believed to be  metamorphosed  tuffs.and  flows , 
of andesitic to  basaltic  composition.  This  origin is 

suggested by the  presence of relict  ophitic'textures,/ Y' 

, 

! 
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amygdu les ,  r e l i c t  p o r p h y r i t i c   t e x t u r e s , . a n d   t h e   c h e m i c a l  

c o m p o s i t i o n   ( T a b l e  11). F i n e - . g r a i n e d   r o c k s   i n t e r ' s p e r s e d  

w i t h   c o a r s e - g r a i n e d   r o c k s   o f  similar c o m p o s i t i o n ' w e r e  

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

have   been   f l ows .   Absence   o f  much q u a r t z   i n d i c a t e s   t h e s e  

r o c k s  were r e l a t i v e l y   m a f i c .  

M u s c o v i t e   s c h i s t s   a n d   p h y l l i t e s   a r e ' m e t a m o r p h o s e d  

r h y o l i t i c   t u f f s   a n d   f l o w s ,   e x c e p t   f o r   u n i t  2 a t  C l e v e l a n d  

Gu lch ,   wh ich  i s  a m e t a m o r p h o s e d   a r k o s e .   T h e   h y p o t h e s i s  

of an i g n e o u s   o r i g i n   f o r   t h e s e   u n i t s  is b a s e d  on p o r -  

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

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

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

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

r e l a t i o n s ,   f l o w   b a n d i n g , 1 v e r y   f i n e - . g r a i n e d   m a t r i x b d  
and 

" ,  - ,.. ., . , _ l , ,  ., .-A r , 

B i o t i t e - q u a r t z   s c h i s t s   a n d   c h l o r i t e - q u a r t z -  

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

t u f f s ;   h o w e v e r ,  one b i o t i t e - q u a r t z   s c h i s t   i n   u n i t .  5 of 

C l e v e l a n d   G u l c h  may h a v e   b e e n  a s e d i m e n t a r y r r o c k   s i n c e  

i t  i s  c l o s e l y   r e l a t e d  t o  a q u a r t z i t e .  An i g n e o u s   o r i g i n  

for m o s t   o f   t h e s e   r o c k s  i s  b a s e d  on t h e i r  r e l i c t  p o r -  

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

o t h e r   m e t a m o r p h o s e d  igneous r o c k s .  
, , 

. .  
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SIO2 44.44 
TI02 1.84 

15.04 . A1203 
Fez03 3 -19 

' Fa0 9.94 
MnO 0.23 

.Mgo .7.314 
CaO 8.70 
Na20 1.51 

0.13 

'2'5 0.35 

H20+ 5.21 

=2O 

H20- 0 -04 

co2 2.30 
TOTALS 100.26 

2 

54.57 
I .50 
16.27 
3.48 

, 6.88 
0.16 
2.50 
6.93 
3.54 
2.11 
0.61 
I .07 
0 .oo 
0.00 

3 
52 -53 
1.41 
14.22 

4.33 
7.72 
0.25 

5.49 
9.00 
2.05 
0.56 
0.45 
1.58 
0 .oo 
0.00 

49.59 

TABLE 11 
4 

75 -47 
0.40 . 

11.42 
2.26 
0 3 1  
0.07 
0 -30 
0.55 
3.29 
4.90 
0.05 
0.45 

. 0.00 
0.00 

-99147 

5 
77.25 
0.14 
11.56 

0 -55 
0.92 
0 -03 
0.11 
0.27 
2.65 

5 -59 
0.06 
0.49 
0.04 
0 -00 

"6 

6 
47.4 
2.2 
15 -6 
3.7 
9.2 
0.3 
8.5 
10.2 
2.1 
0.6 
0.2 

T66;6 

7 
56.63 
0.67 
16.85 
3 -62 
3.44 
0.23 

4.23 

7.53 
3.08 

' 2.24 
0 -16 
0.51 
0.80 

99.99 

8 
72.80 

0.33 
13.49 
1.45 
0.88 
0.08 
0.38 
1.20 

3 -38 
4.46 m 

0 -08 
0 

5. .47 

I Barker, F. 1958, p. 16 Moppin Formation chlorite schist-from Bromide  Canyon. 
[2] Barker., F. [1958, p.  Moppin  Formation  amphibolite  from  between  Tusas  and 

Burned mountains. Just west of Moppin Formation-Tusas granite contact. 
Barker, P. 1958, p. 16 Moppin  Formation  amphibolite  from  Spring Creek Canyon. 
Barker, F. 1958, p. 55 Metarhyolite  from La Jarita Mesa. 
,Barker, F. 1958, p. 61 Tusas granite from  Tusas  River  Canyon S. E. of 

Walker, F. and  Poldervaart, A. (1949, p. 649) Average  Hebridean  olivine basalt. 
Clarke,, F. W. (1916, p. 455) Augite  Cmdesite  from  Unga  Island,  Alaska. 
Barth, T. F. W. (1952, p. 69) Average  effusive  rhyolite. 

Cleveland  Gulch. . :ai 

Table 11. Chemical  analyses of selected rocks  from  the  Cleveland  Gulch-Iron 
Mountain-CaEon Plaza area. 
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. .  
Many of the  coarser  grained  rocks  may  have  been 

hypabyssal intrusives.  Metamorphosed,  cross-cutting, 

porphyritic  granodiorite  intrusives  are  common on  Iron 

Mountain (.Fig. 4). 

. .  

Detailed  plane  table  mapping  at  Iron  Mountain 

revealed  another  facet of Moppin  deposition  which  was 

noted by Just (1937, p. 11). This is the  psesence of 

large  amounts of metamorphosed  intrusives of varying 

compositions  which  usually  cut  the  strike of the  tuffs 

and flows at low  angles  or  are  parallel to  the  strike. 

These  are very similar in texture and composition to 

their  metamorphosed  extrusive equivalents. 

' 1  * , . .  . I . .  . .. 
. .  . .~ 

Just (1937, p .  11) believed  the Moppin  rocks 

were  part of a geosynclinal sequence. Barker,(1958, 

p .  14 and 33) stated  that  the  quartzites he believed to 

underlie and overlie  the  Moppin  Formation  were either,. 

eugeosynclinal o r  miogeosynclinal. It is  assumed  that 

Barker  considered  the  Moppin  rock  deposition'to b e  part 

of the  same  sequence of events. 

. 

r l  

. ,  

The  presence of extensive  thin  beds of metamor- 

phosed rhyolite,  some of which  display  flow  banding, 

interspersed  throughout  the  Moppin  Formation an-d the 

presence of silicic  tuffs  indicate  that  deposition  of / 
. .  

7 the Moppin  rocks  was  continental,  The  uppermost  distinc- / 
tive  metarhyolite  can b e  traced for at ,least  12  to 14 

I, 

. .  . .  
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miles  along  strike;  this  lateral  extent  would  not  be 

expectable  if  deposition  were  subaqueous.  Other  thin 

rhyolite  flows can be traced f o r  several miles. 

Table I1 gives  chemical  analyses f o r  a  green- 

schist  from  near  the  entrance o f  Bromide  Canyon and an 

amphibolite  from a  point west of the  granite  contact 

o n  the  western  flank of Tusas  Mountain (Barker, 1958, 

p. 16). Columns 6 and 7 are  analyses of Hebridean 

olivine-basalt  (Walker and Poldervaart, 1949, p. 649) and. 

augite  andesite (Clark, 1916, p. 455) respectively. Com- 

position of the  greenschist is near. that of many  basalts 

or olivine basalts. The  amphibolite is near  the  andesite 

composition  given  here and does not  vary  significantly 

from  several  andesite  compositions  given  by'Clark C.1916, 

p. 455). Also included  on  Table I1 is an analysis of a 

metarhyolite  from La Jarita  Mesa and an  analysis of an: 

amphibolite  from Spring  Creek  Canyon  located between 

Cleveland  Gulch and Kiowa  Mountain (.Barker, 1958, p. 16 

and 5 5 ) .  The  chemical  composition of an'average effusive 

rhyolite is included f o r  comparison  (Barth,  1952, p. 69); 

the  rhyolite and the  metarhyolite  are  very  close  in  com- 

position, but the  metarhyolite  has  slightly  more  silica 

and less A 1  and Ca. 

In summation,  the  Moppin  Formation  is a sequence 
, /  

of predominantly  volcanic  rocks of silicic to mafic' 
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c o m p o s i t i o n .  A l a r g e   p e r c e n t a g e  o f  t h e  r o c k s  were 

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

t h a t   t h e   M o p p i n   r o c k s  were c o n t i n e n t a l   d e p o s i t s .   L o c a l  

v o l c a n i c   c e n t e r s  a r e  r e c o g n i z a b l e .  I n  t h e   v i c i n i t y   o f  

P l a c e r  Canyon a v o l c a n i c   c e n t e r   a p p a r e n t l y   e x t r u d e d  

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

a r ea  m i g h t  b e  a s e c t i o n   t h r o u g h  a metamorphosed  compos- 

i t e  v o l c a n i c   c o n e .  A m o r e   m a f i c   c e n t e r  may have b e e n  

p r e s e n t  i n  t h e   v i c i n i t y   o f   C l e v e l a n d   G u l c h ,   b u t ’ i t  i s  

n o t  c e r t a i n  how much of  t h e  i n c r e a s e d   t h i c k n e s s   o f  t he  

M o p p i n   F o r m a t i o n   t h e r e   r e f l e c t s  an o r i g i n a l  accumula- 

t i o n   o f   v o l c a n i c  m a t e r i a l  and  how much i s  d u e   t o   s u b -  

s e q u e n t   i n t r u s i o n s .  

L o c a l  small b a s i n s   a n d  stream b e d s  were t h e  

s i t e s  o f   d e p o s i t i o n   o f   s a n d s t o n e   b o d i e s .   T h e s e   d e p o s i t s  

a r e  p r e s e r v e d   t o d a y  as  q u a r t z i t e   a n d   q u a r . t z - m u s c o v i t e  

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

s i v e  r o c k s  a re  p r e s e n t   a n d   s o m e  may have been   emplaced  

c o n t e m p o r a n e o u s l y   w i t h   t h e   e x t r u s i v e s .   O t h e r   i n t r u s i v e s ,  

’. . 
.. 

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

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

d o   n o t   i n c l u d e   t h o s e   e m p l a c e d  much l a t e r  wi th  .the T u s a s  

“=p 
p+hsives, . .  

,/ 

. ,  . .  
< 

/ 
/ 
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Ortega  Quartzite 
, .  

Definition and distribution 

Ortega  Quartzite  studied in this work  includes ' 

the  quartzite  overlying the Moppin  Formation  from  Cleve- 

land Gulch to Jawbone  Mountain (Fig. 2) and the quartz- 

i t e  which  encloses  the  iron deposits' at Caiion Plaza 

(Fig. 6 ) .  Jus't (1937, p .  13) considered  all  the mas- ! i 

sive  quartzite to b e  younger  than  the  Moppin  rocks and 
b 

named it Ortega  Quartzite for the  excellent  exposures 

in the  Ortega  Mountains (Fig. 1). Barker (1958, p. 10) 

believed  some of the  quartzite  was  older  than  the  Moppin 

Formation and retained  the  name  Ortega  Quartzite for 

these rocks. The  Ortega  Quartzite as  defined by Barker 

underlies  most of La Jarita  Mesa and the  Ortega Mountains. 

Barker  considered the quartzite  from  the  Kiowa  Mountain- 

Cleveland  Gulch  area  to  Jawbone  Mountain to be'younger 

than  the  Moppin  Formation and named it the  Kiawa  Mountain 

Formation  for  the  exposures  on  Kiowa  Mountain (1958, 

p. 24). The accepted  spelling  for  the  name of the moun- 

tain is Kiowa;  therefore,  the  name  Barker gave.w.ould 

have to be corrected. Also this  name  is s o  near that of 

the  Kiowa  Shale  of  Kansas  that  the  name  "Kiowa  Mountain ; 

Formation"  should be dropped. 

I 

., 
if 

- 

/ 
/' 

, 
La  Jarita  Mesa is between  Cleveland  Gqlch and 

, , I .  
I . .  1: . . . .  .. ! ! :! 



PRECAMBRIAN 
O R T E G A   Q U A R T Z I T E  

fL / CONTACT  DASHED  WHERE 
C O V E R E D  

,.’ &:/ H E M A T I T E   M I N E R A L I Z E D  SHEAR  ZONE 

2 S A M P L E   L O C A L I T I E S  
N 

w . “L /  S T R E A M S  

n S T R I K E  A N D  D IP  

F I G U R E  6. G L W L O G I C   M A P  OF A R E A   S U R R O U N D I N G   T H E  
~ 

I R O N  ~ ~ ~~~ ~~~ D E P O S I T S  ~ N E A R  C A N O N  P L A Z  



the  Ortega Mountains. ,Outcrops.on'this  mesa  are  not com- 

mon and many of th.e rocks  there  have  been  extensively 

metasomatized by fluids from the Tusas F.4llrccp and the 

numerous pegmatite$. Based on  lithology and information 

on the  structure gleaned from  the  rocks  on La Jarita ,:, 

Mesa,  Just  considered  all  quartzttes to be part of the 

same  formation;  Barker  considered  those to the  south of 

Kiowa  Mountain to be older.'  The  present study did not 

embrace  La  Jarita  Mesa other  than  in reconnaissance so 

no new  evidence  can  be  brought to bear  on  this problem. 

Lithologically  the  quartzite  in  the  Ortega  Mountains 

and that  above  the'Moppin  Formation  in  the  Tusas Moun- 

tain  area  are  the same. Consequently,  since  the prob- 

lem of relative  age is still  unresolved and the name 

Kiowa  appears  to  be  preoccupied,  the  name  Ortega  Quartz- 

ite  shall  be used  as  a  lithologic  term for  all  the 

quartzite lithosome. In the  following  discussion  the 

Ortega  Quartzite  is  understood to be  younger  than  the 

Moppin  rocks at  Cleveland  Gulch  and Iron\Mountain,  but 

at Cafion Plaza it may  be  the  same  age as that  at  Cleve- 

land Gulch or it may be older. 

.IIILYASIW 

Ortega  Quartzite is the youngest exposed  unit 

of the  Hopewell  Anticline and the tw,o flanking  synclines. ,' 

All the  Precambrian  rocks on La  Jarita  Mesa  are  part 04 
i 

the  Ortega  Quartzite  including  the  metasomatized  pard 
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known as  the  Petaca  Schist (Just,  19.37, p. 13). La . .  

Madera  Mountain and the  Ortega  Mountains  are  also under- 

lain by Ortega  Quartzite (Big. 1). Several  knobs  of 

Ortega  Quartzite  protrude  through  the  Cenozoic  cover 

north and west of the  Ortega Mountains. Caiion Plaza 

iron  deposit is in  one of these  isolated  quartzite ex- 

posures. 

d ~ 

, .  

Lithology 

Only  the  Ortega  rocks  along  the  contact of the 

Moppin  Formation  from  Cleveland  Gulch  to  Jawbone  Moun- 

tain and those  in  the  immediate  vicinity of the Cafion 

Plaza  iron  deposits  were  studied petrographically.  How- 

ever,  several  localities on Jawbone  Mountain,  Kiowa 

Mountain, and in  the  Ortega  Mountains  were  visited in 

an  attempt  to  understand  the  regional  structure and 

stratigraphy. 

Ortega  Quartzite  is  relatively  homogeneous  litho- 

logically. In  some places it weathers to  a tan or flesh 

color and in  other  localities it appears  white  to  blue- 

gray. It is  fine to  coarse-grained,  locally  conglomeratic, 

and usually  displays  fair to good cross-bedding. On 

Kiowa  Mountain  and'La  Jarita  Mesa  several  thin  amphibo- ,I 

lite and metarhyolite beds are found  in the  Ortega Forma-' 

tion. 



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

o f   C l e v e l a n d   G u l c h   t h e   q u a r t z i t e  i s  f e l d s p a t h i c ,   b u t  

t h i s   p h a s e   p i n c h e s   o u t   t o   t h e   n o r t h w e s t .  From  Burned 

M o u n t a i n   t o   P l a c e r   C a n y o n   t h e   b a s a l   O r t e g a  i s  conglom- 

e r a t i c .  From P l a c e r   C a n y o n   a r o u n d   t h e   n o s e   o f   t h e  

H o p e w e l l   A n t i c l i n e   t h e   b a s a l   O r t e g a   r a n g e s   f r o m  medium-. 

g r a i n e d   t o   c o n g l o m e r a t i c .  Very f e w   c o n g l o m e r a t e   l e n s e s  

a r e   f o u n d   o n   J a w b o n e   M o u n t a i n .   B a r k e r   ( 1 9 5 8 ,   p .  2 5 )  

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

member s t a t u s   i n   h i s  "Kiawa  Mounta in   Format ion ."  He 

named t h i s  member   J awbone   Cong lomera te   and   be l i eved  i t  

e x t e n d e d   f r o m   j u s t   n o r t h w e s t   o f   B u r n e d   M o u n t a i n   a r o u n d  

t h e   n o s e   o f   t h e   a n t i c l i n e   a n d   u n d e r l a i d   J a w b o n e   M o u n t a i n .  

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

B u r n e d   M o u n t a i n   t o   a b o u t  a h a l f  mile  n o r t h w e s t   o f   P l a c e r  

Canyon.  From t h i s   p o i n t   t o   J a w b o n e   M o u n t a i n ,   c o n g l o m e r a t e  

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

Less t h a n   f i v e   p e r c e n t  o f  t h e   O r t e g a   Q u a r t z i t e   u n d e r l y i n g  

Jawbone   Moun ta in  i s  c o n g l o m e r a t e .   C o n s e q u e n t l y ,   t h e  

naming   b f   t he   J awbone   Cong lomera te   member   s eems   unwar -  

r a n t e d .  

.. 

A t  C l e v e l a n d   G u l c h   t h e   b a s a l   O r t e g a  i s  a p i n k -  
/ 

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

q u a r t z i t e .   T h i s   r o c k  i s  composed  of   85-90%  rounded / 
q u a r t z   g r a i n s   a v e r a g i n g  0 . 2  mm i n  d i a m e t e r ,   1 - 2 %   r o u n d e d  

, I . ,  

' .. , ' i  . .  : . c . .. 
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plagioclase  averaging 0.1 mm, 10-15% muscovite (most of 

which is a  product of alteration of potassium feldspar), 

and trace  amounts of chlorite,  magnetite,  garnet, and 

epidote. 

There  is  not  much  variation  in  composition of 

the  basal  Ortega  between Cleveland Gulch an4 the south- 

eastern  flank of Burned  Mountain (Fig.  2), but  the  grain 

size  becomes  coarser  in this direction. In  the  field 

the  basal  Ortega  southeast of Burned Mountain  in  Rock 

Creek  Canyon  is pink colored,  schistose, and  slightly 

conglomeratic. In t'hin section 85-90% of the  rock  is 

quartz  which is well rounded and averages 0.5 mm in 

diameter.  Fine-grained  muscovite  is  present up to  15%, 

- 

and a  highly  altered  feldspar  accounts 'for about 1% 

of the rock. Magnetite is 'in 2 sizes, 0..01 mm  and 0.2 mm. 

The  smaller  grains  are  subhedral and  may have  been  detri- 

tal, but the larger ones are euhedral' and..may .be' second- 

ary. 

. > .  8 
' . i  

. .  

. ,  ) .  ' , , .  ' . 

At  Placer  Canyon  the  basal  Ortega is vitreous, 

reddish-gray,. and conglomeratic. Some of the  pebbles 

attain a size of  25.0 mm o r  greater. In thin  section 

fair to well  rounded  quartz is present in two  sizes, 

around 0.08 mm and 1.5 mm and accounts  for 70-75% of the 

rock. Fine-grained, muscovite up to 25%, fine-gr~ained 

hematite up to 5%, and  a  trace of magnetite  are  also 

present. 3 

,/ 

/ 

/ 

i I 
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At Jawbone  Mountain  the  basal  Ortega . .  is not  well 

exposed,  but  the  few  outcrops  available  are  vitreous, 

dense,  white, coarse-grained rock  compoped  almost en- 

tirely of quartz. Only traces of ,muscovite are: present. 

Ortega  Quartzite  enclosing  the  iron  deposits  at 

Caiion Plaza is dense,  vitreous,  weathers flesh-color to 

gray, and is composed of 95% well  rounded  quartz,  ranging 

in size  from 0.1 mm to  1.5  mm. Kyanite and specularite 

compose  the  rest of the rock. 

The  Ortega  Quartzite  was  studied  only  in  the 

areas  near  the  Moppin  Formation  contact and surrounding 

the  Cazon'  Plaza deposit. For the Ortega  Quartzite in 

the  La  Madera  Quadrangle  Bingler  stated (,1965, 'p. 2 2 ) :  

In summary,  the  bulk of the  quartzite  in  the map 
area is uniform  in  composition and texture. It 

morphic  aggregate of quartz  which  in  many  samples 
has been  completely recrystall.ized to form  a  xeno- 

shows  indications of later  mild cataclasis. The 
average  combined  kyanite and specularite  content 
is about 5 per  cent  with  trace  amounts of rutile, 
sphene, and zircon. Subhedral to anhedral  kyanite 

within  foliation planes. 
exhibits  a  high degree of preferred orientation 

This  description  does  not  include  all  phases of the  Ortega 

Quartzite,  but it does  apply  to  around 95% of the rocks 

'. at the  type  locality in the Ortega~Mountains.  This de- 

s'cription also is applicable to the  rocks  from  Kiowa ,/ 

Mountain to Jawbone Mountain. In  these  areas  Barker , 

(1958, p. 31) noted  that  kyanite is absent if muscovlte 
/' 

#,. 
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content is more  than 10% and muscovite is absent if 

kyanite  content  is  more  than  5%, but in  the  present  study 

this was  not evident. The  Petaca  Schist  phase  of the 

Ortega  Quartzite is not exposed in  the study area. This 

quartz-muscovite  schist  was  believed to be metasomatized 

Ortega  Quartzite by Just (1937, p. 43), Barker (1958, 

p. 34), and Jahns (,1.946, p .  20). Bingler , however, con- 
cluded  that in the  La  Madera  Quadrangle  the  evidence 

favored  a  sedimentary  source  for the muscovite (.1965, 

p. 28). 

i 

Thickness 

Just (1937, p .  43) estimated  the  thickness of the 

Ortega  Quartzite  in the region  from  the  Ortega  Mountains 

to Jawbone  Mountain to be four to five miles. At 

Picuris,  where  he had fair  cross-bedding  control  in  a 

transverse  canyon,  he  found  the  Ortega to be 2 miles or 

less  in  thickness (.Just, 1937, p. 22). Barker's thick- 

ness  estimates  for  the  two  formations  which  correspond 

to the  Ortega  Formation  in  this  report,  are  a  total of 

19,000 to 30,000  ieet (.Barker, 1958, p. 13 and 32). 

The  difficulty in the  determination of the  thickness  lies 

in the  fact  that  there  are  few  distinctive  beds that can 

be utilized  as  markers  for  determining  the  structure and 

the  thickness. 

/ 

, '  / 
,I 
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r t h w e s t   o f   P l a c e r   C a n y o n   n e  N o  a r  the n o s e  o f   t h e  

H o p e w e l l   A n t i c l i n e   a b o u t   4 , 0 0 0   f e e t   o f   O r t e g a   Q u a r t z i t e  

i s  e x p o s e d   a b o v e   ' t h e   M o p p i n   F o r m a t i o n   ( P l a t e   4 C ) .  

M e a g e r   c r o s s - b e d d i n g   i n d i c a t e s   t h a t   t h e   s e c t i o n  i s  un- 

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

t h e   t r u e   t h i c k n e s s   f o r  t h e  e x p o s u r e .  No e v i d e n c e   w a s  

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

a x i s  t o  t h e   o u t c r o p s ;   h e n c e ,  no t o p   o f   t h e   O r t e g a   F o r m a -  

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

a x i a l   t r a c e  i s  p r o j e c t e d   i n t o   t h e   a r e a   f r o m   B a r k e r ' s  

Las T a b l a s   m a p ,  i t  f a l l s   w i t h i n  300 t o  4 0 0   y a r d s   o f   t h e  

u p p e r m o s t   ' o u t c r o p   o f   O r t e g a   r o c k s .   T h e   a b o v e   f i g u r e  

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

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

B i n g l e r ' s   w o r k   i n   t h e  L a  M a d e r a   Q u a d r a n g l e .   C o n s i d e r a b l e  

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

Q u a r t z i t e   s o u t h w e s t   o f  t h e  V a l l e c i t o s  River . ( F i g .   1 ) .  

B i n g l e r   ( 1 9 6 5 ,   p .   1 9 - 2 0 )   c o n c l u d e d   t h a t   t h e   f o l i a t i o n   o f  

t h e   q u a r t z i t e   i n  L a  Madera   Quadrang le  i s  a x i a l - p l a n e  r ,  

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

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

p a r e , n t   t h i c k n e s s .  He c o n c l u d e d   t h a t  " i n  view o f   t h e  com- 

p l e x   f o l d i n g   w h i c h   t h e s e   r o c k s   h a v e   u n d e r g o n e ,   t h e   g r e a t '  

mass  o f  q u a r t z i t e  now e x p o s e d   c o u l d   c o n c e i v a b l y   h a v e  be'en 

d e r i v e d   f r o m   a n   o r i g i n a l   s a n d s t o n e   l a y e r  or l a y e r s   o n l y  

/ 

, .. 

,/ 
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a few  hundred  feet  thick.” , 

Bingler’s belief  that all  foliation  is axial- 

plane  cleavage and that  the  Ortega might be only  a  few 

hundred  feet  thick  appears to be  erroneous  for  the 

areas  studied  in  this  report but his  idea  that  folding 

and faulting  are  responsible  for  the  apparent  great 

thickness of the  Ortega  Quartzite  appears  to be reason- 

able. Based on these  observations and the  studies  north- 

west of Placer  Canyon, 5 , 0 0 0  feet  is  the estimated  thick- 

ness of the  Ortega  Quartzite. . I  

- 

Origin . 
The  Ortega  Quartzite  poses  many  problems of 

paleo-environmental  significance.  Basal  feldspathic 

quartzite  apparently  conformable on  continental  volcanic 

deposits,  conglomerate  lenses  throughout  the  quartzite, , 

detrital  iron and  titanium  oxides,  considerable  amounts 

of aluminum  silicate, and interspersed  volcanic  deposits 

make  interpretation  difficult.  There  is  no  direct  evi- 

dence  that  the  sand  was  continental,  although  some  may 

have  been  beach  sand.  Bingler (1965, p. 21) stated  that 

zircons  are  rare and usually  rounded,  but  in  some  speci- 

mens  euhedral and  rounded  zircons  occur.together. Eu- / 

hedral  zircon  usually  indicates a  silicic or intermedi- 

ate  igneous  rock  provenance, and  rounded  zircon  usually 

is derived  from  sedimentary  rocks  (Krumbein and Sloss, 

/ I  
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1963, p. 1 4 0 ) .  N o  doubt c l a s t i c   ma te r i a l  from two pr0.v- 

enances w a s  supplied t o  t h e  Or tega  Sea. 

The basal fe ldspa th ic   beds   represent   the   in i t ia l  

deposit i0.n  as the sea encroached  on the  cont inent .  Where 

the feldspathic   rocks  are   absent   there  i s  usually a pebble 

conglomerate 0.r coarse  sand. A s  the sea  transgressed, 

f i n e r ,  more rounded quartz  sand was  deposited. The cro,ss- 

bedded nature  of the deposi ts  and e r r a t i c  conglomerate 

lenses  a t  h igher   s t ra t igraphic   l eve ls   sugges t   depos i t ion  

f a i r l y   c l o s e   t o  the shore.  Because  of  the  great  thickness 

he believed  present and the presence  of the Moppin meta-. 

volcanics,  Barker  (1958, p. 3 3 )  concluded that deposit ion 

could  have  been either miogeosynclinal or eugeosynclinal. 

However, he  apparently  considered the Moppin ro.cks  to. be 

marine  volcanics and a s  such to  be p a r t  of the  geosynclinal 

marine  sequence.  Since the Moppin volcanics   are   evident ly  

cont inental  and un re l a t ed   t o  the marine beds af the Ortega 

Q u a r t z i t e ,  it seems probable  that  Ortega  sedimentation  took 

p l a c e   i n  a marginal  basin. 

