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ABSTRACT 

The R e b e l mine a r e a i n c l u d e s a b o u t o n e - q u a r t e r of a s q u a r e m i l e i n 
c e n t r a l Beaver Coun ty , U t a h , I t l i e s i n t h e n o r t h e a s t e r n end of t h e S t a r 
Range , i n t h e S t a r ( o r N o r t h S t a r ) m i n i n g d i s t r i c t , f i v e m i l e s w e s t of 
t h e town of M i l f o r d . 

Exposed s e d i m e n t a r y r o c k s c o n s i s t of a b o u t 2000 f e e t of l i m e s t o n e s , 
s a n d s t o n e s , and s i l t s t o n e s . The f o l l o w i n g u n i t s , named by Townsend ( l 9 5 3 ) > 
were r e c o g n i z e d : R e b e l l i m e s t o n e , "unnamed" q u a r t z i t e , and W i l l i a m s 
l i m e s t o n e , from b o t t o m t o t o p . The R e b e l u n i t c o n s i s t s of 1200 f e e t of 
r e c r y s t a l l i z e d and b l e a c h e d l i m e s t o n e . The "unnamed" q u a r t z i t e i s a 
s i l i c i f i e d q u a r t z s a n d s t o n e which r a n g e s i n t h i c k n e s s from 160 t o 550 
f e e t . The W i l l i a m s u n i t c o n s i s t s of a t l e a s t 500 f e e t of l i m e s t o n e , v e r y 
s i m i l a r t o t h e l i m e s t o n e of t h e R e b e l u n i t . 

Along t h e w e s t e r n edge of t h e s t u d y a r e a i s a s e q u e n c e of l i m e ­
s t o n e s , q u a r t z i t e s , and s h a l e s wh ich i s u n r e l a t e d t o t h e s t r a t a found i n 
t h e r e s t of t h e a r e a . T h i s s e q u e n c e a p p e a r s t o be s e p a r a t e d from t h e 
R e b e l l i m e s t o n e - W i l l i a m s l i m e s t o n e s e q u e n c e by a l o w - a n g l e f a u l t . 

I n t r u s i v e r o c k s of q u a r t z - m o n z o n i t e p o r p h y r y a r e p r e s e n t i n t h e 
R e b e l mine a r e a a s p h a c o l i t h s , s i l l s , d i k e s , a s t o c k , and s m a l l e r 
a p o p h y s e s . A l i t t l e a p l i t e and some d a r k i n c l u s i o n s of m o n z o n i t i c com­
p o s i t i o n w e r e found i n t h e p o r p h y r y . From f i e l d r e l a t i o n s h i p s , t h e 
f o l l o w i n g c o n c l u s i o n s a r e d rawn : 

( l ) The i n t r u s i o n s were i m p l a c e d a t a r e l a t i v e l y s h a l l o w d e p t h . 
( 2 ) The i n t r u s i o n s formed d u r i n g o r a f t e r f o l d i n g and were i n t r u d e d 
a l o n g z o n e s of w e a k n e s s formed by t e n s i o n a l s t r e s s a t o r n e a r t h e c r e s t 
of t h e ma jo r f o l d . ( 3 ) The s u r f a c e r o c k s a r e p r o b a b l y u n d e r l a i n by a 
l a r g e " p a r e n t " i n t r u s i o n . ( 4 ) The age of i n t r u s i o n i s p r o b a b l y 
C r e t a c e o u s b u t may be T e r t i a r y . 

The f e a t u r e s of c o n t a c t metamorphism o b s e r v e d a r e ( l ) r e c r y s t a l ­
l i z e d and b l e a c h e d l i m e s t o n e s , ( 2 ) s i l i c i f i e d s a n d s t o n e s , ( 3 ) s k a r n s , 
( 4 ) h o r n f e l s , and ( 5 ) v e i n l e t s of c a l c - s i l i c a t e m i n e r a l s , c a l c i t e , and 
q u a r t z i n t h e p o r p h y r y . The metamorphism p r o c e e d e d a s f o l l o w s : 

1) L a r g e amounts of b a r r e n f l u i d s exuded from t h e magma c a u s e d w i d e ­
s p r e a d r e c r y s t a l l i z a t i o n and b l e a c h i n g of t h e l i m e s t o n e s . 

2 ) A f t e r s o l i d i f i c a t i o n of a t l e a s t t h e o u t e r p a r t s of t h e i n t r u s i o n s , 
a s e c o n d , more l i m i t e d , s t a g e of f l u i d s was exuded from t h e magma 
a t d e p t h . These c a t i o n - r i c h f l u i d s r o s e t h r o u g h t h e p e r m e a b l e 
s a n d s t o n e and s i I t s t o n e b e d s , a l o n g t e n s i o n f r a c t u r e s i n t h e l i m e ­
s t o n e , and a l o n g t h e l i m e s t o n e - p o r p h y r y c o n t a c t , f o r m i n g h o r n f e l s 
and s k a r n s . 



z 

3 ) A t h i r d s t a g e of f l u i d s d e p o s i t e d m a l a c h i t e i n c r a c k s i n t h e s k a r n 
m i n e r a l s . However, t h e s e f l u i d s were p o s s i b l y n o t m a g m a t i c . 

Two b a s i c t y p e s of s k a r n s a r e r e c o g n i z e d , b a r r e n and o r e - b e a r i n g 
The b a r r e n s k a r n s a r e composed of c a l c - s i l i c a t e m i n e r a l s o n l y . The o r e -
b e a r i n g s k a r n s have i n a d d i t i o n t h e f o l l o w i n g o r e m i n e r a l s : s p e c u l a r 
h e m a t i t e , m a g n e t i t e , m a l a c h i t e , a z u r i t e , c h a l c o p y r i t e , and s c h e e l i t e . 

F o l d s , f a u l t s , and f i s s u r e s a r e i m p o r t a n t i n t h e R e b e l mine a r e a . 
The p r i n c i p a l f o l d i s a t i g h t a n t i c l i n e which p l u n g e s a b o u t 65 d e g r e e s 
t o t h e n o r t h . T h i s f o l d l o c a l i z e d t h e i n t r u s i o n s . Two NW-s t r ikLng 
f a u l t s a r e c u t by t h e N 7 0 E ~ s t r i k i n g R e b e l f i s s u r e . I t a p p e a r s t o be one 
of a l a r g e number of s i m i l a r f i s s u r e s which a r e found i n t h e H a r r i n g t o n -
H i c k o r y mine a r e a and t h e Whi te Rock mine a r e a . The l a r g e r of t h e two 
f a u l t s i n t h e R e b e l a r e a i s a p p a r e n t l y t h e same f a u l t wh ich Townsend (1953) 
mapped a s t h e E a s t F a u l t i n t h e H a r r i n g t o n - H i c k o r y m i n e . 

At l e a s t 4 1 m i n e r a l s , i n c l u d i n g t h e uncommon s p e c i e s l u d w i g i t e , 
c l i n o h u m i t e ( ? ) , and a l l a n i t e , a r e p r e s e n t i n t h e s t u d y a r e a . 

Ore d e p o s i t s a r e of b o t h t h e c o n t a c t me tamorph ic t y p e and t h e 
f i s s u r e - f i l l i n g t y p e . The R e b e l mine d e v e l o p s t h e f i s s u r e o r e d e p o s i t . 
I t was an i m p o r t a n t l e a d - s i l v e r p r o d u c e r i n t h e 1 8 7 0 * s . The o r e c o n s i s t s 
of a r g e n t i f e r o u s g a l e n a and c e r u s s i t e a l o n g w i t h l e s s e r amounts of i r o n , 
manganese , z i n c , and c o p p e r m i n e r a l s • 

T h r e e f a c t o r s a p p e a r t o have c o n t r o l l e d t h e d e p o s i t i o n of o r e : 
t h e f i s s u r e , i n t e r s e c t i o n s of t h e f i s s u r e w i t h p r e - m i n e r a l f a u l t s , and 
l i m e s t o n e c o u n t r y r o c k . 

The p o t e n t i a l of t h e R e b e l mine a s a f u t u r e p r o d u c e r seems g o o d . 
A s y s t e m a t i c u n d e r g r o u n d e x p l o r a t i o n p rogram s h o u l d be u n d e r t a k e n . 

An a n a l y s i s of t h e R e b e l dumps i n d i c a t e s a m e t a l v a l u e of r o u g h l y 
1 1 9 , 0 0 0 d o l l a r s i n a b o u t 3500 t o n s * At t h i s t i m e t h e dump m a t e r i a l i s 
n o t o r e . 
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INTRODUCTION 

PURPOSE AND SCOPE 

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

nomic p o t e n t i a l of t h e a r e a i m m e d i a t e l y a round t h e R e b e l mine ( h e r e i n 

c a l l e d t h e R e b e l mine a r e a , R e b e l a r e a , o r s t u d y a r e a ) . P r i m a r y a t t e n t i o n 

i s g i v e n t o t h e o r e d e p o s i t s of t h e R e b e l mine and t o a s p e c t s of t h e 

g e o l o g y w h i c h may l e a d t o an u n d e r s t a n d i n g of t h e R e b e l o r e b o d i e s i n t h e 

s t u d y a r e a . The g e o l o g i c s t r u c t u r e , i g n e o u s r o c k s , c o n t a c t metamorphism, 

and m i n e r a l o g y a r e g i v e n e s p e c i a l e m p h a s i s . An a n a l y s i s of t h e p o t e n t i ­

a l l y v a l u a b l e R e b e l mine dumps i s i n c l u d e d a s an a p p e n d i x . 
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LOCATION AND GENERAL ECONOMIC FACTORS 

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

S t a r Range , i n t h e S t a r ( o r N o r t h S t a r ) m i n i n g d i s t r i c t , a p p r o x i m a t e l y 

f i v e s m i l e s due w e s t of t h e town of M i l f o r d , Beaver County , U t a h ( s e e 

i n d e x map, f i g . l ) . The a r e a mapped i s a b o u t o n e - q u a r t e r of a s q u a r e 

m i l e and i s 3000 by 4000 f e e t i n maximum d i m e n s i o n s . Most of t h e a r e a 

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

4 , 5 , 8 , and 9 , T28S, R11W (SLBScM)0 

M i l f o r d h a s a p o p u l a t i o n of a b o u t 1400 p e o p l e . I t i s a ma jo r 

d i v i s i o n p o i n t on t h e Union P a c i f i c R a i l r o a d l i n e from Los A n g e l e s t o 

S a l t Lake C i t y . M i l f o r d i s e s s e n t i a l l y a r a i l r o a d town, a l t h o u g h t h e 

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

and p o i n t of s h i p m e n t f o r s u c h mines a s a r e s t i l l o p e r a t i n g i n w e s t e r n 

and c e n t r a l Beaver C o u n t y . T o u r i s t t r a d e i s n i l . However, t h e town i s 

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

w e l l a s two h o t e l s , a m o t e l , and a b a n k . S u f f i c i e n t l a b o r f o r a s m a l l 

m i n i n g o p e r a t i o n can e a s i l y be r e c r u i t e d from t h e a r e a . 

The R e b e l mine i s a d m i r a b l y s i t u a t e d w i t h r e g a r d t o m i n i n g o p e r a ­

t i o n s . An i m p r o v e d , a l l - w e a t h e r d i r t r o a d e x t e n d s from t h e H a r r i n g t o n -

H i c k o r y m i n e , l o c a t e d 600 y a r d s s o u t h of t h e R e b e l w o r k i n g s , d i r e c t l y t o 

l o a d i n g ramps on t h e Union P a c i f i c R a i l r o a d . S e v e r a l d i r t r o a d s c o n n e c t 

t h e R e b e l w o r k i n g s w i t h t h e improved H a r r i n g t o n - H i c k o r y a c c e s s r o a d , and 

a n y one of t h e s e R e b e l a c c e s s r o a d s can e a s i l y be made s u i t a b l e f o r 

r e g u l a r o r e s h i p m e n t . The R e b e l w o r k i n g s a r e l o c a t e d on t h e edge of t h e 

E s c a l a n t e V a l l e y , and t h e d r o p i n e l e v a t i o n from t h e mine a d i t t o t h e 

l o a d i n g ramps on t h e r a i l r o a d i s o n l y 530 f e e t . The T o o e l e cus tom s m e l t e r , 
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F i g . 1 . - I n d e x map of U tah showing t h e l o c a t i o n of t h e S t a r Range . 
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o p e r a t e d by t h e I n t e r n a t i o n a l S m e l t i n g and R e f i n i n g Company, i s a p p r o x i ­

m a t e l y 215 m i l e s by r a i l r o a d n o r t h of M i I f o r d . 

W a t e r i s a s c a r c e and v a l u a b l e commodity i n t h e a r e a a r o u n d M i l f o r d . 

Most of t h e w a t e r f o r t h e a r e a i s d e r i v e d from s h a l l o w w e l l s i n t h e v a l l e y 

n e a r t h e t o w n . However, i n t h e S t a r Range t h e w a t e r t a b l e i s a t g r e a t 

d e p t h . At t h e H a r r i n g t o n - H i c k o r y mine j u s t s o u t h of t h e R e b e l , t h e w a t e r 

t a b l e i n 1953 was s l i g h t l y be low t h e 500 f o o t l e v e l (Townsend, 1 9 5 3 ) . 

E l e c t r i c a l power f o r o p e r a t i o n s on t h e R e b e l c l a i m s can be o b t a i n e d 

( J . A. Whelan, p e r s o n a l communica t ion , 6 / 3 / 6 5 ) from t h e T e l l u r i d e Power 

Company ( d i v i s i o n of U t a h Power and L i g h t Company) which m a i n t a i n s a 

5 0 0 0 - v o l t o v e r h e a d power l i n e t o t h e H a r r i n g t o n - H i c k o r y m i n e . 

V e g e t a t i o n i n t h e S t a r Range i s s p a r s e and c o n s i s t s of s a g e b r u s h , 

b u n c h g r a s s , a few s p i n y d e s e r t p l a n t s , and s c a t t e r e d c lumps of t w i s t e d 

j u n i p e r s . Timber f o r m i n i n g and c o n s t r u c t i o n must be o b t a i n e d e l s e w h e r e . 

CLIMATE 

S o u t h w e s t e r n U tah i s a r i d , and t h e M i l f o r d a r e a i s no e x c e p t i o n . 

The a n n u a l p r e c i p i t a t i o n a t t h e M i l f o r d A i r p o r t U0S0 w e a t h e r s t a t i o n 

a v e r a g e s 8 .00 i n c h e s p e r y e a r . However, t h i s r a i n f a l l i s c a p r i c i o u s , 

and any one g i v e n month may g e t from 0 . 0 0 t o 3 . 0 0 i n c h e s . March i s 

s t a t i s t i c a l l y t h e w e t t e s t month , w i t h an a v e r a g e of 1 .03 i n c h e s m o i s t u r e , 

w h i l e t h e l a t e s p r i n g and e a r l y f a l l months of June and Sep tember r e c e i v e 

t h e l e a s t r a i n f a l l , an a v e r a g e 0 . 4 3 i n c h e s . The m o u n t a i n s i n t h e B a s i n 

and Range p r o v i n c e g e n e r a l l y r e c e i v e more m o i s t u r e t h a n t h e v a l l e y s , s o 

t h e R e b e l mine a r e a p r o b a b l y r e c e i v e s somewhat more t h a n e i g h t i n c h e s of 

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

t h e summer and w i n t e r months a r e q u i t e b e a r a b l e . T e m p e r a t u r e s a t t h e 

a i r p o r t r a n g e from an a v e r a g e of 2 4 . 6 ° F i n J a n u a r y t o 73«8° F i n J u l y , 

t h e h o t t e s t month of t h e y e a r . The y e a r l y a v e r a g e i s 4 8 . 9 ° F . The 

d a i l y t e m p e r a t u r e r a n g e i s u s u a l l y l a r g e and may be 30° t o 40° F i n t h e 

summer. Summer h i g h s a r e a s much a s 110° F , w h i l e w i n t e r lows f a l l t o 

- 2 0 ° F o c c a s i o n a l l y . 

FIELD WORK 

The n e c e s s a r y f i e l d work was a c c o m p l i s h e d i n s e v e r a l s h o r t p e r i o d s 

d u r i n g t h e f a l l and w i n t e r of 1 9 6 4 - 6 5 . The w r i t e r was f i r s t i n t r o d u c e d 

t o t h e s t u d y a r e a i n l a t e O c t o b e r , 1964 , by D r . J . A. Whelan of t h e 

U n i v e r s i t y of U t a h . The m a j o r p a r t of t h e f i e l d work was c o m p l e t e d by 

t h e a u t h o r a l o n e i n a n i n e - d a y p e r i o d from T h a n k s g i v i n g Day t h r o u g h 

December 4 , 1964* A f i n a l l o o k a t t h e a r e a was o b t a i n e d d u r i n g a t h r e e -

d a y p e r i o d from J a n u a r y 3 1 , t h r o u g h F e b r u a r y 2 , 1 9 6 5 . The w r i t e r was 

accompan ied by D r . Whelan and Mr . George Horman of t h e S h e l l O i l Company, 

b o t h of whom were i n t h e S t a r Range t o examine o t h e r p r o b l e m s a s w e l l a s 

t h e p r o b l e m s i n t h e R e b e l mine a r e a . The w r i t e r and D r . Whelan s p e n t 

p a r t of one d a y e x a m i n i n g some of t h e u n d e r g r o u n d w o r k i n g s i n t h e s t u d y 

a r e a . 

The s u r f a c e g e o l o g y of t h e s t u d y a r e a was p l o t t e d on an a e r i a l 

p h o t o g r a p h e n l a r g e d t o an a p p r o x i m a t e s c a l e of 1 i n c h = 400 f e e t . Due 

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

1 i n c h = 365 f e e t t o 1 i n c h = 395 f e e t . The f i n a l map was p r e p a r e d t o a 

c o r r e c t e d s c a l e of 1 i n c h = 400 f e e t . 
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Maps of t h e R e b e l mine and t h e p r o s p e c t s were p r e p a r e d i n s e v e r a l 

s c a l e s by s e v e r a l p e o p l e , i n c l u d i n g t h e w r i t e r . Underg round mapping by 

t h e w r i t e r was done on a s c a l e of 1 i n c h = 40 f e e t . S e v e r a l maps , i n ­

c l u d i n g t h e maps of t h e R e b e l a d i t and s u r f a c e w o r k i n g s , we re p r e p a r e d 

by D r . Whelan and Mr. G. B . B a e t c k e d u r i n g t h e summer of 1964 t o a s c a l e 

of 1 i n c h • 60 f e e t . These maps were e n l a r g e d by t h e w r i t e r t o a s c a l e 

of 1 i n c h = 40 f e e t f o r t h i s p a p e r . 

The w r i t e r r e g r e t s t h a t t h e s t u d y a r e a had t o be so s m a l l and i t s 

b o u n d a r i e s so a r b i t r a r i l y d e f i n e d . The l i m i t e d amount of a v a i l a b l e t i m e 

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

g e o l o g i c c o n d i t i o n s i n t h e S t a r Range . The l a c k of d e t a i l e d p u b l i s h e d 

g e o l o g i c work a v a i l a b l e on t h e S t a r Range made i t i m p o s s i b l e t o e x p l a i n 

o r i n t e r p r e t c e r t a i n o b s e r v e d f e a t u r e s of t h e g e o l o g y of t h e R e b e l mine 

a r e a . 

PREVIOUS WORK 

A l t h o u g h t h e mines of t h e S t a r d i s t r i c t have been worked i n t e r ­

m i t t e n t l y s i n c e 1870 , t h e r e h a s been v e r y l i t t l e work p u b l i s h e d on t h e 

d i s t r i c t a s a w h o l e , and no work a t a l l p u b l i s h e d on t h e R e b e l m i n e . 

The f i r s t g e n e r a l work of i m p o r t a n c e was B . S . B u t l e r ' s U 8 S . G e o l . S u r v . 

P r o f e s s i o n a l P a p e r 8 0 , Geology and Ore D e p o s i t s of t h e San F r a n c i s c o and 

Ad. jacent D i s t r i c t s . U t a h , p u b l i s h e d i n 1913* As an " a d j a c e n t d i s t r i c t , " 

t h e S t a r m i n i n g d i s t r i c t was n o t a f f o r d e d t h e d e t a i l e d e x a m i n a t i o n n e c e s ­

s a r y t o s o l v e a l l of t h e g e o l o g i c p r o b l e m s i n t h e d i s t r i c t . The R e b e l 

mine was a l l o t t e d one p a r a g r a p h i n t h i s P r o f e s s i o n a l P a p e r . P r i o r t o 

B u t l e r ' s work , t h e R e b e l mine had r e c e i v e d s c a t t e r e d a t t e n t i o n , c h i e f l y 
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i n t h e l o c a l " m i n i n g g a z e t t e s " and t h e r e p o r t s of t h e U.S* Bureau of M i n e s . 

R e f e r e n c e i s made t o some of t h e s e a r t i c l e s i n t h e s e c t i o n d e a l i n g w i t h 

t h e h i s t o r y of t h e R e b e l w o r k i n g s . 

A f t e r B u t l e r f s p a p e r , t h e n e x t p u b l i c a t i o n s of i m p o r t a n c e r e l a t i n g 

t o t h e R e b e l mine a r e a a r e b r i e f UoSo Bureau of Mines r e p o r t s on t h e o r e 

d e p o s i t s of t h e V i c k s b u r g and H a r r i n g t o n - H i c k o r y m i n e s , by J . W. Townsend 

(1950 and 1 9 5 3 ) • They d e s c r i b e o n l y t h e i m m e d i a t e mine a r e a , and d e a l 

c h i e f l y w i t h t h e r e s u l t s of diamond d r i l l p r o g r a m s . 

I n t h e p a s t d e c a d e , t h e r e h a s been renewed a c t i v i t y i n t h e S t a r 

m i n i n g d i s t r i c t and s u r r o u n d i n g a r e a s . Numerous c o m p a n i e s , i n c l u d i n g 

Bear Greek Min ing and The Anaconda, have c o n d u c t e d e x t e n s i v e i n v e s t i g a ­

t i o n s i n t h e a r e a w e s t of M i l f o r d . Dwight Lemmon of t h e UoS© G e o l . 

S u r v e y i s making a s t u d y of f o u r q u a d r a n g l e s , w h i c h i n c l u d e s t h e S t a r 

Range ( B a e r , 1 9 6 2 ) • James L . Baer ( 1 9 6 2 ) made a r e c o n n a i s s a n c e s t u d y of 

t h e e n t i r e S t a r Range f o r a Brigham Young U n i v e r s i t y M a s t e r f s t h e s i s . 

T h i s p a p e r r e p r e s e n t s a p o r t i o n of a c o m p r e h e n s i v e s t u d y of t h e S t a r 

Range s u p p o r t e d by t h e Utah G e o l o g i c a l and M i n e r a l o g i c a l S u r v e y . 
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GENERAL GEOGRAPHY AND GEOLOGY OF THE STAR RANGE 

The S t a r Range i s an i r r e g u l a r g r o u p of g e n e r a l l y n o n d e s c r i p t , low, 

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

a b o u t e l e v e n m i l e s , and i t s maximum w i d t h i s a b o u t f i v e m i l e s n e a r t h e 

c e n t e r of t h e R a n g e . The h i l l s n a r r o w and g r a d u a l l y merge w i t h t h e v a l l e y 

a l l u v i u m a t b o t h e n d s . The e a s t s i d e of t h e Range f r o n t s on t h e b r o a d , 

f l a t E s c a l a n t e V a l l e y , which i s d r a i n e d by t h e n o r t h w a r d f l o w i n g Beave r 

R i v e r ( i n t e r m i t t e n t ) . The w e s t s i d e of t h e Range s l o p e s i r r e g u l a r l y 

u n d e r an o v e r l a p p i n g c o v e r of T e r t i a r y v o l c a n i c s , wh ich have been e r o d e d 

t o g e n t l e h i l l s d i s s e c t e d by an i n t r i c a t e maze of g u l l i e s and w a s h e s . 

The v o l c a n i c h i l l s a r e g e n e r a l l y c o v e r e d w i t h j u n i p e r and p i n y o n . The 

h i g h e s t peak i n t h e Range i s P i c a c h o Peak , w i t h an e l e v a t i o n of 6871 f e e t 

above s e a l e v e l , o r a l m o s t 1900 f e e t above t h e f l o o r of t h e E s c a l a n t e 

V a l l e y . The c r e s t of t h e r a n g e i s g e n e r a l l y from 6000 t o 6800 f e e t i n 

e l e v a t i o n , e x c e p t n e a r t h e e n d s . 

A c c o r d i n g t o Baer ( 1 9 6 2 ) , t h e S t a r Range c o n s i s t s of 9500 f e e t of 

Devonian t o J u r a s s i c s t r a t a , mos t of wh ich s t r i k e n o r t h t o n o r t h e a s t and 

d i p t o t h e e a s t a t 25 t o 75 d e g r e e s . The Mesozo ic r o c k s a r e c h i e f l y 

s a n d s t o n e s , s i l t s t o n e s , and v a r i e g a t e d s h a l e s , w i t h some l i m e s t o n e i n t h e 

l o w e r T r i a s s i c Moenkopi F o r m a t i o n * The Mesozo ic s e c t i o n i s a b o u t 3500 

f e e t t h i c k . P a l e o z o i c r o c k s a r e m a i n l y c a r b o n a t e s and o r t h o q u a r t z i t e s . 

