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A B S T R A C T 

T h e H e a r t P e a k s v o l c a n i c s of n o r t h w e s t e r n B r i t i s h C o l u m b i a 

r e p r e s e n t one of a s e r i e s of late C e n o z o i c e r u p t i v e c e n t r e s w h i c h f o r m 

s h i e l d s of a l k a l i b a s a l t and r e l a t e d v o l c a n i c r o c k s . T h e L e v e l M o u n 

t a i n a n d M t . E d z i z a R a n g e s a re t y p i c a l e x a m p l e s of t h i s s ty l e of 

v o l c a n i s m . T h e H e a r t P e a k s p l a t e a u i s a s e r i e s of f l a t - l y i n g , f i n e 

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

the L e v e l M o u n t a i n G r o u p . A s s o c i a t e d w i t h the p l a t e a u l a v a s a r e 

r h y o l i t e and t r a c h y t e domes of the H e a r t P e a k s F o r m a t i o n . The a c i d 

r o c k s a p p e a r to be c l o s e l y r e l a t e d to the p l a t e a u s e r i e s , h a v i n g been 

e r u p t e d c o n t e m p o r a n e o u s l y but l i k e l y f r o m d i f f e r e n t vents than the 

b a s i c r o c k s . 

C o m p o s i t i o n s i n the L e v e l M o u n t a i n G r o u p range f r o m a n k a r -

a m i t e to a n d e s i t e and t r a c h y t e . M a j o r and t r a c e e l e m e n t v a r i a t i o n i n 

L e v e l M o u n t a i n G r o u p r o c k s give t r e n d s i n d i c a t i v e of a f r a c t i o n a l 

c r y s t a l l i z a t i o n s e q u e n c e . B a s a l t i c r o c k s a r e t r a n s i t i o n a l to m i l d l y 

a l k a l i n e . A l k a l i b a s a l t and h a w a i i t e a r e the m o s t v o l u m i n o u s c o m 

p o s i t i o n s . B a s i c r o c k s c o n t a i n abundant cognate i n c l u s i o n s c o n t a i n i n g 

o l i v i n e , c l i n o p y r o x e n e , k a e r s u t i t e , t i t a n o m a g n e t i t e , p l a g i o c l a s e and 

a l k a l i - f e l d s p a r w h i c h i s i n d i c a t i v e of the m i n e r a l o g y of the f i n e - g r a i n e d 

e r u p t i v e s . 

S t r o n t i u m and o x y g e n i so tope c o m p o s i t i o n s s u p p o r t a m a n t l e 

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

i v 



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

m e l t i n g of p e r i d o t i t e g ive r i s e to a l k a l i b a s a l t . 

The r o c k s of the H e a r t P e a k s F o r m a t i o n d i f f e r f r o m a c i d r o c k s 

of o ther n o r t h e r n B . C . c e n t r e s i n t h e i r l a c k of p e r a l k a l i n e c o m p o s 

i t i o n s . T h e r e a r e no a l k a l i - r i c h f e r r o m a g n e s i a n m i n e r a l s w h i c h a r e 

t y p i c a l l y f ound i n a c i d r o c k s a s s o c i a t e d w i t h the L e v e l M o u n t a i n a n d 

M t . E d z i z a R a n g e s . T h e c l o s e a s s o c i a t i o n i n space and t i m e of a c i d 

r o c k s to the b a s i c r o c k s of the L e v e l M o u n t a i n G r o u p sugges t s a m u t u a l 

r e l a t i o n s h i p , but the l a c k of c o m p o s i t i o n s i n the i n t e r m e d i a t e range 

and the h ie h !y a l t e r e d nature of the a c i d r o c k s m a k e s t h i s l i n k o b s c u r e . 

T h e i m p o r t a n c e of a l k a l i b a s a l t as a s i g n i f i c a n t r e g i o n a l m a g m a 

type i s s u p p o r t e d by data f r o m H e a r t P e a k s . E v i d e n c e f r o m the H e a r t 

P e a k s a r e a s u p p o r t s S o u t h e r ' s (1970, 1977a) m o d e l for the t e c t o n i c 

r e g i m e of l a te C e n o z o i c v o l c a n i s m i n the S t i k i n e be l t of n o r t h e r n 

B r i t i s h C o l u m b i a , where a l k a l i b a s a l t m a g m a i s g e n e r a t e d i n a t e n -

s i o n a l t e c t o n i c e n v i r o n m e n t . 
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C H A P T E R I 

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

T h i s s tudy of the v o l c a n i c r o c k s of the H e a r t P e a k s p l a t e a u of 

n o r t h w e s t e r n B r i t i s h C o l u m b i a w a s b e g u n i n the f a l l of 1976 as p a r t of 

a p r o g r a m to i n v e s t i g a t e late C e n o z o i c v o l c a n i s m i n the w e s t e r n f 

C a n a d i a n C o r d i l l e r a . I n v e s t i g a t i o n of the g e o l o g y and p e t r o l o g y of the 

H e a r t P e a k s a n d L e v e l M o u n t a i n v o l c a n i c c e n t r e s was s u g g e s t e d by 

J . G . S o u t h e r of the G e o l o g i c a l S u r v e y of C a n a d a , f o l l o w i n g s t u d i e s of 

the M o u n t E d z i z a c e n t r e (Souther, 1970; S o u t h e r and S y m o n s , 1974). 

The l o c a t i o n of the study a r e a is shown i n F i g u r e 1. D r . C . M . S c a r f e 

of the U n i v e r s i t y of A l b e r t a has i n i t i a t e d the H e a r t freaks p r o j e c t as 

p a r t of a c o n t i n u i n g e f for t to c h a r a c t e r i z e t h i s e p i s o d e of v o l c a n i s m i n 

n o r t h e r n B r i t i s h C o l u m b i a . 

T h e b r o a d o b j e c t i v e s of the p r o j e c t a r e t w o f o l d : 

i) to s tudy the p e t r o l o g y of the H e a r t P e a k s v o l c a n i c c e n t r e ; 

i i ) to r e l a t e the v o l c a n i s m to l a r g e s c a l e t e c t o n i s m i n n o r t h e r n 

B . C . 

P r e v i o u s r e s e a r c h i n t h i s a r e a has e m p h a s i z e d the r e l a t i o n s h i p b e 

tween r e c e n t c r u s t a l m o v e m e n t i n the n o r t h e r n C o r d i l l e r a and a s s o c i 

ated v o l c a n i c b e l t s (Souther 1970, 1971, 1977; G a b r i e l s e and W h e e l e r , 

1961). I n f o r m a t i o n f r o m the H e a r t P e a k s c e n t r e i s needed to c o m p l e 

ment data f r o m o t h e r s u c h c e n t r e s i n t h i s r e g i o n b e f o r e a c o n s i s t e n t 

m o d e l c a n be p r o p o s e d to i n t e r p r e t the l o c a l t e c t o n i c r e g i m e . P r e v i o u s 

1 



2 

w o r k i n the H e a r t P e a k s a r e a has not i n v o l v e d any d e t a i l e d p e t r o l o g i c a l 

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

the f a l l of 1976 a n d a d e t a i l e d m a p p i n g p r o j e c t was begun i n the s u m m e r 

of 1977 w i t h the f o l l o w i n g o b j e c t i v e s : 

, i) to d e l i n e a t e the a r e a l extent of the two c o m p o s i t i o n a l l y 

d i s t i n c t r o c k u n i t s p r e v i o u s l y d e s c r i b e d i n the a r e a (Souther 1971); * 

i i ) to d e s c r i b e the s t r a t i g r a p h i c sequence of the v o l c a n i c u n i t s ; 

i i i ) to i n t e r p r e t the t i m e - s t r a t i g r a p h i c r e l a t i o n s h i p b e t w e e n 

the m a p u n i t s ; 

iv ) to o b s e r v e p h y s i c a l v o l c a n o l o g i c a l a s p e c t s of the r o c k s a n d 

d e t e r m i n e how these r e l a t e to t h e i r g e n e s i s . 

In the d i s c u s s i o n of the p e t r o g e n e s i s of the H e a r t P e a k s v o l c a n i c s £ 
<! 

a c o m p a r a t i v e a p p r o a c h m a y be a p p r o p r i a t e , u t i l i z i n g w e l l k n o w n >; 

• « % 

m a g m a a s s o c i a t i o n s and t e c t o n i c r e g i m e s . •:: ; 4 

- 3 

; 2 
\ % 7 



F i g . l . L o c a t i o n m a p , H e a r t P e a k s a r e a , n o r t h w e s t e r n 

B r i t i s h C o l u m b i a . 



F o r e g r o u n d : F l a t - l y i n g f l o w s of the L e v e l M o u n t a i n G r o u p 

C e n t r e : R h y o l i t e d o m e s of the H e a r t P e a k s F o r m a t i o n i n v e r t i c a l c ontac t w i t h L M G f lows 

B a c k g r o u n d : V i e w w e s t a c r o s s the S h e s l a y V a l l e y and the C o a s t M o u n t a i n R a n g e . 
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C H A P T E R II 

P R E V I O U S W O R K 

E a r l y r e c o n n a i s s a n c e e x p e d i t i o n s t h r o u g h the H e a r t P e a k s a r e a 

w e r e c o n d u c t e d i n the 1920 's i n the hope of f i n d i n g m i n e r a l d e p o s i t s 

s i m i l a r to the l e a d - z i n c showings n e a r A t l i n to the n o r t h , and the * 

p l a c e r g o l d o c c u r r e n c e s n e a r Dease L a k e , to the e a s t . W . E . C o c k f i e l d 

(1925) d e s c r i b e d the t o p o g r a p h y and g e n e r a l g e o l o g y of the a r e a and 

p r o d u c e d a m a p i n c l u d i n g the C e n o z o i c v o l c a n i c s of H e a r t P e a k s . 

He p r o v i d e d s o m e p e t r o g r a p h i c o b s e r v a t i o n s on the l a v a s and noted 

that the a c i d i c r o c k s a p p e a r e d to be y o u n g e r than the b a s i c r o c k s . He 

s u g g e s t e d that the v o l c a n i c s were late T e r t i a r y and Q u a t e r n a r y i n age . 

S i n c e m u c h of the a r e a was u n d e r l a i n by these u n m i n e r a l i z e d , f l a t -

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

poor and the H e a r t P e a k s a r e a has seen l i t t l e e x p l o r a t i o n a c t i v i t y u n t i l 

r e c e n t y e a r s . 

M a p p i n g by G a b r i e l s e and S o u t h e r (1962), a n d S o u t h e r (1971) 

d e f i n e d the p r i n c i p a l r o c k u n i t s p r e s e n t i n the H e a r t P e a k s p l a t e a u . 

T h e p l a t e a u i s l o c a t e d p a r t l y on the D e a s e L a k e sheet ( G a b r i e l s e and 

S o u t h e r 1962) a n d the T u l s e q u a h sheet (Souther 1971). T h e w o r k of 

S o u t h e r (1970) a n d M o n g e r , et a L (1972) e m p h a s i z e d the r o l e that 

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

s tand ing the t e c t o n i c e v o l u t i o n of n o r t h e r n B r i t i s h C o l u m b i a . 

F r o m E o c e n e to M i o c e n e t i m e s a f u n d a m e n t a l change o c c u r r e d f r o m 



c a l c - a l k a l i n e v o l c a n i s m to a c t i v i t y of an a l k a l i n e to p e r a l k a l i n e n a t u r e . 

T h i s change r e f l e c t e d changing t e c t o n i c r e l a t i o n s h i p s i n the C a n a d i a n 

C o r d i l l e r a . E a r l y ' C e n o z o i c v o l c a n i s m w a s c a l c - a l k a l i c i n c h a r a c t e r 

and t h i s h a s been i n t e r p r e t e d by S o u t h e r (1970) to i n d i c a t e a c t i v e s u b -

d u c t i o n of o c e a n i c c r u s t beneath the w e s t e r n C o r d i l l e r a . When the 

r e l a t i v e m o v e m e n t be tween the P a c i f i c a n d N o r t h A m e r i c a n p l a t e s * 

changed f r o m u n d e r t h r u s t i n g to s i m p l e s h e a r i n L a t e T e r t i a r y and 

Q u a t e r n a r y t i m e s , a c o r r e s p o n d i n g change of e r u p t i v e s t y l e o c c u r r e d , 

f r o m e x p l o s i v e e r u p t i o n of c a l c - a l k a l i n e l a v a to q u i e t e r u p t i o n of 

a l k a l i - o l i v i n e b a s a l t . T h i s late C e n o z o i c v o l c a n i s m i n n o r t h e r n 

B r i t i s h C o l u m b i a can be c o n t r a s t e d w i t h the c a l c - a l k a l i c v o l c a n i s m of 

the C a s c a d e s of n o r t h w e s t e r n U . S . A . w h e r e the P a c i f i c p la te i s b e i n g 

a c t i v e l y u n d e r t h r u s t beneath the N o r t h A m e r i c a n p late (Souther 1970). 

S o u t h e r a n d S y m o n s (1974) d e s c r i b e d the s t r a t i g r a p h y and 

p a l e o m a g n e t i s m of the M o u n t E d z i z a c o m p l e x , l o c a t e d 100 m i l e s south 

of H e a r t P e a k s , w h i c h r e p r e s e n t s the l a r g e s t of the late T e r t i a r y and 

Q u a t e r n a r y c o m p o s i t e v o l c a n o e s i n n o r t h e r n B r i t i s h C o l u m b i a . 

P a l e o m a g n e t i c s t u d i e s a r e u s e d to c o r r e l a t e the v o l c a n i c s u c c e s s i o n 

and have i l l u s t r a t e d the p e r i o d i c n a t u r e of v o l c a n i c a c t i v i t y at E d z i z a . 

E d z i z a and the L e v e l M o u n t a i n c e n t r e a r e i m p o r t a n t to the p r e s e n t s tudy 

as they a r e the o n l y l o c a l c e n t r e s to w h i c h the H e a r t P e a k s r o c k s m a y 

be d i r e c t l y c o m p a r e d . E d z i z a o f f e r s a c o m p l e t e s t r a t i g r a p h i c s e c t i o n 

of v o l c a n i c a c t i v i t y f r o m 6 m . y . b. p. t h r o u g h to v e r y r e c e n t t i m e s . T h e 

sequence i n c l u d e s s e v e r a l e p i s o d e s of u n i f o r m a l k a l i o l i v i n e b a s a l t 



f l o w s w h i c h a r e the p r e d o m i n a n t l a v a type i n the p i l e . A l t e r n a t i n g w i t h 

the a l k a l i b a s a l t s i n e a c h sequence a r e a l k a l i n e and p e r a l k a l i n e s a l i c 

r o c k s . 

B e v i e r (1978) h a s d e s c r i b e d a l k a l i n e a n d p e r a l k a l i n e v o l c a n i s m 

i n the R a i n b o w R a n g e of w e s t - c e n t r a l B r i t i s h C o l u m b i a and i n t e r p r e t s 

the sequence as r e p r e s e n t a t i v e of a c l a s s i c a l d i f f e r e n t i a t i o n su i te f r o m * 

a b a s a l t i c p a r e n t . 

F i g u r e 2 shows the d i s t r i b u t i o n of L a t e T e r t i a r y and Q u a t e r n a r y 

v o l c a n i c s i n B r i t i s h C o l u m b i a and Y u k o n , t o g e t h e r w i t h the r e g i o n a l 

f a u l t p a t t e r n s . T h ^ r e i s a c l ose r e l a t i o n s h i p b e t w e e n the E d z i z a R a n g e 

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

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

a ted w i t h the E d z i z a p i l e o f fer a p o s s i b l e s t r u c t u r a l c o n t r o l f o r r i s i n g 

b a s a l t i c m a g m a . The b a s a l t i c m a g m a s w e r e g e n e r a t e d i n four p u l s e s 

of a c t i v i t y at 6. 0 m . y . , 5 .0 m . y. , 1.0 m . y . , and 0. 5 m . y. b . p. 

T h e v o l c a n i c s of the L e v e l M o u n t a i n R a n g e , a l a r g e s h i e l d 

p l a t e a u 16 k m to the eas t of H e a r t P e a k s a r e p r e s e n t l y be ing s t u d i e d 

( H a m i l t o n and S c a r f e , 1977; H a m i l t o n , B a a d s g a a r d and S c a r f e , 1978). 

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

as f l o w s i n the c e n t r a l r e g i o n . The L e v e l M o u n t a i n G r o u p b a s i c r o c k s 

belong to the a l k a l i b a s a l t s e r i e s but the o r i g i n of the a s s o c i a t e d 5 

p e r a l k a l i n e r o c k s i s a m a t t e r f o r debate . C u r r e n t i n v e s t i g a t o r s a p p e a l 

to two m e c h a n i s m s f o r the o r i g i n of the p e r a l k a l i n e s a l i c r o c k s at 

E d z i z a a n d L e v e l M o u n t a i n : 
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F i g . 2 . Distribution of late Tertiary and Quaternary volcanic 
rocks of B r i t i s h Columbia and Yukon Territory. (after Souther,1970) 



a) b y c l a s s i c d i f f e r e n t i a t i o n f r o m a b a s a l t i c p a r e n t (Souther 

1974; B e v i e r 1978). 

b) as a p r i m a r y m a g m a type ( H a m i l t o n , p e r s . c o m m . ) . 

The v o l u m e t r i c p r e d o m i n a n c e of a l k a l i b a s a l t at E d z i z a and 

L e v e l M o u n t a i n a r g u e s that i t i s a c h a r a c t e r i s t i c p r i m a r y m a g m a t y p e . 

S o u t h e r (1977) has r e v i e w e d v o l c a n i s m and t e c t o n i c a s s o c i a t i o n s 

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

i n c l u d e s the VVrange l l B e l t of s o u t h e r n A l a s k a a n d Y u k o n , a n d the 

G a r i b a l d i a n d A n a h i m be l t s of s o u t h e r n B r i t i s h C o l u m b i a . T h e L e v e l 

M o u n t a i n , E d z i z ^ t and H e a r t P e a k s c e n t r e s a r e g r o u p e d into the S t i k i n e 

be l t . T h e W r a n g e l l r o c k s a p p e a r to be a n a l o g o u s w i t h those of the 

G a r i b a l d i a n d H i g h C a s c a d e s . The VVrange l l and C a s c a d e v o l c a n i c s 

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

s u b d u c t i o n i s o c c u r r i n g at c o n t i n e n t a l m a r g i n s . B a s e d on the o b s e r v a 

t i o n of s t r o n g c h e m i c a l v a r i a t i o n and s t r o n g a l k a l i e n r i c h m e n t , the 

c h e m i s t r y of the S t i k i n e be l t v o l c a n i c s i s c o n s i s t e n t w i t h a r i f t - t y p e 

e n v i r o n m e n t . Souther (1977) has e m p h a s i z e d that the d i s t i n c t changes 

i n la te C e n o z o i c v o l c a n i s m a long t e c t o n o - s t r a t i g r a p h i c b e l t s of the 

C o r d i l l e r a i n d i c a t e s that e x t r a p o l a t i o n of t e c t o n i c e n v i r o n m e n t s cannot 

be m a d e a l o n g the l e n g t h of the C a n a d i a n C o r d i l l e r a . 

T h i s d i s c u s s i o n of the H e a r t P e a k s v o l c a n i c s w i l l o u t l i n e the 

p e t r o g e n e s i s w i t h i n the f r a m e w o r k of the S t i k i n e be l t v o l c a n i c s , e m 

p h a s i z i n g the r e l a t i o n s h i p to o ther c e n t r e s s u c h as L e v e l M o u n t a i n and 

M t . E d z i z a . 



C H A P T E R i l l 

C O M P A R A T I V E M A G M A T I S M 

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

seen i n w e l l k n o w n c e n t r e s of C e n o z o i c , c o n t i n e n t a l a l k a l i n e v o l c a n i s m 

w i l l be' u s e f u l i n g a i n i n g a f r a m e of r e f e r e n c e w i t h i n w h i c h the H e a r t 

P e a k s v o l c a n i c s m a y be c o n s i d e r e d . T h e r e g i o n a l s i g n i f i c a n c e of a l k a l i 

o l i v i n e b a s a l t m a g m a i n n o r t h e r n B r i t i s h C o l u m b i a m a y be e v a l u a t e d i f 

c o m p a r i s o n s w i t h s i m i l a r c e n t r e s of v o l c a n i s m c a n be seen to be v a l i d . 

F e a t u r e s w h i c h have been found to be c o m m o n f a c t o r s i n f l u e n c i n g 

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

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

and s e c u l a r v a r i a t i o n s i n m a g m a c o m p o s i t i o n s . In m o s t c a s e s , the 

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

T h i n c o n t i n e n t a l c r u s t , i n the o r d e r of 25 to 35 k m t h i c k n e s s i s t y p i c a l 

of the B a s i n a n d R a n g e P r o v i n c e of w e s t e r n U . S. A . , ( L e e m a n and R o g e r 

1970; Scott et a L , 1970; C o o k , 1969) and the n o r t h e r n p a r t of the E a s t 

A f r i c a n R i f t and the A f a r r e g i o n , ( B a r b e r i et a l . , 1975; M o h r , 1968; 

De F i n o et a l . , 1973). T h e c o m b i n a t i o n of t e n s i o n a l t e c t o n i c e l e m e n t s 

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

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

be the m o s t i m p o r t a n t c o n t r o l on the s i te a n d c h a r a c t e r of v o l c a n i s m as 

suggested by B a i l e y (1976) . T h o u g h d e t a i l e d g e o p h y s i c a l data on the 

c r u s t of n o r t h e r n B r i t i s h C o l u m b i a e a s t of the Q u e e n C h a r l o t t e F a i r -

10 
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w e a t h e r F a u l t s y s t e m i s l a c k i n g , the c r u s t i s thought to be r e l a t i v e l y 

t h i n beneath the w e s t e r n C o r d i l l e r a c o m p a r e d to a r e a s f u r t h e r e a s t 

w h e r e P h a n e r o z o i c r o c k s a r e thought to be u n d e r l a i n by P r e c a m b r i a n 

b a s e m e n t . W h i t e et a l . , (1968) i n d i c a t e that c r u s t a l t h i c k n e s s m a y 

be of the o r d e r of 30 k m i n c e n t r a l B r i t i s h C o l u m b i a . 

G r a b e n - l i k e d e p r e s s i o n s and n o r m a l f a u l t i n g as seen i n the £ a s t 

A f r i c a n R i f t , the T e r t i a r y and Q u a t e r n a r y m a g m a t i c p r o v i n c e of F r a n c e 

and c e n t r a l E u r o p e ( W i m m e n a u e r , 1969) and e a s t e r n A u s t r a l i a 

( W e l l m a n a n d M a c D o u g a l , 1974; W i l k i n s o n , 1968) i s a r e f l e c t i o n of the 

r e g i o n a l t e n s i o n a l t e c t o n i c e n v i r o n m e n t s , c a u s i n g v o l c a n i s m to o c c u r 

i n n a r r o w l i n e a r b e l t s . V o l c a n i s m i n e a s t e r n A u s t r a l i a m a y have 

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

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

r e g i m e of n o r t h e r n B r i t i s h C o l u m b i a , S o u t h e r (1977) has e m p h a s i z e d 

the l i n e a r d i s t r i b u t i o n of l a t e - T e r t i a r y and Q u a t e r n a r y e r u p t i v e c e n t r e s 

of the S t i k i n e B e l t and that t e n s i o n a l f o r c e s m a y be r e l a t e d to r i g h t 

l a t e r a l m o v e m e n t w h i c h i s o c c u r r i n g on the Q u e e n C h a r l o t t e -

Fa i rweather F a u l t s y s t e m to the w e s t . In the E d z i z a R a n g e n o r t h - s o u t h 

n o r m a l f a u l t i n g i s k n o w n to have been a c t i v e d u r i n g the p e r i o d of 

v o l c a n i c a c t i v i t y (Souther and S y m o n s , 1970). A t H e a r t P e a k s , t h e r e 

i s no e v i d e n c e f o r c o n t e m p o r a n e o u s f a u l t i n g a n d v o l c a n i c a c t i v i t y , * but 

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

suggests that s o m e c r u s t a l e l e m e n t m a y have i n f l u e n c e d f i s s u r e type 

a c t i v i t y . 
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T h e a s s o c i a t i o n of a l k a l i b a s a l t i c v o l c a n i s m w i t h the c o n t i n e n t a l 

r i f t type e n v i r o n m e n t i s seen to be s t r o n g e s t i n the E a s t A f r i c a n R i f t . 