In t rus ive  Rocks 

Tusas  Intrusives- 

Defini t ion and d i s t r i b u t i o n  

The Tusas  intrusive complex is  a l a rge  body of in t rus ives  
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of batholithic  dimensions.  It underl ies  much of the area 

from  Tusas  Mountain t o  Jawbone Mountain (Fig. 21, and crops 

ou t   a t   s eve ra l   p l aces  from Tusas  Mountain t o  the Petaca 

area  and a t  Ojo Caliente  (Just ,   1937, P1. 111). A few small 

outcrops  are   found  in   the  vicini ty   of  Tres Piedras,  about 

8 miles east of Tusas  Mountain. J u s t  (1937, p. 45)  believed 

that t h e  Tusas g ran i t e  was not   very  far   beneath many o f  the  

outcrops of Ortega and Moppin format ions   in   the   a rea .  Only 

those  outcrops of Tusas in t rus ives  from  Tusas  Mountain  to. 

3awbone Mountain  were studied; however,  most other  outcrops 

were vis i ted.  

J u s t  (1937,  p.  44-45)  defined and named the "Tusas 

Granite" for the excel lent  and extensive  exposures on 

Tusas Mo.untain. H e  believed the intrusio,n was zoned and 

noted  the  presence  of many apo.physes. He fur ther   pointed 

out  that base and precious  metal-bearing  veins  are found 

near what he termed the monzonitic  phase and pegmatites  are 

found  near the g r a n i t i c  phase. 

Barker (1958, p. 59) stated ". . . the  rock a t  

Tusas,Mountain  appears t o  be  an  atypical  very  fine-grained 

porphyrit ic  phase.  . . . The g ran i t e  a t  Tres Piedras 

and along  the Rio  Tusas i s  here  redefined  as the 

Tres  Piedras  granite, ,   after  the  excellent  exposures  in 

and  around t h a t  town."  According t o  the Code of Strati- 

graphic  Nomenclature,  type local i t ies   cannot   be changed 



is  d i f f i c u l t   t o  see how the largest   outcrop and main body 

of t h e  Tusas gran i te   can  be considered  atypical,   while the 

g r a n i t e   a t  Tres Piedras, which i s  the smallest outcrop  of 

g ran i t e  and i s  8 miles away, i s  considered  typical.  Co.nsequent- 

l y ,  i n   o r d e r   t o  follow the recommendations of the Code of 

S t r a t ig raph ic  Nomenclature mo,re c lose ly  and note the mult iple  

in t rus ive   na ture  of the batho, l i th ,   the  name of the   l a rge  

main body of   grani te  from Tusas  Mountain t o  Jawbone Mountain 

as well as that  i n   t h e  Tusas  River  Valley from  Tusas  to, Ojo, 

Caliente  should  be changed W t o  Tusas  lntrusives- 

The name Tres Piedras  Granite  can  be  retained  for those 

outcrops o,f g ran i te   a t   Tres   P iedras  which are   separated 

from  Tusas  Mountain by  7 or 8 miles of Ceno.zoic cover. 

Barker  (1958, p. 56)  separated a granodior i t ic  

phase  from the  grani t ic   phase  of   the   Tusas   intrusions.  He 

named the  unit   the  Maquinita  Grano,dio,ri te and concluded 

that  it had been emplaced befo.re   the  grani te .  H e  

based this conclusion on the fact t h a t  the  "granodiorite" 

d i sp l ays   fo l i a t ion  and l ineat ion  (Barker ,  1958, p. 59) .  

96 

(American Commission on St ra t igraphic  Nomenclature,  1961, 

Article 13h, p. 653), and establ ished names of rock- 

s t ra t igraphic   uni ts   should  not   be  changed  (1961, A r t i c l e  11 

and A r t i c l e  1 2 ,  p. 652).  Barker  not  only  changed t h e  name 

and type  lo.cali ty  for  the  Tusas  Granite,   but named it for 

a lo.cali ty  not  included  in his Las Tablas  Quadrangle. It 
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He be l ieved   the   g ran i t ic   phase  i s  no t   fo l i a t ed  as much as 

the  "granodior i te ."  Many of the wel l - fo l ia ted   rocks   in  

t he   a r ea  mapped as   granodior i te  by Barker are a t  co.ntacts w i t h  

Moppin rocks,   near  contacts 0.f dikes   within the intrusio,n,  

along f a u l t  zones, and i n  apophyses i n   t h e  Moppin Formation. 

The p a r t  mapped as g ran i t e  by Barker   a l so   d i sp lays   fo l ia t ion  

under these same co.nditions. 

Barker is c o r r e c t   i n  his conclusion that the composition 

of t h e   i n t r u s i o n  changes  from  Tusas  Mountain t o  Jawbone 

Mountain. However, some of t h e  changes  appear t o  be a zonal 

e f f e c t ,  and outcro.ps  are  too.  scarce  to.  attempt  to. map t h e  

zones.  There  are  quartz  monzonite,  monzonite,  quartz  diorite, 

g ran i t e  and granodio.rite within the i n t r u s i v e  complex. 

Considering the re la t ive   pauc i ty  of da t a  on this complex 

intrusion,  an  attempt t o   d e l i n e a t e  the l i t h o l o g i e s  i s  pre- 

mature.  Consequently, i n   t h e   p r e s e n t   r e p o r t   t h e   i n t r u s i v e  

body is  called  the  Tusas  fntrusiveseezs+t% and i s  recognized 

as a p a r t i a l l y  zoned in t rus ion  w i t h  a t   l e a s t   p a r t  0.f the 

complex much older   than  other   par ts .  The igneous  rocks i n  

t h i s   r e p o r t   a r e  named acco,rding t o  the c l a s s i f i ca t ion   g iven  

by Compton (1962,  p.  276). 

Lithology 

The southeastern  f lank of Tusas Mountain i s  
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underlain by a rust to tan  colored,  slightly  foliated, 

medium  to  coarse-grained granite. Forty-five  percent 

of the  rock  is  quartz  in two sizes, 0 . 5  mm and around 

5 . 0  mm. Subhedral  microcline is also  present  in  these 

two sizes and accounts  for 4 0 %  of the rock. Subhedral 

albite  is p;esent up  to 5%,  biotite to 5 % ,  and muscovite 

to 7 % .  Trace  amounts of magnetite, tourmal’lne, and 

epidote  are  also present. 

The  linear  apophysis of the  Tusas  intrusion  is 

granodiorite  north of Cleveland  Gulch, (Fig. 2). This 

rock is pinkish-gray,  medium to coarse-grained  grano- 

diorite,  highly  foliated  near  the.contact, but only 

slightly  foliated,  near  the center. In thin  section  the 

rock  is  made up of 25% quartz, 5 5 %  highly  altered  sub- 

hedral  albite-oligoclase  averaging  around 0 . 5  mm, 1% 

highly  altered  microcline, 10% muscovite,,7%  biotite, 

1% magnetite, and traces of epidote and chlorite.  Chlo- 

rite  replaces  biotite,and  some of the  muscovite  replaces 

potassium  feldspar (Plate 11A). 

This  linear,  apophysis  narrows to about 900 feet 

at Bromide  Canyon (Fig. 2) and consequently  the  center 

of the  intrusion is more  foliated  than  at  Cleveland 

Gulch.  At Bromide  Canyon  the  rock  is  quartz monzonite. / 

Microcline  content  is  around 30% and albite-oligoclase, 

about 4 5 % .  No. biotite  was  found  in  the  samples  from’this 

area. 

, 
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Immediately  south of the d.am a t  Hopewell  Lake 

(Fig. 2 ) ,  the Tusas i n t rus ion  i s  granodior i te .  Here the 

rocks  are  highly  sheared  near the contact   wi th   the Mwppin 

Formation. Abput 55% 0.f the rock is h ighly   a l te red  

subhedral  albite-oligoclase  of 2 s i ze s ,  0.3 mm and 2.5 mm. 
Five  per cent microcline, 25% quartz ,  7% c h l o r i t e ,  

3% musco,vite, 5% epidote,  and a t r a c e  of  magnetite compo.se 

t h e   r e s t  0.f the rock. 

Northeast 0.f I ron  Mountain the in t rus ion  is 

g ran i t e ,  Immediately  south of I ron  Mountain it is much 

Like the quartz  monzonite a t  Bromide Canyo.n, bu t   has  

about 2PA microcline, 3-5% c a l c i t e ,  35% each of quartz 

and albi te-ol igoclase,  and 5-7% biotite. 

On the  nwthwestern  f lank of Tusas Mountain t h e  

in t rus ion  is  l ight   gray  f ine-grained  grani te .  Here the  

rock is abo,ut 45% microperthi t ic   intergrowths,  6% a l b i t e -  

ol igoclase,  45% quartz,  3% muscovite, and t r a c e s  of 

biot i te ,   magnet i te ,  and epidote. The feldspars  average 

1.2 nun, but   the  quartz   averages  only 0.3 nun (P l a t e  11B). 

Granodio.rite,  quartz rnonzo,gite,  and’g$anitG :i$e-esk of t h e  

prong of Moppin Formation  extend  into Tusas Valley  (Fig. 2 ) .  

West 3f Cleveland Gulch i s  an amoeboid-shaped 

area  of reddish  colored  granite  (Fig.   5).  A t  f irst  these  

rocks  were  thought  to,  be  part of the T e r t i a r y  igneous  ro.cks 

which charac te r ize   the  San Juan   up l i f t .  However, up0.n c loser  

inspection,  they showed f a i r   f o l i a t i o n .  This rock has 45% 
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fine-grained  microcline, 45% quartz of 2 s i ze s ,  0.1 m and 

5.0 mm, 7% fine-grained  muscovite, 1% garnet,  and t r a c e s  

of biot i te ,   magnet i te ,   epidote ,   p lagioclase,  and zircon 

(Plate 11C). The rock is  fine-grained with la rge   quar tz  

phenocrysts. The apparent  cross-cutting amoebo,id shape 

of the   ou tcmp  and po rphyr i t i c   t ex tu re   i nd ica t e   t ha t  the 

rock is  in t rus ive .  Absence of other  Tertiary  ro.cks and 

the   fo l i a t ion   sugges t  it $S Precambrian,  and  since it is 

no more o r  less fo l i a t ed   t han  the other  Tusas in t rus ives ,  

it was mapped as a phase  of  the  Tusas complex (Fig. 2 and 

Fig. 5 ) .  Table I V  l ists  the trace  elements  found i n  this 

rock. 

In   sumat ion ,   Tusas   in t rus ive  complex is f ine-  t o  

coarse-grained and fol ia ted  to   non-fol ia ted.  Its composition 

var ies  from grani te   to   g ranodior i te ,   a l though the dominant 

rock  type is  grani te .  The in t rus ion   appears   to  be zoned, 

bu t  the zoning was not worked o u t   i n   d e t a i l .  Lack of 

outcrops w i l l  probably  prevent  delimitation  of the zones 

other   than on the   b roades t   bas i s .  

A p l i t e  dikes  

Apl i te   d ikes  were  nated i n   t h e  Tusas g r a n i t e  

and in   the   format ions  c u t  by the grani te .  The only 
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A .  Granodiorite.  Tusas  intrusion. Line:r apophysis 

north of Cleveland  Gulch.  Plagioclase (P), 

muscovite (M), quartz (9). S20 193  35 X-nicols. 

'1 

r&rus;uc?r,: 
B. Granite.  Tusas d Northwest  slope of 

Tusas Mountain.  K-feldspar (K), quartz (Q), 
muscovite (M). 21 20  16 X-nicols. 

Gran;+e  

land Gulch. Quartz (Q) phenocryst in matrix of 

fine-grained  quartz,  K-feldspar,  and  muscovite. 
21 18 4 X-nicols. 

C. -- Tusas €&" . West  Cleve- 
~p?crusLJ;u~ 

D. Quartz  vein,  iron  formation, and Ortega Quartzite. 

CaiTon Plaza. *" 

/ 
I 
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mapped dike i s  on the western end of I ron Mountain 

(Plate 1 2 A ) .  This rock i s  microcl ine,   quar tz ,   a lbi te ,  

and  muscovite. N o  fo l ia t io .n 'was   v i s ib le .  

Mafic  dikes 

Several  mafic dikes trend  almost  north-south  in 

t h e  Tusas rocks. north  of Hopewell Lake (Fig. 2 ) .  These 

have  been metamorpho.sed t o  chlor i te-plagioclase schist, 

w i t h  t h e   f o l i a t i o n   p a r a l l e l  t o  the sides of the  dikes .  

It i s  i n t e r e s t i n g   t h a t   t h e s e  dikes a re   h igh   in   magnet i te .  

The magnetite  extends  into the enclosing Tusas rocks 

and decreases  over a d i s tance  of 75 to,  100  yards from 

5-10% t o  the normal trace amount 0.f the enclosing 

intrusion.  

Massive  quartz  veins 

Massive m i l k y  quartz  veins are the only  other 

igneo,us-related  rock  found i n  the a rea   s tud ied   i n  the 

present  repo.rt.  These are numerous on Iron Mountain 

(P la t e  1 2 B )  and a t  Cagon Plaza and are i n  mo.st 
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12 

A. Aplite  dike.  Iron  Mountain.  Cutting  chlorite 

schist of Moppin  Formation. 

B. Massive  quartz  vein.  Iron  Mountain.  Cutting 

chlorite  schist of Moppin  Formation. 
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of the  Precambrian outcrops. They  cut  the  Moppin  Forma- 

tion,  Ortega  Quartzite, and Tusas granite.' Where  they 

intersect  the  magnetite-bearing  mafic  dikes  described 

above,  the  dike  material is changed  to chlorite and eu- 

hedral  magnetite  crystals up to 30.0 mm long. At Cagon 

Plaza  veins occupy  cross fractures'and bedding  planes 

and grade  into  the  surrounding  Ortega  Quartzite (Plate 

11D). These  veins  are  numerous  and  widespread;  at  least 

some may be  metamorphic  in origin. At other  places  they 

apparently  are  associated  with  the  Tusas  intrusion. 

Jahns (1946, p. 51) felt  that  the  quartz  veins in the 

Petaca  area  are  genetically  related to the pegmatites. 

, .  . I .  . ,  

j i i . '  

. .  
I .  . . 
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General  Statement 

Post-Precambrian  rocks  were  studied  only in the 

field  mapping.  Other  than  Quaternary Alluvium,  the  only 

Cenozoic  unit  mapped  was  the  Los Pifios Formation.  Atwood 

and Mather (1932), Cross and Larsen (1935) , Just (1937) , 
Butler (1946), and Barker (1958) have  been  relied  upon 

for  much of the  information  on  the Los Pigos Formatjion. 

;, . 

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

Strati.graphy , , ,  . I !  . , .  

, . ,' 
Los  Pigos  Formation 

This  formation  was  named by Atwood and Mather 

(1932, p .  93). They  attributed  the  name to Whitman  Cross 

and E. S. Larsen,  but  since Cross' and Larsen's work  was 
. I  

. ,  

not  published  until  1935,  Atwood and Mather  are  recog- 

nized  as  the  first to officially  propose  the name. The 
1 :  

type  locality is about 10 miles  south of Antonito, 

Colorado in the Los Pin"os Creek  Canyon neai- Miguel, 

New  Mexico. 
# 

Atwood  and Mather (1932, p. 100) considered  the , 
Los Piiios Formation to have  been  deposited on  the  surface 

produced by the' San  Juan  Peneplain  cycle of erosion,,'and 

.. ,. . ' , 

, .  3 :. .I 
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to have  been  deposited  before  the  Hinsdale  volcanic 

rocks.  Cross  and  Larsen (1935, p. 95) included  the LOS 

Pii?os Formation a6 a member of  the  Hinsdale Formation. 

They  believed the  Los Pin"os rocks  were  probably  late 

Pliocene in age. 

Butler (1946) was  able to establish  the  strati- 

graphic  relationships  in  the  area of Tusas River.  Barker 

(1958) used Butler's nomenclature  for  the Los Pi$os For- 

mation and  mapped  four  members  in  the  Las.Tablas  Quad- 

rangle; 

.. 

. . ,  

This  formation  covers  the  western  flank of the 

Tusas  River  Valley,  parts of the  southern  flank of the 

Hopewell  Anticline, part of  the  area  near  Hopewell  Lake, 

and part of the  area at Caiion Plaza (Figs. 2 and 6). In 

most  places  the  formation is unconformable  on  all  Pre- 

Cambrian  rocks,  but in places it is in  fault  contact 

with  the  Precambrian  rocks (Fig. 2 ) .  

.. 

Los P i z o s  Formation  is  mainly  pebble to boulder 

conglomerate composed  predominantly  qf'rhyolitic material. 

Tuffaceous and sandstone beds are  interspersed  through 

the  formation. The  boulders  are up  to 5 feet  in  diameter, 

but most  clasts  are 6 inches or less. In the  vicinity 

of Tusas  Mountain  the  formation  has a probable maximum, 

thickness of 300 feet,  but  near  Cagon  Plaza  it is 590 

to  possibly 1,000 feet  thick  (Barker, 1958, p. 50). 

/ 

. f  
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50) believed the  material of the Los 

Pin"os Formation  was derived  from  volcanic  centers lo- 

cated on  the  Taos  Plateau  or  in  the  San  Luis Valley. 

Quaternary  alluvium 

Alluvium  in the area  is limited., It; forms  a 

thin  veneer  on  bedrock only  along  the  channels of Tusas 

River,  Spring  Creek, and Placer Creek. 1n:most places 

the  alluvial  material is coarse-grained,.but in the  wider 

parts ,of ehe  valleys it is composed of silt to sand size 

particles  mixed  with  a  few  boulders and cobbles  from  the 

L o s  Pfn"os and Precambrian formations.  Cobbles  and  boul- 

ders  from  all  the  formations  transversed.by  the  streams 

line  the  edges of the  streams  in theirswifter portions. 

Gravels  along,Placer  Creek  are gold-bearing,.at places. 



STRUCTURE 

Regional  Tectonic  Setting 

San Juan Uplift  is  in  the  Southern  Rocky  Moun- 

tains. In N e w  Mexico  the uplift is bounded by the  San 

Luis  Basin on the east and butts into  the  Sangre de. 

Cristo  Uplift on the  southeast (Fig. 3 ) .  The  western 

flank of the  uplift  plunges  into  the  Chama  Basin, and 

the  southern  part is probably faulted.into the  Rio 

Grande Trough. 

' Figure 3 is a Tectonic  Division Map of the  area 

bounded  approximately by parallels 34' 3 0 '  and 37' 30'  

and meridians 105' and 109' 3 0 ' ;  the  map  covers  most 

of the  northwestern  one-fourth of New  Mexico' and ad- 

jacent  parts of Colorado,  Arizona, and Utah. The  area 

west of the  Rio Grande  Trough,  Jemez  Caldera, and Chama 

Basin is in  the  Colorado Plateau. Most of the  remainder 

of the  area  is  part of the  Southern'Rocky Mountains. 

. .  

' Tectonic  divisions of the  Colorado  Plateau  are' 

characterized by simple structures. The-uplifts" 

Defiance,  Zuni,  Lucero, Nacimiento--have gentle  open ., 

anticlines,  synclines, and monoclines and many normal' 

faults of small displacement. Thrust  faults  are  present 

and have  large  displacements  in  the  Nacimiento-and  Lucero 

; 

110 
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u p l i f t s   w h e r e   t h e y   f o r m   t h e  west and  ea s t  b o u n d a r i e s  re- 

s p e c t i v e l y   o f   t h e  two u p l i f t s .   L a c c o l i t h s ,   d i k e s ,  s i l l s ,  

a n d   p l u g s  a re  a s s o c i a t e d   w i t h   s o m e   o f  t h e  u p l i f t s .   S a n  

J u a n  Basin i s  s t r u c t u r a l l y   s i m p l e ;  i t  i s  a s y m m e t r i c a l   w i t h  

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

T h e   b a s i n  i s  bounded on t h e   n o r t h   a n d  west by a s i n u o u s  

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

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

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

f o l d s . '   F o u r   C o r n e r s   P l a t f o r m   a n d   A r c h u l e t a   A r c h  a re  b r o a d  

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

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

s i l l s ,  p l u g s ,   a n d   l a c c o l i t h s .   T h e   P u e r c o   F a u l t  Bel t -  

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

on t h e   C o l o r a d o   P l a t e a u   p a r t   o f   F i g u r e  3'. T h i s  u n i t  i s  ... 

c h a r a c t e r i z e d   b y   s c o r e s   o f   h i g h - a n g l e   f a u l t s   a n d   v o l c a n i c  
. I  

p l u g s .  
. .  I .. . 

Most of t h e  s o u t h e a s t e r n  Colorado'Plateau.'is'under- 

l a i n  mainky  by Permian t o   T e r t i a r y '   s a n d s t o n e , '  sha l e ,  and  

' m u d s t o n e ,   a l t h o u g h   P e n n s y l v a n i a n   l i m e s t o n e  i s  e x p o s e d  i n  

t h e   L u c e r o   a n d   N a c i m i e n t o   u p l i f t s .  ' Zuni , '  Def ' i ance ;   and  

N a c i m i e n t o   u p l i f t s   e x p o s e   P r e c a m b r i a n   i e t a a ' o r p h i c '  rocks 

a n d / o r ]   g r a n z t e .   T h e   t e c t o n i c   d i v i s i o n s -  of t h e  C o l o r a d o '  

P l a t e a u  are '  jdes 'c r ibed  i n  d e t a i l  i n '  Kelley (19'55) .and ' ' ' 

I / 
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K e l l e y   a n d   C l i n t o n  ( 1 9 6 0 ) .  

Chama B a s i n   f o r m s  a s h a l l o w   s t r u c t u r a l   s a g   b e t w e e n  

t h e   A r c h u l e t a   A r c h   o n   t h e  west an.d t h e . S a n   J u a n   U p l i f t   o n  

t h e   n o r t h   a n d  eas t .  T h e   s o u t h e r n   e n d   o f   t h e   b a s i n  merges 

w i t h   t h e   N a c i m i e n t o   U p l i f t   o n   t h e   s o u t h w e s t   a n d   t h e   R i o  

G r a n d e   T r o u g h   o n   t h e   s o u t h e a s t .   T h e   s o u t h e r n   e n d  o f  t h e  

b a s i n  i s  , c u t   o f f  by t h e   J e m e z   v o l c a n i c   c b m p l e x .  Chama 

B a s i n  i s  u n d e r l a i n   b y   P e r m i a n   t o   T e r t i a r y   s a n d s t o n e ,  mud- 

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

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

o f   t h e   b a s i n .  

C &kin9 
t h e   s o u t h e r n  

ed 
o f   t h e  Chama B a s i n  i s  

t h e   J e m e z   C a l d e r a   a n d   v o l c a n i c   f i e l d .   V o l c a n i c s   o f   t h i s  

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

on t h e  west, Chama B a s i n   o n   t h e   n o r t h ,   a n d   t h e   R i o   G r a n d e  

T r o u g h   o n   t h e  ea s t  a n d   s o u t h .   T h e   d i v i s i o n  i s  d o m i n a t e d   b y  

t h e   J e m e z   C a l d e r a ,   w h i c h   e n c o m p a s s e s   a p p r o x i m a t e l y   2 5 0  

s q u a r e  miles .  T e r t i a r y   a n d   Q u a t e r n a r y   b a s a l t ,   r h y o l i t e ,  

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

t u t e   m o s t   o f   t h e  res t  o f   t h i s   d i v i s i o n .  

S a n   L u i s   B a s i n  i s  w e d g e d   b e t w e e n   t h e   S a n   J u a n   U p l i f t  

o n   t h e  west a n d   s o u t h   a n d   t h e   S a n g r e   d e   C r i s t o   U p l i f t   o n  

t h e   e a s t .   P r o b a b l y   b o t h   o f   t h e s e   c o n t a c t s   i n  N e w  Mexico  

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

f o r   f a u l t i n g . i s   o b s c u r e d  by l a t e  T e r t i a r y   a n d   Q u a t e r n a r y  
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d e p o s i t s   e x c e p t   i n   t h e   v i c i n i t y  of Ojo Cal ien te   where  a 

l a rge   no rma l   f au l t   marks   t he  eastern f l a n k  of Ojo  C a l i e n t e  

Mountain  (Kel ley,  1 9 5 6 ,  p .  110).  San L u i s  Basin i s  under- 

l a i n  by a l luv ium,   sands tone ,   conglomera te ,   and   vo lcanics  

of T e r t i a r y  and  Quaternary  age.  I t  i s  a sha l low  bas in ,  

a s y m m e t r i c a l   w i t h   t h e   s t e e p e r   l i m b   o n , t h e ' e a s t ,   w i t h  

s e v e r a l   v o l c a n i c   c e n t e r s ,  and  some.norma1 f a u l t s .  
T h e  (;ran& 7 r o k 9 h  i5 t o * k  

/I. 6outh of t h e  San  Luis   Basin  across '   a .   narrow arm ' 

of t h e  San  Juan Uplifts- T h i s  

d iv i s ion   t r ends   sou thwes t   f rom  the   San   Juan   Up l i f t  on t h e  

n o r t h   t o   t h e   v i c i n i t y  of t he   no r the rn   end  of t he   Sand ia  

U p l i f t . w h e r e  i t  s w i n g s  sou th   (F ig .   3 ) .  I t ' i s  a graben,  

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

where l a t e   T e r t i a r y  or Quate rna ry   vo lcan ic s  or sediments  

have  obscured  them. The t rough i s  u n d e r l a i n  by T e r t i a r y  

and  Quaternary  volcanics ,   a l luvium,  sandstone,   .and  con-  

g lomera te .   Wi th in   t he   g raben   a r e   s eve ra l . . sma l l   c inde r  

cones   a l igned  i n  a n o r t h - s o u t h   d i r e c t i o n . ;  

Flanking  the  Rio  Grande  Trough on t h e   e a s t   f r o m  

s o u t h   t o   n o r t h   a r e   t h e   S a n d i a   U p l i f t ,   C e r r i l l o s   C e n t e r s ,  

and   t he   sou thwes te rn   f l ank  of t h e   S a n g r e   d e   C r i s t o   U p l i f t  

(F ig .   3 ) .   Sangre  d e  C r i s t o   U p l i f t   t r e n d s   n o r t h w a r d   a l o n g  

t h e   f l a n k  of t h e  San L u i s  Basin. It i s  i n   f a u l t   c o n t a c t  

wi th   the   San  L u i s  Basin  and R i o  Grande  Trough. On t h e  

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

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

vanian  t o  T e r t i a r y  a g e ,  Besides  t h e  b o u n d i n g  normal  

f a u l t s  on t h e  west,  t h e r e  a re  n u m e r o u s   h i g h - a n g l e   f a u l t s  

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

S a n g r e   d e   G r i s t o   o n   t h e   s o u t h w e s t  i s .  t h e   C e r r i l l o s   C e n t e r s  

d i v i s i o n .   T h i s  area i s  d o m i n a t e d   b y   s t o c k s   a n d   d i k e s ,   b u t  

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

s a n d s t o n e ,   a n d   s h a l e  03 P e n n s y l v a n i a n   t o   T e r t i a r y   a g e .  

H i g h - a n g l e   f a u l t s   a r e   p r e s e n t .  

. 

S a n d i a   U p l i f t  merges w i t h   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   C e r r i l l o s   d i v i s i o n .  I t  i s  f a u l t e d   i n t o   t h e   R i o  

G r a n d e   g r a b e n   o n   t h e  west a n d   p l u n g e s   g e n t l y ' i n t o   t h e  

E s t a n c i a  S a g  o n   t h e   e a s t .  The  u p l i f t  i s  u n d e r l a i n  by   P re -  

c a m b r i a n   g r a n i t e   a n d   s o m e   g n e i s s ,   a n d ' l i m e s t o n e ,   m u d s t o n e ,  

s a n d s t o n e ,   a n d   s h a l e  of  l a t e  P a l e o z o i c   t o   e a r l y   T e r t i a r y  

a g e .   T h e r e  a re  n o r m a l   f a u l t s   a l o n g   t h e   w e s t e r n   m a r g i n  

and s eve ra l  h i g h - a n g l e   f a u l t s  i n  t h e   u p l i f t .  S m a l l  f o l d s  

a r e   a l s o   p r e s e n t .   M e r g i n g   w i t h   t h i s  u n i t  o n   t h e  eas t  i s  

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

Q u a t e r n a r y   l a k e   d e p o s i t s   w i t h  a few small o u t c r o p s   o f  

P a l e o z o i c   a n d   M e s o z o i c   r o c k s .   T h e  e a s t e r n  f l a n k   o f   t h i s  

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

l o w - d i p p i n g   P e c o s   S l o p e .   T h e   P e c o s   S l o p e   i s . u n d e r l a i n  

m a i n l y   b y   P e n n s y l v a n i a n   a n d   P e r m i a n   m u d s t o n e ,   l i m e s t o n e ,  
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and s h a l e  and some T e r t i a r y  and T r i a s s i c   r o c k s .  