L i m e s t o n e i s t h e c h i e f c a r b o n a t e i n r o c k s of Pe rmian and P e n n s y l v a n i a n 

a g e , w h i l e d o l o m i t e i s dominan t i n r o c k s of M i s s i s s i p p i a n and Devonian 

a g e . The t o t a l t h i c k n e s s of P a l e o z o i c r o c k s i s a b o u t 6000 f e e t . Fo r 

f u r t h e r d e t a i l s t h e r e a d e r i s r e f e r r e d t o Baer ( 1 9 6 2 ) . 
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From t h e works of Baer ( 1 9 6 2 ) and B u t l e r ( 1 9 1 3 ) , a t l e a s t t h r e e 

s e t s of s t e e p l y - d i p p i n g f a u l t s a r e p r e s e n t i n t h e S t a r Range , a l o n g w i t h 

a t l e a s t two r e l a t e d t h r u s t f a u l t s * T h r u s t i n g , p r o b a b l y from t h e s o u t h ­

w e s t , accompanied f o l d i n g i n C r e t a c e o u s t i m e ( B a e r , 1962 , p 4 7 ) . Normal 

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

f a u l t s . C u t t i n g t h e n o r t h - s o u t h f a u l t s a r e e a s t - w e s t f a u l t s wh ich a r e 

p r o b a b l y s t r i k e - s l i p . A n o t h e r n o r t h - s o u t h s e t of f a u l t s c u t s t h e T e r ­

t i a r y v o l c a n i c r o c k s and was p r o b a b l y r e s p o n s i b l e f o r e l e v a t i n g t h e r a n g e 

i n r e l a t i v e l y r e c e n t t i m e . 

G r a n t i e s , q u a r t z m o n z o n i t e s , and g r a n o d i o r i t e s were i n t r u d e d i n 

T e r t i a r y ( ? ) t i m e , a p p a r e n t l y i n p a r t a t l e a s t a l o n g t h e o l d e r n o r t h - s o u t h 

f a u l t p l a n e s ( B a e r , 1962 , p50)e However, t h e t i m e of i n t r u s i o n must have 

been p r i o r t o a t l e a s t some of t h e e a s t - w e s t f a u l t s , f o r Townsend ( 1 9 5 0 , 

f i g . 3 ) shows an i n t r u s i o n o f f s e t by s e v e r a l of t h e s e f a u l t s . 

Most o f t h e o r e i n t h e S t a r d i s t r i c t i s found i n s t e e p l y d i p p i n g 

f i s s u r e s and a d j a c e n t b e d d i n g r e p l a c e m e n t b o d i e s ( B u t l e r , 1913)* These 

f i s s u r e s a r e b e l i e v e d t o be p o s t - i n t r u s i o n f e a t u r e s , w i t h t h e o r e s o l u ­

t i o n s p r e s u m a b l y d e r i v e d from t h e magma a t d e p t h . 
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g . 2 . - Compos i t e p h o t o g r a p h of t h e R e b e l mine a r e a from t h e a i r , l o o k i n g w e s t . The San 
F r a n c i s c o M o u n t a i n s a r e v i s i b l e i n t h e b a c k g r o u n d . 
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GEOLOGY OF THE REBEL MINE AREA 

SEDIMENTARY ROCKS 

GENERAL STATEMENT 

The s e d i m e n t a r y s e q u e n c e exposed i n t h e v i c i n i t y of t h e R e b e l mine 

c o n s i s t s of l i m e s t o n e s , s a n d s t o n e s , and s i l t s t o n e s , a l l of wh ich have 

been more o r l e s s a f f e c t e d by p l a s t i c f low d u r i n g t h e f o l d i n g p e r i o d and 

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

s e c t i o n i n t h e a r e a i s a b o u t 2000 f e e t , n o t c o n s i d e r i n g t h e p o s s i b i l i t y 

of r e p e t i t i o n a n d / o r o m i s s i o n of s t r a t a by f a u l t i n g . 

The e x a c t age of t h e s t r a t a i n t h e R e b e l a r e a was n o t d e t e r m i n e d . 

Baer ( 1 9 6 2 ) h a s mapped most o r a l l of t h e s e c t i o n i n t h e R e b e l mine a r e a 

a s Pe rmian K i a b a b , b u t t h e r e seems t o be l i t t l e s p e c i f i c r e s e m b l a n c e 

be tween h i s d e s c r i p t i o n of t h e K a i b a b and t h e s e d i m e n t a r y s e q u e n c e o b ­

s e r v e d i n t h e R e b e l a r e a . B u t l e r ( 1 9 1 3 ) . who was n o t p r i m a r i l y c o n c e r n e d 

w i t h t h e s t r a t i g r a p h y of t h e a r e a , g rouped on h i s g e o l o g i c map ( p i . l ) 

o f t h e n o r t h e a s t e r n p a r t of t h e S t a r Range what Baer now c a l l s T r i a s s i c 

Moenkopi F o r m a t i o n , Pe rmian Ka ibab L i m e s t o n e , and P e n n s y l v a n i a n T a l i s m a n 

Q u a r t z i t e i n t o a 5 0 0 0 - f o o t t h i c k f o r m a t i o n , t h e T r i a s s i c H a r r i n g t o n Form­

a t i o n . Mr. George Herman, S h e l l O i l Company, F a r m i n g t o n , New Mexico , 

e x p r e s s e d t h e o p i n i o n ( p e r s o n a l communica t ion , 2 / 2 / 6 5 ) t h a t t h e l i m e s t o n e 

a t ( 1 4 0 0 S , 50E) on t h e g e o l o g i c map ( p i . l ) , t h e l e a s t a l t e r e d i n t h e 

a r e a , l o o k s l i k e l i m e s t o n e s of M i s s i s s i p p i a n age found e l s e w h e r e . The 

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

C o r r e l a t i o n of t h e s t r a t a was i m p o s s i b l e b e c a u s e no m a c r o f o s s i l s 

o r m i c r o f o s s i l s were f o u n d . Baer c a l l s t h e Ka ibab " q u i t e f o s s i l i f e r o u s " 

( 1 9 6 2 , p38) i n m a c r o f o s s i l s , a l t h o u g h he found no m i c r o f o s s i l s ( p 4 0 ) . 
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S i n c e c o r r e l a t i o n was n o t p o s s i b l e , f o r m a t ! o n a l names have n o t 

been a p p l i e d t o t h e r o c k s e q u e n c e . I n s t e a d , t h e l i t h o l o g i c u n i t names 

p r o p o s e d by Townsend ( 1 9 5 3 , p4) f o r t h e H a r r i n g t o n - H i c k o r y mine a r e a a r e 

u s e d . The s e q u e n c e , from t h e b o t t o m t o t h e t o p , i s R e b e l l i m e s t o n e , 

"unnamed" q u a r t z i t e , and W i l l i a m s l i m e s t o n e . The u n i t s named by Townsend 

can be d i r e c t l y c o r r e l a t e d w i t h t h e u n i t s i n t h e R e b e l mine a r e a t o t h e 

n o r t h . 

REBEL LIMESTONE 

The R e b e l l i m e s t o n e o c c u p i e s t h e t o p o g r a p h i c a l l y h i g h p a r t of t h e 

s t u d y a r e a w i t h t h e e x c e p t i o n of t h e v e r y h i g h e s t h i l l , wh ich i s q u a r t z 

m o n z o n i t e p o r p h y r y i n t r u d e d i n t o t h e l i m e s t o n e . The l i m e s t o n e i s p r o b a b l y 

a round 1200 f e e t t h i c k , a l t h o u g h i t s t r u e t h i c k n e s s was d i f f i c u l t t o 

d e t e r m i n e , due t o t h e e f f e c t s of f o l d i n g and p l a s t i c f l o w . The u n i t forms 

m o d e r a t e , r a t h e r smooth s l o p e s , a s a l l p a r t s of i t seem t o have a b o u t 

e q u a l r e s i s t a n c e t o e r o s i o n . O u t c r o p s a r e r e a s o n a b l y good ; s o i l c o v e r i n 

t h e h i g h e r p a r t s of t h e s t u d y a r e a i s a b s e n t o r v e r y t h i n . 

The u n i t i s m o s t l y l i m e s t o n e and d o l o m i t i c l i m e s t o n e wh ich i s 

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

a r e a s i n t h e s o u t h e r n p a r t of t h e mapped a r e a r e t a i n t h e o r i g i n a l d a r k , 

b l u i s h - g r a y c o l o r . The l i m e s t o n e i s med ium- to t h i c k - b e d d e d and i s c u t by 

s e v e r a l s e t s of weak t o p r o m i n e n t j o i n t s , w h i c h make d e t e r m i n a t i o n of t h e 

b e d d i n g p l a n e s d i f f i c u l t . Where t h e l i m e s t o n e i s b l e a c h e d w h i t e , i t i s 

p u r e and r a t h e r f e a t u r e l e s s . But where t h e b l e a c h i n g h a s n o t t a k e n p l a c e , 

w e a t h e r e d s u r f a c e s on t h e l i m e s t o n e show i r r e g u l a r r e s i s t a n t v e i n l e t s . 

A few b e d s of t a n , m a s s i v e s a n d s t o n e o c c u r i n t h e l o w e r h a l f of t h e 

R e b e l l i m e s t o n e ( s o u t h of t h e m a j o r p h a c o l i t h ) . The b e d s a r e o f t e n c u t by 



c r o s s f a u l t s , wh ich i s an i n d i c a t i o n of t h e r i g i d i t y of t h e s a n d s t o n e 

when compared t o t h e l i m e s t o n e . The s a n d s t o n e i s compac t , s i l i c i f i e d t o 

n o n - s i l i c i f i e d , and n o n - c a l c a r e o u s . I t i s composed a l m o s t e n t i r e l y of 

f i n e - t o v e r y f i n e - g r a i n e d ( 0 . 3 t o <0 .1mm) , w e l l - r o u n d e d , w e l l - s o r t e d 

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

The s a n d s t o n e w e a t h e r s t o smooth , a n g u l a r , j o i n t - f o r m e d c h i p s . The b e d s 

a r e u s u a l l y two t o t e n f e e t t h i c k , and a p p e a r t o be l e n t i c u l a r . S e v e r a l 

b e d s i n t h e v i c i n i t y of ( 4 0 0 S , 500W) ( p i . l ) were u s e f u l i n i n t e r p r e t i n g 

t h e g e o l o g i c s t r u c t u r e . 

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

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

and a r k o s i c s i l t s t o n e s and one t h i c k e r bed of d a r k c o l o r e d h o r n f e l s r e ­

p r e s e n t i n g a r g i l l i c s i I t s t o n e . The b e d s a r e s e p a r a t e d from e a c h o t h e r by 

v a r i a b l e f i v e - t o f o r t y - f o o t t h i c k b e d s of l i m e s t o n e ( t h e v a r i a t i o n i n 

t h i c k n e s s of t h e l i m e s t o n e b e d s i s b e l i e v e d t h e r e s u l t of p l a s t i c f l o w ) . 

The most c o n s p i c u o u s e x p o s u r e of t h e s i l t s t o n e b e d s i s i n t h e g e n e r a l 

v i c i n i t y of (300N, 200W) ( p i . l ) c E l s e w h e r e , t h e d e l i n e a t i o n of t h e b e d s 

was n o t a t t e m p t e d on t h e g e o l o g i c map a s t h e b e d s c o u l d n o t be t r a c e d 

w i t h c o n f i d e n c e i n t h e f i e l d . However, t h r e e p r o m i n e n t p a t c h e s of d a r k -

c o l o r e d r o c k i n t h e v i c i n i t y of ( 8 0 0 S , 300W) ( p i . l ) a r e b e l i e v e d t o be 

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

a r g i l l i c s i l t s t o n e on t h e b a s i s of g e n e r a l a p p e a r a n c e and t r a c e - e l e m e n t 

a n a l y s i s ( s e e p ) . A l l of t h e s i l t s t o n e s a r e now h o r n f e l s a s a r e s u l t 

o f c o n t a c t me tamorph i sm. 

The a r g i l l i c s i l t s t o n e s a r e composed of from 60 t o 90 p e r c e n t 

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



16 

c l a y , and c l a y - s i z e d p a r t i c l e s . T o u r m a l i n e i s p r e s e n t a s e u h e d r a l 

c r y s t a l s i n amounts r a n g i n g from o n l y a t r a c e t o a f u l l two p e r c e n t . 

The u p p e r , d a r k - c o l o r e d s i l t s t o n e c o n t a i n s t h e l a r g e s t amounts of t h e 

t o u r m a l i n e , wh ich i s b e l i e v e d t o be a s e c o n d a r y m i n e r a l r e s u l t i n g from 

t h e i n t r o d u c t i o n of bo ron d u r i n g c o n t a c t me tamorph i sm. 

The a r k o s i c s i l t s t o n e , from one t h i n s e c t i o n of a spec imen t a k e n 

from n e a r t h e c e n t e r of t h e a d i t a t (250N, 50W), a p p e a r s t o be a b o u t 38 

p e r c e n t q u a r t z and 50 p e r c e n t o r t h o c l a s e , w i t h t h e r e m a i n d e r o r i g i n a l l y 

m o s t l y c l a y s . One p e r c e n t t o u r m a l i n e and t h r e e p e r c e n t p y r i t e a r e a l s o 

p r e s e n t i n t h e r o c k . 

The c o n t a c t be tween t h e R e b e l l i m e s t o n e and "unnamed" q u a r t z i t e 

above was n o t c l e a r l y s e e n , b u t can be l o c a t e d w i t h i n s e v e r a l f e e t and i s 

b e l i e v e d c o n f o r m a b l e . 

"UNNAMED" QUARTZITE 

The q u a r t z i t e wh ich l i e s s t r a t i g r a p h i c a l l y above t h e R e b e l l i m e ­

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

a r e a . I t r a n g e s i n t h i c k n e s s from 160 f e e t t o p r o b a b l y a t l e a s t 550 f e e t . 

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

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

t i o n i n t h i c k n e s s a r e d i s c u s s e d on p • The q u a r t z i t e , w h i c h i s u n i f o r m l y 

r e s i s t a n t , forms r a t h e r smooth, t a l u s c o v e r e d h i l l s and r i d g e s which r i s e 

above t h e a d j a c e n t l i m e s t o n e b e d s . 

The u n i t i s composed a l m o s t e n t i r e l y of a m a s s i v e , f i n e - g r a i n e d 

( a v e . 0 .1-0 .2mm) w e l l - r o u n d e d , w e l l - s o r t e d , v e r y p u r e q u a r t z s a n d s t o n e 

wh ich h a s been s i l i c i f i e d t o a h a r d q u a r t z i t e . On f r e s h s u r f a c e s t h e 
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q u a r t z i t e i s l i g h t g r a y , and on w e a t h e r e d s u r f a c e s i t i s g r a y t o t a n g r a y . 

T h e r e i s no t r a c e of t h e d e s e r t v a r n i s h which makes t h e o t h e r w i s e v e r y 

s i m i l a r T a l i s m a n Q u a r t z i t e ( f o u n d n o r t h and w e s t of t h e s t u d y a r e a ) a 

v e r y d a r k brown on w e a t h e r e d s u r f a c e s . The "unnamed" q u a r t z i t e i s 

s t r o n g l y f r a c t u r e d o r . j o i n t e d and w e a t h e r s t o i r r e g u l a r , a n g u l a r c h i p s 

and b l o c k s . These q u a r t z i t e c h i p s , s e e m i n g l y i m p e r v i o u s t o d i s i n t e g r a ­

t i o n , move d o w n h i l l and a l m o s t c o m p l e t e l y c o v e r t h e l o w e r - l y i n g W i l l i a m s 

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

be tween t h e q u a r t z i t e and t h e W i l l i a m s l i m e s t o n e a s shown on t h e g e o l o g i c 

map ( p i . l ) i s v e r y t e n u o u s . I t i s p o s s i b l e t h a t i t i s a f a u l t c o n t a c t . 

I n t h e l o w e r 100 f e e t of t h e u n i t a r e l e n t i c u l a r b e d s of b l e a c h e d 

w h i t e , r e c r y s t a l l i z e d l i m e s t o n e which a r e v e r y s i m i l a r t o t h e l i m e s t o n e 

of t h e u n d e r l y i n g u n i t . I n a n y one p l a c e t h e r e a r e u s u a l l y two t o f o u r 

of t h e s e b e d s , wh ich r a n g e i n t h i c k n e s s from one f o o t t o t w e l v e f e e t . 

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

v a l l e y s . 

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

i f i e d s a n d s t o n e . The s a n d s t o n e i s u s u a l l y l i g h t t a n and f r i a b l e . I t i s 

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

m a g n e t i t e ( ? ) and h e m a t i t e . The s a n d s t o n e w e a t h e r s t o rounded b l o c k s 

and c h i p s . 

WILLIAMS LIMESTONE 

The W i l l i a m s l i m e s t o n e forms g e n t l e s l o p e s be tween t h e q u a r t z i t e 

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

s t u d y a r e a . Because t h e u n i t i s o v e r l a p p e d by r e c e n t a l l u v i u m , an e x a c t 
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t h i c k n e s s c a n n o t be d e t e r m i n e d . However, t h e t h i c k n e s s i s a t l e a s t 500 

f e e t . Townsend ( 1 9 5 3 , p4) g i v e s a t h i c k n e s s of 600 f e e t f o r t h e u n i t i n 

t h e v i c i n i t y of t h e H a r r i n g t o n - H i c k o r y m i n e e Because of a h e a v y c o v e r of 

q u a r t z i t e f l o a t from h i g h e r e l e v a t i o n s , i t was d i f f i c u l t t o examine t h e 

u n i t i n d e t a i l . 

The u n i t i s l i t h o l o g i c a i l y s i m i l a r t o t h e R e b e l l i m e s t o n e . The 

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

a r e some b e d s of d a r k g r a y l i m e s t o n e o r d o l o m i t i c l i m e s t o n e . 

RECENT ALLUVIUM 

S t r e a m - d e p o s i t e d a l l u v i u m o c c u p i e s t h e l o w e r p a r t s of t h e s t r e a m 

v a l l e y s and t h e s o u t h e r n and s o u t h e a s t e r n p a r t of t h e s t u d y a r e a where 

t h e e p h e m e r a l s t r e a m s c o a l e s c e . 

SEDIMENTARY SEQUENCE WEST OF THE MAJOR INTRUSIONS 

A s e d i m e n t a r y s e q u e n c e c o m p l e t e l y d i f f e r e n t from a n y s e q u e n c e e l s e ­

where i n t h e s t u d y a r e a was r e c o g n i z e d on t h e f a r w e s t edge of t h e s t u d y 

a r e a ( s e e g e o l o g i c map, p l 0 l ) . These r o c k s a r e s e p a r a t e d from t h e R e b e l 

l i m e s t o n e - W i l l i a m s l i m e s t o n e s e q u e n c e by wha t a p p e a r s t o be a low a n g l e 

f a u l t . As t h e s e q u e n c e a l m o s t c e r t a i n l y h a s no d i r e c t r e l a t i o n s h i p t o 

t h e o r e d e p o s i t s of t h e R e b e l m i n e , no d e t a i l e d work was done on t h e 

r o c k s t h e m s e l v e s o r on t h e i r r e l a t i o n s h i p t o t h e s t r a t a i n t h e main p a r t 

of t h e a r e a . However, a m e n t i o n of t h e r o c k t y p e s , keyed t o t h e g e o l o g i c 

map, may be of i n t e r e s t . 

A. L i m e s t o n e , w h i t e , g e n e r a l l y v e r y f i n e - g r a i n e d . The r o c k i s v e r y 

s t r i k i n g i n t h e f i e l d b e c a u s e of a r i b b e d s t r u c t u r e which i s d e e p and 

p r o n o u n c e d . Dark brown s i l i c i f i e d , d e s e r t - v a r n i s h e d r i b s a v e r a g i n g 
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o n e - h a l f i n c h i n t h i c k n e s s a l t e r n a t e w i t h p a l e g r a y , v e r y f i n e - g r a i n e d 

l i m e s t o n e of e q u a l t h i c k n e s s * R e l a t i v e r e l i e f be tween t h e d a r k and 

l i g h t l a y e r s may be o n e - h a l f i n c h . The d a r k l a y e r s were p r o b a b l y 

formed by d e p o s i t i o n of s i l i c a from m e t e o r i c w a t e r s p e r c o l a t i n g i n t o 

m i n u t e b e d d i n g p l a n e c r a c k s . Exposu re of t h e r e s i s t a n t s i l i c a - r i c h 

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

p o s i t i o n of i r o n - a n d manganese o x i d e s from e v a p o r a t i n g s u r f a c e w a t e r s . 

B . " S h a l e , " t h i n l y banded , g r e e n t o w h i t e , n o n - c a l c a r e o u s . The u n i t 

forms a s t e e p , smooth s l o p e . 

C. l i m e s t o n e and q u a r t z i t e . The l i m e s t o n e i s w h i t e and r e c r y s t a l l i z e d , 

and i n g e n e r a l i t i s v e r y much l i k e t h e l i m e s t o n e of t h e R e b e l and 

W i l l i a m s u n i t s * The q u a r t z i t e i s p r e d o m i n a n t l y p u r p l e and w h i t e . 

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

v e r y f i n e - g r a i n e d and a p p e a r s t o be s i l i c i f i e d and r e c r y s t a l l i z e d . 

D. " Q u a r t z i t e , " g r e e n , v e r y f i n e - g r a i n e d . The r o c k may be a s i l i c i f i e d 

o r r e c r y s t a l l i z e d impure s i l t s t o n e o r m u d s t o n e . The " q u a r t z i t e " 

w e a t h e r s t o a n g u l a r b l o c k s * 

E . F l o a t , composed of a n g u l a r b l o c k s and c h i p s of g r a y , f i n e - g r a i n e d 

q u a r t z i t e . T h i s a r e a i s f l a t and i s c o v e r e d by s o i l . P r e s u m a b l y 

t h e r e i s much q u a r t z i t e d i r e c t l y t o t h e w e s t . 

IGNEOUS ROCKS 

GENERAL STATEMENT 

I g n e o u s r o c k s i n t h e s t u d y a r e a may be c l a s s i f i e d a s p h a c o l i t h s , 

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

of s t r u c t u r a l r e l a t i o n s w i t h t h e c o u n t r y r o c k . The l a r g e s t of t h e s e 



n o ­

b o d i e s i s a b o u t 900 by 350 f e e t i n maximum l a t e r a l d i m e n s i o n s . The i n t r u ­

s i v e b o d i e s a l l seem t o be of t h e same m i n e r a l o g i c c o m p o s i t i o n , c o r r e s p o n d ­

i n g t o q u a r t z m o n z o n i t e * However, s m a l l d i k e s of d i a s c h i s t i c a p l i t e a r e 

p r e s e n t i n t h e l a r g e r p h a e o l i t h and p r o b a b l y e l s e w h e r e . Baer ( 1 9 6 2 ) 

i n d i c a t e d on h i s g e o l o g i c map t h e p r e s e n c e of two l a m p r o p h y r e d i k e s j u s t 

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

DESCRIPTION OF ROCK TYPES 

Q u a r t z Monzon i t e P o r p h y r y 

Two e s t i m a t e d modal a n a l y s e s of t y p i c a l spec imens from t h e s t o c k 

( 8 0 0 S , 800W) ( p i . 1) and t h e l a r g e r p h a e o l i t h (OH, 400W) ( p i . l ) a r e 

g i v e n b e l o w . 

S t o c k P h a e o l i t h 
Q u a r t z " I f ? I t) % 
O r t h o c l a s e 40 45 
P l a g i o c l a s e 47 ( A n a Y e o 3 2 ) 3 7 (M27^6 a v e . 3 1 ) 
Hornb lende 4 5 
B i o t i t e 2 2 
M a g n e t i t e 1 1 
O t h e r „ _ < ! _ < 1 

100 % 100 % 

J o h a n n s e n n o Q 2 2 6 " / 7 " 

V i r t u a l l y a l l of t h e p o r p h y r y i n t h e a r e a h a s t h e same h a n d -

spec imen a p p e a r a n c e . The r o c k i s m o t t l e d w h i t e t o p i n k i s h g r a y and 

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

b l a c k l u s t r o u s b i o t i t e and h o r n b l e n d e c r y s t a l s a r e s e e n s c a t t e r e d be tween 

l a r g e r e u h e d r a l t o s u b h e d r a l c r y s t a l s of w h i t e p l a g i o c l a s e and p i n k i s h -

g r a y o r t h o c l a s e . The o r t h o c l a s e p h e n o c r y s t s a r e a s much a s 1 .5 cm l o n g , 

b u t t h e y do n o t show any t e n d e n c y t o w e a t h e r ou t» The r o c k a p p e a r s t o 

be a porphyry .^" 

3-A r o c k " p o r p h y r y " h a s p h e n o c r y s t s i n a f i n e - g r a i n e d o r a p h a n i t i c 
g r o u n d m a s s , w h i l e a " p o r p h y r i t i c " r o c k h a s p h e n o c r y s t s i n a p h a n e r i t i c o r 
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The t h i n s e c t i o n s of t h e p o r p h y r y show r a t h e r t y p i c a l s t r u c t u r a l , 

t e x t u r a l , and m i n e r a l o g i c f e a t u r e s ( s e e f i g . 3 ) • The g roundmass i s com­

p o s e d of f i n e - g r a i n e d q u a r t z , f e l d s p a r , and m a f i c m i n e r a l s . The a v e r a g e 

g r a i n s i z e i s a b o u t 0.8mm i n b o t h t h i n s e c t i o n s e x a m i n e d . The g r a i n s 

a r e i n t e r l o c k i n g and have a r a t h e r wide r a n g e of s i z e . The p h e n o c r y s t s 

a r e g e n e r a l l y s l i g h t l y c o r r o d e d . I n a number of i n s t a n c e s , b i o t i t e 

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

w h i c h i s p r e d i c t e d by t h e Bowen r e a c t i o n s e r i e s . 

F i g . 3 P h o t o m i c r o g r a p h of t h e q u a r t z m o n z o n i t e p o r p h y r y . 