C o m p o s i t i o n a l v a r i a t i o n of m a g m a type a p p e a r s to change f r o m t h o l e i i t i c 

i n the R e d S e a - G u l f of A d e n r e g i o n to p r o g r e s s i v e l y m o r e a l k a l i n e c o m 

p o s i t i o n s t o w a r d s the s o u t h ' i n E t h i o p i a a n d K e n y a . T h o l e i i t i c b a s a l t s 

t 

*are f o u n d a s s o c i a t e d w i t h a l k a l i b a s a l t s i n m o s t e x a m p l e s of r i f t e n 

v i r o n m e n t s but n o r m a l l y t h o l e i i t e s a r e s u b o r d i n a t e i n v o l u m e . In the 

B a s i n a n d R a n g e P r o v i n c e , e a s t e r n A u s t r a l i a and the B a i k a l R i f t , 

c o n t e m p o r a n e o u s a l k a l i n e and t h o l e i i t i c r o c k s have b e e n s u g g e s t e d by 

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

m o d a l i t y i n s i l i c a contents i s o f ten c h a r a c t e r i s t i c of the m i l d l y a l k a l i n e 

b a s a l t - t r a c h y t e - a l k a l i r h y o l i t e s u i t e s . T h e G r e g o r y R i f t and the 

K e n y a R i f t v a l l e y of e a s t e r n A f r i c a i l l u s t r a t e the b i m o d a l c h a r a c t e r of 

the a l k a l i n e s u i t e s and the g r e a t v o l u m e s of p e r a l k a l i n e s i l i c i c l a v a s 

r e l a t i v e to a s s o c i a t e d a l k a l i b a s a l t ( B a k e r , et a l . , 1972, 1977). 

C a r m i c h a e l , ejt a l . , (1974) s t r e s s e s that i t i s not u n u s u a l to f i n d one o r 

Q iore c h e m i c a l l y d i s t i n c t s e r i e s c l o s e l y a s s o c i a t e d w i t h the a l k a l i 

b a s a l t - t r a c h y t e s e r i e s s u c h as t h o l e i i t i c r o c k s of the c e n t r a l E u r o p e a n 

p r o v i n c e a n d s t r o n g l y u n d e r s a t u r a t e d r o c k s i n the K e n y a R i f t . 

C o m p o s i t i o n s i n the L e v e l M o u n t a i n a n d M t . E d z i z a R a n g e s 

e x h i b i t a r a n g e f r o m p r i m i t i v e a l k a l i b a s a l t to p e r a l k a l i n e r h y o l i t e and 

t r a c h y t e . P e r a l k a l i n e s i l i c i c r o c k s o c c u r i n t e r l a y e r e d w i t h b a s a l t and 

as d o m e s a n d s u b v o l c a n i c i n t r u s i o n s . A t H e a r t P e a k s a s i m i l a r e x 

t r e m e r a n g e of s i l i c a v a l u e s o c c u r s , h o w e v e r the s i l i c i c r o c k s a r e not 



p e r a l k a l i n e v a r i e t i e s . Rhyol i tes_o|__^ie_Heart P e a k s F o r m a t i o n a p p e a r 

to have a c a l c - a l k a l i n e a f f i n i t y . 
— . — — 

T h e c l o s e a s s o c i a t i o n of c o n t i n e n t a l a l k a l i b a s a l t v o l c a n i s m w i t h 

i t e n s i o n a l t e c t o n i c r e g i m e s seen i n m a n y C e n o z o i c v o l c a n i c c e n t r e s 

a l l o w s s o m e p a r a l l e l s to be d r a w n r e g a r d i n g v o l c a n i s m and i t s r e l a t i o n ¬

s h i p to t e c t o n i s m i n n o r t h e r n B r i t i s h C o l u m b i a . S o u t h e r (1977a) 

c o n s i d e r s that the s p a t i a l d i s t r i b u t i o n of l a te C e n o z o i c e r u p t i v e s i n the 

n o r t h - s o u t h t r e n d i n g S t i k i n e b e l t t oge ther w i t h the d i s t i n c t i v e a l k a l i 

b a s a l t - t r a c h y t e - a l k a l i r h y o l i t e m a g m a a s s o c i a t i o n c a n be f a v o u r a b l y 

c o m p a r e d w i t h o t h e r ; ^ s i m i l a r t e c t o n o - m a g m a t i c a s s o c i a t i o n s . The 

p r e s e n t day t e n s i o n a l f o r c e s thought to be a f f e c t i n g the S t i k i n e be l t m a y 

be i n d i r e c t l y r e l a t e d to r i g h t l a t e r a l s h e a r o c c u r r i n g a l ong the Q u e e n 

C h a r l o t t e f a u l t , the b o u n d a r y between the P a c i f i c and N o r t h A m e r i c a n 

p l a t e s . 



C H A P T E R I V 

F I E L D M A P P I N G 

I n t r o d u c t i o n 

j F i e l d m a p p i n g was begun i n the s u m m e r of 1976 w i t h the f o l l o w -
i . . * 

i n g o b j e c t i v e s : 

i ) T o m a p the a r e a l d i s t r i b u t i o n of r o c k t y p e s , 

i i ) T o d e t e r m i n e the v o l c a n i c s t r a t i g r a p h y . 

; i i i ) T o d e s c r i b e the p h y s i c a l v o l c a n o l o g y , age r e l a t i o n s h i p s 

a n d g l a c i a l feature .^ . 

iv) T o c o l l e c t s a m p l e s . 

L o c a t i o n and A c c e s s 

T h e H e a r t P e a k s a r e a i s a c c e s s i b l e by h e l i c o p t e r f r o m D e a s e 

L a k e , B . C . ; 80 m i l e s to the east . T h e o n l y a c c e s s to the a r e a by l a n d 

i s v i a the o l d T e l e g r a p h T r a i l w h i c h f o l l o w s the v a l l e y of the D u d i d o n t u 

R i v e r to the e a s t of the p l a t e a u . The t r a i l c a n be f o l l o w e d on h o r s e b a c k 

f r o m S h e s l a y , s o u t h e a s t of H e a r t P e a k s , w h e r e t h e r e i s a s m a l l a i r s t r i p 

a v a i l a b l e f o r f i x e d w i n g a i r c r a f t . 

A c a m p w a s set up at a c e n t r a l i z e d l o c a t i o n on the H e a r t P e a k s 

p l a t e a u f r o m w h i c h t r a v e r s e s c o u l d be r u n to v a r i o u s l o c a t i o n s . M o s t 

w o r k w a s c o n c e n t r a t e d on the w e s t e r n edge of the p l a t e a u w h e r e t h i c k 

v o l c a n i c s u c c e s s i o n s a r e exposed and the w i d e s t v a r i e t y of l i t h o l o g i e s 

i s p r e s e n t . 

14 
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P h y s i o g r a p h y 

T h e b a s i c v o l c a n i c s at H e a r t P e a k s have f o r m e d a f l a t - t o p p e d 

p l a t e a u w h i c h r i s e s r o u g h l y 900 m e t r e s above the l o c a l t o p o g r a p h y . 

T h e t w i n H e a r t P e a k s , c e n t r a l l y l o c a t e d on the p l a t e a u , a r e c o l u m n a r 

j o i n t e d v o l c a n i c f l o w s w h i c h r i s e about 200 m e t r e s above the p l a t e a u 

( P l a t e 3). T h e p l a t e a u i s s h a r p l y d i s s e c t e d on a l l s i d e s by f a s t f l o w i n g 

s t r e a m s . T h e D u d i d o n t u r i v e r on the e a s t and the S h e s l a y R i v e r to the 

w e s t f o l l o w g e n t l y s l o p i n g v a l l e y s n o r t h into the d r a i n a g e s y s t e m of the 

N a h l i n and I n k l i n R i v e r s . The e r o s i o n a l p a t t e r n of the v o l c a n i c s i s 

d e t e r m i n e d l a r g e l y f b y the f l a t - l y i n g , c o l u m n a r - j o i n t e d n a t u r e of the 

f l o w s . M a s s i v e l a n d s l i d e s have r e s u l t e d i n the d e s t r u c t i o n of l a r g e 

s e c t i o n s of the edge of the p l a t e a u . T h e S h e s l a y s l i d e d e s c r i b e d by 

S o u t h e r (1971) r e s u l t e d i n the f l owage of g r e a t v o l u m e s of d e b r i s in to 

the S h e s l a y v a l l e y to the w e s t ( P l a t e 2). The a c i d v o l c a n i c s on the 

w e s t e r n s ide of the p l a t e a u have a d i s t i n c t l y d i f f e r e n t w e a t h e r i n g 

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

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

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

s l o p e s . C o n t i n u o u s m o v e m e n t of these u n s t a b l e s l o p e s d e v e l o p s r o c k 

g l a c i e r s , a d i s t i n c t i v e f e a t u r e seen on the edges of the a c i d i c d o m e s 

( P l a t e 2) . , 

T h e a c i d i c r o c k s show l i t t l e e v i d e n c e of g l a c i a t i o n , h o w e v e r i t 

i s doubt fu l that any t r a c e s w o u l d be p r e s e r v e d due to the r a p i d r a t e of 

e r o s i o n . T h e top of the b a s a l t i c p l a t e a u b e a r s e v i d e n c e of c o n t i n e n t a l 



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

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

r i g h t . 

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

w h i c h h a s e x p o s e d b a s a l t f l o w s o f t h e L e v e l M o u n t a i n 

G r o u p . 

i 
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g l a c i a t i o n . E a s t - w e s t s t r i k i n g g l a c i a l s t r i a e c a n be seen on f l ow s u r 

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

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

have been t r a n s p o r t e d f r o m s e v e r a l m i l e s a w a y . 

B a s e m e n t G e o l o g y 

j 

T h e C e n o z o i c v o l c a n i c s at H e a r t P e a k s l i e u n c o n f o r m a b l y on 

d e f o r m e d J u r a s s i c s e d i m e n t s of the T a k w a h o n i a n d I n k l i n f o r m a t i o n 

w h i c h r e p r e s e n t c o n t e m p o r a n e o u s n e a r s h o r e a n d f a r shore f a c i e s d e 

r i v e d f r o m s o u r c e r o c k s to the s o u t h w e s t . T h e J u r a s s i c s e d i m e n t s 

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

of the S t u h i n i G r o u p . F i g u r e 3 shows a m a p of the geo logy i n the H e a r t 

P e a k s a r e a f r o m the T u l s e q u a h a n d D e a s e L a k e shee ts (Souther , 1971; 

G a b r i e l s e a n d S o u t h e r , 1962). T h e s e r o c k s have b e e n d e f o r m e d into 

w e s t - n o r t h w e s t e r l y t r e n d i n g f o lds i n m i d d l e J u r a s s i c t i m e s when u p l i f t 

o c c u r r e d i n the c o a s t m o u n t a i n s to the s o u t h w e s t and i n the A t l i n H o r s t 

i n the n o r t h w e s t . I n g e n e r a l the M e s o z o i c r o c k s l i e i n a bel t on Lhc 

w e s t e r n s ide of the I n t e r m o n t a n e be l t of the C a n a d i a n C o r d i l l e r a : thus 

H e a r t P e a k s s i t s a s t r i d e the w e s t e r n b o u n d a r y of the I n t e r m o n t a n e b e l t . 

B r i e f c o n s i d e r a t i o n of the d o m i n a n t s t r u c t u r a l e l e m e n t s of the 

p r e - C e n o z o i c r o c k s m a y . be u s e f u l i n a s s e s s i n g any p o s s i b l e r e l a t i o n 

ship be tween the o l d e r s t r u c t u r a l g r a i n of the c r u s t a n d late C e n o z o i c 

v o l c a n i s m i n n o r t h e r n B r i t i s h C o l u m b i a . F i g u r e 2 shows the l o c a t i o n 

of l a te C e n o z o i c v o l c a n i c c e n t r e s a n d the m a j o r f a u l t s and l i n e a m e n t s of 

B r i t i s h C o l u m b i a . T h e d o m i n a n t s t r u c t u r a l t r e n d s i n n o r t h w e s t e r n 
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r i g . 3. General ized geology of Heart Peaks and surrounding area . 
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B r i t i s h C o l u m b i a a r e a s e r i e s of w e s t - n o r t h w e s t e r l y t r e n d i n g t h r u s t 

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

T h o u g h s o u t h w a r d t h r u s t i n g of p e r h a p s a m i n i m u m of 10 m i l e s o c c u r r e d 

i on f a u l t s r e l a t e d to the A t l i n h o r s t i n U p p e r J u r a s s i c t i m e (Souther , 1971), 

t h e r e i s no e v i d e n c e that any m o v e m e n t h a s o c c u r r e d s i n c e U p p e r • 

T e r t i a r y t i m e . T h e N a h l i n f a u l t , w h i c h bounds the A t l i n h o r s t to the 

n o r t h of H e a r t P e a k s a p p e a r s to have b e e n a deep f r a c t u r e a long w h i c h 

u l t r a m a f i c b o d i e s w e r e e m p l a c e d i n P e r m i a n t i m e . It has been s u g 

g e s t e d that the K i n g S a l m o n t h r u s t f a u l t i s a deep f r a c t u r e s i m i l a r to 

the N a h l i n f a u l t ( G a b r i e l s e and W h e e l e r , 1961) o r a f a u l t c o n f o r m a b l e 

to the T r i a s s i c s e d i m e n t s (Souther, 197 1). A c o m p a r i s o n of the t r e n d s 

of la te T e r t i a r y a n d Q u a t e r n a r y v o l c a n i c s i n n o r t h e r n B r i t i s h 

C o l u m b i a w i t h the o l d e r d o m i n a n t s t r u c t u r a l e l e m e n t s does not sugges t 

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

m o s t p r e - e x i s t i n g s t r u c t u r e s r u n n i n g e a s t - w e s t . T h e p e r i o d d u r i n g 

w h i c h the g r e a t e s t a m o u n t of m o v e m e n t took p l a c e on these l i n e a m e n t s 

d i d not p r o d u c e a n y v o l c a n i s m at the s u r f a c e a n d they a r e u n l i k e l y to 

have i n f l u e n c e d the l a t e s t p e r i o d of v o l c a n i s m . If , as s u g g e s t e d by 

B a i l e y (1977), the l o c a t i o n of i n t r a c o n t i n e n t a l v o l c a n i s m i s c o n t r o l l e d 

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

t r e n d i n g s t r u c t u r a l e l e m e n t m u s t p l a y an i m p o r t a n t r o l e . E v i d e n c e * 

f r o m the E d z i z a R a n g e (Souther , 1970) s u g g e s t s that s i n c e M i o c e n e 

t i m e s v o l c a n i s m m a y be r e l a t e d to n o r m a l f a u l t s , the r e s u l t of 
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c r u s t a l e x t e n s i o n . 

C e n o z o i c V o l c a n i c s : G e n e r a l S t a t e m e n t 

F i g u r e 4 shows the d i s t r i b u t i o n of the two d i s t i n c t i v e v o l c a n i c 

< u n i t s r e p r e s e n t e d i n the H e a r t P e a k s a r e a a n d the l o c a t i o n of e r u p t i v e 

c e n t r e s a n d l i n e a r d y k e s . The f o r m a t i o n n a m e s , w h i c h have b e e n t a k e n 
« 

f r o m S o u t h e r (1971) e m p h a s i z e a c o m p o s i t i o n a l d i s t i n c t i o n between r o c k 

u n i t s r a t h e r t h a n a t i m e - s t r a t i g r a p h i c one . 

T h e e r u p t i o n of the v o l c a n i c s b e g a n on a r e l a t i v e l y f l a t J u r a s s i c 

e r o s i o n a l s u r f a c e a n d the i n i t i a l p e r i o d of a c t i v i t y m a y have i n c l u d e d 

e r u p t i o n of l a v a s r e p r e s e n t a t i v e of both m a p u n i t s . T h e f i e l d c h a r 

a c t e r i s t i c s of the two u n i t s w i l l be d i s c u s s e d s e p a r a t e l y , as they r e p r e ¬

sent c o n t r a s t i n g e r u p t i v e s t y l e s and c h e m i c a l c o m p o s i t i o n s : see P l a t e 3. 

L e v e l M o u n t a i n G r o u p 

T e x t u r a l l y the r o c k s of the L e v e l M o u n t a i n G r o u p a r e v e r y 

s i m i l a r to the f l o w s of the v a s t L e v e l M o u n t a i n R a n g e l o c a t e d about 

16 k m to the e a s t . It w o u l d be an o v e r s i m p l i f i c a t i o n to c o n s i d e r the 

f l o w s of the H e a r t P e a k s a r e a as m e r e l y a n o u t l i e r of the L e v e l 

M o u n t a i n p l a t e a u , a s l o c a l e r u p t i v e c e n t r e s a r e o b v i o u s and c h e m i c a l 

d i f f e r e n c e s a r e a p p a r e n t be tween the two c e n t r e s ( p e r s o n a l c o m m u n i c a 

t i o n T . S. H a m i l t o n ) . 

T h e r o c k s o u t c r o p as f l a t - l y i n g f l o w s a n d p y r o c l a s t i c s . T h e * 

s o u t h w e s t e r n edge of the p l a t e a u shows a v i r t u a l l y u n i n t e r r u p t e d v e r 

t i c a l sequence of about 600 m e t r e s of b a s a l t i c f l o w s . T e x t u r a l v a r i a t i o n s 

throughout the e n t i r e s e c t i o n a r e g e n e r a l l y v e r y s u b t l e . P i l l o w l a v a s 
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a r e f ound i n s e v e r a l l o c a t i o n s throughout the s e c t i o n s - T h e i r very-

l o c a l i z e d n a t u r e s u g g e s t s that the f l ows e n c o u n t e r e d s m a l l l a k e s o r 

r i v e r s on the s u r f a c e . L o c a l l y some f l o w s show a l o o s e , r u b b l y w e a 

t h e r i n g p a t t e r n w h i c h m a y i n d i c a t e that the l a v a s have f l o w e d onto i c e . 

T h e m a i n t e x t u r a l v a r i e t i e s of b a s a l t i c f l o w s a r e : 

1) F i n e - g r a i n e d p l a g i o c l a s e p h y r i c b a s a l t s . F e l d s p a r c r y s t a l s ' 

a r e l e s s than f i ve m m i n s i z e and m a k e up l e s s than f ive p e r c e n t of the 

r o c k . 

2) P l a g i o c l a s e phyric b a s a l t s w i t h c r y s t a l s often l a r g e r than 

f ive m m a n d m a y c c g r i p r i s e m o r e o r l e s s t h a n f i ve p e r c e n t of the w h o l e r o c 

3) S u b - o p h i t i c m e d i u m g r a i n e d b a s a l t . 

4) S c o r i a . 

F i g u r e 5 shows a g e n e r a l i z e d s t r a t i g r a p h i c c o l u m n . T h e t h i c k n e s s of 

f l o w s a v e r a g e f o u r to s i x m e t r e s a n d they c o m m o n l y show w e l l d e 

v e l o p e d c o l u m n a r j o i n t i n g . S u b a n g u l a r c o n g l o m e r a t i c deposits a r e f ound 

n e a r the base of the s e c t i o n . T h e s e d e p o s i t s c o n t a i n b o u l d e r s of both 

a c i d a n d b a s i c v o l c a n i c s s u g g e s t i n g that these types w e r e both e r u p t e d i n 

the e a r l y s tages of a c t i v i t y , though p r o b a b l y f r o m s e p a r a t e v e n t s . 

I n t e r l a y e r e d a c i d i c a n d b a s a l t i c r o c k s a r e f ound o n l y o n c e , n e a r the 

base of the s e c t i o n . T h e s u b - o p h i t i c v a r i e t y i s f o u n d n e a r the base of 

the s e c t i o n a n d i t m a y r e p r e s e n t an i n t r u s i v e s i l l r a t h e r than a f l o w . 

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

f l ows t y p i c a l l y have a r e d w e a t h e r e d , s c o r i a c e o u s l a y e r n e a r the top . 

The r u b b l y top g r a d e s d o w n w a r d to a l e s s w e a t h e r e d s c o r i a c e o u s l a y e r 
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a n d f i n a l l y to m a s s i v e c o l u m n a r j o i n t e d b a s a l t . T h e s o u t h w e s t e r n edge 

of the p l a t e a u (Plate 2) e x p o s e s about 25 i n d i v i d u a l f l o w s t y p i c a l of t h i s 

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

a g g l o m e r a t i c p y r o c l a s t i c . 

T h e c e n t r a l a r e a of the H e a r t P e a k s p l a t e a u shows the m o s t 

c o m p l e x and v a r i e d v o l c a n i c s t r a t i g r a p h y . T h e f r e q u e n c y of vent 

a g g l o m e r a t e s i s m u c h h i g h e r near the c e n t r e of the p l a t e a u , s u g g e s t i n g 

that t h i s a r e a w a s the d o m i n a n t c e n t r e of e x t r u s i v e a c t i v i t y . T h e f l a t 

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

c l a s t i c d e b r i s . T h e f l o w s c o m m o n l y show i r r e g u l a r chang ing a t t i t u d e s , 

h a v i n g been i n f l u e n c e d by the v a r i a b l e l o c a l r e l i e f to be e x p e c t e d i n the 

m o s t a c t i v e a r e a s . 

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

o c c u r i n the u p p e r s e v e r a l h u n d r e d feet of the s u c c e s s i o n . The p l a g i o 

c l a s e p h e n o c r y s t s a r e of a l l s i z e s , c o m m o n l y l a r g e r than f ive m m . 

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

g e n e r a l l y i n the r a n g e of h a w a i i t e . 

j T h e e v o l u t i o n of the L e v e l M o u n t a i n G r o u p l a v a s w h i c h f o r m e d 

the v o l c a n i c p l a t e a u m a y be d i v i d e d into two s t a g e s . T h e i n i t i a l p l a t e a u 

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

l a s t 150 m of the s u c c e s s i o n a p p e a r s to have been p r o d u c e d a f t e r a n * 

e r o s i o n a l i n t e r v a l . A n e r o s i o n a l p e r i o d i s s u g g e s t e d by the e x i s t e n c e 

of s h a l l o w u - s h a p e d v a l l e y s w h i c h cut in to the u n d e r l y i n g f l o w s , and 

t h i c k , l o c a l i z e d beds of v o l c a n i c l a s t i c s e d i m e n t s . T h e s e sand s i z e d 



p a l a g o n i t e tuffs have b e e n t r a n s p o r t e d s h o r t d i s t a n c e s by w a t e r . T h e y 

f o r m l e n s s h a p e d d e p o s i t s b e t w e e n f l o w s and a r e l o c a l l y 40 m e t r e s thick* 

T h e f r a g m e n t s a r e a l l of v o l c a n i c o r i g i n a n d show a v e r y c o n s i s t e n t 

g r a d e d b e d d i n g r a n g i n g f r o m one c e n t i m e t r e s i z e d p e b b l e s to c o a r s e 

s a n d s i z e d , s u b r o u n d e d f r a g m e n t s . The f r a g m e n t s i n c l u d e p i e c e s ' o f 

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

T h e u p p e r m o s t f l o w s , w h i c h c o m p l e t e the v o l c a n i c s u c c e s s i o n , 

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

e v o l v e d c o m p o s i t i o n s c o m p a r e d to the l o w e r b a s a l t i c f l o w s . 

T w o c o n t r a c t i n g e r u p t i v e s t y l e s a r e o b v i o u s i n the L e v e l 

M o u n t a i n G r o u p r o c k s : 

1) E x p l o s i v e p y r o c l a s t i c a c t i v i t y ( r e p r e s e n t e d by tuffs a n d 

a g g l o m e r a t e s ) . 

j 2) F l u i d f i s s u r e type e r u p t i o n s ( r e p r e s e n t e d by f l o w s and l o n g , 

l i n e a r d y k e s ) . 

j. T h e f i s s u r e type e r u p t i o n s o c c u r r e d f r o m l o c a l vents and f r o m 

I 

l o n g l i n e a r f i s s u r e s r e p r e s e n t e d by b a s a l t i c d y k e s . A l m o s t a l l ( 90%) 

of the d y k e s s t r i k e i n a n o r t h south d i r e c t i o n a n d s o m e t i m e s they m a y 

be t r a c e d f o r two to f o u r k m a long s t r i k e . T h i s l i n e a r d i s t r i b u t i o n of 

d y k e s m a y be a r e f l e c t i o n of l o c a l s t r u c t u r a l t r e n d s . N o s t r u c t u r a l 

o f f s e t s a p p e a r to have a f f e c t e d the v o l c a n i c s u c c e s s i o n a l ong t h i s t r e h d . 

T h e d y k e s a r e t e x t u r a l l y and c o m p o s i t i o n a l l y s i m i l a r to the f l o w s that 

they i n t r u d e . C o m m o n l y they a r e about f o u r m e t r e s w i d e and show 

w e l l d e v e l o p e d l a t e r a l c o o l i n g j o i n t s . T h e r e m a i n s of the m o r e r e -
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s i s t a n t d y k e s o f ten p r o j e c t p r o m i n e n t l y above the s u r r o u n d i n g f l o w s . 

I T h e u n d i s t u r b e d state of s ome of the u p p e r m o s t f l o w s i s i l l u s 

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

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

G r a d u a l i n w a r d c o o l i n g r e s u l t s i n the p r e s e r v a t i o n of a c o n c e n t r i c • 

I * 
s t r u c t u r e . 