S a n   J u a n   U p l i f t   h a s   b e e n   d e s c r i b e d   i n   e a r l i e r   s e c -  

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

Precambr ian . rocks   and  a t h i c k   s e c t i o n  of P a l e o z o i c ,  Meso- 

zoic ,and  Cenoioic   rocks i n  Colorado ,   bu t 'on ly   Precambr ian  

and   Cenozo ic   rocks   i n   t he .   a r ea   i n  N e w  Mexico  covered by 

t h i s   r e p o r t .  The o l d e s t   r o c k s   i n   d e p o s i t i o n a l   c o n t a c t  

with  Precambrian  rocks'  i n  New Mexico west of t h e  R i o  

Grande a t e  on t h e   e a s t e r n   f l a n k  o f  t h e  Chama Basin  where 

T r i a s s i c   r o c k s   w e r e  mapped in   unconformable   contac t   wi th  

the  Precambrian  of   the   San  Juan  Uplif t   (Smith  and  Muehlberger ,  

1960) .   East  of t h e   R i o   G r a n d e   i n   t h e ' P i c u r i s   U p l i f t ,  J u s t  

(1937, P l a t e  11) mapped Pennsylvanian   rocks   in . ' contac t  

wi th   the   Precambr ian .  

The o r i g i n  and   imp l i ca t ions  of c e r t a i n   r e g i o n a l  

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

New Mexico a r e   r e l e v a n t   h e r e .   O n e ' p u z z l i n g   i t e m  i n  t h e  

t ec ton ic   f r amework   o f   t h i s   a r ea  i s  t h e   n o r t h e a s t - t r e n d i n g  

p a r t  of t h e  S a n   J u a n   U p l i f t   e a s t  of O j o  Cal i en te - - the  

P i c u r i s   U p l i f t   ( F i g .  3 ) .  The s t r i k i n g l y   a b r u p t   c h a n g e   f r o m  

a gene ra l   no r thwes t   t r end  t o  a n o r t h e a s t   t r e n d   n e a r  O j o  

C a l i e n t e   r e q u i r e s   d i s c u s s i o n .   E s s e n t i a l l y  two p o s s i b i l i t i e s  

e x i s t :   o n e  i s  t h a t   t h e   P i c u r i s   ' U p l i f t . b e l o n g s  t o  the:  Sangre 

d e   C r i s t o   U p l i f t  and t h e   o t h e r  i s  t h a t  ,-it be longs  t o  t h e  

San   Juan   Upl i f t .  The P i c u r i s   a r e a ~ h a s   - b e e n ; & a p p e d  as a 

/ 
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s a l i e n t  o f   t h e   S a n g r e   d e   C r i s t o   U p l i f t   b y  many p e o p l e  i n -  

c l u d i n g   B a l t z   ( 1 9 6 5 ,  p .  2 0 4 3 )   a n d   K e l l e y   ( 1 9 5 6 ,  p .  1 1 0 ) ,  

who c o n s i d e r e d  i t  a l s o  a t h r u s t   b l o c k .   H o w e v e r ,   J u s t  

(1937 ,   p .  20) ,  w h i l e   n o t   c o n n e c t i n g   t h e   P i c u r i s ,   U p l i f t   t o  

t h e  San  J u a n   U p l i f t ,   s t a t e d   " t h e   f o l d e d  ser ies  f o u n d   i n  

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

r o c k s  were s t r i p p e d  a w a y . "  H e  a l s o   b e l i e v e d   t h e s e   r o c k s  

e x t e n d   i n t o   t h e   S a n g r e   d e   C r i s t o   U p l i f t .   T h e   s i m i l a r i t y   o f  

t h e   r o c k s  i n  t h e   s u b j e c t  a rea  t o   t h o s e  i n  t h e   P i c u r i s  Up- 

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

t h a n  1 0  m i l e s )   s u g g e s t   t h e s e   t w o  areas a re  p a r t   o f   t h e  

same.tectonic,division--the S a n . J u a n   U p l i f t .   : T h e   l i t h o l o -  

g i e s  may p o s s i b l y   e x t e n d   i n t o   t h e   S a n g r e   d e   C r i s t o   U p l i f t ,  

b u t ,  a t  p r e s e n t ,   d u e   t o   o v e r b u r d e n   o f   y o u n g e r   r o c k s ,   n o  

u n e q u i v o c a l   e v i d e n c e   f o r   t h i s  is a v a i l a b l e .  On F i g u r e  3 

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

a n d   t h e   S a n g r e   d e   C r i s t o   U p l i f t  was d r a w n ~ a t   t h e   P r e -  

c a m b r i a n - P a l e o z o i c   c o n t a c t .  \ 

A n o t h e r   a l t e r n a t i v e  e x i s t s  t o . e x p l a i n   t h e   p e c u l i a r  

s t r u c t u r a l   s e t t i n g   o f   t h e   P i c u r i s   U p l i f t   i f  i t , i s  n o t   c o n -  

s i d e r e d   p a r t   o f  t he  S a n g r e  d e   C r i s t o   U p l i f t   o r   i f  i t  is : '  

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

J u a n   U p l i f t .   T h e r e  i s  a p o s s i b i l i t y  t h a t  f a u l t i n g  i n  , t h e  

v a l l e y   b e t w e e n  0 3 0  C a l i e n t e  and  t he  P i c u r i s   U p l i f t / a u d  

a l o n g  the  c o n t a c t ' o f   t h e   u p l i f t  w i t h  t h e   S a n g r e . d e   C r i s t o  
.I 

http://Sangre.de
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U p l i f t  may h a v e   s h i f t e d   t h e   s t r u c t u r a l   t r e n d   o f   t h e  

P i c u r i s   b l o c k   o f   t h e   S a n  Juan  U p l i f t   f r o m   s o u t h e a s t   t o  

northeast .  Geefirmatien O S  e i t h e r  hypothesis must await 

m o r e   d e t a i l e d   w o r k   i n   t h e  San L u i s   V a l l e y   a n d   S a n g r e   d e  

C r i s t o   U p l i f t . .  . . j  

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

p r o x i m i t y   l e a d   t o   t h e   b e l i e f   t h a t . t h e  P i c u r i s  U p l i f t  i s  

p a r t  o f   t h e   S a n   J u a n   t e c t o n i c  u n i t ;  i t s  p r e s e n t   s t r u c t u r a l  

t r e n d  may r e p r e s e n t  a P r e c a m b r i a n   t e c t o n i c   t r e n d   a n d  may 

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

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

i n   t h e   S a n   L u i s -   R i o   G r a n d e   d o w n w a r p   a n d   a l o n g   t h e  western 

f l a n k   o f   t h e   S a n g r e   d e   C r i s t o   U p l i f t .  

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

t e c t o n i c   l i n e a m e n t s   a n d   m i n e r a l i z a t i o n  i n  t h e   S a n   J u a n  

Moun ta ins   o f  N e w  M e x i c o .   T h e   p r e s e n c e   o f  a s o u t h w e s t e r l y  

P r e c a m b r i a n   s t r u c t u r a l   t r e n d  in t h e   L a k e   S u p e r i o r   r e g i o n  

h a s   l o n g   b e e n  known  (King,   1959,   p .  2 6 ) .  : K i n g   ( 1 9 5 9 ,  

p .  2 6 )  c o n s i d e r e d   t h a t   t h i s   t r e n d   ( c a l l e d   c o n t i n e n t a l   a r c h ,  

c o n t i n e n t a l   b a c k b o n e ,  o r  t r a n s c o n t i n e n t a l   a r c h )   c o n t i n u e s  

s o u t h w e s t   f r o m   M i n n e s o t a   i n t o  N e w  Mexico .   Absence   o f   lower  

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

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

C o l o r a d o   s u p p o r t s   t h i s   c o n t e n t i o n .   K i n g   ( 1 9 5 9 ,   p .  26 )  

a l s o   s t a t e d   t h a t   " o u t c r o p s   a n d   d r i l l   r e c o r d s   i n d i c a t e  
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similar  conditions  elsewhere along  this feature to the 

northeast." Similarity of Precambrian  age dates along  a 

general  northeast trend supports these observations 

(Gastin, 1960, p. 10). 

In  New  Mexico this lineation is indicated by nort 

easterly  trends of folds,  faults, and fractures  in  Pre- 

cambrian  rocks and by northeasterly  trends of series of 

volcanic  plugs,  dikes, and faults  in  post-Precambrian 

rocks. Apparently, the northwest  limit of the  virtually 

:h- 

complete  absence of pre-Carboniferous  rocks'is  the  western 

flank of the Defiance  Uplift (Fig. 3 )  (Lessentine,  1965, 

p. 2009). Consequently,  the  northeast  trending  transcon- 

tinental  arch  is  a  wide  belt in this part  of.  the  country. 

Kelley (195.5, p .  59) found  several  northwest 

trending  lineaments  in  the  Colorado  Plateau and eastern 

Rockies.  The  fact ,that these  1ineations.cross  major  pres- 

ent day tectonic  boundaries and are  also often  marked by 

major  intrusions and .extrusions  suggests that they may b e  

basement  structural  features. In  Colorado, the northeast 

trending  Transverse  Porphyry  Belt also  has a  general  north- 

west  lineation of the  intrusive  elements  (Badgley,  1965, 

Figs. 9-11, p. 328), which  coincide  with  northwest linea; 

tion lines  proposed by Kelley (1955, p. 59)..: San  Juan 

Uplift  in  New  Mexico lies  along the  Uncompahgre  lineament 

(Kelley, 1955, p.: 59). In  addition to these.  northwest 

. :  , 
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t r e n d i n g   l i n e a m e n t s   a n d   t h e   n o r t h e a s t   t r e n d i n g   t r a n s c o n -  

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

cen te r s   ex t end ing   f rom  the  San F r a n c i s c o   C e n t e r s   a t   F l a g -  

s t a f f ,   A r i z o n a ,   t h r o u g h   t h e  H o p i  Centers   and  the M t .  Taylor  

C e n t e r s   i n  .New Mexico. 

I n   t h e   v i c i n i t y  of Albuquerque, New Mexico t h r e e  

l i n e a m e n t s   m e e t - - t h e   n o r t h w e s t   b e l t ,   t h e   e a s t - w e s t   b a s a l t i c  

b e l t ,  and t h e   t r a n s c o n t i n e n t a l   a r c h .   S a n d i a  U p l i f t  and t h e  

southern  end o f  t h e   S a n g r e   d e   C r i s t o   U p l i f t   h a v e   e s s e n t i a l l y  

t h e  same rock- types   and   bo th   a re   s imi la r ly   deformed  (F i tz -  

Simmons, 1 9 6 1 ;  Bal tz   and Bachmon, 1 9 5 6 ) . .   P o s s i b l y   t h e s e  may 

have.  been  continuous in a g e n e r a l   n o r t h - s o u t h   l i n e   a t  one.  

t ime   bu , t   t hen   o f f se t  by r i g h t   l a t e r a l  movement a long   the  

eas t -wes t   t ec tonic t .zone .  The huge  Jemez  volcanic  complex 

i s  n o r t h  of t h e   e a s t - w e s t   l i n e   c o n n e c t i n g   t h e   n o r t h e r n  

end of t he   Sand ia   Up l i f t   and   t he   sou the rn  t i p  of t h e  S a n g r e  

d e   C r i s t o   d i v i s i o n ;   t h i s   l i n e   a l s o   c o i n c i d e s   w i t h   t h e   e a s t -  

w e s t   b a s a l t i c   b e l t :   C e r r i l l o s   i n t r u s i v e   c e n t e r s   a r e   m o s t l y  

s o u t h  of t h i s   l i n e   ( F i g .  3 ) .  Als.0, t h e s e  two igneous  com- 

p l e x e s   l i e  on what  Kelley  (1955,. p .  5 9 )  t e rmed  the ,La  S a l  

P o r p h y r y   l i n e ,  On e i t h e r  s i d e  of t h e   e a s t - w e s t   l i n e  lie 

the   Nacimiento   (nor th)   and   Lucero   ( south)   up l i f t s .   These  
/ 

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

and   Lucero   f rom  the   wes t .   Separa t ing   these  two u.plFfts  

i s  t he   Pue rco   Fau l t   Be l t -Mt .   .Tay lo r   vo lcan ic   cen te r s  

L 

.I 
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division.  Scores of high-angle  faults  constitute the 

Puerco  Fault  Belt  (Kelley,  1955, Fig.. 2). These may be 

tension  release  fractures  for  the two opposing  thrusts  and, 

also, if an  east-west  shear  zone  exists  here, they might  be 

tension  fractures  along the shear zone. The  numerous  vol- 

canic  plugs  in  the Mt. Taylor  field  are  fairly  well  aligned 

in a  northeast  direction,  suggesting,  again, that the 

northeast  tectonic  lineament of the basement  played an im- 

portant part-in later  geologic  events, , 

In  summation f o r  the relationship  of.local.struc- 

tures to.the  regional  tectonic  framework,  the  Tectonic 

Division Map  (Fig. 3 )  is crossed  by.the  northeast  trending 

transcontinental  arch;  the  arch  was  more o r  l e s s  persistent 

from  Precambrian to Pennsylvanian  time;  prominent  northwest 

lineaments'exist  in this area; at least'one  east-west  linea- 

ment  is present;  where  lineations  meet, and other  conditions 

are favorable,  there are large  igneous  intrusions,  extru- 

sions,  faulting,  andlor  mineralization.  The  existence 

of an east-west  shear  zone  approximately at the 35' 2 5 '  

parallel along which  there may have  been  right  lateral 

movement is suggested by the similarity  in  lithology and 

srructure of the Sandia and Sangre de Cristo  uplifts;  the 

sharp  bending of the R i o  Grande  graben  along.this  line; 

the position  .of the Nacimiento  thrust  north of the xine and 

the Lucero  thrust  south of the line;  the  numerous  faults 

,/ 

. .  
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o f   t h e   P u e r c o   F a u l t  B e l t  on e i t h e r   s i d  e o f  t , h e   z o n e ;  t :he 

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

have a s t r o n g   n o r t h e a s t   a l i g n m e n t .   U n t i l  much  more  work 

i s  d o n e ,   t h e   c o n c e p t  o f  a s h e a r   z o n e   n e a r   A l b u q u e r q u e  can 

o n l y  be h y p o t h e t i c a l .  

Even t h o u g h   t h e   i n t e r p r e t a t i o n   o f - m u c h   o f   t h e  

r e g i o n a l   t e c t o n i c   p a t t e r n  may b e ' h i g h l y   c o n j e c t u r a l ,  t he  

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

m i n e r a l   d e p o s i t s  in many p l a c e s  a re  a 1 i g n e d : 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   a n d  are  u s u a l l y 1 f o u n d : a t   i n t e r s e c t i o n s  ?. 

o f   n o r t h w e s t   s t r u c t u r a l  l i n e a t i o n s  w i t h  t h e . n o r t h e a s t  

l i s e a t i o n  have g r e a t   s i g n i f i c a n c e  in t h e  e x p l o r a t i o n   f o r  

mineral' d e p o s i t s .  Many of t h e  b a s e   a n d   p r e c i o u s  metal  

d e p o s i t s . i n  t he  H o p e w e l l   a n d   B r o m i d e   d i s t r i c t s  a r e  a l o n g  

n o r t h e a s t   t r e n d i n g   f a u l t   s y s t e m s .  I n  t h e . B r o m i d e  D i s t r i c t ,  

t h e   m o s t   s u c c e s s f u l   m i n e s  were a l o n g  a m a j o r   n o r t h e a s t  

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

of e r o s i o n   a l o n g  a f a u l t   z o n e .   O u t c r o p s  .are t o o   p o o r   t o  

determine i f   t h e r e  i s  f a u l t i n g ,  and s i n c e   t h e . b e d s  a re  

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

t i c a l  movement w i t h o u t  much a p p a r e n t   d i s p l a c e m e n t .  The 

m i n e r a 1 , d e p o s i t s   p i n c h   o u t  away  f rom the  c a n y o n .   P l a c e r ,  

Canyon i n  t h e   H o p e w e l l  Dis t r ic t  i s  a n o t h e r ' . n o r t h e a s t  / 

t r e n d i n g   c a n y o n  w i t h  base and p r e c i o u s ' m e t a l   m i n e r a , . Y i z a t i o n  

a n d  i t  p o s s i b l y   f o r m e d   a l o n g  a f a u l t  z o n e .  -.  There is  
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h y d r o t h e r m a l   m i n e r a l i z a t i o n   a l o n g   t h e   n o r t h e a s t   t r e n d i n g  

f a u l t s  i n  S h e e p   G u l c h   a n d   . a l o n g   t h e  ea s t e rn  f l a n k   o f  

B u r n e d   M o u n t a i n   ( F i g .   2 ) .  . .  . ,  

Many of t h e  mineral  d e p o s i t s  in t h e  Las T a b l a s  

Q u a d r a n g l e  a re  a l o n g   p r o m i n e n t   n o r t h e a s t  or n o r t h w e s t  

f a u l t - f r a c t u r e   z o n e s .   M o s t   o f   t h e s e   z o n e s   c a n   b e   l o c a t e d  

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

and  i nc rease  t h e   e f f e c t i v e n e s s   o f   f u t u r e  m i n e r a l  e x p l o r a -  

t i o n .   T h e   i r o n   d e p o s i t   a t  Can”on P l a z a  i s  a l o n g  a n o r t h -  

w e s t e r l y   t r e n d i n g   f a u l t   z o n e ,  but: i r o n   d e p o s i t s  a t  C l e v e l a n d  

Gulch  and Iron M o u n t a i n   m o r e   o r . l e s s   p a r a l l e l   t h e   s t r i k e  

o f   , t h e   M o p p i n  rocks a n d  no f a u l t i n g  i s  in e v i d e n c e .  

F i g u r e  7 s h o w s   t h e   a p p r o x i m a r e   l o c a t i o n   o f   m o s t   o f  

t h e   g r a n i t i c   i n t r u s i o n s   i n   t h e  N e w  Mex ico   San   Juan   Moun ta ins  

f r o m   J a w b o n e   M o u n t a i n   t o   P i c u r i s .   T h e   g e n e r a l   l o c a t i o n   o f  

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

u r e .  ’ M o s t   d e p o s i t s   a r e   c l u s t e r e d   a r o u n d   t h e   i n t r u s i o n s  

and  many are a l o n g   t h e   n o r t h e a s t   f a u l t - f r a c t u r e   s y s t e m ,  

a l t h o u g h  i t  i s  n o t   p o s s i b l e   t o   s h o w   t h i s  a t  t h e  s ca l e  o f  

t h e  map.  The s t r i k i n g   c o r r e s p o n d e n c e   o f   t h e   i n t r u s i o n s  

and  t h e  m i n e r a l   d e p o s i t s   t o   t h e   n o r t h e a s t   t r e n d i n g   l i n e a -  

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

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

3ahs  o f   w e a k n e s s   a l o n g   w h i c h   t h e   m i n e r a l i z i n g   f l u i d s  es- 

c a p e d   a n d   d e p o s i t e d   t h e i r  metals ‘ w h e n   t h e  area was i n t r u d e d  

. .  

Sones 

. .  , ,  . . 
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by the magma. In  conclusion, based on  regional and local 

structures,  reasonable  targets  for  mineral  exploration  in 

the San  Juan  Mountains o f  New  Mexico  are'localities  where 

granite  has  intruded  the  metamorphic  rocks,  Northeast 

trending shear  zones  cutting  the  metamorphic  rocks are es- 

pecially good targets for mineral exploration. 

Local  Structures 

Cleveland Gulch-  Iron  Mountain  area is dominated 

by a  large  nearly  isoclinal  anticline.  The  trend of the 

axial  trace is approximately N6O04S$W west of Cleveland 

Gulch,  but  bends  sharply  east  at4Cleveland  Gulch  area, 

and is .almost  east-west  from  Cleveland  Gulch  to  the  point 

where  the  structure is covered by Cenozoic deposits. The 

anticline  plunges 35" to 45" to the  northwest;  however,  the 

northeastern limb  flattens  somewhat  over  a  short  distance 

into a rather  shallow  syncline  with a low plunge. The 

axial  trace of this  northwest  trending.syncline is north of 

Jawbone  Peak and the  syncline  was  not  studied  in detail. 

Kiowa  Syncline  (Barker, 1958, p. 65) adjoins  the 

+-he 

southwestern  flank of the Hopewell Anticline. It is a 

moderately  to  steeply  plunging  northwest  trending  syncline. 

Only the  mutual  flank  with  the  Hopewell  Anticline  was  stud- 

ied in any detail. / , 
Except  for a  very  limited  area, the  beds in,the 
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H o p e w e l l  A n t i c l i n e   a r e  u p r i g h t .   O v e r t u r n e d   b e d s  were n o t e d  

o n l y  a t  o n e   p l a c e   b e t w e e n   B r o m i d e   C a n y o n   a n d   C l e v e l a n d  

G u l c h   ( P l a t e  1 3 A ) ;  t he se  a re  anomalous   and  may r e p r e s e n t  

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

s t e e p   s l o p e .  No o t h e r   o v e r t u r n i n g  was n o t e d   a l o n g   t h e  

f l a n k s   o f   t h e   H o p e w e l l   A n t i c l i n e .  . 
On t h e   H o p e w e l l   A n t i c l i n e   s c h i s t o s i t y  i s  p a r a l l e l  

t o   t h e   b e d d i n g   p l a n e s .   T h i s  was a s c e r t a i n e d  by c l o s e  com- 

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

p l a n e s ,   s u c h  as b e d s  o f  m e t a r h y o l i t e ,   m e t a - a r k o s e ,  or 

m e t a c o n g l o m e r a t e .   P o o r   e x p o s u r e s   o n   t h e   n o s e   o f   t h e  a n t i -  

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

i t y   t h e r e .   S c h i s t o s i t y   i n   t h e   T u s a s  Brani tedwas i n  g e n e r a l  

p a r a l l e l   t o   t h e   c o n t a c t s  o f  t h e   p l u t o n .  

rocks 

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

(1965,   p .  2 9 ) ,  a d v o c a t e d   t h e   p r e s e n c e   o f  a m a j o r   d r a g  

f o l d  - i n  t h e   M o p p i n   F o r m a t i o n   b e t w e e n   B u r n e d   M o u n t a i n   a n d  

T u s a s   M o u n t a i n .   S t r a t i g r a p h i c   i n f o r m a t i o n   o n  th i s  area 

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

o f   m a j o r   d r a g   f o l d i n g  i n  t h i s  l o c a l i t y .  No m a j o r   d r a g  

f o l d s  were f o u n d   a n y w h e r e   i n   t h e   M o p p i n   F o r m a t i o n ,   B i n g l e r  

(19'65, p .  2 4 )  f e l t  he h a d   e v i d e n c e   f r o m   p e t r o f a b r i c   d a t a  

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

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

n o r t h e a s t e r l y   a n d  t h i s  was s u c c e e d e d   b y  a s e c o n d   e p i s o d e   o f  
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A. Prospect  pit  in  iron  formation.  Moppin  Formation. 

North  Cleveland  Gulch.  Red  magnet on magnetite- 

rich  layer.  Beds  overturned. 

B. Banded  iron  formation. Cafion Plaza. Dark bands  are 

rich  in  specularite.  Light  bands  are  rich  in 

aluminum  silicates, ,1, 

,/’ 
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folding  which  resulted i n  f o l d s  with a northwest  trend. I b W -  

eve r ,   no r th  of the area i n  which Bingler worked i n  the   V ic in i ty  

o f  Cleveland  Gulch and Iron Mountain t h e r e  was no f i e l d  

evidence that t h e  f irst  fo ld   d i r ec t ion  was to   the   nor theas t .  

Based  on s t r a t i g r a p h i c  and s t r u c t u r a l  data i n  the  Cleveland 

Gu;lch-Iron  Mountain area, it i s  concluded that the Hopewell 

Ant ic l ine  was first fo lded  with a northwester ly  trend. Con- 

glomerate   par t ic les   have  been  only  s l ight ly   s t re tched and in  

many cases  do not  show evidence o f  crushing. A l s o ,  the 

s c h i s t o s i t y   p a r a l l e l s  the bedding planes, making it highly 

improbable that  the  Cleveland  Gulch-Iron 14omta'in a r e a  was 

f i rs t  i soc l ina l ly   fo lded  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  and 

then  folded i n  a northwester ly   direct ion.  

-. 

A pronounced f i s s i l i t y  p a r a l l e l s   t h e   s c h i s t o s i t y  and 

the  bedding i n  the  Moppin rocks.  There i s  a suggestion of 

a f r ac tu re   d i r ec t ion   pe rmxl i cu la r   t o   t he   bedd ing .  This 

may represent   p lanes  of  z t r e s s   s e t  up during the i n f t i a l  

fo ld ing  o'f the  Hopewell !int~.cline. However, the rocks 

involved i n  the   fo ld ing  o r  t h e   a n t i c l i n e  were  probably 

t o o   p l r s t i c  due t o   t h e  recrystallization t o   r e t a i n   t e n s i o n  

f r a c t u r e s ,  After foldin:;  and some s e c r y s t a l l i z a t i o n ,   t h e  

rocks  o f  t h e  Hopewell bn-:: . icl ine were intruded by the  Tusas 

g r a n i t e .  From Cleveland.  Gulch t o  I ron  Mountain the  instru- 

s ion  i s  more o r  less p a r a l l e l  t o  the strike of the  beds;  

therefore ,  i t  may have  forced  i tself  up through  the axial 

reg'ion o f  t he   an t i c l ine ,   a s s imi l a t ed  much o f  *he north- 



128 

i 

eastern  flank and bulged  out  the remainder of the  Moppin 

rocks. This  bulging  out of the  limbs of the  anticline may 

have  caused  the  fractures  perpendicular to the bedding. 

Faulting  trends  in  the  same  direction  as  the 

fractures  in  most places. Where it was  possible to map 

faults in the 'field or on  aerial  photographs, they  either 

more or less  parallel  the  bedding  planes  in  the  Moppin  and 

Ortega  rocks or trend  northeasterly  approximately  per- 

pendicular  to  the  beds on the  southwestern  flank of the 

Hopewell  Anticline (Fig. 2 ) .  The  most  prominent  transverse 

faults  are  along  the  eastern  flank of 

Burned  Mountain (Fig. 2). Even though  these two  faults 

were  mapped mostly from  study of lineations on aerial 

photographs, they were  noted  in a few  places  in  the  field. 