F o l l o w i n g c r y s t a l l i z a t i o n , d e u t e r i c a l t e r a t i o n and w e a t h e r i n g 

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

s e r i c i t e and k a o l i n i t e from t h e f e l d s p a r s . 

g r a n i t i c g r o u n d m a s s . The d i s t i n c t i o n may be of s i g n i f i c a n c e i n r e l a t i o n 
t o o r e d e p o s i t s . S t r i n g h a m (1958 and I 9 6 0 ) h a s n o t i c e d a d i s t i n c t c o n ­
n e c t i o n be tween " p a s s i v e " i n t r u s i v e p o r p h y r i e s ( n o t p o r p h y r i t i c i n t r u s i o n s ) 
and s i g n i f i c a n t m i n i n g d i s t r i c t s i n t h e B a s i n and R a n g e . S t r i n g h a m b e ­
l i e v e s t h a t t h e p r e s e n c e of " p a s s i v e " p o r p h y r i e s i n an a r e a i s a good 
g u i d e t o o r e . 
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A p l i t e 

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

e l s e w h e r e . The r o c k w e a t h e r s t o t a n - g r a y , m a s s i v e b l o c k s , q u i t e s i m i l a r 

i n a p p e a r a n c e t o t h e porphyryo On f r e s h s u r f a c e s , t h e a p l i t e i s a m a s s i v e , 

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

O r t h o c l a s e and q u a r t z c o n s t i t u t e 99 p e r c e n t of t h e r o c k , w i t h one p e r c e n t 

a l b i t e p l a g i o c l a s e (AnQ6)° B i o t i t e , h o r n b l e n d e , a u g i t e , a p a t i t e , z i r c o n , 

and sphene o c c u r i n t r a c e a m o u n t s . 

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

o b s e r v e d i n t h e p o r p h y r y , w i t h t h e e x c e p t i o n t h a t no c h l o r i t e was s e e n , 

p r o b a b l y due t o t h e f a c t t h a t t h e r e i s much l e s s magnesium and i r o n i n 

t h e a p l i t e . 

I n c l u s i o n s 

A few s m a l l w e l l - r o u n d e d d a r k i n c l u s i o n s of m o n z o n i t e c o m p o s i t i o n 

o c c u r i n t h e s o u t h ( o r l o w e r ) edge of t h e main p h a c o l i t h , v e r y n e a r t h e 

c o n t a c t be tween t h e i g n e o u s and t h e s e d i m e n t a r y r o c k . The i n c l u s i o n s a l l 

have a " s a l t - a n d - p e p p e r " a p p e a r a n c e , a l t h o u g h t h e g r a i n s a r e t o o f i n e t o 

d i s t i n q u i s h a n y t h i n g b u t h o r n b l e n d e i n hand s p e c i m e n . The e s t i m a t e d modal 

a n a l y s i s of a t y p i c a l spec imen i s g i v e n b e l o w . 

O r t h o c l a s e U5 % 
P l a g i o c l a s e A n ^ T > 2 ^ 2 
Hornb l ende 20 
M a g n e t i t e 2 
O t h e r s 1 

100 % 
Joha rmsen n o , 2 2 1 0 " 

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

v e r y r a g g e d o v e r a l l a p p e a r a n c e ( s e e f i g , k)• The a v e r a g e g r a i n s i z e i s 
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0 . 4 nun, w i t h a maximum c r y s t a l s i z e of one mme The c r y s t a l s a r e d e e p l y 

embayed and g e n e r a l l y a n h e d r a l » The p l a g i o c l a s e i s g e n e r a l l y u n t w i n n e d 

o r j u s t f a i n t l y t w i n n e d . K a o l i n i t e , s e r i c i t e , and c h l o r i t e a r e p r e s e n t 

a s a l t e r a t i o n m i n e r a l s . 

F i g . 4 « - P h o t o m i c r o g r a p h of an i n c l u s i o n from t h e l o w e r edge 
of t h e ma jo r p h a e o l i t h • 

The p r e s e n c e of t h e i n c l u s i o n s , o r x e n o l i t h s , n e a r t h e b o t t o m edge 

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

some d i f f e r e n t , more m a f i c , r o c k t y p e wh ich were b r o k e n o f f and c a r r i e d 

u p from b e l o w . The g r e a t e r s p e c i f i c g r a v i t y of t h e m a f i c r o c k k e p t t h e 

f r a g m e n t s n e a r t h e l o w e r edge of t h e p h a e o l i t h • The r o c k f r a g m e n t s p r o ­

b a b l y r e a c t e d e x t e n s i v e l y w i t h t h e magma, a s a l l of t h e i n c l u s i o n s a r e 

now w e l l - r o u n d e d and s m o o t h . However, t h e f r a g m e n t s d i d r e t a i n t h e i r 

i d e n t i t y , f o r t h e y e a s i l y can be b r o k e n o u t of t h e p o r p h y r y l e a v i n g c l e a n , 

smooth c a v i t i e s . 
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DESCRIPTION OF STRUCTURAL TYPES 

P h a c o l i t h s 

The two majo r i n t r u s i v e b o d i e s , l o c a t e d a t (0H f 100W) ( p i . l ) and 

(ON^ 400W) ( p i . l ) , have been t e r m e d p h a c o l i t h s by t h e a u t h o r . The b o d i e s 

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

c e n t e r s • They occupy t h e c r e s t of a n o r t h e a s t - p l u n g i n g a n t i c l i n e . As 

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

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

two i n t r u s i o n s r a t h e r t h a n t h e g e n e r a l t e r m " s t o c k " b e c a u s e t h e t e r m 

p h a e o l i t h e m p h a s i z e s t h e o b s e r v e d r e l a t i o n s be tween t h e I g n e o u s b o d i e s , 

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

The mode of i n t r u s i o n of t h e b o d i e s was p r o b a b l y b o t h f o r c e f u l and 

p a s s i v e . The f o r c e f u l n a t u r e of t h e i n t r u s i o n i s i n d i c a t e d by t h e s t r a t a 

s e p a r a t e d by t h e p o r p h y r y ; n e a r t h e e d g e s of t h e i g n e o u s b o d i e s t h i s 

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

t a n c e be tween t h e same b e d s i s q u i t e l a r g e . B i l l i n g s ( 1 9 5 4 , p303) p o i n t s 

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

i n t o c a v i t i e s which form a s f o l d i n g p r o c e e d s . However, h i s c o n c l u s i o n 

t h a t i t i s p r o b a b l e t h a t t h e magma i s u n d e r p r e s s u r e and f o r c e s i t s own 

way i s a p p l i c a b l e i n t h i s c a s e ; i t i s d i f f i c u l t t o i m a g i n e a c a v i t y 400 

by 900 f e e t i n l a t e r a l d i m e n s i o n s o p e n i n g a s a r e s u l t of o n l y t e n s i o n a l 

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

i n t r u s i o n i s shown a t , f o r i n s t a n c e , (100N, 900W) ( p i . l ) and (200N, 200W) 

( p i . l ) . At t h e s e p l a c e s , t h e s e d i m e n t a r y b e d s have been c r o s s c u t and 

removed, e i t h e r by a s s i m i l a t i o n i n t o t h e magma o r s t o p i n g . Both of t h e s e 

p r o c e s s e s o c c u r i n p a s s i v e i n t r u s i o n ^ where t h e magma i s supposed t o work 
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i t s way g r a d u a l l y i n t o a r o c k m a s s , making room f o r i t s e l f by o t h e r means 

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

I t seems p r o b a b l e from t h e s p a t i a l r e l a t i o n s h i p t h a t t h e two 

p h a c o l i t h s a r e c o n n e c t e d a t a s h a l l o w d e p t h * 

S t o c k 

An i r r e g u l a r l y shaped s t o c k i s l o c a t e d a t ( 8 0 0 S , 800W), i n t h e 

b o t t o m of two c o a l e s c i n g g u l l i e s . T h i s i s a t o p o g r a p h i c p o s i t i o n e x a c t l y 

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

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

s t o c k h a s j u s t r e c e n t l y been e x p o s e d , and t h e i r r e g u l a r o u t l i n e p r e s e n t e d 

i n t h e f i e l d r e p r e s e n t s t h e v e r y t o p of a mass which p r e s u m a b l y i n c r e a s e s 

i n s i z e w i t h d e p t h • T h i s c o n c l u s i o n i s w e l l s u p p o r t e d by an a d i t w h i c h 

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

m i n e r a l i z e d a r e a s beyond t h e p o r p h y r y t o t h e w e s t ( s e e g e o l o g i c map and 

c r o s s - s e c t i o n A - A f , p i . l ) . A l t h o u g h t h e h o r i z o n t a l p r o j e c t i o n of t h e 

w e s t e r n m o s t f a c e of t h e a d i t l i e s 80 f e e t on t h e l i m e s t o n e s i d e of t h e 

s u r f a c e c o n t a c t be tween t h e l i m e s t o n e and t h e p o r p h y r y , t h e a d i t i s com­

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

S i l l s 

At l e a s t t h r e e s i l l s a r e e x p o s e d i n t h e s t u d y a r e a - two f a i r l y 

l o n g ones be tween t h e s t o c k and t h e l a r g e r p h a e o l i t h , and one s m a l l one 

( n o t mapped) n o r t h of t h e l a r g e r p h a e o l i t h . The r o c k of t h e s i l l s 

r e s e m b l e s t h e p o r p h y r y of t h e s t o c k and p h a c o l i t h s , e x c e p t t h a t i t h a s 

f e w e r , s m a l l e r p h e n o c r y s t s . The ma jo r s i l l ( 3 0 0 S , 500W) ( p i . l ) i s from 

f o u r t o s e v e n f e e t w i d e , and i s t r a c e a b l e f o r a l m o s t 1000 h o r i z o n t a l f e e t 



p a r a l l e l t o t h e s o u t h e r n edge of t h e l a r g e i n t r u s i o n t o t h e n o r t h . The 

s i l l i s w i d e s t n e a r t h e s o u t h e a s t e r n end , where i t bends s o u t h w a r d . The 

o t h e r s i l l be tween t h e s t o c k and t h e p h a c o l i t h i s l o c a t e d j u s t s o u t h and 

be low t h e w e s t edge of t h e ma jo r s i l l . Both s i l l s show s e l v a g e s w i t h 

c o a r s e r r o c k i n t h e c e n t e r s . The t h i r d s i l l i s s c a r c e l y s i x i n c h e s wide 

and i s l o c a t e d n e a r t h e t o p of t h e s e c t i o n exposed i n t h e r o a d c u t n o r t h 

of t h e l a r g e r p h a c o l i t h a t (250N P 450W) ( p i . l ) . 

D i k e s 

The p r i n c i p a l d i k e s e x t e n d from t h e s m a l l e r p h a c o l i t h , and l e s s e r 

d i k e s e x t e n d from t h e s t o c k * The two d i k e s of t h e p h a c o l i t h p r o t r u d e 

from b o t h ends l i k e g r e a t o u t s t r e t c h e d arms* Both d i k e s a r e a b o u t 300 

f e e t l o n g , b u t t h e one e x t e n d i n g t o t h e n o r t h i s much t h i c k e r and s t a n d s 

h i g h above t h e s u r r o u n d i n g l e s s r e s i s t a n t s e d i m e n t s . The r o c k i s v i r t u ­

a l l y i d e n t i c a l w i t h t h e p o r p h y r y of t h e s i l l s , and i t shows a s i m i l a r 

s e l v a g e * The d i k e s of t h e s t o c k a r e s m a l l e r t h a n t h e d i k e s of t h e 

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

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

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

m e n s i o n a l i g n e o u s b o d i e s seems t o be f a v o r e d i n t h e i m m e d i a t e a r e a . One 

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

l i t h , i s t h a t t h e magma f o l l o w e d a zone of w e a k n e s s c r e a t e d by f r a c t u r i n g 

d u r i n g f o l d i n g * The l a r g e d i k e t r e n d s a l m o s t p a r a l l e l w i t h a s m a l l f a u l t 

s e v e r a l h u n d r e d f e e t t o t h e w e s t * 
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S m a l l e r Apophyses 

A number of s m a l l i n t r u s i v e s t r i n g e r s and n o d e s o c c u r i n t h e s t u d y 

a r e a , m a i n l y be tween t h e s t o c k and t h e p h a c o l i t h s o Most of t h e s e a r e 

shown on t h e g e o l o g i c map ( p i . l ) . They r a n g e i n s i z e from f o u r f e e t by 

f o u r f e e t t o 150 f e e t by 70 f e e t i n maximum d i m e n s i o n s . The r o c k t y p e 

i s i d e n t i c a l t o t h a t of t h e p h a c o l i t h s . 

LOCAIIZATION AND AGE OF THE INTRUSIONS 

From f i e l d o b s e r v a t i o n s , t h e f o l l o w i n g c o n c l u s i o n s have been made 

c o n c e r n i n g t h e l o c a l i z a t i o n and age of t h e i n t r u s i o n s . 

1 . The i g n e o u s r o c k s were i n t r u d e d a t a r e l a t i v e l y s h a l l o w d e p t h - v e r y 

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

s t r a t i g r a p h y i n t h e a r e a and by t h e n a t u r e of t h e i n t r u s i o n s t h e m s e l v e s . 

I t seems p r o b a b l e t h a t i n t h e a r e a of t h e S t a r Range t h e r e was a maximum 

of 4500 f e e t of T r i a s s i c and J u r a s s i c s e d i m e n t s d e p o s i t e d , and i t i s 

p o s s i b l e t h a t no o r l i t t l e C r e t a c e o u s s e d i m e n t was d e p o s i t e d . S e v e r a l 

p e r i o d s of p o s t - J u r a s s i c e r o s i o n o c c u r r e d , s e p a r a t e d by d e p o s i t i o n of 

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

t h e s t u d y a r e a a r e Pe rmian and P e n n s y l v a n i a n , a s shown by Baer ( 1 9 6 2 ) on 

h i s g e o l o g i c map, t h e n t h e r o c k c o v e r a t t h e t i m e of i n t r u s i o n was p r o b ­

a b l y much l e s s t h a n one m i l e t h i c k . I f t h e c o u n t r y r o c k i s M i s s i s s i p p i a n , 

t h e n t h e r o c k c o v e r migh t have been s e v e r a l t h o u s a n d f e e t t h i c k e r a t t h e 

t i m e of i n t r u s i o n . 

The t e x t u r e and s t r u c t u r e s of t h e i n t r u s i o n s s u p p o r t t h e c o n c l u s i o n 

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

Verhoogen ( i 9 6 0 , p 3 3 l ) d i v i d e g r a n i t i c i n t r u s i o n s i n t o t h r e e c l a s s e s . The 
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R e b e l a r e a i n t r u s i o n s f i t t h e c l a s s of "minor i n t r u s i o n s " which " a p p e a r 

t o have c o n s o l i d a t e d a t r e l a t i v e l y s h a l l o w d e p t h - i n some c a s e s l e s s 

t h a n a m i l e be low t h e s u r f a c e * , " 

2 . The main u n d e r l y i n g i g n e o u s mass i s p r o b a b l y r e l a t i v e l y l a r g e and 

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

number of i g n e o u s b o d i e s of v a r i o u s s i z e s a r e exposed a t t h e s u r f a c e . 

The s m a l l e r b o d i e s ( s t r i n g e r s , n o d e s , and s i l l s ) p r o b a b l y c o u l d n o t have 

been i n j e c t e d a n y g r e a t d i s t a n c e from t h e s o u r c e mass w i t h o u t s o l i d i f i c a ­

t i o n due t o c o o l i n g . The r e l a t i v e l y g r e a t c o n c e n t r a t i o n of i g n e o u s b o d i e s 

i n a d i s t i n c t and l i m i t e d a r e a a l s o i n d i c a t e s t h e p r e s e n c e of a l a r g e , 

n e a r - s u r f a c e i g n e o u s m a s s . The e x t r e m e i n c r e a s e i n c r o s s - s e c t i o n a l a r e a 

w i t h d e p t h of t h e s t o c k h a s a l r e a d y been n o t e d . 

A l a r g e i n t r u s i o n of s i m i l a r c o m p o s i t i o n ( B a e r , 1962) o c c u r s j u s t 

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

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

From t h e s e c o n s i d e r a t i o n s , an o b s e r v a t i o n may be made i n p a s s i n g : 

i f a much l a r g e r i g n e o u s mass d o e s e x i s t a t s h a l l o w d e p t h , t h e r e i s a 

b e t t e r p o s s i b i l i t y t h a t an a d j a c e n t c o n t a c t me tamorph ic ( o r o t h e r t y p e ) 

o r e d e p o s i t of good s i z e a l s o e x i s t s w i t h i n s t r i k i n g d i s t a n c e of t h e 

s u r f a c e o 

3 . The mapped i n t r u s i o n s p r o b a b l y formed d u r i n g o r a f t e r f o l d i n g and 

we re i n t r u d e d a l o n g z o n e s of weaknes s a t o r n e a r t h e c r e s t of t h e ma jo r 

f o l d . The r e l a t i o n of t h e i g n e o u s r o c k t o t h e f o l d i s shown i n f i g . 5« 

The f o l d i n g was p r o b a b l y due t o c o m p r e s s i v e s t r e s s e s . S t o k e s and 

Heylmum ( 1 9 6 2 , p 2 l ) s t a t e t h a t " t h r u s t i n g and e x t e n s i v e f o l d i n g " o c c u r r e d 

" d u r i n g t h e c l i m a x " of o r o g e n i c a c t i v i t y i n C r e t a c e o u s t i m e . T h r u s t 
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f a u l t s of t h e t y p e p r o d u c e d by t h i s o r o g e n i c a c t i v i t y a r e g e n e r a l l y c o n ­

s i d e r e d t o r e s u l t from n e a r - h o r i z o n t a l c o m p r e s s i v e s t r e s s e s . As a r e s u l t 

of a c t i v e c o m p r e s s i o n a l o n g one p l a n e , t e n s i o n a l f o r c e s a r e c r e a t e d 

n o r m a l t o t h e p l ane ( B i l l i n g s , 1954 , p 9 6 ) . The s t r a i n a t t h e f o l d a x i s 

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

i n t h e a x i a l p l a n e and n o r m a l t o t h e f o l d a x i s . Thus a f l u i d magma, i f 

p r e s e n t , would be c o n c e n t r a t e d a t o r n e a r t h e a x i a l p l a n e . The magma 

(wh ich i s u n d e r p r e s s u r e from be low o r i t would n o t be moving upward) 

would expand t o t h e g r e a t e s t e x t e n t a g a i n s t t h e i n c l o s i n g r o c k i n t h e 

a x i a l p l a n e a l o n e . F i g u r e 5 shows t h a t t h i s i s i n d e e d t h e s i t u a t i o n i n 

t h e R e b e l a r e a . 

F i g . 5 « - R e l a t i o n of i n t r u s i o n s t o t h e ma jo r f o l d n o r t h w e s t of t h e R e b e l 
m i n e . 
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I t i s a l s o p o s s i b l e t h a t i n t r u s i o n o c c u r r e d s u b s t a n t i a l l y a f t e r 

t h e major p e r i o d of f o l d i n g , b e l i e v e d t o be i n C r e t a c e o u s t i m e . The 

s t r a i n r e s u l t i n g from p r i o r f o l d i n g ' would t e n d t o l o c a l i z e t h e magma i n 

t h e a x i a l p l a n e . 

A n o t h e r p o s s i b i l i t y , wh ich t h e a u t h o r c o n s i d e r s u n t e n a b l e , i s t h a t 

i n t r u s i o n of magma p r e c e d e d ma jo r f o l d i n g . T h i s p o s s i b i l i t y i s n o t b o r n e 

o u t i n t h e f i e l d , f o r w h i l e s h e a r f a u l t s i n r e l a t i v e l y compe ten t b e d s 

such a s s a n d s t o n e a r e common, e s p e c i a l l y n e a r t h e a x i a l p l a n e of t h e f o l d , 

n o b r e a k s a t a l l we re o b s e r v e d i n t h e much more compe ten t q u a r t z m o n z o n i t e . 

I n a d d i t i o n , i t would be a r e m a r k a b l e c o i n c i d e n c e i f t h e ma jo r f o l d i n t h e 

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

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

4 . The age of i n t r u s i o n of t h e p o r p h y r y , from t h e e v i d e n c e a v a i l a b l e i n 

t h e s m a l l a r e a s t u d i e d , i s p r o b a b l y C r e t a c e o u s ( m e d i a l ? ) b u t may p o s s i b l y 

be n d d - T e r t i a r y . The o rogeny d e s c r i b e d above i s b e l i e v e d t o be a p a r t of 

t h e Laramide Orogeny, wh ich i n i t s b r o a d e s t s e n s e may be c o n s i d e r e d t o 

have e x t e n d e d from J u r a s s i c t i m e u n t i l t h e p r e s e n t . I t i s p o s s i b l e t h a t 

t h e ma jo r f o l d i n g i n t h e a r e a may have o c c u r r e d i n T e r t i a r y t i m e , i n a 

m i n o r r e n e w a l of o r o g e n y . 

C o n s i d e r a t i o n of p r e v i o u s work r e v e a l s s u p p o r t i n g e v i d e n c e f o r b o t h 

a T e r t i a r y and a C r e t a c e o u s t i m e of i n t r u s i o n . B u t l e r ( 1 9 1 3 ) and many 

o t h e r s have d e m o n s t r a t e d t h a t many i n t r u s i o n s i n t h e B a s i n and Range of 

s o u t h w e s t e r n and w e s t e r n U t a h a r e younge r t h a n t h e u b i q u i t o u s v o l c a n i c 

r o c k s . The v o l c a n i c s t h e m s e l v e s have a l w a y s been g e n e r a l l y c o n s i d e r e d t o 

be m i d - t o l a t e - T e r t i a r y , and r e c e n t a g e - d a t i n g by Arms t rong (1963) and 

o t h e r s seems t o c o n f i r m t h i s . B u t l e r (1913) showed i n h i s work i n t h e 
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San F r a n c i s c o r e g i o n t h a t q u a r t z - m o n z o n i t e and g r a n o d i o r i t e b o d i e s a r e 

i n t r u s i v e i n t o v o l c a n i c s i n t h e San F r a n c i s c o and Beaver Lake M o u n t a i n s , 

and a l s o i n t h e w e s t e r n edge of t h e S t a r Range , T h e r e a r e n o v o l c a n i c s 

i n t h e e a s t e r n h a l f of t h e S t a r Range o r t h e Rocky Range f i v e m i l e s n o r t h 

of t h e S t a r Range , However, owing t o t h e s i m i l a r i t y of a l l i n t r u s i v e 

r o c k s i n t h e r e g i o n , i t was t a c i t l y assumed t h a t t h e i n t r u s i o n s of t h e 

R e b e l and V i c k s b u r g mines of t h e S t a r Range and t h e Old H i c k o r y mine of 

t h e Rocky Range were p o s t - v o l c a n i c s a l s o . However, t h e one age d e t e r ­

m i n a t i o n ( P b - c x ) a v a i l a b l e t o t h e w r i t e r g i v e s an age of 97 m i l l i o n y e a r s , 

o r m i d - C r e t a c e o u s , f o r t h e i n t r u s i o n of t h e Old H i c k o r y mine a r e a (Whelan 

and O d e k i r k , 1 9 6 3 ) . 

CONTACT METAMORPHISM 

GENERAL STATEMENT 

The i g n e o u s i n t r u s i o n s i n t h e R e b e l mine a r e a had w i d e s p r e a d and 

v a r i e d c o n t a c t me tamorph ic e f f e c t s upon t h e s u r r o u n d i n g s e d i m e n t a r y r o c k s . 

The c o n t a c t metamorphism may be d i v i d e d i n t o i s o c h e m i c a l and m e t a s o m a t i c 

me tamorph i sm. I s o c h e m i c a l metamorphism p r o d u c e s r e c r y s t a l l i z a t i o n ( c h a n g e s 

of m i n e r a l o g y a n d / o r t e x t u r e ) w i t h n e g l i g i b l e g a i n o r l o s s of m a t e r i a l . 

M e t a s o m a t i c metamorphism r e s u l t s i n changes wh ich a r e c a u s e d by a d d i t i o n 

of m a t e r i a l . The d i s t i n c t i o n be tween i s o c h e m i c a l and m e t a s o m a t i c m e t a ­

morphism i s i m p o r t a n t ; i f an exposed s e r i e s of metamorphosed r o c k i s 

shown t o be a r e s u l t of o n l y r e c r y s t a l l i z a t i o n of t h e o r i g i n a l r o c k c o n ­

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

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

m a t e r i a l . The c o n t a c t metamorphism i n t h e R e b e l a r e a was i n v e s t i g a t e d 

w i t h t h i s d i s t i n c t i o n i n mind . 
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TYPES OF CONTACT METAMORPHIC ROCKS 

F i v e t y p e s of c o n t a c t me tamorph ic r o c k s have been r e c o g n i z e d i n t h e 

R e b e l mine a r e a . These a r e l i s t e d be low t o g e t h e r w i t h l o c a t i o n s . 

Types of c o n t a c t me tamorph ic r o c k s i n t h e R e b e l mine a r e a . 

W i d e s p r e a d 

1 . R e c r y s t a l l i z e d and b l e a c h e d l i m e s t o n e . A l l of t h e l i m e s t o n e i n 
t h e a r e a h a s been r e c r y s t a l l i z e d , and most of t h e l i m e s t o n e h a s 
u n d e r g o n e b l e a c h i n g . 

2 . S i l i c i f i e d s a n d s t o n e . The "unnamed" q u a r t z i t e u n i t above t h e R e b e l 
l i m e s t o n e was p r o b a b l y formed from a s a n d s t o n e by t h e a d d i t i o n of 
s i l i c a from magmat ic f l u i d s . 

L o c a l i z e d 

3 . S k a r n s , o r r o c k s r i c h i n c a l c - s i l i c a t e m i n e r a l s , e s p e c i a l l y g r e e n 
g a r n e t , wh ich formed from c a r b o n a t e r o c k s by a d d i t i o n of e l e m e n t s . 
S k a r n s a r e l o c a t e d i r r e g u l a r l y on t h e s i d e s of t h e ma jo r i n t r u s i o n s 
and a r e o f t e n a s s o c i a t e d w i t h t h e mino r i n t r u s i o n s . T h e r e i s a l s o 
one f o u r - f o o t by e i g h t - f o o t p a t c h of s k a r n a t t h e v e r y t o p of t h e 
R e b e l l i m e s t o n e (50N, 950E) ( p i . l ) . The s k a r n zones a r o u n d t h e 
p h a c o l i t h s have been i n d i c a t e d by d o t t e d l i n e s on t h e g e o l o g i c map 
( p i . l ) . The s t o c k h a s a s k a r n z o n e , c h i e f l y on t h e s o u t h e a s t 
s i d e of t h e p o r p h y r y , wh ich was n o t i n d i c a t e d on t h e map. 