T h e c e n t r a l p a r t of the p l a t e a u c o n t a i n s the m o s t abundant p y r o -
i 

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

F l o w s and p y r o c l a s t i c d e b r i s a r e c l o s e l y a s s o c i a t e d i n the e r u p t i v e 

c e n t r e s . F e a t u r e s c o m m o n to m o s t of the vents shown on f i g u r e 4 

a l l o w a g e n e r a l i z e d c r o s s s e c t i o n to be c o n s t r u c t e d w h i c h m a y be c o n 

s i d e r e d t y p i c a l of the vents ( F i g u r e 6) . The t w i n H e a r t P e a k s , the 

h i g h e s t p o i n t s o n the p l a t e a u , a r e s i m i l a r to t h i s s e c t i o n . The d o m e s 

a r e f l a n k e d ' b y v e n t b r e c c i a s d e p o s i t e d a r o u n d a c e n t r a l j o i n t e d l a v a 

d o m e . U n d e r l y i n g f l o w s can be seen to be bent u p w a r d s by the i n t r u d i n g 

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

T h e vent b r e c c i a s (Plate 3) o f ten c a r r y m a s s i v e b o u l d e r s of the 

o r d e r of one m e t r e a c r o s s . The a n g u l a r u n s o r t e d f r a g m e n t s a r e 

r e m n a n t s of p r e v i o u s l y s o l i d i f i e d f l ows and b l o c k s of s c o r i a . It a p p e a r s 

that the e x p l o s i v e e r u p t i o n s s e r v e d to open the vent , t h r o u g h w h i c h the 

l a t e r f l u i d l a v a s w e r e e x t r u d e d . T h e contac t s b e t w e e n vent b r e c c i a s 1 

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

T h e m o r p h o l o g i c a l c o n t r a s t between the L e v e l M o u n t a i n G r o u p 

r o c k s and those of the H e a r t P e a k s F o r m a t i o n i s the r e s u l t of the 
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c o n t r a s t i r i c o m p o s i t i o n be tween the two u n i t s . F i s s u r e type l a v a s f o r m 

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

of b a s a l t i c r o c k s . T h e l o w v i s c o s i t y of the l a v a a n d the l i n e a r c ondu i t s 

t f r o m w h i c h i t r i s e s a l l o w g r e a t t h i c k n e s s e s to be b u i l t b y s u c c e s s i v e 

f l o w s . , 
r 

N u m e r o u s f o r e i g n f r a g m e n t s a r e f o u n d i n the L e v e l M o u n t a i n 

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

1) M e g a c r y s t s of o l i v i n e and k a e r s u t i t e . 

2) G a b b r o i c i n c l u s i o n s . 

3) Pyroxer^Lte i n c l u s i o n s . 

4) A l k a l i d i o r i t e i n c l u s i o n s . 

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

which c a n be as l a r g e as ten c m a c r o s s . R e s o r p t i o n of the c r y s t a l s by 

the e n c l o s i n g l a v a i s c o m m o n and the i n c l u s i o n s have the a p p e a r a n c e 

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

that these i n c l u s i o n s a r e not i n e q u i l i b r i u m w i t h the hos t l a v a s . 

E v i d e n c e b e a r i n g o n the o r i g i n of these i n c l u s i o n s w i l l be d i s c u s s e d 

l a t e r . T h e r a r e p y r o x e n i t e i n c l u s i o n s a r e f ound i n b a s a l t i c f l o w s . 

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

l a t e r c h a p t e r . 

H e a r t P e a k s F o r m a t i o n ' 

T h e r o c k s of the H e a r t P e a k s F o r m a t i o n o u t c r o p on the w e s t e r n 

s ide of the L e v e l M o u n t a i n G r o u p f l o w s . T h e c o m p o s i t i o n of the H e a r t 

P e a k s F o r m a t i o n r o c k s i s r e f l e c t e d i n t h e i r u n i q u e e r u p t i v e s t y l e s . 
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T h e h i g h v i s c o s i t y of t h e s e a c i d i c l a v a s h a s r e s u l t e d i n the f o r m a t i o n of 

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

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

m a y be seen i n P l a t e 1. 

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

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

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

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

g r e y to b r o w n f l o w s . P o r p h y r i t i c f l o w s a r e c o m m o n ' i n w h i c h p h e n o 

c r y s t s c o m p o s e 3 0 - 4 0 % . T h e s e f l o w s w e r e l i k e l y to be e x t r e m e l y 

v i s c o u s u p o n e r u p t i o n , r e s u l t i n g i n e x t e n s i v e auto b r e c c i a t i o n of the 

f l o w s . P h e n o c r y s t s i n c l u d e q u a r t z , s a n i d i n e a n d a n o f t h o c l a s e . T h e r e 

a p p e a r s to be two g e n e r a t i o n s of p h e n o c r y s t s to be s e e n i n h a n d s p e c i ¬

m e n s . E x t e n s i v e l y a l t e r e d p h e n o c r y s t s c o e x i s t w i t h v e r y f r e s h s a n i d i n e 

p h e n o c r y s t s . S u t u r e d a n d a n n e a l e d b o u n d a r i e s s u g g e s t that the a l t e r e d 

p h e n o c r y s t s m a y be x e n o c r y s t s . 

F i n e g r a i n e d p y r o c l a s t i c s a r e e x p o s e d as a c o m p l e t e s e c t i o n 

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

m o d e r a t e l y c o n s o l i d a t e d tuf fs and f i n a l l y to d a r k , r e d - b r o w n , a s h f l o w 

t u f f s . F l a t t e n e d p u m i c e f r a g m e n t s a r e e v i d e n c e of v i s c o u s f l o w a n d 

p l a s t i c d e f o r m a t i o n a f t e r p a r t i a l c o n s o l i d a t i o n of the p y r o c l a s t i c s . 

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

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

s o u r c e of e x p l o s i v e a c t i v i t y . 
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C o a r s e p y r o c l a s t i c s a r e u n c o m m o n i n the H e a r t P e a k s F o r m a t i o n 

r o c k s but they do o c c u r as a n g u l a r b r e c c i a s . 

A g e R e l a t i o n s h i p s 

In the a b s e n c e of any r a d i o m e t r i c ages f o r the v o l c a n i c s at 

H e a r t P e a k s , one i s f o r c e d to r e l y on g e o m o r p h o l o g i c and s t r a t i g r a . p h i c 

e v i d e n c e to c o r r e l a t e the v o l c a n i c sequence w i t h o t h e r c e n t r e s and p l a c e 

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

S o u t h e r (1970) e m p h a s i z e s two f u n d a m e n t a l p e r i o d s of change 

i n the c h a r a c t e r of v o l c a n i c i t y d u r i n g C e n o z o i c t i m e i n the n o r t h e r n 

c o r d i l l e r a . Q u i e t e f f u s i o n of a l k a l i - o l i v i n e b a s a l t b e g a n i n c e n t r a l 

B r i t i s h C o l u m b i a a f t e r the c e s s a t i o n of e x p l o s i v e a c i d i c v o l c a n i s m of 

the S l o k o G r o u p . U p p e r M i o c e n e ages ( K - A r ) have b e e n o b t a i n e d on 

b^ l U c dyke s w a r m s w h i c h m a y r e p r e s e n t f e e d e r s to these e a r l y p l a 

t e a u b a s a l t s ( S y m o n s , 1969). A f t e r the onse t of the p l a t e a u b u i l d i n g 

a l k a l i c l a v a s , the e r u p t i v e s t y l e c h a n g e d , i n the la te M i o c e n e , to c e n t r a l 

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

p l a t e a u at L e v e l M o u n t a i n , M t . E d z i z a and H e a r t P e a k s a r e r e l a t i v e l y 

s m a l l s h i e l d s i n c o m p a r i s o n to those of s o u t h - c e n t r a l B r i t i s h C o l u m b i a 

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

b u i l d i n g p e r i o d . T h e u p p e r p a r t s of the s u c c e s s i o n at E d z i z a , and the 

c e n t r a l a c i d , p e r a l k a l i n e r o c k s at L e v e l M o u n t a i n c e n t r e m a y be r e - > 

p r e s e n t a t i v e of the l a t e s t phase of v a r i e d , s p o r a d i c a l l y e r u p t e d l a v a s . 

T h i s phase of a c t i v i t y has c o n t i n u e d u n t i l r e c e n t t i m e , w i t h the y o u n g e s t 

e r u p t i v e s b e i n g no m o r e t h a n a few h u n d r e d y e a r s o l d (Souther , 1970). 



R a d i o m e t r i c dates i n d i c a t e that the M t . E d z i z a range w a s b u i l t 

o v e r a s p a n of 6 m i l l i o n y e a r s (Souther a n d S y m o n s , 1974), b e g i n n i n g 

at a p p r o x i m a t e l y 6. 1 m i l l i o n y e a r s B . P . T h e l a t e s t f l o w s at H e a r t 

P e a k s a p p e a r to have b e e n e r u p t e d i n the P l e i s t o c e n e . G l a c i a l s t r i a e 

on flows* and t i l l d e p o s i t s b e n e a t h the u p p e r m o s t f l o w s sugges ts at l e a s t 

s y n - g l a c i a l a n d p o s s i b l y s o m e p o s t - g l a c i a l a c t i v i t y at H e a r t P e a k s . 

T h e e r u p t i v e h i s t o r y of the H e a r t P e a k s c e n t r e p r o b a b l y spanned a 

r o u g h l y c o m p a r a b l e t i m e p e r i o d to o t h e r c e n t r e s i n the r e g i o n and i s 

r e p r e s e n t a t i v e of the t i m e f r a m e w h i c h i n o t h e r p a r t s of B r i t i s h 

C o l u m b i a saw the e r u p t i o n of a l k a l i n e l a v a s of v a r i e d c o m p o s i t i o n . 

C o n c l u s i o n s 

F i e l d e v i d e n c e sugges t s that the H e a r t P e a k s F o r m a t i o n r o c k s 

a n d those of the L e v e l M o u n t a i n G r o u p w e r e not e r u p t e d f r o m the s a m e 

v e n t s . V e n t a g g l o m e r a t e s do not c o n t a i n f r a g m e n t s of both u n i t s . 

C o n t a c t s be tween the two u n i t s a r e o b s c u r e but a p p e a r to be a l m o s t 

v e r t i c a l ( P l a t e 1) a n d i n t e r l a y e r i n g of the two u n i t s was s e e n o n l y once 

i n a l i m i t e d e x p o s u r e . E v i d e n c e has b e e n g i v e n that i n d i c a t e s that the 

e a r l i e s t e r u p t i v e a c t i v i t y i n c l u d e d l a v a s of b o t h H e a r t P e a k s F o r m a t i o n 

a n d L e v e l M o u n t a i n G r o u p . P l a t e 1 i l l u s t r a t e s the contac t be tween the 

u n i t s . T h e u p p e r m o s t L e v e l M o u n t a i n G r o u p f l o w s a p p e a r to be s t r a t i -

g r a p h i c a l l y above the H e a r t P e a k s r o c k s . L a t e stage b a s a l t i c d y k e s 

c a n be s e e n c u t t i n g b o t h u n i t s . 

W h i l e the L e v e l M o u n t a i n G r o u p r o c k s show m a n y s i m i l a r i t i e s 

to those at the L e v e l M o u n t a i n Range to the e a s t ( H a m i l t o n and S c a r f e , 
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1977) , the n o n - p e r a l k a l i n e s i l i c ^ ^ r o c k s of the H e a r t P e a k s f o r m a t i o n 

o f fer n u m e r o u s c o n t r a s t s to the abundant p e r a l k a l i n e f l o w s at L e v e l 

M o u n t a i n . T h e a b s e n c e of any a l k a l i - f e r r o m a g n e s i a n m i n e r a l s s u c h as 

1 a e n i g m a t i t e , a e g i r i n e - a u g i t e , r i e b e c k i t e and a r f e d s o n i t e i n the H e a r t 

P e a k s F o r m a t i o n r o c k s sugges t s a l e s s e n r i c h e d s u b - a l k a l i n e a f f i n i t y 

i n c o n t r a s t to the p e r a l k a l i n e s a l i c r o c k s at L e v e l M o u n t a i n . In the 

H e a r t P e a k s a r e a , the two r o c k u n i t s a r e c l o s e l y r e l a t e d i n both space 

a n d t i m e , thus a m o r e c o m p l e x i n v e s t i g a t i o n of the r e l a t i o n s h i p s 

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

* 

n 



C H A P T E R V 

P E T R O G R A P H Y 

G e n e r a l S t a t e m e n t 

T h i s d i s c u s s i o n w i l l e m p h a s i z e the m i n e r a l o g i c a l c l a s s i f i c a t i o n 

and t e x t u r a l v a r i a t i o n s of the H e a r t P e a k s v o l c a n i c s . G e n e r a l d e s - * 

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

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

r e l i e d upon i s that of I r v i n e and B a r a g a r (1971). R e p r e s e n t a t i v e t e x t u r e s 

of v o l c a n i c r o c k s a r e s h o w n i n P l a t e 4. \ 

t 

L e v e l M o u n t a i n G r 6 u p 

One of the m a j o r c r i t e r i a i n the d i s t i n c t i o n b e t w e e n the t h o l e i i t i c 

and a l k a l i b a s a l t r o c k s e r i e s i s the p r e s e n c e o r a b s e n c e of a r e a c t i o n 

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

o l i v ine^ b a s a l t s e r i e s c h a r a c t e r i s t i c a l l y c o n t a i n s c a l c i u m r i c h a u g i t i c 

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

i 

t y p i c a l l y absent ( M a c D o n a l d and K a t s u r a , 1964). U s i n g t h e s e c r i t e r i a , 

the r o c k s of the L e v e l M o u n t a i n G r o u p be long to the a l k a l i b a s a l t s e r i e s . 

T h e b a s a l t i c end m e m b e r s of t h i s s e r i e s a r e m o s t abundant , w h i l e the 

f e l s i c m e m b e r s , m u g e a r i t e , b e n m o r i t e and t r a c h y t e a r e r a r e . A l t h o u g h 

some r o c k s c a n be c l a s s i f i e d on the b a s i s of c h e m i s t r y as t h o l e i i t i c o r 

c a l c - a l k a l i n e , the m i n e r a l o g y i s c o n s i s t e n t l y i n d i c a t i v e of the a l k a l i n e 

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

aug i t e . A l k a l i - o l i v i n e b a s a l t and h a w a i i t e s a r e v o l u m e t r i c a l l y the m o s t 
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A . A n k a r a m i t e f r o m the L e v e l M o u n t a i n G r o u p w i t h l a r g e s u b h e d r a l , 
s t r o n g l y zoned c l i n o p y r o x e n e and s m a l l e r c o r r o d e d o l i v i n e 
p h e n o c r y s t s . F i n e g r o u n d m a s s c o n t a i n s c l i n o p y r o x e n e , o l i v i n e , 
p l a g i o c l a s e and t i t a n o m a g n e t i t e . C r o s s e d p o l a r s . ^ 

B . P y r o x e n i t e i n c l u s i o n f r o m the L e v e l M o u n t a i n G r o u p c o m p o s e d 
p r e d o m i n a n t l y of f r a c t u r e d c l i n o p y r o x e n e (grey) a n d i n t e r s t i t i a l 
opaque o x i d e s ( b l a c k ) . C r o s s e d p o l a r s . 

C . A l k a l i b a s a l t f r o m L e v e l M o u n t a i n G r o u p s h o w i n g t y p i c a l p i l o t a x i t i 
t e x t u r e w i t h s u b h e d r a l p l a g i o c l a s e ( l a b r a d o r i t e ) l a t h s , g r o u n d m a s s 
o l i v i n e , t i t a n i f e r o u s c l i n o p y r o x e n e and e u h e d r a l g r a i n s of t i t a n i -
f e r o u s m a g n e t i t e . C r o s s e d p o l a r s . 

D . O p h i t i c t e x t u r e i n b a s a l t w i t h p l a g i o c l a s e and opaque o x i d e s 
s u r r o u n d e d by c l i n o p y r o x e n e . C r o s s e d p o l a r s . 

E . T y p i c a l f l o w t e x t u r e of a n d e s i t e f r o m L e v e l M o u n t a i n G r o u p c o m 
p o s e d p r e d o m i n a n t l y of p l a g i o c l a s e i n g r o u n d m a s s and as s p a r s e 

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

F . C o r r o d e d q u a r t z and s a n i d i n ^ p h e n o c r y s t s i n a g l a s s y m a t r i x i n 
s p h e r u l i t i c r h y o l i t e f r o m t h e * H e a r t P e a k s F o r m a t i o n . C r o s s e d 
p o l a r s . 
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i m p o r t a n t r o c k s , w h i l e the m o r e p o t a s s i c t r a c h y b a s a l t s a r e l e s s c o m m o n , 

A n k a r a m i t e s 

T h i s r o c k type i s p a r t i c u l a r l y r i c h i n aug i t e and o l i v i n e p h e n o 

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

S u b h e d r a l to e u h e d r a l aug i te c r y s t a l s a r e s t r o n g l y z o n e d w i t h l i g h t 

b r o w n a n d g r e e n i n t e r i o r s and p i n k T i - r i c h b o r d e r s . T h e T i - r i c h 

b o r d e r i s o f t en s e p a r a t e d f r o m the c o r e of the c r y s t a l by a f ine l i n e of 

m i n u t e opaque i n c l u s i o n s . M g - r i c h o l i v i n e i s g e n e r a l l y s u b o r d i n a t e to 

c l i n o p y r o x e n e . T i t a n o m a g n e t i t e , m i n o r s p i n e l , p l a g i o c l a s e , o l i v i n e , 

aug i te and m i n o r ^ l a s s m a k e up the m a t r i x . Opaque o x i d e s a r e v e r y 

abundant i n t h e s e r o c k s , s o m e t i m e s r e a c h i n g t w e l v e to f i f t e e n p e r c e n t . 

A n k a r a m i t e s do not o c c u p y a unique p o s i t i o n i n the s t r a t i g r a p h i c 

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

A l k a l i - O l i v i n e B a s a l t 

A l k a l i - o l i v i n e b a s a l t i s an i m p o r t a n t r o c k type i n the L e v e l 

M o u n t a i n G r o u p a n d t h r o u g h o u t n o r t h e r n B r i t i s h C o l u m b i a . A t H e a r t 

P e a k s i t m a y be v o l u m e t r i c a l l y s u b o r d i n a t e to h a w a i i t e s , but i t s 

i m p o r t a n c e as a r e g i o n a l m a g m a type m u s t be s t r e s s e d . T e x t u r a l 

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

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

which a p p e a r to h a v e b e e n e x t r u d e d i n d i s t i n c t p u l s e s i n the s t r a t i g r a p h i c 

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

v o l c a n i c m a g m a c o n d i t i o n s . 

P i l o t a x i t i c t e x t u r e i s c o m m o n i n the f ine g r a i n e d r o c k s w h i c h 



38 

be cognate m a t e r i a l w h i c h h a s c r y s t a l l i z e d at depth . In any case i n c l u 

s i o n s m a y o f ten be good i n d i c a t o r s of the p e t r o g e n e s i s of the hos t r o c k s . 

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

i m p o r t a n t w i t h r e g a r d s to the f r a c t i o n a t i o n t r e n d of the m a g m a . D i s 

e q u i l i b r i u m t e x t u r e s seen w i t h these i n c l u s i o n s sugges t that they have 

not c r y s t a l l i z e d d i r e c t l y f r o m t h e i r h o s t a l k a l i b a s a l t . R e a c t i o n t e x - * 

t u r e s s e e n i n t h i n s e c t i o n and t h e i r g r e a t s i z e v a r i a t i o n (10 c m to 1 m m ) 

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

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

of s m a l l opaque oxi^le g r a i n s . H o r n b l e n d e of s i m i l a r c o m p o s i t i o n i s 

f ound as a m a j o r g r o u n d m a s s c o n s t i t u e n t of a n d e s i t e and i s t h e r e f o r e 

i n d i r e c t l y r e l a t e d to the b a s a l t i c m a g m a a n d i s not a ' f o r e i g n , a c c i 

d e n t a l i n c l u s i o n . 

O t h e r i n c l u s i o n s w h i c h a r e c o n s i d e r e d to be cognate i n c l u d e 

g a b b r o a n d a l k a l i - d i o r i t e . A l k a l i d i o r i t e nodu les a r e c o m m o n l y f ound 

i n f l o w s a n d p y r o c l a s t i c s . The n o d u l e s have a c o a r s e g r a i n e d g r a n u l a r 

t e x t u r e c o m p o s e d of p l a g i o c l a s e (An 40) , c l i n o p y r o x e n e , o l i v i n e , m i n o r 

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

d e f o r m a t i o n l a m e l l a e i n o l i v i n e and p y r o x e n e a r e e v i d e n c e of s t r a i n , 

p o s s i b l y c a u s e d by s h o r t t e r m shock d u r i n g p y r o c l a s t i c e x p l o s i o n s , 

a l t h o u g h l o n g e r t e r m t e c t o n i c s t r e s s e s m a y not be e n t i r e l y r u l e d out a,s 

a cause of s t r a i n . T i t a n a u g i t e c r y s t a l s show v e r y f ine e x s o l u t i o n 

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

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



T h e m i n e r a l o g y of a l k a l i d i o r i t e n o d u l e s sugges t s that they a r e a 

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

o r h a w a i i t e . 

M a f i c e r u p t i v e s a l s o c o n t a i n n o d u l e s of p y r o x e n i t e , c o m p o s e d 

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

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

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

C l i n o p y r o x e n e i s of a c o m p o s i t i o n f ound c r y s t a l l i z i n g i n a l k a l i - b a s a l t 

a n d h a w a i i t e s , thus these i n c l u s i o n s m a y be r e p r e s e n t a t i v e of a phase 

f r a c t i o n a t i n g f r o m L ^ v e l M o u n t a i n G r o u p m a g m a . 

U n c o m m o n f r a g m e n t s of b i o t i t e s c h i s t f ound i n b a s a l t s a n d 

q u a r t z x e n o c r y s t s i n a n d e s i t e m a y be r e p r e s e n t a t i v e of m e t a m o r p h i c 

b a s e m e n t r o c k s . 

T r a c h y b a s a l t a n d H a w a i i t e 

These rock t y p e s a r e c o n s i d e r e d b y C a r m i c h a e l et a l , (1974) to 

be r o u g h l y e q u i v a l e n t t e r m s f o r r o c k s w i t h h i g h a l k a l i content 

(Na20 + K2O) a n d s i l i c a content n e a r 50 p e r c e n t . I r v i n e and B a r a g a r 

(1971) d i v i d e the a l k a l i b a s a l t s e r i e s into a sod i c and p o t a s s i c s e r i e s 

w h i c h r e f l e c t s the r a t i o K 2 0 / N a 2 0 . T h e i m p o r t a n c e of K / N a r a t i o of 

p r i m i t i v e b a s a l t s i s that i t m a y be a n i n d i c a t o r of the n a t u r e a n d 

e n v i r o n m e n t of s o u r c e m a t e r i a l s ( C a r m i c h a e l et a L , 1974). S o m e 

o c e a n i c a l k a l i b a s a l t a s s o c i a t i o n s m a y be d i s t i n g u i s h e d by t h e i r K / N a 

r a t i o s . T h e i s l a n d s of T r i s t a n da C u n h a ( B a k e r et a L , 1964) and 

G o u g h ( L e M a i t r e 1962), f o r e x a m p l e , show d i s t i n c t l y m o r e p o t a s s i c 
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c o m p o s i t i o n s t h a n S t . H e l e n a ( B a k e r , 1969) a n d T a h i t i ( M c B i r n e y a n d 

A o k i , 1968). T h e p e t r o g r a p h i c d i s t i n c t i o n be tween the two s e r i e s 

( s o d i c a n d p o t a s s i c ) i s r e f l e c t e d i n c o e x i s t i n g f e l d s p a r c o m p o s i t i o n s . 

T h e s o d i c s e r i e s ( h a w a i i t e ) g e n e r a l l y c o n t a i n s a s i n g l e f e l d s p a r 

( l a b r a d p r i t e ) w h i l e the p o t a s s i c s e r i e s ( t r a c h y b a s a l t ) c o n t a i n s l a b ' r a -

d o r i t e and m i n o r a m o u n t s of a l k a l i f e l d s p a r i n the g r o u n d m a s s . T h e 

L e v e l M o u n t a i n G r o u p i n c l u d e s r o c k s b e l o n g i n g to bo th s e r i e s . 

H a w a i i t e a n d t r a c h y b a s a l t f l o w s a r e o f ten v e r y r i c h i n p h e n o 

c r y s t s (up to 35%). L a b r a d o r i t e and a n d e s i n e a r e the m o s t c o m m o n 

p h e n o c r y s t s w i t h m i n o r o l i v i n e and^py^oxene^. T h e g r o u n d m a s s i s 

g e n e r a l l y p i l o t a x i t i c , w i t h l a b r a d o r i t e l a t h s (60-70%) , e u h e d r a l o l i v i n e 

( 5% ), aug i te (5-15%) and t i t a n o m a g n e t i t e (8 -12%) . A l k a l i f e l d s p a r 

s o m e t i m e s o c c u r s as s q u a r e , e u h e d r a l g r o u n d m a s s c r y s t a l s o r m i c r o -

p h e n o c r y s t s . 