N o  estimation o f  the  amount of displacement on these  two 

faults  can be made,  because  exposures  are s o  poor, and the 

beds  are  nearly  vertical  in  most places. If  the  movement 

along  the  fault  was at any time  vertical,  considerable 

movement  could  have  taken  place  without  much  apparent dis- 

placement  on  the  surface. It is believed  that  the  fault 

flanking  the  eastern  side of Burned  Mountain (Fig. 2) 

had considerable  displacement  since  there is apparently  a 

large  offset of beds. The  faults -.:..:a west 

of Burned  Mountain  hagesmaller displacements: i 

A wedge of Tertiary Los PiEios Formation  is  down- 
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f a u l t e d   b e t w e e n   P r e c a m b r i a n   O r t e g a   b e d s   s o u t h   o f   B u r n e d  

M o u n t a i n   ( F i g .  2 ) .  T h e   t r a n s v e r s e   f a u l t   i m m e d i a t e l y  west 

o f   B u r n e d   M o u n t a i n , , , t h e   l o n g i t u d i n a l   f a u l t s x  -e 

p a r e  p o s s i b l y   p o s t - L o s   P i z o s   F o r m a t i o n @  

(Ill& 

- 
gastern.m 0.5' 

r 

". T h e   a g e   o f   t h e n f a u l t   a l o n g   t h e  

f l a n k   o f   B u r n e d   M o u n t a i n  i s  p robab ' ly   p re -Los   P igos   Fo rma-  

t i o n ,  s i n c e  it a p p a r e n t l y   d o e s   n o t   a f f e c t   t h e   L o s   P i ? i o s  

r o c k s  i n  t h e  V a l l e c i t o s   R i v e r  a rea .  Other f a u l t s  are be-  

l i e v e d   t o   b e   p r e s e n t   i n   t h e   H o p e w e l l  A n t i c l i n e ,  b u t   f i e l d  

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

may h a v e   f o r m e d   a l o n g   f a u l t   z o n e ' s ,   b u t   d u e   t o   p o o r   e x p o s u r e s  

i t  was ' n o t   p o s s i b l e   t o   d e t e r m i n e   t h i s   p o s i t i v e l y .   S i n c e  

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

a re  p r e s e n t  i n  t h e s e   c a n y o n s ,  no f a u l t s  are  i n d i c a t e d  on 

t h e  map o f   t h e  area ( F i g .  2 ) .  P r o b a b l y  ' the d i k e s  i n  t h e  

T u s a s  - n o r t h   o f   H o p e w e l l   L a k e   ( F i g .  2 )  o c c u p y   f r a c -  

t u r e s  or j o i n t s  i n  t h e   g r a n i t e ,   b u t   t h e   g r a n i t e  was t o o  

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

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

r ocKS 

I n  summation, f o r  t h e   H o p e w e l l   A n t i c l i n e   w h i c h   h a s  

t h e   C l e v e l a n d   G u l c h   d e p o s i t  on t h e   s o u t h w e s t e r n   f l a n k   a n d  

t h e  Iron M o u n t a i n   d e p o s i t  on t h e   n o r t h e a s t e r n   f l a n k ,  i t  i s  

a s i m p l e  more or l e s s  s y m m e t r i c a l  or i s o c l i n a l   a n t i c l i n e  



(Tert iary  cover  and Tusas   g ran i t ic   in t rus ions  make it 

impossible  t,o be more s p e c i f i c ) ;  i t  plunges toward the  

northwest a t  about 45"; it  i s  flanked on both  s ides   by 

simple  synclines; it i s  cut  by severa l   nor theas t  and north- 

west  trending faults; s c h i s t o s i t y  i s  p a r a l l e l  t o  bedding 

planes;   besides  a f i s s i l i t y   p a r a l l e l   t o   t h e   b e d d l n g   p l a n e s ,  

t he re  i s  no f ie ld   ev idence  f o r  t h e   b e l i e f  that the  northwest 

t rending   fo ld  has been  superimposed on a previous  northeast  

trending  fold  system; no major  drag  folds were  found i n  %he 

f i e l d .  

, 

G&on Plaza depos i t  i s  i n  a northwest  trending shear 

zone and i s  the  smallest  of  t he   i ron   depos i t s .  A few 

hundred feet   southwest  of the  mineralized  shear  zone i s  

another shear  zone  which  contains  less  iron,  but  iron 

content i s  higher  than in   t he   coun t ry   rock  (Fig. 6, 

L o c a l i t i e s  1 and 2 ) .  

Based  on observat ions on conglomerate  beds, the s t r i k e  

o f  the  enclosing  Ortega  Quartzi te  i s  N 67" W; t he  shear 

zones  trend about N 78" W (Fig. 6 ) .  S c h i s t o s i t y   i n  the 

qua r t z i t e   he re  i s  parallel  t o  the bedding  planes. 

Referring  to  the  Ortegn  Q,uartzite i n  the  La Madera 

Quadrangle,  Eingler (1965, p. 1 9 )   s t a t e d  Itthe f o l i a t i o n  / 

i s  an  axial-plane  cleavage and n o t  bedding   fo l ia t ion ,"  

but   the   Ortega  Quartzi te   near  C&on Plaza apparent ly  
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h a s   f o l i a t i o n   p a r a l l e l  t o  the bedd.in.g planes.  Foliation in  

the  Ortega Quartzite i s  parallel   to  conglomerate  beds and 

bedding  planes as outlined  by  heavy  minerals and cross-beds. 

Along the  southwestern f lank of' the PIbpewell ArmJcicZine th[;kLB 

f o l i a t i o n  i n  the  Ortega  Quartzite i s  pa ra l l e l   t o   t he   bedd ing  

planes.  Bingler  undoubtedly i s  c o r r e c t  i n  h i s   ana lyses  i n  

areas where there  i s  t i gh t   fo ld ing ;   t h i s   t i gh t   fo ld ing   cou ld  

r e su l t   i n   ax i a l -p l ane   c l eavage ,  and t h e   f o l i a t i o n  would a l s o  

be more o r  l e s s   p a r a l l e l  t o  the bedding. 

\ 

, 
In  summation f o r   t h e  C&on P l a z a  area, the  beds o f  

Ortega  Quartzite  str ike  approximately N 67' W; they   a re   cu t  

by  northwest  trending sheor  zones along which there  i s  

mine ra l i za t ion ;   fo l i a t ion  i s  p a r a l l e l  t o  the bedding  planes. 

The prominent northwester ly  fold system and the 

n o r t h e a s t e r l y  fault sys t em  pa ra l l e l   t he   t ec ton ic   l i nea t ion  

of the Unconpahgre l i n e  and the   t r anscon t inen ta l   a r ch  

respec t ive ly .  The t ec ton ic   ou t l i ne  o f  the New Mexico 

San  Juan  Nountains  (Fig. 3) does   no t   exac t ly   pa ra l l e l   t he  

Uncompahgre lineament,  but  the major folds and some faults 

a r e   p a r a l l e l  t o  the  l ineament.  It i s  bel ieved that the 

t r a n s v e r s e   f a u l t s  which  cu.t  the major f o l d s  of t he   a r ea  

r e f l ec t   t he   no r theas t e rn   t r anscon t inen ta l   a r ch   l i neamen t .  

TWs  nor theas te rn   l inea t ion  i s  prese'nt i n   t h e   P i c u r i s  

Uplift, Sangre be C r i s t o  Uplif t ,  and p o s s i b l y   i n  the 

Sandia  Uplift .  This f a c t  would support   Bingler ts   content ion 



t ha t   t he re  was a per iod o f  tectonism which r e s u l t e d   i n  

no r theas t   t r end ing   s t ruc t i . r e s   i n   no r the rn  New Mexico 

(B ing le r ,  1965, p. 124). IIowcver, as s t a t ed  above, t he re  

i s  no field evidence i n  t l ~ o  v i c i n i t y  o f  the  Cleveland Gulch- 

Iron Eountain  iron  deposi. ts  which would i n d i c a t e   t h a t  the 

nor theas t   t rending  structures were  formed e a r l i e r   t h a n  the 

northwest   t rending  s t ructuras .  

/' 
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I R O N  DEPOSITS 

General Statement  

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

G u l c h ,   I r o n   M o u n t a i n ,   a n d   G a g o n   P l a z a  are banded.  Band- 

i n g  va r i e s  i n   t h e   d e g r e e   o f   c o n t i n u i t y  as we l l  a s  i n   t h e  

d e g r e e   o f   c o n c o r d a n c e .  P l a t e s  1 A  and  1 4 A  a re  examples   o f  

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

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

t r a c e  i n d i v i d u a l   b a n d s  of t h i s   t y p e ' f o r   d i s t a n c e s   o f  a 

c o u p l e   o f   y a r d s .   H o w e v e r ,   b e c a u s e   t h e s e   e x p o s u r e s  a re  

t h e  maximum c o n t i n u o u s   s p e c i m e n s ,  i t  is n o t   p o s s i b l e   t o  

d e t e r m i n e   w h e t h e r   b a n d i n g   c o n t i n u i t y   e x c e e d s   t w o   y a r d s .  

P l a t e s  2 B  a n d   1 4 B   s h o w   s p e c i m e n s   i n   w h i c h  t h e  b a n d s  are  

n o t   c o n c o r d a n t   a n d  a r e  d i s c o n t i n u o u s .  A l l  v a r i a t i o n s   b e -  

tween  t h e s e  t w o   e x t r e m e s  a r e  f o u n d   i n   t h e   d e p o s i t s .  

P l a t e  1 3 B  is an example o f   b a n d e d   s p e c u l a r i t e - q u a r t z -  

k y a n i t e - s i l l i m a n i t e - a n d a l u s i t e   r o c k   f r o m  Ca i ion   P l aza .  

Band.ing is p o o r   b u t  s t i l l  d i s c e r n i b l e  i n  t h i s   s p e c i m e n .  

M o s t   o f   t h e   s p e c i m e n s   f r o m  I r o n  M o u n t a i n   a n d   C l e v e l a n d  

G u l c h   r e s e m b l e   t h e   s p e c i m e n  i n  P l a t e  14A. 

L 

T h r o u g h o u t   t h i s   r e p o r t   t h e  term " b a n d e d   i r o n  ; 
/ 

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

d e p o s i t s "   o r   " i r o n .   d e p o s i t s . "   T h e   s t r a t i g r a p h i c  'term 
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14 

A. Well  banded  iron  formation.  South  Cleveland  Gulch. 

S20 193 61. 

B. P o o r l y  banded  iron  formation.,  Iron  Mountain. 

P22 203 F20. 
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1 3 6  

I t  formation" .is s o  deeply  entrenched  in  the  literature and 

usage  that any attempt to abandon  the  term  probably  would 

be unsuccessful. The  most  unfortunate  aspect of  the  usage 

is that  there  is  no  generally  accepted  definition  for 

"banded  iron  formation." 

The  origin of the term  "iron  formation" i s  obscure. 

Winchell and Winchell used  the  term in 1891 (p. 2 3 4 )  but 

did not  define it.  As far  as has  been  ascertained,  the 

term  probably  was  derived fr0m.a stratigraphic  diagram by 

Foster and Whitney  (1851, p. 2 ) .  .Their  "Classification of 

the Rocks" was  broken  down  into  "Formations" and this was 

subdivided  into  "Aqueous ," "Metamorphic,". and "Igneous." 
The  "Igneous"  was  further  divided  into  "Plutonic  Rocks" 

and "Trappean or Volcanic Rocks." One  unit  under  the 

"Trappean and Volcanic  Rocks"  was  "Masses of Specular and 

Magnetic  Oxide of Iron." One  can  see  that  "masses of 

specular and magnetic  oxide of iron of the  trappean  or 

volcanic  rocks of the  igneous  formation"  might  readily 

have  been  shortened to  "iron  formation," which  in  those 

days of fairly  uncomplicated  terminology  would  have  meant 

I I  iron  masses  in  volcanic rocks.'' Foster and Whitney 

(1851, p. 2 )  define  formation as an explanation of origin 

o f  the rocks. If this is the origin of the  term  "iron 

formation," it is interesting  that  the  first  indirect 

usage  indicated  the  iron  was  volcanic or trappean  in origin. 
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James ( 1 9 5 4 ,   p .   2 3 9 )   p o i n t e d   ' o u t   t h a t   r o c k s  
. .  

c a l l e d   " i r o n   f o r m a t i o n "   h a v e  many d i f f e r e n t   m i n e r a l o g i c a l  

v a r i a t i o n s   a n d   n o t  even t h e  commonly a t t r i b u t e d   " c h e r t "  

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

f e a t u r e  i n  t h e   ' d e f i n i t i o n   o f   i r o n   f o r m a t i o n  was " i r o n "  

a n d   t h a t   t h e   i r o n  'was s e d i m e n t a r y   a n d   m o s t   o f t e n  was 

l a m i n a t e d .   C o n s e q u e n t l y ,   h e   d e f i n e d   i r o n   f o r m a t i o n  as 

"'a c h e m i c a l   s e d i m e n t ,   t y p i c a l l y   t h i n - b e d d e d  or l a m i n a t e d ,  

c o n t a i n i n g  '15 p e r c e n t  or m o r e   i r o n   o f   s e d i m e n t a r y   o r i g i n ,  

commonly b u t   n o t   n e c e s s a r i l y   c o n t a i n i n g   l a y e r s   o f   c h e r t . ' '  

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

s e d i m e n t a r y   i r o n   d e p o s i t s   a r o u n d   L a k e   S u p e r i o r .  

, .  . 

, ,. ' 

I t  w o u l d   b e   d e s i r a b l e   t o   a b a n d o n   t h e  term " i r o n  

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

g e n e r a l  term f o r   b a n d e d   i r o n   d e p o s i t s  i s  n e e d e d .   T h e   f o l -  

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

f o l l o w   t h e   g u i d e l i n e s  s e t  down  by  James  (1954,   p .   239) ,  

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

f o r m a t i o n  i s  a n   i r o n - r i c h   r o c k   m o s t l y   t h i n - b e d d e d  or lami- 

n a t e d ,   c o n t a i n i n g  15% or m o r e   i r o n   o f   s e d i m e n t a r y   o r   e p i -  

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

q u a r t , z .   T h i s   d e f i n i t i o n   e x c l u d e s   b a s a l t s   a n d   o t h e r   m a f i c  

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

r o c k s   c o v e r e d  i n  James' w o r k   a n d   t h o s e   b a n d e d   q u a r t z   a n d  

i r o n   o x i d e   r o c k s   w h i c h  may h a v e   o r i g i n a t e d  b y   r e p l a c e m e n t  

p r o c e s s e s .  

/ 



Use o f   t h e   w o r d   " b a n d "   h a s   . c o m e   u n d e r   d i s c u s s i o n  

r e c e n t l y .   C a l k i n s  (1941, p .  3 4 5 )  and   Gunder sen  ( 1 9 6 0 ,  

p .  5 6 5 )  b o t h   s t a t e d   t h a t   " b a n d "   r e f e r s   t o   t w o   d i m e n s i o n s .  

N e i t h e r   t h e   " A m e r i c a n   G e o l o g i c a l   I n s t i t u t e   G l o s s a r y   o f  

Geology" nor " W e b s t e r ' s   U n a b r i d g e d   D i c t i o n a r y "   c o m p l e t e l y  

s u p p o r t s   t h e  2 d i m e n s i o n a l   i d e a ,   a l t h o u g h   m o s t   p e o p l e   w o u l d  

a g r e e  t h a t   b a n d   d o e s   r e f e r   t o   w h a t   o n e  sees on a f l a t   s u r -  

f a c e .   N o n e t h e l e s s ,  t h e r e  i s  l i t t l e  l i k e l i h o o d   t h a t   a n y o n e  

w i l l  m i s u n d e r s t a n d  what  is mean t   by   "banded   i ron   fo rma-  

t i o n . "  

N o r t h   C l e v e l a n d   G u l c h   D e p o s i t  

N o r t h   C l e v e l a n d   G u l c h   d e p o s i t  i s  a ser ies  o f  

l enses  o f   b a n d e d   i r o n   f o r m a t i o n   t h a t   m o r e  o r  l e s s  p a r a l l e l  

t h e   e n c l o s i n g   M o p p i n   r o c k s   f r o m   t h e   C e n o z o i c   c o v e r   o n   t h e  . 

eas t  t o  a ' s h o r t   d i s t a n c e  eas t  of   Bromide   Canyon  (F ig .  5 ) .  

0 v e r . t h i s  2 mile  d i s t a n c e   t h e   t h i c k n e s s   o f   i r o n   f o r m a t i o n  

v a r i e s  f r o m  0 t o   a b o u t  15 f e e t ,   a l t h o u g h   t h e   o u t c r o p   w i d t h  

for t h i s  15 f e e t   o f   i r o n   f o r m a t i o n   a n d   t h e   i n t e r v e n i n g  

b e d s  i s  up to 400  f e e t .   M o s t   o f   t h e   i r o n   f o r m a t i o n   a n d  

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

i r o n   f o r m a t i o n   p r o b a b l y   a v e r a g e s   a b o u t  6 t o  7 f e e t  w i t h  

32% i r o n   o v e r   a n   o u t c r o p   w i d t h  o f  1 0 0  t o  150  f e e t .   T h i s  

. .  

estimate is  b a s e d  on measurements i n  t h r e e   b u l l d o z e r   p i t s ,  

n u m e r o u s   i s o l a t e d   o u t c r o p s ,   a n d  severa l  p r o s p e c t  pits a l o n g  
.. . . , !  .I I .  
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t h e  2 mile l e n g t h   o f  t h e  d e p o s i t .   T h e r e  i s  a p o s s i b i l i t y  

t h a t   m o r e   i r o n   f o r m a t i o n   e x i s t s  in t h e  area o u t l i n e d  

n o r t h   o f   C l e v e l a n d   G u l c h  on F i g u r e  5. The a b o v e   f i g u r e s  

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

d e p o s i t s  were e x p o s e d   i n   p r o s p e c t   p i t s ,   o u t c r o p s ,  or 

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

t y p e s   a n d   t o   m e a s u r e   t h e   i r o n   f o r m a t i o n . '   O t h e r   p a r t s   o f  

t h e   M o p p i n   F o r m a t i o n   n o r t h  o f  C l e v e l a n d   G u l c h . h a v e   i r o n  

f o r m a t i o n   p r e s e n t  b u t  i n  smaller amounts .  

The b e s t   e x p o s u r e  o f  t h e   N o r t h   C l e v e l a n d   G u l c h  

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

i r o n   d e p o s i t   m a p p e d   o n   F i g u r e  5 ( P l a t e   1 6 A ) .   T a b l e  111 

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

a b o u t  13 1 / 2  f e e t   t h r o u g h   t h e   m o s t   i r o n - r i c h   p a r t   o f  t he  

o u t c r o p .   T h e   i n t e r v e n i n g   s c h i s t s  may b e   m e t a - p e l i t e s   o r  

m e t a - t u f f s .   T h i s   s e q u e n c e   l i s t e d  on T a b l e  111 i s  somewhat 

a t y p i c a l   i n  t h a t  most  of  t h e  r e s t  o f   t h e   i r o n - r i c h   u n i t  

( u n i t  5 i n  t h e   p e t r o g r a p h i c   d e s c r i p t i o n s )  have more   ch lo -  

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

a r e  n o t  as w e l l  e x p o s e d  as t h e   s e q u e n c e   l i s t e d  on t h e   t a b l e .  

P e t r o g r a p h i c   d e s c r i p t i o n s   f o r   t h e   i n t e r v e n i n g   s c h i s t s ,  L 

p h y l l i t e ,   q u a r t z i t e ,   a n d   a m p h i b o l i t e  have b e e n   p r e s e n t e d  i n  

t h e   s e c t i o n  on M o p p i n   s t r a t i g r a p h y .  / 

M o s t   s a m p l e s   f r o m   t h e   i r o n   d e p o s i t s   n o r t h   o f  Cleve- 
/ 

l a n d  Gulch a re  banded  ( P l a t e  15A) .   Banding  i s  f o r m e d  by 
I' 
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Banded  Iron  Formation (97 ) "  

Biotite-Chlorite  Schist 
~ ~- ~ 

Banded  Iron  Formation (103)" 

Biotite  Schist . - 

Banded  Iron  Formation (107)*  

.Banded Iron  Formation 
Quartzite 

Quartzite (113)" 

Banded  Iron  Formation (116)* 
"- Biotite  Schist 

Banded  Iron  Formation 
Biotite  Schist 
Banded  Iron  Formation 
Biotite-Chlorite  Schist 
Banded  Iron  Formation 
Biotite  Schist 
Banded  Iron  formation 

-" Biotite-Chlorite  Schist 

Banded  Iron  Formation (133)" 

Biotite-Muscovite  Schist 

Banded  Iron  Formation ( 1 4 2 ) s  

Biotite-Muscovite  Schist 

Banded  Iron  Formation 
Biotite.-Muscovite Schist 

- Biotite-Muscovite  Schist Banded  Iron  Formation 

"-- Banded Iron Formation 

.Banded Iron  Formation (164)"  
Muscovite-Ciotite  Schist 

Muscovite-Biotite  Schist 

Banded  Iron  Formation (167) "  

Muscovite-Biotite  Schist 
Banded  Iron  Formation 
Muscovite-Biotite  Schist 

Banded  Iron  Formation (185)* 

Muscovite  Schist (198)" 

Banded  Iron  Formation (195 ) "  

2 Phyllite ( : 9 8 ) *  

Total: 161.4 inches 

Scale: 0 . l " : i .O"  

(164) "  Samples  having  spectrographic analyses. Number is the  last 
2 or 3 numbers o f  20193 series  north o f  Cleveland  Gulch 
(See Table I). 

Table 111. Section of the part of Moppin  Formation  with  the  highest  iron 
formation  content  north o f  Cleveland  Gulch. 

- 



A. Banded i r o n  formation. .North Cleveland Gulch. 

B. Altered i r o n  formation.  Vuggy  with  earthy  hematite. 

North Cleveland Gulch. 
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the alternation of magnetite-rich  layers and quartz-rich 

layers;  individual  layers  range  from 0.1 mm to over 10.0 mm 

in  thickness,  but  typical  hand  specimens do not  show  this. 

range. Most  bands are  in  the 1.0 mm to 5.0 mm range. 

Banding  continuity and concordance  range  from  good to 

poor  (Plate 1A and B), but  most  samples  display good band- 

ing. However,  some bands  pinch and swell,  others  join, and 

some  cut  across  other bands. Near  one  contact  with  the 

enclosing  rocks  banding is poor or absent,  iron  is  mostly 

in  the  form of earthy hematite, and  the rock  is  vuggy 

(Plate 15B). This  vuggy  rock  with  the  earthy  hematite  may 

have  resulted  from  meteoric o r  hydrothermal  action  along 

the  contact of the  iron  formation and the  enclosing rock. 

At any rate’  this  phenomenon  is rare. 

. .  

Magnetite,  partly  weathered t o  martite, is  in 

general  euhedral,.ranges  from 0.05 mm to 0.5 mm, and ac- 

counts  for 25-50% of the rock. In some  specimens,  mag- 

netite  displays two distinct  size  ranges,  one of them 

usually  quite  small.  Quartz  forms an equigranular  mosaic 

. .  

ranging  from 0.07 mm to 0 . 4  mm  in  diameter  and 

accounts  for 30-70% of the rock. Other  minerals in the 

iron  formation  are  biotite,  0-20%;  calcite,  0-25%;  chlorite, 

0-10%; feldspar, 0-15%; muscovite, 0-7%; epidote, 0-2%;’ 

tourmaline, 0-3%; apatite 0-3%; rutile a  trace; and garnet 

a trace. In  the  order of decreasing  frequency,  chlorite, 
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m u s c o v i t e ,  c a l c i t e ,  a n d   b ' i o t i t e  a re  t h e   m o s t  common. 

T o u r m a l i n e '   a n d   f e l d s p a r   c r o s s - c u t ' m i r i e r a l   g r a i n s   i n  a few 

s p e c i m e n s .  

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

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

t o t a l   r o c k   s p e c i m e n ,   a n d   a l m o s t  a l l  o f   t h e   a p a t i t e .  Mag- 

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

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

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

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

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

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

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

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

( F i g .  5 ) ,  t h e   s p e c i m e n s   a r e   m o d e r a t e l y   t o   w e l l - b a n d e d .  

I n d i v i d u a l   l a y e r s   a r e  0 . 1  mm t o  2 . 0  mm t h i c k ,   a n d   s o m e  

p i n c h   a n d  swel l .  Q u a r t z   f o r m s  an e q u i g r a n u l a r .   m o s a i c ,   w i t h  

i n d i v i d u a l   g r a i n s   a v e r a g i n g  0 . 1  mm, a n d = & = a c c o u n t s   f o r  

a b o u t .  50% o f   t h e   r o c k .   E u h e d r a l   m a g n e t i t e ,   a v e r a g i n g  

0 . 0 8  mm,  makes  up 4 0 %  of  t h e   r o c k .   C h l o r i t e   a n d   c a l c i t e  

e a c h   a c c o u n t   f o r  5 % ,  a n d ,   a l t h o u g h   c h l o r i t e   a n d   c a l c i t e  

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

common i n   t h e   m a g n e t i t e - r i c h   b a n d s .  

About  a t h o u s a n d   f e e t  west of t h e   a b o v e   o u t c r o p ,  

i n  a l a r g e   b u l l d o z e r   c u t ,   o n e   t y p i c a l   s a m p l e   h a d   4 5 %   e q u a n t  
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q u a r t z   g r a i n s   a v e r a g i n g  0 . 2  mm, a t r a c e  of  m u s c o v i t e   a n d  

g a r n e t ,  40% e u h e d r a l   m a g n e t i t e   a v e r a g i n g - 0 . 1  mm,  a n d   a b o u t  

1 5 %  c r o s s - c u t t i n g   a n h e d r a l   a l b i t e .   B a n d , i n g   w a s   f a i r   t o  

good   and   r anged   be tween  3 . 0  mm and  10.0.mm i n   t h i c k n e s s .  

The a l b i t e  i s  somewha t   anomalous ,   because  i t  was f o u n d  

o n l y   i n   t w o   s p . e c i m e n s   i n   t h e   N o r t h   C l e v e l a n d   G u l c h   a r e a .  

A q u a r t z   v e i n   c u t s   t h e   i r o n   f o r m a t i o n   w h € c h   c o n t a i n s   t h e  

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

a l b i t e .   M o s t   o t h e r   s a m p l e s   i n   t h e   i m m e d i a t e  a r ea  h a v e  small  

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

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

A n o t h e r   t h o u s a n d   f e e t  west i s  an o u t c r o p   o f  a 

p o o r l y   b a n d e d   p a r t  o f  t h e   i r o n   f o r m a t i o n   ( P l a t e   1 B ) .   I n  

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

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

( P l a t e  16B). B a n d i n g   c o n t i n u i t y   a n d   c o n c o r d a n c e  i s  m o s t l y  

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

v a r i e s  f r o m  0.5 mm t o  o v e r   1 0 . 0  mm. E q u a n t   q u a r t z   a v e r a g i n g  

0 . 3  mm i n   d i a m e t e r   a c c o u n t s   f o r  5 0 - 7 0 %  o f   t h e   r o c k ;   e u h e d r a l  

m a g n e t i t e   a v e r a g i n g  0 . 0 7  m m ,  3 0 - 4 5 % ;  c h l o r i t e ,  2 - 7 % ;  and  

a p a t i t e ,  0-3%. C h l o r i t e  i s  m o s t l y   i n   m a g n e t i t e   b a n d s ,   a n d  

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

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

some b a n d s   c u t   o t h e r s .   I n d i v i d u a l   b a n d s  a re  f r o m  '0.1 mm 
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A. Bulldozer  pit  in  iron  formation.  Moppin  Formation. 
I 

North  Cleveland  Gulch.  Darker  units  are  iron  formation. 

Lighter  areas  are  mostly  schist.  Continuous  section 

on Table I11 described  from  this  exposure. 

B. Banded  iron  formation.  Moppin  Formation.  North 

Cleveland  Gulch.  Quartz (Q), magnetite (M), c h l o -  

rite ( C ) .  2.20 193 4 4  Plane  light. 