I n t h e R e b e l a r e a t h e r e a r e two t y p e s of s k a r n s . 
a ) S k a r n s b a r r e n of o r e m i n e r a l s . 
b ) S k a r n s c o n t a i n i n g o r e m i n e r a l s of F e , Cu, W, and Mo. T h i s t y p e 

of s k a r n i s commonly c a l l e d t a c t i t e . 

4 . H o r n f e l s , formed from g e n e r a l l y impure f i n e - g r a i n e d s a n d s t o n e s and 
s i l t s t o n e s . The h o r n f e l s o c c u r i n a s e r i e s of b e d s n o r t h of t h e 
l a r g e r p h a c o l i t h , and a l s o i n i r r e g u l a r , a p p a r e n t l y d i s j o i n t e d 
p a t c h e s c e n t e r i n g a t ( 8 0 0 S , 300W) ( p i . l ) on t h e g e o l o g i c map. A l l 
of t h e h o r n f e l s u n i t s a r e mapped. 

5 . V e i n l e t s of q u a r t z , i r o n o r e , c a l c i t e , and c a l c - s i l i c a t e m i n e r a l s , 
c h i e f l y g r o s s u l a r i t e , i n p o r p h y r y . A few v e i n s were n o t e d i n t h e 
v i c i n i t y of (200N, 400W) ( p i . l ) . 

Type one i s b e l i e v e d t o be a r e s u l t of i s o c h e m i c a l metamorphism, 

w h i l e t h e o t h e r t y p e s a r e a r e s u l t of m e t a s o m a t i c metamorphism. 
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GENERAL NATURE AND EFFECTS OF CONTACT METAMORPHISM 

I n t r o d u c t o r y S t a t e m e n t 

The metamorphism i n t h e a r e a i s b e l i e v e d t o have r e s u l t e d from t h e 

p a s s a g e of f l u i d s , l a r g e l y w a t e y , t h r o u g h r o c k s a t h i g h t e m p e r a t u r e s and 

p r e s s u r e s . The f l u i d s were c o n t a i n e d i n t h e magma, and a s t h e magma 

c o o l e d and c r y s t a l l i z e d , w a t e r and o t h e r v o l a t i l e s were d r i v e n i n t o t h e 

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

These f l u i d s were i m p o r t a n t i n t h e p r o c e s s of metamorphism f o r two main 

r e a s o n s , l ) The c h e m i c a l r e a c t i o n s of metamorphism were s p e e d e d due t o 

t h e p r e s e n c e of a h i g h l y a c t i v e medium ( t h e h i g h - t e m p e r a t u r e f l u i d i n 

t h e r o c k p o r e s ) wh ich a l l o w e d i o n s t o d i f f u s e r a p i d l y and e q u i l i b r i u m t o 

be e s t a b l i s h e d q u i c k l y w i t h r e s p e c t t o new c h e m i c a l and t e m p e r a t u r e 

c o n d i t i o n s . 2) The f l u i d s t h e f c s e l v e s c a r r i e d a p p r e c i a b l e amounts of 

numerous c a t i o n s , wh ich were d e p o s i t e d a s soon a s c h e m i c a l c o n d i t i o n s 

became f a v o r a b l e . G e n e r a l l y c o n d i t i o n s became f a v o r a b l e a s soon a s t h e 

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

The f o r m a t i o n of v i r t u a l l y p u r e c a l c - s i l i c a t e s k a r n s i n t h i n s h e l l s 

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

l i m e s t o n e was h i g h l y r e a c t i v e t o f l u i d s c a r r y i n g c a t i o n s away from t h e 

i g n e o u s m a s s . Y e t , a s shown on t h e g e o l o g i c map ( p i . l ) , t h e s k a r n s do 

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

t h e s k a r n s a r e n o t even u n i f o r m i n c o m p o s i t i o n , l>ut f a l l i n t o two d i s t i n c t 

g r o u p s and may even be s u b d i v i d e d f u r t h e r . 

T h e r e a r e f o u r p o s s i b l e e x p l a n a t i o n s f o r t h e uneven d i s t r i b u t i o n 

of s k a r n s a r o u n d t h e i n t r u s i o n s , l ) The f l u i d s may n o t have r e a c t e d 

e q u a l l y w i t h t h e e n c l o s i n g r o c k . T h i s r e a s o n i s d i s c o u n t e d b e c a u s e t h e 
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a p p a r e n t u n i f o r m i t y of t h e l i m e s t o n e ( i n wh ich t h e s k a r n s a r e d e v e l o p e d ) 

i n d i c a t e s t h a t r e a c t i o n s t o form s k a r n s would p r o c e e d e q u a l l y w e l l i n a n y 

p o r t i o n of t h e l i m e s t o n e . 2) The f l u i d s may have e n t e r e d t h e w a l l r o c k 

o n l y a t c e r t a i n p l a c e s , where t h e s k a r n s a r e now f o u n d . 3 ) F l u i d s may 

have e n t e r e d t h e w a l l r o c k a t o t h e r p l a c e s a r o u n d t h e i g n e o u s body, b u t 

o n l y t h e f l u i d s wh ich p a s s e d t h r o u g h t h e w a l l r o c k where s k a r n i s n o t s e e n 

had c a t i o n s t o d e p o s i t ; t h e o t h e r f l u i d s were b a r r e n of c a t i o n s . Both 

2 ) and 3 ) seem e q u a l l y " p l a u s a b l e , " w i t h p o s s i b l e a r g u m e n t s f o r and 

a g a i n s t e a c h t h e o r y . I t may p o s s i b l y be t h a t b o t h e x p l a n a t i o n s h o l d f o r 

t h e f o r m a t i o n of s k a r n s i n t h e R e b e l mine a r e a . The ma jo r o b j e c t i o n t o 

t h e o r y 2 ) i s t h e l a c k of an a p p a r e n t r e a s o n f o r l o c a l i z a t i o n of t h e 

f l u i d s . I n many a r e a s a r o u n d t h e i n t r u s i v e s , s u c h a s a t (200N, *200W) and 

( 3 0 0 S , 200W), one would d e f i n i t e l y e x p e c t t h e deve lopmen t of s k a r n s by 

t h e o r y 2 ) , b u t t h e r e i s no s k a r n z o n e . The p r o b l e m w i t h t h e o r y $) i s t h e 

n e c e s s i t y f o r an inhomogeneous f l u i d t h a t was d e r i v e d from an a p p a r e n t l y 

homogeneous magma. 4) The f l u i d s may have been g i v e n o f f by t h e magma 

i n s e v e r a l " s t a g e s , " and b e c a u s e of v a r i o u s r e a s o n s e a c h " s t a g e " of f l u i d 

had a d i f f e r e n t c o n t e n t of r e a c t i v e c a t i o n s . The " s t a g e s " may r e p r e s e n t 

p a r t i c u l a r d u r a t i o n s of t i m e i n wh ich t h e e s c a p i n g f l u i d s had a p a r t i c u l a r 

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

f l u i d from t h e c o o l i n g i g n e o u s m a s s e s . The f i r s t t h r e e e x p l a n a t i o n s 

t a c i t l y assume one f a i r l y s h o r t b u r s t of f l u i d s from t h e c o o l i n g and 

s o l i d i f y i n g magma. T h i s i s more o r l e s s t h e a s s u m p t i o n i n most e x p l a n a ­

t i o n s of c o n t a c t metamorphism; t h e f l u i d s were g i v e n o f f by t h e magma a t 

some one s t a g e of c r y s t a l l i z a t i o n , and i f t h e y had t h e p r o p e r c o n s t i t u e n t s 

t h e n o r e d e p o s i t s were fo rmed . I f n o t , t h e n no o r e d e p o s i t s were f o r m e d . 
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Whi l e e v i d e n c e f o r t h e o r y 4) i s n o t c o n c l u s i v e , t o t h e w r i t e r t h i s e x p l a ­

n a t i o n "best f i t s t h e o b s e r v e d metamorph ic r o c k s i n t h e R e b e l mine a r e a . 

The p r o b a b l e s e q u e n c e of t h e " s t a g e s " w i t h f i e l d e v i d e n c e i s a s f o l l o w s : 

1 . Dur ing o r s l i g h t l y a f t e r t h e imp lacemen t of t h e main magmat ic mass 

a t d e p t h and t h e i n t r u s i o n upward of t h e p h a c o l i t h s , e t c . , l a r g e amounts 

of g e n e r a l l y b a r r e n f l u i d s were exuded from t h e magma. These f l u i d s 

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

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

t h e R e b e l l i m e s t o n e . T h i s l a t t e r p o i n t i s f a r from c e r t a i n , h o w e v e r . 

I t s h o u l d be r e s t a t e d h e r e t h a t t h e exposed i g n e o u s r o c k s p r o b a b l y r e p r e ­

s e n t t h e h i g h e s t o r v e r y n e a r l y t h e h i g h e s t p e n e t r a t i o n of magma i n t h e 

i m m e d i a t e v i c i n i t y . 

2 . A f t e r c o o l i n g of t h e u p p e r o u t l i e r s of t h e magma had p r o g r e s s e d 

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

t r u s i o n s p r e s e n t l y v i s i b l e i n t h e R e b e l a r e a ( a s s u m i n g c o n v e n t i o n a l 

s o l i d i f i c a t i o n - from t h e o u t s i d e i n ) , a s econd " s t a g e " of f l u i d s , more 

l i m i t e d i n volume and scope b u t c o n t a i n i n g c a t i o n s of v a r i o u s e l e m e n t s , 

made i t s way upward from t h e magma a t d e p t h and p o s s i b l y ou tward from t h e 

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

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

t a l i i z e d l i m e s t o n e . A l l ^ o f t h e a r g i l l i c and a r k o s i c s i l t s t o n e u n i t s i n 

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

of r e c r y s t a l l i z a t i o n and m e t a s o m a t i c metamorphism, b u t t h e f o r m a t i o n of 

s k a r n from l i m e s t o n e was much more l o c a l i z e d . I t a p p e a r s t h a t f r a c t u r e s 

and " p e r m e a b l e s u r f a c e s " t h a t were c r e a t e d by t h e c o n t r a c t i o n of t h e 

c o o l i n g i n t r u s i v e s p r o v i d e d t h e means f o r c a t i o n - b e a r i n g f l u i d s t o r i s e 
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and i n t h e p r o c e s s form s k a r n z o n e s . T h i s c o u l d e x p l a i n t h e s e e m i n g l y 

p e c u l i a r a r r a n g e m e n t of s k a r n z o n e s a r o u n d t h e i n t r u s i o n s . Zones of 

t e n s i o n and t h u s p e r m e a b i l i t y would be e x p e c t e d a t t h e c r e s t s of t h e 

convex and concave s i d e s of t h e ma jo r p h a e o l i t h and a l o n g t h e c o n c o r d a n t 

s i d e s of t h e p h a c o l i t h s (where b u l g i n g of t h e s e d i m e n t s had t a k e n p l a c e ) . 

T e n s i o n would n o t be e x p e c t e d i n t h o s e a r e a s where p a s s i v e s t o p i n g h a s 

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

( 3 0 0 S , 200W) ( p i . l ) . The c o n t a c t i s i r r e g u l a r enough t o a l l o w c o o l i n g 

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

i n g a t a l l . I t s h o u l d be n o t e d t h a t t h e s k a r n z o n e s - i n d i c a t e d by 

d o t t e d l i n e s on t h e g e o l o g i c map - a r e l o c a t e d p r e c i s e l y where t h e y would 

be e x p e c t e d by t h i s t h e o r y . I t seems t o t h e w r i t e r t h a t i f t h e s k a r n -

fo rming f l u i d s were g i v e n o f f by t h e i n t r u s i o n s t h e m s e l v e s a s e x p o s e d on 

t h e s u r f a c e ( i . e . i f t h e movement of t h e f l u i d s were r a d i a l l y o u t w a r d , 

i n t h i s c a s e a p p r o x i m a t e l y h o r i z o n t a l , r a t h e r t h a n p r i m a r i l y upward 

p a r a l l e l t o t h e i g n e o u s r o c k - l i m e s t o n e c o n t a c t s , a s s u g g e s t e d ) , t h e n t h e 

e x a c t o p p o s i t e s h o u l d be n o t e d . T h a t i s , t h e f o r m a t i o n of s k a r n s s h o u l d 

be most p ronounced a t ( 3 0 0 S , 200W) ( p i . l ) , where t h e magma was most 

r e a c t i v e w i t h t h e l i m e s t o n e , and l e a s t p ronounced where t h e i n t r u s i o n s 

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

I n r e g a r d s t o t h e c o r r e l a t i o n be tween p a s s i v e i n t r u s i o n and l a c k 

of s k a r n , an a p p a r e n t e x c e p t i o n e x i s t s i n t h e c a s e of t h e s t o c k and n e a r b y 

a r e a . S k a r n z o n e s were n o t e d i n t h e v i c i n i t y of ( 8 0 0 S , 800W) ( p i . l ) on 

t h e e a s t s i d e of t h e s t o c k , and a l s o a t ( 9 0 0 S , 500W) ( p i . l ) where t h e 

s k a r n a p p e a r s t o be d i v o r c e d from i g n e o u s r o c k . However, a s p r e v i o u s l y 

n o t e d , i t i s b e l i e v e d t h a t t h e s t o c k r e p r e s e n t s t h e v e r y t o p of a l a r g e , 
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i g n e o u s m a s s , v e r y p o s s i b l y t h e mass from which p a r t ( o r a l l ) of t h e 

second s t a g e f l u i d s w e r e d e r i v e d . I t i s a l s o b e l i e v e d t h a t t h e s k a r n 

zone a t ( 9 0 0 S , 500W) ( p i . l ) i n wh ich s c h e e l i t e i s found l i e s d i r e c t l y 

above i g n e o u s r o c k , p r o b a b l y a h i g h p a r t of t h e r o o f of t h e s t o c k . 

At l e a s t some o f t h e s k a r n s formed a f t e r s o l i d i f i c a t i o n of t h e 

i n t r u s i o n s had begun , b e c a u s e v e i n l e t s of c a l c - s i l i c a t e m i n e r a l s , 

c a l c i t e , and q u a r t z w e r e o b s e r v e d a t (200N, 400W) i n p o r p h y r y ( f i g . 6 ) , 

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

b e a r i n g s c h e e l i t e . L o c a l l y m a g n e t i t e and s p e c u l a r h e m a t i t e a r e p r e s e n t 

i n t h e s k a r n s . M a g n e t i t e i s found n e a r t h e s t o c k , w h i l e s p e c u l a r h e m a t i t e 

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

spec imen of c h a l c o p y r i t e was s e e n . The p a r a g e n e t i c s e q u e n c e i s g i v e n i n 

t h e s e c t i o n on o r e d e p o s i t s ( p . 

F i g . 6 . - V e i n l e t of g a r n e t and o t h e r m i n e r a l s i n p o r p h y r y . 
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3 . A f t e r f o r m a t i o n o f t h e s k a r n s and h o r n f e l s by s e c o n d - s t a g e f l u i d s a t 

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

d e p o s i t e d t h e c o p p e r m i n e r a l m a l a c h i t e ( w i t h a v e r y l i t t l e a z u r i t e ) a t 

r e l a t i v e l y low t e m p e r a t u r e s . Thte^fflal icMt* f i l l s c r a c k s i n m a s s i v e s k a r n s 

which had f r a c t u r e d a s a r e s u l t of c o o l i n g o r mino r t e c t o n i c o r r e a d j u s t ­

ment f o r c e s . P r i n c i p a l l y b e c a u s e of t h e l a c k of t h e s u l f i d e s p y r i t e and 

c h a l c o p y r i t e i n t h e c o n t a c t me tamorph ic r o c k s , t h e w r i t e r i s i n c l i n e d t o 

b e l i e v e t h a t t h e m a l a c h i t e was p r i m a r y ( $ » J » a t i c ) r a t h e r t h a n s e c o n d a r y 

( s u p e r g e n e ) • 

F i g . 7 . - P h o t o m i c r o g r a p h of m a l a c h i t e i n s k a r n from (250N, 150W) ( p i . l ) . 

A number of s p e c i m e n s from s e v e r a l d i f f e r e n t a r e a s were c o l l e c t e d 

which p r o v i d e an i n t e r e s t i n g " c o n f i r m a t i o n " of t h e b a s i c p r i n c i p l e of t h e 

e n t i r e d i s c u s s i o n above - t h a t t h e c h i e f a g e n t of metamorphism was w a t e r . 

F i g u r e 8 shows a spec imen of s c h e e l i t e - b e a r i n g s k a r n from t h e p r o s p e c t a s 
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( 9 0 0 S , 500W) ( p i , l ) . The p r i m a r y f e a t u r e i s t h e c r y s t a l - r i c h vug , of 

t h e t y p e c a l l e d by m i n e r s a " w a t e r c o u r s e . " The i n c r e a s e of h y d r o x y l -

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

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

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

i n c r e a s e s . One m i n e r a l formed o v e r a n o t h e r m i n e r a l a s t h e t e m p e r a t u r e 

d r o p p e d . The l a s t m i n e r a l formed from t h e f l u i d s was q u a r t z , t h e f r e e -

g rowing c r y s t a l s i n t h e v u g . The vug shows q u a r t z i n zoned s i n g l e 

c r y s t a l s and b o t r y o i d a l mas se s of t i n y c r y s t a l p o i n t s . F i g u r e 9 shows 

a " w a t e r c o u r s e " spec imen wh ich was c o l l e c t e d a s f l o a t from j u s t s o u t h of 

t h e l a r g e r p h a e o l i t h . T h i s p a r t i c u l a r spec imen shows w e l l - z o n e 4 q u a r t z 

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

D e s c r i p t i o n of t h e TJvpes of C o n t a c t Ipe tamorphic pfocks 

Type 1 - R e c r y s t a l l i z e d and b l e a c h e d l i m e s t o n e . The l i m e s t o n e i n t h e 

R e b e l mine a r e a h a s been e n t i r e l y r e c r y s t a l l i z e d and g e n e r a l l y b l e a c h e d . 

R e c r y s t a l l i z a t i o n i s e v i d e n t on f r e s h s u r f a c e s of t h e l i m e s t o n e , w h e t h e r 

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

i n d i c a t i v e of r e c r y s t a l l i z a t i o n of many s m a l l g r a i r W l i n t o l a r g e r g r a i n s 

c a p a b l e of showing c l e a v a g e f a c e s . The r e s u l t a n t s i z e of t h e c a l c i t e 

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

f l u i d s wh ich c a u s e d r e c r y s t a l l i z a t i o n . The a v e r a g e s i z e of t h e c a l c i t e 

g r a i n s a t a m o d e r a t e d i s t a n c e from t h e i n t r u s i v e s i s u n d e r 1mm. The 

b l e a c h i n g of t h e l i m e s t o n e from d a r k g r a y t o p u r e w h i t e i s p r o b a b l y a 

r e s u l t of t h e r e m o v a l of e l e m e n t a l c a r b o n wh ich i s p r e s e n t i n t h e c a l c i t e 

l a t t i c e i n m i n u t e amounts ( P a r k , 1964 , p 4 7 ) . 
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F i g . 8 . - S k a r n f rom t h e s c h e e l i t e p r o s p e c t a t ( 9 0 0 S , 500W) ( p i . l ) 

g . 9 « - W e l l - z o n e d q u a r t z c r y s t a l s from n e a r ( 3 0 0 S , 150W) ( p i . l ) 
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Type 2 - S i l i c i f i e d s a n d s t o n e * The i n t r o d u c e d s i l i c a formed o v e r g r o w t h s 

on t h e o r i g i n a l q u a r t z g r a i n s . The r e s u l t i n g q u a r t z i t e i s a l m o s t 100 p e r 

c e n t q u a r t z . 

Type 3 - S k a r n s . 

T e x t u r a l and M i n e r a l o g i c F e a t u r e s . 

Two t y p e s of s k a r n s were r e c o g n i z e d , t h o s e b a r r e n of o r e m i n e r a l s 

and t h o s e c o n t a i n i n g o r e m i n e r a l s . 

The b a r r e n s k a r n s c o m p r i s e p e r h a p s 90 p e r c e n t of t h e s k a r n s e x p o s e d 

i n t h e s t u d y a r e a . M i n e r a l o g i c a l l y t h e s e s k a r n s a r e s i m p l e ; t h e dominan t 

m i n e r a l i s g r o s s u l a r i t e g a r n e t . The g a r n e t i s commonly m a s s i v e and a d u l l 

y e l l o w i s h g r e e n , a l t h o u g h o c c a s i o n a l s m a l l c r y s t a l s of d a r k e r g r e e n g a r n e t 

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

i n c a l c i t e . L e s s i m p o r t a n t m i n e r a l s i n c l u d e c a l c i t e , d i o p s i d e , t r e m o l i t e , 

q u a r t z , e p i d o t e , and c h l o r i t e , i n a p p r o x i m a t e o r d e r of a b u n d a n c e . E x c e p t 

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

s c o p i c c r y s t a l s . 

A s m a l l p a r t of t h e b a r r e n s k a r n s a r e composed a l m o s t w h o l l y of 

c o a r s e w h i t e b l a d e d w o l l a s t o n i t e . I t i s i n t e r e s t i n g t h a t no w o l l a s t o n i t e 

was o b s e r v e d i n a n y of t h e t w e l v e o t h e r t h i n s e c t i o n s of s k a r n s and 

h o r n f e l s examined , w h i c h s u g g e s t s t h a t f o r t h i s a r e a t h e c h e m i c a l c o n d i ­

t i o n s n e c e s s a r y t o form w o l l a s t o n i t e ( p r o b a b l y t h e l a c k of magnesium and 

i r o n ) w e r e s u c h t h a t no o r v e r y l i t t l e g a r n e t , d i o p s i d e , o r t r e m o l i t e 

c o u l d f o r m . The w o l l a s t o n i t e s k a r n was c o l l e c t e d from t h e w o r k i n g f a c e 

of t h e a d i t a t (250N, 50W) ( p i . l ) . 

The o r e - b e a r i n g s k a r n s c o m p r i s e t h e r e m a i n i n g 10 p e r c e n t o r s o 

of t h e e x p o s e d s k a r n s i n t h e R e b e l mine a r e a . I n marked c o n t r a s t t o t h e 
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b a r r e n s k a r n s , t h e o r e - b e a r i n g s k a r n s a r e complex i n b o t h m i n e r a l o g y and 

t e x t u r e . A l t h o u g h t h e two t y p e s of s k a r n s a r e n o t d i f f e r e n t i a t e d on t h e 

g e o l o g i c map ( p i . l ) , a r o u g h i d e a of t h e l o c a t i o n of t h e o r e - b e a r i n g 

s k a r n s may be g a i n e d by n o t i n g t h e l o c a t i o n s of t h e p r o s p e c t p i t s and 

s h a f t s a r o u n d and n e a r t h e i n t r u s i o n s . 

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

o x i d e s of i r o n - s p e c u l a r h e m a t i t e and m a g n e t i t e , c e r t a i n m i n e r a l s of 

c o p p e r -~- m a l a c h i t e and a l i t t l e c h a l c o p y r i t e and a z u r i t e , and t h e t y p i c a l 

c o n t a c t me t amorph i c m i n e r a l of t u n g s t e n - s c h e e l i t e . 

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

m a g n e t i t e . S p e c u l a r h e m a t i t e i s w i d e s p r e a d a s s h i n y m e t a l l i c g r e y t a b l a r 

c r y s t a l p l a t e s . The m a g n e t i t e , however , i s g e n e r a l l y c o n f i n e d t o t h e 

v i c i n i t y of t h r e e p r o s p e c t p i t s j u s t n o r t h w e s t of t h e main s t o c k , a t 

( 7 0 0 S , 1000W) ( p i . l ) . A t y p i c a l o c c u r r e n c e of m a g n e t i t e i s i n l a y e r s 

of s m a l l l u s t r o u s b l a c k c r y s t a l s f rom o n e - h a l f t o two i n c h e s t h i c k 

s e p a r a t e d by t h i n w h i t e bands of c o a r s e l y c r y s t a l l i n e c a l c i t e . 

The c o p p e r m i n e r a l s a r e a l s o w i d e s p r e a d . M a l a c h i t e o c c u r s a s 

m i c r o s c o p i c c r y s t a l s i n m a s s i v e g a r n e t s k a r n . The one p i e c e of c h a l c o p y ­

r i t e o b s e r v e d came from a s m a l l p r o s p e c t a t (ON, 200W). What l i t t l e 

a z u r i t e t h a t i s p r e s e n t o c c u r s i n c o a r s e c a l c i t e , a s would be e x p e c t e d 

by i t s C 0 2 c o n t e n t ( h i g h e r t h a n i n m a l a c h i t e ) . 

The s c h e e l i t e o c c u r s i n s e v e r a l l o c a l i t i e s . The m i n e r a l most 

commonly o c c u r s a s l a r g e , embayed w h i t e c r y s t a l s i n c o a r s e s k a r n . 

O t h e r m i n e r a l s of t h i s t y p e of s k a r n a r e g r o s s u l a r i t e and d i o p s i d e , 

w i t h l e s s e r and v e r y v a r i a b l e amounts of c a l c i t e , t r e m o l i t e - a c t i n o l i t e , 

q u a r t z , e p i d o t e , c h l o r i t e , a d u l a r i a , and a l l a n i t e , i n a p p r o x i m a t e o r d e r 
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of a b u n d a n c e . The m i n e r a l s of t h e o r e - b e a r i n g s k a r n s a r e u s u a l l y i n 

l a r g e r and more "showy" c r y s t a l s t h a n t h e same m i n e r a l s of t h e b a r r e n 

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

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

( 1 5 0 S , 800W) ( p i . l ) and e l s e w h e r e . Q u a r t z i s o c c a s i o n a l l y found a s 

s m a l l ( u n d e r one i n c h ) t e r m i n a t e d c r y s t a l s i n vugs ( s e e f i g s . 3 and 4 ) . 