I n t e r m e d i a t e R o c k s 

I n t e r m e d i a t e to f e l s i c r o c k s of the a l k a l i b a s a l t s e r i e s a r e r a r e . 

R o c k s w i t h 5 9% o r m o r e SiC>2 g e n e r a l l y a r e q u a r t z n o r m a t i v e . T w o 

t h i n f l o w s of c a l c - a l k a l i n e a n d e s i t e w e r e f ound on the w e s t e r n s ide of 

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

a n t l y of a n d e s i n e , p a r g a s i t i c h o r n b l e n d e and t i t a n o m a g n e t i t e . P y r o x e n e 

i s g e n e r a l l y absent and q u a r t z o c c u r s as x e n o c r y s t s i n these f l o w s . 

The o c c u r r e n c e of h o r n b l e n d e as a m a j o r g r o u n d m a s s phase i n these 

r o c k s (30%) h a s i m p o r t a n t i m p l i c a t i o n s r e g a r d i n g c o n d i t i o n s of the 

f r a c t i o n a t i n g l i q u i d s . H y d r o u s c o n d i t i o n s m u s t have p r e v a i l e d at t h i s 
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stage and the h o r n b l e n d e m a y have s u b s e q u e n t l y c o n t a m i n a t e d m o r e 

m a f i c l a v a s . 

P y r o c l a s t i c R o c k s 

P y r o c l a s t i c r o c k s of the L e v e l M o u n t a i n G r o u p show g e n e r a l l y 

u n i f o r m t e x t u r e s , the c o m m o n e s t type b e i n g a v e r y c o a r s e v e n t -

a g g l o m e r a t e . T h e c o m m o n e s t f r a g m e n t s seen i n the f ine g r o u n d m a s s 

i n c l u d e : 

1) Q u a r t z sandstone and s i l t s t o n e . 

2) C r y s t a l f r a g m e n t s of q u a r t z , a l k a l i f e l d s p a r a n d h o r n b l e n d e . 

3) G l a s s y a,fid c r y s t a l l i n e a l k a l i b a s a l t s , and h a w a i i t e s . 

T h e s e d i m e n t a r y f r a g m e n t s a r e p i e c e s of the u n d e r l y i n g 

T a k w a h o n i F o r m a t i o n , w h i l e the v o l c a n i c f r a g m e n t s r e p r e s e n t e s s e n t i a l 

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

f l o w s . 

H e a r t P e a k s F o r m a t i o n 

T h e v o l c a n i c s of the H e a r t P e a k s F o r m a t i o n , though c l o s e l y 

r e l a t e d to those of the L e v e l M o u n t a i n G r o u p s , d i f f e r s i g n i f i c a n t l y i n 

m i n e r a l o g y a n d c h e m i c a l t r e n d s . A t the L e v e l M o u n t a i n R a n g e 

( H a m i l t o n and S c a r f e , 1977) s i l i c i c r o c k s o c c u r as c e n t r a l l y l o c a t e d 

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

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

a r e absent at H e a r t P e a k s . T h e a c i d r o c k s of the H e a r t P e a k s 

F o r m a t i o n l a c k a l k a l i - f e r r o m a g n e s i a n m i n e r a l s t y p i c a l of s i l i c i c r o c k s 

at L e v e l M o u n t a i n a n d M t . E d z i z a . 
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T r a c h y t e 

G r e y and b r o w n t r a c h y t i c r o c k s w i t h p o r p h y r i t i c t e x t u r e s o u t c r o p 

i n the b r i g h t l y c o l o r e d d o m e s w e s t of H e a r t P e a k s , F r e s h e x p o s u r e s 

a r e d i f f i c u l t to f i n d as the r o c k s a r e h y d r o t h e r m a l l y a l t e r e d and deep ly 

w e a t h e r e d . 

P o t a s s i c t r a c h y t e s show two t e x t u r a l v a r i e t i e s w h i c h a r e d i s 

t i n g u i s h e d by the s t r u c t u r a l state of the c o n s t i t u e n t a l k a l i f e l d s p a r s . 

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

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

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

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

qu i t e s i m p l e , c o n t a i n i n g a l k a l i f e l d s p a r and m i n o r p y r o x e n e a n d 

m a g n e t i t e . 

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

o r t h o c l a s e t r a c h y t e i n w h i c h o r t h o c l a s e m a y a m o u n t to 25% of the r o c k 

as p h e n o c r y s t s . A m o t t l e d e x t i n c t i o n e f fect i s c a u s e d by pat chy e x -

s o l u t i o n of an a l b i t e - r i c h phase f r o m o r t h o c l a s e . O r t h o c l a s e t r a c h y t e s 

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

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

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

m o n l y p r e s e n t . M i n o r aug i t e o c c u r s as g r a n u l a r a g g r e g a t e s w i t h 1 

p l a g i o c l a s e , i n d i c a t i n g that c o n t a m i n a t i o n by m o r e m a f i c r o c k s m a y 

have o c c u r r e d . 
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R h y o l i t e 

R h y o l i t e o c c u r s as g l a s s y a n d p o r p h y r i t i c f l o w s a n d f ine g r a i n e d 

p y r o c l a s t i c s , R h y o l i t e i s v e r y poor i n f e r r o m a g n e s i a n m i n e r a l s due , 

i n p a r t , to e x t e n s i v e h y d r o t h e r m a l a l t e r a t i o n . F l o w s a r e t h i n l y 

l a m i n a t e d and c o n t a i n s a n i d i n e and q u a r t z p h e n o c r y s t s . G l a s s y f l o w s 

c o n t a i n abundant s p h e r u l i t e s i n the g r o u n d m a s s . 

R h y o l i t e c r y s t a l tuf fs have a f ine g r a i n e d f e l t y g r o u n d m a s s of 

q u a r t z and a l k a l i f e l d s p a r a n d c o n t a i n g r a n u l a r a g g r e g a t e s of a l k a l i 

f e l d s p a r . 

T u f f s a r e o f ten p o o r l y c o n s o l i d a t e d and l i e i n p r i m a r y l a y e r e d 

beds w h i c h a r e b e i n g r a p i d l y e r o d e d . 

C o n c l u s i o n s 

R e p r e s e n t a t i v e m o d a l a n a l y s e s ( T a b l e I) c l e a r l y show the a l k a l i n e 

c h a r a c t e r of L e v e l M o u n t a i n G r o u p b a s a l t i c r o c k s . T h e d o m i n a n c e of 

t i t a n i u m - r i c h c l i n o p y r o x e n e and the abundance of e u h e d r a l o l i v i n e 

c r y s t a l s c o n f i r m s that these r o c k s a r e m e m b e r s of the a l k a l i o l i v i n e 

b a s a l t s e r i e s . 

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

r e l a t e d to the f ine g r a i n e d e x t r u s i v e s . 

I n t e r m e d i a t e a n d f e l s i c m e m b e r s of the a l k a l i b a s a l t s e r i e s a r e 

r a r e i n the L e v e l M o u n t a i n G r o u p . 

The f l o w s of the H e a r t P e a k s F o r m a t i o n a r e d o m i n a t e d by s i l i c a 

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

c l a s t i c d e p o s i t s a r e c o m m o n a n d i n d i c a t e the p r e s e n c e of a gaseous 



1 
e n v i r o n m e n t a s s o c i a t e d w i t h the a c i d m a g m a . 

A n i m p o r t a n t f e a t u r e of the r o c k s of the H e a r t P e a k s F o r m a t i o n 

i s t h e i r o c c u r r e n c e as s i g n i f i c a n t v o l u m e s of s i l i c a - r i c h , s u b a l k a l i n e 

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

the L e v e l M o u n t a i n G r o u p . 



T A B L E I 

R E P R E S E N T A T I V E M O D E S A N D T E X T U R E S O F V O L C A N I C R O C K S 

R o c k T y p e 

S a m p l e N o . 

M a p U n i t 

P h e n o c r y s t s 

G r o u n d m a s s 

T e x t u r e s 

A n k a r a m i t e 

4 2 6 1 - 1 9 

L e v e l M o u n t a i n G r o u p 

A u g i t e - 5% 

O l i v i n e - 2% 

L a b r a d o r i t e - 33% 

A u g i t e - 40% 

O l i v i n e - 8% 

I l m e n i t e - 12% 

M i c r o p o r p h y r i t i c 

A l k a l i B a s a l t 

7 7 8 6 - 2 

L e v e l M o u n t a i n G r o u p 

L a b r a d o r i t e - 6% 

O l i v i n e - 3% 

A u g i t e - 1% 

L a b r a d o r i t e - 40% 

O l i v i n e - 25% 

A u g i t e - 15% 

I l m e n i t e - 10% 

P o r p h y r i t i c 

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

H a w a i i t e 

7 / 3 - I K 

L e v e l M o u n t a i n G r o u p 

L a b r a d o r i t e - 5% 

O l i v i n e - 3% 

L a b r a d o r i t e - 5 5% 

A u g i t e - 22% 

O l i v i n e - 7% 

I l m e n i t e - 7% 

P o r p h y r i t i c 

P i l o t a x i t i c 

( cont inued) 
4^ 
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R o c k T y p e 

S a m p l e N o . 

M a p U n i t 

A n d e s i t e 

7 7 8 8 - 1 3 A 

L e v e l M o u n t a i n G r o u p 

P h e n o c r y s t s 

G r o u n d m a s s 

T e x t u r e s 

Q u a r t z - 4% 

A n d e s i n e - 50% 

A l k a l i F e l d s p a r - 9% 

H o r n b l e n d e - 30% 

I l m e n i t e - 10% 

E q u i g r a n u l a r 

T r a c h y t e 

7 7 8 8 - 8 

H e a r t P e a k s F o r m a t i o n 

O r t h o c l a s e -*10% 

Labrador i te - 1% 

O r t h o c l a s e - 73% 

O l i g o c l a s e - 10% 

A u g i t e - 5% 

I l m e n i t e - 1% 

G l o m e r o p o r p h y r i t i c * 

P i l o t a x i t ic 

R h y o l i t e 

T O C . 

H e a r t P e a k s F o r m a t i o n 

Q u a r t z - 10% 

S a n i d i n e - 5% 

Q u a r t z - 24% 

S a n i d i n e - 40% 

G l a s s - 20% 

I l m e n i t e - 1% 

P o r p h y r i t i c 



I C H A P T E R V I 

j C H E M I S T R Y 

M a j o r E l e m e n t s 

M a j o r e l e m e n t a n a l y s e s f o r t e n o x i d e s w e r e r u n u s i n g X - r a y 
j 

f l u o r e s c e n c e ( T a b l e II) a n d e l e c t r o n m i c r o p r o b e a n a l y s i s on g l a s s e s , 

( A p p e n d i x A ) . H 2 0 contents w e r e d e t e r m i n e d - i n d e p e n d e n t l y by the 

P e n f i e l d m e t h o d ( A p p e n d i x C ) . T o t a l s r e p o r t e d r e p r e s e n t a n h y d r o u s 

a n a l y s e s . 

C l a s s i f i c a t i o n 
i 

C h e m i c a l c l a s s i f i c a t i o n of the v o l c a n i c s at H e a r t P e a k s i s i l l u s 

t r a t e d u s i n g m a j o r e l e m e n t c o m p a r i s o n d i a g r a m s . F i g u r e 7, the a l k a l i s 

v e r s u s s i l i c a d i a g r a m ( M a c D o n a l d a n d K a t s u r a , 1964; I r v i n e and 

B a r a g a r , 1971) i n d i c a t e s that the b a s a l t i c r o c k s l i e i n the m i l d l y a l k a l i n e 

r a n g e . T h e d i v i d i n g l i n e b e t w e e n a l k a l i n e a n d s u b a l k a l i n e ( t h o l e i i t i c ) i s 

that of M a c D o n a l d a n d K a t s u r a (1964). T h e i n s e t c o m p a r e s c o m p o s i t i o n s 

of a l k a l i n e o c e a n i c s u i t e s w i t h the d i v i d i n g l i n e p r o p o s e d by I r v i n e a n d 

B a r a g a r . T h e A n - A b - O r plot i s u s e d to s u b d i v i d e the a l k a l i b a s a l t 

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

and h a w a i i t e s p l o t t e d o n F i g u r e 8 i n d i c a t e the v a r y i n g d e g r e e s of e n r i c h 

m e n t of s o d i u m a n d p o t a s s i u m i n these r o c k s . F i g u r e 9 i s a s u b d i v i s i o n 

of the a l k a l i b a s a l t s e r i e s b a s e d on n o r m a t i v e p l a g i o c l a s e c o m p o s i t i o n 

v e r s u s c o l o u r i n d e x . T h i s p lo t r e f l e c t s the d o m i n a n c e of a l k a l i b a s a l t 

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

47 



T A B L E II 

M A J O R A N D T R A C E E L E M E N T S ( X R F ) 

1 2 3 4 5 6 7 8 

S i 0 2 46 . 52 47 . 66 48. 02 4 9 . 0 9 49. 24 49 . 61 49 . 82 49. 96 
A l 2 O s 16.52 16. 05 15.67 16. 08 16. 82 16. 54 16.52 16. 67 
F e 2 0 3 2. 89 3. 14 2.65 2 .48 2 .48 2. 66 2. 76 2. 54 
F e O 9. 02 9. 77 8. 30 7. 76 7. 75* 8. 30 8.61 7. 94 
M g O 7 .48 5. 84 8. 85 7. 09 5 .69 5. 59 4. 30 6. 30 
C a O 9 .43 9. 93 8. 73 9. 29 8. 77 8. 55 8. 39 8.03 
N a z O 3. 30 3. 25 2. 93 2. 84 3. 87 4. 11 3 .93 3. 86 
K 2 0 1.09 0. 89 1. 32 1.43 2. 14 1. 05 1.57 1.45 
T i 0 2 2. 71 2. 68 2.45 2. 38 2. 15 2. 81 3. 07 2. 24 
M n O 0. 18 0. 19 0. 19 0. 15 0. 18 0. 17 0. 20 0. 18 

0. 80 0. 58 0 .72 0. 97 0. 85 0. 59 0. 78 0. 80 
H 2 G <+> 0. 87 3.4 4. 8 2. 10 2. 22 - -

B a 605 373 650 1132 872 658 618 724 
N b 51 29 61 62 74 55 56 66 
Z r 197 189 253 297 276 271 291 290 
Y 27 32 28 29 , 26 33 42 29 
S r 712 524 654 971 837 558 608 647 
R b 22 13 23 22 48 14 30 30 
Z n 73 100 73 70 82 76 98 80 
C u 62 43 64 71 54 57 49 44 
N i 123 37 125 82 81 39 22 70 
C r 295 56 259 160 257 52 23 107 

(continued) 0 0 
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M A J O R A N D T R A C E E L E M E N T S ( X R F ) 

9 10 11 12 13 14 15 

S i 0 2 5 0 . 6 6 52. 87 51. 86 53. 15 71 60. 41 76. 01 
A 1 2 0 3 16. 56 15.58 16. 90 16, 31 -4. 75 14. 76 13. 20 
F e 2 0 3 2. 84 2 .45 2. 66 2. 39 X o 91 1. 85 0. 22 
F e O 8. 86 7. 65 8. 34 7 .47 6. 02 5. 82 0 .71 
M g O 4 .53 4. 15 3. 70 5. 24 3. 30 3. 15 0. 15 
C a O 7 .79 8. 34 6. 84 7. 05 5 /82 5. 72 0. 21 
N a z O 3. 71 3 .49 4. 10 3.43 3.82 3. 79 4. 33 
K z O 1. 61 2. 53 2. 19 2 .28 2 .56 2. 57 4. 84 
T i O , 2 .25 2. 12 2 .40 1. 86 1.51 1. 50 0. 24 
M n O 0. 20 0. 22 0. 18 0. 17 0. 11 0. 10 0. 01 

0. 93 0 .43 0. 79 0. 50 0. 36 0. 30 0. 03 
H 2 0 (+) 1.49 3 .40 2.4 3. 10 - 1. 30 

B a 721 
N b 65 
Z r 328 
Y 45 
S r 604 
R b 15 
Z n 101 
C u 61 

N i 39 
C r 66 

T o t a l (Anhydrous) 100.14 

605 668 595 
41 74 41 

245 348 245 
35 41 33 

311 619 336 

45 45 44 
86 108 83 
43 38 54 
36 26 34 
98 124 85 

99. 98 100. 17 100. 01 

342 277 93 
80 68 133 

192 187 896 
45 39 61 

325 335 71 
728 734 185 

67 80 12 
28 60 20 
37 30 12 
61 143 32 

100. 07 100. 16 100. 10 

(continued) 



S A M P L E N U M B E R S A N D R O C K N A M E S 

4261 - 6 

4262- 19 

7785- 3 

4261 - 36 

7786- 18 

0788-3 

4262- 20 

4260-2 

1015-6A 

0788-21 

0788-2 

0788- 17 

7788-13 

7788 -13A 

0789- 5A 

A l k a l i B a s a l t 

H i g h A l u m i n a B a s a l t 

T h o l e i i t i c B a s a l t 

T h o l e i i t i c B a s a l t 

A l k a l i B a s a l t 

H a w a i i t e 

H a w a i i t e 

T h o l e i i t e 

T h o l e i i t e 

A n d e s i t e 

Aride site 

T h o l e i i t i c B a s a l t 

A n d e s i t e 

A n d e s i t e 

R h y o l i t e 



T A B L E U ( c o n t ' d . ) 

X R F A N A L Y S E S N n R v!5 

1 2 3 4 5 6 7 8 

Q 0. 0 0. 0 0 .0 0. 0 0. 0 0. 0 0. 0 0 .0 

O r 6.44 5. 25 7. 80 8 .39 12.62 6. 20 9. 29 8. 57 

A b 25. 56 27. 52 24. 74 23. 96 27 .50 34. 72 33. 19 32.65 

A n 27. 01 26. 54 25. 64 26. 75 22 .17 23 .60 22. 78 23. 83 

Ne 1. 28 0 .0 0. 0 0. 0 2. 83 0. 0 0. 0 0 .0 

D i 11.79 15.55 10.38 10. 32 12.85 12. 22 11.26 8.74 

H y 0 .0 2 .99 7.26 15. 65 0 .0 1.90 5. 55 5. 16 

O l 16. 54 11.07 13.37 2. 94 12. 12 10.71 .6.06 11. 11 

M t 4 . 1 9 4 .54 3.84 3 .58 3 .59 3. 85 3. 99 3.67 

II 5.14 5 .08 4 .65 4. 5Q 4 . 0 7 " 5 . 3 4 5.82 4. 25 

A P L 89 1. 36 1. 70 2. 29 2 .00 1. 38 1.84 1. 88 

P y 0. 17 0. 08 0. 62 1.62 0 .25 0 .08 0.21 0. 13 

c ° r 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0 .0 0 .0 



(continued) X R F A N A L Y S E S N O R M S 

9 10 11 12 13 14 15 

Q 0. 0 0. 35 0 .0 1. 10 10. 59 11. 64 31 .42 

O r 9 .48 14.93 12.93 13.45 15.10 15. 16 28. 60 

A b 31.41 29 .48 34 .63 28 .98 32,26 32 .08 36. 63 

A n 23 .76 19. 35 21 .24 22 .34 15.53 15. 66 0. 85 

Ne 0 .0 0 .0 0 .0 0. 0 0 .0 0. 0 0 .0 

D i 7. 26 15. 73 6. 23 7. 58 9. 01 8. 86 0 .0 

H y 15. 18 10. 99 11.93 17. 83 10.57 10.26 0 .93 

O l 2. 17 0. 0 2. 63 0. 0 0 .0 0 .0 0 .0 

M t 4. 11 3. 55 3. 86 3 .46 2. 77 2. 69 -0.32 

II 4. 27 4. 02 4 .56 3. 52 2 .87 2. 85 0 .46 

A p 2. 20 1. 03 1. 86 1. 19 0 .86 *0. 71 0. 07 

P y 0. 15 0. 58 0. 13 0. 55 0.45 0. 09 0. 21 

C o r 0 .0 0. 0 0. 0 0. 0 0. 0 0 .0 0. 52 
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Alkaline Suites 
•St. Helena 
• Tristan 

50 60 

Si02 

K a t ' s J r V n % 4 ) ™' H p a r l ^ p p a * ^ a r t P e a k f v o l c a n 1 c s - boundary after MacDonald and k a t s u r a (1964). o Heart Peaks Formation. © Level Mountain Group. 
in 
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Ankaramite 

40 

An+Ab + 5/ 3 Ne 

F i g . 9 . C l a s s i f i c a t i o n o f Heart Peaks v o l c a n i c s . 
Boundaries a f t e r Irvine and Baragar (1971). 

© Heart Peaks Formation • Level Mountain Group 
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f e l s i c n a t u r e of the r o c k s of the H e a r t P e a k s F o r m a t i o n . 

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

r a t i o s i s n e c e s s a r y w h e n m i c r o p r o b e a n d X R F a n a l y s e s a r e r e p o r t e d 

as o n l y t o t a l i r o n i s a n a l y s e d . T h e m e t h o d adopted h e r e i s to set 

F e + + * A ( F e + + + F e + + + ) = 22. 3 a t o m i c p e r c e n t . 

T h e o c c u r r e n c e of v a r i a b l e a m o u n t s of h o r n b l e n d e b o t h as a 

g r o u n d m a s s phase a n d as p h e n o c r y s t s i n i n t e r m e d i a t e and m a f i c r o c k s 

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

H o r n b l e n d e w i l l not be i n d i c a t e d i n the n o r m , but i t s p r e s e n c e w i l l 

a f f ec t the kf a n d h y p n o r m c o m p o n e n t s . T h e o c c u r r e n c e of m o d a l 

h o r n b l e n d e w i l l t e n d to i n c r e a s e the n o r m a t i v e hyp c o m p o n e n t . T h e 

a p p e a r a n c e of n o r m a t i v e q u a r t z i n i n t e r m e d i a t e r o c k s of the L e v e l 

M o u n t a i n G r o u p a n d a l l r o c k s of the H e a r t P e a k s F o r m a t i o n i s i n 

a g r e e m e n t w i t h the m o d a l a n a l y s e s . 

M a j o r E l e m e n t V a r i a t i o n 

F i g u r e s 10 a n d 11 show the v a r i a t i o n of m a j o r e l e m e n t s a g a i n s t 

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

C a O , T i 0 2 , M g O , a n d P 2 0 5 . T a b l e III c o m p a r e s a b s o l u t e a b u n d a n c e s 

of H e a r t P e a k s b a s a l t a v e r a g e w i t h o t h e r a l k a l i b a s a l t c o m p o s i t i o n s . 

T r a n s i t i o n a l a n d m i l d l y a l k a l i n e b a s a l t f r o m the B a i k a l R i f t a r e a show 

the c l o s e s t o v e r a l l s i m i l a r i t i e s . T h e h i g h TiC>2 content a p p e a r s to be 

d i s t i n c t i v e to H e a r t P e a k s r o c k s . H a w a i i t e s and t r a c h y b a s a l t show 

p r o g r e s s i v e d e p l e t i o n i n t o t a l i r o n , C a O , TiC>2, M g O a n d P2O5 and 
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Fig. 10, Major element variation diaqrams.Heart Peaks volcanics. 
Level Mountain Group 

* Heart Peaks formation 





T A B L E III 

A V E R A G E B A S A L T C O M P O S I T I O N S 

H e a r t P e a k s 

A l k a l i n e B a s a l t 

(7) 

B a s i n and R a n g e 
T r a n s i t i o n a l B a s a l t 

(36) 

B a i k a l G r e g o r y R i f t , K e n y a 
T r a n s i t i o n a l M i l d l y A l k a l i n e B a s a l t 

(7). ( 8) (5) 

St. D e v . 