' 1  ' V  ' '_ 1 ' ,' .> . . ., , ., . .. -- . .. . , . . , 
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to about 3.0 mm thick. Quartz  averaging 0.1 mm in  diameter 

accounts  for 40-50% of the rock;  euhedral  magnetite  averag- 

ing 0.07 mm, 40-50%; chlorite, 3-7%; muscovite, 0-3%;  and 

a trace of apatite  compose  the  remainder of the rock. I n  

these specimens  the  chlorite and muscovite  are  consistently 

more common  in  the  magnetite-rich bands (Plate 6 A ) .  One 

sample  from this  area  has  crushed quartz grains and micro- 

faulted bands. This deformation,may have  been  the  result 

of the  emplacement of the4 intrusive "CFig. 5). 
Ad; OCQnL 

" " !- d j % b + b b .  : I .  '7," _ - .  : . . . . .  ..: :-...a ? * * a m - :  ..... 
None  of  the hand specimens of the  iron  formation 

from  different  localities  in the North  Cleveland  Gulch 

deposit l o o k  alike. Grain  size of the  magnetite  varies, , 

and layer  thickness is variable as well  as  the  range of 

layer  thickness  in  a  single  specimen.  The  degree of 

weathering of the  magnetite is also  highly  variable.  Kind 

and amount of accessory  (non-magnetite,  non-silica)  min- 

erals  are  also  highly  variable.  Consequently, it is  not 

possible to  identify an  individual lens from  one  outcrop 

to the  next  where covered  areas  intervene. The two  things 

that samples  from  various  outcrops  have.in  common  is  banding 

formed by alternation of magnetite-rich  layers  with  quartz- 

rich  layers and the  concentration of ch1orit.e and the,-micas 

in  the  magnetite-rich bands. ,I .-. 
For  the  most  part,  weathered  schists  and  phyllites . .  ~ . ,  
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are  associated  with the  iron deposits. Due to weat :hering 

characteristics, iron formation commonly is the  only  con- 

stituent or at  least the most  prominent  component of most 

outcrops. This  condition  made it difficult to determine 

degree of concordance or discordance of the  iron  forma- 

tion to surrounding rocks. However,. at one  locality,  the 

iron  formation had an  outcrop  length of several hundred 

feet and in this  distance  the  strike changed  from  about 

N 85'  'E to S 80" E. A fine-grained  amphibolite  bed which 

was  about 100 feet  below  maintained  an  east-west  strike 

over  this same distance.  This example'shows  some  discord- 

ance  between  the iron formation and the enclosing silicate 

rocks. Over  a  distance of about 10 feet  in the bulldozer 

slices and in  the  prospect  pits  .the  iron  formation  was 

conformable.  Outcrops were t'oo scarce to determine  the 

structural  relationships  in any more  detail..  The  pronounced 

weaving  shown by the  limits of iron  mineralization  on 

Figures 2 and 5 could  ,reflect  lensing of the  iron  formation 

and some of the  enclosing  rocks  as  much  as any discordance. 

South  Cleveland  Gulch  Deposit 

Across  Cleveland  Gulch to the  south of the  large 

iron  deposit  described  above  is  a  smaller body of iron 

formation (Fig. 5). This  skull-shaped  area  with  iron 

formation  is confined  mainly to the  meta-arkose  unit  in 
/ 

. -  
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t h e   u p p e r   p a r t   o f   t h e   M o p p i n   F o r m a t i o n ,   b u t  i t  a l s o   e x -  

t e n d s   i n t o   t h e   b a s a l   O r t e g a   Q u a r t z i t e .   T h i s   a r e a  i s  a b o u t  

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

650  f e e t   i n  i t s  w i d e s t   e a s t - w e s t   d i m e n s i o n .   P r e s e n c e   o f  

a d e p o s i t   s o u t h   o f   C l e v e l a n d   G u l c h ' w a s  f i r s t  r e c o g n i z e d  

when s e v e r a l  p i e c e s   o f   b a n d e d   i r o n   f o r m a t i o n   f l o a t  were 

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

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

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

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

t i o n   t h e  area o f   i r o n   f o r m a t i o n   w a s   l o c a t e d  i n  t h e   f i e l d .  

: 

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

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

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

t h e   m e t a - a r k o s e ,  i s  d a r k   g r a y - b l a c k   a n d   h e r e   b a n d e d   i r o n  

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

c a n   b e   t r a c e d   i n   t h e   f i e l d .  No o u t c r o p s   o f   i r o n   f o r m a t i o n  

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

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

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

m e t a - a r k o s e   a n d   q u a r t z i t e ,   b o t h   o f   w h i c h ' a r e   r e l a t i v e l y  

m o r e . r e s i s t a n t   i n   t h e   c l i m a t e   o f   t h e   a r e a .   T h e   N o r t h  

C l e v e l a n d   G u l c h   i r o n   d e p o s i t s ,   o n   t h e   o t h e r   h a n d ,  a re  

s u r r o u n d e d   b y   s c h i s t s   a n d   a m p h i b o l i t e   w h i c h  a re  l e s s  res is t -  

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

The p o s s i b i l i t y  t h a t  t h e   s k u l l - s h a p e d  a rea  r e p -  

r e s e n t s  an a n c i e n t   f l o a t  o r  s t r eam d e p o s i t   i n s t e a d   o f  

a n  12 s a  d e p o s i t   h a s   b e e n   d i s c a r d e d .   T h i s  is b a s e d  

on g e o m e t r i c a l   r e l a t i o n s h i p s ,   w e a t h e r i n g   c h a r a c t e r i s -  

t i c s ,  and  t r a c e  e l e m e n t  d i s s i m i l a r i t i e s .  The l i m i t e d  

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

o f   i r o n   f o r m a t i o n   f l o a t  i n  a d j a c e n t  areas,  a n d   t h e   f a c t  

t h a t   t h e   s k u l l - s h a p e d  a rea  n a r r o w s  a t  i t s  s o u t h e r n  

( d o w n s l o p e )   e n d   a w a y   f r o m   t h e   o n l y   p o s s i b l e   a l l o c h -  

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

f l o a t  o r i g i n  from t h e   N o r t h   C l e v e l a n d  Gulch d e p o s i t .  

In a d d i t i o n ,  upon e x p o s u r e   t o   t h e   a t m o s p h e r e ,   t h e  mag- 

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

t o  mar t i te .  Almost  a l l  t h e   f l o a t   f r o m   t h e   N o r t h  Cleve- 

l a n d  Gulch d e p o s i t   i n   t h e   p r e s e n t  stream c h a n n e l  a t  t h e  

b o t t o m  of C l e v e l a n d   G u l c h   h a s   m a g n e t i t e   g r a i n s   w h i c h  

a re  75% o r  greater  m a r t i t e .  If t h e  magnet i te  o f   t h e   S o u t h  

C l e v e l a n d   G u l c h  area h a d  b e e n   d e r i v e d   f r o m  t h e  N o r t h  

C l e v e l a n d  Gulch d e p o s i t ,   o n e   w o u l d   e x p e c t  t h e  m a g n e t i t e  

t o   c o n t a i n  a h i g h e r   p e r c e n t a g e  o f  mar t i t e  t h a n   t h e   f l o a t  

i n  t h e  b o t t o m   o f   C l e v e l a n d   G u l c h   a n d  a ' h i g h e r  p e r c e n t a g e  

of mar t i te  t h a n  t h e  N o r t h   C l e v e l a n d ' G u l c h   d e p o s i t  ,+ 

/ 

, , . .  , ' ,  
/" 
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b e c a u s e   t h e  time a n d   d i s t a n c e   o f   t r a v e l   i n v o l v e d   w o u l d  

h a v e   b e e n   l o n g e r .  T h i s ,  however ,  i s  n o t   t h e  case.  

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

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

n o r t h   o f   C l e v e l a n d   G u l c h .   T h e r e f o r e ,   f o r   t h e s e   r e a s o n s  

and t r ace  element d i f f e r e n c e s   w h i c h  w i l l  b e   d i s c u s s e d  

l a t e r ,  a N o r t h   C l e v e l a n d   G u l c h   o r i g i n  for t h e s e   d e p o s i t s  

has b e e n   d i s c o u n t e d .  

Few f l o a t  rocks t h a t   r e s e m b l e   m e t a - a r k o s e  o r  

q u a r t z i t e  a re  f o u n d   i n   t h e   i r o n   d e p o s i t  area.  T h e   o n l y  

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

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

M o p p i n   F o r m a t i o n .   I n   a p p e a r a n c e   a n d   m i n e r a l   c o m p o s i t i o n ,  

t h e   a m p h i b o l i t e  i s  similar t o   t h o s e   n o r t h   o f   C l e v e l a n d  

Gulch .  

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

u s u a l l y   h a v e   a b o u t  4 5 %  q u a r t z ,  45% e u h e d r a l   m a g n e t i t e ,  

8% c h l o r i t e ,   a n d   a c c e s s o r y   m u s c o v i t e   a n d   e p i d o t e .   C h l o -  

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

( P l a t e  18A). B a n d i n g   c o n t i n u i t y   a n d   c o n c o r d a n c e  are USU- 

a l l y   g o o d   ( P l a t e  1 4 A ) .  B e c a u s e   n o   o u t c r o p s  a re  a v a i l a b l e ,  

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

o u t s i d e  of t h e   d e p o s i t   t o   t h e  center o r . u p o n   c r o s s i n g . t h e  

c o n t a c t  of t h e   m e t a - a r k o s e '   a n d   c h l o r i t e   s c h i s t  and t h e  

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

o f   t h e   b a s a l   O r t e g a   Q u a r t z i t e .  

I r o n   M o u n t a i n   D e p o s i t  

I r o n   d e p o s i t s   a n d   t h e   e n c l o s i n g   r o c k s  on t h e  

w e s t e r n   f l a n k   o f   I r o n   M o u n t a i n  were m a p p e d   w i t h   t h e   a i d  

o f   p l a n e   t a b l e   a n d   a l i d a d e   ( F i g .  4 ) .  Mop'pin F o r m a t i o n  

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

b y   d i k e s   a n d  s i l l s  of s i l i c i c  t o   i n t e r m e d i a t e   c o m p o s i -  

t i o n .   B a n d e d   i r o n   f o r m a t i o n  i s  r e s t r i c t e d   t o   t h e  meta- 

t u f f s .  On F i g u r e  4 t h e   p r o s p e c t   p i t s  are i n  t h e   t h i c k -  

e s t  p a r t   o f   t h e   i r o n   f o r m a t i o n  on I r o n   M o u n t a i n .   T h e  

body i s  a b o u t  1 0  f e e t   t h i c k  ( P l a t e  17A) and i s  b e l i e v e d  

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

several  h u n d r e d  f e e t .  Few s i l i c a t e  b e d s  a re  i n t e r b e d d e d  

i n  t h i s  1 0  f e e t   o f   i r o n   f o r m a t i o n .   I r o n   d e p o s i t s   o n  

I r o n  M o u n t a i n   c o n t a i n   f r o m  2 2 %  t o  3 7 %  i r o n   a n d   a v e r a g e  

2 8 % .  

O t h e r  areas o f   i r o n   m i n e r a l i z a , t i o n   o n  Iron Moun- 

t a i n  a re  smaller i n   t h i c k n e s s   a n d  a r e a l  e x t e n t .  The 

l a r g e s t  body s o u t h e a s t   o f   t h e  main b o d y   o n   F i g u r e  4 i s  ' 

up t o   1 5   f e e t   t h i c k ,   b u t   o n l y   a b o u t  1 or 2 f e e t  o f   t h i s  

t h i c k n e s s  i s  b a n d e d   i r o n   f o r m a t i o n .  Th.e main body  of  

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

t u f f   b e d   ( F i g .  4 ) .  S t r i k e   o f   t h e   m e t a - t u f f s  was d e t e r m i n e d  
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A .  Prospec t  p i t  i n  main  banded  iron  formation  deposit  

on  Iron  Mountain. 

B .  Cross -cut t ing   smal l  body of   banded  iron  formation 

on Iron  Mountain .   Black  l ine   approximate ly   a long 

t h e   i r o n   f o r m a t i o n .  Camera f a c i n g   p a r a l l e l   t o   t h e  

s c h i s t o s i t y   o f   t h e   e n c l o s i n g   c h l o r i t e   s c h i s t .  
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c u t t i n g   v e i n - l i k e   b o d y .  

Many o f   t h e  smaller i r o n   f o r m a t i o n   b o d i e s   c u t  

a c r o s s   t h e   s t r i k e   o f   t h e   e n c l o s i n g   b e d s  ( P l a t e  17B) .  

I n  P l a t e  17B the  camera f a c e s   a l o n g   s t r i k e  o f  t h e  c h l o -  

r i t e  s c h i s t   a n d   t h e   v a r i o u s   m a r k e r s  are a t  b e n d   p o i n t s  

o f  t h e  s t r i k e  of a small b a n d e d   i r o n   b o d y .   W h e r e  i t  i s  

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

i t  g r a d e s   i n t o .   b a n d e d   c h l o r i t e - q u a r t z   s c h i s t   ( P l a t e   1 9 A ) .  

. .  

Band ing  i s  p o o r   ( P l a t e  1 4 B )  t o   g o o d ,   b u t   p o o r  3 

b a n d i n g  i s  rare. B a n d s   r a n g e   f r o m   0 . 1  mm t o   5 . 0  mm i n  

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

/ 

I 

f r o m   t h e   s t r i k e   o f   t h e   s c h i s t o s i t y   w h i c h  i s  p a r a l l e l   t o  

t h e   s t r i k e  of  t he  o v e r l y i n g   m e t a r h y o l i t e   b e d   a b o u t   1 0 0  

y a r d s   n o r t h  of  I r o n   M o u n t a i n .   T h e   s t r i k e   o f   t h e   O r t e g a  

Q u a r t z i t e ,   w h i c h  i s  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   M o p p i n  

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

l y i n g  Mopp in   rocks ,  was u s e d   t o   s u p p o r t   t h e   s t r i k e   o f  L 

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

f l a n k  of  t h e   H o p e w e l l   A n t i c l i n e  was t h e   s c h i s t o s i t y   o t h e r  

t h a n   p a r a l l e l   t o   t h e   b e d d i n g .  East  o f   I r o n   M o u n t a i n   a n d  

l o w e r   i n   t h e   s t r a t i g r a p h i c   s e c t i o n  are  some t h i n   m e t a r h y -  

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

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

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

C o n s e q u e n t l y ,   t h e   m a i n   b a n d e d   i r o n   d e p o s i t  i s  a c r o s s -  

I 

. .  
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pinch  out  over  short  distances, cut across  other  layers, 

and are very irregular  under the microscope (Plate 18B). 

Banding is formed by an alternation of quartz-rich and 

magnetite-rich  layers.  In  whole  rock  samples,  quartz 

ranges  from 40-50%, magnetite  from 30-50%, chlorite  from 

0-25%, muscovite  from 0-7%, and epidote  is  present  in 

traces. 

Chlorite  is  in  both  light and dark  bands,  but 

it i s  --.concentrated in  the  dark layers. Musco- 

vite  is  in  fine-grained  flakes  parallel to the  'schistosity 

and in  euhedral  books at  various  angles up to 90" to the 

planes of schistosity.  These  books of muscovite  show 

interesting  textural  relationships  with  the  quartz and 

magnetite bands. Quartz  bands  pass  through  muscovite 

books. Magnetite  bands  persist  through  the  muscovite 

books with  the  only  effect  on  the  magnetite being a 

reduction  in  grain  size (Plate 18C). In places  only 

"ghosts" of muscovite  books  remain (Plate 18D); these 

"ghosts" are  outlined by magnetite  grains  which  are .. 

reduced  in size. The  muscovite "ghosts" and partly 

altered  books of muscovite may be  together  in  the  same 

thin section. &--- the  muscovite  books  originated 
', 5 / 

after  the  development of schistosity  since  they  are cross- 

cutting. the  magnetite was4intr.o uced  after  the 

muscovite  books as' is strongly  suggested by the  muscovite 

& 

p rob-bt 
6 / 
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A .  Banded iron formation. Moppin Formation. South 

Cleveland Gulch. Magnetite (M), chlorite (C), 
quartz (Q). Chlorite  concentrated .in magnetite-rich 

bands. S20 193 61 Plane light. 

B. Poorly  banded  iron  formation. I Moppin Formation. 

Iron Mountain. Quartz (Q), magnetite (M). Note 

irregular banding. P22  203  F20  Plane  light.. 

C.  Banded iron  formation.  Moppin  Formation.  Iron 

Mountain.  Cross-cutting  muscovite book (M) partially 
replaced  by  magnetite (M) and quartz (9). 22 203  12 
Plane light. I 

D. Banded iron  formation.  Moppin  Formation.  Iron 

Mountain.  Cross-cutting muscovite book completely 

replaced by magnetite and quartz bands. 22 203 15 

Plane light. 
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" g h o s t s "   a n d   t h e i r   r e l a t i o n s h i p   t o   t h e   m a g n e t i t e .  

S m a l l   i r o n   b o d i e s  were f o u n d  on t h e  e a s t e r n  

f l a n k   o f  I r o n  M o u n t a i n   ( n o t   m a p p e d   b y   p l a n e   t a b l e )   a n d  

i n   t h e  Mopp in   rocks  e a s t  o f   I ron   Moun ta in .   None   o f  

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

i t  i s  b e l i e v e d   t h a t   t h e   d e p o s i t s  a re  t h i n   a n d   l i m i t e d  

i n   e x t e n t .  
I 

Cafion P l a z a   D e p o s i t  

CaCion P l a z a  d e p o s i t  , i s  l i m i t e d  i n  e x t e n t ;  i t  i s  

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

p r e v i o u s l y   d e s c r i b e d   d e p o s i t s .   O u t c r o p s  a r e  scarce ,  

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

a b o u t . 1   t o  2 f e e t   w i d e .  A t  o n l y  one  l o c a l i t y  was i t  up 

t o  10 f e e t  w i d e   ( P l a t e  19B). The d e p o s i t  i s  i n  a s h e a r  

z o n e   w h i c h   i n  many p l a c e s  i s  n e a r l y   p a r a l l e l   t o   t h e   s t r i k e  

o f  t h e   e n c l o s i n g '  O r t e g a  Q u a r t z i t e .  A t  o t h e r   l o c a l i t i e s  

t h e   s h e a r  zone  c u t s   a c r o s s   t h e   s t r i k e   o f   t h e   O r t e g a  

b e d s .  In P l a t e  19B t h e   b l a c k   p e n c i l  i s  l a y i n g   a l o n g   t h e  

s t r i k e  o f  t h e  O r t e g a  b e d s   a n d   t h e   s c h i s t o s i t y   o f   t h e  

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

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

C o n s e q u e n t l y ,   t h e   c r o s s - c u t t i n g   n a t u r e  of  t h e   i r o n   d e -  

p o s i t  i s  a p p a r e n t .  

About  300 y a r d s   s o u t h   o f   t h i s   m i n e r a l i z e d  .shear 

z o n e  i s  a n o t h e r   z o n e   w h i c h  i s  l i k e   t h e   o n e   d e s c r i b e d  
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A. Iron  Mountain.  Gradation o f  small  lens o f  banded 

iron  formation (to immediate  left of pencil)  into 
chlorite.schist (at top of photograph  above  point 

of pencil). 

B. Cross-cutting  iron  formation  at Cafion Plaza.  Strike 

of enclosing  Ortega  Quartzite  is  parallel  to  pencil. 

Strike of iron  formation  normal  to  plane  of  the  photo- 

graph. 

i 

I "  . ' 

/ 
/' 
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above in every  respect  except  for  absence of much  specu- 

larite and  metasomatic  minerals.  Both of these zones 

were  formed by northwest  trending  faults,  but  only  the 

northern  zone  was mineralized. 

Banding  is  poor to fair (Plate 13B) with corn-. 

ponent  layers  usually  pinching and swelling  over  short 

distances.  Banding is formed by alternation of specu- 

larite-rich  layers  and quartz-aluminum'silicate-rich 

layers. In many  places  the  banding is highly  contorted 

indicating  post-band  deformation. Also, the  specularite 

causes  pronounced  schistosity in the deposit. Iron con-, 

tent  ranges  from 17% to 25% (Table V) and averages 22%.  

Projecting this  deposit to a  depth  of 200 feet  would 

yield  only  about 80,000 tons of "ore. 11 

CaXon  Plaza has  a  unique mineral  assemblage for + 

the  iron  deposits of the area. Instead of magnetite, 

specularite  is  the  iron  oxida,(Plate 20A). In  addition 

to quartz,  the  rock  contains  andalusite,  'kyanite,  silli- 

manite,  vesuvianite,  gahnite,  tourmarine,  rutile,  garnet, 

muscovite, and apatite. Besides  the  unique  mineral as-. 

semblage,, several  interesting  textural  relationships  are 

present. One of the  most  interesting  features is the 

presence of andalusite,  kyanite, and sillimanite  in a 

single specimen. In some hand specimens;andalusite up 

to 7 mm and kyanite up to 5 cm  long  are  present.  'Kyanite 

/ 
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usually  changes from  blue to pink along  a  single grain. 

Sillimanite  forms  feathery  masses  in  quartz grains and 

was  observed  only  in  thin  section.  Presence  of the three 

polymorphs of aluminum  silicate  in a, single  specimen 

is rare. Hietanen (1956) made a complete  study of an 

assemblage of the  three  aluminum  silicates  in the Belt 

Series o f  Idaho and attributed  their  presence  to  fluctu- 

ation of temperiture and pressure  around  a  field  where 

all  modifications may exist  in  equilibrium, and this 

occurred  during  complex  regional and thermal  metamorphism 

(1956, p. 2 7 ) .  Probably  disequilibrium  could  account ' 

f o r  their  presence  together  as well. At Cagon  Plaza, 

no intergranular  sillimanite  was found.. This  suggests 

that equilibrium may not  have  been attained. If this 

assemblage  does  represent an equilibrium  assemblage,  it 

would  have'formed  near  the  triple  point  for the three 

polymorphs on a  pressure-temperature  diagram and would 

indicate  a  temperature of about 300' C  at  a  pressure of 

ab.out 8 kilobars (Morey, 1964, p. 2 5 ) .  However, these 

phase  boundaries  have  not been established  experimentally 

and should  not  be  accepted as  definite  until  additional 

laboratory work has been  completed. It  is  highly im- 

probable that  the  assemblage  at Caiion Plaza  was  in  equi- 

librium, and as a  consequence,  phase  boundaries wou'ld 

be  meaningless  for this area. 
I 
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Samples of Ortega  Quartzite in the  vicinity of 

the Caiion Plaza  deposit  contain  kyanite and sillimanite 

grains. Possibly  much of the  kyanite and  sillimanite 

in the shear  zone  was  inherited  from  the quartzite. 

However,  there  is  apparently  more  kyanite  than  is  pres- 

ent in the  quartzite. This  excess  kyanite  probably  was 

introduced by aluminous-rich  mineralizing  fluids  that 

invaded  the  shear zone. Even  though  high  pressure  dur- 

ing metamorphism  favors the formation of kyanite  over 

the other  polymorphs, thus suggesting  that  kyanite  is 

formed  only  under  this  condition,  kyanite is found in 

pegmatites  where no  stress  seems to have  been  present 

(Barth, 1 9 5 2 ,  p. 2 5 7 )  and also  in  gold-quartz  veins 

( C .  Z. Park,  personal communication). Corey (1960 ,  

p. 5 3 )  believed  that  kyanite  deposits on La  Jarita  Mesa 

were  formed  in  part by "injection of siliceous  hydro- 

thermal  solutions  containing  assimilated  aluminous ma- 

terial." Consequently,  the  andalusite and at least  part 

of the  kyanite  are believed to have  been  emplaced by 

the  mineralizing  fluids  which  entered  the  shear zone. 

Metasomatism is supported by the  presence of 

gahnite. Deer,  Howie, and Zussman (1962,  p. 6 7 )  stated 

"The  zinc  spinel,  gahnite,  occurs  chiefly  in  granitic 

pegmatites. . . ., but is also  found in e contact altered 
limestones and in metasomatic  replacement  veins and  ore 
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bodies." Presence of gahnite,  presence of a  shear  zone, 

irregular  pinching and swelling of the deposit,  the  cross- 

cutting nature of the  zone, and  the  apparent  absence in 

the unaffected  Ortega  rocks of the elements  necessary to 

make up the  unique  mineral  assemblage  indicate  that  the 

shear  zone  has  received  some  form of epigenetic  minerali- 

zation. 

Near  the  contact of the  deposits  with the Ortega 

Quartzite,  the  rocks  are  composed of about .equal amounts 

of quartz,  andalusite, and specularite  with  small  amounts 

of muscovite,  kyanite,  rutile,  sillimanite,  gahnite, 

vesuvianite,  garnet,  tourmaline, and apatite,in  the  order 

of decreasing  abundance.  Near the  center'of  the  deposit, 

quartz  accounts  for  the  largest  amount of the  non-opaque 

minerals;  specularite is present  but  accounts  for  only 

about a  third of the rock. Kyanite is the  next  most com- 

mon  mineral, and  there  are  small  amounts of andalusite, 

muscovite, and vesuvianite. 

Th'e aluminum  silicates,  in  general,  have  their 

long  axes  aligned  parallel to'the schistosity of the 

specularite. Near  the  contact of the  deposit, the layers 

are  highly  contorted  indicating  that  there  was  deforma- 

tion  during  the  late  stage of  'band formation o r  after' 

the  formation of the  mineral suite. However,  near  the 

center of the  deposit  the  layers show'very  littke'effect 

, 
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of late deformation. Quartz  recrystallized to large 

optically  continuous  grains  with  muscovite or silli- 

manite  grains  usually  within  the quartz. There is 

marked  contrast  between  these  large  clear  quartz  grains 

and the  fine-grained mosaics of quartz  which  typify  the 

iron  formation at Cleveland Gulch and Iron Mountain. 

Near  the  contact, but away from the highly  contorted 

part,  the  specularite bands  pass  through some of the 

large  quartz  grains and other  minerals  without  apparent 

deflection o r  other effect. Near- the  middle of the 

deposit  the  components of the  bands  become  more  segre- 

gated, and the large  optically  continuous  quartz  grains 

appear  to be partly  changed to a  fine-grained equi- 

dimensional  mosaic  resembling the quartz  mosaics of the 

Cleveland  Gulch-Iron  Mountain  iron  formation. 

Spectrographic  Analvses 

Table  IV is a  compilation of semi-quantitative, 

spectrochemical  analyses of 6 3  whole-rock  samples  from 

the  iron  deposits and enclosing  rocks  at  Cleveland  Gulch, 

Iron  Mountain, and Caiion Plaza. Sample  212015  was 

checked  only for Be, B, Li, and Sn. Each  of  the  other 

samples  was checked f o r  50 elements,  but only  26 of the 

elements  are  present  in  one or more  of  the samples., 

Amounts of the elemeri-ts were  determined in the  following 
/ 
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BANDED I R O N  FORMATION 
NORTH CLEVELAND GULCH 

2019327 
2019359 

2019377 
2019380 
2019388 
2019397 
20193103 
20193107 

20193133 
20193142 

20193167 - 
20193185 

S2019320 
20193195 

S2019337A 
S2019337B 
520193448 
S2019344B 
S2019347 
S2019348 
S2019349 
21185 
21186 

211810 

2019366 

20193116 

20193164 

21189 

BANDED IRON FOF3fATION 
SOUTH  CLEVELAND GULCH 

S2019350 
s2019351 
S2019352 

~2019361 
S2019353 

BANDED IRON FORMATION 
IRON MOUNTAIN 

22203C87 
22203118 
22203119 . 
2220'5L86 
2220?0177 

BANDED IRON FORMATION 
CANON PLAZA 

211OM 
211OMl 
2ilOM2 
2iiOC3 
2 1 1 0 ~ 6  
2110C7 

METAMORPHIC ROCKS 

METAMORPHIC ROCKS' 
SOUTH CLEVELAND GULCH 

'. S2019341 Meta-arkose 
S2019342 Meta-arkose 
S2019345 Amphibolite 
S2019346 Meta-arkose 
S2019354 Amphibolite 

METAMORPHIC ROCKS 
CANON PLAZA 

211OSZ , Sheared  Quartzite 
21IOCYR 

INTRUSIVE 
Quar tz i te  

NEAR CLEVELAND GULCH 
21184 
212015 Greisen - Tusas M t .  