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

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

Both t y p e s of s k a r n s t e n d t o conform t o b e d d i n g i n a g e n e r a l way, 

b u t e x a m i n a t i o n of t h e s k a r n z o n e s i n d e t a i l shows t h a t m i n o r t r a n s g r e s ­

s i o n s o f b e d d i n g i n t h e l i m e s t o n e a r e v e r y common. A b e l t of s k a r n may 

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

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

a l m o s t e v e r y c a s e t h e a c t u a l c a l c - s i l i c a t e m i n e r a l ( u s u a l l y g a r n e t ) was 

s u r r o u n d e d by a s h e l l of v e r y c o a r s e c a l c i t e . The c a l c i t e i n t h e s e s h e l l s 

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

I t was a l s o o b s e r v e d t h a t t h e s k a r n z o n e s i n some c a s e s formed 

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

s e p a r a t i n g l i m e s t o n e v i r t u a l l y u n t o u c h e d . T h i s was b e s t s e e n a t 

( 1 5 0 S , 700W) ( p i . 1 ) . The w r i t e r b e l i e v e s t h a t t h e f l u i d s m i g r a t e d a l o n g 

t h e mos t p e r m e a b l e " t e n s i o n p l a n e s " ( s e e p . 2 ? ) wh ich we re p r o b a b l y r e l i c t 

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

o u t i n b o t h d i r e c t i o n s c r e a t i n g t h e o b s e r v e d z o n e s of c a l c - s i l i c a t e r o c k . 

Type 4 - H o r n f e l s . The h o r n f e l s were d e v e l o p e d from v a r i o u s t y p e s of 

a r g i l l i c and a r k o s i c s i l t s t o n e s . T h e i r o c c u r r e n c e and g e n e r a l p h y s i c a l 
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c h a r a c t e r i s t i e s a r e d i s c u s s e d i n t h e g e n e r a l d e s c r i p t i o n of t h e R e b e l 

l i m e s t o n e on p . /S . Of i n t e r e s t h e r e i s t h e p r o b a b l e a d d i t i o n of mino r 

amounts of v a r i o u s e l e m e n t s by m e t a s o m a t i c metamorphism which h e l p e d t o 

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

p h a e o l i t h , 

H o r n f e l s s i m i l a r i n a p p e a r a n c e t o t h e uppe rmos t and t h i c k e s t 

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

u o u s b o d i e s i n t h e g e n e r a l v i c i n i t y of ( 8 0 0 S , 300W) ( p i , l ) . The ma jo r 

d i f f e r e n c e i n t h e hand spec imen of t h e two h o r n f e l s i s t h a t t h e h o r n f e l s 

s o u t h of t h e m a j o r p h a e o l i t h a r e more i r o n s t a i n e d on w e a t h e r e d s u r f a c e s . 

I n f a c t , t h i s i r o n s t a i n i n g i s i n t e n s e enough i n p a r t s of t h e n o r t h e r n ­

most of t h e t h r e e h o r n f e l s b o d i e s t h a t a g o o d - s i z e d p r o s p e c t p i t was sunk 

even t h o u g h t h e r o c k i s b a r r e n of o r e m i n e r a l s . T h i n s e c t i o n s of t y p i c a l 

s p e c i m e n s from b o t h h o r n f e l s a r e a s showed t h a t a t l e a s t t h e g r o s s p e t r o -

g r a p h i c f e a t u r e s a r e s i m i l a r . Both h o r n f e l s a r e composed of q u a r t z , 

w i t h l e s s e r amounts of s e r i c i t e , c h l o r i t e , and opagues ( m o s t l y m a g n e t i t e ) . 

D i f f e r e n c e s seem t o be i n t h e c o n s t i t u e n t s wh ich c o u l d have been added by 

m e t a s o m a t i c me tamorph i sm. The h o r n f e l s from ( 8 0 0 S , 300W) ( p i . l ) have 

a b o u t f i v e p e r c e n t m a g n e t i t e and two p e r c e n t t o u r m a l i n e . The m a g n e t i t e 

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

number of s m a l l , e u h e d r a l c r y s t a l s , of t h e i r o n - r i c h v a r i e t y s c h o r l i t e . 

The h o r n f e l s from n o r t h of t h e l a r g e r p h a e o l i t h c o n t a i n two p e r c e n t 

opagues ( m a g n e t i t e ? ) a s d i s s e m i n a t e d s p e c k s , and l e s s t h a n one p e r c e n t 

s c h o r l i t e . Because t h e g e n e r a l f e a t u r e s of b o t h h o r n f e l s a r e s i m i l a r , 

t h e s p e c i m e n s from b o t h h o r n f e l s were examined by x - r a y f l u o r e s c e n c e t o 

d e t e r m i n e i f t h e r e i s a s i m i l a r i t y i n m i n o r - e l e m e n t c o n s t i t u e n t s a s w e l l . 
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A p i e c e of t h e h o r n f e l s from ( 8 0 0 S , 300W) ( p i . l ) t h a t was n o t p a r t i c u l a r l y 

v e i n e d by m a g n e t i t e was s e l e c t e d . The a g r e e m e n t i n mino r e l e m e n t c o n ­

s t i t u e n t s was r e m a r k a b l y c l o s e , a s shown be low i n t a b l e 1 . The machine 

was s e t t o r e a d peak h e i g h t s l o g a r i t h m i c a l l y , w i t h 100 u n i t s e q u a l t o f u l l 

s c a l e (maximum) d e f l e c t i o n . Thus a peak h e i g h t of 70 u n i t s i n d i c a t e s an 

abundance f o r t h a t e l e m e n t much g r e a t e r t h a n s e v e n t i m e s t h a t f o r t h e same 

e l e m e n t w h i c h h a s a peak h e i g h t of t e n u n i t s . The s t r o n g e s t p e a k s , t h e 

Kcx p e a k s , were u s e d f o r compar i son a s t h e y p r o v i d e d t h e g r e a t e s t i n t e n s i t y 

c o n t r a s t . 

T a b l e 1 0 - Compar ison of K« - r a d i a t i o n peak h e i g h t s ( l o g a r i t h m i c ) of 
e l e m e n t s i n two d i f f e r e n t h o r n f e l s . 

h o r n f e l s from 
( 8 0 0 S , 300W) 

h o r n f e l s from 
(250N, 400W) 

i r o n 7 3 . 0 6 9 . 0 
c o p p e r 1 8 . 5 2 0 . 0 
t i t a n i u m l l o O 1 0 . 5 
z i r c o n i u m 9 - 0 5 . 5 
n i c k e l 4 . 5 9 . 0 
s t r o n t i u m 5 .0 5 . 0 
z i n c 2 . 0 3 . 0 

The s i m i l a r i t y be tween a l l of t h e m e a s u r a b l e e l e m e n t s s u g g e s t s t h a t 

t h e two h o r n f e l s were o r i g i n a l l y of v e r y n e a r l y t h e same m i n o r e l e m e n t 

c o m p o s i t i o n ( i . e . t h e y were p r o b a b l y i n t h e same b e d ) , and i n a d d i t i o n t h e 

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

m e t a s o m a t i c metamorphism. The l i g h t e l e m e n t s ( t h o s e l i g h t e r t h a n t i t a n i u m ) 

we re n o t d e t e c t a b l e , b u t i t i s b e l i e v e d t h a t bo ron was added i n a p p r e c i a b l e 

q u a n t i t i e s t o b o t h r o c k s , b e c a u s e of t h e l a r g e number of e u h e d r a l c r y s t a l s 

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



Type 5 - V e i n l e t s of c a l c - s i l i c a t e m i n e r a l s , e t c . i n p o r p h y r y ( s e e f i g . 6 ) . 

The v e i n l e t s o c c u r i n s m a l l numbers i n and n e a r t h e r o a d c u t a t (250N, 

400W) ( p i . l ) and p e r h a p s e l s e w h e r e . The v e i n l e t s a r e u s u a l l y l e s s t h a n 

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

f e e t a l o n g t h e p o r p h y r y - s k a r n c o n t a c t . The v e i n l e t s p r o b a b l y do n o t 

e x t e n d v e r y f a r i n t o t h e i n t r u s i o n s . 

The v e i n l e t s a r e composed of g a r n e t , c a l c i t e , q u a r t z , h e m a t i t e , 

and e p i d o t e , i n a p p r o x i m a t e o r d e r of d e c r e a s i n g a b u n d a n c e . Two g e n e r a l 

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

The w a l l r o c k of t h e v e i n l e t s i s a l w a y s a l t e r e d and b l e a c h e d . Th in 

s e c t i o n s of t h e two t y p e s of v e i n l e t s show t h a t i n g e n e r a l c a l c i t e and 

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

The w i d t h of t h e a l t e r a t i o n zones i s u s u a l l y one t o two t i m e s t h e w i d t h 

of t h e v e i n l e t s . 

F o l d s , f a u l t s , and f i s s u r e s a r e i m p o r t a n t i n t h e R e b e l mine a r e a . 

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

much t o l o c a l i z e t h e s k a r n zones i n t h e l i m e s t o n e . The R e b e l f i s s u r e and 

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

t i o n of o r e . S e v e r a l s e t s of j o i n t s of no r e c o g n i z e d s i g n i f i c a n c e o c c u r 

i n t h e a r e a . 

The ma jo r f o l d i n g of t h e s e d i m e n t a r y r o c k s i n t h e g e n e r a l a r e a 

r e s u l t e d i n a h o m o c l i n a l s t r u c t u r e d i p p i n g t o t h e e a s t from 25 t o 70 

d e g r e e s and e x t e n d i n g t h e e n t i r e l e n g t h of t h e S t a r Range ( B a e r , 1 9 6 2 ) . 

GEOLOGIC STRUCTURE 

FOLDS 
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I n t h e R e b e l a r e a , t h i s u n i f o r m h o m o c l i n e i s t w i s t e d back on i t s e l f 

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

on t h e g e o l o g i c map ( p i . 1) and i n f i g u r e 5« The w r i t e r b e l i e v e s t h a t t h e 

f o l d was p r o b a b l y c a u s e d by c o m p r e s s i o n a l s t r e s s e s which were g r e a t e s t i n 

t h e ( p r e s e n t ) e a s t - w e s t d i r e c t i o n and l e a s t i n t h e n o r t h - s o u t h d i r e c t i o n . 

The f o l d i s c h a r a c t e r i z e d by a l a r g e amount of p l a s t i c f low of t h e weak 

l i m e s t o n e , a c o m b i n a t i o n of p l a s t i c f low and f r a c t u r i n g of t h e s i l t s t o n e 

b e d s , and f r a c t u r i n g of t h e b r i t t l e s a n d s t o n e b e d s . D e f o r m a t i o n i n t h e 

l i m e s t o n e i s e s p e c i a l l y n o t i c e a b l e a d j a c e n t t o t h i n s a n d s t o n e b e d s , where 

t h e s a n d s t o n e b e d s f r a c t u r e d and were o f f s e t d u r i n g f o l d i n g , w h i l e t h e 

b e d s of l i m e s t o n e f lowed b u t d i d n o t f r a c t u r e . 

FAULTS 

F a u l t s were o b s e r v e d i n t h e R e b e l mine a r e a a t ( l l O O S , OW) ( p i . l ) 

and ( 7 5 0 S , 1000W) ( p i . l ) . More i s known a b o u t t h e f a u l t a t ( l l O O S , OW) 

( p i . l ) b e c a u s e i t i s t h e l a r g e r of t h e two , h a s t h e g r e a t e r s t r a t i g r a p h i c 

d i s p l a c e m e n t , and i n a d d i t i o n i s exposed i n t h e u n d e r g r o u n d w o r k i n g s of 

t h e R e b e l mine and s u r r o u n d i n g p r o s p e c t s . The f a u l t s t r i k e s N20-25W and 

d i p s 75 d e g r e e s t o t h e w e s t . The d i p was measu red u n d e r g r o u n d on a 

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

movement c o u l d n o t be d e t e r m i n e d w i t h c e r t a i n t y . The minimum movement, 

e q u a l t o t h e o b s e r v e d d i s p l a c e m e n t of t h e b e d s , i s 260 f e e t , b u t t h e 

a c t u a l movement was p r o b a b l y q u i t e a b i t m o r e . The f a u l t shows a t l e a s t 

one b r a n c h i n g f a u l t o f f t h e ma jo r f a u l t l i n e w i t h what a p p e a r s t o be a 

h o r s e of l i m e s t o n e i n b e t w e e n . The b r a n c h i n g f a u l t s u r f a c e i s w e l l e x ­

posed i n t h e d e e p p r o s p e c t a t ( 1 4 0 0 S , 200E) ( p i . l ) . The d i p of t h e 

b r a n c h i n g f a u l t i s 45 t o 60 d e g r e e s t o t h e e a s t . 
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The second and s m a l l e r of t h e two f a u l t s s t r i k e s a b o u t N60W. The 

d i p i s u n c e r t a i n b u t may be s t e e p l y t o t h e e a s t , a s t h a t i s t h e way t h e 

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

The d i r e c t i o n of t h e movement i s n o t known. 

FISSURE 

C u t t i n g t h e f a u l t s a t a b o u t a r i g h t a n g l e i s t h e main o r e f i s s u r e 

of t h e R e b e l mine ( f i g . 1 0 ) o The f i s s u r e i s t r a c e a b l e t h r o u g h p r o s p e c t s 

f o r a t l e a s t 3200 f e e t , a l t h o u g h t h e r e a r e o c c a s i o n a l l o n g s t r e t c h e s 

where no e v i d e n c e of t h e f i s s u r e a p p e a r s on t h e s u r f a c e . The s t r i k e i s 

a b o u t N70E and t h e d i p a p p e a r s t o be s t e e p l y t o t h e s o u t h , a t l e a s t on 

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

l i t t l e a s 40 d e g r e e s ( s e e p i . 2 ) . 

The g e n e r a l i m p r e s s i o n one g e t s i s t h a t t h e f i s s u r e was a r e s u l t 

of u n i f o r m t e n s i o n a l s t r e s s e s wh ich i n homogeneous r o c k would have r e s u l t e d 

i n a c l e a n s t r a i g h t f i s s u r e s t r i k i n g p e r h a p s N75E and d i p p i n g t o t h e n o r t h 

a t a s t e e p a n g l e . However, b e c a u s e t h e l i m e s t o n e b e d s ( i n t h e i m m e d i a t e 

v i c i n i t y of t h e R e b e l mine ) d i p t o t h e s o u t h a t 55 o r 60 d e g r e e s and 

s t r i k e a b o u t N60E, t h e f i s s u r e formed 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 f o r 

a s h o r t d i s t a n c e and t h e n " jumped" a c r o s s a few f e e t of l i m e s t o n e b e d s s o 

t h a t t h e o v e r a l l e f f e c t was a b o u t N70E, t h e o b s e r v e d g e n e r a l t r e n d of t h e 

f i s s u r e . T h i s i s w e l l shown i n t h e s u r f a c e map of t h e R e b e l mine ( p i . 2 ) . 

L i k e w i s e i n t h e v e r t i c a l p l a n e t h e f i s s u r e formed p a r a l l e l t o t h e b e d d i n g 

f o r a s h o r t d i s t a n c e ( a s o b s e r v e d i n t h e s u r f a c e s t o p e s ) and t h e n b r o k e 

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

t o t h e n o r t h , such a s t h o s e o b s e r v e d i n t h e u n d e r g r o u n d s t o p e s o f f of t h e 

main a d i t ( p i . 2 ) . 



F i g . 1 0 . - R e b e l f i s s u r e l o o k i n g e a s t from ( l l O O S , 200W). 

The r e l a t i o n s h i p be tween t h e f a u l t s and t h e c r o s s - c u t t i n g f i s s u r e 

i s n o t d e f i n i t e . Because t h e f i s s u r e c r o s s e s b o t h f a u l t s w i t h a p p a r e n t l y 

n o o f f s e t , i t i s assumed t h a t f i s s u r i n g was p o s t - f a u l t i n g . I t i s a l s o 

p o s s i b l e t h a t t h e f a u l t s a r e o f f s e t by t h e f i s s u r e , a s n e i t h e r of t h e 

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

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

t h e f a u l t and f i s s u r e z o n e s of t h e main R e b e l w o r k i n g s . The h o s t r o c k 

and gangue of t h e o r e a r e l i m e s t o n e i n t h e form of a brown, c o a r s e l y 

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

t o form t h e o r e b o d i e s , and y e t t h e r e seems t o have been no o r e formed i n 

t h e c a l c i t e f a u l t g o u g e , wh ich s h o u l d have been more r e a c t i v e due t o t h e 

v e r y f i n e p a r t i c l e s i z e of t h e c a l c i t e . As p r a c t i c a l l y a l l of t h e b a r r e n 



main a d i t ( 3 2 0 f e e t l o n g ) I s i n s t r i a t e d and g rooved l i m e s t o n e f a u l t 

g o u g e , i t seems t h a t a t l e a s t some of t h e o r e s h o u l d have formed i n t h e 

gouge , i f t h e f a u l t gouge were 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 . The p r o ­

b a b l e e x p l a n a t i o n i s t h a t t h e f a u l t gouge was formed by r e l a t i v e l y mino r 

p o s t - m i n e r a l movement a l o n g t h e main f a u l t and a l s o p a r a l l e l t o t h e o r e -

b e a r i n g f i s s u r e • 

The age r e l a t i o n s h i p of t h e f a u l t s and f i s s u r e t o t h e i n t r u s i v e s 

i s n o t a t a l l c e r t a i n . However, e v i d e n c e from n e a r b y a r e a s i n d i c a t e s 

t h a t a t l e a s t t h e o r e f i s s u r e s a r e p o s t - i n t r u s i o n . Townsend ( 1 9 5 0 , 1953) 

h a s found t h i s t o be t h e s i t u a t i o n i n b o t h t h e V i c k s b u r g and H a r r i n g t o n -

H i c k o r y a r e a s o 

JOINTS 

J o i n t s a r e w e l l d e v e l o p e d i n t h e l a r g e r p h a e o l i t h and a r e d e v e l o p e d 

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

o b t a i n e d , t h e r e a r e a t l e a s t f o u r r e a s o n a b l y w e l l - d e f i n e d j o i n t s e t s i n 

t h e a r e a , o n l y t h r e e of which a r e p r e s e n t a t a n y one l o c a t i o n . Of t h e s e 

f o u r , two seem t o be u n v a r y i n g and u b i q u i t o u s . The f i r s t s e t s t r i k e s N5E 

t o N5W and d i p s 3 5 - 5 0 d e g r e e s w e s t . The second s e t s t r i k e s N60E t o N75E 

and d i p s 65 d e g r e e s n o r t h t o a l m o s t v e r t i c a l . The s i m i l a r i t y be tween t h e 

o r i e n t a t i o n of t h e second p r o m i n e n t j o i n t s e t and t h e o r i e n t a t i o n of t h e 

R e b e l o r e - b e a r i n g f i s s u r e i s i n t e r e s t i n g o 
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COREELATIONS BETWEEN THE FISSURES AND FAULTS OF THE REBEL MINE AREA 

AND SURROUNDING AREAS 

F i s s u r e s 

The R e b e l f i s s u r e i s one of a l a r g e number of o r e - b e a r i n g f i s s u r e s 

wh ich a r e found i n a l l p a r t s of t h e S t a r Range . However, t h e o r i e n t a t i o n 

of t h e f i s s u r e s a p p e a r s t o be c o n t r o l l e d by l o c a l c o n d i t i o n s , a s t h e 

f i s s u r e s have a number of d i f f e r e n t a t t i t u d e s . From t h e works of B u t l e r 

( 1 9 1 3 ) and Townsend ( 1 9 5 0 , 1 9 5 3 ) , i t a p p e a r s t h a t t h e r e a r e t h r e e p r i m a r y 

o r i e n t a t i o n s of o r e - b e a r i n g f i s s u r e s i n t h e S t a r d i s t r i c t ; N50-70E, 

w h i c h d i p v e r t i c a l l y t o s t e e p l y t o t h e n o r t h w e s t ; E-W, wh ich d i p v e r t i c a l l y 

t o s t e e p l y t o t h e n o r t h ; N15W t o N20E, wh ich d i p v e r t i c a l l y t o s t e e p l y t o 

t h e w e s t . I n any one a r e a t h e r e i s u s u a l l y o n l y one s e t of o r e - b e a r i n g 

f i s s u r e s . The p a r t of t h e d i s t r i c t wh ich c o n t a i n s t h e N70E f i s s u r e of t h e 

R e b e l mine a l s o c o n t a i n s t h e numerous f i s s u r e s of t h e H a r r i n g t o n - H i c k o r y 

mine a r e a and t h e W h i t e Rock mine a r e a (which a d j o i n s t h e H a r r i n g t o n -

H i c k o r y a r e a on t h e s o u t h w e s t ) . The L i t t l e May L i l l y m i n e , l o c a t e d a b o u t 

400 y a r d s s o u t h w e s t of t h e main a d i t of t h e R e b e l m i n e , i s a l s o p r o b a b l y 

l o c a t e d on a f i s s u r e . 

F a u l t s 

I t was p o s s i b l e t o e x t e n d t h e l a r g e r of t h e two f a u l t s c r o s s i n g 

t h e R e b e l f i s s u r e i n t o t h e H a r r i n g t o n - H i c k o r y a r e a t o t h e s o u t h . Townsend 

( 1 9 5 3 , p4) d e s c r i b e s t h r e e p r o m i n e n t f a u l t s u n d e r g r o u n d i n t h e H a r r i n g t o n -

H i c k o r y m i n e . Two of t h e f a u l t s t r e n d a b o u t N80W and o n e , t h e E a s t f a u l t , 

t r e n d s a b o u t N45W and d i p s t o t h e w e s t 80 d e g r e e s . The E a s t f a u l t can be 

p r o j e c t e d t o t h e s u r f a c e where i t l i n e s u p w e l l w i t h t h e l a r g e f a u l t of 
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t h e R e b e l mine a r e a . U n f o r t u n a t e l y t h e s u r f a c e e x p o s u r e s of t h e l i m e s t o n e 

where t h e f a u l t p r o b a b l y c r o s s e s a r e v e r y p o o r and t h e e x a c t t r a c e of t h e 

f a u l t c o u l d n o t be l o c a t e d . C o n c e r n i n g t h e r e l a t i v e age of t h e f a u l t s , 

Townsend c o n c l u d e s t h a t t h e y a r e p o s t - m i n e r a l , b u t t h a t " t h a t f a c t and 

t h e d i s p l a c e m e n t s have n o t been d e t e r m i n e d d e f i n i t e l y " ( p 4 ) » 

STRUCTURAL PROBLEMS IN THE REBEL MINE AREA 

Two i n t e r e s t i n g and c h a l l e n g i n g p r o b l e m s a r e e v i d e n t i n t h e R e b e l 

mine a r e a . The f i r s t h a s t o do w i t h t h e p r e v i o u s l y m e n t i o n e d ( p . 18) 

s e q u e n c e of r o c k s a l o n g t h e w e s t edge of t h e s t u d y a r e a . T h i s s e q u e n c e 

a b u t s d i s c o r d a n t l y a g a i n s t t h e t i g h t l y f o l d e d R e b e l l i m e s t o n e . I n 

a d d i t i o n , a t ( 6 0 0 S , 1200W) ( p i . l ) a l a r g e mass of h i g h l y r e s i s t a n t 

s i l i c i f i e d q u a r t z i t e b r e c c i a i s exposed ( s e e f i g . 2 0 ) . The r o c k i s l i g h t 

t a n on w e a t h e r e d s u r f a c e , p u r e w h i t e on f r e s h s u r f a c e , and i s composed 

e n t i r e l y of v e r y a n g u l a r q u a r t z i t e b l o c k s and s h i p s s i l i c i f i e d i n t o a 

s o l i d mass 110 f e e t by 260 f e e t . Thus we have t h e s i t u a t i o n of a l i m e ­

s t o n e and v a r i c o l o r e d q u a r t z i t e s e q u e n c e s t r i k i n g i n t o a m a s s i v e q u a r t ­

z i t e b r e c c i a w i t h u n i f o r m l i m e s t o n e of t h e R e b e l l i m e s t o n e on t h e o t h e r 

s i d e . From t h e f i e l d r e l a t i o n s , t h e most o b v i o u s e x p l a n a t i o n i s t h a t a 

ma jo r f a u l t s e p a r a t e s t h e R e b e l l i m e s t o n e from t h e s e d i m e n t a r y s e q u e n c e 

t o t h e w e s t , and t h a t t h e q u a r t z i t e b r e c c i a r e p r e s e n t s t h e b r e c c i a zone 

of t h e f a u l t . The f a u l t a p p e a r s t o d i p g e n t l y t o t h e w e s t , and a s s u c £ 

c o u l d be a t h r u s t f a u l t . However, t h i s ( t h r u s t ? ) f a u l t h y p o t h e s i s d o e s 

n o t r e a d i l y e x p l a i n t h e l o c a l i z e d n a t u r e of t h e q u a r t z i t e b r e c c i a o r t h e 

f a c t t h a t t h e c o n t a c t zone be tween t h e r i b b e d l i m e s t o n e and t h e t i g h t l y 

f o l d e d R e b e l l i m e s t o n e a t ( 9 0 0 S , 1000W) ( p i . l ) must be v e r y s m a l l o r 
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n o n e x i s t a n t , a s t h e r e was no v i s i b l e e v i d e n c e of d e f o r m a t i o n i n t h e r i b b e d 

l i m e s t o n e . 

The s econd p r o b l e m c o n c e r n s t h e r a d i c a l " t h i c k e n i n g and t h i n n i n g " 

of t h e "unnamed" q u a r t z i t e u n i t . As p r e v i o u s l y m e n t i o n e d , t h e change i n 

t h i c k n e s s i s b e l i e v e d t o be t o o g r e a t t o be s o l e l y t h e r e s u l t of s e d i m e n ­

t a r y p r o c e s s e s . The w r i t e r found no f i e l d e v i d e n c e t o s u g g e s t a p o s s i b l e 

e x p l a n a t i o n , b u t i t seems l i k e l y t h a t f a u l t i n g i s r e s p o n s i b l e . 