S i 0 2 46. 23 1. 26 48. 50 46. 67 46. 93 48. 04 
A 1 2 0 3 15.76 0. 88 15. 10 14. 72 16. 28 15. 10 
T i O z 3. 19 0. 28 1. 77 2. 84 2. 11 2. 02 
F e 2 O s 2. 82 0. 37 2. 90 2. 34 4. 76 2. 98 
F e O 8. 84 1. 16 6. 90 9. 89 7. 20 8. 92 
M g O 7. 96 1. 3 7.45 8. 30 7. 84 6. 35 
C a O 9.41 0. 69 9. 50 8. 37 8. 34 12. 60 
N a z O 3.53 0 .46 3. 52 3. 94 3.51 2. 69 
K z O 1. 54 0. 50 1.48 1. 97 1.69 0 .78 

P 2 ° 5 0. 92 • 0. 23 0. 50 0. 36 0. 36 0. 31 

M n O 0. 15 0. 03 0. 15 ' 0. 15 0. 26 0. 20 

T o t a l 100.35 99. 77 99. 55 99. 28 99. 99 

B a i k a l - K i s e l e v et a l . (1978) 

B a s i n & R a n g e - L e e m a n and R o g e r s (1970) 

G r e g o r y R i f t - B a k e r et a l . (1977) 

Uvhv* ui"o* i t wi* i.e.*-. A i ^ 



A V E R A G E B A S A L T C O M P O S I T I O N S 

N O R M S 

H e a r t P e a k s B a s i n and R a n ^ e B a i k a l r „ 
A l k a l i n e B a s a l t T r a n s i t i o n a l B ^ . l t T r a n s i t i o n a l M U d l y A l k a l i n e ^ 

Q 0 .0 o .O 

hy 0 .0 o .O 

° - 0 - 0 .0 0 .0 

9 ' 0 7 8 ' 9 5 11. 71 10. 00 4. 61 

^ 2 1 - 5 5 2 7 - 3 1 17. 80 24 .40 2 2 . 08 

a n " 22. 53 2 i . 5 i 1 6 . 7 3 

m t 4 . 07 4. 30 3.41 

1 1 6 .04 3.44 5 # 4 2 

23. 70 . 26. 83 

4 - 4 5 J ' 7 1 8 .50 2. 90 o .37 

d L 1 4 ' 5 3 1 8 ' 8 0 18.37 i 2 . 30 27. 51 

0 .0 0 .0 

a P 2 - 1 3 1. 19 0. 84 0 80 

0. 0 

0 1 1 5 * 5 3 1 3 ' 7 8 17.21 i 4 . 20 9.70 

6. 90 4. 32 

4. 00 3.84 

0. 72 

o 
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e n r i c h m e n t of K ^ O . T i O £ , C a O and K ^ O show the b e s t c o r r e l a t i o n 

w i t h s i l i c a . C o n s i d e r a b l e s c a t t e r i n N a 2 0 v a l u e s m a y be due to f a c t o r s 

s u c h as l o s s e s d u r i n g a l t e r a t i o n and d u r i n g a n a l y s i s by the e l e c t r o n 

b e a m . 

f h e l a c k of c o m p o s i t i o n s i n the s i l i c a r a n g e 5 0 - 5 4 % i s i n - ' 
9 

d i c a t i v e of s i l i c a gaps s e e n i n m a n y a l k a l i r o c k s e r i e s . T h e s e " D a l y " 

gaps have been s u g g e s t e d to be i n c o m p a t i b l e w i t h a d e r i v a t i o n of the 

l i q u i d s b y f r a c t i o n a l c r y s t a l l i z a t i o n ( M a c D o n a l d et a L , 1970; C h a y e s , 

1963). A c i d i c c o m p o s i t i o n s a r e s c a r c e m a i n l y b e c a u s e of d i f f i c u l t i e s 

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

u n c e r t a i n t i e s r e g a r d i n g the l i n k b e t w e e n the L e v e l M o u n t a i n G r o u p a n d 

the H e a r t P e a k s F o r m a t i o n . S m o o t h m a j o r e l e m e n t t r e n d s i n L e v e l 

M o u n t a i n G r o u p l a v a s , p a r t i c u l a r l y w i t h T i 0 2 , C a O and K 2 0 s u p p o r t a 

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

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

M g O a n d F e O + F e 2 0 3 v a l u e s m a y be p a r t l y due to s e t t l i n g of e a r l y 

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

F i g u r e 12 shows the A F M t r e n d of H e a r t P e a k s v o l c a n i c s i n r e 

l a t i o n to a l k a l i n e t r e n d s at H a w a i i , the H e b r i d e s , T r i s t a n da C u n h a , 

a n d a t y p i c a l t h o l e i i t i c t r e n d . T h e L e v e l M o u n t a i n G r o u p r o c k s p l o t i n 

a r a n g e s i m i l a r to f r a c t i o n a t i o n t r e n d s s een i n o t h e r a l k a l i c c e n t r e s , 

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

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

o x y g e n p r e s s u r e d u r i n g f r a c t i o n a t i o n . H i g h o x y g e n p r e s s u r e w o u l d 
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c a u s e i r o n o x i d e s to c r y s t a l l i z e , c a u s i n g i r o n d e p l e t i o n , w h i l e l o w 

o x y g e n p r e s s u r e s w o u l d f a v o r i r o n e n r i c h m e n t . It has b e e n s u g g e s t e d 

that t h i s m e c h a n i s m h a s a f f e c t e d f r a c t i o n a t i o n t r e n d s i n a l k a l i n e 

v o l c a n i c s of the A s s a b R a n g e of E t h i o p i a (De F i n o et a L , 1973). 

T r a c e_E 1 ernerit s 

T r a c e a n d m a j o r e l e m e n t s have b e e n a n a l y s e d i n 15 r o c k s by 

X - r a y f l u o r e s c e n c e m e t h o d s . 

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

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

p r o c e s s e s ( P e a r c e £nd C a n n , 1973; F l o y d a n d W i n c h e s t e r , 1975; G a s t , 

1968). W i n c h e s t e r and F l o y d (1977) have u s e d i m m o b i l e e l e m e n t s to 

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

u s i i K , .• r es of v a r i a t i o n d i a g r a m s . I m m o b i l e e l e m e n t c o n c e n t r a t i o n s 

( N b , Z r , Y ) f r o m k n o w n v o l c a n i c e n v i r o n m e n t s have been found to show 

d i s t i n c t e n r i c h m e n t p a t t e r n s r e l a t e d to the a l k a l i n i t y of the m a g m a . 

F i g u r e 13 i l l u s t r a t e s that N b / Y r a t i o s of L e v e l M o u n t a i n G r o u p r o c k s 

a r e h i g h , c h a r a c t e r i s t i c of a l k a l i n e r o c k s u i t e s . T h e s i l i c a content i s 

u s e d as an i n d i c a t o r of d i f f e r e n t i a t i o n . T w o s a m p l e s f r o m the H e a r t 

P e a k s F o r m a t i o n p lo t i n the s t r o n g l y a l k a l i n e r a n g e , w h i c h a r e i n c o n 

s i s t e n t w i t h m a j o r e l e m e n t i n d i c a t o r s . F i g u r e 13 a l s o i n d i c a t e s the 

r e l a t i v e c o n s t a n c y of i n t e r - e l e m e n t r a t i o s of the i m m o b i l e e l e m e n t s . 1 

B a r i u m , s t r o n t i u m , and r u b i d i u m a r e p r i n c i p a l l y c o n t r o l l e d by 

f e l d s p a r c r y s t a l l i z a t i o n . If K 2 Q i s u s e d as a n i n d i c a t o r of d i f f e r 

e n t i a t i o n , S r a n d B a c a n be s e e n to be e n r i c h e d i n l i q u i d s to a po int 
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F i g . 13. C l a s s i f i c a t i o n o f v o l c a n i c s using immobile elements. 
o Heart Peaks Formation • Level Mountain Group 

Boundaries a f t e r Winchester and Floyd (1977). 
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w h e r e they bo th b e g i n to be d e p l e t e d b y c r y s t a l l i z a t i o n of p l a g i o c l a s e 

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

the r e s i d u a l l i q u i d s . Z i r c o n i u m shows i n i t i a l e n r i c h m e n t i n b a s a l t i c 

r o c k s . R b / S r r a t i o s a r e s i m i l a r to those t y p i c a l of a l k a l i n e b a s a l t s . 

C h r o m i u m shows a w i d e v a r i a t i o n i n r o c k s of c o m p a r a b l e K 2 0 contents 

as does N i , but i n g e n e r a l K 2 0 r i c h r o c k s a r e s t r o n g l y d e p l e t e d i n 

these e l e m e n t s w h i c h w o u l d be r e m o v e d i n e a r l y phases s u c h as o l i v i n e 

a n d p y r o x e n e : see F i g u r e 14. 

T h e s e t r a c e e l e m e n t p a t t e r n s a r e s i m i l a r to those of a l k a l i n e 

m a g m a s e r i e s of thfe o c e a n i c i s l a n d s , of w h i c h St . H e l e n a i s p a r t i c u l a r l y 

r e p r e s e n t a t i v e . 

S t r o n t i u m ' a n d O x y g e n I so topes 

O x y g e n i s o t o p e s t u d i e s can be i m p o r t a n t i n the study of v o l c a n i c 

r o c k s w i t h r e g a r d s to the r o l e of f r a c t i o n a l c r y s t a l l i z a t i o n , c o n 

t a m i n a t i o n by a s s i m i l a t i o n of c o u n t r y r o c k s , genet i c r e l a t i o n s h i p s 

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

( T a y l o r , 1968). 

In a m a g m a t i c e n v i r o n m e n t , f r a c t i o n a t i o n of o x y g e n i s o t o p e s 

b e t w e e n c r y s t a l s a n d m e l t w i l l be s m a l l b e c a u s e of the t y p i c a l l y h i g h 

t e m p e r a t u r e s i n v o l v e d (800- 1200°C) . N e v e r t h e l e s s , oxygen i s o t o p e 

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

the p r o c e s s of f r a c t i o n a l c r y s t a l l i z a t i o n as has been shown by 

M a t s u h i s a (1973). 

A n i m p o r t a n t o b s e r v a t i o n on p r i m a r y , u n c o n t a m i n a t e d b a s a l t i c 
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r o c k s i s that m a t e r i a l w h i c h i s thought to have b e e n d e r i v e d f r o m the 

m a n t l e t y p i c a l l y shows a £Ol8 va lue of 5. 9%o ( T a y l o r , 1968). C o n 

t i n e n t a l c r u s t , o n the o t h e r h a n d has a w i d e r a n g e of v a l u e s (7. 8 -

10. 2%o f o r g r a n i t i c r o c k s ) . 

The a i m of a n o x y g e n i s o tope study t o u c h e s on t h r e e a s p e c t s of 

the H e a r t P e a k s v o l c a n i c s : 

1) T h e r e l a t i o n s h i p b e t w e e n a c i d a n d b a s i c e r u p t i v e s w i t h 

r e s p e c t to f r a c t i o n a l c r y s t a l l i z a t i o n o r c o n t a m i n a t i o n p r o c e s s e s ; 

2) T h e r e l a t i o n s h i p b e t w e e n h o r n b l e n d e i n c l u s i o n s and t h e i r 

hos t b a s a l t i c r o cks , * 

3) T h e r o l e of H 2 0 i n the m a g m a t i c e n v i r o n m e n t . 

O x y g e n i s o t o p e m e a s u r e m e n t s on r e p r e s e n t a t i v e r o c k t y p e s a n d 

m i n e r a l s f r o m H e a r t P e a k s r o c k s a r e p r e s e n t e d i n T a b l e I V . In c a s e s 

w h e r e the f ine g r a i n e d g r o u n d m a s s of s p e c i m e n s s h o w e d o b v i o u s s i g n s 

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

r e p r e s e n t a t i v e p r i m a r y a n a l y s i s . F o r e x a m p l e , the a n a l y s e d ^ O / ^ O 

r a t i o of s a n i d i n e f r o m s a m p l e T O C s h o u l d c l o s e l y a p p r o x i m a t e the 

w h o l e r o c k v a l u e b e c a u s e s a n i d i n e , w i t h m i n o r q u a r t z , i s the m a j o r 

c o n s t i t u e n t of the r o c k a n d the f r a c t i o n a t i o n f a c t o r b e t w e e n s a n i d i n e 
» 

a n d m e l t i s s i m i l a r to that of q u a r t z (the o n l y o t h e r s i g n i f i c a n t con¬

s t i t u e n t ) . 

T h e tO18 v a l u e s f o r a l k a l i - b a s a l t (5.44%o) a n d a n d e s i t e (6.47%o) 

f a l l w i t h i n the l o w r a n g e t y p i c a l of u n a l t e r e d p r i m a r y b a s a l t . F i g u r e 15 

shows the o x y g e n i s o t o p e data of the H e a r t P e a k s r o c k s c o m p a r e d w i t h 
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T A B L E IV 

S T R O N T I U M A N D O X Y G E N I S O T O P E A N A L Y S E S : 

H E A R T P E A K S V O L C A N I C S 

S a m p l e N o . 

J C 1 1 

0788-12 

4261-19 

7 7 8 8 - 1 3 A 

T O C 

4261-22 

T O C 

N B S 987 

L o c a t i o n and D e s c r i p t i o n 

I n c l u s i o n i n Hawaii te f low 

L e v e l M o u n t a i n G r o u p H o r n b l e n d e 

A l k a l i b a s a l t f low; L e v e l 

M o u n t a i n G r o u p P y r o x e n e 

A l k a l i b a s a l t f low; L e v e l 

M o u n t a i n G r o u p Whole R o c k 

<S0 1 8 %o(SMOW) 

4. 89 

5.44 

A n d e s i t e f low; L e v e l 

M o u n t a i n G r o u p W h o l e R o c k 

R h y o l i t e f r o m H e a r t P e a k s 

F o r m a t i o n Sanidine 

A l k a l i b a s a l t f low; L e v e l 

M o u n t a i n G r o u p 

5. 66 

6.47 

8. 63 

87 86 
S r / S r 

. 7 0 3 4 4 t . 00002 

(393. 18 p p m Sr) 

R h y o l i t e f r o m H e a r t P e a k s 

F o r m a t i o n Whole R o c k . 7 1 1 5 5 ^ . 0 0 0 2 7 

(21. 06 p p m Sr) 

S t a n d a r d : O f f i c i a l value 
M e a s u r e d V a l u e 

.71014 

.71006 t .00010 
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data f r o m n u m e r o u s o t h e r v o l c a n i c c e n t r e s . T h e v a l u e s f o r a v e r a g e 

age u l t r a m a f i c r o c k s a r e s i m i l a r to the b a s a l t range w h i c h m a y i n d i c a t e 

a c o m m o n u p p e r m a n t l e s o u r c e r e g i o n for the b a s a l t a n d u l t r a m a f i c 

r o c k s ( T a y l o r , 1968). 

* T h e s p r e a d i n <£0^ v a l u e s f r o m 5. 6%o i n a l k a l i b a s a l t t h r o u g h 

6. 47%o i n a n d e s i t e to 8. 63%o i n r h y o l i t e a p p e a r s to show a r o u g h c o r 

r e l a t i o n be tween s i l i c a content and O ^ / O 1 ^ r a t i o s . T h e e f f e c t s of 

f r a c t i o n a l c r y s t a l l i z a t i o n on the v a l u e s of c o m a g m a t i c r o c k s u i t e s has 

been d e m o n s t r a t e d by M a t s u h i s a (1973) f o r s e v e r a l r o c k s u i t e s i n J a p a n . 

W h e r e a c o r r e l a t i o n c a n be f ound be tween s o l i d i f i c a t i o n i n d e x (as an 

i n d i c a t o r of f r a c t i o n a l c r y s t a l l i z a t i o n ) and iO^8 v a l u e s , the l v a l u e s f r o m 

the m o s t b a s i c to m o s t a c i d i c r o c k s d i f f e r i n the o r d e r of l % o . In these 

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

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

b e t w e e n l i q u i d a n d c r y s t a l s . T a y l o r ' s data show that ^ O / ^ O r a t i o s of 

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

the la te d i f f e r e n t i a t e s b e i n g e i t h e r s l i g h t l y e n r i c h e d or s l i g h t l y d e p l e t e d 

w i t h r e s p e c t to p a r e n t a l b a s a l t i c m a g m a s . In the a l k a l i n e r o c k s e r i e s 

of J a p a n , the c o r r e l a t i o n b e t w e e n s o l i d i f i c a t i o n i n d e x a n d iO^8 b r e a k s 

down f o r the s i l i c a r i c h a l k a l i n e r h y o l i t e s and t r a c h y t e , w h i l e t h o l e i i t i c 

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

out the s e q u e n c e . In the L e v e l M o u n t a i n R a n g e ( H a m i l t o n and M u e h l e n b a c h 

1977) a c o m p l e x p a t t e r n of ^ O 1 ^ v a l u e s has been found w h e r e p e r a l k a l i n e 

a c i d r o c k s have a w i d e r a n g e f r o m 5. 6%o to 10. 0%o i n c o n t r a s t to h o m o -
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genous v a l u e s ( 5 . 7 - 6 . 5 % o ) f o r b a s a l t i c r o c k s ( H a m i l t o n a n d M u e h l e n b a c h s 

18 

1977). T h e b r e a k d o w n of c o r r e l a t i o n of <fO v a l u e s b e t w e e n b a s i c and 

a c i d r o c k s i n these c a s e s h a s b e e n sugges ted to i n d i c a t e that the a c i d 

r o c k s a r e not r e l a t e d to b a s i c r o c k s by s i m p l e d i f f e r e n t i a t i o n m e c h a n 

i s m s . » 

In the l i g h t of t h e s e e x a m p l e s , i t a p p e a r s that the s p r e a d of 

o x y g e n i s o t o p i c v a l u e s be tween b a s a l t and r h y o l i t e at H e a r t P e a k s (2. 9%o) 

m a y be too h i g h to be a c c o u n t e d for by f r a c t i o n a l c r y s t a l l i z a t i o n m o d e l s . 

R e l a t e d to t h i s p r o b l e m , T a y l o r (1968) has p r o p o s e d s e v e r a l f a c t o r s 

18 16 
w h i c h m a y be r e s p o n s i b l e f o r h i g h O / O v a l u e s i n v o l c a n i c r o c k s : 

> 

18 

1) C r u s t a l a s s i m i l a t i o n of O r i c h c o u n t r y r o c k s ; 

2) C r y s t a l l i z a t i o n and e q u i l i b r a t i o n of a c i d i c m a g m a s i n a h i g h 

P H ^ O e n v i r o n m e n t w h e r e c r y s t a l l i z a t i o n of h o r n b l e n d e o r b i o t i t e i s 

p o s s i b l e ; 

3) F u n d a m e n t a l d i f f e r e n c e s i n the n a t u r e of the p a r e n t m a t e r i a l . 
18 

R o c k s e n r i c h e d i n O a r e m o s t a v a i l a b l e i n a r e a s of c o n t i n e n t a l 

v o l c a n i s m and a r e l i k e l y to have c o n t a m i n a t e d v o l c a n i c s c a u s i n g h i g h 

i c S o / i ^ O r a ^ Q s ^ T h i s m e c h a n i s m i s s u g g e s t e d by T a y l o r (1968) to be 

18 16 

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

U . S . A . c o m p a r e d to o c e a n i c o b s i d i a n s . The o c c u r r e n c e of c r u s t d e r i v e d 

i n c l u s i o n s i n r o c k s of the H e a r t P e a k s F o r m a t i o n i n d i c a t e s the c o n 

t a m i n a t i o n by a s s i m i l a t i o n of these r o c k s m a y have o c c u r r e d but i t s 

extent i s d i f f i c u l t to a s s e s s . 
K a e r s u t i t i c h o r n b l e n d e a p p e a r s to have been f r e e l y c r y s t a l l i z e d 
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i n i n t e r m e d i a t e r o c k s (Sample 7788 -13 ) . S i n c e h o r n b l e n d e i s l o w e r i n 

° 0 than any of the c o m m o n igneous m i n e r a l s e x c e p t m a g n e t i t e , i t s 

c r y s t a l l i z a t i o n i n s i g n i f i c a n t amounts i n a n e n v i r o n m e n t of h i g h Pjj9o 

w o u l d have the e f fec t of e n r i c h i n g the r e s i d u a l l i q u i d s i n * 8 0 , <^0*8 

v a l u e of k a e r s u t i t e i n c l u s i o n s i n b a s a l t i s 4. 89%o. T h e o c c u r r e n c e of 

t h i s m i n e r a l i n d i c a t e s h i g h P h 2 0 c o n d i t i o n s u n d e r m a g m a t i c c o n d i t i o n s . 

T h i s m e c h a n i s m i s s u g g e s t e d by T a y l o r to a c c o u n t f o r h i g h 1 8 0 r a t i o s 

i n c e r t a i n a c i d v o l c a n i c r o c k s of the c o n t i n e n t a l U . S . A . 

S t r o n t i u m i s o t o p i c m e a s u r e m e n t s on b a s a l t f r o m the L e v e l 

M o u n t a i n G r o u p arjd r h y o l i t e f r o m the H e a r t P e a k s F o r m a t i o n g ive 

v a l u e s of 8 7 S r / 8 6 S r = 0 .70344 and 0 .71155 r e s p e c t i v e l y . T h e l o w v a l u e 

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

r o c k s . B a s a l t i c r o c k s i n the L e v e l M o u n t a i n R a n g e have v e r y l o w 

8 7 S r / 8 6 S r r a t i o s i n the range . 7 0 2 5 - . 7044 ( H a m i l t o n , et a h , 1978). T h e 

i s o t o p i c r a t i o of r h y o l i t e ( .71155) h o w e v e r , a p p e a r s to be a n o m a l o u s . 

T h i s r a t i o c o u l d be g e n e r a t e d f r o m an i n i t i a l r a t i o of about . 7034 o n l y 

o v e r a p e r i o d i n the o r d e r of s i x t y m i l l i o n y e a r s . T h i s w o u l d i n d i c a t e a 

m u c h o l d e r age f o r the H e a r t P e a k s F o r m a t i o n than o ther e v i d e n c e 

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

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

c o n t a m i n a t i o n by a s s i m i l a t i o n of 8 7 S r - e n r i c h e d c r u s t a l r o c k s ( P o w e l l 

a n d B e l l , 1974) o r s e c o n d a r y a l t e r a t i o n p r o c e s s e s i n v o l v i n g s t r o n t i u m 

e x c h a n g e . D a t a a v a i l a b l e at p r e s e n t are not s u f f i c i e n t to v e r i f y any of 

these m e c h a n i s m s w h i c h m a y cause h i g h 8 7 S r / 8 ^ S r r a t i o s i n r h y o l i t e . 
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A p p e n d i x C c o n t a i n s e l e c t r o n m i c r o p r o b e * a n a l y s e s of p r i n c i p l e 

m i n e r a l s f ound i n l a v a s of the L e v e l M o u n t a i n G r o u p and the H e a r t P e a k s 

F o r m a t i o n . S o u r c e s of e r r o r i n m i c r o p r o b e a n a l y s e s of t h i n s e c t i o n s <' 

a r e n u m e r o u s a n d m a y not a l w a y s be q u a n t i t a t i v e l y d e t e r m i n e d . C o m m o n 

s o u r c e s of e r r o r i n c l u d e : 

1) O p e r a t o r e r r o r : s l i g h t d e f o c u s s i n g of e l e c t r o n b e a m o r 

p o s i t i o n i n g the e l e c t r o n b e a m too c l o s e to g r a i n b o u n d a r i e s . 

o I n c o r p o r a t i o n of m i n u t e i n c l u s i o n s i n the a n a l y s i s . 

3) S y s t e m a t i c e r r o r s i n count ing s t a t i s t i c s . 

4) I n h o m o g e n e i t i e s due to e x s o l u t i o n o r z o n i n g i n c r y s t a l s . 

5) I n s t a b i l i t y of v o l a t i l e e l e m e n t s u n d e r the e l e c t r o n b e a m 

( p a r t i c u l a r l y N a , K and P ) . 

A n y a n a l y s e s w i t h t o t a l s l e s s than 98% o r g r e a t e r than 102% have 

b e e n n e g l e c t e d . 

F e l d s p a r 

F e l d s p a r , the m o s t abundant c r y s t a l l i n e phase i n the H e a r t P e a k s 

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

m o s t m a f i c r o c k s p l a g i o c l a s e e x i s t s o n l y as a m i n o r g r o u n d m a s s phase 
i 

w h i c h shows v a r i a t i o n i n c o m p o s i t i o n f r o m A n ^ ^ to A n ^ . R a r e g r a i n s 

of a l k a l i f e l d s p a r a r e f ound i n the g r o u n d m a s s but a r e g e n e r a l l y too 

s m a l l to be a n a l y s e d . \ 
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In m e d i u m g r a i n e d s u b o p h i t i c b a s a l t s , e u h e d r a l p l a g i o c l a s e 

c r y s t a l s show s t r o n g z o n i n g v a r y i n g f r o m A n ^ to A n ^ g i n i n d i v i d u a l 

g r a i n s . A l k a l i f e l d s p a r i s a l s o p r e s e n t i n m i n o r q u a n t i t i e s . 

F i n e g r a i n e d h a w a i i t e s o f ten c o n t a i n l a r g e e u h e d r a l f e l d s p a r 

c r y s t a l ' s w h i c h a r e c r o w d e d w i t h p y r o x e n e a n d opaque ox ide i n c l u s i o n s . ^ 

T h e p h e n o c r y s t s have r e l a t i v e l y sod i c r i c h c o m p o s i t i o n s ( A n ^ ) c o m 

p a r e d to c a l c i u m r i c h g r o u n d m a s s f e l d s p a r (An ^^). It i s e v i d e n t that 

thes£ c r y s t a l s do not r e p r e s e n t an e q u i l i b r i u m a s s e m b l a g e w i t h g r o u n d -

m a s s f e l d s p a r s . S o d i c p h e n o c r y s t s m a y have c r y s t a l l i z e d f r o m a 

m a g m a of d i f f e r e n t c o m p o s i t i o n and w e r e m i x e d into the m o r e c a l c i u m 

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

c l e a r , f r e e of i n c l u s i o n s , and p a r t l y e n v e l o p e d by groundmass t i t a n i -

f e r o u s p y r o x e n e . T h e s e p h e n o c r y s t s ( A n 5 g to A n ^ ) appear to be c l o s e 

to b e i n g an e q u i l i b r i u m a s s e m b l a g e w i t h g r o u n d m a s s c r y s t a l s . 