SYMBOLS PERCENTAGE RANGE 

~~~~~~ ~ 

NORTH CLEVELAND GULCH 

2019351 Ch lo r i t e   Sch i s t  
2019330 Amphibolite 

2019366A B i o t i t e   S c h i s t  
2019373 Quar tz i te  
2019382 B i o t i t e   S c h i s t  
2019385 B i o t i t e   S c h i s t  
201g3113 Q u a r t z i t e  
20193188 Muscovite  Schist 
20193198 P h y l l i t e  
S2019344C Banded Quartz- 

Muscovite  Schist 

+++++ 
++++ 
+++ 
++ 
+ 
D 

1% o r  more 
0.1% - 1.0% 
0.01% - 0.1% 
0.001% - 0.01% 
Less than 0.001% 
Detected 

Beslaes the   e l emen t s   l i s t ed ,  
each  sample was checked f o r :  
L i ,  Rb, C s ,  Sr, B a ,  C r ,  Au, 
Cd, Hg, B I ,  A s ,  Te, Hf, Nb, 
T a ,  Re, P t ,  Pd, SC, Y ,  R.E.,  
Th, U ,  I n ,  T l ,  Z r .  Except. 
f o r  C r  and Z r ,  none of  t hese  
were  present. 

Table I Y .  Spectrographic  analyses o f  63 samples  from  Cleveland  Gulch, Iron 

Mountain, and CaFion Plaza,  Rio Arriba  County, New Mexico. 
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20193167 

- .  

20193164 

+++ 
++++. 
++++ 

20193107 

i- 

20193116 

+++ 
+++ 
+++ 

20193133 

++++ 
+++ 
+++++ 

. .. 

20193142 20193185 

++++ 
+++ 
++++ 

++++ 
+++ 
+++++ 
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++++ 

si +++++ 
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+++++ +++++ +++if 

++ 

+++++ +++++ 

I( 

Ca 
TI 
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Mn ++ 
Fe +++++ 
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20193195 
Be 
B 
Na 
Mg +++ 

si +++++ 
A1 ++++ 

P 
K ++ 

. Ca 
TI D 
v ++ 
Mn ++++ 
Fe +++++ 
co 
Ni +++ 
cu +++++ 
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Ga 
Ge 
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MO D ., 

Ag 
Sn 
Sb 
Pb 
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2110cYi 

+++ 
'++++ 
+++++ 

+ 

+++ 

+ti-++ 

212015 
Be Greater  than 5 pprn, l e s s  

B 35 ppm 

Ll 
Sn 100 t o  200 ppm 

+++ 
++++ 

. .  

than 20 ppm 

U 
F 

r U 
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r a n g e s :  

Symbol s   Pe rcen tage   Range  

+++++ 1% o r  more  (Large  Amount) 

++++ 0.1% - 1 . 0 %  (Moderate  Amount) 

+++ 0 .01% - 0 . 1 %  (Small   Amount)  

++ 0 . 0 0 1 %  - 0.01% ( T r a c e )  

+ L e s s  t h a n  0.001% ( F a i n t   T r a c e )  

D D e t e c t e d  

P e r c e n t a g e   r a n g e s   s u c h   a s   t h e s e   h a v e   t h e   i n t r i n s i c   d i s -  

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

on  g r a p h s .   H o w e v e r ,   v a l u e s   o f  0 - 5 ( 0  - +++++) h a v e  

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

T a b l e  I V .  A c o n c o m i t a n t   d i f f i c u l t y   i n   t h i s   a r r a n g e m e n t  

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

! 
F o r  e x a m p l e ,   i f  a v a l u e   o f  2 (++) i s  g i v e n   t o  two e l e -  

i 
! 

! m e n t s ,   o n e   e l e m e n t   m i g h t   a c t u a l l y   b e   p r e s e n t   i n   t h e  
i 
I amount  of 0 .01% a n d   t h e   o t h e r   i n   t h e   a m o u n t  o f  0 . 0 0 1 % .  

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

men t s ,  a s o m e w h a t   d i s t o r t e d   p i c t u r e   w o u l d  emerge. In 

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

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

t 
i t h a n   a c t u a l   a m o u n t s   o f   e a c h   e l e m e n t .  

T h e   f o l l o w i n g   d e s c r i p t i v e  mater ia l  p o i n t s   o u t , '  
,' 

t h e  element v a r i a t i o n s  i n  i n d i v i d u a l  i r o n  d e p o s i t s , ; s u g -  

g e s t s   , t h e   m i n e r a l s   w h i c h   m i g h t   c o n t a i n  t h e  e l e m e n t s  i n  

t h e i r   s t r u c t u r e ,   c o m p a r e s   t h e   c o n t e n t  of  t h e   v a r i o u s   i r o n  
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d e p o s i t s ,   a n d   i n d i c a t e s   d i f f e r e n c e s   b e t w e e n   t h e   i r o n   d e -  

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

Mo, Ag, Pb,  Ga, Cu, a n d   f e r r i d e   c o n t e n t   ( T i  + V + Mn 

+ Co + N i )   o f   t h e   d e p o s i t s   t o   t h e i r   c o n t e n t  i n  c o u n t r y  

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

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

m i n e r a l s   p r e s e n t .  

T w e n t y   e i g h t   s a m p l e s   o f   b a n d e d  iron f o r m a t i o n  

f r o m   N o r t h   C l e v e l a n d   G u l c h   w e r e   a n a l y z e d .   S a m p l e s  

S2019337A  and B a re  f r o m   t h e   e a s t e r n   e n d   o f   t h e   d e p o s i t ;  

21185-6   and   21189-10   a re  f r o m  t h e   w e s t e r n   e n d ;   t h e  res t  

o f   t h e  s a m p l e s  a re  f r o m   t h e   m i d d l e   o f   t h e   d e p o s i t  near  

t h e   l a r g e   b u l l d o z e r   c u t   a n d   a b o u t  1000 f e e t  west o f   t h e  

s l i c e .  No s i g n i f i c a n t   c h a n g e s   a r e   o b s e r v a b l e   a l o n g   t h e  

s t r i k e   o f   t h e   d e p o s i t .  

N o r t h   o f   C l e v e l a n d   G u l c h ,  boron i s . f o u n d   i n   o n l y  
I U W " ~  

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

z z b !  ( F i g .  5 ) .  L e s s   t h a n   0 . 0 0 1 %  was d e t e c t e d   a n d  i t  

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

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

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

e n t   a n d  may a c c o u n t  f o r  mos t   o f   t hese   e l emen t s .   Magnes ium 

i s  p r e s e n t   i n  some  samples  in m o d e r a t e   a m o u n t s ,   p r o b a b l y  

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

one   s ample   and  i s  f r o m   a p a t i t e .   T i t a n i u m  i s  p r e s e n t  i n  

. ~ ..x.w I -1 1% : . '. - ,. ,. ... . . . I  .. . ... ~. ... , . I . .t. . 
L ,  

-iF=" .~ 
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I 

small  amounts in 15 of the 28  samples. The  Ti  may  have 

replaced  ferric  iron  in  magnetite,  but it is  probably 

for  the  most  part  in the form of rutile. Vanadium, 

 which i s  present  in 21 of the 28  samples,  averages 

0.001% - 0.01%. This  element  may be substituting  for 

ferric  iron.  in  magnetite or possibly  for aluminum. 

Chromium  was  not detected  in  the 28  samples. Manganese 

is found in small to moderate  amounts in all 2 8  samples 

? 

I 

1 

I 

1 
1 
i 

I 
j 

j 
I 

i 
! 

i 

I I 
! 

i 
i 
I is  found  in 13 samples, mostly  in  trace  amounts. It i s  

and probably  substitutes  for  ferric  iron  in magnetite. 

Cobalt i s  found in only  one sample and probably substi- 

tutes for iron  in  magnetite. Nickel i s  common and is 

found in 2 0  of the 28  samples,  mostly  in  small amounts. 

The  Ni  ion  could  substitute  for  ferrous  iron  in  magnetite, 

but  it may be in another  mineral structure. Copper is 

common  in  moderate to large  amounts and i s  found  in 

25 of the 28  analyses.  Although not  observed in either 

thin or polished  sections,  copper  is  believed to be  in 

the  form of native  copper or cuprite. Zinc  was  detected 

in very faint traces in 8 samples and possibly  substitutes 

for  ferrous iron. Gallium  is  present in.15 samples, 

mostly in  trace  amounts, and probably fc substitutes  for 

aluminum. 

Very small  amounts of Ge  were  detected  in 4 " 

samples and these  may have been in the rutile. Molybdenum 



un  c e r t a i n   w h e r e   t h  

1 8 1  

e Mo i s  l o c  a t  

i t  may f o r m  i t s  own m i n e r a l   b u t  

e d   i n   t h e  mine ra l  s u i t e ;  

none  was n o t e d   i n   t h i n  

o r   p o l i s h e d   s e c t i o n s .  S i l v e r  i s  p r e s e n t   i n  18  s a m p l e s ,  

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

w i t h  Mo o r   w i t h   t h e   c o p p e r .   T h e r e  is a t r ace  amount  of 

S n  i n  2 s a m p l e s ,   a n d  i t  may b e  i n  c h l o r i t e   o r   b i o t i t e .  

Lead i s  i n  1 8   o f   t h e   s a m p l e s   a n d   p o s s i b l y   s u b s t i t u t e s  

f o r   s o d i u m   o r   c a l c i u m .  

\ 

A t  I r o n   M o u n t a i n   a n d   S o u t h   C l e v e l a n d   G u l c h   t h e  

e l e m e n t s   a n d  minerals a r e  s imilar  t o   t h o s e   n o r t h   o f  

C l e v e l a n d   G u l c h .  A t  Can"on P l a z a  a f e w   a d d i t i o n a l  e le -  

ments are p r e s e n t ,   q u a n t i t i e s . a r e  much g r e a t e r  t h a n  a t  

t h e   o t h e r   d e p o s i t s ,   a n d   t h e   m i n e r a l o g y  i s  d i f f e r e n t .  
I 
! T h e   c h i e f   d i f f e r e n c e  i n  t h e   m i n e r a l o g y  i s  t h e  presence 

of   a luminum s i l i c a t e s  a n d   o f   s p e c u l a r i t e   i n s t e a d   o f  

m a g n e t i t e .  I n  3 of  7 s a m p l e s   a n a l y z e d   f r o m  Caiiion P l a z a ,  

B e  i s  p r e s e n t ,   B e r y l  may have b e e n   p r e s e n t ,   b u t  i t  was 

n o t   n o t e d  i n  t h e   t h i n   s e c t i o n s   f r o m   t h i s   d e p o s i t ;  

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

t h i s  mineral .  T h e   h i g h   p e r c e n t a g e   o f  B i n  m o s t   s p e c i -  

mens  f rom Ca?ion P l a z a   p r o b a b l y  i s  f r o m   t o u r m a l i n e .   T h e  

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

similar t o   t h a t  a t  C l e v e l a n d   G u l c h   a n d   I r o n   M o u n t a i n . '  

I n  t h i n   s e c t i o n   t h e   i r o n   f o r m a t i o n  a t  Cagon'.' 

P l a z a   c h a n g e s   s o m e w h a t   f r o m   t h e   e d g e   o f   t h e   d e p o s i t   t o  
! 
i 

1 . .  . . .  
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t h e  c e n t e r ,  b u t   t h e   t r a c e   e l e m e n t   c o n t e n t  a t  t h e   c o n t a c t  

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

d e p o s i t   h a s ,  i n  g e n e r a l ,   s l i g h t l y   m o r e  Na, Mg, P ,  V, 

N i ,  Zn, and  Pb.  I t  a l s o   h a s  some Co which  i s  l a c k i n g  

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

B ,  T i ,  Ga, Mo, and  Ag. T i n ,   w h i c h  was n o t   d e t e c t e d  i n  

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

d i f f e r e n c e s  are minute a n d   p r o b a b l y  resu l t  f r o m   t h e  

c h a n g e   i n   t h e  r e l a t i v e  amoun t s   and   k inds   o f   mine ra l s - .  

Trace e l e m e n t   c o n t e n t s   o f   N o r t h   a n d   S o u t h  Cleve- 

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

i s  i m p o r t a n t   t o   e s t a b l i s h  t h e  r e l a t i o n s h i p   o f   t h e s e  two 

d e p o s i t s .   S o u t h   C l e v e l a n d   G u l c h   h a s  much l e s s  Na and  V ;  

l e s s  K ,  N i ,  Cu, Mo, A g ;  more Mn; and  no P b .   ' T h e   m o s t  

s i g n i f i c a n t   d i f f e r e n c e s  a r e  t h e   l o w  V a n d   a b s e n c e   o f   P b  

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

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

i r o n .   I r o n   M o u n t a i n   d e p o s i t   d i f f e r s   f r o m   N o r t h  Cleve- 

L 

i 

l a n d   G u l c h   d e p o s i t  i n  t h a t  i t  has no  X a n d  Mo, l e s s  N i  

and Cu, more 'Ga, and Co i s  p r e s e n t .  

Mason (1958, p. 4 4 )  l i s t e d   a v e r a g e   a m o u n t s   o f  

elements in c r u s t a l   r o c k s .  A c o m p a r i s o n   o f  t h e  2 6  ele-  

m e n t s   p r e s e n t   i n '   t h e   i r o n   d e p o s i t s ' w i t h  h i s  ' l i s t  shows,, 

t h a t  a l l  t h e   i r o n   d e p o s i t s  a re  low in Na, Ca, Mg, K,' 

and Al; t h i s   c o n d i t i o n  i s  e x p e c t a b 1 e " c o n s i d e r i n g  'the 

i 

i 
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m i n e r a l o g y   o f   t h e   d e p o s i t s .  Of more i n t e r e s t  a r e  t h e  

f e r r i d e s .  The  amounts   of  V and  Mn i n  t h e   i r o n   d e p o s i t s  

a re  o f   t h e  same o r d e r   o f   m a g n i t u d e  as t h e   a v e r a g e   f o r  

t h e   c r u s t ;  T i ,  C r ,  Co,  and N i  t e n d   t o   b e   l o w e r  than  t h e  

a v e r a g e   f o r   t h e   l i t h o s p h e r e .   G a l l i u m   a n d  Pb a re  a r o u n d  

t h e   a v e r a g e   f o r   t h e   l i t h o s p h e r e ,   b u t  Mo and  Ag show 

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

a v e r a g i n g   o v e r  0 .1%. Turek ian   and   Wedepoh l   (1961 ,  

T a b l e  2 )  l i s t e d   t h e   d i s t r i b u t i o n   o f   t h e  elements i n  

t h e   c r u s t   b y   r o c k   t y p e s .   T h e   h i g h e s t   c o p p e r   c o n t e n t  i n  

t h e   c r u s t a l   r o c k s   t h e y  l i s t  i s  250 ppm i n   d e e p  sea 

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

N o r t h   o f   C l e v e l a n d   G u l c h   t h e   i r o n   f o r m a t i o n ,   i n  

g e n e r a l ,   h a s  l e s s  K ,  Ca, T i ,  V ,  N i ,  and  Ga t h a n   t h e   e n -  

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

p h y l l i t e .  The i r o n   d e p o s i t  has more Mn t h a n   t h e   b i o t i t e  

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

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

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

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

a n d   p o s s i b l y  t he  Pb i n   t h e   i r o n   f o r m a t i o n  may h a v e  come 

w i t h   t h e   i r o n .  It  is i n t e r e s t i n g   t h a t   t h e   c o p p e r   c o n t e n t  

i n   t h e   i r o n   f o r m a t i o n   a n d   t h e   e n c l o s i n g   m e t a m o r p h o s e d  . '  

v o l c a n i c   r o c k s  i s  n e a r l y   t h e  same. On t h e   O l y m p i c   , P e n i n -  

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



.have high  native  copper  contents (C. F. Park, J r . ,  per- 

sonal communication). Copper  in the samples  in  the  sub- 

ject  area is thought  to  have  been  present  as  native 

copper  in  the  volcanics  before  the  iron  mineralization. 

The  Cagon  Plaza  iron  formation  has  Be, B, Na, 

P, Ca, V, Mn, Co, Zn, Gay Mo, Sb, and Pb,  all of which 

the  enclosing  Ortega  Quartzite lacks. In general,  there 

is more Mg, Al, K, Ti, and Ni  in  the  iron  formation  than 

in  the  enclosing  rocks. F o r  some  reason,  in most of the 

samples  ,studied,  silver is slightly  more  abundant  in 

the quartzite  than  in  the  iron formation. 

A comparison of Mo, Ag,  Pb,  Gay Cu, and ferride 

I content (with the  exception of  Fe) of samples  from  the 

four i r o n  localities and country  rocks  from  North  Cleve- 

land Gulch,  South  Cleveland  Gulch, and Caiilon Plaza  is 

included  because  these  particular  elements  do  not  com- 

monly form  major  structural  parts  in  the  'minerals present. 

The  iron  deposit at North Cleveland  Gulch has  about  the 

same  amount  of Mo, Ag,  Pb, and Ga as  the  schists; the 

schists  have  more  copper and ferrides.  The  amphibolite 

has more Mo, Ag, Ga, Cu, and ferrides,  but  contains no 

lead. This  trace  element difference  between  the  iron 

deposits and  the  country  rocks of North  Cleveland  Gulch 

is explained by  .the fact that more  minerals  which  can 

accommodate  these  elements  in  their  structure  are  present 

in  the  country  rocks, 
I 
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Meta-arkose  south of Cleveland  Gulch,  which en- 
Much 

closes -msszk of the  iron  deposit  there,  has about  the same 

amount of Mo, Pb, and Ag  as  the iron  formation,  but  it 

has  higher  amounts of Ga,  Cu,  and  the  ferrides.  The 

amphibolite  south of Cleveland  Gulch  has  less  silver, 

more Mo,  much  more  Ga,  Cu, and  the  ferrides  than the 

iron formation. The  relationship between' the  iron for- 

mation at CaXon  Plaza and the  enclosing  quartzite  has 

been'mentioned before. The  deposit  has  more  Mo, P b ,  

Ga, and the  ferrides, and the  quartzite  has  more Ag and 

cu. 

In summation, only 2 6  elements  are  recorded  in 

one or more  samples of the  iron  formation and enclosing 

rocks at Cleveland  Gulch,  Iron  Mountain, and CaEon Plaza. 

Of these 2 6  elements  only Na,  Mg, A l ,  Si, K, Ca,  Ti, 

V, Mn, F e ,  Ni,  Cu,  Ga, No, Ag, and Pb are  present  in 

most of the samples;  in  addition to the  high  concentra- 

tion of iron, Cu, Mo,  Ag, and  possibly Pb  are  concentrated 

in  the  area (are above  the  average  for  the crust); five 

of the  other  elements  are  significantly  lower  than  the 

average f o r  the  lithosphere; the most  prominent  differences 

at North and South  Cleveland  Gulch  are  the  low  vanadium 

and absence of lead south of the  gulch;  elements  in  the 

iron  formation  from  Iron  Mountain  are  similar to those 

at  Cleveland  Gulch; a comparison of trace  elements  from 
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C l e v e l a n d   G u l c h   a n d  Iron M o u n t a i n   w i t h   t h o s e   o f  Ca"nn 

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

a n d   g e o l o g i c   s e t t i n g   a r e   u n i q u e  a t  Caffon P l a z a ;   t h e r e  i s  

l i t t l e  d i f f e r e n c e   i n   e l e m e n t   c o n t e n t   a n d   q u a n t i t y   b e t w e e n  

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

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

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

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

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

v a r i a t i o n s   i n   t h e   r o c k s   a n a l y z e d .  A t  C l e v e l a n d   G u l c h  

a n d   I r o n   M o u n t a i n   m o s t   o f   t h e   e l e m e n t s   i n   t h e   i r o n   f o r m a -  

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

i z a t i o n ,   b u t  a t  CaEon P l a z a  many o f   t h e  elements mus t   have  

b e e n   d e p o s i t e d  by t h e   m i n e r a l i z i n g   f l u i d .  

E x c e p t   f o r   t h e   c o n c l u s i o n s   t h a t  mos t  o f   t h e   t r a c e  

e l e m e n t s  a t  C l e v e l a n d   G u l c h   a n d   I r o n   M o u n t a i n  were p r o b -  

a b l y   p r e s e n t   b e f o r e   i r o n   m i n e r a l i z a t i o n   a n d  many o f   t h o s e  

a t  Caiton P l a z a   p r o b a b l y  were n o t   p r e s e n t   b e f o r e   m i n e r a l i -  

z a t i o n ,  no g e n e t i c   s i g n i f i c a n c e   h a s   b e e n   a t t a c h e d   t o   t h ' e  

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

C o n t r o l   o n   t h e   s a m p l i n g ,   s a m p l e   p r e p a r a t i o n ,   a n d   d e t e r -  

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

a n a l y s i s   o f  t r ace  e l e m e n t   d i s t r i b u t i o n .   T h e s e   a n a l y s e ' s  

were c o m p l e t e d   a n d   a r e   i n c l u d e d   h e r e   ( T a b l e  IV) w i t h   t h e  

p u r p o s e   o f   p r e s e n t i n g   t h e   k i n d s   a n d  r e l a t i v e  amounts   o f  
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the  t r a c e   e l e m e n t s  in a d e p o s i t   a s  a who le ,  and a s  com- 

pared   w i th   o ther  d e p o s i t s  and country   rocks .  A l s o ,  t h e  

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

they  w i l l  b e   u s e f u l  when comparing  other  banded iron 

d e p o s i t s   w i t h   ' t h o s e  i n  t h e   p r e s e n t   s t u d y .  

. .r 

. .  



O R I G I N  OF THE BANDED I R O N  FORMATION 

G e n e r a l   S t a t e m e n t  

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

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

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

Whi tney   (1851,   p .  2 )  c o n s i d e r e d   t h e   L a k e   S u p e r i o r   i r o n  

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

o f   t h e   L a k e   S u p e r i o r   i r o n   d e p o s i t s   l e d   m o s t   o t h e r   g e o l o -  

g i s t s   t o   c o n s i d e r   t h e   d e p o s i t s  as s e d i m e n t a r y   i n   o r i g i n .  

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

b u l k   o f   t h e   L a k e   S u p e r i o r   d e p o s i t s  are  t h o u g h t   t o   b e  

s e d i m e n t a r y   i n   o r i g i n .   T h e s e   d e p o s i t s ,   a l o n g   w i t h   o t h e r  

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

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

s c o r e s   o f   y e a r s .  

A f t e r   r e v i e w i n g   1 8   d i f f e r e n t   h y p o t h e s e s   o n   t h e  

o r i g i n   o f   t h e   L a k e   S u p e r i o r   d e p o s i t s ,   W i n c h e l l   a n d  

W i n c h e l l  ( 1 8 9 1 ,  p .  2 5 5 )  o b s e r v e d  as  e a r l y  as 1 8 9 1  t h a t :  

I t  i s  a l s o   e v i d e n t   t h a t   n o   t h o u g h t f u l   p e r s o n   c a n  
e v e r   a g a i n  a t t e m p t  t o  e x p l a i n   a l l   d e p o s i t s   o f   i r o n  
o r e   o n   a n y   o n e   t h e o r y ,   b e c a u s e   i r o n  .is a m e t a l   o f  
s u c h   w i d e   d i s t r i b u t i o n   a n d   r e a d y   c h e m i c a l   a f f i n i t y ,  
and  of s u c h   v a r i e d   f o r m s   o f   c o m b i n a t i o n   t h a t  i t  may 
b e   a c t e d   u p o n  by e v e r y   a g e n t   o f   s o l u t i o n  or d e c a y  
a s  w e l l  as o f .   p r e c i p i t a t i o n  o r  m e c h a n i c a l   d e p o s i t i o n  

A b r i e f  review of  t h e   v a r i o u s   m a j o r   t h e o r i e s  of t h e  

188 
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o r i g i n   o f   b a n d e d   i r o n   d e p o s i t s   a n d  a b r i e f   d i s c u s s i o n   o f  

t h e i r   1 i m i . t a t i o n s   f o l l o w .  

A l l  b u t   o n e   o f   t h e  ma jo r  t h e o r i e s   a s s u m e   t h a t   t h e  

P r e c a m b r i a n   b a n d e d   i r o n   d e p o s i t s  a re  s e d i m e n t a r y .  Many 

o f   t h e   t h e o r i e s   c o n s i d e r   t h a t   t h e  t ime o f   f o r m a t i o n   o f  

I 

I 

t h e s e   d e p o s i t s   i n v o l v e d  a u n i q u e  s e t  o f   c o n d i t i o n s  i n  

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

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

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

c ip le s - -un i formi tar ian i sm.n%e m a i n   d i f f i c u l t i d i n   t h e  

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

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

b a n d i n g   r e s e m b l e s  a s e d i m e n t a r y   f e a t u r e .   C o n s e q u e n t l y ,  

s e d i m e n t a r y   p r o c e s s e s  a r e  t h e   s u b j e c t   m o s t   w o r k e r s   h a v e  

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

P r e c a m b r i a n   b a n d e d   i r o n   f o r m a t i o n s .  

one0 F - 

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

some b a s i c   q u e s t i o n s   a b o u t   b a n d e d   i r o n   d e p o s i t s .  Where 

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

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

I b r i n g i n g   t h e s e   t w o   p h a s e s   t o g e t h e r   a n d  how d i d   t h e   b a n d -  

i n g   f o r m ?  Why a re  m o s t   b a n d e d   i r o n   d e p o s i t s   r e s t r i c t e d  
fll9sc O F  

t o   P r e c a m b r i a n   r o c k s ?  Why a r e j t h e s e   d e p o s i t s   a s s o c i a t e d  
/ 

w i t h  a v o l c a n i c   s e q u e n c e   t o  some d e g r e e ?  Why a re  m o s t ,  

P a l e o z o i c   a n d  l a t e r  s e d i m e n t a r y   i r o n   d e p o s i t s   o o l i t i k ,  
I .. , 

b 
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d e p o s i t e d  near  s h o r e ,   a n d   u n b a n d e d ?  Why is t h e   m i n e r -  

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

& s i l i c a t e ,   c a r b o n a t e ,  or s u l f i d e 3   a n d   q u a r t z ?   M o s t  ex- 

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

s a t i s f a c t o r i l y .  In f a c t ,  as W i n c h e l l   a n d   W i n c h e l l   i n -  

d i c a t e d   i n  1 8 9 1 ,  i t  i s  r e a l l y   n o t   p o s s i b l e   t o   e x p l a i n  

a l l  b a n d e d   i r o n   d e p o s i t s  by a s i n g l e   t h e o r y .   T h e   p r e s -  

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

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

l o g i c   s e t t i n g s   d o e s   n o t   n e c e s s i t a t e  a u n i q u e   o r i g i n .  

t 
2 

Van Hise a n d   L e i t h  ( 1 9 1 1 ,  p. 516)  a r e   g e n e r a l l y  

c o n s i d e r e d  as t h e   f a t h e r s   o f   t h e   t h e o r y   t h a t   t h e   p r e s e n c e  

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

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

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

t h e   b a s i c   i g n e o u s  r o c k s  s o  commonly a s s o c i a t e d   w i t h  

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

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

shows t h a t   t h e y   c o n s i d e r e d   t h a t   d i r e c t   a d d i t i o n   o f   i r o n -  

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

f o r   o n l y  a smal l  p a r t  of t h e   i r o n ;   m o s t  came f r o m   n o r m a l  

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

G r u n e r  ( 1 9 2 2 ,  p .  4 5 9 )  s u g g e s t e d   t h a t   m o s t   o f   t h e  

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

and  was t r a n s p o r t e d   ( s t a b i l i z e d   b y   o r g a n i c   c o m p o u n d s )  t o  
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. p l a c e s   o f   s h a l l o w  c l e a r  water ( o c e a n i c  or f r e s h ) .  

Cl imate  was t r o p i c a l  or s u b t r o p i c a l .   P r e c i p i t a t i o n  was 

c a u s e d   b y   a l g a e   a n d   b a c t e r i a ,   a n d  much o o l i t i c  ma te r i a l  

was fo rmed .  P a r t  o f   t h e  s i l i c a  was d e r i v e d   f r o m   w e a t h e r -  

i n g   a n d   c o l l o i d a l   p r e c i p i t a t i o n ,   a n d   p a r t  came b y   d i r e c t  

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

marine l ava  f l o w s .  

Moore  and  Maynard  (1929,   p .   276-277)   concluded 

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

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

s e d i m e n t a r y   i r o n   d e p o s i t "   a n d  " t h a t  t h e   i r o n   g o i n g   t o  

make  up  some  of t h e  l a r g e  s e d i m e n t a r y   % r o n ' f o r m a t i o n s  w a s  

t r a n s p o r t e d   p r i n c i p a l l y  as a f e r r i c   o x i d e   h y d r o s o l ,  

s t a b i l i z e d   b y   o r g a n i c  m a t t e r ,  and  . e t h a t   t h e  g r e a t e r  