MINERALOGY 

The m i n e r a l o g y of t h e R e b e l mine a r e a i s u n u s u a l l y complex f o r 

s u c h a s m a l l a r e a * I n a d d i t i o n t o a good v a r i e t y of t y p i c a l m e t a m o r p h i c , 

i g n e o u s , and o r e m i n e r a l s , s e v e r a l u n u s u a l m i n e r a l s were n o t e d i n s m a l l 

a m o u n t s . Many of t h e m i n e r a l s a r e commonplace i n t h e i r o c c u r r e n c e and 

deve lopmen t and a r e d i s c u s s e d o n l y b r i e f l y . O t h e r s a r e somewhat u n u s u a l 

i n some manner o r a n o t h e r and a r e d i s c u s s e d i n more d e t a i l . 

SULFIDES 

G a l e n a - PbS 9 i s o m e t r i c , t h e p r i n c i p a l o r e m i n e r a l of t h e R e b e l 

m i n e . U n d e r s t a n d a b l y , most of t h e g a l e n a o r i g i n a l l y i n t h e a c c e s s i b l e 

p a r t of t h e f i s s u r e h a s been m i n e d , b u t s t r i n g e r s u p t o one i n c h a c r o s s 

can be found r a t h e r e a s i l y i n t h e l i m e s t o n e w a l l r o c k of t h e f i s s u r e . 

Ga lena i s a l s o common on t h e dumps s u r r o u n d i n g t h e f i s s u r e . The g a l e n a 

u s u a l l y o c c u r s a s t h e u n o x i d i z e d c e n t e r s of v e r y d r a b l o o k i n g , h e a v y , 

brown t o b l a c k n o d u l e s . 

C h a l c o p y r i t e - CuFeS2, t e t r a g o n a l . One s m a l l spec imen of " c o p p e r 

p y r i t e " was found i n p l a c e i n a s m a l l p r o s p e c t a t (0N 9 200W) ( p i . l ) . 

P y r i t e - FeS2, i s o m e t r i c . P y r i t e o c c u r s a s a m i n o r c o n s t i t u e n t of 

t h e o r e s of t h e R e b e l f i s s u r e * The c r y s t a l s a r e a l m o s t a l w a y s m i c r o s c o p i c 
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and a r e o f t e n p a r t i a l l y o r c o m p l e t e l y a l t e r e d t o l i m o n i t e . T h i n c r u s t s 

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

c o l l e c t e d f rom n e a r t h e m i d p o i n t of t h e a d i t a t (250N, 50W) ( p i . l ) . 

OXIDES 

S p e c u l a r H e m a t i t e - F e 2 0 ^ a t r i g o n a l . La rge c r y s t a l s ( t o one i n c h 

a c r o s s ) of t h i s b r i g h t m e t a l l i c - g r a y form of h e m a t i t e o c c u r i n many p l a c e s 

a r o u n d t h e l a r g e r p h a c o l i t h i n c o n t a c t me tamorph ic s k a r n r o c k s . The b e s t 

l o c a l i t i e s f o r s p e c i m e n s a r e a t (300N, 400W) ( p i . l ) and ( 1 5 0 S , 80CW) 

( p i . l ) o 

M a g n e t i t e - F e + % e 2 + ^ 0 ^ i s o m e t r i c * M a g n e t i t e i s a b u n d a n t a s o n e -

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

t h r e e d e e p p r o s p e c t p i t s i n t h e v i c i n i t y of ( 7 0 0 S , 1100W) ( )?1 . l ) . 

M a g n e t i t e a l s o o c c u r s a s d i s s e m i n a t e d g r a i n s i n t h e i g n e o u s r o c k s and i n 

some of t h e h o r n f e l s . 

L i m o n i t e . Brown e a r t h y l i m o n i t e , p r o b a b l y c o n s i s t i n g of s e v e r a l 

h y d r o u s i r o n o x i d e s , i s common on t h e dumps of t h e R e b e l m i n e . Most of 

i t was p r o b a b l y d e r i v e d from p y r i t e * 

Manganese o x i d e M a n g a n e s e o x i d e s a r e common on t h e dumps of t h e 

R e b e l m i n e , a s s o c i a t e d w i t h l i m o n i t e * 

CARBONATES 

C a l c i t e - CaCO^, t r i g o n a l * C a l c i t e o c c u r s i n t h e c o n t a c t me tamor ­

p h i c r o c k s and i n t h e R e b e l o r e b o d i e s , and i s t h e major c o n s t i t u e n t of 

t h e l i m e s t o n e s * I n t h e me tamorph ic r o c k s , p a r t i c u l a r l y a t (300N, 400W) 

( p i * l ) and i n t h e v i c i n i t y of ( l 5 0 S 0 800W) ( p i . l ) , t h e c a l c i t e i s v e r y 

c o a r s e * C leavage f r a g m e n t s u p t o t h r e e i n c h e s a c r o s s a r e o b t a i n a b l e . 



The c a l c i t e which o c c u r s w i t h t h e f i s s u r e o r e b o d i e s of t h e R e b e l mine 

r a n g e s i n c o l o r from w h i t e t o d a r k brown. The d a r k c o l o r i s presumably-

due t o v e r y f i n e l y d i s s e m i n a t e d i r o n and manganese o x i d e s be tween t h e 

c a l c i t e g r a i n s , a s t h e brown c a r b o n a t e g i v e s a good c a l c i t e ( n o t s i d e r i t e ) 

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

c a l c i t e , b u t t h e y may once have been p a r t i a l l y o r w h o l l y d o l o m i t i c e 

C e r u s s i t e - PbCO^, o r t h o r h o m b i c . C e r u s s i t e was i m p o r t a n t a s a 

p r i n c i p a l c o n s t i t u e n t of t h e o r e s of t h e R e b e l m i n e . I t i s common on 

t h e dumps a s h e a v y , brown t o b l a c k n o d u l e s , o f t e n i n c l o s i n g g a l e n a . 

M a l a c h i t e - C^CCO^XOHj^p m o n o c l i n i c o M a l a c h i t e i s found a s 

a g g r e g a t e s of m i c r o s c o p i c g r e e n c r y s t a l s i n c r a c k s of c o n t a c t me tamorph ic 

s k a r n r o c k s ( s e e f i g o ? ) • P e r h a p s t h e b e s t o c c u r r e n c e i s i n a s m a l l 

p r o s p e c t p i t a t (250N, 150W) ( p i . l ) . 

A z u r i t e - Cuo(CCL) (OH) , m o n o c l i n i c . A z u r i t e o c c u r s a s d i s s e m i -

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

m a l a c h i t e . 

SILICATES 

Q u a r t z - SiC>2, h e x a g o n a l . Q u a r t z i s one of t h e common m i n e r a l s i n 

t h e a r e a e I t i s t h e e s s e n t i a l m i n e r a l i n t h e s a n d s t o n e , s i l t s t o n e , and 

q u a r t z i t e b e d s , and i t i s i m p o r t a n t i n t h e i g n e o u s r o c k s . Q u a r t z a l s o 

o c c u r s a s a l a t e h y d r o t h e r m a l s t a g e m i n e r a l i n t h e c o n t a c t me tamorph ic 

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

( 9 0 0 S , 500W) ( p i . l ) . A t t r a c t i v e g r o u p s of s m a l l q u a r t z c r y s t a l s i n 

e l o n g a t e vugs o r " w a t e r c o u r s e s " can be found on t h e dump and a l s o a s 

f l o a t i n t h e v i c i n i t y of ( 3 0 0 S , 100W) ( p l c l ) . A s m a l l amount of q u a r t z 
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i n v e r y s m a l l c r y s t a l s i s a l s o a s s o c i a t e d w i t h t h e main f i s s u r e d e p o s i t s 

of t h e R e b e l mine® 

Cha l cedony - Si(X>0 c r y p t © c r y s t a l l i n e . T h i s form of q u a r t z was 

n o t e d i n s m a l l q u a n t i t i e s on t h e dumps of t h e R e b e l mine and p r o s p e c t s , 

and on t h e dump of t h e s c h e e l i t e p r o s p e c t • I t o c c u r s a s banded c r u s t s . 

O r t h o c l a s e - KAlSi^Og, m o n o c l i n i c . O r t h o c l a s e i s p r e s e n t i n t h e 

i g n e o u s r o c k s a s r e s o r b e d , b r o w n i s h , e u h e d r a l p h e n o c r y s t s u p t o two cm 

l o n g and a l s o a s a n h e d r a l g r a i n s i n t h e g r o u n d m a s s . O r t h o c l a s e a l s o 

o c c u r s i n t h e t h i n a r k o s i c s i l t s t o n e b e d s n o r t h of t h e major p h a c o l i t h . 

A d u l a r i a - KAlSi^Og, m o n o c l i n i c . The v a r i e t y of o r t h o c l a s e wh ich 

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

c r y s t a l s i s c a l l e d a d u l a r i a o T h i s m i n e r a l was o b s e r v e d i n a s k a r n spec imen 

from ( 1 5 0 S , 1150W) ( p i , l ) , a s s o c i a t e d w i t h v e i n q u a r t z and c a l c i t e , p a l e 

g r e e n a c t i n o l i t e n e e d l e s , s m a l l d a r k g r e e n co lumnar e p i d o t e c r y s t a l s , and 

a n d r a d i t e and g r o s s u l a r i t e g a r n e t ( f i g . 1 1 ) • The a d u l a r i a a p p e a r s t o be a 

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

h y d r o x y l - b e a r i n g e p i d o t e and a c t i n o l i t e • The c r y s t a l s of a d u l a r i a a r e 

p e a r l y w h i t e and a r e g e n e r a l l y from one t o e i g h t mm l o n g . 

i m p o r t a n t c o n s t i t u e n t of t h e i g n e o u s r o c k s , and , l i k e t h e o r t h o c l a s e , 

o c c u r s a s p h e n o c r y s t s and i n t h e g roundmass • The p h e n o c r y s t s a r e w h i t e 

and a r e u p t o 1.5 cm longo 

K a o l i n i t e - A l . S i , 0 ^ p ( O H ) g f t r i c l i n i c . K a o l i n i t e i s p r e s e n t a s a 

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

S e r p e n t i n e - Mg^Si^O^COHjg, m o n o c l i n i c . S e r p e n t i n e o c c u r s a s 

y e l l o w - g r e e n t r a n s l u c e n t m a s s e s on r e c r y s t a l l i z e d l i m e s t o n e i n and a r o u n d 

P l a g i o c l a s e i s an 



t h e R e b e l f i s s u r e s u r f a c e s t o p e s and on t h e dump of t h e s c h e e l i t e p r o s p e c t 

a t ( 9 0 0 S , 500W) ( p i . l ) o The m i n e r a l i s p r e s u m a b l y a p r o d u c t of t h e 

d e d o l o m i t i z a t i o n of t h e l i m e s t o n e . 

F i g . 1 1 . - P h o t o m i c r o g r a p h of a d u l a r i a and o t h e r m i n e r a l s i n s k a r n from 
( 1 5 0 3 , 1150W) ( p i . I ) . 

T a l c - Mg^Si^O-^QCOH^, m o n o c l i n i c . T a l c was d e t e r m i n e d by x - r a y 

d i f f r a c t i o n t o be a v e r y minor c o n s t i t u e n t of t h e c a l c i t e f a u l t gouge 

p r e s e n t i n a number of p l a c e s i n t h e R e b e l m i n e . 

M u s c o v i t e - K A ^ C A I S I ^ O ^ Q K O H ^ m o n o c l i n i c o M u s c o v i t e o c c u r s a s 

masse s of t r a n s p a r e n t , v i t r e o u s , w a t e r y o l i v e - g r e e n c r y s t a l p l a t e s a v e r a g ­

i n g a b o u t 0 . 5 cm i n d i a m e t e r . The p l a t e s have a random o r i e n t a t i o n and 

t h e s p a c e s be tween t h e p l a t e s a r e o c c u p i e d by a d e n s e w h i t e powder . The 

powder was d e t e r m i n e d by x - r a y d i f f r a c t i o n t o be a s u b m i c r o s c o p i c m i x t u r e 

of m u s c o v i t e , c a l c i t e , and an amph ibo l e r e l a t e d t o t r e m o l i t e . These 

m u s c o v i t e - r i c h m a s s e s a r e common on t h e s c h e e l i t e p r o s p e c t dump and a r e 

v e r y e y e - c a t c h i n g i n t h e s u n l i g h t . The r o c k was formed from h y d r o t h e r m a l 

s o l u t i o n s . 
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A f i n e - g r a i n e d v a r i e t y of m u s c o v i t e , s e r i c i t e , i s a n i inor c o n s t i t u e n t 

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

r o c k s . 

B i o t i t e - K ( M g , F e ) 3 ( A l S i 3 0 ^ Q ) ( 0 H ) 2 , m o n o c l i n i c . B i o t i t e o c c u r s a s an 

a c c e s s o r y m i n e r a l i n t h e i g n e o u s r o c k s • 

C h l o r i t e - ( M g ^ F e , A l ) ^ ( A l , S i ) ^ 0 ^ 0 ( 0 H ) 2 ? m o n o c l i n i c . S e v e r a l of t h e 

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

m i n e r a l s i n t h e i g n e o u s and me tamorph ic r o c k s of t h e a r e a . 

T r e m o l i t e - A c t i n o l i t e - C a 2 ( M g , F e ) ^ ( S ^ ^ 0 ^ 1 ) 2 ( 0 H ) 2 , m o n o c l i n i c . The 

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

m e t a s o m a t i c me tamorph ic r o c k s s u r r o u n d i n g t h e i n t r u s i o n s . The s e r i e s formed 

u n d e r r e l a t i v e l y low t e m p e r a t u r e s ; b e c a u s e of t h i s , t h e two m i n e r a l s a r e 

found i n a c r u d e o u t e r zone s u r r o u n d i n g t h e h i g h e r t e m p e r a t u r e m i n e r a l s 

g a r n e t and d i o p s i d e wh ich a r e formed a d j a c e n t t o t h e i g n e o u s r o c k s . T r e ­

m o l i t e i s w h i t e o r p a l e g r e e n i n hand spec imen and n o n - p i e o c h r o i c i n t h i n 

s e c t i o n . A c t i n o l i t e i s medium t o d a r k g r e e n and I s d i s t i n c t l y p l e o c h r o i c 

i n t h i n s e c t i o n ® Both m i n e r a l s o c c u r a s r a d i a t i n g n e e d l e s . 

Hornb lende - N a C a 2 ( M g 3 F e , A l ) ^ ( ( S i , A l ) ^ 0 1 1 ) 2 ( 0 H ) 2 , m o n o c l i n i c . S m a l l , 

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

t h e i g n e o u s r o c k s <> 

A u g i t e - C a { M g , F e , A l ) { A l , S i ) 2 0 ^ , m o n o c l i n i c . A few c r y s t a l s of 

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

The a u g i t e i s c o l o r l e s s i n t h i n s e c t i o n . The m i n e r a l i s o p t i c a l l y 
( + ) , w i t h a 2V of 6 6 ° ± . Z A C = - 4 8 ° . 

D i o p s i d e - CaMgSi 2 06 S ( m o n o c l i n i c . D i o p s i d e i s v e r y a b u n d a n t i n t h e 

m e t a s o m a t i c me tamorph ic r o c k s of t h e a r e a a s s m a l l ( u n d e r one mm) a n h e d r a l 

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



The d i o p s i d e , l i k e t h e a u g i t e , i s c o l o r l e s s i n t h i n s e c t i o n . I t i s 
d i s t i n g u i s h e d from a u g i t e on t h e b a s i s of i t s o p t i c a l p r o p e r t i e s . The 
d i o p s i d e i s o p t i c a l l y (+ ) w i t h a 2V of 5 6 ° . Z c = - 3 7 ° . 

W o l l a s t o n i t e - CaSiO^, t r i c l i n i c . W o l l a s t o n i t e was o b s e r v e d i n 

o n l y one t h i n s e c t i o n , where i t c o n s t i t u t e d 99 p e r c e n t of t h e spec imen 

( f i g . 1 2 ) . The hand spec imen was c o l l e c t e d from t h e w o r k i n g f a c e of t h e 

a d i t a t (250N, 50W) ( p i , l ) . C l o s e i n s p e c t i o n of t h e h a r d , w h i t e , m a s s i v e 

hand spec imen r e v e a l s m y r i a d g l i s t e n i n g n e e d l e s of w o l l a s t o n i t e . 

F i g . 1 2 . - P h o t o m i c r o g r a p h of w o l l a s t o n i t e s k a r n from t h e a d i t a t (250N, 50W) 
( p i . l ) « 

.Tourmal ine - Na(Mg,Fe)2Al^(B0^)^(Si^0- j_g)(0H)^ , t r i g o n a l . T o u r m a l i n e 

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

p e r c e n t of t h e r o c k ( f i g . 1 3 ) . I t o c c u r s a s t h e i r o n - r i c h v a r i e t y s c h o r l i t e 

i n m i c r o s c o p i c e u h e d r a l c r y s t a l s • 

The s c h o r l i t e c r y s t a l s a r e p l e o c h r o i c c o l o r l e s s t o d a r k g r e e n . 
0 0 = g r e e n , £ = c o l o r l e s s . The c r y s t a l s a r e l e n g t h - f a s t , o r o p t i c a l l y ( - ) . 
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F i g . 1 3 . - P h o t o m i c r o g r a p h of t o u r m a l i n e - r i c h h o r n f e l s f rom ( 8 0 0 S , 300W) 
( p i . 1 ) . 

E p i d o t e - Ca2(Al ,Fe)3Si30]_2(0H) i ) m o n o c l i n i c . E p i d o t e i s common a s 

a mino r c o n s t i t u e n t of t h e m e t a s o m a t i c me tamorph ic r o c k s and a s a d e u t e r i c 

a l t e r a t i o n p r o d u c t of t h e i g n e o u s r o c k s . I n t h e me tamorph ic r o c k s i t 

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

u p t o two mm l o n g . I n t h i n s e c t i o n , t h e m i n e r a l i s commonly o b s e r v e d i n 

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

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

f e r r o m a g n e s i a n m i n e r a l s . 

A l l a n i t e - ( C a , r e ) 2 ( A l , F e , M g ^ S i ^ O ^ O H ) , m o n o c l i n i c . The r a r e 

e a r t h - b e a r i n g e p i d o t e , a l l a n i t e , was s i g h t - i d e n t i f i e d by P r o f . B . F . 

S t r i n g h a m of t h e Depar tmen t of M i n e r a l o g y , U n i v e r s i t y of U t a h , i n a c a l -

c i t e - t r e m o l i t e - q u a r t z h o r n f e l s from (250N, 400W) ( p i . l ) ( f i g . 1 4 ) . 
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A l l a n i t e o c c u r s a s s m a l l s u b h e d r a l t o e u h e d r a l c r y s t a l g r a i n s . 
The m i n e r a l i s p l e o c h r o i c from c o l o r l e s s t o d e e p brown - Z = d a r k brown, 
X = c o l o r l e s s . The c r y s t a l s a r e commonly t w i n n e d on {lOO} • The i n d e x 
of t h e m i n e r a l i s c a . 1 . 7 0 , w i t h an e s t i m a t e d b i r e f r i n g e n c e of 0 . 0 2 6 . 
The m i n e r a l i s o p t i c a l l y ( - ) ; 2V = 7 4 - 7 6 ° ; X A C = + 4 0 ° ; Z / \ a = + 5 0 ° . 

F i g . 1 4 . - P h o t o m i c r o g r a p h of a l l a n i t e i n h o r n f e l s from (250N, 400W) 
( p l . 1 ) . 

C l i n o h u m i t e ( ? ) - 4 ^ g 2 S i 0 ^ • Mg(F ,0H)2 , m o n o c l i n i c . A few r o u n d e d 

g r a i n s of a h u m i t e g r o u p ( ? ) m i n e r a l were o b s e r v e d a s s o c i a t e d w i t h l u d -

w i g i t e and c a l c i t e f rom ( 8 0 0 S , 800W) ( p l . l ) ( s e e f i g . 1 5 ) . The g r a i n s 

a r e s u b h e d r a l and a v e r a g e a b o u t 0 . 3 mm i n d i a m e t e r . G e n e r a l a p p e a r a n c e 

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

t h e m i n e r a l may be somewhere be tween h u m i t e and c l i n o h u m i t e i n c o m p o s i t i o n 

The m i n e r a l h a s an i n d e x of a b o u t I . 6 4 and a m o d e r a t e b i r e f r i n g e n c e 
The c r y s t a l s a r e o p t i c a l l y ( + ) w i t h a 2V of 6 7 ° , and a r e p r o b a b l y mono­
c l i n i c . One d i r e c t i o n of c l e a v a g e was o b s e r v e d , w i t h a s m a l l a n g l e of 
e x t i n c t i o n t o what a p p e a r s t o be t h e ( 0 0 1 ) f a c e . No t w i n s were o b s e r v e d . 

G r o s s u l a r i t e - C a ^ A ^ ^ i O ^ ) ^ , i s o m e t r i c . Y e l l o w - g r e e n g r o s s u l a r i t e 

g a r n e t i s t h e most a b u n d a n t c o n t a c t me tamorph ic m i n e r a l i n t h e s t u d y a r e a . 
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I t o c c u r s m a s s i v e and i n f r e e - g r o w i n g p e r f e c t t r a p e z o h e d r o n s and d o d e c a ­

h e d r o n s u p t o o n e - h a l f i n c h a c r o s s i n w h i t e c a l c i t e . The b e s t l o c a t i o n 

f o r good c r y s t a l s i s a l o n g t h e s o u t h e r n edge of t h e l a r g e r p h a e o l i t h . 

A n d r a d i t e - C a 3 F e 2 ( S i O ^ ) 3 , i s o m e t r i c . The d a r k brown v a r i e t y of 

g a r n e t was o b s e r v e d a s s o c i a t e d w i t h a d u l a r i a i n a spec imen from ( 1 5 0 S , 

1150W) ( p l . l ) . H e l v i t e (Mn/^Be^Si^0]_2S) was s u s p e c t e d , b u t t h e a r s e n i c 

t r i s u l f i d e t e s t was n e g a t i v e . 

Z i r c o n - Z rS iO^ , t e t r a g o n a l . Z i r c o n i s p r e s e n t i n t h e i g n e o u s 

r o c k s a s a v e r y mino r a c c e s s o r y m i n e r a l . 

Sphene - CaTiSiO^, m o n o c l i n i c . Sphene , l i k e z i r c o n , i s a v e r y 

m i n o r a c c e s s o r y i n t h e i g n e o u s r o c k s . 

PHOSPHATES 

A p a t i t e - G a ^ ( F , C l , 0 H ) ( P 0 ^ ) 3 , h e x a g o n a l . A p a t i t e i s p r e s e n t i n 

t h e i g n e o u s r o c k s and m e t a s o m a t i c me tamorph ic r o c k s of t h e a r e a a s a 

m i n o r a c c e s s o r y m i n e r a l . 

BORATES 

L u d w i g i t e - ( M g , F e + ^ ) F e + ^ B O ^ , o r t h o r h o m b i c . The s c a r c e b o r a t e 

l u d w i g i t e was found i n s e v e r a l l a r g e p i e c e s of l i m e s t o n e f l o a t a t ( 8 0 0 S , 

800W) ( p l . l ) . F i g u r e s 15 and 16 show t h e m i n e r a l i n t h i n s e c t i o n and i n 

hand s p e c i m e n . The m i n e r a l i s p r e s e n t i n a l l g r a d a t i o n s from r a d i a t i n g 

c l u s t e r s and s i n g l e n e e d l e s of d a r k g r e e n c r y s t a l s t o t h i c k b l a c k co lumnar 

p r i s m a t i c c r y s t a l s . The g r e e n c r y s t a l s a r e a l m o s t p u r e MgFe +^BO^ w h i l e 

t h e b l a c k c r y s t a l s c o n t a i n a p p r e c i a b l e Fe . The o p t i c a l d a t a o b t a i n e d 

f o r t h e M g - r i c h l u d w i g i t e from e x a m i n a t i o n of a t h i n s e c t i o n and c r u s h e d 



F i g . 1 6 . - L u d w i g i t e i n r e c r y s t a l l i z e d l i m e s t o n e ( c a l c i t e ) from ( 8 0 0 S , 800W) 
( p l . 1 ) . 
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f r a g m e n t s i n i n d e x o i l s and m e l t s a g r e e s w e l l w i t h t h e d a t a o b t a i n e d by 

Leonard e t . a l . ( 1 9 6 2 ) , 

The M g - r i c h l u d w i g i t e o c c u r s a s p l e o c h r o i c e l o n g a t e p r i s m s u p t o 
f i v e mm l o n g c u t t i n g c a l c i t e g r a i n s . riZ = 1 . 9 5 , nY i s s l i g h t l y g r e a t e r 
t h a n 1 . 8 3 , nX i s s l i g h t l y l e s s t h a n 1 . 8 3 . B i r e f r i n g e n c e = 0 . 1 2 . The 
l u d w i g i t e i s o p t i c a l l y (+ ) w i t h a s m a l l 2V. The c r y s t a l s a r e o r t h o r h o m M s , 
e l o n g a t e d i n t h e Z v i b r a t i o n d i r e c t i o n ( l e n g t h s l o w ) . ~Z«*c= medium brown 
w i t h a t i n g e of r e d ; Y=b= medium g r e e n ; X=a= medium g r e e n . The t u m e r i c 
p a p e r s p o t t e s t f o r bo ron showed a p o s i t i v e , a l t h o u g h weak , r e a c t i o n . 

SULFATES 

A n g l e s i t e - PbSO^, o r t h o r h o m b i c . A n g l e s i t e o c c u r s i n t i m a t e l y w i t h 

g a l e n a a s t h e o x i d a t i o n p r o d u c t of t h a t s u l f i d e . However, b e c a u s e of t h e 

abundance of c a r b o n a t e and t h e f a c t t h a t PbCO^ i s much more s t a b l e t h a n 

PbSO^ i n a c a r b o n a t e e n v i r o n m e n t , v i r t u a l l y a l l of t h e n o n - s u l f i d e l e a d 

i s p r e s e n t a s c e r u s s i t e . 