B r o k e n a n d a n g u l a r p h e n o c r y s t s s o m e t i m e s show two d i s t i n c t 

s tages of g r o w t h ; an u n z o n e d c o r e (An. ) a n d a z o n e d r i m (An ) 
54 59 

s e p a r a t e d by a f ine l i n e of opaque i n c l u s i o n s . 

T h e s e m o r p h o l o g i e s suggest a c o m p l e x p r e - e r u p t i v e h i s t o r y 

d u r i n g w h i c h f e l d s p a r s have b e e n c r y s t a l l i z e d and m i x e d into d i f f e r e n t 

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

R o c k s of i n t e r m e d i a t e c o m p o s i t i o n (7788 - 13) a l s o show e v i d e n c e 

of m i x e d f e l d s p a r c o m p o s i t i o n s . G r o u n d m a s s s a n i d i n e (An^ A b ^ g ^ O r ^ 

c o e x i s t s w i t h a n d e s i n e (An^y) and l a b r a d o r i t e m i c r o p h e n o c r y s t s ( A n ^ ) . 

T h e l a b r a d o r i t e i s not l i k e l y to have c r y s t a l l i z e d i n e q u i l i b r i u m w i t h the 
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g r o u n d m a s s . T h e c o m p o s i t i o n of c o e x i s t i n g a n d e s i n e and s a n i d i n e may

be u s e d as a g e o t h e r m o m e t e r . The c u r v e s of S t o r m e r (1975) a r e b a s e d 

on the a l b i t e content of c o e x i s t i n g f e l d s p a r s . It i s r e a s o n a b l e to a s s u m e , 

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

p l a c e ' a t l o w p r e s s u r e . The a l b i t e c o m p o n e n t of the c o e x i s t i n g f e l d s p a r s 

i n d i c a t e c r y s t a l l i z a t i o n at a p p r o x i m a t e l y 870°C f o r h o r n b l e n d e b e a r i n g 

ande s i t e . 

T r a c h y t e f r o m the H e a r t P e a k s F o r m a t i o n (7788-8) c o n t a i n s 

f e l d s p a r s of w i d e l y v a r y i n g c o m p o s i t i o n s . L a b r a d o r i t e (An$i) i s 

m a n t l e d by s a n i d i n e (An^Q A b 2 7 O r ^ ) i n p h e n o c r y s t s w h i c h o c c u r 

as i r r e g u l a r a g g r e g a t e s and a r e often c r o w d e d w i t h opaque i n c l u s i o n s 

a n d a l t e r a t i o n . G r o u n d m a s s o r t h o c l a s e has the c o m p o s i t i o n 

A n i Q A b 2 7 O r ^ 3 a n d show pat ches of e x s o l v e d a l b i t e r i c h f e l d s p a r 

( A n £ Abcjy ^ r 3 7 ^ * L a b r a d o r i t e p h e n o c r y s t s m a y be an e q u i l i b r i u m 

a s s e m b l a g e as p l a g i o c l a s e of t h i s c o m p o s i t i o n ( A ^ q - An^g) i s o f t en 

f ound w i t h a l k a l i f e l d s p a r i n t r a c h y t e s ( R a h m a n and M a c K e n z i e , 1969). 

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

c o m p o s i t i o n to s a n i d i n e i n t r a c h y t e but g e n e r a l l y there i s no c o e x i s t i n g 

p l a g i o c l a s e . 

T h e c o m p o s i t i o n of f e l d s p a r s i s p l o t t e d on the t e r n a r y A n - A b - O r 
i 

d i a g r a m ( F i g u r e 16). T h o u g h i n d i v i d u a l r o c k s show c r y s t a l s w i t h 

r e v e r s e a n d c o m p l e x z o n i n g due to m i x i n g of p h e n o c r y s t s , these a n a l y 

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

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

P y r o x e n e 

P y r o x e n e of a l k a l i o l i v i n e b a s a l t m a g m a i s t y p i c a l l y a s i n g l e 

C a - r i c h c l i n o p y r o x e n e . O r t h o p y r o x e n e o r N a r i c h p y r o x e n e s have not 

b e e n found i n H e a r t P e a k s l a v a s . C l i n o p y r o x e n e c o m p o s i t i o n f r o m 

L e v e l M o u n t a i n G r o u p r o c k s a r e found i n A p p e n d i x B . 

P y r o x e n e f r o m a l k a l i - o l i v i n e b a s a l t s a r e r i c h i n T i 0 2 a n d 

A l ^ O - j . K u s h i r o (I960) a n d V e r h o o g e n (1962) have i n d i c a t e d the s i l i c a 

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

L i q u i d s of l o w s i l i c£ a c t i v i t y w h e r e f e l d s p a r i s s tab le f a v o r the i n 

c o r p o r a t i o n of A l i n both Z and X Y s i t e s i n p y r o x e n e . T a b l e V shows 

c o m p o s i t i o n s of C a - r i c h p y r o x e n e s i n l a v a s of v a r y i n g s i l i c a a c t i v i t y 

c o m p a r e d to a l u m i n a - r i c h p y r o x e n e f r o m h a w a i i t e and a l k a l i - o l i v i n e 

b a s a l t of the L e v e l M o u n t a i n G r o u p . T h e a l u m i n a content of a l k a l i 

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

that i n s t r o n g l y u n d e r s a t u r a t e d l a v a s . A h i g h p e r c e n t a g e of a l u m i n a i s 

thus a l l o w e d i n b o t h Z a n d X Y s i t e s . 

F i g u r e 17 shows p y r o x e n e c o m p o s i t i o n s i n t e r m s of the M g , C a 

a n d F e c o m p o n e n t s . F r a c t i o n a t i o n t r e n d s have a l i m i t e d r a n g e , t y p i c a l 

of p y r o x e n e f r o m a l k a l i b a s a l t l a v a ^ and show u n i f o r m C a e n r i c h m e n t . 

t 
O l i v i n e 

O l i v i n e c o e x i s t i n g w i t h C a r i c h p l a g i o c l a s e and C a , A l - r i c h 

c l i n o p y r o x e n e has a c o m p o s i t i o n of F o g 5 P a i 5 « O l i v i n e c o m p o s i t i o n s 

r a n g e to F 0 5 5 F a 4 5 i n t r a c h y b a s a l t . O l i v i n e i s not as i m p o r t a n t as 
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C O M P O S I T I O N S O F C a - R I C H P Y R O X E N E I N L A V A S O F V A R Y I N G S I L I C A A C T I V I T Y ( F r o m 
C a r m i c h a e l et aJL 1974) C O M P A R E D W I T H P Y R O X E N E F R O M L E V E L M O U N T A I N " G R O U P L A V A S 

O l i v i n e L e u c i t e 
T h o l e i i t e B a s a n i t e 

S i 0 2 5 2 . 4 4 6 . 6 

T i O z 0 . 9 7 1.60 

A 1 2 ° 3 1.77 8 . 6 0 

F e O 9 .80 7 .90 

M n O o. 19 0. 22 

M g O 16 .20 12 .0 

C a O 18 .40 2 2 . 8 

N a 2 ° T o t a l ioi:il 108: S? 
Z S i 1. 942 1. 746 

A 1 . 0 5 8 . 2 5 4 
A i V I 

A 1 . 0 1 9 . 1 2 6 

T i . 0 2 7 . 0 4 5 

X Y F e . 304 . 247 

M " . 006 . 0 0 7 

M g . 8 9 5 . 6 6 7 

C a . 7 3 1 . 9 1 5 
N a . 0 2 3 . 0 2 1 

% A l i n Z 2 . 9 12 .7 

L e u c i t e H a w a i i t e A l k a l i B a s a l t 
P h o n o l i t e L M G L M G 

40 . 3 * 50. 31 4 6 . 16 

2. 43 2 . 4 6 2. 57 

11. 3 2 . 4 6 8. 80 
16. 6 13. 09 6. 97 
0. 56 0. 23 -
5. 30 10. 89 13 .00 

23 . 0 2 0 . 8 3 20 . 92 

i o 8 : o 1 99". § ? 
1. 594 1. 90 1. 72 
. 4 0 6 . 10' . 28 

. 121 . 0 1 . . 10 

. 072 - . 04 . 07 

. 549 . 4 1 . 27 

. 018 . 6 1 . 006 

. 3 1 2 . 008 . 73 

. 975 . 84 . 84 

. 041 . 05 . 06 

20. 3 5. 0 14. 0 
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F i g . 17. Pyroxene compositions in Heart Peaks volcanics. Trend 1 - Black Jack S i l l , 

Trend 2 - Garbh Eilean S i l l , Trend 3 - Skaergaard. • Level Mountain Group. 
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p y r o x e n e as a p h e n o c r y s t p h a s e i n the m o s t m a f i c r o c k s . It i s g e n e r a l l y 

r e s t r i c t e d to the g r o u n d m a s s . 

Opaque O x i d e s 

Opaque o x i d e s a r e a u b i q u i t o u s phase i n a l l r o c k s of the H e a r t 

P e a k s y o l c a n i c s . C h a r a c t e r i s t i c of m o s t a l k a l i b a s a l t s , the r o c k s at 

H e a r t P e a k s l a c k i l m e n i t e . In l i q u i d s of l ow, s i l i c a a c t i v i t y , the f o r 

m a t i o n of t i t a n i f e r o u s p y r o x e n e o c c u r s at the expense of i l m e n i t e , thus 

t i t a n o m a g n e t i t e u s u a l l y f o r m s the o n l y ox ide p h a s e . . T h e absence of two 

c o e x i s t i n g oxides p r e v e n t s the use of the F e - T i o x i d e g e o t h e r m o m e t e r . 

A l k a l i b a s a l ! : h a s b e e n found to c o n t a i n c o r r o d e d f r a g m e n t s of 

a l u m i n o u s s p i n e l . T h e c o m p o s i t i o n of these r a r e f r a g m e n t s f i t s i n the 

s p i n e l - h e r c y n i t e s o l i d s o l u t i o n ( M g , F e ) A L , O^ . T h e f r a g m e n t s a r e 

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

H a g g e r t y (1976) i l l u s t r a t e s that s p i n e l s of t h i s c o m p o s i t i o n a r e t y p i c a l 

of those f ound as x e n o l i t h s i n b a s a l t s , k i m b e r l i t e s a n d a l p i n e - t y p e 

p e r i d o t i t e s ( F i g u r e 18). T h e y m a y r e p r e s e n t a v e r y e a r l y , h i g h p r e s s u r e 

c r y s t a l l i z i n g p h a s e . T h e t i t a n o m a g n e t i t e r i m i n d i c a t e s that c r y s t a l 

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

A m p h i b o l e 

T i t a n i u m - r i c h a m p h i b o l e of the p a r g a s i t e - h a s t i n g s i t e s e r i e s 

( k a e r s u t i t e ) o c c u r s as i n c l u s i o n s i n i n t e r m e d i a t e a n d b a s a l t i c f l o w s , a 

p r i m a r y phase of g a b b r o i c i n c l u s i o n s , and as a g r o u n d m a s s phase i n 

i n t e r m e d i a t e l a v a s . A m p h i b o l e c o m p o s i t i o n g e n e r a l l y cannot be c o r r e 

l a t e d w i t h m a g m a c o m p o s i t i o n s , and k a e r s u t i t e i n p a r t i c u l a r has b e e n 
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Fig. 18. Composition and occurrence of spine? in volcanics. <o]id c i rc le ' 
indicates composition of spinel in sample 4261-19. (Haggerty, 1976). 
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k n o w n to o c c u r i n a w i d e r a n g e of m a g m a t y p e s ( C a r m i c h a e l et a l . , 

1974). T h e c o m p o s i t i o n of k a e r s u t i t e n o d u l e s f o u n d i n L e v e l M o u n t a i n 

G r o u p b a s a l t i s s i m i l a r to n e p h e l i n e n o r m a t i v e a l k a l i b a s a l t . T h e 

abundance a n d d i s t r i b u t i o n of k a e r s u t i t e i n c l u s i o n s i n L e v e l M o u n t a i n 

G r o u p r o c k s i n d i c a t e s c o n d i t i o n s of h i g h P p ^ O w h i c h a r e n e c e s s a r y f o* 

the c r y s t a l l i z a t i o n of a h y d r o u s m i n e r a l . T h i s p h a s e m a y have c r y 

s t a l l i z e d f r e e l y at s o m e stage and m a y have c a u s e d c o n t a m i n a t i o n of 

s o m e l a v a s b y s i n k i n g a n d r e s o r p t i o n . E a r l y c r y s t a l l i z a t i o n and r e 

s o r p t i o n of h o r n b l e n d e h a s been sugges ted to r e s u l t i n the i n c r e a s e i n 

the m a f i c c o m p o n e n t of i n t e r m e d i a t e and f e l s i c l a v a s and a l l o w an 

u n d e r s a t u r a t e d c o n d i t i o n to cont inue i n the m a g m a (Bjowen, 1928; 

B e n s o n , 1939). In t h i s c a s e , i f h o r n b l e n d e h a d c r y s t a l l i z e d f r o m 

i n t e r m e d i a t e l a v a s , the r e m a i n i n g l i q u i d w o u l d t e n d to become o v e r -

s a t u r a t e d . S i n c e t h e s e m e c h a n i s m s a r e v e r y d i f f i c u l t to eva luate i t 

s h o u l d be n o t e d that the i m p o r t a n c e of h o r n b l e n d e c r y s t a l l i z a t i o n i s as 

an i n d i c a t o r of P h ? 0 c o n d i t i o n s i n the i n t e r m e d i a t e m a g m a c o m p o s i t i o n s 
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P E T R O G E N E S I S 

P a r t i a l f u s i o n a n d f r a c t i o n a l c r y s t a l l i z a t i o n a r e the m o s t r e l e 

vant m e c h a n i s m s thought to be r e s p o n s i b l e f o r the o r i g i n and d i v e r s i t y 

of m a g m a t i c l i q u i d s . T h e fac t that s o m e d e g r e e of p a r t i a l f u s i o n of 

a p p r o p r i a t e p a r e n t a l m a t e r i a l m u s t be r e s p o n s i b l e f o r i n i t i a l m a g m a 

g e n e r a t i o n i s a c c e p t e d , h o w e v e r the extent to w h i c h p a r t i a l f u s i o n , as 

o p p o s e d to f r a c t i o n a l c r y s t a l l i z a t i o n , c o n t r o l s the v a r i a t i o n of e r u p t e d 

m a g m a c o m p o s i t i o n s m u s t be c o n s i d e r e d . Y o d e r (1973) and C h a y e s 

(1977) sugges t that the m e c h a n i s m of p a r t i a l f u s i o n m a y be a p p l i c a b l e 

to the p r o d u c t i o n of c o n t e i n p o r a n e o u s m a g m a s of w i d e l y v a r y i n g c o m 

posite w i t h o u t a c o n t i n u u m of i n t e r m e d i a t e l i q u i d s . D e s p i t e the 

d i s p u t e o v e r the e x i s t e n c e of ' D a l y ' gaps ( B a k e r , 1968) the m e c h a n i s m 

of p a r t i a l f u s i o n has been a t t r a c t e d to s u i t e s of a l k a l i n e v o l c a n i c s w h i c h 

o f ten a p p e a r to show a d i s t i n c t b i m o d a l d i s t r i b u t i o n of m a g m a c o m 

p o s i t i o n s . P r e s n a l l (1969) a n d Y o d e r (1973) have p r e s e n t e d m o d e l f o r 

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

l i q u i d s f r o m a q u a r t z n o r m a t i v e p a r e n t a n d suggest that t h i s m e c h a n i s m 

m a y be a p p l i c a b l e to u n d e r s a t u r a t e d p a r e n t a l r o c k s . 

i 

S o m e a d v o c a t e s of f r a c t i o n a l c r y s t a l l i z a t i o n m o d e l s f o r a l k a l i n e 

r o c k s u i t e s have q u e s t i o n e d the e x i s t e n c e of ' D a l y 1 gaps ( B a k e r , 1968; 

C a n n , 1968). B a k e r et a l . , (1977) a t t r i b u t e the a p p a r e n t b i m o d a l f r e 

q u e n c y of b a s i c a n d f e l s i c c o m p o s i t i o n s to the e f f i c i e n c y of a b a s a l t i c 

83 
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p a r e n t to p r o d u c e t r a c h y t e . T h e t r a c h y t i c l i q u i d s , w h i c h have f o r m e d 

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

r e l a t i v e l y l o w s p e c i f i c g r a v i t y . M a s s b a l a n c e equat i ons f o r m a j o r e l e 

m e n t c o m p o s i t i o n s and R a y l e i g h l a w m o d e l l i n g of t r a c e e l e m e n t contents 

s u p p o r t f r a c t i o n a l c r y s t a l l i z a t i o n as the d o m i n a n t m e c h a n i s m i n . the 

E a s t A f r i c a n R i f t l a v a s ( B a k e r et a l . , 1977) a n d i n the R a i n b o w R a n g e 

v o l c a n i c s of w e s t - c e n t r a l B r i t i s h C o l u m b i a ( B e v i e r , 1978). 

I n o r d e r to a s s e s s the r e l a t i v e i m p o r t a n c e of f r a c t i o n a l c r y s t a l 

l i z a t i o n v e r s u s p a r t i a l f u s i o n p r o c e s s e s on the b a s i s of m a j o r e l e m e n t s , 

a r e p r e s e n t a t i v e fsui te of both l i q u i d a n d r e s i d u a l c r y s t a l phases i s 

n e c e s s a r y . P r e s n a l l (1969) i n d i c a t e s that f r a c t i o n a l f u s i o n w i l l p r o d u c e 

a d i s c o n t i n u o u s l i q u i d s e r i e s a n d a c o n t i n u o u s r e s i d u a l c r y s t a l s e r i e s , 

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

a n d a d i s c o n t i n u o u s r e s i d u a l c r y s t a l s e r i e s . A t H e a r t P e a k s t h e r e 

a p p e a r s to be a c o n t i n u o u s s e r i e s of l i q u i d c o m p o s i t i o n s as seen i n 

o x i d e v a r i a t i o n d i a g r a m s . If c o a r s e g r a i n e d i n c l u s i o n s found i n H e a r t 

P e a k s and L e v e l M o u n t a i n G r o u p l a v a s r e p r e s e n t the r e s i d u a l c r y s t a l s 

a f t e r f r a c t i o n a l c r y s t a l l i z a t i o n , t h e n the c o m p o s i t i o n s of these cognate 

i n c l u s i o n s m a y be as i m p o r t a n t as the l i q u i d c o m p o s i t i o n s , as r e f l e c t e d 

i n the a n a l y s e s of f lows,- i n d e t e r m i n i n g how the r e s i d u a l c r y s t a l s e r i e s 

v a r i e s . 1 

T r a c e e l e m e n t s m a y be the m o s t u s e f u l e v i d e n c e i n f o r m u l a t i n g 

m o d e l s f o r the d e r i v a t i o n of b a s a l t i c l i q u i d s ( B a k e r , 1977; F e r r a r a a n d 

T r e u i l , 1974; G a s t , 1968). G a s t (1968) has s h o w n that h i g h abundances 
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of the l a r g e c a t i o n s , R b , S r , B a and Z r w h i c h a r e t y p i c a l of a l k a l i n e 

m a g m a s w o u l d be p r o d u c e d b y s m a l l d e g r e e s (3-7%) of p a r t i a l m e l t i n g 

of p e r i d o t i t i c m a n t l e . A l k a l i b a s a l t of the L e v e l M o u n t a i n G r o u p c o n 

t a i n h i g h a b u n d a n c e s of the l a r g e - i o n l i t h o p h i l e e l e m e n t s c o m p a r e d to 

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

C o n t i n u o u s m a j o r a n d t r a c e e l e m e n t v a r i a t i o n s i n r o c k s of the 

L e v e l M o u n t a i n G r o u p s u p p o r t a f r a c t i o n a l c r y s t a l l i z a t i o n m o d e l . T h e 

m o s t abundant m a f i c m a g m a c o m p o s i t i o n , a l k a l i b a s a l t , i s a l i k e l y 

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

by f r a c t i o n a l c r y s t a l l i z a t i o n . M a f i c a n k a r a m i t e m a y be the r e s u l t of 

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

c r y s t a l l i z i n g p h a s e s . E a r l y c r y s t a l l i z a t i o n of these p h a s e s w o u l d c a u s e 

i n i t i a l e n r i c h m e n t i n r e s i d u a l l i q u i d s of R b , B a , S r and Z r as s een i n 

F i g u r e 15. M a j o r e l e m e n t s r e f l e c t t h i s i n the d e p l e t i o n of C a , M g a n d 

T i i n r e s i d u a l l i q u i d s . T h e s c a t t e r of p o i n t s i n the M g O and F e O v e r s u s 

S i O ? d i a g r a m s m a y i n d i c a t e s e t t l i n g and m i x i n g of o l i v i n e p h e n o c r y s t s 

i n h a w a i i t e a n d t r a c h y b a s a l t . A f t e r p y r o x e n e and o l i v i n e , c r y s t a l l i 

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

b a s a l t , r e v e r s i n g i t s i n i t i a l e n r i c h m e n t i n the r e s i d u a l l i q u i d s . B a w a s 

r a p i d l y d e p l e t e d w i t h the onse t of a l k a l i f e l d s p a r c r y s t a l l i z a t i o n . R b , K 
i 

a n d N a cont inue to be e n r i c h e d i n r e s i d u a l l i q u i d s . A p p a r e n t d i s 

e q u i l i b r i u m f e l d s p a r a s s e m b l a g e s m a y i n d i c a t e that m i x i n g of e a r l y 

f o r m e d c r y s t a l s w i t h m o r e o r l e s s e v o l v e d l i q u i d s has o c c u r r e d . 

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

p a l c o n s t i t u e n t s of L e v e l M o u n t a i n G r o u p e r u p t i v e r o c k s . R a r e a l u 

m i n o u s s p i n e l i n c l u s i o n s m a y r e p r e s e n t a cognate phase w h i c h 

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

I n t e r m e d i a t e and S i l i c i c M a g m a s 

The o c c u r r e n c e of a l k a l i n e and s u b a l k a l i n e s i l i c i c l a v a s i n the 

s a m e v o l c a n i c p r o v i n c e i s a p r o b l e m d i s c u s s e d by E w a r t e£ a l . , (1976) 

f o r the a s s o c i a t i o n of m e t a l u m i n o u s and p e r a l k a l i n e r h y o l i t e s i n e a s t e r n 

A u s t r a l i a , a n d b y K i s e l e v et a l . , (1978) f o r c o n t e m p o r a n e o u s a l k a l i n e 

a n d t h o l e i i t i c r o c ^ s i n the B a i k a l R i f t . D i f f e r i n g m a g m a t y p e s have b e e n 

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

( K i s e l e v et a l . , 1978) f r a c t i o n a l c r y s t a l l i z a t i o n m o d i f i e d by c r u s t a l 

c o n t a m i n a t i o n , o r m e l t i n g of d i f f e r e n t s o u r c e r o c k s ( E w a r t et a l . , 1976). 

I n t e r m e d i a t e r o c k s of the L e v e l M o u n t a i n G r o u p and s i l i c i c r o c k s 

of the H e a r t P e a k s F o r m a t i o n have t r a n s i t i o n a l to s u b a l k a l i n e c o m 

p o s i t i o n s c o m p a r e d to c o n s i s t e n t l y a l k a l i n e m a f i c c o m p o s i t i o n s i n the 

L e v e l M o u n t a i n G r o u p . R e p r e s e n t a t i v e a n a l y s e s of s i l i c i c r o c k s a r e 

l a c k i n g m a i n l y due to d i f f i c u l t i e s i n s a m p l i n g these h i g h l y a l t e r e d r o c k s . 

S i l i c a v a l u e s have been a f f e c t e d m o s t i n the a l t e r e d r o c k s w h e r e they 

a r e u n r e a l i s t i c a l l y h i g h . ' T h i s l a c k of r e p r e s e n t a t i v e c o m p o s i t i o n s 

m a k e s the l i n k b e t w e e n the r o c k s of the L e v e l M o u n t a i n G r o u p and the 

H e a r t P e a k s F o r m a t i o n o b s c u r e . T h e o r i e s f o r the g e n e r a t i o n of c o n 

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

d i f f e r e n t s o u r c e r o c k s a n d the t a p p i n g of m a g m a r e s e r v o i r s c o n t a i n i n g 
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c o n t r a s t i n g m a g m a t y p e s a l l p r e s u p p o s e the e x i s t e n c e of m a g m a s of 

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

f r a c t i o n a l m e l t i n g a r e m e c h a n i s m s w h i c h w i l l e x t e n d the l i q u i d l i n e of 

d e s c e n t . F a c t o r s s u c h as h i g h p r e s s u r e f r a c t i o n a t i o n , H2O content , 

o x y g e n a c t i v i t y a n d t e m p e r a t u r e c o n d i t i o n s i n i n t e r m e d i a t e m a g m a s 

m a y g ive c o n s i d e r a b l e scope i n the d e v e l o p m e n t of r e s i d u a l s i l i c i c T 

l i q u i d s . 