p o r t i o n   o f  t h e  s i l i c a  was t r a n s p o r t e d  as a s i l i c a  hydro -  

s o l . "  B a n d i n g   r e s u l t e d   f r o m  a d i f f e r e n t i a l  r a t e  o f   p r e -  

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

hydroso l s   (Moore   and   Maynard ,   1929 ,   p .   524) .   They   be -  

l i e v e d   t h a t   t h e s e   d e p o s i t s  were t h e   r e s u l t   o f  a u n i q u e  

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

Woolnough (1941, p .  465)  f e l t   t h a t  Moore  and 

M a y n a r d ' s   e x p e r i m e n t a l   w o r k   o f f e r e d   a m p l e   s u p p o r t   f o r  

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

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

c l o s e d   b a s i n s  on a l a n d   s u r f a c e  t h a t  h a d   b e e n   r e d u c e d  
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t o   t h e  l a s t  limit o f   p e n e p l a n a t i o n . "   A c c o r d i n g   t o  Wool- 

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

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

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

l y t e s )   w o u l d   a c c o u n t   f o r   a l t e r n a t i o n   o f   b a n d s .  He be-  

l i e v e d  i n  a s i n g l e   o r i g i n   f o r  a l l  b a n d e d   i r o n   f o r m a t i o n s  - 
( W o o l n o u g h ,   1 9 4 1 ,   p .   4 6 9 ) .  I t  w o u l d  see6 t h a t   t h e   l a r g e  

" f r e s h  water" l a k e s   w o u l d   a c t u a l l y   c o n t a i n   v e r y   h i g h  

' a m o u n t s   o f   e l e c t r o l y t e s   i f   r a i n f a l l  was s e a s o n a l   a n d  t h e  

a rea  was r e d u c e d   t o   t h e   u l t i m a t e   s t a g e s  o f '  p e n e p l a n a t i o n ;  

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

m o t e   r a t h e r  than i n h i b i t   i m m e d i a t e   p r e c i p i t a t i o n   o f  

i r o n .   W o o l n o u g h   ( 1 9 4 1 ,   p .   4 8 2 )   a l s o   s u g g e s t e d . t h a t   d i l u -  

t i o n  o f  i r o n - r i c h  water  i s s u i n g   i n t o   t h e  sea w o u l d   d i s -  

pe r se  r a t h e r   t h a n   c o n c e n t r a t e   t h e   i r o n .   T h i s   d o e s   n o t  

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

C l i n t o n   F o r m a t i o n ,   T h i s   o b j e c t i o n  t o  d e p o s i t i o n  i n  t h e  

o p e n  sea d o e s   n o t   h o l d   u p .  He a l s o   c o n s i d e r e d   t h a t   t h e  

P r e c a m b r i a n   p e r i o d   o f   p e n e p l a n a t i o n  was u n i q u e  i n  t h e  

h i s t o r y   o f   t h e   e a r t h .  

S a k a m o t o   ( 1 9 5 0 ,   p .   4 6 3 - 4 6 4 )   c o n c l u d e d   t h a t   t h e  

i r o n  i n  i r o n   f o r m a t i o n  was d e r i v e d   f r o m  a l a n d   s u r f a c e  

u n d e r g o i n g   m a t u r e   w e a t h e r i n g   i n  a m o n s o o n - t y p e  climate., 

I r o n   a n d  s i l i c a  were p e r i o d i c a l l y   c a r r i e d   t o  a w i d e ;  

s h a l l o w   b a s i n   s e p a r a t e d   f r o m   t h e  sea b y  a n a r r o w   b a r r i e r .  

/ 

,' 
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I r o n  was d e l i v e r e d   i n   a c i d   s u r f a c e  waters  i n  t h e  wet 

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

when t h e  water b e c a m e   a l k a l i n e   b y   s e e p a g e   o f   a l k a l i n e ,  + 

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

t i o n   u n t i l   t h e   r a i n y   s e a s o n  when t h e  water b e c a m e   a c i d .  

I n  t h e   f o r m u l a t i o n  of t h i s  t h e o r y ,   S a k a m o t o   p r e s u p p o s e d  

' t h a t  t h e   P r e c a m b r i a n  was a u n i q u e   p e r i o d  i n  e a r t h   h i s -  

t o r y .  

Hough   (1958 ,   p .   416 ,   428)   ob jec t ed   t o   Sakamoto ' s  

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

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

w e a t h e r i n g  i n  a s u b t r o p i c a l  c l ima te .  Banding  came a b o u t  

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

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

t h e   h y p o l i m n i o n ;  i n  w in te r  when t h e   l a k e  was n o t  s t r a t i -  

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

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

t h r o u g h o u t  t he  y e a r .  To e x p l a i n   t h e   a b s e n c e   o f   p o s t -  

P r e c a m b r i a n   b a n d e d   i r o n   d e p o s i t s ,  Hough  (1958,  p.   429) 

a l s o   i n v o k e d  a u n i q u e   n o n - r e c u r r e n t   g e o l o g i c '   s i t u a t i o n .  

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

p o s t u l a t e d   b y  Hough i s  q u e s t i o n a b l e  as i s  t h e   r e a s o n  

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



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

son a n d   c h i e f l y   i r o n   o x i d e   d u r i n g   t h e   c o l d   s e a s o n .  ' 

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

p r o c e s s  were p r e s e n t   o n l y  i n  t h e   P r e c a m b r i a n ,   t h a t   l a r g e  

a m o u n t s   o f   o r g a n i c  mat te r  were p r e s e n t  on t h e   l a n d  sur- 

f a c e ,   a n d   t h a t   t h e  a r e a  was n e a r   t h e   u l t i m a t e   b a s e  l e v e l .  

Some o f   h i s   l a b o r a t o r y   r e s u l t s  do n o t   a g r e e   w i t h  l a t e r  

c h e m i c a l   d a t a  o r  n a t u r a l   c o n d i t i o n s .  He s t a t e d   ( 1 9 5 5 ,  

p .  4 6 1 )   t h a t   b o t h  f e r r i c  o x i d e   a n d  s i l i c a  d e c r e a s e   w i t h  

i n c r e a s e d  pH; t h i s   d o e s   n o t   h o l d   t r u e   f o r  s i l i c a  (Mason, 

1 9 5 2 ,   p .   1 6 0 ) .  In A l e x a n d r o v ' s   e x p e r i m e n t s  a t  c o n s t a n t  

t e m p e r a t u r e   a n d  a pH o f  6 . 1   ( " h u m i c "   a c i d ) ,  8 .8  ppm of  

f e r r i c   o x i d e   a n d  4 . 4  ppm of s i l i c a  were l e a c h e d .   R u c k m i c k  

( 1 9 6 3 ,   p .   2 3 4 ) ' m e a s u r e d   t h e  pH of a s p r i n g   i s s u i n g   f r o m  

t h e   C e r r o   B o l i v a r ,   V e n e z u e l a   i r o n   d e p o s i t .   T h e  water  h a d  

a pH of 6 . 1  a n d   c o n t a i n e d  0 .05  ppm of f e r r i c   o x i d e   a n d  

1 0 . 5  ppm of  s i l i c a .  From t h i s  i t  would seem t h a t   t h e  

r e s u l t s   A l e x a n d r o v   o b t a i n e d   s h o u l d   b e   a p p l i e d   t o  Pre- 
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c h a n g e s   o f   t e m p e r a t u r e ,   a m o u n t  o f  r a i n f a l l ,  and   conse -  

q u e n t l y   a l t e r n a t e l y   h i g h e r   a n d   l o w e r  pH o f   t h e   l e a c h i n g  

s o l u t i o n   ( c a u s e d   b y   c h a n g e   i n   " h u m i c "   a c i d s   d u e   t o  

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

C a m b r i a n   d e p o s i t s   w i t h   c a r e   s i n c e   t h e y   d o   n o t  seem t o  

s t a n d   u p   f o r   p r e s e n t - d a y   e n v i r o n m e n t s   w h i c h  a re  similar 

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

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

w e a k n e s s e s :  a u n i q u e  s e t  o f   c o n d i t i o n s ,   n o t   r e p e a t e d  

i n  l a t e r  g e o l o g i c   h i s t o r y ,  i s  i n v o k e d ;   t h e   t h e o r i e s  as- 

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

n o t   b e e n   p r o v e n  t o  h a v e   b e e n   p r e s e n t   i n   t h e   P r e c a m b r i a n ;  

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

s e p a r a t i o n   o f   t h e   q u a r t z   f r o m   t h e   i r . o n   a n d   f o r   t h e   f o r m a -  

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

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

s i l i c a  a n d   i r o n  a re  n o t   s u p p o r t e d   b y  l a t e r  c o n t r o l l e d  

e x p e r i m e n t s ;   t h e   r e s u l t s   o f   e x p e r i m e n t s  a r e  n o t   c o r r o b o -  

r a t e d  in t h e  f i e l d .  

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

i r o n   f o r m a t i o n s   i n  t h e  L a k e   S u p e r i o r   r e g i o n  i s  by James 

( 1 9 5 4 ) .  H e  p r o p o s e d   ( 1 9 5 4 ,   p .   2 4 2 )   t h a t   t h e   i r o n   d e -  

p o s i t s   a r o u n d   L a k e   S u p e r i o r  were d e p o s i t e d   i n  a r e s t r i c t e d  

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

a t e s ,  a n d   s u l f i d e s   o f   i r o n   d e p e n d e d  on t h e  Eh and pH con- 

d i t i o n s   i n   t h e   b a s i n .  James ( 1 9 5 4 ,   p .   2 4 2 )   a l s o   p o i n t e d  

o u t   t h a t  a m a j o r   r i v e r   w i t h  5 ppm f e r r i c   o x i d e   c o u l d  

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

r e g i o n   i n  a r e l a t i v e l y   s h o r t  time. The   on ly   d rawback  

t o   t h i s   w o r k  i s  James' f a i l u r e  t 6  p r o v i d e   i n   h i s   m o d e l  

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

o f   a n y   r e l a t i o n s h i p  o f  t h e   i r o n   d e p o s i t s   t o   t h e   v o l c a n i c  
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s e q u e n c e   i n   w h i c h  many  of t h e  d e p o s i t s  a r e  l o c a t e d .  

S t i l l ,  James' h y p o t h e s i s  i s  t h e   m o s t   p l a u s i b l e   t h e o r y  

o f   o r i g i n   f o r   t h e  L a k c  S u p e r i o r   s e d i m e n t a r y   i r o n   f o r m a -  

t i o n .  

Dunn ( 1 9 3 5 ,   1 9 4 1 )   p r o p o s e d  a n o n - s e d i m e n t a r y  

o r i g i n   f o r   t h e   b a n d e d   i r o n   o r e s   i n   S i n g h b h u m ,   I n d i a .  

D e s p i t e  t h e   o b j e c t i o n   o f   S p e n c e r   a n d  P e r c i v a l  (1952)  

t o  Dunn's t h e o r y ,  i t  i s  d i f f i c u l t   t o   d i s r e g a r d  a q u a r t e r  

o f  a c e n t u r y   o f ~ f i e l d   o b s e r v a t i o n s  by Dunn. Dunn s t a t e d  

( 1 9 3 5 ,   p .   6 5 3 )   t h a t   t h e   b a n d e d   i r o n   d e p o s i t s  a re  m a i n l y  

i n  a s e q u e n c e   o f   m e t a - t u f f s   a n d   f l o w s   a n d   t h a t  these 

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

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

c a u s i n g  a b a n d e d   r o c k .   T h e   f e r r o - m a g n e s i a n   m i n e r a l s  

o r i g i n a l l y   p r e s e n t   i n   t h e   t u f f s  were t h e n   o x i d i z e d   t o  L 

i r o n   o x i d e s .  I t  i s  n o t   c l e a r ' w h a t   p r o c e s s e s  were in-  

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

i r o n   o x i d e ,   a n d   h e r e i n  l i e s  t h e   m a i n   o b j e c t i o n  t o  Dunn's 

t h e s i s .  

As y e t   a p p a r e n t l y  no o n e   h a s   a d v o c a t e d  a hydro -  

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

f o r m a t i o n .   F o r   d e p o s i t s   o f   l a r g e  a r e a l  e x t e n t ,   s u c h  as 

L a k e   S u p e r i o r ,  t h i s  h y p o t h e s i s   w o u l d  no d o u b t   b e  un- , 

t e n a b l e .   H o w e v e r ,   n u m e r o u s   i r o n   d e p o s i t s  o f  con tac i -  

r e p l a c e m e n t   o r i g i n   d i s p l a y  e x c e l l e n t  b a n d i n g  in c e r t a i n  

/ 

. /  
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environments. The  bands are usually  magnetite-quartz 

or magnetite-carbonate.  Callahan and Newhouse (1929, 

P. 407) presented  a  photograph of banded magnetite  rock 

from  the replacement  zone at Cornwall,  Pennsylvania. 

Lamey (1945, 1961) found some well-banded  magnetite- 

I carbonate  rocks at Iron  Mountain,  California and Silver 

Lake, California. He suggested'  (1961, p: 675) that  at 

Silver  Lake  the  magnetite  has  replaced  the  more  mag- 

nesium-rich  layers  in the carbonate  sequence. At Iron 

Mountain,  Utah,  some of the  limestone  surrounding  the 

iron-bearing  Three-Peaks  Intrusion  has  laminations of 

carbonate-rich  layers and quartz-rich layers. Where  these 

laminations  were  invaded by the  iron-rich  fluids,  only 

the carbonate  layers  are  replaced  (Plate 20B). 

From  these  examples, it is obvious  that  a  mecha- 

nism  exists  for  formation of banded  iron  deposits by 

replacement  processes. A replacement  origin  should be 

considered  for  banded i r o n  deposits 0.f limited  areal ex- 

tent  and  limited  tonnage  associated with  plutons and 

located  in  rocks  with  some  sort of previous  banding. 

This  mode of origin is here  proposed  for  the Cafion Plaza, 

Iron  Mountain, and Cleveland Gulch banded iron formation. 

Cleveland Gulch,  Iron  Mountain, 
Caiion Plaza 

Some of the  reasons  for  advocating  a  replacement 
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e

 

A. Iron  formation.  Ortega  Quartzite. Ca'iion Plaza. 

Quartz (Q), andalusite (A), specularite (S), 

Kyanite ( K ) .  21 10 X-nicols. 

B. Banded  magnetite-quartz  from  replacement  deposit 

at  Iron  Mountain,  Utah. 
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T h e   r e l a t i v e l y   s m a l l  s i z e  a n d   l i m i t e d   a r e a l  ex- 

t e n t   o f   t h e   i r o n   d e p o s i t s   a t   C l e v e l a n d   G u l c h ,   I r o n  Moun- 

t a i n ,   a n d  CaZon P l a z a   a l s o   s u g g e s t   t h e y   d i f f e r   f r o m   t h e  

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

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

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

o f   t h e   i r o n   f o r m a t i o n  i s  a b o u t  3 2 % .  I r o n   f o r m a t i o n   w i t h  

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

w i d t h   o f  a f e w   f e e t   t o   a r o u n d  400 f e e t ,   w i t h  l enses  o f ’  

i r o n   f o r m a t i o n   t o t a l i n g  up t o  a maximum t h i c k n e s s   o f  

1 5   f e e t .   P r o b a b l y  6 t o  7 f e e t   o f   b a n d e d ’ i r o n   f o r m a t i o n  

2 0 0  

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

Iron M o u n t a i n ,   a n d   C a z o n   P l a z a   h a v e   b e e n   b r i e f l y   d i s c u s s e d  

i n   t h e   d e s c r i p t i o n s  of: t h e   i r o n   d e p o s i t s ,  One s i g n i f i c a n t  

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

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

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

o f   t h e   s e q u e n c e  i s  i n d i c a t e d  by t h e   n u m e r o u s   b e d s   o f  

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

a l l  of   which  a re  t h i n   b u t   w i d e s p r e a d .   T h e   p r e s e n c e   o f  

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

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

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

t h e o r i e s   t h a t   t h e   d e p o s i t s   a r e   i n   e i t h e r   m a r i n e  or f r e s h  

w a t e r   s e d i m e n t a r y   r o c k s .  



I R O N  CONTENT ($)* SAMPLE hTMBER IRON CONTENT ($)* 

North   Cleve land   Gulch   Depos i t  . S2019337 34.5 
2019326 45 .O S2019344A 37.0 
2019359 34,<5 :..: S2019344B 40.0 
2019362 . . 31.0 S2019348 34.5 .. 
2019368 29.0 21185 32.0 
2019380 31.0 211810 3110 
2019388 32.0 . Sou th   C leve land  Gulch D e p o s i t  , .  

. .  

2019396 44.5 S2019353 39.0 

20193116 26.5 I ron   Moun ta in   Depos i t  

201g3103 35 .O ~2019361 40.5 

20193119 26.5 2220318 28.5 

201g3128 28.0 2220322 24.0 

20193133 31.5 2220324 29.0 ' 

20193142 32.0 2220330 29.5 
20193157 29.0 2220331 57.5 

N 
0 
P 

20193164 31 .O 2220338 22.0 

20193167 33.5 CaFion P l a z a   D e p o s i t  

20193182 32.0 2110M 

20193185 35 - 0  211OM2 22.5 

20193194 32.0 2110M5 . 17 .O 

20193195 30.5 "Determined by s p e c i f i c   g r a v i t y  

1 

25-5 

\~ 

Tab le  V.. I r o n   c o n t e n t   o f   b a n d e d   i r o n   f o r m a t i o n ,  R l o  Arr iba   County ,  New Mexico 



SAMPLE NUMBER 

North Cleveland Guloh Deposit 

2019359 

South Cleveland Guloh Deposit 

~2019361 

Iron Mountain Deposit 

2220324 

Caifon Plaza Deposit 

2ilOM5 

IRON CONTENT (%) 

36.12 

40.37 

34.04 

17 12 

Table :VI, Iron content o f  banded iron formation, 
Rio Arriba County, New Mexico.  (Deter- 
mined by Metallurgical Laboratories, Ino., 
San Franoisoo, California). 
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d i s t r i b u t e d   t h r o u g h   a n   o u t c r o p   w i d t h   o f   1 0 0  t o  150 f e e t  

w o u l d   b e   a v e r a g e .  I f  t h i s  much i r o n   f o r m a t i o n  i s  p r e s -  

- e n t   t o  a d e p t h   o f   2 0 0   f e e t ,   t h e r e   w o u l d   b e   a b o u t   o n e   a n d  

a h a l f   m i l l i o n   t o n s  o f  i r o n   f o r m a t i o n .   I f   t h e   S o u t h  

C l e v e l a n d   G u l c h   i r o n - r i c h  area,  w h i c h   c o n t a i n s   a n   a v e r a g e  

o f   3 8 %   i r o n   ( T a b l e  V), c o n t i n u e s   t o  a d e p t h  of 200 f e e t ,  

a n d   a n   e s t i m a t e d  114 of  t h i s   v o l u m e  i s  i r o n   f o r m a t i o n  

( e s t i m a t i o n   b a s e d  on t h e   a m o u n t   o f   i r o n   f o r m a t i o n   f l o a t ) ,  

t h i s   w o u l d   y i e l d  a l i t t l e  l e s s   t h a n  a m i l l i o n   t o n s   o f  

i r o n   f o r m a t i o n .  

T h e   m a i n   I r o n   M o u n t a i n   i r o n   d e p o s i t   h a s   a n   a v e r a g e  

o f   2 8 %   i r o n   ( T a b l e  V )  a n d   a v e r a g e s  10  f e e t   t h i c k   t h r o u g h  

a n   o u t c r o p   d i s t a n c e  o f  a b o u t   2 0 0   f e e t ,   T h i s   w o u l d   g i v e  

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

p r e s e n t   t o  a d e p t h  o f  200  f e e t .  I n  a d d i t i o n ,   t h i s   d e p o s i t  

i s  known t o   e x t e n d   f o r  a t  l e a s t  s e v e r a 1 , h u n d r e d   f e e t   i n  

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

a r o u g h  es t imate  of  a minimum  of 1 , 0 0 0  f e e t  i s  g i v e n   f o r  

t h e   s t r i k e   d i s t a n c e   o f   t h i s   d e p o s i t .   C o n s e q u e n t l y ,   t h e  

t o t a l   t o n n a g e   m i g h t   b e  on t h e   o r d e r   o f   t w o   h u n d r e d   t h o u -  

s a n d   t o n s .  Cairon P l a z a   d e p o s i t   a v e r a g e s   2 2 %   i r o n   a n d  

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

i f   p r o j e c t e d   t o  a d e p t h   o f   2 0 0   f e e t ,  A l l  o f   t h e s e   t o n n a g e  

f i g u r e s   r e p r e s e n t   t h e  minimum  amount o f ' i r o n   f o r m a t , i o n .  

T h e r e   c o u l d   b e   c o n s i d e r a b l y   m o r e   i r o n   f o r m a t i o n  i n  c o v e r e d  
7' 
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areas ,  b u t   t h e r e  i s  p r o b a b l y   n o t  l e s s  t h a n   t h e   i n d i c a t e d  

a m o u n t s   i f   t h e   d e p o s i t s   e x t e n d   t o  a d e p t h   o f  200 f e e t .  

T h e   o n l y   e x c e p t i o n   m i g h t   b e   S o u t h   C l e v e l a n d   G u l c h   w h e r e  

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

on  t h e   b a s i s   o f   f l o a t   a n d   n o t  on o u t c r o p s .  Larsen and  

C r o s s   ( 1 9 5 6 ,   p .   2 3 )   d i d   n o t   r e p o r t   a n y   i r o n   f o r m a t i o n  

i n   t h e   I r v i n g   G r e e n s t o n e   i n   t h e   C o l o r a d o   S a n   J u a n  Moun- 

t a i n s .   N e i t h e r   J u s t   ( 1 9 3 7 )  n o r  Montgomery  (1953)  re- 

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

t h e   d ' e p o s i t s  a t  C l e v e l a n d   G u l c h -  Iron Mounta in  -Ca$on 

P l a z a  a r e  v e r y  smal l  i n  a r e a l  e x t e n t   a n d   t o n n a g e  when 

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

common t o   t h e   b a n d e d  i r o n  f o r m a t i o n s '   a l l u d e d   t o   b y   a u -  

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

i 
i A n o t h e r   p r o m i n e n t   c h a r a c t e r i s t i c   o f  t h e  s u b j e c t  

d e p o s i t s  i s  t h e i r   c l o s e n e s s   t o  a m a j o r   i n t r u s i o n .   F i g -  

u r e  7 i s  a g e o l o g i c  map o f   t h e  a rea  f r o m   t h e   v i c i n i t y  

o f   H o p e w e l l   t o   t h e   P i c u r i s   U p l i f t .   T h i s  map h a s   b e e n  

m o d i f i e d   f r o m   J u s t ' s  map ( 1 9 3 7 ,   P l a t e  I )  w i t h   t h e   a d d i -  

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

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

m a j o r  m i n e r a l  d e p o s i t s  o r  m i n i n g  areas.  T h i s  map demon- 

1 s t r a t e s  t h a t   m o s t   o f   t h e   o r e   d e p o s i t s   a n d  a l l  t h e   b a n d e d  

i r o n   d e p o s i t s   e x c e p t   t h e  CaFion P l a z a   d e p o s i t  a r e  c l u s t e r e d  
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a r o u n d   t h e   g r a n i t i c   i n t r u s i o n .  Even t h o u g h   t h e  CaZon 

P l a z a   d e p o s i t  is not n e a r   g r a n i t e   o u t c r o p s ,  i t  b e a r s  ev i -  

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

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

n o t   u n i q u e  t o  t h e s e   d e p o s i t s .   P l u t o n s   i n t r u d e  many o f  

w o r l d .  

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

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

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

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

v i o u s   o n   t h e   p l a n e  t a b l e  map ( F i g .  4 ) . .  Banded   i ron '  & 

t u f f   u n i t .  On I r o n   M o u n t a i n  many smaller b o d i e s  a re  

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

( F i g .  4 ;  P l a t e   1 7 B ) .   S o u t h   C l e v e l a n d ,   G u l c h   d e p o s i t   f o r m s  

a s k u l l - s h a p e d  area w h i c h   t r a n s e c t s  t he  s t r i k e  o f  a meta- 

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

s a n d s t o n e .   O n l y  i n  o n e   l o c a l i t y  i s  t h e   N o r . t h   C l e v e l a n d  

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

w h e t h e r  i t  c u t s  a c r o s s   t h e   e n c l o s i n g   r o c k s ;  a t  t h i s   l o -  

c a l i t y  i t  i s  p r o b a b l y   v e r y   s l i g h t l y   c r o s s - c u t t i n g .  Cafion 
/ 
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the  enclosing  rocks is  well  established and is incontro- 

vertible;  the  fourth, at North  Cleveland  Gulch, is also 

possibly  cross-cutting.  Cross-cutting  banded  iron  forma- 

tion is  not  considered  characteristic of large  sedimentary 

iron  formation deposits. 

None of the iron-rich  metamorphic  minerals 

characteristic of the Lake  Superior  region  was  found  in 

the  iron  deposits of this area. Yoder (1957, p. 2 3 3 )  

concluded  that  sedimentary  iron  deposits of greenalite 

react  with  quartz to  yield  minnesotaite  when  subjected 

t o  increasing  temperature  during  metamorphism. With 

further  increase  in  temperature,  grunerite  appears, and 

at the  highest  temperatures,  the  assemblage  consists of 

fayallte and quartz. If the  sediments  were  rich  in 

chamosite,  stilpnomelane is the first  mineral to appear 

with  increasing  temperature, and chloritoid is the  next 

to appear. Biotite and garnet  form  at  the  expense of 

chloritoid  with f u r t h e r  increase of temperature.  No 

minnesotaite,  grunerite,  fayalite,  stilpnomelane, or 

chloritoid  was  noted  in any thin  section, and biotite 

and garnet,  if  present,  were  in  very  small or trace 

amounts.  This  suggests  that  greenalite or chamosite- 

rich  sediments  were  not  the  primary  iron deposits. 

The  presence of the  iron  deposits in a  meta- 

morphosed  continental  volcanic  sequence,  the  small  size 
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of t h e   d e p o s i t s ,   t h e i r   l i m i t e d   a r e a l   e x t e n t ,   t h e i r   c l o s e -  

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

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

f rom t h e  ma jo r   banded  iron d e p o s i t s   a n d   p r o b a b l y   d i d   n o t  

f o r m i n   t h e   s a m e   m a n n e r .  

E v i d e n c e   o f   t h e   f o r m a t i o n   o f   b a n d e d   m a g n e t i t e -  

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

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

The  manner i n   w h i c h   r e p l a c e m e n t   i n   t h e   s u b j e c t   a r e a   t o o k  

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

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

f o r   t h e   f o r m a t i o n   o f   b a n d i n g  i s  l a m i n a t i o n  of  some   t ype  

i n   t h e   p r e - e x i s t i n g   r o c k s .   S i n c e   t h e   M o p p i n   F o r m a t i o n  

a n d   O r t e g a   Q u a r t z i t e   w e r e   f o l d e d   a n d   m e t a m o r p h o s e d   b e f o r e  

t h e   i n t r u s i o n   o f   t h e   T u s a s  & r o c k s   w i t h   l a m i n a e  

of v a r y i n g   c o m p o s i t i o n  were a v a i l a b l e  a t .  t h e  time o f   t h e  

i n t r u s i o n .  An e x a m i n a t i o n   o f   r e l a t i o n s  a t  e a c h   o f   t h e  

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

p o s i t i o n  of t h e   b a n d s .  A t  I r o n   M o u n t a i n ,   w h e r e  i t  i s  

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

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

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

q u a r t z   b a n d s .  A t  S o u t h   C l e v e l a n d   G u l c h   t h e   b a n d i n g  in:’ 

t h e   m e t a - a r k o s e  i s  formed  by muscovite- rich^ l a y e r s   a n d  

In +WUS’VQS, 

! 

I 

j I 

! q u a r t z   ( w i t h   s o m e   f e l d s p a r ) - r i c h   l a y e r s .  A t  Ca i+n’Plaza  
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t h e r e  i s  e v i d e n c e   t h a t   b a n d i n g  i s  due  t o  s h e a r i n g   a n d  

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

o f   t h e   i r o n   o x i d e .  

Nor th   o f   C leve land   Gu lch   numerous   banded   rocks  

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

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

i r o n   d e p o s i t s .   A b o u t  1 , 0 0 0  f e e t  west o f ' t h e   w i d e s t   p a r t  

o f   t h e   i r o n   d e p o s i t   ( F i g .  5 ) ,  t h e   i r o n   f o r m a t i o n   h a s  

p o o r   t o   g o o d   b a n d i n g   ( P l a t e  I B ) .  Q u a r t z  b a n d s  i n  t h i s  