TUNGSTATES AND MOLYBDATES 

S c h e e l i t e - Ca(W,Mo)Q^, t e t r a g o n a l . S c h e e l i t e i s a b u n d a n t i n 

a b n o r m a l l y l a r g e c r y s t a l s on t h e dump and u n d e r g r o u n d a t ( 9 0 0 S , 500W) 

( p l . l ) . The a v e r a g e c r y s t a l s a r e o n e - h a l f t o one i n c h a c r o s s , w i t h 

o c c a s i o n a l i n d i v i d u a l s u p t o two i n c h e s a c r o s s . The m i n e r a l i s w h i t e and 

s u p e r f i c i a l l y r e s e m b l e s q u a r t z . Hand-spec imen i d e n t i f i c a t i o n i s most 

e a s i l y a c c o m p l i s h e d w i t h t h e u s e of a s h o r t - w a v e u l t r a v i o l e t lamp a t 

n i g h t . The m i n e r a l f l u o r e s c e s a b r i l l i a n t , h a r d b l u i s h w h i t e t o y e l l o w ­

i s h w h i t e . S c h e e l i t e i s c l o s e l y a s s o c i a t e d w i t h d i o p s i d e ( s e e f i g . 1 7 ) . 

A few s m a l l g r a i n s of s c h e e l i t e a r e a l s o found a l o n g t h e r o a d c u t a t 

(250N, 400W) ( p l . 1 ) . 

A number of l a r g e c r y s t a l s from t h e s c h e e l i t e p r o s p e c t a r e zoned , 

w i t h M o - r i c h s c h e e l i t e i n t h e c e n t e r , and Mo-poor s c h e e l i t e i n t h e r i m . 
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T h i s was d e t e r m i n e d by t h e f l u o r e s c e n c e - s c h e e l i t e r i c h i n molybdenum 

f l u o r e s c e s a b r i g h t y e l l o w , w h i l e p u r e CaWO^ f l u o r e s c e s a b r i g h t b l u i s h 

w h i t e . The molybdenum end member of t h e s e r i e s i s p o w e l l i t e , wh ich i s 

i s o s t r u c t u r a l w i t h s c h e e l i t e . 

F i g . 1 7 . - P h o t o m i c r o g r a p h of s c h e e l i t e embayed by e u h e d r a l d i o p s i d e 
c r y s t a l s from t h e s c h e e l i t e p r o s p e c t dump. 

W u l f e n i t e - PbMoO^, t e t r a g o n a l . W u l f e n i t e o c c u r s i n a number of 

p l a c e s a l o n g t h e main a d i t and e l s e w h e r e i n t h e R e b e l mine a s s m a l l , f r e e -

g r o w i n g , o r a n g e t o y e l l o w , t a b u l a r c r y s t a l s on c a l c i t e f a u l t g o u g e . The 

m i n e r a l i s s e c o n d a r y . 

ORE DEPOSITS 

GENERAL HISTORY, DEVELOPMENT. AND PRODUCTION OF THE "STAR MINING DISTRICT 

The S t a r m i n i n g d i s t r i c t was o r g a n i z e d on J u l y 8 , 1870 , and s u b s e ­

q u e n t l y d i v i d e d i n t o t h e N o r t h S t a r and t h e S o u t h S t a r d i s t r i c t s on 

November 1 1 , 1 8 7 1 . The two d i s t r i c t s a r e commonly r e f e r r e d t o a s t h e 
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S t a r and N o r t h S t a r d i s t r i c t s . The d i v i d i n g l i n e be tween t h e d i s t r i c t s i s 

E l e p h a n t Canyon, t h u s p l a c i n g t h e R e b e l mine w e l l w i t h i n t h e c o n f i n e s of 

t h e N o r t h S t a r d i s t r i c t . I n p r a c t i c e , t h e d i s t i n c t i o n be tween t h e d i s t r i c t s 

i s se ldom made, and t h e f o l l o w i n g d a t a and comments a p p l y t o t h e S t a r 

d i s t r i c t u n d i v i d e d . 

M i n i n g a c t i v i t y i n t h e S t a r d i s t r i c t h a s been s p a s m o t i c . The 

g r e a t e s t a c t i v i t y i n t h e d i s t r i c t o c c u r r e d i n t h e p e r i o d from 1871 t o 

1875* Most of t h e ma jo r mines i n t h e d i s t r i c t were l o c a t e d and worked i n 

t h i s e a r l y p e r i o d ( B u t l e r , 1 9 1 3 ) * A f t e r 1875 p r o d u c t i o n d r o p p e d i n t h e 

d i s t r i c t , and d u r i n g t h e 1 8 8 0 f s and 9 0 f s p r o d u c t i o n was v e r y s m a l l . B u t l e r 

( 1 9 1 3 - p l l 8 ) r e c o r d s an a p p r o x i m a t e t o t a l p r o d u c t i o n f o r t h e d i s t r i c t from 

1870 t o 1902 of 1 , 1 0 0 , 0 0 0 d o l l a r s . S i n c e 1902 , a c c u r a t e r e c o r d s of mine 

p r o d u c t i o n have been k e p t by t h e U . S . G e o l . S u r v e y and t h e U . S . B u r . o f 

M i n e s , and t h e s e g e n e r a l l y have been made a v a i l a b l e t o t h e p u b l i c i n v a r ­

i o u s p u b l i c a t i o n s s u c h a s t h e M i n e r a l s Yea rbook . The f o l l o w i n g g r a p h shows 

t h e y e a r l y p r o d u c t i o n v a l u e f o r t h e S t a r d i s t r i c t from 1902 t o 1 9 5 7 . 

F i g . 1 8 . - Graph showing y e a r l y d o l l a r - v a l u e p r o d u c t i o n i n t h e S t a r d i s t r i c t 

S 
300,000-

200,000-

tOO/OOD-

from 1902 t o 1 9 5 7 . 
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As n e a r l y a s can be d e t e r m i n e d , from 1870 t o d a t e t h e d i s t r i c t h a s 

p r o d u c e d a b o u t 5 , 3 0 0 , 0 0 0 d o l l a r s i n l e a d , s i l v e r , z i n c , c o p p e r , and g o l d , 

i n o r d e r of d e c r e a s i n g r e l a t i v e v a l u e . 

The p r i n c i p a l m ines have been t h e H a r r i n g t o n - H i c k o r y , Moscow, Red 

W a r r i o r , C e d a r - T a l i s m a n , and Mammoth, b u t some p r o d u c t i o n h a s come from 

o t h e r mines and a l a r g e number of p r o s p e c t s . 

C u r r e n t o p e r a t i o n s i n t h e d i s t r i c t a r e mino r and s p o r a d i c . 

ORE DEPOSITS AND MINERALIZATION IN THE REBEL MINE AREA 

G e n e r a l S t a t e m e n t 

The mine and p r o s p e c t s may be d i v i d e d i n t o t h o s e wh ich d e v e l o p t h e 

f i s s u r e c r o s s i n g t h e s t u d y a r e a and t h o s e wh ich d e v e l o p t h e c o n t a c t m e t a ­

m o r p h i c z o n e s s u r r o u n d i n g t h e i n t r u s i v e s . The m e t a l s p r e s e n t i n t h e 

f i s s u r e a r e l e a d , s i l v e r , and a l i t t l e z i n c and c o p p e r , w h i l e t h e m e t a l s 

p r e s e n t i n t h e c o n t a c t d e p o s i t s a r e t u n g s t e n , i r o n , and c o p p e r . A l t h o u g h 

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

p r o d u c t i o n from t h e c o n t a c t me tamorph ic zone p r o b a b l y h a s been n e g l i g i b l e . 

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

t h a t t h e o r e - d e p o s i t i n g s o l u t i o n s were d i s s i m i l a r and p o s s i b l y n o t even 

r e l a t e d . 

R e b e l Mine and R e l a t e d P r o s p e c t s 

L o c a t i o n . The R e b e l mine and r e l a t e d p r o s p e c t s a l l d e v e l o p t h e R e b e l 

f i s s u r e , wh ich e x t e n d s p r o b a b l y c o n t i n u o u s l y f o r o v e r 3200 f e e t i n t h e 

s t u d y a r e a ( s e e f i g . 1 0 ) . The R e b e l mine p r o p e r c o n s i s t s of t h e w o r k i n g s 

stfiown on p l a t e 2 . These w o r k i n g s c e n t e r a t ( 1 0 0 0 S , 0W) ( p l . l ) . 
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H i s t o r y , p r o d u c t i o n , and o w n e r s h i p . The R e b e l mine was one of t h e e a r l i e s t 

m ines i n t h e D i s t r i c t . Two c l a i m s , R e b e l n o s . 1 and 2 , were l o c a t e d on 

March 1 0 , 1871,"*" by J o s e p h G l a s s f o r d and o t h e r s . Much l e g a l work ensued 

d u r i n g t h e n e x t two y e a r s , w i t h t h e r e s u l t t h a t by l a t e 1872 t h e two 

c l a i m s had been r e o r g a n i z e d i n t o one , t h e R e b e l , wh ich was s u b s e q u e n t l y 

p a t e n t e d . The R e b e l c l a i m c o v e r s t h e i m p o r t a n t s u r f a c e w o r k i n g s and t h e 

ma in a d i t and s h a f t of t h e R e b e l m i n e . At p r o b a b l y a b o u t t h e same t i m e , 

t h r e e a d j o i n i n g c l a i m s were p a t e n t e d . These a r e Twins , Lucky Boy, and 

F l o r e n c e . The r e l a t i v e p o s i t i o n s of t h e s e c l a i m s a r e i n d i c a t e d i n 

f i g u r e 1 9 . I n t h e 93 y e a r s s i n c e t h e c l a i m s we re p a t e n t e d , t h e o w n e r s h i p 

of t h e p r o p e r t y h a s become f r a g m e n t e d due t o d e a t h , t a x s a l e , and o t h e r 

c a u s e s . The p r e s e n t o w n e r s h i p of t h e f o u r c l a i m s ( a e of F e b r u a r y 1 , 1965) 

i s a s f o l l o w s : 

R e b e l Lode - Lot 3 7 . 9 . 1 9 a c r e s 
Twins Lode - U.So S u r v e y 4 4 5 4 . 1 6 . 4 7 5 a c r e s 
Lucky Boy Lode - U . S . S u r v e y 6 3 0 2 . 1 3 . 8 3 3 a c r e s 
Rough R i d e r Lode - U G S . S u r v e y 5 8 3 0 . 2 0 . 6 6 a c r e s 

B. H. Dwight & Rue l G. H a l l o r a n 1/9 u n d i v i d e d i n t e r e s t 
Edward Ga l loway & Minn ie Ga l loway 1/9 u n d . i n t . 
J u l i a ' C. W i l k i n 1/3 u n d . i n t . 
M a r g a r e t & Leonard P i l i c k ( P h o c k ? ) 1/9 u n d . i n t . 
F r e d e r i c k P i l i c k ( P h o c k ? ) 1/9 u n d . i n t . 
F r e d e r i c k Upton Leonard J r . 1/9 u n d . i n t . 
Mat thew C. Leonard 1/9 u n d . 

9 / 9 
i n t . 

F l o r e n c e Lode - Lot 5 7 . 2 0 . 6 5 a c r e s 

G i l b e r t A. McCul ley 1 /2 u n d . i n t . 
J a c k B. B a r d s l e y 1/2 u n d . i n t . 

2 / 2 

•LThe f i r s t e n t r y u n d e r t h e R e b e l # 1 c l a i m i n t h e Beaver County 
C o u r t h o u s e r e c o r d s i s d a t e d J u n e 1 0 , 1 8 7 1 , b u t t h e c l a i m was p r o b a b l y 
o r i g i n a l l y l o c a t e d a t t h e same t i m e ( i . e . March 10) a s t h e R e b e l #2 
c l a i m . 
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Most of t h e p r o d u c t i o n from t h e R e b e l mine t o o k p l a c e from 1872 t o 

1875* D u r i n g t h i s p e r i o d t h e R e b e l was t h e o u t s t a n d i n g mine i n t h e S t a r 

d i s t r i c t . Raymone (1877 ( f o r t h e y e a r 1 8 7 5 ) , p p 2 8 0 - 8 l ) s t a t e s : "The 

two g r e a t m ines of t h e / S t a r / d i s t r i c t , t h e R e b e l and t h e Big Bonanza, 

have t o g e t h e r p r o d u c e d d u r i n g t h e y e a r , a s n e a r l y a s I can a s c e r t a i n , 

a b o u t 3200 t o n s of g a l e n a and c a r b o n a t e s . I n t h e w o r k i n g s of t h e f o r m e r , 

w h i c h a r e q u i t e e x t e n s i v e , an immense body of m i n e r a l i s e x p o s e d , and t h e 

p r o p e r t y i s u n i v e r s a l l y h e l d t o be of g r e a t v a l u e . " However, H u n t l e y 

( 1 8 8 5 , pA-72) r e p o r t e d t h a t by 1880 t h e mine was i d l e . The o r e mined i n 

t h i s p e r i o d , a c c o r d i n g t o H u n t l e y , a s s a y e d an a v e r a g e of 35 oz s i l v e r and 

65 p e r c e n t l e a d . T o t a l p r o d u c t i o n was 4000 t o n s . 

S i n c e 1880 t h e R e b e l h a s been o p e r a t e d o n l y s p o r a d i c a l l y . The 

Bureau of Mines r e p o r t e d p r o d u c t i o n from t h e R e b e l f o r t h e y e a r s 1912 , 

1917 , 1918 ( p r o b a b l y ) , 1946 , 1948 , and 1 9 4 9 . T o t a l p r o d u c t i o n f o r t h e s e 

y e a r s was p r o b a b l y u n d e r 1000 t o n s . M i n e r a l s Yearbook f o r 1949 ( p l 5 8 4 ) 

r e p o r t e d t h a t " J e Go H a n l e y , l e s s e e , worked t h e R e b e l mine f o r one month 

i n 1949 and s h i p p e d 65 t o n s of l e a d s m e l t i n g o r e c o n t a i n i n g one ounce of 

g o l d , 327 ounces of s i l v e r , 104 pounds of c o p p e r , and 1 5 , 6 2 5 pounds of 

l e a d . " Mr. H a n l e y , who p r e s e n t l y l i v e s i n M i l f o r d , s a i d ( p e r s o n a l com­

m u n i c a t i o n , 2 / 1 / 6 5 ) t h a t t h e o r e was p roduced from t h e dump and a l s o from 

d r i f t s o f f t h e main a d i t l e v e l . 

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

a d i t , v a r i o u s s m a l l e r c r o s s c u t s and d r i f t s , s u r f a c e and u n d e r g r o u n d s t o p e s , 

a caved s h a f t 100 f e e t SSW of t h e a d i t mouth , and numerous p r o s p e c t p i t s , 

s h a f t s , and an a d i t . The a c c e s s i b l e w o r k i n g s of t h e R e b e l mine p r o p e r a r e 

shown i n p l a t e 2 . 
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Many of t h e w o r k i n g s a r e now i n a c c e s s i b l e . Raymond i n h i s r e p o r t 

f o r 1873 s t a t e s ( t a b l e , p282) t h a t . . a s h a f t was sunk 8 4 T , w i t h 7 5 T 

of d r i f t s on t h e R e b e l C l a i m . The w i d t h of t h e o r e body was 4 f , and 300 

t o n s of o r e were e x t r a c t e d . " The s h a f t r e f e r r e d t o i s p r o b a b l y t h e caved 

s h a f t s o u t h of t h e a d i t mouth ( s e e p l . 2 ) . T h i s s h a f t e x t e n d s much 

d e e p e r t h a n 84 f e e t , a s i n d i c a t e d by t h e l a r g e b a r r e n dump a p r o n e d be low 

t h e s h a f t mouth and by t h e r e p o r t s of s e v e r a l p e o p l e . B u t l e r ( 1 9 1 3 , p l 9 6 ) 

m e n t i o n e d t h a t i n 1909 " . . . a s h a f t had been sunk t o a d e p t h of 200 f e e t 

and c o n s i d e r a b l e e x p l o r a t i o n done on t h a t l e v e l , t h o u g h no c o m m e r c i a l o r e 

body had been o p e n e d . " Mr . H a n l e y s t a t e d ( p e r s o n a l conimunica t ion , 2 / l / 6 5 ) 

t h a t t h e s h a f t e x t e n d s t o a d e p t h of 800 f e e t , b u t t h a t he h a s n e v e r been 

down i t . A p a r t i a l l y b o a r d e d - o v e r i n c l i n e d w i n z e i s l o c a t e d i n t h e a d i t , 

210 f e e t from t h e m o u t h . T h i s w i n z e c o u l d n o t be e x p l o r e d , b u t i t may 

c o n n e c t w i t h a n o t h e r l e v e l . A l s o , s e v e r a l of t h e d e e p p r o s p e c t s h a f t s 

a l o n g t h e f i s s u r e may have c o n c e a l e d d r i f t s and c r o s s c u t s . None of t h e 

p r o s p e c t s h a f t s a l o n g t h e f i s s u r e c o u l d be e x p l o r e d b e c a u s e of a l a c k of 

t i m e . 

The a c c e s s i b l e w o r k i n g s , t o t a l i n g some 600 f e e t of o p e n i n g s , a r e 

i n r e a s o n a b l y good c o n d i t i o n . The " b a c k " i n t h e a d i t , d r i f t s , and s t o p e s 

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

a d i t . Wi th t h e e x c e p t i o n of a few s t u l l s i n t h e s t o p e s , t h e mine i s 

u n t i m b e r e d . 

The main s h a f t i s i n bad c o n d i t i o n . The c o l l a r i s c a v e d . 

Along t h e f i s s u r e t h e r e a r e 1 1 p r o s p e c t p i t s ( o n e w e s t of t h e 

mapped a r e a ) , 1 1 p r o s p e c t s h a f t s , some q u i t e d e e p w i t h l a r g e dumps, and 

one a d i t , wh ich opens w e s t of t h e main R e b e l w o r k i n g s on t h e o t h e r s i d e 
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of t h e h i l l a t ( 1 1 5 0 S , 500W) ( p l , l ) . T h e r e a r e a l s o one p r o s p e c t p i t 

and two s h a f t s on t h e n o r t h - t r e n d i n g f a u l t s o u t h of t h e R e b e l f i s s u r e , 

and two m i n o r p i t s e a s t of t h e s e s h a f t s on t h e r i d g e a c r o s s t h e w a s h . 

The a d i t and t h e two s h a f t s (wh ich j o i n a t d e p t h ) a r e mapped a s p l a t e s 

3A and 3 B . 

C h a r a c t e r of t h e o r e . The o r e of t h e R e b e l mine c o n s i s t e d of a l m o s t p u r e 

g a l e n a and c e r u s s i t e w i t h mino r amounts of o t h e r m e t a l s i n t h e o x i d i z e d 

and u n o x i d i z e d s t a t e s . An a s s o r t m e n t of h e a v y , d a r k brown t o b l a c k 

chunks c o l l e c t e d on t h e dump were a s s a y e d by B lack and Deason, S a l t Lake 

C i t y , w i t h t h e f o l l o w i n g r e s u l t s : 

Au - t r a c e 
Ag - 4 4 . 4 oz t o t a l m e t a l v a l u e — $ 2 5 2 . 7 5 / t o n 
Pb - 5 8 . 0 % 
Zn - 6 . 8 % f o r Pb - $ 0 . 1 6 / l b 
Fe - " 5 . 2 % Zn - 0 . 1 4 5 / l b 
As - 0 . 2 5 # Ag = 1 . 2 9 3 / o z 

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

As p r e v i o u s l y m e n t i o n e d , H u n t l e y r e p o r t e d an a v e r a g e a s s a y f o r t h e 4000 

t o n s p r o d u c e d p r i o r t o 1880 of 35 o z / t o n s i l v e r and 65 p e r c e n t l e a d . 

Fou r s p e c i m e n s of o r e , two s l i g h t l y o x i d i z e d and two c o m p l e t e l y 

o x i d i z e d , we re a n a l y s e d s e m i - q u a n t i t a t i v e l y by x - r a y f l u o r e s c e n c e t o s e e 

i f t h e p r o c e s s of o x i d a t i o n had a f f e c t e d t h e o r e by a d d i n g o r r emoving 

e l e m e n t s . The r e s u l t s a r e shown i n t a b l e 2 on t h e f o l l o w i n g p a g e . Whi l e 

t h e l i m i t e d number of s a m p l e s t e s t e d p r e c l u d e s sweep ing g e n e r a l i z a t i o n s 

a b o u t t h e m i g r a t i o n of e l e m e n t s , a t l e a s t one i m p o r t a n t t r e n d may be n o t e d . 

The c o m p l e t e l y o x i d i z e d s ample s a r e r e l a t i v e l y h i g h i n z i n c , w h i l e t h e 

s l i g h t l y o x i d i z e d s a m p l e s a r e much l o w e r i n z i n c . E x a m i n a t i o n of p o l i s h e d 

s e c t i o n s of t h e o r e shows no r e l i c t s p h a l e r i t e o r o t h e r e v i d e n c e i n d i c a t i n g 
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t h a t p r i m a r y z i n c m i n e r a l s once o c c u r r e d w i t h t h e g a l e n a . T h i s i n d i c a t e s 

t h a t t h e z i n c was c a r r i e d down from above by s o l u t i o n s , and t h a t t h e 

e r o d e d u p p e r p o r t i o n of t h e R e b e l f i s s u r e was r e l a t i v e l y r i c h i n z i n c . 

T a b l e 2 . - Compar ison of t h e e l e m e n t s i n s l i g h t l y o x i d i z e d and c o m p l e t e l y 
o x i d i z e d f r a g m e n t s of o r e , R e b e l m i n e . E l e m e n t s a r e l i s t e d i n 
d e c r e a s i n g o r d e r of K<* x - r a y l i n e i n t e n s i t y . 

s l i g h t l y o x i d i z e d c o m p l e t e l y o x i d i z e d 

# 2 #U # 1 # 3 

Pb Pb Pb Pb 
Fe Fe Fe Fe-Zn 
Cu Cu Zn 
Zn S r Cu Cu 
Mn Zn Sb Mn 
S r - C o Co Mo S r 

Mo Mn Ag 
Mo Ag (Hg?) Mo 
Ag 

S i x p o l i s h e d s e c t i o n s of o r e were e x a m i n e d . The m i n e r a l s o b s e r v e d 

were g a l e n a , c e r u s s i t e , a n g l e s i t e , p y r i t e , h e m a t i t e , and l i m o n i t e . The 

c o p p e r and z i n c m i n e r a l s which s h o u l d be p r e s e n t c o u l d n o t be i d e n t i f i e d . 

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

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

s i l v e r s u l f i d e i n s o l i d s o l u t i o n w i t h t h e l e a d s u l f i d e . The molybdenum 

may be c o n t a i n e d i n t h e g a l e n a fo rming " m o l y b d i f e r o u s g a l e n a " a s s u g g e s t e d 

by B u t l e r ( 1 9 1 3 , p l 9 5 ) f o r t h e s i m i l a r o r e s of t h e H a r r i n g t o n - H i c k o r y m i n e . 

O r i g i n , p a r a g e n e s i s . and d e p o s i t i o n of t h e o r e s . From t h e n a t u r e of t h e 

d e p o s i t , i t seems a l m o s t c e r t a i n t h a t t h e o r e s a r e h y d r o t h e r m a l . From 

o b s e r v e d f i e l d r e l a t i o n s , t h e d e p o s i t i o n of t h e o r e a p p e a r s t o have been 
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c o n t r o l l e d by t h r e e f a c t o r s , g i v e n be low i n d e c r e a s i n g o r d e r of i m p o r t a n c e . 

1) t h e f i s s u r e 

2) t h e p r e - m i n e r a l f a u l t s which i n t e r s e c t t h e f i s s u r e 

3 ) t h e l i t h o l o g y 

Ore i s found o n l y a l o n g or n e a r t h e R e b e l f i s s u r e . The l a r g e s t amounts 

of o r e a r e r o u n d a t t h e p l a c e s where t h e f i s s u r e h a s c u t t h e two p r e -

m i n e r a l f a u l t s . The f a u l t w i t h t h e l a r g e r d i s p l a c e m e n t h a s more o r e 

a s s o c i a t e d w i t h i t . The p r e s e n c e of r e a c t i v e l i m e s t o n e ( r a t h e r t h a n 

u n r e a c t i v e q u a r t z i t e ) a t t h e f a u l t - f i s s u r e i n t e r s e c t i o n s a l l o w e d t h e o r e 

body t o form o u t s i d e of t h e f i s s u r e b o u n d a r y . 

E x a m i n a t i o n of p o l i s h e d s e c t i o n s of t h e o r e i n d i c a t e s a r a t h e r 

s i m p l e and s t r a i g h t f o r w a r d p a r a g e n e s i s . The f i r s t f l u i d s r i s i n g a l o n g 

t h e f i s s u r e - f r a c t u r e zone r e c r y s t a l l i z e d much of t h e l i m e s t o n e fo rming 

w h i t e t o brown c o a r s e c a l c i t e . The g a l e n a , p y r i t e , c h a l c o p y r i t e ( ? ) , and 

s p h a l e r i t e ( ? ) formed i n t h e f i s s u r e and r e p l a c e d t h e c a l c i t e and l i m e ­

s t o n e , p r e f e r a b l y i n t h e f o o t w a l l s of b o t h t h e f a u l t s and t h e f i s s u r e . 

As p r e v i o u s l y e x p l a i n e d , t h e z i n c p r o b a b l y was d e p o s i t e d f a r t h e r away 

( i . e . h i g h e r ) f rom t h e s o u r c e of t h e m i n e r a l i z i n g f l u i d s . O x i d a t i o n , 

p r o b a b l y i n h a n c e d by m e t e o r i c f l u i d s , formed t h e s e c o n d a r y l e a d and z i n c 

m i n e r a l s wh ich made u p an a p p r e c i a b l e p a r t of t h e t o t a l o r e b o d y . 

The o r e d e p o s i t a p p e a r s t o be m e s o t h e r m a l . 