O x y g e n i s o t o p e data i n d i c a t e s that c r u s t a l c o n t a m i n a t i o n cannot 

be a s i g n i f i c a n t f a c t o r a f f e c t i n g m a f i c o r s i l i c i c m a g m a s at H e a r t P e a k s . 

In the l i g h t of i n f o r m a t i o n f r o m E d z i z a and the R a i n b o w Range i n 

B r i t * : C o l u m b i a , a f r a c t i o n a l c r y s t a l l i z a t i o n m e c h a n i s m s e e m s to be 

a p p l i c a b l e to the H e a r t P e a k s v o l c a n i c s . I n v e s t i g a t i o n of h i g h p r e s s u r e 

m e g a c r y s t s and c u m u l a t e s i n the H e a r t P e a k s v o l c a n i c s m a y p r o v i d e 

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

f a c t o r r e s p o n s i b l e f o r the e x i s t e n c e of bo th a l k a l i n e and s u b a l k a l i n e 

c o m p o s i t i o n s . 

O x y g e n and S t r o n t i u m I s o t o p e s 

18 

SO v a l u e s f o r b a s a l t i n the o r d e r of 5%o a r e i n d i c a t i v e of u n c o n -

t a m i n a t e d m a n t l e d e r i v e d b a s a l t i c m a t e r i a l ( T a y l o r , 1968). H i g h O 1 ^ 

v a l u e s f o r r h y o l i t e m a y i n d i c a t e h i g h w a t e r contents d u r i n g the c r y 

s t a l l i z a t i o n of i n t e r m e d i a t e a n d s i l i c i c m a g m a s w h e n e q u i l i b r a t i o n cc\uld 
1 ft 

o c c u r b e t w e e n the m a g m a a n d ' O 0 r i c h w a t e r . 
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T h e S r / S r r a t i o of 0 . 70344 f o r a l k a l i b a s a l t i s another i n 

d i c a t o r that b a s a l t w a s d e r i v e d f r o m a m a n t l e s o u r c e a n d i s una f fec ted 
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by c r u s t a l c o n t a m i n a t i o n , h o w e v e r , the h i g h i s o t o p i c r a t i o i n r h y o l i t e 

r e q u i r e s that s o m e c o n s i d e r a t i o n be g i v e n to a l t e r a t i o n and c o n t a m i n 

a t i o n m e c h a n i s m s . 

t 



C H A P T E R I X 

C O N C L U S I O N S 

T h e geo l ogy of the l a t e C e n o z o i c v o l c a n i c s of the H e a r t P e a k s 

p l a t e a u i s d o m i n a t e d by two c o m p o s i t i o n a l l y d i s t i n c t r o c k u n i t s . 

B a s a l t i c to i n t e r m e d i a t e r o c k s of the L e v e l M o u n t a i n G r o u p , w h i c h a r e 

t e x t u r a l l y a n d c o m p o s i t i o n a l l y s i m i l a r to the b a s a l t i c r o c k s i n the 

L e v e l M o u n t a i n R a n g e to the e a s t , have b u i l t a f l a t - l y i n g s u c c e s s i o n 

u n c o n f o r m a b l y above d e f o r m e d and m e t a m o r p h o s e d , p r e - C e n o z o i c 

s e d i m e n t a r y and v o l c a n i c r o c k s . The H e a r t P e a k s F o r m a t i o n i s c o m -
t 

p o s e d of s i l i c i c f l o w s and p y r o c l a s t i c r o c k s e r u p t e d i n the same t i m e 

i n t e r v a l as r o c k s of the L e v e l M o u n t a i n G r o u p . T h e a s s o c i a t i o n of 

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

e r u p t i v e c e n t r e s of n o r t h e r n B r i t i s h C o l u m b i a s u c h as the L e v e l 

M o u n t a i n c e n t r e e a s t of H e a r t P e a k s and the E d z i z a Range to the south . 

S i l i c i c r o c k s at H e a r t P e a k s , h o w e v e r , do not show the s t r o n g l y e n 

r i c h e d a l k a l i n e c h e m i s t r y and m i n e r a l o g y t y p i c a l of the E d z i z a and 

L e v e l M o u n t a i n c e n t r e s . T h e m i n e r a l o g y and c h e m i s t r y of the s i l i c i c 

r o c k s of the H e a r t P e a k s F o r m a t i o n i s d i s t i n c t l y n o n - p e r a l k a l i n e . 

V o l c a n i c r o c k s of the H e a r t P e a k s a r e a show c h a r a c t e r i s t i c s of 

the a l k a l i o l i v i n e b a s a l t s e r i e s c o m m o n to n u m e r o u s c e n t r e s a r o u n d the 
t 

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

t e n s i o n a l t e c t o n i c e n v i r o n m e n t s has been e m p h a s i z e d , p a r t i c u l a r l y w i t h 

r e s p e c t to C e n o z o i c v o l c a n i s m . C o m p a r i s o n s of m a g m a a s s o c i a t i o n s 
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a n d g e o p h y s i c a l c h a r a c t e r i s t i c s of w e l l k n o w n v o l c a n i c c e n t r e s w i t h 

H e a r t P e a k s and n o r t h e r n B r i t i s h C o l u m b i a i n g e n e r a l r e v e a l s n u m e r 

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

r e g i m e i n n o r t h e r n B r i t i s h C o l u m b i a . 

T h o u g h v o l c a n i s m at H e a r t P e a k s i s c l o s e l y r e l a t e d i n space a n d 

t i m e w i t h r o c k s of the L e v e l M o u n t a i n a n d M o u n t E d z i z a R a n g e s of 

n o r t h e r n B r i t i s h C o l u m b i a , the o c c u r r e n c e of n o n - p e r a l k a l i n e i n t e r 

m e d i a t e a n d s i l i c i c r o c k s i n the H e a r t P e a k s F o r m a t i o n i s an i m p o r t a n t 

e x c e p t i o n to the c o m p o s i t i o n a l t r e n d s of l a t e C e n o z o i c v o l c a n i c s i n the 

S t i k i n e b e l t of n o r t h e r n B r i t i s h C o l u m b i a . 

P e t r o g r a p h y of l a v a s shows t e x t u r e s t y p i c a l of f l u i d , f i s s u r e 

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

s i l i c i c e r u p t i v e s i s r e f l e c t e d by t h e i r o c c u r r e n c e as s teep s i d e d d o m e s 

c o m p o s e d of g l a s s y a n d p o r p h y r i t i c f l o w s and f ine g r a i n e d p y r o c l a s t i c s . 

S i m i l a r i t i e s i n m i n e r a l o g y a m o n g the e r u p t i v e s e r i e s and the c o a r s e 

g r a i n e d i n c l u s i o n s a n d m e g a c r y s t s i l l u s t r a t e s a genet i c l i n k for these 

s u i t e s . 

M i n e r a l o g i c a l v a r i a t i o n s i n the L e v e l M o u n t a i n G r o u p c a n be 

s een i n the c o n t i n u o u s v a r i a t i o n of p l a g i o c l a s e f e l d s p a r s f r o m A n ^ g to 

A n ^ 3 . O l i v i n e shows a w i d e c o m p o s i t i o n a l v a r i a t i o n f r o m F o g 5 F a j ^ to 
i 

F o 5 5 F a 4 5 . C a - r i c h p y r o x e n e c o m p o s i t i o n s show a r e s t r i c t e d c o m 

p o s i t i o n a l range t y p i c a l of the a l k a l i o l i v i n e b a s a l t s e r i e s i n g e n e r a l , 

k a e r s u t i t e m e g a c r y s t s a r e s i m i l a r i n c o m p o s i t i o n to a m p h i b o l e f ound 

as a m a j o r g r o u n d m a s s phase i n a n d e s i t e . In the H e a r t P e a k s F o r m a t i o n , 



91 

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

hyte c o n t a i n s o r t h o c l a s e s h o w i n g e x s o l u t i o n of an a l b i t e - r i c h phase i n 

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

a n d c o m p l e x z o n i n g i n f e l d s p a r s i n d i c a t e s s o m e degree of m i x i n g of 

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

of a c t i v i t y . 

M a j o r a n d t r a c e e l e m e n t v a r i a t i o n s a r e s u g g e s t e d to be due to a 

f r a c t i o n a l c r y s t a l l i z a t i o n p r o c e s s . T h e e f fect of p a r t i a l m e l t i n g 

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

e f f ec ts w h e n erupt j ive p r o d u c t s o n l y a r e be ing c o n s i d e r e d , but the c l o s e 

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

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

k n o w n . 

W h i l e a m a n t l e d e r i v a t i o n f o r a l k a l i b a s a l t m a g m a i s s u g g e s t e d 

by o x y g e n a n d s t r o n t i u m i s o t o p e v a l u e s , s p e c u l a t i o n on the o r i g i n of 

r h y o l i t e f r o m the H e a r t P e a k s F o r m a t i o n r e q u i r e s m o r e e x t e n s i v e 

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

M i n e r a l o g i c a l a n d c h e m i c a l d i f f e r e n c e s be tween s i l i c i c r o c k s at 

H e a r t P e a k s and those at o t h e r c e n t r e s i n the S t i k i n e B e l t m a y i n d i c a t e 

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

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

be c o n s i d e r e d i n any f u r t h e r s tudy of the v o l c a n i c r e g i m e of n o r t h e r n 

B r i t i s h C o l u m b i a . 
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1 2 3 

S i 0 2 4 4 . 5 5 45 . 9 5 45.93 46.20 

T i 0 2 3.54 3.48 4.10 3.10 

A , 2 ° 3 
14.88 15.43 15.69 15.34 

F e 2 0 3 2 . 5 9 3.48 3.18 2.90 

FeO 8.13 11.12 9-97 9.09 

MnO 0.12 0.19 0.17 0.16 

MgO 9.24 5.76 5.53 8.25 

CaO 10.60 9-52 9 . 2 5 9.43 

Na 20 3-33 3.28 3 . 7 9 3.20 

K 20 1 .88 0 . 8 5 1.05 1.12 

P 2 ° 5 
1.09 0.63 1.03 0.84 

Total 99-95 99.70 99.60 99.71 

Q - - - -

or 11.13 4 . 8 7 6.21 6.65 

ab 11.96 21.21 28.62 25.00 

an 20.11 23-70 23.52 24 .27 
ne 8.79 3.07 1 .87 1.18 

di 20.30 14,68 12 .75 13 .87 
hy - - - -

ol 14.69 19.62 12.22 16.94 

mt 3.76 5.03 4.61 4.22 

i l 6 .73 6.40 7 . 7 9 5.91 

ap - 1.42 2.39 1.96 

5 . 6 7 8 9 

47.89 

2.93 

16 .23 

2.47 

7.75 

0.11 

6.99 

8.91 

4.01 

0.94 

0 . 8 0 

99.03 

5.61 

31.78 

23.74 , 

1.35 

12.58 

13 .82 

3.62 

5.61 

1 .86 

47.10 

3.07 

16.72 

2.73 

8.56 

O.ft 

6.97 

8.97 

3.41 

1.75 

0.74 

99.60 

10.35 

24.74 

25.94 

2.23 

11.13 

14.08 

3.96 

5.83 

1.72 

47.67 

3.13 

16.45 

2.90 

9.10 

0.16 

5.52 

10.09 

2.92 

1.14 

0.74 

99.83 

6.75 

24.71 

28.56 

14.00 

8.01 

6.06 

4.21 

5.95 

1.72 

47.80 

1.10 

21.25 

2.74 

8.59 

0.11 

6.18 

8.63 

3.10 

0.28 

0.11 

99 .91 

1.66 

26.26 

42.15 

11 .67 

11.71 

3.77 

2.09 

0.26 

47.41 

3.37 

17.26 

2.75 

8.60 

0. i 2 

5.16 

9.02 

3.48 

1.15 

1.36 

99.68 

6.80 

30.30 

27.64 

6.69 

7.00 

8.01 

3.99 

6.40 

3.16 



K) 11 12 13 14 

s i o 2 47.34 47.83 

T i 0 2 3.08 2.12 

A 1 2 0 3 15.66 15.38 

F e 2 0 3 3.24 2.90 

FeO 10.15 9.20 

MnO 0.17 0.12 

MgO 4.82 9.24 

CaO 9.62 9.00 

Na 20 3.66 3.02 

K 20 • 1.17 0.98 

P 2 ° 5 

0.68 0.39 

Total 99.60 100.21 

Q - -
or 6.93 5.86 

ab 27.93 25 . 2 4 
an 22.44 25.51 

ne 2.13 0.31 

di 17.65 13 .77 
hy - -
ol 10 .77 20.07 

mt 4.71 4.25 

i l 5.86 4.07 

ap 1.58" 0.91 

47.55 48 . 2 9 48.62 

2.98 3 . 0 9 2.94 

16.26 16.55 15.77 

2.66 2.70 2.99 

8.30 8.25 9.39 

0 . 1 9 0.14 0.14 

7.84 6.21 5.21 

9.50 8.31 8.54 

3-58 3.71 4.10 

1 .92 1.93 0.96 

- 1.22 0.73 

100.78 100.40 99.39 

11 .29 11.42 5.68 

17.03 30.84 34.69 

22.49 22.53 22.34 

7.08 0.30 -
19-62 8.68 13-91 

- - 1.00 

13.01 13.76 11.74 

3 . 8 3 3.77 4.34 

5.63 5.87 5.58 

- 2.83 1.69 

15 18 19 20 

48.54 48. ?. 49 .44 48.50 48 . 9 5 4 9 . 0 9 
2.64 2 . 8 8 2.42 2 . 4 3 2 . 8 5 2 . 2 9 

16 .72 16 .50 16.46 17.57 16 .35 17-72 

2.57 2 . 5 5 2.42 2 . 3 4 2 . 5 8 3 . 1 2 
8.04 8 . 0 0 7 . 6 0 7 . 2 8 8 . 0 7 9 . 7 3 
0.11 ^ 0 . 1 7 0.14 0.14 0 . 1 5 0.12 

6 . 0 7 5 . 8 7 6 . 0 5 5.01 7.77 5.71 
9 . 0 3 8 . 8 2 7 . 9 2 8 . 7 6 9 . 6 5 8 . 3 4 
3.72 3 . 3 6 4 . 1 3 4 . 6 2 2.75 3 . 3 0 
1.65 1.82 2.41 2 . 5 6 1.74 1 .45 
0.81 0 . 8 5 0 . 7 5 - - -

9 9 . 9 0 9 9 . 8 0 9 9 . 7 3 99.21 100.85 100.87 

9.77 10.79 14 .29 .15.26 10.20 8 . 5 0 
28.74 2 8 . 4 9 27 .61 17.71 23.07 2 7 . 6 8 

24 .07 24.59 19-31 19.80 2 6 : 9 0 29.00 

1,50 - • 4 . 0 3 11.75 - -
12.55 11.12 13 .26 19.55 16 .57 9 . 8 7 

- 4 . 4 3 - - 0 . 6 3 3 . 1 5 
12.71 9.41 12.61 7.84 13 .53 12.97 

3 . 7 3 3-71 3 . 5 2 3.42 3-71 4 . 4 9 
5 . 0 2 5.48 4.61 4 . 6 5 5.37 4 .31 
1.88 1.98 1.74 - - -



2J 22 23 24 25 

s i o 2 50.64 52.50 52.06 54 .78 59 .00 

T i 0 2 1 .62 2.53 1.93 1 .36 1 .45 

A , 2 ° 3 
16.62 16 .85 18.20 16 .75 16 .26 

F e 2 0 3 2.45 2.17 2.13 1.84 1 .60 

FeO 7.66 6 . 7 8 6.66 5 .78 5 .02 

MnO 0.15 0.27 0.14 0.09 0 .06 

MgO 5.19 3.47 5.41 3 . 8 6 2 • 93 
CaO 7.69 8.71 9 . 2 3 8.21 5 .55 
Na 20 4.20 4.18 3-96 4.16 4 .60 

K 20 1.81 3 . 1 9 1.34 2.55 2 .73 

P 2 ° 5 
0.84 - - 0.55 0 .58 

Total 98.97 100.65 101.06 99-93 99 .78 

Q - - - - 6 .52 

or 10 .73 18 .75 7.84 15.09 16 .21 

ab 35.60 26.18 33.15 35.22 38 92 
an 21.18 17.67 27 . 6 3 19.51 15 .62 

ne - 4 . 8 5 - -

d i 9.17 20.74 14 .35 14.45 6 65 

hy 6.00 - 1.06 8.14 9. 64 

ol 4 . 5 7 3 . 8 9 9.26 1.03 

mt 5 . 8 9 3.13 3.06 2.67 2. 32 

; l 4 . 8 7 - ^ 7 7 3.63 2.59 2. 75 
ap 1.96 - - 1 .28 1 . 35 

26 27 28 29 30 

62.94 64.35 71.75 71 . 8 3 71.75 

0.84 0 . 8 3 0.17 0 . 2 9 - 0.16 

16.24 16 .80 15.33 17.11 16.10 

1 .38 1 .03 0.30 0.12 0.15 

4.32 3 . 2 3 0.61 0.70 0.46 

0.13 o;a? - - -
0 . 8 0 0.26 - - -
2 . 3 2 1 .66 0.05 - 0.40 

5.47 5.76 4.49 3.81 5.02 

4.79 4.89 7.01 7.14 5-65 

0.29 0.40 0.17 - -
99-52 99.48 99.88 101.10 99.67 

5.73 7.44 18.88 21.77 19.90 

28.52 2 9 . 0 8 41.47 41 . 8 3 33.52 

46.49 48.99 37.99 31.92 42.61 

5.60 5.56 - - 1 .89 

3.41 0.07 - - -
5.92 4.84 0.59 0.70 0.46 

2.01 1.50 0.44 0.17 0.22 

1.60 1 .59 0.32 0.55 0.31 

0.70 0.93 0.35 - -
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1. 0788-12 A l k a l i B a s a l t , LMG 
2. 4261-19 A l k a l i B a s a l t , LMG 
3 . ' 4262-17 H a w a i i t e , LMG 
4 . 4261-6 A l k a l i B a s a l t , LMG 
5. 0788-19 H a w a i i t e , LMG 
6. 4261-33 A l k a l i B a s a l t , LMG 

7. 4261-16 T h o l e i i t i c B a s a l t , LMG 
8 . 0788-14 B a s a l t , LMG 

9 . 0788-6 B a s a l t , LMG 
10. 7/3-1K < H a w a i i t e , LMG 
11. 4261-22 ' A l k a l i B a s a l t , LMG 
12. 7786-17 A l k a l B a s a l t , LMG 
13. 7786-1 A l k a l i Basalt,Lfl1G 
14. 0788-9 H a w a i i t e ,LMG 
15. 0788-8 H a w a i i t e , LMG 
16. 4260-1 T h o l e i i t i c B a s a l t ,LMG 
17 7786-11 T r a c h y b a s a l t , LMG 
18. 7786-21 T r a c h y b a s a l t , LMG 
19. 7786-19 T h o l e i i t i c B a s a l t ,LMG 
20. 4261-34 B a s a l t , LMG 
21. 4261-40 H a w a i i t e , LMG 
22. 7786-22 T r a c h y b a s a l t , LMG 

2 3 . 1015-6 H a w a i i t e , LMG 
24. 0788-17A T r a c h y b a s a l t , LMG 
25. 7788-13A A n d e s i t e , LMG 
26. 0789-5 D a c i t e , HPF 
27. SP5 R h y o l i t e , HPF 
28. 7789-6 R h y o l i t e , HPF 

29 . 0789-3 R h y o l i t e , HPF 
30. 0789-11 R h y o l i t e , HPF 



F i g . 19. Heart Peaks area sample l o c a t i o n s . 
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F e l d s p a r 

1 2 3 4 5 6 7 8 9 10 11 

S i O z 5 1 . 24 57 . 73 58. 15 52 . 18 66. 36 53 . 10 53 . 50 5 3 . 71 6 8 . 4 1 66. 32 5 3 . 26 
T i O z 0. 15 0 . 0 8 0. 14 0. 11 0. 17 - 0. 10 0. 18 - 0. 05 0. 31 
A 1 2 0 3 27 . 97 26 . 71 2 4 . 7 4 29 . 62 19. 96 30 . 32 30 . 03 29 . 68 18. 74 19. 70 29 . 12 
F e O 2. 23 0 .41 1. 16 0. 51 0. 65 0 .44 0. 51 1. 16 0. 16 0. 23 0 .45 
M g O 0. 23 - - - - - 0. 27 - _ -
C a O 13. 36 8. 79 7. 58 12. 28 1. 61 12. 53 12. 31 12. 12 0. 77 0. 70 1 1 . 8 0 
N a z O 4. 04 5. 96 6. 38 3. 89 5. 72 4. 23 4 . 4 6 4. 52 6. 33 6. 67 4. 16 
K 2 0 0. 35 . 0. 58 1. 11 0. 36 4. 70 0. 25 0. 27 0. 30 6. 57 7. 06 0. 53 

T o t a l 99. 51 100. 26 99. 26 98. 95 99. 17 1 0 0 . 8 9 101. 18 101. 94 100 .97 1 0 0 . 7 3 1 0 0 . 4 3 

N o . of Ions on the b a s i s of 8 o x y g e n s 

S i 2. 26 2. 60 2. 64 2 . 4 0 2. 96 2. 39 2 . 4 0 2 . 4 0 3. 02 2. 95 2 . 4 0 
A l 1.45 1.44 1. 32 1. 60 1. 05 1. 61 1. 59 1. 56 0. 98 1. 03 1. 59 
F e 0. 08 0. 02 0. 04 0. 007 0. 02 0. 02 0 .021 0. 04 0. 006 0. 008 0. 02 
T i 0. 005 - 0. 005 0. 004 0. 006 - 0. 003 0. 006 0. 01 
M g 0. 01 - - - - - - 0. 01 „ 

N a 0. 35 0. 52 0. 56 0. 35 0. 50 0. 37 0. 39 0. 39 0. 54 0 .58 0. 36 
C a 0. 63 0 .42 0. 37 0. 60 0. 08 0. 61 0. 59 0 , 5 8 0. 04 0. 03 0. 57 
K 0. 02 0. 03 0. 06 0. 02 0. 27 O. 01 0. 02 0. 02 0. 37 0 .40 0. 03 

O r 2 3 6 2 32 . 5 1 1 2 39 40 3 
M o l . % A b 35 52 37 36 58 . 5 37 . 5 39 39. 5 57 57 38 

A n 63 43 57 62 9 6 1 . 5 60 58. 5 4 3 59 

(cont inued) £J 
oo 



P y r o x e n e 

L 2 3_ 4 5__ 

S i O z 5 0 . 3 1 4 6 . 1 6 4 6 . 6 0 4 7 . 2 7 4 9 . 6 6 
T i O z 2 . 4 6 2 . 5 7 1.80 3 .35 1.28 
A 1 2 0 3 2 . 4 6 8 . 8 0 9. 90 5 .32 6 . 8 5 
F e O 13. 09 6 . 9 7 8 . 4 9 11 .26 7 . 9 9 
M n O 0. 23 - 0. 15 0. 14 
M g O 1 0 . 8 9 13 .00 10. 84 1 2 . 2 0 12 .54 
C a O 2 0 . 8 3 2 0 . 9 2 2 1 . 0 5 2 1 . 2 2 2 0 . 7 4 
N a 2 0 0 . 7 3 0 . 8 9 1.36 0 . 6 6 1. 78 
K 2 0 0 . 0 4 0. 10 -

T o t a l 101 .04 9 9 . 4 100 . 19 101 .42 100 .84 

N o . of Ions on the b a s i s of 6 oxygens 

S i 1.90 1.72 1.75 1. 77 1. 84 
A l 0. 11 0. 38 0 . 4 4 0. 23 0. 30 
T i 0 . 0 4 0 . 0 7 0. 05 0 . 0 9 0. 04 
F e 0 . 4 1 0. 27 0 . 2 7 0 .35 0. 25 
M g o . 6 l 0 . 7 3 0 . 6 1 0 . 6 8 0. 69 
M n 0. 008 0 . 0 6 0 . 0 0 5 0 . 0 0 5 
C a 0 .84 0. 84 0. 85 0 .85 0 .82 
N a 0 .05 0. 06 0. 12 0 .05 0. 12 
K - 0 . 0 0 5 -

M g 33 41 34. 5 36 39 
MoL-% F e 22 12 16. 5 19 14 

C a 45 47 49 45 47 

O l i v i n e 

1 1 2 3 

S i O z 4 0 . 1 8 4 0 . 12 35 . 37 
A 1 2 0 3 0. 29 0 . 0 8 0. 02 
C a O 0. 28 0 . 3 2 0 . 3 9 
M g O 4 5 . 38 4 5 . 7 4 26. 25 
F e O 1 3 . 7 6 15 .11 3 7 . 8 5 
M n O 0. 16 - 0. 52 
N a 2 0 - - 0 . 0 5 

T o t a l 1 0 0 . 0 5 101 .37 100 .45 

N o . o f Ions b a s e d on 4 o x y g e n s 

S i 1. 00 0. 99 0. 99 
A l 0. 008 0. 003 0 . 0 0 6 
C a 0. 007 0. 008 0. 01 
M g 1.68 1. 69 1. 10 
F e 0. 29 0. 31 0. 89 
M n . 0 . 0 0 3 - 0 . 0 1 
N a -

F o 85 85 55 
M o l . % 

F a 15 15 45 

o 



Opaque O x i d e s 

1 2 

s i o 2 0. 18 
A 1 2 0 3 1. 54 55. 69 
T i 0 2 28. 57 0. 78 
F e O 65 . 39 27. 83 
M n O 0. 62 0. 21 
M g O - 14. 10 
C a O 0. 09 _ 

N a z O - 0. 30 
K z O - -
T o t a l 98. 18 

N o . of I o n s b a s e d on 4 
o x y g e n s 

S i _ 0. 005 
A l 0. 10 1. 81 
T i 1. 24 0. 02 
F e 3. 15 0. 64 
M n 0. 03 0. 005 
M g - 0. 58 
C a 0. 006 -
N a - 0. 02 

K a e r s u t i t e 

S i ° 2 4 7 . 2 2 
A 1 2 ° 3 16 .22 
T i 0 2 3 . 02 
F e O 11 .03 
M n O - 0. 15 
M g O ** 7 . 8 9 
C a O 9.43 
N a z O 3 . 5 3 
K 2 0 1.85 

T o t a l 100 .34 

N o . of Ions based on 
24 o x y g e n s 

S i 6. 93 Q 

A 1 2 , 8 1 " o r 10 .91 
I 1

 ° ' 3 3 ab 17 .05 
e l . 3 5 a r • 2 2 > 8 ? 