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

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

i s  a b a n d e d   q u a r t z - m i c a ,   c h l o r i t e   r o c k   ( P l a t e   2 1 A ) .   O u t -  

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

o f   t h e   g e o m e t r i c   r e l a t i o n s h i p  of t h e s e   t w o   r o c k   t y p e s .  

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

was i d e n t i c a l   i n   a p p e a r a n c e   t o   t h e   i r o n   f o r m a t i o n   r o c k  

e x c e p t   f o r   t h e   e x c h a n g e   o f  mica f o r   m a g n e t i t e ;   t h e  same 

d i s t i n c t i v e   c o a r s e - g r a i n e d   q u a r t z   b a n d s  were p r e s e n t   i n  

b o t h .   I n   t h i n   s e c t i o n   t h e   s i m i l a r i t y  i s  e v e n   m o r e   s t r i k -  

i n g .  In t h e   q u a r t z - m i c a ,   c h l o r i t e   r o c k ,   c o a r s e - g r a i n e d  

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

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

( P l a t e   2 1 B ) .   T h e   i r o n   f o r m a t i o n   i n   t h i n   s e c t i o n   s h o w s '  

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

p o s e d  o f  m a g n e t i t e ,   b i o t i t e ,   c h l o r i t e ,   a n d   f i n e - g r a i n e d  
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PLATE 21 

... 

Banded  quartz-mica,  chlorite  rock.  Mdppin  Formation. 

North  Cleveland  Gulch.  This  rock  may  have been the 

host  rock for much of the  iron  mineral5zation in 
this  area. 

Banded  quartz-mica,  chlorite  rock.  Moppin  Formation. 

North  Cleveland  Gulch.  Quartz (9) .  magnetite (M), 

with  fine-grained  quartz,  biotite,  and  chlorite. 

S20 193 44C X-nicols. 

/ 
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( P l a t e  1 6 B ) .  Q u a r t z   b a n d s  i n  t h e   i r o n   f o r m a t i o n  

h a v e   s o m e   a p a t i t e .   T h e   s i m i l a r i t y ' o f   t h e s e   t w o   r o c k s  

i s  s o  s t r i k i n g  i n  hand   spec imen   and  t h i n  s e c t i o n   t h a t ,  

f o r   t h i s   p a r t i c u l a r  a r e a  of t h e  N o r t h   C l e v e l a n d   G u l c h  

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

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

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

B e c a u s e  i t  i s  i m p o s s i b l e   t o  know t h e - e x a c t  mine ra l  com- 

.-. 

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

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

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

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

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

c h l o r i t e   o r   b i o t i t e   o r   b r o k e n  down a n d   t r a n s f e r r e d  by  

t h e   m i n e r a l i z i n g   f l u i d s .  

Some i n d i c a t i o n   o f   w h a t  was l o s t   a n d   g a i n e d   i n  

t h i s   p r o c e s s   c a n   b e   s e e n   o n   T a b l e  I V .  Samples  S2019344A 

and B a r e  t h e   b a n d e d   i r o n   f o r m a t i o n ,   a n d   S 2 0 1 9 3 4 4 C  i s  

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

T h e s e   a n a l y s e s   s h o w   t h a t  Na, K ,  T i ,  Mn,. N i ,  Ga, Mo, and  

Ag a re  h i g h e r   i n   t h e   q u a r t z - m i c a ,   c h l o r i t e   r o c k   a n d  Mg 

and  Pb a re  h i g h e r   i n   t h e   b a n d e d   i r o n   f o r m a t i o n .  I t  i s  

b e l i e v e d   t h a t   m o s t   o f   t h e  elements w h i c h  a re  p r e s e n t  i n  

smaller q u a n t i t i e s   i n   t h e   i r o n   f o r m a t i o n   t h a n   i n   t h e  

q u a r t z - m i c a ,   c h l o r i t e   r o c k  were r e m o v e d   d u r i n g   t h e  

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

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

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

Lead  and  magnesium may h a v e   b e e n   i n t r o d u c e d   w i t h   t h e  

m a g n e t i t e .  I t  i s  u n c e r t a i n  why t h e   h o s t   r o c k   s h o u l d  

have   more  Mn, Mo,' and Ag t h a n   t h e   i r o n - r i c h   r o c k .   T h e  

Mo and  Ag may h a v e   b e e n   a s s o c i a t e d   w i t h   t h e   c o p p e r   i n   t h e  

q u a r t z - m i c a ,   c h l o r i t c   r o c k ,   b u t  i t  i s  u n c e r t a i n  why Mo 

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

v a s i o n  by i r o n - r i c h  f l u i d s .  Why Mn c o n t e n t   s h o u l d   b e  

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

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

w e r e   a n a l y z e d   f o r   t h e i r   t r a c e   e l e m e n t   c o n t e n t .  

H o l s e r  a n d   S c h n e e r   ( 1 9 6 1 ,   p .   3 8 2 )   p o i n t e d   o u t  

t h a t   e x p e r i m e n t a l   w o r k   s h o w s   " t h a t   g e o l o g i c a l l y   s i g n i f i -  

c a n t   c o n c e n t r a t i o n s  of i r o n   c a n   b e   m o b i l i z e d  a t  t empera -  

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

d e p o s i t s   w e r e   f o r m e d   a n d   i n   s o l u t i o n s   t w o   o r d e r s   o f  mag- 

n i t u d e   m o r e   d i l u t e   i n  H C 1  t h a n   t h e s e   n a t u r a l   f l u i d s . "  

T h e y   p o i n t e d   o u t  (1961, p .  3 8 2 )   t h a t   t h e   c o n c e p t   o f   a n  

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

( F y f e ,   T u r n e r . ,   a n d   V e r h o o g e n ,   1 9 5 8 ,   p .   1 4 4 )   t h a t   t h e  l a s t  

f l u i d s   o f  many  magmas a r e   a l k a l i n e .  A t  any r a t e ,  t h e i r '  

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

an e f f e c t i v e  t r a n s p o r t a t i o n   a g e n t   ' a n d   d e p o s i t i o n .   c o u l d  
,' 
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b e   a c c o m p l i s h e d   b y   n e u t r a l i z i n g   t h e   s o l u t i o n .   K r a u s k o p f  

( 1 9 6 4 )   h a s   s u g g e s t e d   t h a t ,   f o r   t h e   f e r r i d e s ,   v o l a t i l i -  

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

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

i n g  magma. W h a t e v e r   t h e   m e a n s   o f   t r a n s p o r t a t i o n   a n d  

d e p o s i t i o n ,   t h e   t o t a l   s u l f u r   c o n t e n t   o f   * t h e . f l u i d  was 

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

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

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

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

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

of  t h e   d e p o s i t s .  

W i n k l e r   ( 1 9 6 5 ,  p .  6 2 )   g a v e   t h e   t e m p e r a t u r e   o f  

g r a n i t i c   i n t r u s i o n s  as  700' t o  800"  C .  H e  f u r t h e r   s t a t e d  

t h a t   t h e   t e m p e r a t u r e  o f  t h e  c o u n t r y   r o c k s  a t  0 . 2  of t he  

t h i c k n e s s  o f  . t h e   i n t r u s i o n  away  from t h e  c o n t a c t   w o u l d  

b e   a r o u n d  500' C. T h e r e f o r e ,  i t  i s  p o s s i b l e  t h a t  t h e  

c o u n t r y   r o c k s  a t  C l e v e l a n d   G u l c h   a n d   I r o n   M o u n t a i n ,   w h i c h  

a re  w i t h i n   t h e   0 . 2  limit, were a t  a f a i r l y   h i g h   t e m p e r a -  

t u r e  when t h e   m i n e r a l i z i n g   f l u i d s   p e n e t r a t e d   t h e m .  If 

t h e   f l u i d  was somewhere   be tween 500" and  600" C, l i t t l e  

a l t e r a t i o n   o f   t h e   e n c l o s i n g   r o c k s   w o u l d  r e s u l t  b e c a u s e '  

t h e y   w o u l d   h a v e   b e e n   i n   a p p r o x i m a t e  thermal e q u i l i b r i u m  

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

t e r a t i o n   o f   t h e   e n c l o s i n g   r o c k s ;   h o w e v e r ,   a l t e r a t i o n  
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around  a  replacement body involves s o  many  variables 

that other  reasons f o r  lack of alte'ration effects  might 

also be sound. 

Besides the granitic  pluton,  there  is  possibly 

one  other  source  for a small  part of the iron. Barker 

(1958, p. 89) noted that an amphibolite.layer in  the 

Ortega  Quartzite (his "Kiawa  Mountain Formation") 

showed  progressive  metasomatic  alteration  toward  the 

Petaca  pegmatite deposits.  His sequence of alteration 

was (1958, p. 90) 

~ Hornblende-plagioclase  amphibolite (unaltered) 

Hornblende-plagioclase  amphibolite  with  knots of 
chlorite 

Biotite-epidote-quartz-plagioclase  schist 

Muscovite-biotite-garnet  skarn  rock 

Chemical  analyses of these  rocks  showed a  gain  in  potash, 

alumina,  water, and  phosphorous  pentoxide  but  a loss of 

silica,  lime,  magnesia,  ferric  oxide, and soda.  Albeit, 

these  figures  might  not  represent  net  losses and gains, 

but from  the  modal  analyses  (Barker, 1958, p. 91) it 

would  seem  that  these  losses and gains  are  probable. 

Barker  noted  a loss o f  1.0% ferric  oxide  during  the  change 

from  an  unaltered  amphibolite to a  muscovite-biotite- 

'garnet rock. No rocks  in  the Cleveland Gulch area..,with L 

,/ 

exactly  this  mineral  assemblage  were  noted,  but 'meta- 

I . j~ - ,. -. .... ~ . .  -I- . " . .r;.,.~.;A*:7: ~ - ,  ,"_ "i-, , .~ . .. .,.. - .  ._ , ~ ,  . .  .... .,-. .. . 
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Somatism Of some of the rocks  in  the  Moppin  Formation is 

suspected.  Close to the granite  contact  are  numerous 

I obvious  metasomatic  effects as  have  been  outlined in the 
, 

description of the  lithology o f  the  Moppin rocks. How- 

ever,  away from  the  contact the only  rock types which 

show  alteration  strongly  suggesting  metaaomatism  are  the 

metarhyolites.  Along  strike  these rocks  change  from  a 

dark  red  slightly  schistose  rock  with  red  quartz  pheno- 

crysts to a white  schistose  rock  with  white  quartz eyes. 

This  change is often  abrupt and persists  for  only  a  short 

distance.  Also,  they have  no  apparent  relationship to 

the  regional  metamorphic  sequence.  Regional  metamorphic 

processes  would tend toward  equilibrium in the  rocks, 

and there  would  be  approximate  uniformity in textural 

and mineralogical make-up for a particular  rock  type  in 

a particular  metamorphic zone. Metasomatism  on  the  con- 

trary  may be  selective and non-uniform  in  its  results. 

Since thes.e abrupt  changes  in  the  texture and mineralogy 

of the  metarhyolites are more o r  less  random,  it is pos- 

sible that they were caused by me,tasomatdzing fluids 

from  the  granite.  Just (1937, p. 4 3 ) .  suggested  that  the 

Petaca  muscovite  schist,  which  covers a large  part of , 

La  Jarita  Mesa,  was  formed by metasomatism of the Ort'ega 

& This,, would Quartzite by fluids  from  the  Tusas 

require  an  alkali-rich  fluid,  which, if in contact  with 

- 
I 

I 

tfltlSI'~e5. 
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the  metarhyolite,  would  probably  be in equilibrium  with 

the  minerals  in  the  metarhyolite.  ’This could  result  in 

a  textural  change  without any mineralogical changes. I 

The  presence of metasomatic  activity  as  indicated 

by the  metarhyolites  suggests  that  reactions  such  as 

Barker  proposed for metasomatic  alteration of the am- 

phibolite on La Jarita  Mesa may  have  taken  place  in  the 

vicinity of the iron  deposits at Cleveland Gulch. Soil- 

covered  areas  in  these  localities  are  usually  underlain 

by schistose  rocks  which could  have  been  altered  from 

.amphibolite.  If there was  a  net loss of one o r  more 

percent of iron  during  alteration  of  the  amphibolites, 

it would  not  require  alteration of a very  large  volume 

of rock to furnish  significant  amounts of iron. If 

iron  were  liberated  in this manner, it probably  would 

not  migrate  far, and many of the  small  isolated  bodies 

of iron  formation  might  conceivably  have  been  formed  in 

I 

I 
i this manner. This is a  possible  mode of origin of the 
\ 
I 
! 

small  isolated  iron  formation  bodies  because  there is 

evidence of widespread  alkali  metasomatism, and Barker 

(1958, p, 92) found that there  was a loss of iron during 

metasomatism of amphibolite on La  Jarita Mesa. A hydro- 

thermal  replacement  origin by iron-rich  fluids  from  the 

Tusas ”is advocated  for  the  large  iron  formation 

bodies, and  may  account as well f o r  the  small isolated 

I 

I 

i 

i $ n Y W j v ~  
I 

I 
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ted chemical analy 

the  putative  metasomatically  altered  rocks 

ses of some of 

at Cleveland 

Gulch  will  have to be conducted  before  this mechanism 

can be  proven to  have had any influence  in this area. 

Cazon  Plaza . is  different  from  the  other  iron 

deposits; it occupies  a  shear  zone and has an  entirely 

dissimilar  mineral  suite.  Its  mineral  assemblage  sug- 

gests  metasomatism as discussed  under  the  description of 

the deposit. Quantities and kinds of trace  elements 

could not  have  originated in the  enclosing rock. Band- 

ing  probably  resulted  from  movement  along  the  shear 

zone  with  crystal rearrangement. 

I n  summation,  various  lines of evidence  indicate 

that the  origin of banded  iron deposits at  Cleveland 

Gulch, Iron Mountain, and Cafion Plaza  is  different  from 

those  proposed  for  major  banded  iron  deposits of the 

world. The  evidence,  from  both  field and laboratory, 

indicates  that  the  deposits  were  formed by hydrothermal 

replacement  processes.  Evidence  includes 1) the  cross- 

cutting  relationships of the banded  iron formation  bodies 

, to the  enclosing  rocks; 2) the presence of the banded 

iron  formation  bodies  in  a  continental  volcanic  sequence; 

3 )  'the relatively snlall tonnage and limited  areal  extent 

o f  the  iron  formation; 4 )  the  proximity of the  banded 

iron  formation bodies t o  a  large  granitic  intrusion; 
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5 )  the  close  relationship of some of the iron bodies to 

faults and fractures; 6 )  the  assoctation at  North  Cleve- 

Sand Gulch af magneCite=qu&tta banded i ran  farmatien 

with  mica,  chlorite-quartz  banded  rock, and the virtual 

compositional and textural  equivalence of the two  rock 

types  except f o r  the exchange of. chlorite and mica  for 

magnetite; 7) the  continuation of magnetite-rich  layers 

of the banded iron  formation  into  chlorite-rich  layers 

of chlorite  schist, and the  continuation of quartz-rich 

layers of the banded  iron formation  into quartz-rich 

layers of chlorite  schist on Iron  Mountain; 8 )  in the 

iron  formation at Iron Mountain,  the  continuation of 

magnetite  bands  through  cross-cutting  muscovite books 

with  a  reduction  in  grain  size of the magnt-tite in the 

muscovite and the  presence of completely  replaced mus- 

covite  books ("ghosts"--whose presence is known by the 

reduced  size of the  magnetite)  suggesting  that the cross- 

cutting  muscovite  came  after  metamorphism and that the 

magnetite  came after  the  muscovite; 9) the  presence of 

a  metasomatic  mineral  assemblage at CaFion Plaza; 10) ab- 

sence in the  enclosing  rocks of trace  elements  present 

in significant  quantities i n  the  iron  deposit at Cazon 

Plaza; 11) the  absence o f  iron-rich  metamorphic  minerals 

associated  with  the  metamorphism of iron-rich  sediments. 

While  it is conceivable that some of the  evidence con- 
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s i d e r e d   s i n g l y   m i g h t   n o t  be  d i a g n o s t i c   o f  a r e p l a c e m e n t  

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

r e n d e r s . a   r e p l a c e m e n t   o r i g i n  -. dtehnost Pvrbab@. 

B a n d i n g   o f   t h e   i r o n   f o r m a t i o n  is b e l i e v e d   t o   h a v e  

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

r i c h   l a y e r s   i n   b a n d e d   q u a r t z - m i c a ,   c h l o r i t e   r o c k s   a n d  

of mica,' c h l o r i t e - r i c h   l a y e r s   i n   c h l o r i t e   s c h i s t ,  e x -  

c e p t  a t  Cazon   P l aza   where   band ing   p robab ly   was  th'e re- 

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

a l o n g  a f a u l t   z o n e .  For t h e   m o s t   p a r t ,   t h e   i r o n   w a s  

- d e r i v e d   f r o m   t h e   g r a n i t e ;   h o w e v e r ,  a small amount may 

h a v e   b e e n '   d e r i v e d  by  a l t e r a t i o n   o f   a m p h i b o l i t e ,   b u t  no 

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

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

s e q u i l i b r . i u m   w i t h   t h e   m i n e r a l i z i n g   f l u i d s ;   t h i s   w o u l d  

a c c o u n t   f o r   t h e   a b s e n c e  of a l t e r a t i o n   e f f e c t s  i n  t h e  

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

/ 

. .  . .  
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L E H I G H  U N I V E R S I T Y  
BETHLEHEM, PENNSYLVANIA 18015 

DEPARTMENT OF GEOLOGICAL  SCIENCES 

Feb. 23, 1970 

M r .  D. H. Baker, Jr., Director  
New Mexico  Bureau of Mines and 
Mineral  Resources 
Socorro, New Mexico 87801 " 

Dear M r .  Baker: 

though my manuscript was caught up i n   t h e  changes which have  been 
Thank you f o r  your l e t t e r  of January 23, 1970. It looks   as  

taking  place a t  t h e  New Mexico  Bureau  of Mines and  Mineral  Resources. 

doctorate  degree,  my advisor ,   Charles  F. Park,  phondMr. Thompson 
I n  1963 while I w a s  a t   S tanford   Univers i ty  working  toward a 

deposi ts   in   the  Carson  Nat ional   Forest .  The Bureau made ava i lab le  
and asked i f  the Bureau would have  funds  for a s tudy  of   the  i ron 

$1000 f o r  this study w i t h  the understanding  that   in   exchange  the 
Bureau would rece ive  a copy of the manuscript   for   publ icat ion.  
D r .  Bertholf assisted with severa l  v i s i t s  t o   t h e   f i e l d   a r e a   w h i l e  
I w a s  working  there. During, t he   f i e ld   s easons  of 1963  and 1964 
the re  w a s  cons iderable   in te res t  shown by severa l   g roups   in  the 
mineral   deposi ts  of t h a t   p a r t  of New Mexico--iron,  copper,  and  gold. 
Due t o  this i n t e r e s t ,  I was encouraged t o   i n c r e a s e  the scope  of the 
study t o   i n c l u d e  the gold  and  copper  areas a t  Bromide and Placer  
canyons. 

The d i s s e r t a t i o n  was submitted to   S t an fo rd   Un ive r s i ty   i n  the 
summer of  1966.  Shortly  thereafter,  I mailed a copy  of the manu- 
s c r i p t   t o   t h e  New Mexico  Bureau  of  Mines  and Mineral  Resources. 
It was returned  in   the  spr ing  of  1967 w i t h  s e v e r a l   e d i t o r i a l  comments. 
I n  the meantime, I had  conducted some addi t ional   spectrographic  
analyses  to  substantiate  the  presence  of  high  copper  contents  in 

e s t ab l i sh  whether  or  not  there w a s  beryllium i n  the gre issen   depos i t s  
some of the samples (some were grea te r   than  1% copper) and a l s o   t o  

around the  Tusas   intrusives .  

the  deposi ts   might  be of s i g n i f i c a n t  economic importance and I f e l t  
The r e s u l t s  of   these  addi t ional   analyses  were suggestive that  

they  should  be checked o u t   i n  the f i e ld   aga in   be fo re  the paper w a s  
published. I requested D r .  Bertholf t o  allow me t o  check  out the 
copper  and  beryllium-rich  areas  again  in the f i e ld  and perhaps do 
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some addi t iona l  mapping before   re turning  the  manuscr ipt .  The Bureau 

money was matched by funds  provided by Leh igh ' s   In s t i t u t e  of  Research 
of Mines made ava i lab le  $400 addi t iona l   €or  this  f i e l d  work. This 

s u f f i c i e n t   f o r  m e  t o   r e t u r n   t o  New Mexico t o  conduct  several weeks 
and the Department of Geological  Sciences.  These  funds  were 

a d d i t i o n a l   f i e l d  work i n  the  summer of 1967. 

This a d d i t i o n a l   f i e l d  work  made possible  the  upgrading of  some 
of the maps, es tab l i sh ing  that  the high  copper   contents   are   i r regular-  
l y  d i s t r ibu ted  and assoc ia ted  w i t h  post- i ron  ore   quartz   s t r ingers ,  

D r .  Ber tholf   indicated that  Mr. Thompson  was including money f o r  
and the beryllium is ve ry   i r r egu la r ly   d i s t r ibu ted   i n  the gre issen .  

publ icat ion  of  the manuscript   in   the 1968-1969 budget .   In   the   spr ing  
of 1969, I sen t   the   rev ised   manuscr ip t   to  D r .  Bertholf w i t h  the 

He wrote   back  short ly   thereaf ter   and  s ta ted  that  he had turned  the 
understanding tha t  he would pass it on t o   t h e   e d i t o r   f o r  the Bureau. 

manuscript  over t o  Dr. J. R. Renaul t ,   secre ta ry   to  the e d i t o r i a l  
committee f o r   t h e  Bureau. H e  a l s o   s t a t e d  that  he  was  l eav ing   the  
Bureau . 
phoned D r .  Renault  during t h e  f a l l ,  1969  and inquired  about  the 

Since I had not  heard anything regarding the manuscript, I 

s t a t u s  of the manuscript. He loca ted  it i n  his f i l e  and s a i d  that 
nothing had been  done  and t h a t  he would g e t  it f in ished  soon. After 
this I heard   no th ing   un t i l  your l e t t e r  of  January 23, 1970. 

I would l i ke   €o r   t he  Bureau to   publ i sh   the   manuscr ip t   s ince  
it does  have  immediate  value  for  Rio Arriba County  geology. This 

t o   t h e   g o l d   d e p o s i t s   i n  and  around Placer Canyon. The Bureau has 
i s  especial ly   important   s ince  there  i s  renewed a c t i v i t y   i n   r e g a r d  

expended considerable   support   in  the form  of f inanc ia l  aid and time 
f o r  D r .  Bertholf on this work and I have always received  every 
i n d i c a t i o n   t h a t  it w a s  the Bureau ' s   i n t en t ion   t o   pub l i sh   t he   f i na l  
results.  I f  this were not  the case,  I ce r t a in ly  would not  have  spent 
the time, energy ,   and   addi t iona l   f inances   to   re turn   to  New Mexico i n  
1967  and r e v i s e   a l l  the maps and t h e  t e x t  f o r   t h e  Bureau to   pub l i sh  
as a completed un i t .  

w i th in   t he   admin i s t r a t ion   a t  New Mexico  Bureau of  Mines,  and the 
I f u l l y   r e a l i z e  that  there have  been  very  significant  changes 

budget  squeeze. However, I would l i k e   f o r  you t o   c o n s i d e r  this work 
Bureau, l i k e   h e r e  and all. other   schools ,  i s  cer ta in ly   faced  w i t h  a 

f o r   p u b l i c a t i o n ;   t h e   s i z e  of the ar t ic le   can  be  reduced by tabula t ion  

t o  the Rio Arriba County area.  This could  reduce the s i z e  of the 
of t h e  raw da ta  and by removing c e r t a i n   p a r t s   n o t   d i r e c t l y   r e l a t e d  

manuscript by 25 t o  50"& The information  contained  in  the  manuscript  

because   o f   the   minera l   explora t ion   ac t iv i ty   in   tha t   par t  of New Mexico. 
should  cer ta inly be made a v a i l a b l e   t o   t h e   p u b l i c  under  .any  circumstances 

None-the-less, I have  spent so much time, money, and  energy  on this 
work t h a t  I f e e l  I should  publish a t  l e a s t   t h o s e  parts which a r e  new 
and unique  prior  to  public  promulgation by open f i l i n g .  If t h e  
Bureau  would b e   w i l l i n g   t o   p u b l i s h  these par t s   o f  the publ ica t ion  as 
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Circulars ,  which ce r t a in ly  would be only a f r ac t ion  of the  cost   of  

on  open f i l e  r epor t  a t  a subsequent  date. 
a Bul le t in ,   then I would be very happy t o  have the  e n t i r e  work placed 

Ddnald F. McLeroy 
Assis tant  Professor of Geology 



January 23, 1970 

Mr.  Donald F. XcLeroy 
Dept. of Geological  Sciences 
Lehigh  University 
Bethlehem,  Pennsylvania 

Dear Dr. McLeroy: 

Mr. Nicholson,  the  Bureau's new editor,  came  across 
your  manuscript  entitled "Geology and Origin of the 
Precambrian  Sanded Iron 7.eposits at Cleveland Gulch, 
Iron Xountain, and Canon Plaza, Rio A-rriba County, 
New biexico!'. I have no idea how long it h3s been  here. 
I understand'that Dr. Sertholf, who left  the  staff  before 

; I arrived, had r e c e i v d  it from you. 

In revie\iing this macuscript, w e  found it t 2  be .>f 
interest but quite long 2nd detsilzd. 2ur i ixitzd printing 
budget will n>t 2er;nit US to publish it. i-;o.;;.cv;r. if you 
do not  .>bject, wz m - ~ d d  like t:: ?lac-. it a n  .>p'x f i l 3  2sr 
use by students and t 5 s  ?ublic. If y3u uhjcct C3 tkis, 
please advisz i-ce and the  manuscript will bc; r-turxed. 

Thank you f o r  your  patience. 

cjinccrzly, 

3cm 51. Eaksr, Jr. 
Director 



March 11. 1970 

Prof.  Donald F. L"cLeroy 
. A.ssistant S r ~ f e s s o r  of Geology 

Dept. of G sological  Sciences 
Lehigh  University 
Bethlehem,  Fennsylvania  18015 

Dear  Frof.  McLeroy: . 

Thank  you  for   your   le t ter   dated  February 2 3 ,  1970. Inasmuch 
as ther. .  . is a large  -,uantity of mineral   exploration in Rio  .\rriba 
Cuunty, it may  be  that   some of your  material  could  be  helpful 
to  the  csmpanies  and  individuals  that a r z  exploring the Bromide 
and  Hopawell  districts.  Buth of these   a reas .   the i r   minera l  
deposits,   and  the  possibil i t ies  for  future  ore  havs  been  described 
in  some  detail   by  Gr.   Edward  Bingler in our  Bulletin 91, the 

.Geology  and  kiineral   3esourcss .rrf Kio .irriba  County. . If you 
could  pull  aut  the  parts of your  manuscript   that   you  believe  are 
(a) new. ( 2 )  uniqus,  and ( 3 )  hzlpful  to  mineral  sxploration,  we 
csuld  probably  publish  this  material as  a Circular.  The 
NMEM&:GK's main  pureose is to  encourage  mineral  exploration 
with  publication of technical  reports  that   give  the  corr2ct  scien- 
tiiic facts. Xven facts, such as yuurs.  that  both the high  copper 
and  thd  beryll ium  contznt  are  irrrgularly  distributed  (which  does 
nLt anco 'urage  ixpkrat ion)   can be usoful  against  their  background. 
sf   associat isn  with  quartz   s t r ingers   and th.2 greissen.  Suggest 
you compare  your  work  with  Bingler's  published  bull.~tin,  and 
send u s  the   mater ia l  you be l i eve   pe r t ina t  f3r ;i. Circular.  This  could 
be  a xer-xed  copy of y m r  original  manuscript  with  the  excess 
material   cut  out 3r crossed  aut. 

Your  coopzrd+m is greatly  appreciated.  

Sincerely, 

Eon H. Baksr. Jr. 
d i r e c t o r  

DHBjr:jd 

\ 
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