O t h e r P r o s p e c t s 

A l l of t h e o t h e r p r o s p e c t s i n t h e a r e a a r e i n t h e m e t a s o m a t i c 

me tamorph ic r o c k s , c h i e f l y t h e s k a r n s . T h e r e a r e t h r e e ma jo r p r o s p e c t s 

p l u s many s m a l l p i t s . The t h r e e p r o s p e c t s a r e d i s c u s s e d i n d i v i d u a l l y on 
A 

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

g u l l y a t ( 9 0 0 S , 500W) ( p l . l ) ( f i g . 2 0 ) . I t i s d e v e l o p e d i n a s m a l l , 

i s o l a t e d s k a r n z o n e . S c h e e l i t e o c c u r s i r r e g u l a r l y i n t h e s k a r n zone a s 

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

m e t a s o m a t i c me tamorph ic m i n e r a l s . The m i n e r a l s p r o b a b l y formed i n t h e 

o r d e r g i v e n be low ( s e e f i g s , 8 , 1 7 ) . 

S c h e e l i t e M o - r i c h 
Mo-poor 

D i o p s i d e c o a r s e g r a i n e d 
f i n e g r a i n e d 

G r o s s u l a r i t e 
T r e m o l i t e 
E p i d o t e 
Q u a r t z 
M u s c o v i t e 
C a l c i t e 

t i m e 1——»' 

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

The p r o s p e c t c o n s i s t s of a b o u t 160 f e e t of a d i t i n s k a r n ( s e e map, 

p l . 3 C ) . Most of t h e t u n n e l w a l l s show s c a t t e r e d s c h e e l i t e c r y s t a l s , 

a l t h o u g h i t a p p e a r s from e x a m i n a t i o n of t h e dump t h a t most of t h e 

s c h e e l i t e - r i c h r o c k was t a k e n o u t t o t h e dump. T h e r e h a s p r o b a b l y been 

n o s h i p m e n t of o r e from t h e p r o s p e c t . 

M a g n e t i t e p r o s p e c t - West of t h e t u n g s t e n p r o s p e c t l i e a g r o u p of t h r e e 

s h a f t s , an a d i t , and s e v e r a l s h a l l o w p i t s which expose s e v e r a l s m a l l 

n e a r l y v e r t i c a l m a g n e t i t e v e i n s ( f i g . 2 1 ) . Copper c a r b o n a t e i s a l s o 

common, a l t h o u g h n o t c o m m e r c i a l . The a d i t was s t a r t e d i n t h e s t o c k and 

r e m a i n e d i n i g n e o u s r o c k t h r o u g h i t s e n t i r e l e n g t h , wh ich i n d i c a t e s t h a t 

t h e r o o f of t h e s t o c k i s v e r y f l a t and l i e s c l o s e t o t h e s u r f a c e . I t may 
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F i g . 2 0 . - S c h e e l i t e p r o s p e c t , l o o k i n g n o r t h w e s t from ( 1 0 0 0 S , 350W) 
( p l . 1 ) . 

F i g . 2 1 . - M a g n e t i t e p r o s p e c t , l o o k i n g n o r t h w e s t from ( 9 0 0 S , 700W) ( p l . l ) . 
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be assumed t h a t t h e i g n e o u s mass l i e s c l o s e t o t h e b o t t o m s of t h e p r o s p e c t 

s h a f t s w e s t of t h e a d i t . P l a t e 3D shows a map of t h e s h a f t s and t h e 

u n d e r g r o u n d w o r k i n g s . 

Roadcu t p r o s p e c t - N o r t h of t h e l a r g e r p h a c o l i t h a r e s e v e r a l s m a l l a d i t s 

and a p r o s p e c t p i t wh ich were a p p a r e n t l y e x p l o r a t o r y , a s no o r e was 

o b s e r v e d ( s e e f i g . 2 ) . Some m a l a c h i t e o c c u r s i n t h e p r o s p e c t p i t , and a 

few s m a l l c r y s t a l s of s c h e e l i t e o c c u r i n t h e u p p e r r o a d c u t ; j u s t s o u t h of 

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

t h e wide v a r i e t y of me tamorph ic r o c k s e x p o s e d . T h r e e diamond d r i l l h o l e s 

we re s e e n i n t h e v i c i n i t y of t h e l o w e r ( e a s t ) a d i t , b u t a p p a r e n t l y n o 

s i g n i f i c a n t o r e was d i s c o v e r e d . 

M i s c e l l a n e o u s p r o s p e c t s - A number of s m a l l p r o s p e c t s a r e l o c a t e d a r o u n d 

t h e ma jo r p h a c o l i t h and e l s e w h e r e . Most of them e x p l o r e weak c o p p e r 

s h o w i n g s , and none a r e of economic i m p o r t a n c e . 

C o n t r o l of t h e p r o p e r t y - Eugene N . Davie of M i l f o r d , U t a h , h o l d s a t o t a l 

of 44 c o n t i g u o u s c l a i m s i n t h e a r e a n o r t h , w e s t , and s o u t h w e s t of t h e 

R e b e l g r o u p of p a t e n t e d c l a i m s . Hi s c l a i m s i n c l u d e a l l of t h e p r o s p e c t s 

d e s c r i b e d a b o v e . The c l a i m s a r e 

P o l a r i s l o d e c l a i m n o s . 1-36 
P o l a r i s F r a c t i o n l o d e c l a i m 
P o l a r i s F r a c t i o n n o . 1 l o d e c l a i m 
M i l f o r d L i l l y 

" M i l f o r d L i l l y n o s . 1-4 
M i l f o r d L i l l y F r a c t i o n 

The M i l f o r d I i l l y c l a i m s were l o c a t e d i n 1927 and 1 9 3 0 . Mr . Davie a c q u i r e d 

t h e c l a i m s from t h e L i t t l e May Min ing Company by p u r c h a s e i n 1 9 6 l . The 

P o l a r i s F r a c t i o n c l a i m s and P o l a r i s l o d e c l a i m s n o s . 1-6 were l o c a t e d by 

Mr . Davie i n 1 9 5 6 . The P o l a r i s l o d e c l a i m s n o s . 7 -36 we re l o c a t e d i n 

1 9 6 2 . Asses smen t work on t h e c l a i m s i s u p t o d a t e . 





Economic P o t e n t i a l of t h e R e b e l Mine Area 

As h a s been n o t e d , t h e o r e d e p o s i t s of t h e R e b e l mine a r e a a r e of 

two d i s t i n c t t y p e s . D i s c u s s i o n of t h e p o t e n t i a l of t h e a r e a w i l l c o v e r 

e a c h t y p e s e p a r a t e l y . 

C o n t a c t me tamorph ic d e p o s i t s - The p r o s p e c t s wh ich d e v e l o p t h e c o n t a c t 

me tamorph ic zone have p roduced l i t t l e o r n o o r e . T h e r e a p p e a r s t o be 

l i t t l e chance t h a t a p r o f i t a b l e o r e body l i e s a t d e p t h , a l t h o u g h i t i s 

a l m o s t c e r t a i n t h a t s m a l l amounts of economic m i n e r a l s o c c u r i n s k a r n s a t 

d e p t h . 

F i s s u r e d e p o s i t s - The f i s s u r e l e a d - s i l v e r - z i n c d e p o s i t s , on t h e o t h e r 

hand , a p p e a r t o t h e w r i t e r t o be p o t e n t i a l l y p r o f i t a b l e . Some of t h e 

f a c t o r s which can be c o n s i d e r e d i n a q u a l i t a t i v e a p p r a i s a l of t h e R e b e l 

a r e l i s t e d b e l o w . 

Advan t ageous f a c t o r s 

1 . The R e b e l f i s s u r e i s v e r y s i m i l a r t o t h e H a r r i n g t o n - H i c k o r y 

f i s s u r e i n w i d t h , o r e m i n e r a l o g y , g r a d e of o r e , o r i e n t a t i o n , and 

a t t i t u d e . The R e b e l i s a b o u t 600 y a r d s n o r t h of t h e H a r r i n g t o n -

H i c k o r y . 

2 . The H a r r i n g t o n - H i c k o r y m i n e , wh ich l a y i n a c t i v e f o r many y e a r s 

a f t e r t h e o r i g i n a l "boom" p e r i o d , was r e a c t i v a t e d d u r i n g World 

War I I and p r o d u c e d w e l l o v e r 5 0 0 , 0 0 0 d o l l a r s i n o r e from 1944 

t h r o u g h 1 9 4 9 . 

3 . The R e b e l mine h a s been worked o n l y n e a r t h e s u r f a c e . I t s s u r ­

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

of t h e H a r r i n g t o n - H i c k o r y . 
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4 . The H a r r i n g t o n - H i c k o r y f i s s u r e h a s been worked t o a d e p t h of a t 

l e a s t 600 f e e t . I t i s v e r y p o s s i b l e t h a t o r e may e x t e n d t o a 

s i m i l a r d e p t h i n t h e R e b e l f i s s u r e . E a r l y r e p o r t s were g l o w i n g 

i n t h e i r d e s c r i p t i o n s of t h e R e b e l ( s e e p ) , y e t by 1880 t h e 

mine was e s s e n t i a l l y d e a d . P o s s i b l y t h e o r e body a t d e p t h was 

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

and t h e m i n e r s abandoned t h e mine w i t h o u t s i n k i n g d e e p e r . 

5 . I f o r e i s d i s c o v e r e d a t d e p t h , t h e R e b e l i s w e l l s i t u a t e d w i t h 

r e s p e c t t o M i l f o r d and t h e R a i l r o a d . Min ing c o s t s i n g e n e r a l 

p r o b a b l y would be l o w . 

Adverse f a c t o r s 

1 . The v e r y f a c t t h a t t h e R e b e l was abandoned a t an e a r l y d a t e and 

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

p r o b a b l y r e a l r a t h e r t h a n a p p a r e n t . However, t h e w r i t e r b e l i e v e s 

t h a t t h e R e b e l h a s enough p o t e n t i a l t o w a r r a n t f u r t h e r w o r k . 

The f o l l o w i n g l i s t r e p r e s e n t s t h e s t e p s , i n o r d e r , wh ich t h e w r i t e r 

f e e l s m igh t p r o v e w o r t h w h i l e i n an e v a l u a t i o n of t h e p o t e n t i a l of t h e R e b e l 

m i n e . I t must be b o r n e i n mind t h a t a t no t i m e s h o u l d c u m u l a t i v e c a p i t a l 

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

p r o d u c t of t h e c u r r e n t " r i s k f a c t o r " ( e s t i m a t e d f r a c t i o n a l chance f o r 

d e v e l o p i n g a p r o f i t a b l e o r e body) and t h e e s t i m a t e d t o t a l v a l u e of t h e 

o r e body a f t e r s u b t r a c t i n g p r e d i c t e d o p e r a t i n g ( m i n i n g and s h i p p i n g ) c o s t s . 

T h i s " r i s k f a c t o r " of c o u r s e s h o u l d be r e - e v a l u a t e d a f t e r e v e r e x p e n d i t u r e . 

1 . Examine c a r e f u l l y t h e mapped w o r k i n g s of t h e R e b e l mine p r o p e r . 

D e t e r m i n e t h e e x a c t o v e r l a y of t h e s u r f a c e and a d i t l e v e l s h e e t s 
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of p l a t e 2 . R e a d j u s t g e o l o g i c i n t e r p r e t a t i o n s and o b s e r v a t i o n s 

i f n e c e s s a r y . 

2 . C a r e f u l l y map t h e u p p e r s t o p e s which were n o t mapped f o r p l a t e 2 . 

I n v e s t i g a t e t h e winze (220 f e e t i n s i d e t h e main a d i t ) and map any 

w o r k i n g s on l o w e r l e v e l s . Map t h e p r i n c i p a l p r o s p e c t s h a f t s on 

t h e f i s s u r e e a s t of t h e R e b e l mine p r o p e r . 

3 . I f t h e w i n z e d o e s n o t c o n n e c t w i t h t h e main s h a f t , r e p a i r t h e 

main s h a f t and map t h e w o r k i n g s o f f t h e s h a f t . 

4 . a ) Diamond d r i l l t h e f i s s u r e , i f i t i s d i s c o v e r e d a t d e p t h . 

b ) I f s t i l l f e a s i b l e a f t e r s t e p s 2 and 3 , d r i l l a s p r a y of f i v e 

h o l e s a s shown be low on t h i s d e t a i l from p l a t e 2 . I f t h e o r e 

body was l o c a l i z e d by t h e i n t e r s e c t i o n of t h e f i s s u r e and t h e 

f a u l t , t h i s s p r a y w i l l p r o b a b l y p i c k u p a c o n t i n u a t i o n of t h e 

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

i s i n d i c a t e d by t h e l e t t e r s A t o E . 

F i g . 2 2 . - S u g g e s t e d l o c a t i o n and o r i e n t a t i o n of e x p l o r a t i o n diamond d r i l l 
h o l e s i n t h e R e b e l m i n e . 

o r 
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c ) D r i l l a n y p r o m i s i n g f i s s u r e showings i n t h e p r o s p e c t s h a f t s 

a t ( 6 5 0 S , 8 0 0 E ) , ( 4 5 0 S , 1300E) , o r ( 3 0 0 S , 1800E) ( p l . l ) . 
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APPENDIX 

R e c o n n a i s s a n c e A n a l y s i s of t h e R e b e l Dumps 

F i g , 2 3 . - S k e t c h of t h e R e b e l dump s y s t e m , l o o k i n g w e s t from ( 9 0 0 S , 450E) 
( p l , l ) o 

A, M a t e r i a l from t h e s u r f a c e s t o p e s i n and a d j a c e n t t o t h e main 
f i s s u r e , 

B , M a t e r i a l from t h e s u r f a c e s t o p e s i n and a d j a c e n t t o a s m a l l 
f i s s u r e ( ? ) j u s t n o r t h of t h e main f i s s u r e . 

C, M a t e r i a l from t h e main s h a f t . 

D, M a t e r i a l from t h e a d i t l e v e l w o r k i n g s , i n c l u d i n g c o n n e c t e d s t o p e s 
and w i n z e s , p l u s m a t e r i a l from t h e p r o s p e c t s h a f t a l o n g s i d e t h e 

E . M a t e r i a l from s e v e r a l p r o s p e c t s i n t h e f i s s u r e j u s t e a s t of t h e 
a c c e s s roado 

F . M a t e r i a l from t h e p r o s p e c t s h a f t n o r t h of t h e f i s s u r e . 

G. ( n o t shown) M a t e r i a l from t h e two p r o s p e c t s h a f t s a t (65OS, 800E) 

H. ( n o t shown) M a t e r i a l from t h e p r o s p e c t s h a f t s a t ( 5 0 0 S , 1300E) 
( p l . 1 ) and ( 3 0 0 S , 1800E) ( p l . l ) . 

dump. 

( p l . 1 ) . 
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A n a l y s i s of t h e Dumps 

The R e b e l dumps were i n v e s t i g a t e d t o d e t e r m i n e i f t h e y c o n t a i n 

s i g n i f i c a n t m e t a l v a l u e s and i f t h e m e t a l s can be p r o f i t a b l y e x t r a c t e d . 

T h r e e a s s a y s of random s h o v e l s a m p l e s were made by Black and Deason , 

S a l t Lake C i t y . Each sample c o n s i s t e d of a b o u t t e n p a r t i a l s h o v e l - l o a d s 

of dump m a t e r i a l s e l e c t e d from v a r i o u s s p o t s on t h e p a r t i c u l a r dump. The 

s ample s were c r u s h e d and s p l i t t o a w e i g h t of a b o u t t h r e e pounds and t h e n 

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

D dump sample 
M e t a l A Mump sample C dump sample ( 2 / 3 D f + l / 3 D " ) 

Au T r a c e T r a c e T r a c e 
Ag 4°0 oz T r a c e 2 . 0 oz 
Pb 7e4 % - 7 . 9 % 
Zn 3»0 % - 2 . 6 % 

T o t a l m e t a l v a l u e $ 3 7 o 5 7 / t o n $ 0 $ 3 5 . 4 4 / t o n 

f o r 

Pb = $ 0 o l 6 / l b 
Zn = 0 . 1 4 5 / l b 
Ag = 1 . 2 9 3 / o z 

U n f o r t u n a t e l y no r o c k f r a g m e n t s l a r g e r t h a n t h r e e i n c h e s c o u l d be t a k e n 

i n t h e s a m p l e s e I t seems p r o b a b l e from e x a m i n a t i o n of t h e dumps t h a t t h e 

l a r g e r f r a g m e n t s have a somewhat s m a l l e r m e t a l c o n t e n t t h a n t h e s m a l l e r 

f r a g m e n t s . The dumps were examined w i t h t h e r e s u l t s of t h e a s s a y s i n 

m ind . From t h e g e n e r a l m i n e r a l o g i c a p p e a r a n c e of e a c h dump, a v a l u e 

f a c t o r was a s s i g n e d t h a t r e l a t e d t h e e s t i m a t e d w o r t h of t h e m a t e r i a l t o 

t h e known ( a s s a y e d ) w o r t h of m a t e r i a l of known m i n e r a l o g i c a p p e a r a n c e . 

As an example , i f a dump a p p e a r e d t o be e i g h t - t e n t h s a s r i c h a s t h e 

m a t e r i a l from dump A f t h a t was a s s a y e d , a v a l u e f a c t o r of 0.8A* was g i v e n 
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t h e dump. The w o r t h of t h e dump i s t h e n t h e p r o d u c t of 0 . 8 and $ 3 7 . 5 7 / t o n , 

o r a b o u t $ 3 0 . 0 0 / t o n o The amount of r o c k i n t o n s on e a c h dump was roughly-

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

t o n s of r o c k = e s t . v o l u m e v ( c u e y d s . ) x 0 o 7 5 x 0 . 8 4 2 x e s t . s p e c i f i c 
g r a v i t y of t h e r o c k . 

whe re : 0 . 7 5 i s t h e b r e a k a g e f a c t o r , a l l o w i n g f o r an a v e r a g e 
33 p e r c e n t i n c r e a s e i n volume of t h e b r o k e n r o c k o v e r 
t h e s o l i d rocko 

0c842 i s t h e f r a c t i o n of a t o n t h a t one c u b i c y a r d of 
w a t e r w e i g h s . 

s p e c i f i c g r a v i t y i s t h e r a t i o of t h e w e i g h t of t h e r o c k 
t o t h e w e i g h t of an e q u a l volume of w a t e r . 

The w o r t h of t h e dump i s g i v e n by t h e e q u a t i o n b e l o w . 

dump v a l u e = t o n s of r o c k x v a l u e f a c t o r ( e x p l a i n e d a b o v e ) 

The i n d i v i d u a l dumps a r e d i s c u s s e d b r i e f l y b e l o w . 

Dump A 

Dump A a p p e a r s t o be t h e r i c h e s t ^ b o t h i n o v e r a l l g r a d e and i n 

t o t a l v a l u e . Many f r a g m e n t s of g a l e n a and c e r u s s i t e and a l i t t l e w u l -

f e n i t e can be s e e n on t h e dump. The r o c k s on t h e dump v a r y i n s i z e from 

o n e - f o o t b o u l d e r s t o p e a - s i z e d g r a n u l e s . The dump c o n s i s t s of a l a r g e 

number of s m a l l p i l e s of r o c k a p p a r e n t l y c o n s t r u c t e d w i t h some o r d e r and 

t h o u g h t . The p i l e s a v e r a g e p e r h a p s s e v e n f e e t by s e v e n f e e t I n p l a n v iew 

and a r e u s u a l l y s e p a r a t e d ( i n t h e d i r e c t i o n u p t h e h i l l p a r a l l e l t o t h e 

f i s s u r e ) by c l e a r s p a c e s of s e v e r a l f e e t , r e s u l t i n g i n a t e r r a c e d e f f e c t . 

The p i l e s a r e g e n e r a l l y e i t h e r of l a r g e o r s m a l l r o c k f r a g m e n t s . The 
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d e p t h of t h e dump i s g e n e r a l l y l e s s t h a n one y a r d , b u t t h e s u r f a c e a r e a 

i s v e r y l a r g e • Most of t h e dump l i e s s o u t h of t h e f i s s u r e . 

Dump A i s d i f f e r e n t i a t e d i n t o two p a r t s , d e s i g n a t e d i n t h e s k e t c h 

( f i g . 23) a s A f and A " e A* a p p e a r s t o be t h e r i c h e r of t h e two p a r t s , 

b u t t h i s i s o f f s e t somewhat by t h e f a c t t h a t A" h a s a g r e a t e r a v e r a g e 

d e p t h t h a n A* s o t h a t l e s s w a s t e r o c k and d i r t w i l l be p i c k e d up i n t h e 

p r o c e s s of m i n i n g t h e 

A T t o n s of r o c k = ( 8 6 x 3 0 x 0 . 5 ) x Oo75 x 0*842 x 3 . 4 = 2 . 8 x 10^ t o n s 

dump v a l u e = 2 . 8 x 1 0 3 X 0 . 9 A f = c a . $ 9 5 . 0 0 0 

A" t o n s of r o c k = ( 4 0 x 1 0 x 0 . 7 ) x 0 . 7 5 x 0 . 8 4 2 x 3 . 4 = 6 . 0 x 1 0 2 t o n s 

dump v a l u e - 6 o 0 x 1 0 2 x 0.8A* = c a . $ 1 8 , 0 0 0 

The dump can be worked w i t h a D-6 o r D-4 s i z e t r a c t o r and a s k i p -

l o a d e r . The t r a c t o r can push o r e down t h e h i l l and i n t o p i l e s where t h e 

s k i p l o a d e r can l o a d t h e r o c k d i r e c t l y t o t rucks® 

Dump B 

Dump B c o n s i s t s m o s t l y of s t a i n e d l i m e s t o n e w i t h some r e c r y s t a l l i z e d 

c a l c i t e and f r a g m e n t s of o r e * The dump i s h e t e r o g e n e o u s and f o r t h e most 

p a r t u n s o r t e d o As t h e r o c k came from a s e r i e s of s m a l l e x p l o r a t o r y p i t s 

and i n c l i n e s , t h e m e t a l s c o n t e n t of t h e dump i s u n d o u b t a b l y much l e s s t h a n 

t h a t of dump AQ The v a l u e f a c t o r i s p e r h a p s 0 . 5 - 0 . 6 A f . No c a l c u l a t i o n s 

we re made on t h i s dump. I t can be worked i n a s i m i l a r manner t o dump A. 

Dump C 

Dump C i s by f a r t h e l a r g e s t dump; i t i s a l s o p r o b a b l y w o r t h l e s s . 



The dump i s composed e n t i r e l y ( o n t h e s u r f a c e a t l e a s t ) of w h i t e l i m e s t o n e . 

The s h o v e l sample from t h i s dump a s s a y e d no v a l u e * 

Dump D 

P a r t of dump D i s p o t e n t i a l l y t h e most v a l u a b l e p o r t i o n of t h e 

R e b e l dumps* The dump i s d i v i d e d i n t o two p a r t s , d e s i g n a t e d D* and D " . 

By f a r t h e l a r g e s t p a r t i s D\ wh ich a p p e a r s t o c o n s i s t of t h e l i m e s t o n e 

removed from t h e a d i t and r e l a t e d c r o s s c u t s . T h i s p a r t of t h e dump p r o ­

b a b l y h a s a v e r y low v a l u e * On t h e o t h e r hand , D" i s q u i t e r i c h i n 

s t r i n g e r s and f r a g m e n t s of g a l e n a and c e r u s s i t e * The r o c k i s a l l brown 

r e c r y s t a l l i z e d c a l c i t e which most p r o b a b l y came from t h e s t o p e s a t t h e 

i n t e r s e c t i o n of t h e f a u l t and t h e f i s s u r e . Only t h e v a l u e of D" was 

c a l c u l a t e d * 

D" t o n s of r o c k = ( c a * 5) x 0*75 x 0*842 x 3 ° 4 = 1 . 1 x 1 0 2 t o n s dump 

Dump D can be worked w i t h o n l y a s k i p l o a d e r , a s t h e dump i s s t e e p -

s i d e d and r a t h e r h i g h * 

Dump E c o n s i s t s m a i n l y of s t a i n e d l i m e s t o n e * The dump i s s m a l l 

and c o n t a m i n a t i o n w i t h s o i l and s t r e a m d e b r i s would be a p r o b l e m i n 

r emov ing t h e rock* 

Dump F i s a g a i n m o s t l y l o w - g r a d e s t a i n e d l i m e s t o n e . The dump i s 

t o o s m a l l t o w a r r a n t a n y work* 

v a l u e I d x 1 0 2 x 1*4D 

Dump E 

Dump F 
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Dumps G and H 

Both of t h e s e dumps a r e v e r y s i m i l a r i n s i z e and m i n e r a l o g y . The 

r o c k i s m o s t l y s h e e t e d l i m e s t o n e wh ich i s h e a v i l y m i n e r a l i z e d w i t h i r o n , 

manganese , and some g a l e n a and c e r u s s i t e . V i r t u a l l y a l l of t h e dump r o c k 

a p p e a r s t o have come from t h e f i s s u r e p r o p e r * No a s s a y s were made on 

r o c k from t h e s e dumps, b u t i t seems p r o b a b l e t h a t t h e r o c k c o n t a i n s 

a p p r e c i a b l e l e a d and s i l v e r * Both dumps w a r r a n t f u r t h e r i n v e s t i g a t i o n . 

C o n c l u s i o n s - Dump A and p a r t DM of dump D show a t o t a l w o r t h of a b o u t 

1 1 9 , 0 0 0 d o l l a r s i n a b o u t 3500 t o n s of r o c k , o r a b o u t $ 3 4 . 0 0 / t o n i n 

l e a d , s i l v e r , and z i n c * However, i t i s n o t p o s s i b l e a t t h e p r e s e n t t i m e 

t o m a r k e t t h e dumps a t a p r o f i t * I n q u i r y a t t h e T o o e l e cus tom s m e l t e r , 

o p e r a t e d by I n t e r n a t i o n a l S m e l t i n g and R e f i n i n g Company, i n d i c a t e s t h a t 

t h e g r a d e of t h e dumps i s n o t s u f f i c i e n t t o pay f o r s m e l t e r c o s t s . 

However, i f t h e dumps c o u l d be c o n c e n t r a t e d c h e a p l y , p e r f e r a b l y by an 

o p e r a t i o n a t o r n e a r t h e mine , t h e n t h e r e s u l t a n t h i g h - g r a d e m a t e r i a l 

c o u l d be s h i p p e d t o T o o e l e p r o f i t a b l y * 
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