? f , 0 . 0 2 . n e 6 > 8 9 

M g 1-72 d i 1 9 1 6 

C a L 4 8 hy 
N a 1.00 o l 1 3 > 5 8 

0. 35 m t 3 > g 3 

i l 5. 72 



I l l 

F e l d s p a r 

1. 7 / 3 - I K L a b r a d o r i t e G r o u n d m a s s 
2. 7 / 3 - I K A n d e s i n e P h e n o c r y s t 
3. 7788 - 1 3 A A n d e s i n e G r o u n d m a s s 
4. 7788 - 1 3 A L a b r a d o r i t e M i c r o p h e n o c r y s t 
5. 7788 - 1 3 A S a n i d i n e 
6. 0788 - 7 L a b r a d o r i t e P h e n o c r y s t 

0788 - 7 L a b r a d o r i t e P / h e n o c r y s t 
8. 0788 -7 L a b r a d o r i t e G r o u n d m a s s 
9. T O C S a n i d i n e 

10. T O C S a n i d i n e 
11. 4261 - 2 0 L a b r a d o r i t e 
12. 7788 - 8 S a n i d i n e 
13. 7788 - 8 L a b r a d o r i t e 
14. 7788 - 8 S a n i d i n e 
15. 0788 - 6 L a b r a d o r i t e 
16. 0788 -6 L a b r a d o r i t e 
17. 0788 - 6 « L a b r a d o r i t e G r o u n d m a s s 
18. 0788 -17 1 L a b r a d o r i t e 

19. 0788 - 1 7 L a b r a d o r i t e 
20 . 0789 -1 L a b r a d o r i t e 
2 1 . 0789 -1 L a b r a d o r i t e 
22 . 0789 - 1 L a b r a d o r i t e G r o u n d m a s s 

P y r o x e n e 

1. 7 / 3 - l K A u g i t e G r o u n d m a s s 
2. 4 2 6 1 - 1 9 A u g i t e 
3. 4 2 6 1 - 1 9 A u g i t e 
4. 0 7 8 8 - 7 A u g i t e 
5. 4 2 6 1 - 2 0 A u g i t e 

O l i v i n e Opaque O x i d e s 

1. 
2. 
3. 

4 2 6 1 - 1 9 
4 2 6 1 - 2 0 
0 7 8 9 - 1 

1. 
2. 

7 / 3 - l K 
4 2 6 1 - 1 9 

T i t a n o m a g n e t i t e 
S p i n e l 
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E l e c t r o n M i c r o p r o b e A n a l y s e s 

W h o l e r o c k a n d m i n e r a l a n a l y s e s w e r e r u n on a A R L - E M X 
m i c r o p r o b e f i t t e d w i t h a n O R T E C S i ( L i ) d e t e c t o r . A f u l l y q u a n t i t a t i v e 
e n e r g y d i s p e r s i v e m e t h o d w a s u s e d . M e t h o d s u s e d f o r b a c k g r o u n d 
s h a p i n g a n d s c a l i n g , o v e r l a p c o r r e c t i o n s a n d a d j u s t m e n t s f o r i n s t r u 
m e n t a l d r i f t have b e e n d e s c r i b e d by S m i t h (1975, 1976) and S m i t h and 
G o l d ( ( 1 9 7 5 ) . T h e o p e r a t i n g c o n d i t i o n s w e r e : 

15 K V a c c e l e r a t i n g p o t e n t i a l ; 

30 n A p r o b e c u r r e n t ; 

400 se conds count ing t i m e ; 

- a f o c u s s e d o r s c a n n i n g b e a m , depend ing on the ob jec t be ing 
a n a l y s e d ( f r o m 16 by 16 to 600 by 400 m i c r o n s s c a n n i n g 
a r e a ) . t 

S t a n d a r d s u s e d w e r e m i n e r a l and g l a s s s t a n d a r d s a v a i l a b l e i n the 
m i c r o p r o b e l a b . S t a n d a r d n u m b e r s a n d d e s c r i p t i o n s a r e f ound i n 
T a b l e V I . F o r m i n e r a l a n a l y s e s , a l l e l e m e n t s e x c e p t F e , T i , and P 
w e r e a n a l y s e d a g a i n s t two s t a n d a r d s as s h o w n a n d r e s u l t s w e r e a v e r 
aged w h e n the c o m p o s i t i o n of the a n a l y s e d s p e c i m e n w a s not s i m i l a r 
to the c o m p o s i t i o n of the s t a n d a r d . 

R o c k s w e r e p r e p a r e d f o r m i c r o p r o b e a n a l y s i s by g r i n d i n g to a f ine 
p o w d e r a n d t h e n f u s i n g t h e m to a h o m o g e n o u s g l a s s . F u s i o n of r o c k 
p o w d e r s u s i n g an i m a g e f u r n a c e , as d e s c r i b e d by S c h i m a n n (1978), i s 
a d v a n t a g e o u s i n that i t e l i m i n a t e s the p r o b l e m of c o n t a m i n a t i o n f r o m 
the s a m p l e c o n t a i n e r a n d l o s s of a l k a l i s d u r i n g the f u s i o n p r o c e s s . 

E n e r g y d i s p e r s i v e a n a l y s e s w e r e p r o c e s s e d by the c o m p u t e r p r o 
g r a m E D A T A . 
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T A B L E V I 

E L E C T R O N M I C R O P R O B E S T A N D A R D S 

M i n e r a l A n a l y s e s : 

E L E M E N T 

S i 

S T A N D A R D 

S a n i d i n e 

O b s i d i a n 

A l A l b i t e 

S a n i d i n e 

t 

T i I l m e n i t e 

E e I l m e n i t e 

M g 

N a 

K 

O l i v i n e 

D i o p s i d e 

B y t o w n i t e 

D i o p s i d e 

A l b i t e 

O b s i d i a n 

S a n i d i n e 

O b s i d i a n 

P O b s i d i a n 

S T A N D A R D N U M B E R 

C L A M - 7 

E P S 1 1 - 6 

E P S 1 1 - 1 

C L A M - 7 

C L A M - 5 

C L A M - 5 

E P S 1 2 - 6 

C L A M - 9 

E P S 1 1 - 2 

C L A M - 9 

E P S 1 1 - 1 

E P S 1 1 - 6 

i 

C L A M - 7 

E P S 1 1 - 6 

E P S 1 1 - 6 
( cont 'd . ) 



115 

E L E C T R O N M I C R O P R O B E S T A N D A R D S 

W h o l e R o c k A n a l y s e s : 

E L E M E N T S T A N D A R D S T A N D A R D N U M B E R 

S i O b s i d i a n 6 3 9 - 1 0 

T i K a k a n u i P y r o p e 6 3 9 - 2 

A l W i c k s G r o s s u l a r # 6 3 9 - 1 

F e K a k a n u i P y r o p e 6 3 9 - 2 

M n W i c k s G r o s s u l a r 6 3 9 - 1 

M g K a k a n u i P y r o p e 6 3 9 - 2 

C a W i c k s G r o s s u l a r 6 3 9 - 1 

N a O b s i d i a n 6 3 9 - 1 0 

K O b s i d i a n 6 3 9 - 1 0 

P O b s i d i a n 6 3 9 - 1 0 
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X R F A n a l y s e s 

X - r a y f l u o r e s c e n c e a n a l y s e s w e r e p e r f o r m e d on p r e s s e d p o w 

der b r i c q u e t t s u s i n g a p o l y v i n y l a l c o h o l b i n d e r , a n d both m a j o r and 

t r a c e e l e m e n t s w e r e d e t e r m i n e d on these b r i q u e t t s by G . H o l l a n d 

( H o l l a n d a n d B r i n d l e , 1966). A P h i l i p s 1212 a u t o m a t i c X - r a y f l u o r e s -
r 

cence s p e c t r o m e t e r w a s u s e d , c o u p l e d to a T o r r e n s T E 108 a u t o m a t i c 

s a m p l e h o l d e r a n d i n t e r f a c e d to a c a r d p u n c h f o r d i r e c t data h a n d l i n g 

b y c o m p u t e r . 

O x y g e n Iso tope A n a l y s e s 

S a m p l e s f o r o x y g e n i sotope a n a l y s i s w e r e c o l l e c t e d u s i n g the 

B r o m i n e P e n t a f l u o r i d e m e t h o d s i m i l a r to that d e s c r i b e d by C l a y t o n and 

M a y e d a (1963). A n a l y s e s a r e r e p o r t e d i n u n i t s w h e r e : 

° ~ Q / ° ( s a m p l e ) ~ °l ° ( s t a n d a r d ) 1 Q 3 % 

1 8 n / 1 6 n 

°l ° ( s t a n d a r d ) 

T h e o x y g e n i s o t o p i c r a t i o of s t a n d a r d m e a n o c e a n w a t e r ( S M O W ) i s u s e d 

as a s t a n d a r d f o r r e p o r t i n g o x y g e n i so tope v a r i a t i o n s . 

P e n f i e l d H2O A n a l y s e s 

T o t a l w a t e r c on tents ( ^ O * and H2O"") w e r e d e t e r m i n e d by f u s i o n 

of a known q u a n t i t y of r o c k p o w d e r ( l g . ) w i t h P b O as a f l u x (. 5g . ). 

W a t e r d r i v e n off w a s c o n d e n s e d and w e i g h e d i n P e n f i e l d t u b e s . F r o m 

t o t a l w a t e r , a t m o s p h e r i c w a t e r (H2O ) w a s s u b t r a c t e d . C o r r e c t i o n w a s 

a l s o m a d e f o r w a t e r c o n t a i n e d i n the P b O f l u x . 
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R 77B27 

R 77828 

R 7782V ^ r *< 

As 

PPH PPB PFB 

Sb NOTES 

PPH 

0,2 

0,2 

0,2 

0,2 

6,2 

6 t 
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42 

<2 
625 

45 

25 

750 

20 

220 

<5 

<5 

<5 
150 

1,6- 500 

4,1 340 

20,0 > 1000 

16,0 400 

15.0 280 

155 

175 

335 

170 

80 

90 

135 

2350 

510 
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Au 

Sb 
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DKY> SEIVE -80 
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6X16 
C^, ha-*of -

104 1 W/h: 67 1A (41), 69-16 
0! / D P : 56 
M / C : 29-1962 

104 J P / E : 6-7-1 (41), 68-1A (19), 

M / C : 21-1962 P ^ W . ^ ' a -

104 K M j ^ 6 2 " 
J 7E:6 'cKlA (19), 7CIHA (21) 

O F / D P : 7 - ^ 

£bZA, b-19E> 

104 L M: 362 

M / C : 1262A 

104 M H: 227 
P / E : 6 8 - 1 A (17), 69-1A (11, 12) 

104 N M: 307 

P / E : 66-2 (21), 68-1A (19), 69-1A (12) 

104 O P/ 'E : 64-48, 66-1 (22, 24), 67-1A (23), 

68-70, 70-1A (64) 

M / C : 17-1964 

1-55, 

104 P M: 319 

P / E : 64-48, 66-1 (24), 67-1A (125), 68-1A (64), 

68-70, 70-1A (64) 

M / C : 1 1 1 0 A , 17-1964 

105 P / E : 60-24, 64-1 (19), 65-2 (28), 66-1 (25), 

67-46, 67-53, 68-34, 74-1B (105) 

O F / D P : 51, 209 

M / C : 6 - 1 9 6 8 

105 A P / E : 66-1 (22, 24), 67-1A (23) 

M / C : 19-1966 

105 B P / E : 66-1 (24), 67-1B (6), 68-70, 70-1A (64) 

M / C : 1 0 - 1 9 6 0 

105 C M: 326 

P / E : 6 9 - 1 A (12) 

105 D M: 312 

B: 227 

P / E : 63-41, 65-2 (1), 68-1A (17), 69-1A (11, 12) 

M / C : 49-1962 A , j f * r t - . 

105 E P / E : 67-1A (22) 

105 F P / E : 74-1A (15) 

O F / D P : 212 

M / C : 7-1960 

105 G O F / D P : 212 

M / C : 8 - 1 9 6 0 

105 H P / E : 66-1 (21, 22), 67-1A (20), 67-22, 72-1A 

(38) 

M / C : 14-1961, 6-1966 

105 1 P / E : 66-1 (21, 22), 67-1A (20, 125), 68-47, 

72-1A (38) 

M / C : 1 4 - 1 9 6 1 , 8-1967 

105 J P / E : 7 0 - 1 B (5) 

O F / D P : 212 

M / C : 12-1961 

105 K B:208 

P / E : 6 8 - 1 A (23), 69-1A (15), 70-1B (8) 

O F / D P : 212 

M / C : 1 2 6 1 A , 13-1961 

105 L M: 352 

P / E : 6 5 - 3 6 

M / C : 1 2 2 1 A , 1222A, 25-1960 

105 M M: 357 

B : 5 8 , 111 

P / E : 63-23, 65-1 (16, 19), 65-36. 69-1B (31), 

71-51 

O F / D P : 46, 1270A 

M / C : 1 1 0 5 A , 1147A, 18-1964to/a 23-1964, 45-1965 

t o / a 55-1965 

105 N P / E : 7 0 - 1 A (17, 32, 65). 73-1A (7) 
O F / D P : 205 

105O P / E : 7 0 - 1 A (17, 32, 65), 73-1A (7) 

O F / D P : 205 

105 P P / E : 6 6 - l (21, 22), 67-1 (20, 125), 68-1A (10), 

68- 47, 71-22, 73-1A (135), 73-24 

O F / D P : 130 

M / C : 1 3 3 3 A 

106 P / E : 67-46, 67-53, 68-1A (127), 68-25, 68-34, 

69- 1A (142), 69-36, 70-15, 73-1A (106), 

73-1B (57), 74-1A (111, 112, 118), 74-1B 

(103, 107) 

O F / D P : 6, 65, 189, 235 

M / C : 1319A, 10-1963, 6-1968 

106 A P / E : 6 9 - 1 A (136, 141), 70-1A (107, 126, 139), 

71-1A (8, 119), 73-9. 74-1B (100) 

O F / D P : 143, 205, 221 

106 B P / E : 6 9 - 1 A (16, 31, 136, 141), 70-1A (17, 126), 

71-1A (119), 73-9 

O F / D P : 143, 205, 221 

106 C P / E : 6 9 - 1 A (31), 70-1A (17), 71-1A (8) 

O F / D P : 143, 205, 206, 207 

106 D M: 357, 364 

B : 111, 136 

P / E : 62-7, 65-1 (16, 19), 69-1A (31), 69-1B (31), 

70- 1A (32, 120), 71-51 

O F / D P : 46 

M / C : 1 1 4 7 A , 1172A, 1268A, 1269A, 1284A, 15¬

1962, 24-1964 to /a 31-1964, 45-1965 t o / a 

56-1965 

106 E 

106 F 

106 G 

P / E : 65-2 (45), 68-26, 70-1A (120), 70-13, 73-1A 

(118), 74-1A (108, 113) 

P / E : 6 5 - 2 (45), 66-39, 

74-1A (113) 

i-26, 70-13, 73-1A (118), 

P / E : 6 6 - 3 9 , 69-1A (136, 141), 70-1A (107, 126, 

131, 132, 139, 140), 71-1A (119), 73-9 

O F / D P : 26, 132 

106 H P / E : 69-1A (136, 141), 70-1A (107, 126, 132, 

139, 140), 71-1A (119), 73-9 

O F / D P : 26, 132, 155 
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* 6 O P / E : 60 18. 67-19 (Pt. A ) 
* O F / D P : 33 

M/C:18 -1960 , 12-1970 

96 P P /E :60 -18 

O F / D P : 33 
M/C:18 -1960 . 12-1970 

97 B:105 
P / E : 6 0 - 6 , 60-7, 68-1A (127), 68-25, 68-27, 

70-30, 73-9, 74-1A (93, 117), 74-1B (21) 

O F / D P : 6 

M/C:24 -1960 

97 A P / E : 60-18, 68-27, 69-1A (136, 137, 141) 

O F / D P : 143, 233 

M / C : 18-1960, 5-1969 

97 B P / E : 60-18, 68-27, 69-1A (136, 137, 141). 69-10 

O F / D P : 20, 233 

M/C:16 -1969 

97 C P / E : 60-18, 68-24, 69-1A (136, 137, 141), 74-14 

O F / D P : 48, 182, 233 

M/C:18 -1960 

97 D P / E : 60-18, 68-24, 69-1A (136, 141), 70-32 

O F / D P : 40, 48, 143 

M / C : 13-1970 

97 F P / E : 6 9 - 1 A (136, 141), 71-1A (103) 

O F / D P : 96, 117 

97 G P / E : 61-12, 70-1A (96), 73-1A (114) 

97 H M: 330 
P / E : 6 1 - 1 2 , 70-1A (96), 72-28, 73-1A (114) 

98 B:105 

P / E : 6 0 - 6 , 60-7, 68-44, 69-1A (112, 114, 123), 

70-1A (119), 73-1A (106), 74-1A (93, 117), 

74-1B (98, 104) 

98 A M:330 

P / E : 6 1 - 1 2 , 74-1A (116) 

98 B P / E : 61-12, 70-1A (96), 72-28 

98 D M : 330 
P / E : 6 1 - 1 2 

98 E M:330 
P / E : 6 1 - 1 2 

99 B:97 

P / E : 60-5, 60-6, 60-7, 68-44 

99 A M:332 

P / E : 5 9 - 1 

M / C : 1 1 4 2 A , 13-1959 

99 E P / E : 6 8 - 1 6 

99 H P / E : 6 8 - 1 6 

102 P / E : 7 0 - 1 A (14), 74-1B (88) 

O F / D P : 154, 197 

102 1 P / E : 6 5 - 2 (41), 69-1A (13, 82), 69-14, 70-1A 

(22, 129), 70-1B (7), 71-1A (132), 73-1A 

(136), 74-8 

O F / D P : 170 

M / C : 4-1974 

102 M P / E : 64-1 (32) 

102 P P / E : 65-2 (41), 69-1A (6) 

103 P / E : 7 4 - 1 B (88) 

O F / D P : 154, 166, 197, 209 

103 A M: 372 

P / E : 64-1 (32), 65-2 (41), 66-1 (49), 66-25, 

68-72, 69-1A (5) 

M / C : 1328A, 9-1966 

103 B P / E : 65-2 (41), 67-54 

103 C P / E : 6 5 - 2 (41) 

103 F P / E : 67-54, 69-1A (71), 69-14 

103 G P / E : 64-1 (32), 66-1 (27, 49), 70-41 

M / C : 23-1970 

103 H P / E : 64-1 (32), 66-1 (27, 49), 70-41 

M / C : 23-1970 

103 I M:329 
P / E : 6 4 - 1 (32), 65-1 (30), 66-1 (49), 66-33, 

67-1A (34), 71-1A (39) 

M/C :1136A , 3-1965, 12-1966 

103 J P / E : 64-1 (32), 65-1 (30), 66-1 (49), 66-33, 

67-1A (34), 71-1A (39) 

M / C : 3-1965, 12-1966 

103 L P / E : 7 0 - 1 A (62) 

103 P P / E : 64-1 (32) 

104 P / E : 6 0 - 2 4 , 64-39, 73-32 

O F / D P : 214 

104 A P / E : 7 3 - 3 3 

104 B P / E : 7 0 - 1 A (21) 

104 F M / C : 7-1959 

104 G P / E : 66-1 (51), 67-1A (48), 67-10, 68-1A (22), 

70-1A (21, 23), 7 0 ^ 8 , 71-1A (14), 71-44, 

73-1A (16) 7 > 3 2 ^ U V ^ ' 

O F / D P : 6 8 ^ ^ — ^ ^ " ~ " 

M / C : l l - 1 9 7 1 £ T v " i ^ * ^ 

104 H P / E : 7 0 - 1 A (19), 70-68, 71-1A (9, 60), 72-1A 

(10), 73-1A (10), 73-31, 73-33 

M / C : 14-1973 

Memoir /Memoire M 

B u l l e t i n / B u l l e t i n B 

P a p e r / E t u d e P / E 

M a p / C a r t e M / C 

Open F i l e / D o s s i e r p u b l i c O F / D P 

Economic Geology R e p o r t / 
Ser ie de la geologie economique E G R / S G E 

Miscel laneous R e p o r t / R a p p o r t d i v e r s M R / R D 
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STEPHEN EXPLORATIONS LTD. 
1458 Rupert Street, North Vancouver, British Columbia V7J l G l (604) 988-1545 

J a n u a r y 1 0 , 1983 

M r . Ray D u j a r d i n 
K e r r A d d i s o n M i n e s L t d . 
703 - 1112 West P e n d e r S t r e e t 
V a n c o u v e r , B . C . V6E 2 S I 

D e a r M r . D u j a r d i n : 

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

t h e HART c l a i m group l o c a t e d on t h e w e s t s l o p e s o f H e a r t P e a k s i n map 

s h e e t 1 0 4 K / 9 . 

The p r o p e r t y i s r e c o r d e d i n o u r name b u t was s t a k e d on 

b e h a l f o f Newex S y n d i c a t e w h i c h c o n s i s t e d o f L o r n e x , Newmont and o u r s e l v e s . 

L o r n e x has w i t h d r a w n f r o m t h e s y n d i c a t e and I have b e e n g i v e n p e r m i s s i o n 

t o d e a l w i t h t h e p r o p e r t y on a b e s t e f f o r t s b a s i s . A s p e n a l t y f o r w i t h 

d r a w a l f r o m t h e s y n d i c a t e a t t h i s t i m e L o r n e x i s t o g i v e up i t s i n t e r e s t 

i n t h e c l a i m group and we hope t o h a v e w r i t t e n c o n f i r m a t i o n o f t h i s i n 

t h e n e a r f u t u r e . 

The 1982 s a m p l i n g f a i l e d t o r e p r o d u c e any o f t h e e r r a t i c 

a s s a y s o f i n t e r e s t o b t a i n e d i n 1 9 8 1 . No r e s e a r c h h a s b e e n done r e g a r d i n g 

t h i s d i s c r e p a n c y and o n l y a v e r y s m a l l amount o f p e t r o g r a p h i c w o r k h a s 

been done on t h e p r o p e r t y i n any c a s e . The s e v e r a l s m a l l q u a r t z v e i n 

zones e x t e n d o v e r a d i s t a n c e o f a p p r o x i m a t e l y 1800 m e t r e s w i t h l i m i t e d 

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

a t t h e t o e o f t h e m a i n r o c k g l a c i e r i n 1981 h a s n o t been l o c a t e d . 



- 2 -

A l t h o u g h t h e 1982 r e p o r t s t a t e s t h e e x p i r y d a t e f o r t h e 

c l a i m s i n J u n e 2 4 , 1983 t h e r e i s two y e a r s a s s e s s m e n t w o r k a v a i l a b l e t o 

be r e c o r d e d . 

I f y o u s h o u l d be i n t e r e s t e d i n t h e p r o p e r t y p l e a s e l e t 

me know and p e r h a p s we c a n most e a s i l y s e t up a m e e t i n g w i t h Newmont i n 

a t t e n d a n c e . I f you do n o t w i s h t o p u r s u e t h e p r o j e c t p l e a s e j u s t r e t u r n 

t h e r e p o r t s t o me. 

Y o u r s v e r y t r u l y , 

J . C . S t e p h e n E x p l o r a t i o n s L t d . 

J . C . S t e p h e n 

J C S / m s 


